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THE

ENGINEER'S AND MECHANIC'S

ENCYCLOPAEDIA.

ISINGLASS. A solid glutinous substance, almost wholly gelatine, prepared

chiefly from a fish of the sturgeon kind, caught in rivers of Russia and Hun

gary. The belluga yields the greatest quantity, as being the largest and most

plentiful fish in the rivers of Russia; but the sounds, or air bladders of all

fresb-water fish, yield, more or less, fine isinglass, particularly the smaller sorts,

found in prodigious quantities in the Caspian Sea, and several hundred miles

bejond Astracan, in the Wolga, Yaik, Don, and even as far as Siberia. The

following is the usual mode of preparing isinglass :—The sounds, or other parts

of which it is to be made, are taken from the fish while sweet and fresh, slit

open, washed from their slimy sordes, divested of every thin membrane which

envelopes the sound, and then exposed, to stiffen a little in the air. In this state

they are formed into rolls, about the thickness of a finger, and in length accor

ding to the intended size of the staple : a thin membrane is generally selected

for the centre of the roll, round which the rest are folded alternately, and about

half an inch of each extremity of the roll is turned inwards. The due dimen

sions being thus obtained, the two ends of what is called short staple are pinned

together with a small wooden peg ; the middle of the roll is then pressed a little

downwards, which gives it the resemblance of a heart-shape ; and thus it is laid

on boards, or hung up in the air to dry. The sounds which compose the long

staple are longer than the former ; but the operator lengthens this sort at plea

sure, by interfolding the ends of one or more pieces of the sound with each

other. The extremities are fastened with a peg like the former, but the

middle part of the roll is bent more considerably downwards ; and in order to

preserve the shape of the three obtuse angles thus formed, a piece of round

•tick, about a quarter of an inch in diameter, is fastened in each angle with small

wooden pegs, in the same manner as the ends. In this state it is permitted to

dry long enough to retain its form, when the pegs and sticks are taken out, and

the drying completed ; lastly, the pieces of isinglass are collocated in rows, by

running packthread through the pegholes, for convenience of package and

exportation. The common kinds of isinglass, called the "book" and "ordinary

staple," are composed of the membranes, which will not admit of a similar for

mation with the preceding ; the pieces, therefore, after their sides are folded

inwardly, are bent in the centre m such manner that the opposite sides resem •

ble the cover of a book, from whence its name : a peg being run across the

middle, fastens the sides together, and thus it is dried like the former. This

■ort is interleaved, and the pegs run across the ends, the better to prevent its

unfolding. Ichthyocolla, or isinglass, is one of the purest and finest of the

uiimal glues, of no particular smell or taste. Beaten into threads, it dissolves
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pretty readily in boiling water or milk, and forms a gelatinous substance, which

yields a mild nutriment, and proves useful, medicinally, in some disorders.

IVORY. The tusk of the male elephant. It is an intermediate substance

between bone and horn—hard, solid, white, and capable of taking a good

polish. The finest, whitest, and most compact ivory comes from Ceylon, which,

it is observed, keeps its colour better, and therefore bears a higher value than

the ivory of Guinea. The article is chiefly consumed for the handles of knives,

for ornamental utensils, instruments, cases, boxes, balls, combs, dice, slabs for

miniature paintings, and an infinity cf toys. The coal of ivory is also used

in the arts under the denomination of ivory black. The tooth of the sea

horse is also called ivory, but from its extreme hardness it is rarely worked but

for making artificial teeth, for which purpose it is admirably adapted, on

account of the extremely hard steel-like white enamel which covers it The

shavings of ivory procured from the ivory turners, for domestic use, are boiled

in water, in the same manner as hartshorn shavings, and form a jelly inferior

to none. Any piece of ivory, scraped into shavings, will answer equally well

to sending to the turners, which is not always practicable. In the manufac

turing of various articles of ivory and bone, a difficulty is experienced on

account of their brittleness; they are therefore softened by submitting them

to the action of aquafortis for twelve hours, and subsequently, it is said, to the

"juice of berries, to preserve the colour. They are thus rendered so soft and

pliant, as to take an impression from a dye. They are hardened again by im

mersing them in strong vinegar for four or five hours. When ivory is dis

coloured, it may be whitened or bleached by steeping it in a strong solution of

alum. The ivory should then be covered with cloth, to prevent it from drying

too quickly, which renders it liable to split.

Ivory is stained of various colours in the following manner : Red.—Take a

quarter of a pound of the cuttings of scarlet cloth, half a pound of soft

soap ; let the soap be well rubbed into the cloth ; then put them into au

earthen vessel, and pour upon them two quarts of water ; afterwards, boil them

for a considerable time, which will extract all the colouring matter. The cloth

may then be taken from the vessel, and the coloured liquor pressed out. The

ivory to be stained is now to be dipped in aquafortis, then in cold water, and

from thence into the dye, whilst it is warm, which will stain it of a beautiful

red. YeUotv.—Boil the ivory in a solution of one pound of alum in two quarts

of water, then immerse them for half an hour in a liquid prepared by boiling

half a pound of turmeric in a gallon of water, until it be reduced to three quarts,

and afterwards plunge the coloured substance into alum water. Green.—The

dye bath for this colour is best made of a solution of verdigris in aqua fort is;

the process, in other respects, may be the same as that described for yellow.

Slue.—Dip the ivory that has been made green into a hot and strong solution

of pearl ashes, which will turn it to a fine blue. Purple.— Dissolve one ounce

of sal-ammoniac in four ounces of aqua regia, to form the dye : prepare the

ivory, as in the yellow, by boiling it in a solution of alum. Ivory may be

filtered by immersing a slip of ivory in a weak solution of nitrate of silver, and

letting it remain till the solution has given to it a deep yellow colour ; then

take it out, and immerse it in a glass vessel of clear water, and thus expose it,

in water, to the rays of the sun : in about three hours the ivory acquires a

black colour, but the black surface, on being rubbed, soon becomes changed to

a brilliant silver.

IVORY PAPER. The properties which render ivory so desirable a subject

for the miniature painter and other artists, are the evenness and fineness of its

grain, its allowing all water colours laid on its surface to be washed out with a

soft wet brush, and the facility with which the artist may scrape off the colour

from any particular part by means of the point of a knife or other convenient

instrument, and thus heighten and add brilliancy to the lights in his painting

more expeelitiously and efficaciously than can be done in any other way. The

objections to ivory are—its high price, the impossibility of obtaining plates ex

ceeding very moderate dimensions, and the coarseness of grain in the larger of

these; its liability, when thin, to warp by chan-*"- • '' - weather, and ita
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property of turning yellow by long exposure to the light, owing to the oil which

it contains. Trace* made on the surface of this paper by a hard black lead

pencil are much easier effaced by Indian rubber than from common drawing

paper, which circumstance, together with the extremely fine lines which its

bard and even surface is capable of receiving, peculiarly adapts it for the

reception of the most delicate kind of pencil drawings and outlines. The

colours laid upon it have a greater brilliancy than when laid upon ivory, owing

to the superior whiteness of the ground. Colours on ivory are apt to be injured

by the transudation of the animal oil, a defect which the ivory paper is free

from. The following is the process given by Mr. Ainslie (of Stratton ground,

Westminster,) to the Society of Arts, for which he was voted the sum of thirty

guineas. " Take a quarter of a pound of clean parchment cuttings, and put

them into a two-quart pan, with nearly as much water as it will hold ; boil the

mixture gently for four or five hours, adding water from time to time, to supply

the place of that driven off by evaporation ; then carefully strain the liquor

from the dregs through a cloth, and when cold it will form a strong jelly, which

may be called size No. 1. Return the dregs of the preceding process into

the pan, fill it with water, and again boil it as before, for four or five hours ;

then strain off the liquor, and call it size No. 2. Take three sheets of draw

ing paper, (outsides will answer the purpose perfectly well, and being much

cheaper are therefore to be preferred,) wet them on both sides with a soft

sponge dipped in water, and paste them together with the size No. 2. While

they are still wet, lay them on a table, and place them on a smooth slab of

writing slate, of a size somewhat smaller than the paper ; turn up the edges

of the paper, and paste them on the back of the slate, and then allow them to

Ay gradually ; wet, as before, three more sheets of the same kind of paper,

and paste them on the others, one at a time; cut off with a. knife what projects

beyond tbe edges of the slate, and when the whole has become perfectly dry,

wrap a small piece of slate in coarse sand paper, and with this rubber make

the surface of the paper quite even and smooth; ^hen paste on an inside

iheet, which must be quite free from spots or dirt of any kind, cut oft' tlie

projecting edges as belore, and when dry, rub it with fine glass paper, which

vill produce a perfectly smooth surface. Now take half a pint of the size

No. 1, melt it with a gentle heat, and then stir into it three table spoonsful

of fine plaster of Paris ; when the mixture is completed, pour it out on the

paper, and with a .soft wet sponge distribute it as evenly as possible over the

surface ; then allow the surface to dry slowly, and rub it again with fine glass

paper. Lastly, take a few spoonsful of the size No. 1, and mix it with

three-fourths its quantity of water ; unite the two by a gentle heat, and wheu

the mass has cooled, so as to be in a semi-gelatinous state, pour about one-

third of it on the surface of the paper, and spread it evenly with the sponge ;

*hcn this has dried, pour on another portion, and afterwards the remainder ;

*hen the whole has again become dry, rub it over lightly with fine glass-paper,

«nd the process is completed ; it may accordingly be cut away from the slab of

dale, and is ready for use." The quantity of ingredients above mentioned is

nifficient for a piece of paper 17^ by 15} inches. Plaster of Paris gives a per

fectly white surface ; oxide of zinc, mixed with plaster of Paris, in the propor

tion of four parts of the former to three of the latter, gives a tint very near

reiembling ivory ; precipitated carbonate of barytes gives a tint intermediate

between the two.

3.

JACK, in Mechanics, a portable machine for raising great weights through a

"nail ipace. It consists of a rack and pinion inclosed within a strong wooden

fw, and the power is applied by means of a winch or handle fixed upon the

•w of the pinion ; the upper end of the rack is formed into two horns, to take
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the better hold of the article to he elevated ; and from the lower end, two prangs

project laterally through a longitudinal groove in the case, which are used upon

occasions when there is not room to introduce the jack beneath the load. To

prevent the labourers being overpowered, there is a ratchet-wheel and pall on

the axis of the pinion,

JACK (Kitchen). A machine in which the descent of a weight is made to

turn a spit. The ordinary construction is represented in the annexed sketch,

which may be briefly described as fol

lows:—a is a barrel, round which is

coiled a line of considerable length :

the other end of this line is reeved

through two threefold or fourfold pul

leys, a b and c. generally placed against

the outside of the house, and at a consi

derable height, so as to allow the greater

range for the weight d attached to the

lower block c to act in. Upon the

spindle of the barrel is fixed a pulley

e, and a similar one is also fitted to

the spit g, and round these two pulleys

passes an endless chain. The weight d

being sufficient to overcome the friction

of the machine, descends slowly, and un

coils the line by turning the barrel round, which causes the spit likewise to revolve.

To render the motion equal, and to prevent the jerks which would arise in the

case of the meat being unequally spitted, so as to act with more force on one

side of (he spit than on the other, a wheel of about forty teeth is placed on the

axis of the barrel, and works into a double threaded screw, placed upon the

spindle of the horizontal fly, which thus performs a revolution for every two

teeth of the wheel, or twenty revolutions for one of the barrel a, and by this

great velocity prevents any alteration in the motion of the barrel. When the

weight has descended through its range, it is wound up by a handle which can

be fixed on a square end of the barrel spindle. The Chinese crane would, per

haps, be found a superior arrangement to the treble or fourfold blocks, as the

friction is considerably less.

JACK (Smoke). Another contrivance for the same purpose as the former,

but acting not by a weight, but by means of the smoke or rarefied air passing

up the chimney, which striking against a set of oblique vanes, fixed to a ver

tical spindle, causes it to revolve with great rapidity. Upon the spindle is fixed

a small bevilled wheel working into another small wheel placed upon a horizon

tal axis, which has a screw cut upon the other end of it ; this screw works

into a wheel on the axis of the pulley that drives the spit : the latter is thus

carried slowly round. The vanes should be placed in the narrow part of the

chimney, where the motion of the smoke is swiftest, and should occupy nearly

the whole space, so as to intercept the greatest part of the current

JACK IN THE BOX. A large wooden solid screw, turning in a hollow ons

which forms the upper part of a strong wooden box, shaped like the frustrum of

a pyramid : it is used by means of levers, passing through holes in it, as a

press in packing, and for other purposes.

JAMB-POSTS. The side posts of doors. Mr. T. N. Parker

having noticed how rapidly the lower ends of door-posts

decayed where they are exposed to wet, contrived a cast-iron

socket for them, which is much used in Shropshire, and might

be generally introduced with advantage. The sketch in the

subjoined cut represents one of them beautifully cast by the

Colebrook-Dale Company ; the weight of them is only 71bs.

the pair, and they are retailed in Oswestry at 2\d. the pound.

When the increased durability and strength conferred by

these metal sockets, to an important part of a building, is considered, their

trifling cost will not, we think, form an impediment to their employment.
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JAPANNING. The art of painting and varnishing, after the manner

originally practised by the natives of Japan, in the East Indies. It is employed

for the purpose of preserving and beautifying various articles, usually of wood

ind metal, as well as of paper, leather, and oJoth, when they are properly

prepared for the purpose. Those articles we most commonly find japanned,

ire pieces of household furniture, cabinet work, boxes of all kinds, trays,

screens, 8rc. and, very generally, those articles made of any of the above-men

tioned or similar materials, which it maybe desired to preserve from moisture;

and this it is admirably adapted to effect, from its drying very hard, and being

impervious to water at all moderate temperatures, even to boiling in some

easei; but it may be employed on any dry substance that is sufficiently

inflexible to prevent the japan coating from being cracked or forced off. The

true japan, or that said to be used by the natives of Japan and China, is a

tort of varnish or lacker peculiar to itself. It is sometimes brought over to

this country ; but on account of the injury arising from its poisonous qualities,

to those persons employed in working with it, is now seldom used. It is the

juice of a peculiar tree growing in those parts, and is collected by making an

incision into the lowerpart of the trunk of the tree, and placing vessels under

neath to receive it. This juice has the appearance of cream when it first runs

from the tree, but on exposure to the air it becomes black. It is prepared for

use by submitting it to the action of the open air in shallow vessels, and is kept

constantly stirred for many hours, so that by having all parts equally exposed,

it may become of a uniform deep black. A portion of well-charred wood

reduced to a fine powder is added, and it is then fit for use. The Japanese

first spread it thinly and evenly over the body intended to be japanned, and

then dry it in the sun. If necessary, another coat is laid on, and dried as

before. It very soon becomes harder than most of the substances on which it

ii laid. As soon as it is sufficiently hard, it is polished with a smooth stone and

Rater, until it becomes as smooth and even us a plate of glass, and then wiping

it dry, it is ready to be varnished, except when figures or other ornaments are

to be drawn on it in gold or silver : in that case, the form of the figures or

other ornaments is to be traced on the work with a pencil, in the varnish noticed

below. When this varnish is almost dry, the gold or silver leaf is to be laid

on ; the whole is then ready to receive the varnish, or finishing coat, which

most be spread on thin, and as evenly as possible. This varnish is a particular

sort of oil procured in Japan, boiled and mixed with turpentine. When

any other colour than black is desired, the proper colour must be mixed with

die varnish, and the whole spread on, particular care being taken that it be

laid on evenly. The above is the method of japanning said to be practised by

the natives of Japan. Our method differs from it considerably ; it ia less

durable, but its practice is not so injurious to the health. We in some cases

fmploy a priming or under coat for the purpose of filling up any inequalities,

ud making smooth the surface to be japanned ; but at other times the priming

ia altogether omitted, the coloured varnish or proper japan ground bein

applied immediately to the substance to be japanned. The former is the

method that was usually practised, and still is, in those cases when the surface

is very uneven and rough ; but when the surface is smooth, as in the case of

metals, smooth grained wood, &c. it is now always rejected. The advantage of

™in| the priming or undercoat is, that it makes a saving in the quantity of

varnish nsed, because the matter of which the priming is composed fills up the

inequalities in the surface of the body to be varnished, arid makes it easy, by

means of rubbing and water polishing, to procure an even surface for the

TOniah. This was, therefore, such a convenience in the case of rough and

uneven surfaces, that it became an established method, and is still retained in

m»oy instances. There is, however, this inconvenience always attending the

use of priming or undercoat of size and whiting, that the japan coats of var

nish and colour will be constantly liable to be cracked and peeled off by any

violence, and will not endure near so long as the bodies japanned in the same

manner, but without the priming. This may be easily observed by comparing

tfcoie articles that have been some time in wear, especially snuff-boxes, in the



8 JAPANNING.

japanning of which the priming has been used, with those in which it has been

omitted ; the latter never peel or crack, or suffer damage, unless by gTeat

Ti'olence, and such a continual rubbing as wastes away the substance of the

varnish, while the japan coats of the former crack and fly off in flakes, when

ever any knock or fall, especially at the edges, exposes them to injury . The

Birmingham manufacturers who originally practised the japanning only on

metals, to which the reason before stated for the use of priming did not apply,

and who took up this art of themselves, as a new thing, of course omitted at

first the use of any such undercoat, and not finding it more necessary in the

instance of papier machi and some other things, than on metals, continue still

to reject it ; on which account the boxes and other articles of their manufac

ture are, with regard to the wear, much better than those on which the priming

is still used.

Having thus noticed the method originally practised, and the chief variation

in the method now employed, we shall pass on to the manner of proceeding

with the work to be japanned ; the first in order will be the—

Priming.—The priming is a composition of strong size and whiting. The

size should be of a consistency between the common double size and glue, and

mixed with as much whiting as will give it a good body, so as to hide the sur

face of whatever it is laid upon. But when the work is of a more particular

kind, it is better to employ the glover's or the parchment size, instead of the

common, and if about a fourth of isinglass be added it will be still better, and

if not laid on too thick, will be much less liable to pee! or crack. The work

should be prepared for this priming by being well cleaned, and brushed over

with hot size, diluted with two-thirds of water, provided it be of common

strength ; the priming should then be laid on with a brush as evenly as pos

sible, and left to dry. If the surface be tolerably even on which the priming is

used, two coats of it laid on in this manner will be sufficient; but if on trial

with a wet rag or sponge it will not receive a proper water polish on account of

any inequalities not sufficiently filled up, one or more coats must be given it.

Previous to the last coat being laid on, the work should be smoothed by rubbing

it with the Dutch rushes, or fine glass paper. When the last coat is dry, the

water polish should be given, by passing over every part of it with a fine rag

or sponge moistened, till the whole appear perfectly plain and even ; the

priming will then be completed, and the work ready to receive the japan

ground, or coloured varnish. But when wood or leather is to be japanned, the

latter being first securely stretched on a frame or board, and no priming is

used, the best preparation is to lay on two or three coats of coarse varnish,

prepared in the following manner: " Take of rectified spirits of wine one pint,

and of coarse seed-lac and resin, each two ounces. Dissolve the seed-lac and

resin in the spirit, and then strain off the varnish." This varnish, like all

others formed of spirits of wine, must be laid on in a warm place, and all

dampness should be avoided ; for either cold or moisture chills it, and thus

prevents its taking proper hold of the substance on which it is laid. When the

work is so prepared, or by the priming with the composition of size and whiting

before described, the proper japan ground must be laid on.

Japan Grounds.—The proper japan grounds are either such as are formed by

the varnish and colour, where the whole is to remain of one simple colour, or

by the varnish with or without colour, on which some painting or other deco

ration is afterwards to be laid. This ground is best formed of shell-lac var

nish, and the colour desired ; except in the case of white, which requires a

peculiar treatment, as we shall presently explain, or when great brightness is

required, in which case also other means must be pursued. The following is

the composition and manner of preparing the shell-lac varnish :—"Take of the

best shell-lac, five ounces; break it into a very coarse powder, and put it intc

a bottle that will hold about three pints or two quarts; add to it one quart of

rectified spirits of wine, and place the bottle in a gentle heat, where it must

continue two or three days, but should be frequently well shaken. The gum

will then be dissolved, and the solution should be filtered through a flannel

bag ; and when what will pass through freely is come off, it should be put into
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t proper sized bottle, and kept carefully stopped up for use. The bag may

ilio then be pressed with the hand till the remainder of the fluid he forced out ;

which, if it be tolerably clear, may be employed for coarser purposes, or kept

to be added to the next quantity that shall be made," Any pigments whatever

may be used with the shell-lac varnish, which will give the tint of the ground

desired, and they may be mixed together to form any compound colours ; but,

with respect to such as require peculiar methods for producing them of tlie

first degree of brightness, we shall particularize them below. They should all

be ground very smooth in spirits of turpentine, and then mixed with the var

nish. It should be spread over the work very carefully and even with a camel-

hair brush. As metals never require the priming of size and whiting, the

Japan ground may be applied immediately to them, without any other prepa

ration than cleaning, except in the instances referred to below.

White Japan Ground*.—The forming a ground perfectly white, and of the first

degree of hardness, has not yet been attained in the art of japanning, as there

ire no substances which can he dissolved, so as to form a very hard vamish,

bat what have too much colour not to deprave the whiteness. The nearest

approach, however, to a perfect white varnish already known, is made by the

following composition :—" Take flake white, or white-lead, washed and ground

np with the sixth of its weight of starch, and then dried ; temper it properly

for spreading with the mastic varnish prepared in the following manner :—

take five ounces of mastic in powder, and put it into a proper bottle, with a

pound of spirit of turpentine ; let them boil in a gentle heat till the mastic

be dissolved, and if there appear to be any foulness, strain off the solution

thrown flannel." Lay these on the body to be japanned, prepared either with

or without the priming, in the manner as above directed, and then varnish over

it with five or six coats of the following varnish :—" Provide any quantity of the

bat Ked-lac, and pick out of it all the clearest and whitest grains ; take of

this seed-lac two ounces, and of gum animi three ounces, and dissolve them,

being previously reduced to a coarse powder, in about a quart of spirit of wine,

and strain off tlu clear varnish." The seed-lac will give a slight tinge to this

composition ; but it cannot be omitted where the varnish is wanted to be hard,

though where a softer will answer the end, the proportion may be diminished,

and a little crude turpentine added to the gum animi, to take off the brittle-

oess. A very good varnish entirely free from brittleness may be formed by

iinolvine gnm animi in old nut or poppy oil, which must be made to boil

gently when the gum is put into it The ground of white may be laid on in this

varnish, and then a coat or two of it may be put over the ground, but it must be

well diluted with oil of turpentine before it is used. This, however, is a long

time in drying, and is more liable to injury than the other, from its tenderness.

Blue Japan Grounds may be formed of bright Prussian blue, or verditer

gUzrd over with Prussian blue, or of smalt. The colour may be mixed with

the iheH-lac varnish, as before directed, but as the shell-lac will somewhat

injure the colour by giving it a yellow tinge, where a bright blue is required,

the method before directed in the case of white grounds must be pursued.

far a Scarlet Japan Ground, vermilion may be used ; but its effect is much

improved by glazing it over with carmine or fine lake. If, however, the

Hghest degree of brightness be required, the white vamish must be used.

far Bright Yellow Grounds, king's yellow may be used, and the effect will be

heightened by dissolving powdered turmeric root in the spirit of wine, of which

the upper or polishing coat is made, which spirit of wine must be strained from

off the dregs before the seed-lac be added to it to form the varnish. The seed-

lac vamish is not equally injurious here, as in the case of some other colours,

wcause, being tinged with a reddish yellow, it is little more than an addition

to the force of the colours.

Green Ground* may be produced by mixing the Prussian blue, or distilled

verdigris, with kings yellow, and the effect will be rendered extremely

WBiant, by laying them on a ground of leaf-gold. They may any of thi-in

be used successfully with good seed-lac varnish, for the reasons before

m.
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Orange Coloured Grounds may be formed by mixing vermilion, or red lead,

with king's yellow or orange lake ; or red orpiment will make a brighter orange

ground than can be produced by any mixture.

Purple Grounds may be produced by the mixture of lake or vermilion witli

Prussian blue. They may be treated as the rest with respect to the varnish.

Black Grounds may be formed by either ivory-black or lamp-black ; but the

former is preferable. These may be always laid on with the shell-lac varnish,

and have their upper or polishing coats of common seed-lac varnish.

Common Black Japan Grounds on Metal, by means of heat, are thus performed :

The piece of work to be japanned must he painted over with drying oil, and

when it is moderately dry, must be put into a stove of such heat as will change

the oil black without burning it. The stove should not be too hot when the

work is put into it, nor the heat increased too fast, either of whicli errors would

make it blister ; but the glower the heat is augmented, and the longer it is

continued, provided it be restrained within a due degree, the harder will be the

coat of japan. This kind of japan requires no polish, having received, when

properly managed, a sufficient one from the heat.

1'he Tortoise-shell Ground, produced by heat, is not less valuable for its great

hardness, and bearing to be made hotter than boiling water without damage,

than for its beautiful appearance. It is to be made by means of a varnish

prepared in the following manner :—Take one gallon of good linseed oil, and

half a pound of amber ; boil them together till the oil becomes very brown and

thick ; strain it then through a coarse cloth, and set it again to boil, in which

state it must be continued till it acquire a consistence resembling that of pitch ;

it will then be fit for use. Having thus prepared the varnish, clean well the

substance which is to be japanned ; then lay vermilion, tempered with

shell-lac varnish, or with drying oil very thinly diluted with oil of turpentine,

on the places intended to imitate the more transparent parts of the tortoise-

shell. When the vermilion is dry, brush the whole over with black varnish,

tempered to a due consistence with the oil of turpentine. When set and firm,

ut the work into a stove where it may undergo a very strong best, which must

e continued a considerable time : if even three weeks or a month it will be

better. This ground may be decorated with painting and gilding in the same

manner as any other varnished surface, which had best be done after the ground

has been hardened ; but it is well to give a second annealing with a more gentle

heat after it is finished. A very good black japan may be made by mixing a

little japan gold size with ivory or lamp-black ; this will bear a good gloss

without requiring to be varnished afterwards.

Of Painting Japan Work. Japan work should be painted with colours in

varnish ; and in that case, all pigments or solid colours whatever may be used,

and the peculiar disadvantages which attend several kinds, with respect to oil

or water, cease with regard to this sort of vehicle, for they are secured by it,

when properly managed, from the least hazard of changing or flying. The

preparation of colours for this use consists, therefore, in bringing them to a due

state of fineness, by grinding on a stone in oil of turpentine. The best

varnish for binding and preserving the colours, is shell-lac ; this, when

judiciously managed, gives such a firmness; and hardness to the work, that, if it

be afterwards further secured with a moderately thick coat of seed-lac varnish,

it will be almost as hard and durable as glass. The method of painting in

varnish is, however, more tedious than in oil or water. It is therefore now very

usual in the japan work, for the sake of dispatch, and in some cases for the

freer use of the pencil, to lay the colours on with oil well diluted with spirits of

turpentine. This oil or japan gold size, as it is called, may be made in the

following manner :—Take one pound of linseed oil, and four ounces of gum

animi ; set the oil to boil in a proper vessel, and then add the gum animi

gradually in powder, stirring it well, until the whole be commixed with the oil.

Let the mixture continue to boil till it appears of a thick consistence, and then

strain the whole through a coarse cloth, and keep it for use. The colours are

also sometimes laid on in gum water, but the work done in this manner is not

near so durable as that done in varnish or oil. However, those who practise

I
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Japanning for their amusement only, and consequently may not find it

worth their while to encumber themselves with the preparations necessary for

the other methods, may paint with water colours. If the colours are tempered

»ith strong isinglass size and honey, instead of gum water, the work will not bo

much inferior to that done by the other method. Water colours are sometimes

jud on grounds of gold, in the manner of other paintings, and look best without

any varnish over thein ; and they are sometimes so managed as to have the

effect of embossed work. The colours in this way of painting are prepared by

means of isinglass size corrected with honey or sugar candy. The body with

which the embossed work is raised, is best formed of strong gum water,

thickened to a proper consistence with bole armenian and whiting in equal

puts ; which, being laid on in the proper figures, and repaired when dry, may

be then painted with the intended colours tempered in the isinglass size, or in

the general manner with shell-lac varnish.

Of Varnishing Japan Work.—The last and finishing process in japanning

consists in the laying on and polishing the outer coats of varnish, which are

equally necessary whether the plain japan ground be painted on or not. This

is generally best done with common seed-lac varnish, except on those occasions

where other methods have been shown to be more expedient ; and the same

reasons which decide as to the propriety of using the different varnishes as

regards the colours of the ground, hold equally with those of the painting ; for

ithere brightness is a material point, and a tinge of yellow would injure it,

seed-lac must give way to the whiter resins ; but where hardness and tenacity

are essential, it must be adhered to ; and where both are necessary, a mixed

vanmb must be adopted. This mixed varnish should be made of the picked

seed-iac, as directed in the case of the white japan grounds. The common

seed-lac varnish may be made thus :—Take three ounces of seed-lac, and wash

it well in several waters ; then dry it and powder it coarsely, put it, with a pint

of rectified spirit of wine, into a bottle, so that it be not more than two-thirds

full; shake the mixture well together, and place the bottle in a gentle heat

till the seed appear to be dissolved, the shaking being in the meantime repeated

as often as may be convenient ; and then pour off all the clear, and strain the

remainder through a coarse cloth. The varnish thus prepared must be kept

for use in a bottle well stopped. The whiter seed-lac varnishes are used in the

same manner as the common, except with regard to the substance used in

polishing ; which, where a pure white, or great clearness of other colours is in

question, should be itself white ; while the browner sorts of polishing dust, as

being cheaper, and doing their business with greater dispatch, may be used in

other cases. The pieces of work to be varnished should be placed near the

fire, or in a warm room, and made perfectly dry, and then the varnish may be

laid on with a flat camel-hair brush made for the purpose : this must be done

very rapidly, but with great care ; the samc.place should not be passed twice

orer, in laying on one coat, if it can possibly be avoided : the best way of pro

ceeding is to begin in the middle, and pass the brush to one end, then, with

another stroke from the middle, pass it to the other end, taking care that, before

each stroke, the brush be well supplied with varnish. When one coat is dry

another must be laid over it in like manner, and this must be continued at least

fire or six times. If, on trial, there be not a sufficient thickness of varnish to

bear the polish, without laying bare the painting or ground colour underneath,

more must be laid on. When a sufficient number of coats is thus laid on, the

work is fit to be polished; which must be done, in common cases, by rubbing

it with a piece of cloth, or felt, dipped in tripoli, or pumicestone finely

powdered. But towards the end of the rubbing a little oil of any kind should

be used with the powder ; and when the work appears sufficiently blight and

glossy, it should be well rubbed with the oil alone, to clean it from the powder,

and rive it a still greater lustre. In the case of white grounds, instead of the

tripoli, fine putty or whiting should be used, but they should be washed over to

prevent the danger of damaging the work from any sand, or other gritty

"uttrr, that may happen to be mixed with them. It greatly improves all kinds

*f jspau work to harden the varnish by means of heat, which, in every degree
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that it can be applied, short of what would burn or calcine the matter, (ends to

give it a more firm and strong texture. Where metals form the body, therefore,

a very hot stove may be used, and the work may be continued in it a consider

able time, especially if the heat be gradually increased ; but where wood, or

papier machi is in question, heat must be sparingly used.

JIB. The projecting frame of a crane, to which the weight or goods are

suspended ; the term is a corruption of gibbet, evidenced by the similarity of

structure. Jib is also the name of the foremost sail of a ship.

JIB-BOOM is a continuation of the bowspit forward, being run out from ita

extremity in a similar manner to a top-mast on a lower mast. There is also

the Hying jib-boom, which is a boom extending beyond the preceding, by

passing through two boom-irons fixed to the same.

JIGGER. A machine consisting of a piece of rope about five feet long',

with a block at one end, and a sheave at the other, used to hold on the cable

when it is heaved into the ship by the revolution of the windlass. This is done

by passing the tail round the cable near the windlass, and the hind part of the

rope, coming over the sheave, is stretched aft by means of another rope passing

round the jigger block.

JUNK. Remnants or pieces of old cable, which are usually cut into small

pieces for making mats, gaskets, &c.

JURY-MAST. A temporary mast erected in a ship in the place of the

proper one.

K.

KALEIDOSCOPE. An instrument for creating and exhibiting an infinite

variety of beautiful forms, pleasing the eye by an ever-varying succession of

splendid tints and symmetrical figures, and enabling the observer to render

permanent such as may appear appropriate for any branch of the ornamental

arts. This instrument, the invention of Dr. Brewster, in its most common

form consists of a tin tube, containing two reflecting surfaces, inclined to each

other at any angle which is an aliquot part of 360°. The reflecting surfaces

may be two plates of glass, plain or quicksilvered, or two metallic surfaces,

from which the light suffers total reflection. The plates should vary in length,

according to the focal distance of the eye : five, six, seven, eight, nine, and

ten inches, will, in general, be most convenient ; or they may be made only

one, two, three, or four inches long, provided distinct vision is obtained at one

end, by placing at the other an eye-glass whose focal length is equal to the

length of the reflecting planes. The inclination of the reflector that is in

general most pleasing is IS0, 20°, 22}° or the 20th, 18th, and 16th part of a

circle ; but the planes may be set at any required angle, either by a metallic, a

paper, or cloth joint, or any other simple contrivance. When the two planes

are put together, with their straightest and smoothest edge in contact, they

will have the form of a book opened at one side. When the instrument is thus

constructed, it may be covered up either with paper or leather, or placed in a

cylindrical or any other tube, so that the triangular aperture may be left com

pletely open, and also a small aperture at the opposite extremity of the tube. If

the eye be placed at the aperture, it will perceive a brilliant circle of light, divided

into as many sectors as the number of times that the angle of the reflectors is

contained in 360°. If this angle be 18°, the number of sectors will be 20 ; and

whatever be the form of the aperture, the luminous space seen through the

instrument will be a figure produced by the arrangement of twenty of these

apertures round the joint as a centre, in consequence of the successive

reflections between the polished surfaces. Hence it follows that if any object,

however ugly or irregular in itself, be placed before the aperture, the part of it

that can be seen through the aperture will be seen also in every sector, and

every image of the object will coalesce into a form mathematically symmetrical,

and highly pleasing to the eye. If the object be put in motion, the combination
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of images will likewise be put in motion, and new forms, perfectly different,

but equally symmetrical, will successively present themselves, sometimes

vanishing in the centre, sometimes emerging from it, and sometimes playing

around in double and opposite oscillations. When the object is tinged with

different colours, the most beautiful tints are developed in succession, and the

whole figure delights the eye by the perfection of its forms, and the brilliancy

of its colouring. The eye-glass placed immediately against the end of the

mirrors, as well as another glass similarly situated at the other end, is of

common transparent glass. The tube is continued a little beyond this second

glass, and at its termination is closed by a ground glass, which can be put on

sad off. In the vacant space thus formed, beads, pieces of coloured glass, and

other small bright objects are put. The changes produced in their position by

turning the tube give rise to the different figures.

KAOLIN. The name given to a kind of earth, which forms one of the

ingredients in the manufacture of oriental porcelain. The other ingredient,

which is called petuntse, is easily verifiable, while kaolin is scarcely so ; hence,

it is said, the action of the fire upon the mixture causes that semi-vitrification

ctlled porcelain. M. Bomare, who analysed some Chinese kaolin, states its

composition to be a compound earth, consisting of clay, to which it owes its

tenacity ; of calcareous earth, whence its mealy appearance ; and of cry stals

of mica and quartz. Similar earths to the kaolin are often found in the neigh

bourhood of granites.

KEDGE. A small anchor used to keep a ship steady and clear from her

bower anchor while she rides in a harbour or river. They are generally fur

nished with an iron stock, which is easily displaced for the convenience of

stowing.

KEEL. The principal piece of timber in a ship, which is usually first laid

on the blocks in building ; it supports and unites the whole fabric, since the

■tern and stern posts which are elevated on its ends, are, in some measure, a

continuation of the keel, and serve to connect and enclose the extremities of

the (ides by transoms, as the keel forms and unites the bottom by timbers.

Falie-keel is a strong thick piece of timber bolted to the bottom of the keel,

which is very useful in preserving its lower side ; in large ships of war the false

keel is composed of two pieces called the upper and lower false keels.

Sett is also a name given to a low, flat bottomed vessel, used in the river

Tyne to bring the coals down from Newcastle for loading the colliers; hence a

co'Jicr is said to carry so many keels.

KEELSON. A piece of timber forming the interior of the keel, being laid

npon the middle of the floor-timbers immediately over the keel, and serving

to bind and unite the former to the latter by means of long bolts driven from

without, and clinched on the upper side of the keelson.

KELP. A very impure carbonate of soda, obtained by the incineration of

•esrweed, and chiefly employed in the manufacture of glass. The cultivation

of the marine plants for this purpose is now much encouraged, from the

increased value it gives to those estates which have an extent of coast adapted

I* the growth of the peculiar kinds of weed best suited to the manufacture of

ktlp. There is a very great difference in the product of soda from different

flint;, some yielding as much as 5 per cent, of the alkali, while others, not

"en 1 per cent. Those parts of the coast which are exposed to the fury of

tempests, or to a heavy rolling surf, prevent the plant from taking root. They

thrive best in sheltered bays, where the retreat of the tide leaves uncovered an

•xtenave surface of rocky ground, to which the plants adhere by their roots.

The plant commonly called tangle is the only one to be obtained in exposed

■hutioni ; these adhere with great force to the rocks, and are obtained at the

low ebb of spring tides ; they are however of a substantial nature, and are

considered to repay well for the labour of collecting, which is usually effected

by cutting them off with a sickle or reaping hook. The spring is the best time

far making kelp. The marine plants, or sea weeds, are collected without dis

tinction of kind, under the general term of wrack, or verack (which are pro-

■"J corruptions of the French word vraic), and are first dried in the air and
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sun precisely in the same manner as in the making of hay, being spread and

made up into cocks and stacks, so as to keep it as much as possible from the

rain ; care is likewise taken to prevent its getting muddy ; and such as may

collect mud in dragging it up the beach, is washed in the waves by means of

pitch-forks or rakes. Experience has determined that the kilns for burning

vraic should not exceed about 3 feet in width inside, nor more than 2 feet o"

inches high, but they may be of any convenient length ; usually they are about

18 feet. In some places holes are dug in the ground to form the kilns, which

are lined with stone ; but in these all the vraic is rarely completely bunted, and

the unburned portion yields no alkali. It is now generally deemed preferable

to erect the kiln on a firm level piece of ground, of such rough stones as can

be easily got together, and without mortar or cement, but the windward side of

the kiln is generally covered up with turfs on the outside, and if the wind be

violent, on all sides. The process of burning is commenced by igniting some

furze or heath in the kiln, on which the vraic is then thrown lightly in small

quantities at a time, until the whole body of the kiln is fully ignited. The

additions are then continued to be made with care, by only throwing on small

quantities at a time, where a red hole appears in the mass ; and thus the feed

ing is continued until the collection of vraic is expended ; then as soon as red

holes appear, the less ignited portion is stirred into them. The want of due

attention to the thorough and uniform burning of the vraic, causes a great

deterioration in the value of the product. Towards the close of the burning,

three or four men are usually employed in actively raking the ashes with the

kelp-irons until the whole contents of the kiln become a semi-fluid mass.

Sometimes a portion of the kelp will be found congealed to the sides of the

kiln; this is then removed and worked up with the rest, that it may incorporate

whilst hot. If after the raking is begun, the materials still continue hard and

dry, they are allowed to burn a little longer. Sometimes common salt and

saltpetre are added to the ashes to increase the ignition and bring the ashes to

the desired semi-fluid consistence ; but this measure is seldom found necessary,

except when the vraic has been wetted by rain prior to burning. When a new

burning is commenced, the remaining unfused ashes from the previous operation

are introduced into the kiln by degrees along with the fresh vraic, but not until

the fire has become fierce, and the largest and hardest pieces should be put in a

row along the centre of the kiln. The kelp, after being made, should be care

fully preserved from moisture. In Scotland the kelp makers usually break the

lumps into pieces ofabout 2 cwt. each, which are piled into conical heaps, covered

with dry vraic, and over all a layer of turf; this preserves it well until the time of

shipment. Kelp is esteemed of good quality when, on breaking a piece, it is

hard, solid, and has some reddish and light blue shades running through it.

When it has none of its peculiar salt taste, it is unfit for making ley, though it

may be of use to glass makers.

KERMES, is an insect found in many parts of Asia and the south of Europe

On account of their figure they were a long time taken for the seeds of the

tree on which they feed, whence they were called grains of kermes ; they

also bore the name of vermilion. It has been much used in dyeing worsted

and woollen cloth of a scarlet colour, though the preference is given to the

scarlet from cochineal, especially since the discovery of the mode of heighten

ing its tint by the solution of tin.

KERMES-MINERAL is usually prepared by 1 pound of common antimony

with 22} lbs. of the sub-carbonate of potash, and 20 gallons of water in an

iron pot, filtering the liquor whilst hot into earthen pans, and letting it cool

slowly for 24 hours, the kermes-mineral is deposited in the form of a powder ot

a deep purple brown colour. The supernatant liquid, which yields an orange

coloured sediment, called the golden sulphur of antimony, is much used

by the calico printers in the following manner:—They evaporate and crystallize

the supernatant liquor ; the crystals are then dissolved in fresh water, and with

this solution, thickened with starch or gum, they print their cloths; the cloths

after being dried, are passed through a weak acid liquor, which separates the

golden sulphur and fixes it on the cloth. M. Fabroni states that a much liner
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kerraet-mineral may be obtained by employing tartar in lieu of the alkali in the

usual process. Three or four parts of the tartar are to be mixed with one part

of powlered sulphuret of antimony, and exposed to a red heat in a crucible,

until the entire decomposition of the tartar is indicated by the cessation of

fumes; the mass should then be dissolved in warm water, be filtered, and left

to cool, when an abundance of very fine deep coloured kermes will he deposited

in the bottom of the vessel. This abundance of the kermes is, however, not

attended with any diminution of the quantity or brilliancy of the golden sul-

plmret subsequently obtained by the addition of acid to the mother liquor.

KETCH. A vessel equipped with two masts, viz. the main-mast and the

mizen-mast, and usually from 100 to 200 tons burthen. A bomb-ketch is a

vessel rigged ketch fashion, and equipped for firing mortars.

KEY. An instrument for opening locks, &c. This term is applied to a

great variety of things which it is needless even to enumerate.

KEY OR QUAY. A long wharf by the side of a harbour, river, or canal,

furnished with posts and rings, whereby ships and boats may be secured ; also

with cranes, capstans, and other convenient mechanism for loading and tin -

KILDERKIN. A cask that holds 2 firkins or 18 gallons, or 72 quarts.

Tiro kilderkins are a barrel, three a hogshead, and six a butt.

KETTLE. A general name given to variously formed vessels employed in

culinary and other operations. Mr. D. Gordon introduced an improvement upon

them, which is explained by the subjoined cut. It consists

limply in inclosing them in an outer casing which surrounds

their sides, but leaves them open at the bottom for the

name of a lamp to act upon it. When heat is applied to

teasels so construct! . I. the plate of air between the cases

acquires such a temperature in the upper part as to be

capable of melting a rod of glass if passed up the cavity.

In kettles of the usual construction, a much greater part

«f (lie heated air escapes, without producing any useful

effects, than in Mr. Gordon's, which is proved by water being sooner boiled in

tlie Utter; an economy of time as well as of fuel is thus obtained. Mr.

Gordon had various other culinary vessels constructed on a similar plan.

KILN. A structure or machine designed for drying substances by the appli

cation of heat. Their forms are as various as the substances or manufacture for

which they are designed ; for, although it may be said that a certain kiln will

answer several purposes, yet for one single purpose we often find a variety of

Mn> employed. '1 lie requisite qualities in a good kiln are cheapness and dura

bility of construction ; effectiveness in producing the required result with the

utmost economy of fuel ; a perfect command of the temperature, and facility of

working. Ovens must be regarded as of the same class of apparatus as kilns ;

indeed, the terms kiln and oven are often indiscriminately applied to the same

structure, as may be noticed under several articles in this work. Under the

1 eid of LIME the usual form of lime-kilns is described ; and under COAL and

lios, several forms of coke ovens. In this place we shall notice an admirable

combination of both, which was the subject of a patent granted to Mr. Charles

Heathom about seven years ago, since which time it has been in successful

operation at Maidstone and other places.

HeaHorn's Patent Combination of a Lime-kiln with a Coke-oven.—The object

of this invention, as expressed in the specification of the patent, is the prepa

ration of quick-lime and coke in the same kiln at one operation. The economy

of this process must be evident from the circumstance, that the inflammable

put of the coal which is separated to form it into coke, is the only fuel

nnployed to burn the lime ; and as the coke is in many places as valuable as

the coal from which it is prepared, the cost, if any, of making lime, must be

reduced to the most trifling amount. The engraving on the following page

represent! a vertical section of the lime shad and coke ovens : a a are the side

»al!«, 4 feet thick, of a rectangular tower, the internal space being filled with

lime-stone from the top to the iron bars b b at bottom, whereon the whole
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column rests. The lime-stone is raised in a box d, or other proper receptacle,

to the top of the building, by means of a jib and crane e, or other tackle, which

is fixed at the back of the tower, together with a platform projecting beyond

the walls for affording security and convenience for " landing" the lime-stone ;

when robed as represented, the jib is swung round, and the Time-box tilted, by

which the whole contents are thrown down the shaft The coke ovens, of

 

which there may be two, or a greater or lesser number, according to the mag

nitude of the works, are constructed and arranged in connexion with the lime

shaft in the same manner as the two represented in the diagram at//. These

ovens are supplied with coal through iron doors in the front wall (not seen in

the section) ; the doors have a long and narrow horizontal opening in tha

upper part of them to admit sufficient atmospheric air to cause the combustion
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of the bituminous or inflammable part of the coal ; the flames proceeding from

thence pan into the lime shaft through a series of lateral flues (two of which

are brought into view at gg), and the draft is prevented from deranging the

process, in the opposite oven by the interposition of the partition wall h, which

directs the coarse of the heat and flames throughout the whole mass of the

lime, the lowermost .ind principal portion of which attains a white heat, the

upper a red heat, and the intervening portions the intermediate gradations of

temperature. When the kiln is completely charged with lime, the openings

in front and beneath the iron bars at i i are closed and barricaded by bricks and

•in iron-cased door, which is internally filled with sand to effectually exclude the

air, and prevent the loss of heat by radiation ; therefore, when the kiln is at

work, no atmospheric air is admitted but through the narrow apertures be'fore

mentioned in the coke oven doors. When the calcination of the lime is com

pleted; the barricades at i i are removed, the iron bars at 6 A are drawn out, by

which the lime falls down and is taken out by barrows. It sometimes happens,

however, that the lime does not readily fall, having caked or arched itself over

the area that encloses it, in which case a hooked iron rod is employed to

bring it down. To facilitate this operation in every part of the shaft where it

may be necessary, a series of five or six apertures, closed by iron doors, is

made at convenient distances from the top to near the bottom of the shaft; two

of these are brought into view at k k. Two similar apertures are shown in

section in the coke ovens at o b, whicn are for the convenience of stoking and

clearing out the lateral flues gg from any matter that might obstruct the free

passage of the heated air. When the coals have been reduced to coke, the oven

doors in front (not shown) are opened, and the coke taken out by a peel iron,

the long handle of which is supported upon a swinging jib that acts as a movable

folcrum to the lever or handle of the peel, and facilitates the labour of taking

out the contents of the oven. The operation of this kiln is continuous, the

lime being taken from the bottom whenever it is sufficiently burned, and fresh

additions of raw lime-stone being constantly made at the top.

Kilns for Drying Corn.—If air and moisture be cr.refully excluded from grain,

it may be kept uninjured for an indefinite length of time. This is proved by

an extraordinary experiment made with some Indian corn found in the graves

of the ancient Peruvians, buried more than 300 years ago. Some of this com

being sown, it vegetated and came to maturity : we believe a similar fact is

recorded respecting .some grain found in the ruins of Herculaneum. But to

preserve corn, even for a short period, it should be perfectly dry when housed,

and carefully protected from dampness ; hut it not unfrequently happens, during

> »et harvest season, that the corn is necessarily carried from the field in a

damp state ; and aa few farmers have the means of properly and speedily dry

ing it, large quantities are irrecoverably spoiled after all the labour and cost of

production. The method of drying on the perforated floor of a kiln, (which is

usually resorted to where it can be obtained,) is a very tedious, defective, and

expensive mode, and is attended with great labour, owing to the grain requiring

to be continually turned over and spread by a workman, whose utmost care

s insufficient to cause every part to receive an equal degree of heat ; it there

fore becomes a matter of considerable importance to devise a simple, efficacious,

aad economical method of drying grain under these circumstances, and we

think Mr. Jones's apparatus for this purpose (shown in the engraving on the

next page) is well adapted to the end proposed. Fig. 1 is a vertical section of

the apparatus, which is formed of two iron cylinders a b, placed one within the

other, each being closed at the upper and lower end by two concentric cones

C 0. The annular space between the cylinders, as also between the cones, is an

inch and a quarter in width, for the reception of the grain, to be dried by its

paaing through the machine ; both the internal and external bodies are perforated

throughout with about 2300 holes to the square foot The kiln is supported on

nvt cast-iron columns or legs, three of which are shown in the section as at E ,

these are attached to a strong iron ring which surrounds the base of the cylin-

«■• From the heads of these columns descend, along the sides of the cone,

"' king bolts, aa at G, which are passed through the same number of legs in

•oi. it. c



18 KILN.

the oast-iron ring surrounding the neck of the lower cone : from this Jring

proceed five stays, as at I, which are fastened to the middle of the columns by

a nut on each side. The body is sustained, both externally and internally, by

iron hoops, as at K, and the distance between the cylinders is preserved by a

number of short stays. In the front of the kiln a passage is cut out, as at 0,

in which is fixed the fireplace, through which are passages for the heated air

to pass into the cylinder. -These passages, as weil as the flues, which proceed

Fig. 3.

tig. i.

 

1.

circuitously from the fire to the chimney, are best shown in the horizontal sec

tion, Fig. 2; and in the vertical section of the detached fire-place, Fig. 3, Q is

the fire-hole, S the ash-hole, T the fire-bars, and U the chimney, which passes

up nearly in the middle of the kiln. The wheat is admitted into the kiln from

above through a hopper and through the tube W, and falling upon the apex of

the cone is distributed equally on all sides between the cylinders, the little

asperities in which, not only slightly retard the descent of the grain, but like

wise impart to the particles, a constant, slow, rolling motion, whereby every

individual grain is exposed to the same degree of temperature ; the grain

from thence converges into the lower cone, and ultimately escapes through the

spout at bottom into sacks or on to the ground as may be required. The passage

of the grain through the machine may be either accelerated or retarded, accord

ing to its peculiar condition, by enlarging or contracting the aperture througn

which it is discharged. The moisture is carried off by evaporation through the

perforations of the plates with great rapidity. The kilns may of course

be made of any dimensions ; one of six feet internal diameter, and twelve

feet in length, between the apexes of the upper and lower cones, has been

said to be capable of perfectly drying more than 100 quarters of wheat in

24 hours.

The following contrivance for drying grain has been noticed in several

French papers, and announced as having been successfully adopted in one of
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the department! ; the plan, however, origi

nated with a correspondent in the Register

of Art*. The apparatus consists of a long

spiral tube a a like a distiller's worm, reaching

from the basement to the upper floor and

through the roof of the granary, which forms

a passage for the heated air from a close stove

below. Externally round this tube is placed

another tube 6 b, winding like the interior one

in a spiral direction, and at about an inch and

a half from it ; this external tube receives the

com from above through a hopper c, and it is

punched throughout with numerous small

Doles, through which the vapour escapes, as it

a formed by the damp corn coming in contact

with the inclosed heated chimney ; the corn

in consequence becomes thoroughly dried

before being discharged at the bottom, and

that without the intervention of any manual

labour.

Hriert's Patent Kiln.—Under the article

Coax is described an apparatus for washing

and separating the impurities with which grain

is always to a greater or less extent contami

nated ; and, as a necessary concomitant to that

machine, a kiln was devised for drying the

washed grain ; but as this kiln is equally appli

cable to the drying of malt, seeds, and all

other matters of a similar kind and form, and

by a mode that is as novel as it is efficacious,

we give a description of it in this place. In

the engraving on the next page, Fig. 1 exhibits

> longitudinal section of the apparatus, and

Fig. 2 a transverse section of a long air-

trough, shown at * in Fig. 1. At a is shown

one of a series of five or six common iron

gas lubes, placed side by side, and curved in

the form represented to constitute a fire-place,

the space between the tubes serving for the

admission of air for combustion, which enters

through the ash-pit door b at the side, pro

vided with an air regulator : the fire-place is inclosed in front at c by a common

door and frame. The heated air, and other products of combustion from the

fuel, pass along the flue d to the funnel or chimney ; the bottom and two sides

of the flue d are of brick, but the top is of iron, being formed of the bottom of

a long shallow iron box or air-trough e ; this box has no cover but one of

eirremely open woved canvas, which forms a part of an endless cloth or

band///, that is continually made to travel lengthwise over the whole area of

the taid trough ; the edges of the cloth gliding between grooves and over tie-

rods, (shown in the cross section, Fig. 2, where the dotted line / indicates the

endless cloth,) that prevent the cloth from sagging. This cloth is made to

travel by the revolution of three rollers or drums g, h, i, to either of which the

moving power may be applied. The cloth is kept distended by a self-acting

tightening roller, which is screwed against the hopper k ; this hopper receives

the grain to be dried, and is provided with a shoe at /, adapted to deliver a

thin and uniform stratum of grain upon the endless cloth, whilst the same is

made to pass under it, and over the trough. Another endless band mm, of a

similar fabric to the other, passes round the drums h i only, and is likewise pro-

jided with a self-acting tightening roller, fixable to any convenient object. The

lower ends of the six tubes a of the fire-place before mentioned have an open
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communication with a rotative blower o, by means of a broad channel p p ;

and the upper ends of the tubes a also open into another broad channel q, which

conducts the air into the long air-trough e. The operation of this machine is

as follows. A slow rotation, derived from any first mover, is to be given to

either of the drums g, h, i, which will cause the endless cloth/to glide gradually

over the top of the air-trough e ; at the same time the blower o has been put

into action (by connexion with the first mover) at a high velocity, so as to pro

duce a rapid current of air, which derives an increase of temperature on pass

ing under the heated metallic bottom of the ash-pit ; hence proceeding through

 

the tubes a it acquires considerable heat, which is subsequently moderated by

an extensive diffusion in the air-trough e, before it passes through the meshes

of the endless cloth h above, carrying with it the moisture from the grain

deposited thereon. The course taken by the endless cloth is shown by arrows

in the figure ; upon its arriving at the drum h, the other endless cloth m m

comes in contact with the grain on the cloth /, and upon both the cloths passing

round the said drum h, the corn becomes inclosed between the two cloths, and

is thus carried up an inclined plane over the drum i, where the cloths separate,

and discharge the grain back again into the hopper k, to undergo a repetition

ofthe operation, should it not be perfectly dry. But when the grain is thoroughly

dried, instead of allowing it to fall back into the hopper, a shoot, or the band

of a creeper, (not shown in the drawing,) is brought under the roller t, which

conducts it to the required place. A very little experience in the working of

this apparatus enables a person so to regulate its operations as to complete

the drying of damp grain by a single passage through it ; such as varying the

velocity of the air-forcer, the quantity of fuel in the Btovc, the supply of air

through the ash-pit, the speed of the endless cloth, &c. the means of doing

which are so well understood by mechanics as to render a description of them

unnecessary in this place.

KITE. A fictitious bird, made of paper. This well-known juvenile play

thing has been of late years applied to several objects of utility : the fore

most of these, and the most paramount in importance, is the invention of

Captain Dansey, for effecting a communication between a stranded ship and

the shore, or, under other circumstances, where badness of weather renders

the ordinary means impracticable. The following is an abbreviated description

of the invention, extracted from the forty-first volume of the Tramactiont of

the Society of Arts, where the subject is given more in detail, with engraved

illustrations :—A sail of light canvas or holland is cut to the shape, and adapted

for the application of the principles of the common flying kite, and is launched

from the vessel or other point to windward of the space over which a commit
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nication is required ; and as soon as it appears to be at a sufficient distance, a very

simple and efficacious mechanical apparatus is used to destroy its poise and cause its

immediate descent, the kite remaining however still attached to the line, and

moored by a amall anchor with which it is equipped. The kite, during its flight, is

attached to the line by two cords placed in the usual manner, which preserves

its poise in the air ; and to cause it to descend, a messenger is employed, made

of wood, with a small sail rigged to it The line being passed through a cylin

drical hole in this messenger, the wind takes it rapidly up to the kite, where,

striking against a part of the apparatus, it releases the upper cord, and by that

means the head of the kite becomes reversed, and it descends with rapidity.

In the experiments made by Capt. Dansey, with the view of gaining commu

nication with a lee-shore, under the supposition of no assistance being there at

hand, a grapnel, consisting of four spear-shaped iron spikes was fixed to the

head of the kite, so as to moor it in its fall, and in this emergency, the attempt

of tome person to get on shore along the line, would be the means resorted to.

In those cases where a communication has been gained, and the maintenance

of a correspondence has been the object, the person to windward has attached

a weight to the messenger, in some cases as much as three pounds, which, havjng

been carried up, has of course descended with the kite ; the person to leeward

has then furled the sail of the messenger, and loaded it with as much weight as

the kite could lift ; then replacing the apparatus, and exposing the surface of

the kite to the direct action of the wind, it has rapidly risen, the messenger

raining down the line to windward during its ascent The kite with which

(-apt Dansey performed the greater part of his experiments, extended 1100

•tils of line, five-eighths of an inch in circumference, and would have extended

mote had it been at hand. It also extended 360 yards of lineal} inch in

circumference, and weighing 60 Ibs.; the holland weighed 3 ' Ibs ; the spars, one

of which was armed at the head with iron spikes, for the purpose of mooring

it, <>1 Iba. ; and the tail was five times its length, composed of 8 Ibs. of rope

»nd 14 Ibs. of elm plank. A complete model of the apparatus was deposited

filh the Society, who presented Capt Dansey with their gold Vulcan medal for

his intention and communication.

Messrs. Viney and Pocock have also recently applied a kite for the drawing of

i carriage, hi which they travelled from Bristol to London. See Vol. I. page 323.

KNEADING is the process of making the stiff paste of flour and water for

being afterwards baked into bread. It is usually effected by a sort of pommcl-

ing action of the hands and arms, and sometimes of the feet of the bakers. A

Tiriety of machines have been at different times proposed for superseding the bar-

harouj process we havejust mentioned; they have however been but very partially

• 'j;ii fl, the bakers in general preferring to continue then: " good old-fashioned1'

dirty practice. " Pom a la micanique" is, however, fashionable in Paris, and,

it U to be hoped, will ere long become so here. It is said that at Geneva all

the bakers of that city are compelled by law to send their dough to be kneaded

*t a public mill constructed for that purpose. At Genoa, also, mechanism is

employed for kneading ; the apparatus employed at this place has been pub-

li»hied in several of the journals, from which it appears to be so rude and ill-

centrired as not to need a description in this place.

1. The petrisscur, or mechanical bread-maker, invented by Cavallier and Co.

1 f Paris, seems to us to be nearly the best hitherto introduced. This consists

rf a strong wooden trough, nearly square, with its two longest sides inclined, so

** to reduce the area of the trough in the direction of its width, and adapt it to

tie dimensions of a cast-iron roller, the axis of which passes through the ends

of the trough ; the bottom of the trough is semi-cylindrical, leaving a small

•Pact between it and the roller, which space is adjustable by levers. All along

•w top of the outside of the roller, is fixed a knife edge, which, with the roller,

divides the trough into two compartments. Upon the axis of the roller is a toothed

•hcd, which takes into a pinion ; this pinion is turned by a winch, and com

municates thereby a slower motion to the roller, and the roller, by its rotation,

[ones the materials or dough through the narrow space before mentioned,

"ft between it and the bottom of the trough ; the knife edge on the top of the
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Toller preventing the dough from passing by it. Being thus all forced into oni

of the compartments, the motion of the roller is reversed by turning the wine:

the contrary way, which then forces the dough back again through the narrow

space under the roller into the first compartment ; in this manner the working

of the dough, alternately from one compartment to the other, is continued until

completed.

2. Another plan was to make the trough containing the dough revolve will

a number of heavy balls within it. The trough in this case is made in the form

of a parallelopipedon, the ends being square, and each of the sides a parallelo

gram, whose length and breadth arc to each other as five to one. One side of

the trough constitutes a lid, which is removed to introduce the flour and water,

and the trough is divided into as many cells as there are balls introduced. The

patentee states, that by the rotation of the trough the bails and dough are

elevated together, and by their falling down the dough will be subjected to

beating, similar to the operations of the baker's hands.

3. Instead of employing a revolving cylinder, it is fixed, an agitator is made

to revolve, having a series of rings angularly attached to an axis, extending the

whole length of the trough.

4. Mr. Clayton, a baker of Nottingham, had a patent in 1 830 for a machine

somewhat similar to the last mentioned, inasmuch as a set of revolving agita

tors are employed to produce the kneading action ; the agitators are longitu

dinal bars, fixed to arms, which radiate from the axis, and they are forced

through the dough in their revolution ; but the cylinder in which they revolve,

and which contains the materials, is made to revolve at the same time in a

contrary direction ; the motion of the latter being imparted by a short hollow

axis, while the axis of the former is solid and passed through the hollow one.

The solid axis, which is turned by a winch, has on it a bevelled pinion, which,

by means of an intermediate bevelled wheel, actuates another bevelled pinion

fixed on the hollow axis, and therefore causes it to revolve in the opposite

direction. These two simultaneous and contrary motions constitute the novelty

claimed by the patentee, who states, that dough-making machines, similar to hu

own, have all failed for want of such an arrangement. This statement, coming

from a baker, commands attention ; but we cannot concur in its truth, since we

know that the following plan of a kneading machine works well without oppo

site simultaneous motions, and without any agitators or beaters, which absorb a

great deal of power without producing an adequate effect.

5. Hebert's Patent Kneading Machine.—In this a cylinder of from 4 to 5 feet

in diameter, and only about 18 inches wide inside, is made to revolve upon an

axis, which is fixed by a pin during the revolution of the cylinder. The flour a

admitted by a door in the periphery, which closes air and water-tight ; and the

water or liquor passes through a longitudinal perforation in the axis, and thence

through small holes amongst the flour, in quantities which are regulated exter

nally by a cock. By the rotation of the cylinder the dough is made to be con

tinually ascending on one side of it, whence it falls over upon the portion

below. When the mixture becomes pretty intimate and uniform, its adhesive

property causes it to stick to the sides of the cylinder, and the dough would

then be carried round without much advancing the process, were it not for

another simple contrivance : this is a knife-edge or scraper, 18 inches long,

which is fixed along the top of the cylinder in the inside, so as barely to touch

its surface ; the knife is fixed to two flat arms extending from the axis, and

these arms have sharp edges so as to scrape the sides of the cylinder ; thus the

cylinder is kept constantly clean from the sticking of the dough, which, as soon

as it ascends to the top of the cylinder (if it does not tear away of itself) is

shaved off by the knife, and falls down with great force upon the bottom ; and

as this effect is constant during the motion of the cylinder, it must be evident

that the process of kneading is soon completed by it. When that is done, the

door of the cylinder is opened, and the contents discharged into a recipient

beneath ; at which time the scraper is caused, by a winch on the axis, to make

one revolution of the now fixed cylinder, which clears off any adhering dough,

and projects it through the door-way. As the dough in this machine may bt
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laid to knead itself, there being no arms, beaters, or agitators whatever, it it

calculated that the power saved by it is very considerable, while, from the sim

plicity of its construction, the cost is moderate.

The patentee is at present engaged in combining with this kneading machine

an apparatus for preparing carbonated water, highly charged with the gas, with

which he proposes to mix up the flour to form dough, for the purpose of making

the bread spongy or vesicular, without having recourse to the fermentative pro-

ctn; the result of which process, under the most favourable circumstances, he

considers to be detrimental lo the health of those that eat the bread, (owing to

the deposition of fermentable matter in the stomach,) while it is destructive of

a portion of the nutriment of the flour.

KNIVES (includiiiy Fortt). Knives are well-known instruments, made for

cutting a great variety of substances, and adapted by differences in form to

various uses; but the two principal sorts may be classed under the terms of

pocket-knives and table-knives, with their now necessary accompaniments,

forks. The manufacture of these articles in this country is almost wholly con

ducted at Sheffield. Our account of the process of making them must neces

sarily be concise, and afford only a glimpse of the procedures, as it is manifestly

impossible for us to transform the uninitiated into cutlers by any information

that we can give.

In the making of pocket-knife blades, one workman and a boy are generally

employed ; the boy attends to the heats, (that is, to the rods of steel in the

fire,) which he successively hands to the forger, and takes back the rod from

vhich the last blade was formed. One heat is required to fashion the blade,

tad a second to form the tang, by which it is fastened into the handle. The

ikfll of the forger is displayed in forming it so perfectly by his hammer, as to

•quire but very little to be filed or ground oil' in the subsequent operations.

The springs for the back of the knife, and the scales which form the rough

metal wider-handle, and to which the other pieces are rivetted, are made by a

intact class of workmen. In the forging of table-knife blades, and other

Uades of a similar or greater size, the forger has an assistant, who, with a large

hammer, strikes alternately with him ; and the hammering of all blades is con

tinued after the steel has ceased to be soft, in order to condense the metal and

reader it very smooth and firm. Table-knife blades are usually made with iron

lacks, which are welded to the steel by a subsequent forging, to that of forming

the cutting edge ; the thick piece that joins the handle, called the shoulder or

holster, as well as the tang that goes through the handle, is forged out of the

iron immediately after the welding of the steel blade : dies and swages being

employed to perfect and accelerate the shaping of these parts. When the forging

is completed, the blades undergo the processes of hardening and tempering, already

eiplained in our account of the steel manufacture (article IRON). The blades

are then ground upon a wet stone, about 4 feet in diameter, and 9 inches wide,

»hich roughs out the work ; they are subsequently finished or whitened, as it is

unned, upon a finer dry stone ; and the shoulders or bolsters are ground upon

> narrow stone, about 3 feet in diameter, which completes the grinding. The

ont process is that of glazing the blades, which is effected upon a wooden

"(1. made up of solid segments, well fitted and secured together, and with

the ends of the fibres of the wood presented to the periphery of the circle ; over

ihii is extended a piece of leather, which is charged with emery or other pow-

dtn, adapted to the finish or nature of the work required.

It is only about 200 years since, that table-forks were known in England,

•h*n they were introduced from Italy ; and even now, in some remote parts

*f Scotland and Ireland, they are regarded as useless articles of luxury. The

cheaper kind of forks are made by casting them from malleable pig-metal, (see

lao*,) sometimes denominated " run-steel ;" and some of these, which are well

wnealed and worked under the hammer, turn out very serviceable and good.

fl»e made of wrought metal, were formerly either forged, and the prongs

•nwn out by the hammer, ^and welded together, or they were forged into one

"tid piece, and the spaces between formed by cutting away the metal. These

, however, were tedious and expensive, and a great improvement in
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their manufacture has been introduced. The tang, shoulder, and a thick, fUt

piece, called the blade, are forged, and the blade is then submitted to the action

of a pair of dies, contained iu a powerful fly or stamping-press j the dies being

BO formed as to force or cut out the superfluous portion of the metal and raise

the curved swelled portions at the junction of the prongs, termed the bosom.

The forks after this operation are filed up, ground, glazed, and burnished, when

they are ready for hafting, which is a distinct business.

The instruments required for hafting knives and forks are few and simple.

The principal are, a small polishing wheel and treddle, mounted upon a stand,

a bench vice, and a kind of hand vice to fix in the bench vice, termed a snap

dragon ; it has a pair of long projecting jaws, adapted to hold a piece of metal

or other substance, with the flat side uppermost, in order to be filed or other

wise worked ; a few files, drills, drill-box, and breast-plate, burnishers and

buffs, emery, rotten stone, &c. The substances used for covering the handles

are almost infinite ; the chief are bone, horn, ivory, tortoiseshell, and wood of

every kind. The several pieces of the handle being filed to the shape intended,

boles are drilled through them for the pins by which they are afterwards rivetted

together. The pinning is at first loosely done ; until the blades, springs, and all

the parts are well adjusted and fit closely, they are then firmly rivetted together.

The handles arc afterwards scraped and then polished, by means of buffing,

on the wheel.

KNIFE-SHARPENERS. This term has been given to a variety of con

venient modern instruments, especially adapted to the sharpening of knives at

table, but particularly carvers, and are intended as substitutes for the common

steel. For these instruments several patents have been obtained, and a consi

derable manufacture of them has been established.

Ftilon'i Patent Sharpener, without its usual accompanying ornaments, fa

represented in the annexed

cut; it consists of two hori

zontal rollers, placed parallel

to each other, which revolve

freely upon their axes, (re

presented by the two black

dots ;) at uniform distances,

there are fixed upon each

roller, narrow cylinders or

rings ofhard steel, the edges

of which are cut into fine

teeth, and thus form circular

files ; the edges of the files in the opposite rollers overlap each other a little, so

that when a knife is drawn longitudinally between them, the edge of the knifo

is acted upon on both of its sides at once. The rollers turn round with the

slightest impulse, consequently, they wear uniformly, and will last a considerable

time. A good edge is given to a knife by just drawing it from heel to point

two or three times between the rollers ; and thus obviates the necessity of imi

tating the skill exercised by a butcher upon his steel.

Wettby's Knife-iharpener, which was patented in 1828, is a very pretty and

ingenious instrument; an immense quantity of them have been told, and it is

said, have been the means of greatly enriching the proprietor of the patent.

In the engraving on the next page, Fig. 1 exhibits an end elevation of the in

strument, and /',-/. 2 a side elevation of the bars, with a section of the boxes a

and 6, to show the interior. The same letters in each figure have reference to

similar parts ; a is a small oblong box, surmounted by a smaller box b ; in the

top of the latter there is a slit made throughout its length, and of sufficient

width to receive the square steel bars c c. The box a has two similar slits.

The surfaces of the bars are draw-filed, they pass through the slit in b, and

alternately through both slits in a, so as to cross each other, as shown in fig. 1.

The lower ends of these bars are supported upon a plate of metal d, which can

be elevated, so as to a bring a different portion of the bars into operation, by

means of the screw underneath ; // are two screws passing through the bales
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in d, to preserve its parallel motion, and likewise to support the bottom of the

box ; A is a tightening screw to steady the bars c c.

The mode of operating with this instrument is merely to place the edge nl

the knife upon the bars, so as to bisect the angle formed by them, and then

 

draw the knife backward and forward. As the surfaces of the bars wear away,

different sides can be presented, or they can be shifted from end to end, so as

to present fresh surfaces to the knife.

Church't Patent Knife-sharpener consists of two very flat truncated cones, fixed

with their smaller surfaces together, and with several rectangular projections

in the one, fitting into similar cavities in the other. The conical surfaces of

both pieces are serrated with a series of very fine teeth extending angularly

towards their centres ; these are placed upon the shank of the fork, between

the shoulder and the handle, with which they correspond in diameter so nearly

•s to constitute an ornamental finish to the small end of the handle. In the

position and size of these consist the principal merit of the sharpener. When

oied for sharpening scythes, or other large cutting instruments, the conical

pieces are made larger, and fitted on an axis between two prongs of a forked

ipparatus, with an appropriate handle.

Westby's second Patent.—The extraordinary success attendant upon Mr.

Westby's contrivance for sharpening table-knives induced him to figure a

second time as a patentee, " for certain improved apparatus to be used for the

purpose of whetting or sharpening the edges of the blades of penknives, razors,

axdother cutting instruments." The first improvement mentioned in the speci

fication consists in the application to a hone, or oil-stone, of a guide to keep

the edge of the razor, or other cutting instrument, at the same angle with

respect to the surface of the hone, during the operation of whetting. This is

•feted in two ways ; first, by placing over the hone a plate of metal extending

ti whole length, and adjustable, at any required distance parallel to its surface,

by let screws; now, in the operation of sharpening, the back of the instrument

hkept resting upon the guide-plate, while the edge is applied to the hone.

The second method consists in the application of two hones placed in an erect

position, with a space between them for the razor, which is to be fixed by screws

>»to a small horizontal frame, made to slide upon a circular rod, so that the

™ge can be applied alternately to the hones ; these can be elevftted and

depressed at pleasure, so that their surfaces may be uniformly worn while in

■I The patentee also mentions in his specification a method of attaching to

«is bone a leather strap which is made double, and kept stretched by adjusting

•news attached to the frame of the hone, or else to the end of a rod extending

VOL. II. p
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lengthways between the two folds of leather. This last contrivance doM not

appear to us to be scientifically adapted to the object in view, as the pressure

of the edge of the instrument upon a strap of leather only supported at its

extremities, must produce a tendency in the leather to wrap round the acute

angle of the edge of the instrument, and render it obtuse.

LABORATORY. A place fitted up and supplied with the necessary

apparatus for chemical operations. Laboratories for conducting chemical

processes on a large manufacturing scale will of course vary in their arrange

ments according to the main object for which they are designed. For experi

mental and general purposes a laboratory is more advantageously placed

above than below ground, that it may be as dry as possible ; the air must

have free access to it ; and it must even be so constructed that, by means of

opposite openings, a current of air may be admitted to carry off noxious

vapours. A chimney ought to be constructed so high that a person may

easily stand under it, and extending the length of one of the side walls.

The chimney should be high, and sufficiently contracted to make a good

draught YVhen charcoal is the only fuel to be employed no soot will be

deposited, and therefore it need not be so wide as to allow a chimney-sweeper

to pass up it. Under this chimney may be constructed some brick furnaces,

particularly a melting furnace, a furnace for distilling with an alembic, and

one or two ovens like those in kitchens. The rest of the space ought to be

filled up with stands of different heights, from a foot to a foot and a half, on

which portable furnaces of all kinds are to be placed. These furnaces are the

most convenient, from the facility of disposing of them at pleasure ; and they

are the only furnaces which are necessary in a small laboratory. A double

pair of bellows of moderate size must also be placed as commodiously as

possible under or near to the chimney, and having a pipe directed towards the

hearth where the forge is to be placed. The necessary furnaces are the simple

furnace, for distilling with an alembic, a lamp furnace, two reverberator)'

furnaces of different sizes for distilling with retorts; an air or melting fumace,

an assay furnace, and a forge furnace. Under the chimney, at a convenient

height, should be a row of hooks driven into the back and side walls, upon

which are to be hung small shovels, iron pans, tongs, pincers, pokers, and

various utensils for disposing the fuel and managing the crucibles. To the

walls of the laboratory should be fixed, or suspended, rows of shelves, of

different breadths and heights, for containing bottles and glass vessels, which

should be as numerous as is possible, that the products of operations may be con

veniently retained. The most convenient place for a stone or leaden cistern to

contain water, is a corner of the laboratory, and under it a sink ought to be

placed, with a pipe by which the water poured into it may discharge itself. As

the vessels are always cleaned under this cistern, cloths and bottle-brushes

ought to be hung upon hooks fastened in the walls near it In the middle of

the laboratory a large table is to be placed, on which mixtures are to be made,

preparations for operations, solutions, precipitations, small nitrations ; in short,

whatever does not require fire, excepting that from a lamp. In convenient

parts of the laboratory are to be placed blocks of wood upon mats, one of which

is to support a middle-sized iron mortar, another a support for a middle-sized

marble, or hard stone mortar, and a third for an anvil. Near to the mortars

are to be hung sieves of different fineness and sizes ; and near to the anvil, files,

rasps, pincers, shears, and other convenient utensils for working metals, or giving

them proper forms for the several operations ; two movable trestles, to support

a large filter or other apparatus, that they may be disposed of conveniently. On

account of the dust from charcoal, the stock of this article had better be placed

contiguous, but not inside the laboratory ; also some dried furze or other quick

burning fuel. In the same place may be put bulky articles, bricks, tiles, clay, lime,

■and, and many other things useful iu chemical operations. A small,- solid table,

for a levigating stone and muller ; small mortars, of iron, glass, agate, and
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Wedgwood wire ; earthen, stone, metal, and glass vessels of different kinds ; fun

nels, measures, glass-tubes ; spatulas of wood, metal, ivory, and glass ; pasteboards,

writing paper, unsized paper, clean straws, horns, corks, bladders, linen strips,

lutings, cements, paste, glue, portable bellows, brushes, boxes, &c. &c. are all

occasionally wanted in a laboratory. See Vre's Dictionary of Chemistry.

LAC. A resinous substance, the product of an insect found on several

different kinds of trees in the East Indies. These insects pierce the small

branches of the trees on which they feed ; and the juice that exudes from the

wounds is formed by them into a kind of cells for their eggs. Lac is imported

into this country adhering to the branches in small transparent grains, or In

semi-transparent flat cakes. The first, encrusting the branches, is called

stick-lac ; the second [are the grains picked off the branches, and called

reed-lac; the third is that which has undergone a simple purification, as

we shall presently notice. There is a fourth called lump-lac, made by

melting the seed-lac, and forming it into lumps. To purify the lac for use

the natives of India put it into long canvas bags, which they heat over a

charcoal fire until the resin melts ; a portion of the lac then exudes through

tbe bags, which are subsequently twisted, or wrung by means of cross sticks at

the ends of the bags, the surface of the latter being scraped at the same time

to accelerate the process. The chief consumption of lac in this country is in

tbe manufacture of sealing-wax and varnishes. It has been a great desideratum

among artists to render shell-lac colourless, as, with the exception of its dark

brown hue, it possesses all the properties essential to a good spirit varnish in a

higher degree than any other known resin. A premium of a gold medal, or

thirty guineas, for " a varnish made from shell or seed-lac, equally hard, and

a* fit for use in the arts," as that at present prepared from other substances,

wai offered for some years by the Society of Arts. The editor of the Franklin

Jama!, of Philadelphia, observes, in reference to the foregoing, that " these

ends are perfectly attained by the process given by Dr. Hare, which leaves

nothing to desire, excepting on the score of economy." Were the oxymuriate

of potash to be manufactured in the large way, the two processes, that of

making the salt and of bleaching the resin, might be advantageously combined.

" Dissolve," (says Dr. Hare,) " in an iron kettle, one part of pearl-ash in about

right Darts of water ; add one part of seed or shell-lac, and heat the whole to

ebullition ; when the lac is dissolved, cool the solution, and impregnate it

with chlorine till the lac is all precipitated. The precipitate is white, but its

colour is deepened by washing and consolidation ; dissolved in alcohol, lac

bleached by the process above-mentioned yields a varnish which is as free

from colour as any copal varnish." About the same period of time as the

publication of the foregoing, the before-mentioned premium of the Society

of Arts was claimed by two persons, Mr. George Field, and Mr. Henry

Loning. The Society, upon a due examination of both of the processes and

products, found them both to answer the intended purpose, and awarded the

aim of twenty guineas to each of the candidates.

The following is Mr. Field's process : Six ounces ofshell-lac, coarsely powdered,

ire to be dissolved by gentle heat in a pint of spirits of wine ; to this is to be

added a bleaching liquor, made by dissolving purified carbonate of potash, and

Hen impregnating it with chlorine gas till the silica precipitates, and the solu-

JOT becomes slightly coloured. Of this bleaching liquor add one or two ounces

to the spirituous solution of lac, and stir the whole well together; effervescence

takes place, and when this ceases, add more to the bleaching liquor, and

thus proceed till the colour of the mixture has become pale. A second bleach

ing liquor u now to be added, made by diluting muriatic acid with thrice its

bulk of water, and dropping into it pulverized red lead, till the last added

portions do not become white. Of this acid bleaching liquor, small quantities

at a time are to be added to the half bleached lac solution, allowing the effer

vescence, which takes place on each addition, to cease before a fresh portion is

poured in. This is to be continued until the lac, now white, separates from the

liquor. The supernatant fluid is now to be poured away, and the lac is to be

well washed" in repeated waters, and finally wrung as dry as possible in a cloth.
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The lac obtained in the foregoing process ia to be dissolved in a pint of alcohol.

more or less, according to the required strength of the varnish ; and after

standing for some time in a gentle heat, the clear liquor, which is the varnish,

is to be poured off from the sediment

Mr. Luning's process is as follows :—Dissolve five ounces of shell-lac in a

quart of rectified spirits of wine ; boil for a few minutes, with ten ounces of

well-burnt and recently heated animal charcoal, when a small quantity of the

solution should be drawn off and filtered ; if not colourless, a little more char

coal must be added. When all colour is removed, press the liquor through

silk, as linen absorbs more varnish, and afterwards filter it through fine blotting-

paper. In cases where the wax found combined with the lac is objectionable,

filter cold ; if the wax be not injurious, filter while hot This kind of

varnish should be used in -a temperature of not less than 60° Fahr. j i

dries in a few minutes, and is not afterwards liable to chill or bloom ; it ia

therefore particularly applicable to drawings and prints which have been sized,

and may be advantageously used upon oil paintings which have been painted

a sufficient time, as it bears out colour with the purest effect This quality

prevents it from obscuring gilding, and renders it a valuable leather varnish to

the book-binder, to whose use it has already been applied with happy effect,

as it does not yield to the warmth of the hand, and resists damps, which subject

bindings to mildew. Its useful applications are very numerous, indeed, to all

the purposes of the best hard spirit varnishes: it is to be used under the same

conditions, and with the same management. Common seed-lac varnish is usually

made by digesting eight ounces of the bright, clear grained lac in a quart of spirits

of wine, in a wide-mouthed bottle, putting it in a warm place for two or three

days, and occasionally shaking it When dissolved it may be strained through

flannel into another bottle for use. In India, lac is fashioned into rings, beads,

and other trinkets. Its colouring matter, which is soluble in water, is employed

as a dye. The resinous portion is mixed with about three times its weight of

finely powdered sand, to form polishing stones. The lapidaries mix powder of

corundum with it in a similar manner.

LACQUERING is the application of transparent or coloured varnishes to

metals, to prevent their becoming tarnished, or to give them a more agreeable

colour. The basis of them is properly the lac described in the preceding article ;

but other varnishes made by solutions of other resins, and coloured yellow, also

obtain the name of lacquer. Strictly speaking, lacquer is a solution of lac ii

alcohol, to which is added any colouring matter that may be required to prc

duce the desired tint; but the recipes that have been published in various

scientific journals contain apparently a great many useless articles. The fol

lowing is much extolled, in Nicholton's Operative Mechanic, an a lacquer for

philosophical instruments :—

f oz. of gum gutke. f oz. of terra merita.

2 oz. of gum sandarac. 2 oz. of oriental saffron.

2 oz. of gum elemi. 3 oz. of pounded glass ;

1 oz. of dragon's blood, of the best quality. and

1 oz. of seed lac. 20 oz. of pure alcohol.

Before, however, the reader ventures to meddle with so formidable a list of

ingredients as the foregoing, we would recommend him to make trial of the

following more simple compound :—Take 8 oz. of spirits of wine, and I oz. of

annatto, well bruised ; mix these in a bottle by themselves : then take 1 02. of

gamboge, and mix it in like manner with the same quantity of spirits. Take

seed-lac varnish, (described under the previous article LAC,) wh'at quantity you

please, and colour it to your mind with the above mixtures. If it be too yellow,

add a little from the annatte bottle; if it be too red, add a little from the

gamboge bottle ; if the colour be too deep, add a little spirits of wine. In this

manner you may colour brass of any desired tint : the articles to be lacquered

may be gently Itcated over a charcoal fire, and then be either dipped into the

lacquer, or the lacquer may be evenly spread over them with a brush.

LACE.-,A delicate kind of net-work, composed of silk, flax, or cotton

threads, twisted or plaited together. The meshes of this kind of net are of a
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nnagonal figure, in which thick threads are also woven to form the pattern

according to some design ; and these threads, which are called gymp, form the

ornament of the lace. Buckinghamshire and Bedfordshire have been for many

years the counties most celebrated for the manufacture of the pillow or bobbin

tare, so called because it is woven by women or children upon a pillow or

cushion, by means of bobbins, (which are made of ivory or bone, and each of

wliich contains a small quantity of fine thread,) in such a manner as to make

the lace exactly resemble the pattern, which is fixed upon a large round pillow,

and pins being stuck into the holes or openings in the pattern, the threads are

interwoven by means of the bobbins. At the close of the last century, the

manufacturers of Nottingham directed their ingenuity to imitate this specien

of lace by machinery, in which they have completely succeeded. The Not

tingham imitations of lace are of two kinds—point-net and warp-net. The

point-net frame is a variety of the stocking frame, which was invented by

Mr. John Morris, of Nottingham, in 1764; but it was not at first used to make

lace, being intended to make the ancle part of stockings. The machine is

u addition to a stocking frame, and operates on the thread in the same way

as in stocking weaving for a great part of the process. The Nottingham lace,

therefore, is only a modification of the stitch or loop of which stockings are

nude ; all the meshes being formed by a continuance of one thread, which is

br the machine formed into loops, a whole course at once, by pressing it down

alternately over and under between a number of parallel needles ; a second

course is then made of similar loops on the same needles, and the loops of the

fint are drawn through those of the second in such a manner as to form meshes

by retaining the first loops; the second are then retained by a third course, and

thij by a fourth, and so on. The warp-net frame is also a variety of the

•locking frame, but the parts are very differently arranged, the movements

being produced by treadles, leaving the hands of the workman to manage the

machine, which is a piece of mechanism applied in front of the row of needles

of the frame. In the warp frame the piece of lace is not formed of one con

tinued thread, as in the point-net frame, but there are as many different

threads as there are needles in the frame ; these threads are warped, or wound

upon a roller or beam the same as a loom ; and it is from this circumstance

that the machine is called a warp frame. These threads pass through eyes

in die ends of small points, called guides, which are opposite the needles ; and

these guides are fixed on two bars, each of which has half the guides fastened

oa it; that is, one guide is fast in one bar, and the next in the other, and so

oa Jternately of the whole. Each of the guides presents a thread to its needle,

lad are all at once moved by the hand to twist the threads two or three times

round the needles which are opposite them: the loop is now made in a manner

umilar to the other frame. The next time, the alternate guides are shifted

rodwayt, so as to apply themselves to other needles than those they were

opposite before : this crosses the thread so as to make a net ; but the quantity

vhieh U shifted endways is altered every time, by means of the machinery, so

u to move a certain number of needles, which number is altered every time to

produce the pattern. In 1809, Mr. John Heathcojit invented a machine for

fearing the real twisted lace, like that which is made on the pillow. The

ground-work of the invention is to extend those threads which form the warp

of the lace in parallel lines, and dispose the diagonal threads upon small

u&bin*, which are detached, and are capable of passing round the extended

*vp threads, so as to twist with them ; by this means, the number of bobbins

it reduced to one half. In this machine there are two horizontal beams or

rollers, one to contain the thread, and another to receive the lace ; also a

number of small bobbins to contain the thread.

Since Mr. Heathcoat's first invention, the manufacturers of Nottingham,

Leicester, Tewkesbury, and many other places, have vied with him and each

other in the production of lace-making machinery. In 1821 the different

descriptions of machinery for making lace were enumerated under the following

lead*:—the old Loughborough double tier, Heathcoat's ; the single tier on

principle; improved double tier, firailey's; single tier on Lever 't
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principle ; the old Loughborough improved, with pumping tackle ; the pusher

principle ; the traverse warp, Sevan and Freeman's ; traverse warp rotatory,

Lindley and Lacey't ; the straight bolt, Kendal and Mauley's ; the circular bolt,

Mauley's ; the circular comb, Hervey's ; the circular comb improved, Hervey's ;

and the improved Lever's. The foregoing comprehend the different principles

upon which the machinery for making bobbin-net lace have been founded.

In 1824 Mr. Longford took out a patent for actuating several of the fore

going machines by rotatory motion, which were previously worked by a beating

or lever action of the hands and feet of the operator. Since the last-mentioned

period there have been a great many patents taken out for improvements, the

description of which alone would occupy a large volume, and require some

hundreds of engravings to render them intelligible. We can therefore only

refer the reader to such works as are distinguished by subjects of this nature,—

viz. The London Journal ofArts, The Repertory of Arts, the Register of Patent

Inventions, and to the enrolled specifications,—for such further information that

he may require.

LACTOMETER. An instrument invented by Mr. Dicas, of Liverpool, for

the purpose of ascertaining the dilf'erent qualities of milk from its specific

gravity compared with water. On this subject Dr. Ure observes, that it is not

possible to infer the quality of milk from the indications merely of a specific

gravity instrument, because both cream and water affect the specific gravity of

milk alike. " We must first use as a lactometer a graduated glass tube, in which

we note the thickness of the stratum of cream afforded, after a proper interval,

from a determinate column of new milk ; we then apply to the skimmed milk

a hydrometric instrument, from which we learn the relative proportions of curd

and whey. Thus the combination of the two instruments furnishes a tolerably

exact lactometer."

LADDER. A portable frame, containing steps for the feet There are

various kinds, most of which are too familiar to the readers of this work to

need description ; but there is one of a very

ingenious description, described under the

head of Fire Escapes, invented by Mr. Gre

gory, which is evidently applicable to a great

variety of purposes, wherein common ladders

are useless, or of difficult employment Lad

ders are very advantageously employed in

the raising of weights, by the addition of a

pulley-wheel at the top, or suspended over

them ; passing over this pulley is a rope, to

one end of which is attached the article to be

raised, (a tea-chest, for instance, out of the

hold of a ship;) a man then ascends the

ladder to the required height, and steps on

to a foot - board, properly contrived for

the purpose, which is attached to the other

end of the rope just mentioned ; the man's

weight, then, more than counterpoising the

tea-chest he rapidly descends, while the

chest ascends through the same space. In

this manner the tea is unloaded from the

East India Company's dock at Blackwall,

and it is very probable there is not a

more efficient mode of applying a man's

labour for that purpose, and the mechanism

is cheap, convenient and easily adjustable

to the space. The man has only to ascend

the steps of the ladder, and he is refreshed in

the descent, the frame in which he stands

sliding over the inclined plane of the ladder.

Mr. W. Hilton has likewise ingeniously
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converted the fixed ladder against a trap door, into a crane for lowering heavy

cr bulky articles, such as a pipe of wine from a warehouse into a cellar, for the

communication of which invention to the Society of Arts Mr. Hilton was

rewarded by an honorary medal.

A very convenient folding ladder is manufactured hy Mr. Green, of Goswell-

itreet, of which the cut in the preceding page is a representation. Fig. 3

shows the ladder as opened out for use ; Fig. 2 shows the ladder in section,

half open, and the manner in which the rounds are jointed to the side rails ;

■ d Fig. 1 exhibits the ladder folded up close, forming exteriorly a round pole,

tipered at each end. Mr. Green has likewise contrived an excellent ladder for

the purpose of rescuing persons who may have the misfortune to sink under

ice.

LAKE. A name given to several pigments formed by precipitating colour-

itig matter with some earth or oxide. The principal lakes are carmine, Florence

lite, and madder lake ; the first of these has been already described under its

initial letter. See Carmine.

Florentine lake is prepared from the sediment of the cochineal, which ia

deposited in the preparation of carmine, and the red liquor also remaining from

the tame ; these are boiled with the requisite quantity of-water, and afterwards

precipitated with the solution of tin : this precipitate must be frequently edul

corated with water. Exclusive of this, two ounces of fresh cochineal, and one

of crystals of tartar, are to be boiled with a.sufficient quantity of water, poured

off clear, and precipitated with the solution of tin, and the precipitate washed.

At the same time two pounds of alum are also to be dissolved in water, preci

pitated with a lixivium of potash, and the white earth repeatedly washed with

hailing water. Finally, both precipitates are to be mixed together in their liquid

rtate, put upon a filter and dried. A cheaper kind of crimson lake is prepared,—

Brazil-wood may be employed instead of cochineal, and treated in the foregoing

rmmer.

Several modes of preparing fine red lakes from the madder of different coun

tries were communicated to the Society of Arts by Sir H. C. Englefield, to

whom the Society awarded a gold medal for the same. The following is his

process of preparing it from the Dutch crop-madder :—Two ounces troy of the

Saeit quality is to be inclosed in a hag of fine and strong calico, large enough

to bold three or four times as much ; put it into a large marble or porcelain

mortar, and pour on it a pint of clear soft water, cold ; press the bag in every

direction, and pound and rub it about with a pestle, as much as can be done

without tearing it, and when the water is loaded with colour, pour it off.

Repeat this process by adding fresh water till all the colour is extracted. Heat

«H the liquor in an earthen or tinned copper vessel, or what is better, a silver

■aajl, until it just boils ; then pour it into a large earthen vessel, and add to

'■'■ one ounce troy of alum, dissolved in a pint of boiling soft water, which must

c* thoroughly mixed. Pour in about an ounce and a half of a saturated solution

of loh ■carbonate of potash ; a precipitation will ensue; let it stand till cold, when

<1* supernatant clear, yellow liquor may be poured off from the red precipitate.

A Quart of boiling water should again be poured on it and well stirred. When

™, the colour may be separated from it by filtration through paper in the usual

v»j; and boiling water should be poured on it in the filter till it passes through

f a light straw colour, and free from an alkaline taste. The colour may now

"< gently dried, and when quite dry it will be found to weigh half an ounce ;

; -H a fourth part of the weight of the madder employed. If less alum be

^mjiloyed, the colour will be somewhat deeper : with less than three-fourths of

i ounce, the whole of the colouring matter will not unite with the alumina. One

'-nee of alum to two ounces of madder is the best proportion. Spanish madder

"bras a colour of rather a deeper tint than the Dutch madder, but does not

'Wear of so pure a red as the Zealand crop-madder. The lake produced from

toe foregoing process from Smyrna madder is remarkable for the richness and

depth of its tint : the colour may be obtained from the fresh roots of madder,

K4 will prove of equal if not superior quality to thekdry. Upon the whole,

the author of these processes considers the essential advantage of them to
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consist in the trituration or pressing of the root in cold water. Almost all vege

table colouring matters may be precipitated into lakes, more or less beautiful!

by means of alum or oxide of tin. ;jj

LAMP. A vessel in which fluid combustibles are burned for the purpose at ^:

affording artificial light. This is effected by means of a wick or burner (com

monly composed of a few threads of linen or cotton), which is immersed in the

fluid, and its upper extremity lighted ; the fluid then rising gradually by capil

lary attraction to the lighted end becomes decomposed, and its constituent parts

form various gaseous compounds, most of which are inflammable, and these

take fire and burn with a degree of brilliancy varying with the nature of the

fluid from which they are obtained. The wick being now surrounded by the

flame of the burning gases is maintained at a heat sufficient to decompose fresh

portions of the combustible matter as they continue to rise to ii. The office of

the wick, therefore, is merely to decompose the oil or other fluid, and not to

afford light by the burning of iu own substance ; for although the wick or

burner is generally composed of some combustible material, yet provided that

it be kept plentifully supplied with oil it is consumed so slowly as to afford no

perceptible increase of light ; and frequently wicks composed of incombustible

substances are employed, as asbestos, metallic wire, glass, &c. ; and some yean

back Messrs. S. and D. Gordon obtained a patent for lamps with incombustible

wicks, formed of the above-named substances, by drawing the material into]

fine threads, which are afterwards formed into small bundles and bound round

; jmnlly with wire, or rolled up in a piece of fine wire gauze, forming a cylin- .

drical bandage or covering to each bundle. The wicks thus formed contain a

vast number of minute interstices, arranged longitudinally in parallel lines, and

being placed in an inflammable volatile liquid (as naphtha or alcohol), the liqui J "

is conveyed by capillary attraction to the upper part of the wick for ignition. '

The composition to be burned in these lamps constitutes another branch of the "-

improvements mentioned in the patent, and consists of a mixture of one part

of essential oil with five or six of alcohol or naphtha (which latter is much "J

more economical.) By this admixture a much more brilliant light is obtained '

than when alcohol alone is used, whilst the smoke and deposit of carbona

ceous matter upon the wick which attends the combustion of essential oils

by themselves is avoided. These lamps have been made np into a great

variety of elegant designs, both modern and antique ; they have also been

in ml into frames and stands to be placed under tea- urns, coffee-biggins,

and tea-kettles, and are extremely convenient in numerous situations, whilst

the expense is inconsiderable. They have a circular ring at top for receiv

ing the kettle or other culinary vessel, with the lamp in the centre, lying

in a frame, which may be taken out at pleasure as a distinct apparatus to

afford light instead of heat. The wicks being incombustible, no snuffing or

attention to them is requisite during the time of ignition ; all that is necessary

in to keep them free from dust when nut in use, by screwing on a cap over

each wick tube, and to put the plug in the central air-hole to prevent evapo

ration.

Mr. Blackadder, of Edinburgh, has also paid attention to the subject of

lamps with incombustible wicks, and has given in the Edinburgh Philutopfacal

Journal a description of several lamps of this description which he had contrived,

dome of which were well adapted for the combustion of essential oils, spirit* of

turpentine, &c. The burners he employed consisted of short pieces of bugle

heads ; some of these he inserted in pieces of talc, and found them to form a

very convenient floating light when placed upon the surface of a portion of oil in

a glass vessel. Mr. Blackadder's account of these lamps having called the atten

tion of manufacturers to the subject, gave rise to the floating lights now in

such general use as night lights, consisting of a short piece of capillary glass

tube of very small diameter inserted in the bottom of a thin metallic dish or

cup, and placed in a glass vessel containing oil. The cut in the following

page represents an improved lamp of this description, which has this peculiar

advantage over the ordinary ones, that it is capable of yielding four distinct

degrees of flame, so that it may be accommodated to the occasion ; a larger
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urn smaller one being used according as convenient. This effect is produced by

leans of two small weights in the form of rings, fitted to lie in a recess at the

bottom of the floating dish ; by the addition or removal of these weights the

'Timersion of the dish is regulated so as to cause a greater or less flow of

 

ofllWh the tube, and consequently to produce a larger or smaller flame ;

»nen both weights arc removed, the lowest degree of flame, marked 1 in the

drawing, is produced ;with the smallest ring the flame 2 will be obtained ; with

the largest, the flame 3; and with the two rings together, the flame will be

«pal to that marked 4.

We extract from the Edinburgh Pfiiloto-

ptesi Journal, the following description of

• "•elf-generating gas lamp," a title which

a equally applicable to every other kind of

lamp, since all generate the gas from which

ike light is obtained ; the difference is, that

;n tais lamp the oil is decomposed and con-

retted into gas by falling on a substance

previously heated, and the gas is ignited as

it loan from the orifice of a tube situated

beneath the decomposing chamber, the heat

<"f which is maintained by the flame of

the gu; whereas, in the ordinary lamps,

the oil is decomposed and ignited at the

•saw point, vis. at the wick. " The oil

>eswl of this lamp is represented at A.,

B is the tube by which the oil is admitted ;

C is the generator ; D is a hollow vessel,

»bere the heat from the burners F, under

neath, is collected ; the dotted lines are

projecting ridges on it within the gene

rator, to prevent the oil.running down and

collecting at the bottom of the generator.

E is a circular piece of iron to collect and

retain the heat; G are tubes to conduct

the gai from C to F ; L is a tube to supply

the vacancy in it with gas, as the oil is

fochirgtd into C ; H is a metal heater

» fit into D. To use the lamp, fill A par-

asBv with oil, alcohol, or any fluid from which gas is produced, and having

*iaoe the metal beater H red hot, place it in the bulb D j after it has

vot. it. e
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continued iu it a minute or two, turn the stop-cock I, allowing the fluid to drop

slowly on the heated bulb D below, by which it will be converted into gat.

When it ie found to escape in sufficient quantities from the burners at F, set it

on fire, remove the heater, and a beautiful bright flame will be supported by its

own heat as long as there is oil in A ; it may be found'necessary to replace the

first heater by a second, when the lamp is used for the first time, to expel more

effectually the atmospheric air from the generator and tubes The principle ol

this lamp is the same as that of Mr. Blackadder's (from which probably the idea

was taken), viz. to decompose the oil by causing it to pass over an incom

bustible substance heated to redness ; but the arrangements are more complex

and not so efficient Besides the objection to the detached heater, from the

trouble of heating so large a mass, in comparison with the incombustible wicks

in Mr. Blackadder's plan, the decomposing vessel being of metal, will be found

far inferior in effect to glass tubes or similar substances of inferior con

ducting power, aiifl in a short time would soon become incapable of decom

posing the oil, as it is found necessary at the Oil Gas Works to introduce into the

retorts pieces of broken bricks, coke, &c., or plates of iron, which are renewed

daily. The decomposing chamber D, and the circular rim K, both of which

require to be situated over the flame of the lamp, are also highly objectionable,

not only as cumbrous and unsightly appendages, but on account of the

dark and extensive shadow which they would throw upon the ceilim;.

The size of wick must be proportioned to the degree of light the lamp is requiredto

afford, but with the ordinary wicks, composed of cotton yarn slightly twisted, if the

diameter be much increased, sufficient air does not arrive at the central part of

the flame to cause the entire combustion of the fuel, and the lamp consequently

burns with much smoke, and a deposit of carbonaceous matter upon the wick takes

place ; it is therefore found preferable to use two or more small wicks instead ot

one larger one. Count Rumford, whose experiments upon warming and lighting

have produced such great improvements in these two branches of domestic eco

nomy, invented a lamp, the wick of which is formed of a kind of broad tape wove

for the purpose ; and, as a reading lamp, it is equal to any, whilst at the same time

its construction is extremely simple : but the greatest improvement yet made in

lamps, is the Argand lamp, so named from their inventor, M. Argand, of

Geneva. The distinguishing feature of these lamps is that the wick is hollow

or tubular, and the wick-holder is so constructed as to allow a passage for the

air through the centre of the flame, as well as on the exterior, by which means

every particle of the oil is decomposed and burned, and a most brilliant flame

is produced, free from smoke or smell. When oil of the best quality is used,

lamps of this description arc found infinitely superior to all others for all

situations where they do not require to be moved about, and are now manu

factured in an endless variety of the most tasteful and elegant forms, and with

various additional contrivances for regulating the height of the flame, the flow

of oil, doing away with shadow of the oil vessel, &c. The annexed cut repre

sents a very common and simple descrip

tion of Argand lamp, adapted either to

stand upon a bracket, or hang against a

walL In these lamps the oil surrounding

the wick is maintained constantly at the

tame level, by a contrivance similar in

principle to the bird fountain, a is the

oil reservoir or fountain, closed at the top,

but having an aperture at bottom fitted

with a conical or button valve. The

reservoir fits loosely into an outer case l>,

•o as to allow free admission for the air

between the two ; c is the neck by which

the oil flows into the wick-holder d, which

is composed of two concentric tubes

joined together at the bottom by a circular

pUtte, having an aperture in its centre tut
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tie passage of the air to the centre of the fl.ime, equal o the aperture of the

interior tube ; e is the circular wick, fixed upon a ring, which can be raised or

lowered at pleasure, by a contrivance which will rjquire a separate diagram for

iu illustration, f is a glass chimney, to cause a more rapid current of air, and

3 » a ground glass shade, to equalize the light and soften the glare. To charge

the lamp, the vessel a is withdrawn from the casing 6, and, b;;ing inverted, the

valre falls inwards, leaving the aperture open by which the oil is to be intro

duced. When the reservoir is filled, the aperture is closed by pulling up the

wire, or tail, projecting from the valve, and the reservoir may be returned to

its erect position without any escape of oil. Upon replacing it within the

casing 6, before it quite reaches the snoulder of the case by which it is supported,

tke tail of the valve rests upon the bottom of the case, and the valve is pushed

inwards, upon which the oil flows from the reservoir into the casing and wick-

Wder, until it touches the bottom of the reservoir, which descends a little below

die level of the wick-holder, when the admission of the air into the reservoir

being prevented by the oil in the casing 6, covering the aperture, no more oil

can escape. Upon lighting the lamp, as the oil rises to the wick by its capillary

attraction, the level falls in the casing 6, and the aperture in the vessel a

becoming uncovered, the air enters and expels a fresh portion of oil, until the

ferel of the oil rises in the case and closes the aperture ; and thus, during the

nine the lamp continues lighted, the oil in the casing and wick-holder is constantly

maintained at the same level : a small cup h is screwed on below the wick-

bolder to receive any oil which may chance to overflow ; care being taken that

tbe cup shall be so far be'.ow the circular aperture of the wick-holder as not to

impede the passage of the air to the flame. We shall now proceed to describe

the means by which the wick is raised or lowered in order to regulate the

lane. The adjoining figure represents a sec

tion of the wick-holder, except that part of the

internal tube is shown entire in order to ex-

bibit more clearly a spiral groove which makes

two or three turns round it. a is the wick, the

Iswer end of which is drawn over a small metal

ring 4, which has a small stud c, projecting

each way, the internal end entering the spiral

groove on the surface of the centre tube, and

tb» external end passing through a longitudinal

slit or groove, extending the whole length of

• tube d, which is soldered into a ring, or

eoBar, resting upon the top of the external

mbe of the wick-holder; from this ring, or

collar, proceed the bent wires e e, which sup

port the rim /, upon which the chimney g

rests. Now, upon considering the figure, it

wfll be seen that on turning the rim /, the

tabe d, which is connected with it by the bent

wires e e, will also be turned round, and will

carry with it the ring b, by its stud c ; and as

one end of the stud is engaged in the spiral

groove, it will, in turning round, either ascend

or descend along the groove, according to the

direction in which it is turned : h is the tube

by which the oil flows to the wick, and k is the

cop to receive any overflowings. When lamps arc required to give light in one

fctoon, as when placed against a wall, or used a* reading lamps, the fountain

limpi, similar to fhat just described, are undoubtedly superior to all others, on

iccount of the abundant and uniform supply of oil" which they afford to the

wick ; but when a lamp is required to throw a light ull round, as when placed

oo a table in the centre of a room, the fountain becomes objectionable on

account of the shade it throws; in this case the burner is usually mounted upon

a column, and is encircled by a hollow ring at a distance of some inches from

S
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H, containing the oil which flows to the burner by two tubes, and in order that

the level of the oil may not greatly vary, the ring is made as flat as possible.

This ring also supports a ground glass shade, which, besides softening the light,

by its peculiar form, so reflects and refracts the rays in every direction as nearly

\*

 

to prevent any shadow being cast by the reservoir; hence these lamps are termed

' mnumbra," or " shadowless lamps." But although the shadow thrown by

such lamps is scarcely perceptible, the light is not equal to that of fountain

lamps, owing to the supply of oil being neither so copious nor so uniform as in
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the biter: and they are also somewhat cumbrous and awkward to more, owing

to the projection of the reservoir and glass shade, and to the centre of gravity of

the lamp being carried so high up. To remedy these defects has long been a

favourite speculation with many persons, and generally every year one or more

patents are taken out for lamps which are supplied with oil from a reservoir situated

within the column which supports the burner. Few of these possess any claims

to novelty, being most of them founded upon the principle of the Chremnitz

fountain, in which a body of water descending through a given height forces a

smaller quantity of water, contained in a close vessel, up to nearly an equal

height by compressing the air above its surface. As illustrative of the prin

ciple we shall describe one or two of these lamps, although as we have already

remarked, few of them exhibit much originality of thought. The figure on

page 36 represents an arrangement for a lamp described in the Register of Arts

u the invention of a correspondent in which the resemblance to the Chremnitz

fountain will be at once recognised, a is a vessel containing water ; b an oil

Teael; e c a column and pedestal to support the lamp, closed at the top and

bottom, and forming the air vessel ; il an air tube in a, open at top and

bottom ; e a tube soldered into the top of the column c, and proceeding from

the bottom of a to the bottom of cup/; g a similar tube soldered to c, and

proceeding from b, the lower end descends a little way into the cup h; i is a

glass tube ascending from the bottom of the cup h, through a tight joint, and

brinching at top into three capillary jets, forming the burner, and the tube I,

which surrounds it, serves to receive any oil that may flow over ; m and n are

two plugs In the bottom of e and g. To use the lamp proceed as follows :

—Invert the lamp, withdraw the plugs m and n, fill a with water, and b with

°3; then replace the plugs in the position shown in the drawing, and place the

limp on its base. The oil will now flow from 6 into h, until the mouth of the

tube j [is covered ; at the same time the water flowing from a into / will

compress the air in c, which, acting on the surface of the oil in h, will force

it np the tube i to the burners ; by this the oil in h will fall below the mouth of

}, when a portion of the compressed air passes into b, displacing an equal bulk

of oil; by these means the oil in A is always maintained at the same level as

the mouth of g ; the capacity of a is not equal to that of the base up to the

krel of the brim of the cup/; but it is clear that by means of the air-tube </,

tne height of the column of water will always be equal to the height of the

lower opening of d, above the brim of /. To extinguish the lamp, push the

plngi m and it into the necks of e and //, which stops the supply of oil. The

«P/ i> screwed into the bottom of c, and must be unscrewed to discharge the

•Her in c, when the vessel becomes empty.

In the sketch on page 38, fig. 1, represents a section of a lamp invented by

Mr. Bright, of Bruton Street, which was exhibited at the National Repository, and

which we have seen in use elsewhere, and it appeared to us to afford a strong

«jd iteady light. The principle is precisely similar to that of the one just

•scribed, but it is much more compact, arid the general arrangement is better.

This lamp, and the mode of its action, may be briefly described as follows :—The

"«ter vessel i is an inverted fountain, which empties itself into the air chamber

(, through the pipe d; the air thus displaced is forced up the rising bent

roe e into the oil vessel a, from whence, as it cannot escape, it presses upon the

•fl mi forces it up the pipe f to the burner g. It will be seen that by this

"nngement the two columns of oil and water will be constantly in equilibrio.

The last lamp upon this static principle which we shall notice, differs somewhat

™o the preceding, and possesses rather more novelty. It is represented in sec-

"* on p. 38, Fig. 2, and the following is an extract from the inventor's description

rf it in the Register of Artt :—a a glass vessel forming the body of the lamp ;

nnaonnted by a glass column connected with a by the cork c, which fits tightly

1"° etch, and closed at top by the cork h. No. 2 a glass tube descending

ircugh the two corks A and c, to the bottom of the vessel a, and bent upwards

•pin u far as g, it communicates with the column by the hole/, which may be

<**d by a sliding tube 5, and the latter be closed by the stopper It at its top.

•V 1 4 glau tube passing through the corks A and c, its lower end opening
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into a, and its upper connected by a stop cock with d, a glass vessel closed

at top and bottom with corks, e a capillary tube descending half way down d.

No. 3 a tube passing through h and c, and reaching to the bottom of a ;

it has two small openings into the column in its upper part, which may be

closed by the stopper /. No. 4, (not seen in the section, but shown in Fig. 3,

which is a plan of the tubes,) is a tube passing through h and c into the upper

part of a. The mode of filling the lamp is as follows : close the hole/ in No. 2,

Fig. 3.

 

y
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and open 1 , 2, and 3, and through 5 pour quicksilver till a ia filled to the level of

the top of the bent leg^, then close 5 by its stopper Jc. In the top of 3 insert

a bent tube, (shown by the dotted lines,) and suck the air out of the column,

when the mercury will rise in 3, pass through the holes in its upper end, and

occupy the space shown by the dotted lines. Remove the bent tube, and
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insert the stopper /, and through 4 pour water into a, up to the line b b, and

oil up to the cock e, and close No. 4, and the operation is complete. When the

lamp is wanted for use, take the stopper out of No. 5, and raise 5 till the hole

/becomes open, when the mercury will descend and pass over g into the bottom

of •:, forcing the oil up No. 1 to the burner e, to which a light being applied, it

will continue burning steadily till the oil in a and the mercury in i are ex

hausted, when the lamp is to be refilled by exhausting the air in i, and pouring

oil through No. 4. The flame may be regulated or extinguished by means of

the stop-cock. The height of e above g may be equal to, but must not exceed,

that of a column of oil, whose pressure shall be equivalent to the pressure of

the column of mercury.

From the foregoing description, it will be seen that the columns of oil and

of mercury always maintain their respective heights, and the supply of oil

to the burner is consequently always uniform. The inventor states, that the

lamp (which was merely got up for an experiment) afforded a steady light

upon trial.

In the lamp which is represented in section in the annexed engraving, and

which is the invention of R. F. Jenour, the air is compressed in a closed

reservoir, by means of a condensing

syringe, and a communication being

formed between the air chamber and

the oil chamber, the air by its expan

sion forces the oil up the supply pipe

to the burner. The body of the

lamp a divided into three compart

ments bj two discs, a and b ; c is the

oil vessel, d a space to receive the

overflowings from the burner, and e

the air vessel ; f is a condensing

syringe, the piston rod of which g is

hollow ; the lower end of the syringe

is dosed by a valve A. pressed against

it by springs ; a rod from this valve

pastes through g, and can be screwed

up by the nut k ; I is a tube connect

ing the oil vessel e with the air vessel

«, which has another aperture to the

atmosphere, closed by the nut m ; n is

the tube for supplying the burner,

hating a capillary tube o, cemented

into its lower end, which descends to

the bottom of the oil vessel ; p is a

stop-cock for cutting off the commu

nication with the burner, which being

™ the common description is not

thorn. The middle compartment d

opens to the atmosphere by a short

flihe q, surrounding n; r is a tube

Ofening into c ; it is pierced with

numerous holes at the lower end,

•M is closed by a valve which is

"aired by a nut * screwing on to the top of a rod attached to the valve ; t an

*» pipe descending from the top of e to the bottom of c ; the air, therefore,

ifX!!^> through the oil in e, and collects above its surface and in the air vessel

' '° charge the lamp with oil unscrew the nut m. and slacken the nut s,

then pour in oil by the tube q, and it will descend into c through the holes in r;

'w nuts m and t must then be screwed down again. The nut k must now be

"^screwed from the rod of the valve h, and the air injected by the syringe,

^mg care to close the orifice of the piston rod, by applying the finger to it

»'■ tach stroke ; when the resistance against the valve increases, till the syringe
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can no longer be worked, the nut A must be again screwed on, and the lamp ii

ready for use, by merely ', opening the stop-cock p. There have been many

lamps upon the principle of the one just described, but from the difficulty of

regulating them, they have not come into general use ; this difficulty arises in

part from the continually varying pressure of the condensed air, occasioned br

its increase of volume as the oil consumes, and also from the difficulty of

regulating the supply of oil to the burner, so as neither to overflow nor fall

short of what is required. In a lamp invented by Mr. Machell, a piece of

cotton is introduced through the bore of a cock, when, by turning the plug, the

passage may be regulated with considerable accuracy. In the present lamp,

the patentee effects this by a capillary tube, which retards the flow of oil in

proportion as it is lengthened, and this is the principal improvement claimed in

the patent. The objection to this seems to be that the flow cannot be regulated

at pleasure. Upon the whole, although many of the lamps with the oil reser

voir contained in the base, exhibit considerable ingenuity in various parts of

their details, yet very few have been found to answer in practice, being mostly

either troublesome to manage, or unequal in their action ; and the only lamp

of this description which we have yet seen which seems to be of decided prac

tical utility is one of French invention. In this lamp there are two small

pumps worked by a train of clock-work situated beneath the reservoir of oil

in the pedestal of the lamp. These pumps, which in their construction resemble

a pair of bellows, work with very little friction, and impel the oil in a copioui

stream to the burner, and no inconvenience can result from an excess in the

supply as the overflow merely returns into the reservoir.

We shall now proceed to notice one or two lamps adapted to the burning ol

concrete oils and solid unctuous substances, as fat, tallow, butter of cacao, for

the purpose of illumination these substances are on a par with oil, nftbrding an

equally brilliant light and at a much less cost ; but in order to burn them in a

lamp it is requisite previously to render them fluid, and to maintain them

in that state so long as the lamp is in use. Various arrangements are

employed for this purpose, but the principle is the same in all ; viz. to convey a

portion of the heat arising from the flame of the lamp to the combustible matter,

by means of some good conductor, as an iron or copper

tube or wire inserted in the combustible mass, and coming

in contact or nearly so with the flame. A very simple

lamp of this description is exhibited in the annexed cut ;

a is the fat rendered fluid, lying in the body of the

lamp ; (the cover of the lamp being removed to show

the interior ;) c is a small tube to convey air into the

middle of the flame (to perfect the combustion, on the

principle of the Argand burner) ; this tube opens at

the lower end into the large tube b, as shown by dots ;

a small perforation is also made at d, to allow the air

to flow freely into the tube c, when the lamp is fixed

in the socket of a candlestick. On each side of the

air tube a short piece of copper pipe is fixed by hard

solder, for holding the cotton wicks ; these tubes

(which ought to be longer) get intensely hot, and, by

the conducting power of the metal, the heat is trans

mitted to the fat, which, melting in consequence, flows

up the wick like fine oil, but infinitely preferable, on

account of its diffusing no unpleasant smell during the

combustion.

The Hon. E. Cochrane obtained a patent for a lamp, named by him the

" Patent Dissolvent Lamp," which, like the one just described, is calculated to

burn tallow and concrete oils. These lamps, which have been very extensively

manufactured in a variety of elegant forms by Mr. Jose, of Regent-street, afford

an extremely brilliant light at a very small cost The engraving and descrip

tion in the following page will explain the principle of these lamps, a a toe two

solid bent metal rods that conduct the heat received from the flame of the lamp to
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•e tallow contained in the reservoir b; the ends of these conductors are tliere-

jre made to descend to the bottom of the reservoir ; c c are two apertures (with

«rers that screw on) made in the supply pipe, for the purpose of pouring in a

I quantity of melted tallow upon

ing the lamp, after which the

from the combustion being con-

into the reservoir, the supply

fluid tallow is uniformly kept up

" it is all consumed.

We extract from a printed circular

«f the manufacturer the following

•btervations on the advantages at

tending the use of these lamps :—

"To those acquainted with the

ir combustible properties of

» and cocoa-nut oil, it is un

necessary to say more than that

these lamps effectually melt and

both, and that the price of the

:, at the manufactory, is 2s. 6d.

gallon ; but to others, to whom

good qualities are less known,

U necessary to state, that from

the comparatively small portion of

oxygen necessary to complete their

combustion, the total absence of

nnoke and smell is insured, and the

brifluacy of the flame is such as no

Ump ever before produced, and

nothing but the best gas-light can

tqnal To families who kill their

own meat, innkeeper!, proprietors of

«ook-shops, &c. &c. a two-fold ad

vantage will be found in the use of

thae lamps, as it is not merely tallow that they burn, but grease of every

description, such as dripping, pot skimmings, &c. &c., a pound of which, value

•bout 3i, will continue to burn for full twelve hours in a common-sized dis-

•olvent Argand burner, to yield light equal to eight candles, being no more

than a farthing an hour."

The following ingenious plan for a lamp to burn under water appeared

in the Register of Art*, in connexion with a diving apparatus, for examining

«* breaches in the Thames Tunnel, and might very often be of service in the

diring bell, when the water, as is frequently the case, is so disturbed that

efficient light is not refracted through it at great depths to permit accurate

'lamination. A spherical or cylindrical vessel is to be provided, similar to the

'«s«U containing the portable gas for burning ; into this a few atmospheres of

pure oxygen are to be condensed by a syringe, through a valve at the bottom :

» short jet tube is then to be screwed into the top of the vessel. A lantern,

*>th a strong and powerful reflector, must be attached to the upper part of the

v«sel containing the condensed oxygen, permitting the jet tube to enter the

"""em. The top of the lantern must be provided with a screw cap ; a piece

°f wax candle may be advantageously employed for the light. It is needless

to lay that the apparatus must be air and water tight. Immediately before

~ jxwr into the lamp a solution of caustic alkali, potash or soda, and screw

cap; then turn the cock gently to admit a sufficient quantity of oxygen

vb the jet tube, to support the combustion of the candle. The products

jf the combustion will be carbonic acid and water ; the former will be absorbed

*j the alkaline solution as it is formed, and the latter will be condensed by the

•"•of the lantern; the oxygen admitted will unite with the nitrogen of the

•UL a. r
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air of the lantern (which is not consumed) , and will form a supply of ordlnarr

atmospheric air.

'Ihe annexed figure represents a lamp as constructed by the inventor, which,

upon trial, was found to answer very well.

 

Reference to Engraving.—a, the vessel of condensed gas ; 4 b, the reflectors,

placed at suitable angles to accumulate the light upon a bull's eye magnifier

fixed in front, but removed in the drawing to show the interior of the lantern ;

c, the screw cap of the lantern ; d, the alkaline solution ; e, the jet pipe ; /,

portions of the shield frames of the tunnel ; h, accumulation of mud and earth

as il may be supposed to have entered the tunnel.

Tl.i. cut on p. 43, represents one of the many ways in which the " march of
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 mind" in the present day accelerates the march o

the body ; the subject is a " stirrup lantern," in

tended, in the words of Scripture, as a " light unto

our feet, and a lamp unto our paths." The stirrup

lantern is a small square lantern, fixed at the bottom

of a stirrup by means of two screw rings on each

lide, as exhibited in the drawing, and by unscrewing

them, the lantern may be detached from the stirrup

when requisite. The lamp part is so contrived that

no oil can be spilt, nor the steady light which is

thrown across the road before the horse's feet be at

all impaired by any motion of the horse. The front

part, as shown in the drawing, is of glass, through

which is seen the lamp, burner, and wick ; behind,

there is placed a reflector for transmitting the light

to the front. It is supplied with a constant current

of air, by means of apertures, in a sort of double

casing, which a so disposed as to prevent any gust

of wind from extinguishing the light.

Amongst the numerous contrivances for rendering lamps ornamental,

is a very singular one, which we must briefly notice : it consists in surrounding

the light by screens of ground glass, on which are painted various elegant

oevices; these screens are suspended upon a fine pivot, in the same way as a

common chimney cowl, and have fixed across their upper orifice a number of

oblique vanes or fans; and the current of heated air from the lamp, impinging

upon these vanes, imparts to the screens a slow rotatory motion. The pleasing

effect of crystal chandelier ornaments in refracting the rays of light is well

bown; but the chandelier makers have hitherto principally devoted their

attention to increasing the number of reflecting and refracting surfaces without

paying much regard to their form, magnitude, or position with respect to each

other. M. Osier, of Birmingham, however, has lately introduced a great

improvement in this branch of the subject; instead of a great number of

detached crystal drops, he forms a complete casing for the light by ranging a

number of square or triangular prisms in a cylindrical or conical figure, the

adet of the prisms touching each other, and their ends being connected by

vinous ingenious means, for which he has a patent. The effect thus produced

by the large surface of the prisms is exceedingly brilliant and splendid.

We shall conclude this article by a description of that admirable invention of

Sir H. Davy, the " safety lamp," by the aid of which the hazardous occupa

tions of the miner are now carried on with considerably less difficulty, and with

infinitely legs danger, than before this invention The gases extricated iii

nines (which are destructive to animal life) are of two kinds, and are by th.-

ninen called the choak damp, and the fire damp ; the former consists for the

»Mt part of carbonic acid gas, hovers about the lower parts of the mine, and

estineuishes their lights ; and the latter, which is simply hydrogen gas, occti-

pi«s the superior spaces, and involves incalculable mischief, from the combustion

produced by its contact with the flame of the miners' candles. The consequences

Molting from the frequent explosion of this inflammable air, have been lament

able and tremendous in the highest degree ; and whilst a source of the greatest

terror to the persons most intimately aftected by its operations, it has excited the

deepest sympathy and commisseration in the general mind. To remove an

"fl §0 dreadful in its nature. Sir H. Davy applied his energetic and compre

benaTemind to the discovery of some means by which these saddening calamities

"light be averted, and after numerous experiments, devised the BalVty lamp,

«a invention that must ever rank him high among the benefactors of mankind.

To afford a clear idea of the nature of the lamp, we shall avail ourselves of

the language of Dr. Ure, who has treated it, and the points relatively consequent

"pro it, in a very masterly manner. " In the parU of coal mines where danger

wu apprehended from fire-damp,miners had been accustomed to guide themselves.



44 LAMPS.

or to work, by the light afforded by the sparks of steel struck off from a wheel of

flint But even this apparatus, though much less dangerous than a candle, some

times produced explosions of the fire-damp. A perfect security from accident is,

however, offered to the miner, in the use of a safe lamp, which transmits its light,

and is fed with air, through a cylinder of iron or copper wire gauze ; and this fine

invention has the advantage of requiring no machinery, no philosophical know

ledge to direct its use, and is made at a very cheap rate. The apertures in the

gauze should not be more than l-20th of an inch square. As the fire-damp is

not inflamed by ignited wire, the thickness of the wire is not of importance,

but wire from l-40th to l-50th of an inch in diameter is most convenient

The cage or cylinder should be made by double joinings, the gauze being folded

over in such a manner as to leave no apertures. When it is cylindrical, it

should not be more than two inches in diameter ; for in larger cylinders, the

combustion of the fire-damp renders the top inconveniently hot ; and a double

top is always a proper precaution, fixed one-half or three-fourths of an

inch above the first top. The gauze cylinders should be fastened to the

lamp by a screw of four or five turns, and fitted to the screw by a tight ring.

All joinings in the lamp should be made with hard solder ; and the security

depends upon the circumstance, that no aperture exists in the apparatus larger

than in the wire gauze." The parts of the lamp are—A,

the brass cistern which contains the oil, pierced near the

centre with a vertical narrow tube, nearly filled with

a wire which is recurved above, in the level of the burner,

to trim the wick, by acting on the lower end of the wire,

with the fingers : it is called the safety trimmer. B, the

rim in which the wire gauze cover is fixed, and which is

fastened to the cistern by a movable screw. C, an

aperture for supplying oil, fitted with a screw or cork,

and which communicates with the bottom of the cistern

by a tube ; and a central aperture for the wick. D, the

burner, or receptacle for the wick, over which is fixed

the coil of platinum wire. F, the wire gauze cylinder,

which should not have less than 625 apertures to the

square inch. G, the second top, three-fourths of an inch

above the first, surmounted by a brass or copper plate,

to which the rings of suspension are fixed. I, I, I, six

thick vertical wires, joining the cistern below to the top

plate, and serving as protecting and strengthening pillars

round the cage. When the wire-gauze safe lamp is

lighted and introduced into an atmosphere gradually

mixed with fire-damp, the first effect of the fire-damp is

to increase the length and size of the flame. When the

inflammable gas forms as much as 1-1 2th of the volume

of the air, the cylinder becomes filled with a feeble blue

flame, but the flame of the wick appears burning brightly

within the blue flame, and the light of the lamp augments,

till the fire-damp increases to one-eighth or one-fourth,

when it is lost in the flame of the fire-damp ; which in

this case fills the cylinder with a pretty strong light. As

long as any explosive mixture of gas exists in contact

with the lamp, so long it will give light ; and when it is

■rhiextinguished, which happens when the foul air constitutes

as much as one-third of the volume of the atmosphere,

the air is no longer proper for respiration ; for though animal life will continue

where flame is extinguished, yet it is always with suffering. By fixing a coil

of platinum wire above the wick, ignition will continue in the metal when the

lamp is itself extinguished ; and from the ignited wire, the wick may be again

rekindled in going into a less inflammable atmosphere. In a letter to the

Royal Society, dated Newcastle-upon-Tyne, Sir H. Davy says, " All the lamps
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fig. I.

that I have examined, have at different times been red-hot, and a workman at

the Hepburn Colliery showed me a lamp, which, though it had been in use

about sixteen hours a-day for nearly three months, was still in excellent con

dition; he also said it had been red-hot, sometimes for several hours together.

Wherever workmen, however, are exposed to such highly explosive mixtures,

doable gauze lamps should be used ; or a lamp in which the circulation of the

air is diminished by a tin plate reflector, placed in the inside ; or a cylinder of

glass, reaching as liigh as the double wire, with an aperture in the inside ; or

dips of Muscovy glass may be placed within this lamp ; and in this way the

quantity of fire-damp consumed, and consequently of heat produced, may be

diminished to any extent. Such lamps, likewise, may be more easily cleaned

than the simple wire gauze lamps; for the smoke may be wiped off in an

instant from the tin plate or glass. If a blower or strong current of fire-damp

i» to be approached, double gauze lamps, or

lamps in which the circulation of the air is inter

rupted by slips of metal or glass should be used,

or if the single lamp be employed, it should

be put into a common horn or glass lantern,

the door of which may be removed or open."

Notwithstanding the increased security afforded

by the safety lamp, coal miners are slow to avail

themselves of it, owing to the inferior degree

of light it affords compared with that given by a

naked candle. This arises from two causes, viz.

tie necessary obstruction offered by the black wire,

of which the cage or gauze is composed, within

which the lamp is placed ; and the casual obstruc

tion occasioned by the adhesion of smoke to the

ina'de of the cage, when the lamp is not carefully

trimmed, and of smut and dust to the outside of

the cage.

To obviate these objections, Mr. Roberts, of

Si Helen's, Lancashire, has introduced some

modifications and improvements in the construc

tion of the safety lamp, for which he has received

> reward from the Society of Arts. To diminish

the obscuration occasioned by the first cause,

Mr. Roberts proposes that the wire shall be kept

bright and polished, by cleaning the cage every

night with a soft brush, and the black powder, or

rant, which occurs in all coal mines, especially in

the neighbourhood of faults ; this smut is pulveru

lent non-bitumenous coal, sufficiently hard to re-

iKnre the nut from the surface of the wire, without

materially wearing the wire itself. As the lamp is

it present constructed, the oil will run out of the

rap or receptacle in which (it is placed, if the

!*oip is laid in a horizontal position, an accident

•hich frequently occurs on account of the lamp

°<ing rather top heavy. When this happens, the

fame becomes smeared over with viscid oil, which

*"»« the coal dust floating in the air of the mine

to adhere to it, and in a short time to fill up, more

w let, the meshes of the gauze. By merely

Joking or tapping the lamp, the dust will not be

to odged ; and if the miner attempts to clear his

""p by blowing through the wire gauze, he runs

«• risk of putting out the light, and, after all,

Tery imperfectly clears the meshes ; there is also,

, some risk of forcing the flame through
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the meshes on the opposite side, and of producing an explosion, if the sur

rounding air is inflammable. In Mr. Roberts's lamp the overflow of the oil

is impossible, on account of the dome-shaped cover which surrounds the wick ;

the dust, therefore, that settles on the gauze may be dislodged by a mere

tap of the finger, or what would perhaps be better, by the application of a

small brush similar to that which soldiers carry to clear the pan of their

muskets, and which might be attached by a bit of small chain to the liai.dle

of the lamp. Fig. 1, on the preceding page, represents a section of the lamppp,

and wire gauze q q ; rr, a screwed cap, with a hollow dome s ; it screws into

the neck, 1 t, of the lamp ; the dome rises a little above the neck holder u,

having an opening at top to let the wick and trimming wire t>, rise through.

This dome serves to catch and retain any oil that may be spilt by shaking the

lamp, or knocking it over, thereby protecting the wire gauze q from being

smeared : to and x, two locks, the former to secure the cap q, and the latter to

secure the wire gauze q from being removed. Fig. 2, a section of the cap and

dome, m, separate from the lamp ; the wire gauze fits into the cavity y ;/. around

the dome t ; z z, two of the four wires which serve to hold the wire gauze.

Mr. Bonner, of Monkwearmouth, Durham, has a patent for an improvement

upon the safety lamp, which consists in a means of increasing the light of the

lamp, and also of extinguishing it instantaneously. The mode of increasing

the light is as follows :— Instead of introducing a wick in the centre of the

lamp, as is usually practised, he introduces a series of small wicks round a

centre tube, and by lighting one, two, or more wicks at a time, little or much

light is obtained. The means of instantly extinguishing the light consists in a

metal cap, or extinguisher, suspended within the wire gauze tube by a pin or

catch ; upon withdrawing the pin the extinguisher falls over the wick and the

light it put out.

In Mr. Murray's safety lamp the wire gauze tube is suspended by two con

centric tubes of strong glass, the space between the two tubes being nearly filled

with water; by this means a much greater degree of light is obtained, but we

are not sure that the risk is not also greater than when a wire gauze tube is

employed.

LAMP BLACK. See Black.

LANCET. A two-edged and pointed surgical instrument, chiefly used tor

opening veins in the operation of bleeding.

LANTERN. A transparent case to contain a light. Lanterns are of various

kinds adapted to their peculiar uses; most of them are, however, too well known

to need a description here. The dark lantern is so called from the circumstance

of the light being entirely screened from observation at pleasure, by means of a

door or sliding shutter, that covers its only aperture for the transmission of

light. See Lamp.

Lantern, Magic, is an amusing optical machine, whereby painted objects

upon glass placed between lenses, become considerably magnified in their

shadows, which are projected against a whitened wall or screen. The lantern

is inclosed so that no light can pass out of it, except through a double convex

or plano-convex lens ; around the circumference of this lens is fixed one end

of a tube that projects from the lantern ; the fine end of this tube receives

another smaller tube which slides in it, and carries at its remote extremity a

double convex lens. On the fixed tube between the two lenses, lateral aper

tures, or vertical slits are made, through which the objects painted on slips of

glass are sliiled. The objects are thus illuminated, and their form and colours,

on a magnified scale, transmitted with the light upon the screen.

The optical delusion termed Phantasmagoria, is produced by a similar

machine to the magic-lantern ; but instead of the figures being painted on

transparent glass, all the glass is rendered opaque except the figure, which is

painted in transparent colours, the light therefore shines only through the

figure, which is thrown upon a very thin screen of silk placed between the spec

tators and the lantern ; and it is by moving the instrument backwards or for

wards, that the figures appear to recede or approach.

LAPIDIFICATION. The art of cutting and polishing stones as practised
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by lapidaries. The stone to be cut is cemented to the end of a stick, and the

different facet; or planes on its surfaces are formed by a little simple mill con

trived for the purpose. In India the mill is made of a mixture of lac resin

and emery (or corundum) by melting one part of the former, and then mixing

two of the latter with it by degrees; and, subsequently, well beating and

railing the paste to give it solidity, and the required form. In this country,

toe soft metals, such as fine copper, or the alloys of tin and lead, are used as

the substance for the mill or grinding-wheel ; in the surface of which is

impressed diamond dust, emery powder, or other suitable abrading or polishing

powders. The mill is made to revolve horizontally. Near to the mil! is fixed

a thick upright peg of wood, called a guage, which is pierced with small holes

in all directions, and the process of forming the facets thus takes place. The

stone at one end of the slick is applied to the surface of the mill, and the

opposite end of the stick is inserted into one of the holes of the guage ; in

this position it is kept steady by the workman with his right hand, whilst he

gives motion to the mill by his left. The skill of the lapidary is exercised in

regulating the velocity of the mill, and on the pressure of the stone against it,

with an almost imperceptible tendency to one or other direction in different

ttages of the work, examining each facet at very short intervals, in order to

giving as great precision as possible to its size and form. The cutting being

completed, the polishing is effected by changing the mill-wheel for another

usually made of brass, the surface of which is charged with fine emery, tripoli

or rotten-stone, by the successive use of which the facets are perfected and

brightened.

LATCH. A simple fastening to doors. The original and simplest form

of a latch, is the little falling bar hooked, and the catch; the former being

feted on the door, and dropping into a notch of the latter, which is fixed to the

door-post. On the opposite side of the door such latches were formerly lifted

by a string passing through the door, or by a finger inserted through a hole

under the latch. In process of time a little lever was made to perform this

office, and next to the lever was added a bowed handle. This very useful com

bination now goes by the name of a thumb latch, and such are our facilities of

manufacture, that millions of these are made annually in the neighbourhood of

Birmingham, and rendered to the dealers at prices averaging not more than

three half-pence each. The work people, are, however, very inadequately

remunerated for their valuable labour. Thumb latches of a more massive and

finished description, with round black varnished handles, are distinguished from

the former by the term of Norfolk latches. For the inner doors of houses a

rariety of spiing latches are extensively used termed bow latches, (which are

those on square plates with brass knob or ring handles,) and long latches (chiefly

di«ingiiished from the other by the length and form of their plates). Some of

these are made without handles, and keys are employed to open them exter

nally ; but wherever elegance or neatness is studied, mortise latches are used ;

the*? are let into the thickness of the door in the manner of mortise locks, and

nmliing is visible on either side of the door but an ornamental handle ; the

f'lUl.np; windows called French sashes are usually provided with them. There

i> another kind of latch which affords all the security of a lock, with numerous

*ard«, termed the French latch. A small, but broad, flat key, having numerous

ward,; cut out of a solid plate of metal, is passed through a narrow horizontal

perforation in the door (covered with a suitable escutcheon), whence it enters

the body of the latch ; the key being then merely lifted upwards, the solid

wards of the latch pass through the interstices of the key, permitting the latter

litis to unlatch the door.

A very simple and convenient common latch, well adapted to stable doors, was

recently invented by Mr.T. N. Parker, of Sweeny, which we will take leave to

cat! the pull bitch, as it may be opened on either side of the door by a pull. It

'« represented in the cut on the following page ; a a is a curved piece of iron

like the letter S, which turns upon a joint at b, and passes through a hole in

the door at c, and supports the latch (/, which is inclosed by the usual keeper e.

On out side of the door the curved hook a acts as a lever of the first class
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in lifting the latch ; while in the other the curved

hook a acts as a lever of the second class for the same

purpose. The common lever is thus converted into two

handles besides performing its own office.

LATHS are long, thin, and narrow slips of wood

nailed to the rafters of a roof to sustain the covering, or

to the joists of a room, in order to support or hold up

the plaistered ceiling ; they are also used for light

fencing and various other purposes. Laths are

usually made by rending them out of fir or oak ; they

are made of various lengths, from 2 feet to 4 feet,

and are distinguished by three different thicknesses,

termed single, lath and half, and double ; the latter

signifying double the thickness of the single, and lath

and a half the medium thickness. In the United

States of America, where manual labour is at present

more scarce than in this country, machinery has been

employed for rending as well as for sawing out laths : there is nothing original

in the latter operation, but there is apparently something worthy of notice by

our countrymen in the annexed reports of American patents, which we extract

from the Franklin Journnl of Philadelphia.

In Rice's machine, " a slock is fixed in a frame, in which it slides freely

backward and forward ; it is moved by a cog-wheel, which works in cogs on

one side of the stock in the manner of a rack and pinion. A knife is fixed

upon the stock, and the timber to be cut into laths, &c. is fixed in a frame, and

is made to bear against the stock, and the lath is cut by the traversing motion

of the stock. The knife, it is said, may have a double edge, so as to cut a lath

both by the forward and backward motion."

Lynch 's machine " consists of a long plank, which operates as a plane stock ;

this plank is made to slide upon its edge between upright standards upon a firm

platform ; a wide iron, like a plane-iron, is fixed so as to cut on one face of this

plank much in the manner of the cutters of some shingle machines ; the throat

of the plane, if we may so call it, has other cutters standing at right angles

with the first cutter, and at such distances apart as to reduce the laths to a

proper width. The cutter plank is made to traverse by means of a pitman at

one end, operated upon by any suitable power."

LATHE. A machine chiefly used for giving a truly circular form to wood,

metals, and other substances. See TURNING.

LEAD. A metal of a bluish-white colour, and when recently cut, of con

siderable lustre. It is very soft and flexible ; not very tenacious, and conse

quently incapable of being drawn into very fine wire ; yet its malleability

permits it to be extended, either under the hammer or the rollers, into very

thin sheets. Its specific gravity is 11.35; it soils paper and the fingers by

friction, imparting a slight taste and a peculiar smell : it is a good conductor of

heat ; melts at 612° Fahr., and when cooled slowly, crystallizes into quadrangular

pyramids. Lead is brittle at the time of congelation, and may then be broken to

pieces with a hammer. Although the brightness of fresh cut or scraped lead soon

goes off, it does not alter much by exposure to the air ; owing, it is supposed,

to a thin film of oxide being formed upon its surface, which defends the metal

from further corrosion ; this property renders it peculiarly suitable for the

gutters and coverings of buildings. Lead ore is found in most parts of the

world. In Britain, the principal lead mines are situated in Cornwall, Devon

shire; in Northumberland, Westmoreland, Cumberland, Derbyshire, Durham,

Lancashire, and Shropshire ; in Flintshire, and various parts of Wales ; also in

several districts of Scotland. The smelting is performed either in a blast fur

nace, called an " ore hearth," or in a reverberatory furnace. In the former

method the ore and fuel are mixed together and exposed to the action of the

blast, which quickly fuses the metal and causes it to fall into the lower part of

the hearth, where it is protected from the oxygen of the blast by the scoria-

that flouts upon its surface. When the fluid lead is tapped, a sufficient



LEAD. 49

quantity of it is left in the furnace to float the liquid scoriae ; but when the whole

of the lead is to be drawn off, the blast is stopped, and some lime is thrown into

the furnace to concrete the scoria; whilst the lead is run out. In smelting by

the reverberatory, which is undoubtedly the best, the fire is made at one end,

and the flame passes over the hearth and enters into an oblique chimney, which

terminates iu a perpendicular one, called a stock, of considerable height. The

length of the hearth, from the place where the fire enters to the-chimney, i»

about 1 1 feet, 2 feet of which constitute the throat of the furnace ; the remainder

forms a concave surface, '1 * feet wide at the throat of the furnace, and rather

more than 7 feet at the distance of 2 feet from the throat, about 7 feet in the

middle of the hearth, and 6 feet at 2 feet distance from the chimney, and nearly

3 feet where the flame enters the chimney, which it does through two aperture s,

fach 10 inches square. The throat of the furnace is 2 feet long, 4 feet wide,

ind 6 inches deep. The length of the fire-place is 4 feet, equal to the width of

the throat ; iu width ia 2 feet, and depth 3 feet from the grate to the throat of

the furnace ; the section of the oblique chimney is 10 inches square, and of the

perpendicular 20 inches, supposing a straight horizontal line drawn from the

lower plane of the throat of the chimney to the opposite side of the furnace ,

the lower part of the concave hearth, which is iu the middle of this cavity, is

19 inches below this line, the roof of the furnace being 17 inches above the

«me line ; the rest of the hearth is conformably concave. The furnace on one

tide has three openings, about 10 inches square, at equal distances from each

other, and provided with iron doors, which can be removed as occasion may

require. Besides these apertures, which are for the purpose of raking and

stirring the ore, &c., and consequently upon a level with the horizontal line

before alluded to, there are two others of smaller dimensions, one of them for

the discharge of the fluid metal, and the other for the scorise. The ore is intro

duced at the roof of the furnace through a hollow shaped vessel.

The ores of lead, like those of most other metals, are combined with various

kind* of earthy matter, which require them to be pulverized before they undergo

the smelting process. The pounding is sometimes performed by hammers, but

usually by a stamping mill, or by rollers. When thus reduced, the heavy

metallic matter is separated from the lighter earthy matter by washing. Tilt-

common mode of effecting this is to put the powdered metal into a riddle or

tiere, immersed in a large tub of water, wherein it is agitated by a movement

that washes away the small particles through the sieve, and ejects the lighter

portion of the matter over the sides of the sieve ; while the metallic portion, from

its specific gravity, is less disturbed, and is collected at the bottom of the sieve.

Some improved apparatus for this purpose was patented by Mr. Harsleben, in

1827, the description of which will be found under the article MININO. Iu

tome establishments in this country, and very generally abroad, the ores aro

washed upon inclined tables, which are shook by machinery, whilst water

made to flow over them to separate the metallic from the less ponderous matter ;

which apparatus is also described under the article MINING, as it is equally

applicable to other ores as to the ore of lead.

An improvement in the furnaces for smelting lead ores was patented by Mr.

Joseph Was*, of Ashover, Derbyshire, the main object of which was to obviate

the injurious effects upon animul and vegetable life within the range of the

metallic vapours emanating from furnaces of the usual construction. But in

addition to this important desideratum, there results from the adoption of this

improved arrangement a considerable profit, which arises from the product

obtained by the condensation of those volatile and deleterious substances that

ire usually allowed to mix with the atmosphere. In the specification which is

before us, the patentee states,—" By the employment of this improved appa

ratus, smelting and calcining furnaces are divested of their pernicious effects,

and such works may in future be erected in any convenient situation, either

near to dwelling-houses, or by the side of public roads, or on the banks of

navigable rivers or canals ; and thus, in many cases, produce a very great

economy in the expense of carriage. The saving effected by this apparatus in

preserving a quantity of valuable matter, which would otherwise, as heretofore,

VOL. ii. a
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escape, to the injury of the neighbourhood, would of itself amount in one year,

where four furnaces are employed (as described in the plan) to a sum equal U>

the entire cost of the improved apparatus ; that is, the upper part of the tower,

with its roof, cap, vane, shutter, and appendages" which we snail next proceed

to describe.

 

&uAi of forty feet.

Fig. 1, in the preceding engraving, represents a vertical section of a lofty

and capacious tower, placed in the centre of four smelting furnaces, ami

receiving, by distinct flues, the smoke and vapour from each of them. The

drawing being a central section, but two of the furnaces are brought into view,

which are marked a a, their flues b b opening into separate chimneys cc in the

tower, which they ascend for twenty or more feet ; then, by lateral passages at

ddd, they respectively enter the central shaft ee; here the vapours come
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m contact with a powerful ascending current of cold air, and are likewise

checked in their upward progress by striking against a dome or cap of iron j,

which ii suspended over the throat of the central shaft e. The ascending

npoun thus intercepted and acted upon are, for the most part, immediately

condensed, and the metallic particles are precipitated upon a floor //, called the

ladgt foor. A plan of this floor, and the can f, are given in a separate

figure (2), which is a transverse horizontal section of the tower just above

the cap; another advantage resulting from this arrangement consists in the

effect produced in the furnaces below, where it is found that the carbonaceous

matter is more completely consumed than by the former disposition of things ;

luch portion of the heavy particles that do not fall upon the lodge floor are

precipitated to the bottom of the central shaft The cap f is suspended by a

Tertical rod h, which is connected to a transverse beam by means of a sort of

itimip-iron i, through which the upper extremity of the rod is screwed, and by

die turning of a nut upon this screw the height of the cap above the throat of

the central shaft is regulated. The cap is steadied in its movements and pre-

Ktred in its position by several upright bars passing through it, two of which

ire brought into view; these are perforated with holes, through which keys or

holu are put to lock the cap securely in its place. The lower part of the cap

or dome is circumscribed by a broad hoop ; by the action of regulating screws,

this hoop is shifted up or down over the periphery of the cap, and the passage

for tbe vapours is thus more readily adjusted at pleasure. The more volatile

portion of the vapours pass from under the dome, and ascend to the top of the

tower, ihich, being covered w<th a roof nearly flat, the heaviest particles are

drireg tuck, and fall condensed also upon the lodge floor, while the lightest

and least pernicious escape into the atmosphere at the lateral openings k k.

There are a regular series of vent holes all round this part of the tower, one half

of which (those that happen to be windward) are always closed by a shutter m.

The lower extremity of the shaft, upon which the vane I is fixed, turns in a

hearing upon the cross beam ; and the arms of the circular shutter being also

attached to this shaft, when the wind turns this vane the shutter is, conse

quently, in like manner turned against it.

Fig. 3 is a transverse section of the tower immediately under the roof, by

which the circular frame of the shutter is shown, as closing one half of the

aperture*, or those to windward of it. When the deposition from the condensed

vapour has become considerable, it is removed from the lodge floor at a time

*hen tbe smelting furnaces are not at work ; this is done by a man ascending

a narrow circular staircase, constructed in the masonry of the tower, up to the

Wge floor, where he throws down the accumulated deposition with a shovel to

the bottom of the shaft; from thence it is harrowed out, and carried to a

routing furnace. When any one of the furnaces is not at work, communication

with the tower is to be cut off by means of a damper, as those shown at o o.

In the drawings attached to the specification, a general plan of a smelting work

it delineated. The area is inclosed by a quadrangular wall, with a smelting

furnace on each aide, the chimneys of which are conducted into the central

'over. Tbe corners of the quadrangle are occupied by the other buildings

required in such establishments. The spaces between the angles of the sevenil

flues, the patentee states, may be conveniently occupied by small furnaces for

tnts and experimental purposes. Another improvement of the patentee

deserves, mentioning : he directs that the tapping sides of the contiguous fur-

aaces be made "opposite" to each other; by which is meant that they may

both face the area which lies between them, in order that the fluid metal from

the pans of each surface may be run into pigs, or conveyed into one receiver,

and thence into moulds, so as to be formed into thick sheets, ready for milling

or rolling, by which arrangement of the furnaces it is considered an important

•tying of labour and expense will be effected, and the waste by remelting the

lead avoided. In the process of smelting, the ore is spread upon the concave

hearth, so that the flame may act upon it, and release the sulphur. When the

sulphur has escaped, the lead combines with the oxygen, and the oxide of lead

thai formed combines with and reduces the earthy matter to a liquid, which
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floats upon the surface of the metal, and, for the remainder of trie operation,

protects it from the action of the oxygen. The temperature of the furnace is

now considerably raised, to separate as quickly as possible the lead from tbe

liquid scoria ; after which a considerable portion of the scoria is tapped oft

leaving only so much behind as is necessary to protect the metal from tbe

action of the oxygen. The fire is now slackened, and a quantity of slack or

refuse pit-coal thrown into the furnace, which serves to diminish the heat, and

to concrete the melted scoria, which effect is promoted by the addition of

powdered lime; the scoria thus consolidated is broken into pieces with a rake,

and thrust to the opposite side of the furnace, where it is taken through the

apertures already mentioned. The lead is now tapped in a manner similar to

that described in the manufacture of iron, and allowed to run into a capacious

iron pan, whence it is ladled into moulds to cast it into pigs. When the ores

abound with blend, or black-jack, or with the sulphate of iron, fluate of lime is

added as a flux. The scoria last mentioned contains a portion of lead, besides

that which is in the state of oxide ; it is therefore exposed to thoheat of another

furnace, being a species of blast furnace, and called a slag-hearth, which

fuses the scoria and causes the metal to penetrate through it and fall into s

cavity, where it is protected from the agency of the blast, and from whence it

is taken and cast into pigs. All lead ores contain some portion of sil ver, which

is>extracted when it is in sufficient quantity to afford a recompense for the

operation ; the method adopted in France is very simple and efficacious, and

is thus described in Keen's Cyclopeedia :—" A shallow vessel, or cupel, is filled

with prepared fern-ashes, well rammed down, and a concavity cut out for the

reception of the lead, with an opening on one side for the mouth of the bellows,

through which the air is forcibly driven during the process. The French

smelters cover the surface of tlie ushes with hay, and arrange symmetrically

the pieces of lead upon it ; when the fire is lighted, and the lead is in a state

of fusion from the reverberation of the flame, the blast from the bellows is made

to play forcibly on the surface, and, in a short time, a crust of yellow oxide of

lead or litharge is formed, and driven to the side of the cupel opposite to the

mouth of the bellows, where a shallow side or aperture is made for it to pass

over ; another crust of litharge is formed, and driven off. The operation con

tinues about forty hours, when the complete separation of the lead is indicated

by a brilliant lustre on the convex surface of the melted mass in the cupel,

which is occasioned by the removal of the last crust of litharge that covered

the silver. The French introduce water through a tube into the cupel to cool

the silver rapidly and prevent its spirting out, which it does when the

refrigeration is gradual, owing, probably, to its tendency to crystallize. In

England the silver is left to cool in the cupel, and some inconvenience

is caused by the spirting, which might be avoided by the former mode.

The silver thus extracted is not sufficiently pure ; it is again refined in a rever-

beratory furnace, being placed in a cupel, lined with bone ashes, and exposed

to greater heat ; the lead, which has escaped oxydation by the first process, is

converted into litharge and absorbed by the ashes of the cupel. The last por

tions of litharge in the first process are again refined for silver, of which it

contains a part which was driven off with it. The litharge is converted into

lead again, by heating it with charcoal ; part is sometimes sold for pigment, or

converted into red-lead. The loss of lead by this process differs considerably,

according to the quality of the lead. The litharge commonly obtained from

three tons of lead amounts to fifty-eight hundred weight; but when it is again

reduced to a metallic state, it seldom contains more than fifty-two hundred

weight of lead, the loss on three tons being eight hundred weight The Dutch

are said to extract the silver from the same quantity of lead with only the loss

of six hundredweight."—See Separation.

Sheet Lead.—There are two distinct kinds of Bheet lead, cast, and milled or

rolled. The first-mentioned is the original kind, and as it is preferred we shall

first describe it as usually practised by the plumbers. A large cast-iron

cauldron is built over a furnace, enclosed in solid masonry, at one end of the

casting-shop, and near to the mould or casting-table. This table is general!/
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«f the form of a parallelogram, about six feet wide, and twenty feet long, sub

stantially made of wood, and bound together at the corners and other parts

with iron. Tbe face of the table is surrounded by a raised border about three

inches thick, and five inches in depth ; the legs and framing are of course

strong and firmly jointed, to prevent any yielding or trembling during the cast

ing. The top of the table is of boards, laid very even, and this is covered by a

stratum of fine sand laid very smooth and even ; at the end of the table,

nearest to the cauldron in which the lead is melted, is adapted a box, equal in

length to the width of the table ; at the bottom of the box is a long horizontal

slit, through which the metal flows out uniformly over the breadth of the table ;

thii box is mounted upon rollers, which run on the rim of the table as a rail

way, and is set in motion by a rope and pulley. When the metal in the

cauldron is sufficiently heated to retain its fluidity throughout the spreading of

ihe sheet, the requisite quantity of it is ladled into the casting-box, and the

dross taken off its surface by means of a perforated scummer. As soon as the

box has dispersed its contents upon the table, a man levels the surface with a

striker, which takes off the impurities also, before it cools ; as soon as it has

set, the edges are taken off in a straight line, and when sufficiently cool it is

rolled up and removed away to make room and prepare for the succeeding

outings which are conducted in a similar way.

A method different from the foregoing is practised in some places. Instead

«f a casting-box travelling over an horizontal surface, the table is a little

inclined, and an iron vessel at the upper end of the table next to the cauldron

U tilted BO as to pour out the fluid wnich flows to the other end, during which

operation a workman levels the surface with a striker or straight edge, which

reduces the mass to a uniform thickness. Cast sheet-lead, made by these pro-

noes, does not possess that very uniform thickness, nor that smoothness of

•nrface which distinguishes milled-lead, or such as has been laminated between

large powerful rollers, actuated by a steam engine or other suitable prime

mover. The method by which this is done on the large scale is as follows :—

A cauldron, capable of melting ten or more tons of metal at a time, is substan

tially erected over a common furnace ; when the lead is at that temperature

snore the melting point, which will prevent its congelation before it has flowed

to the remotest part of the mould, the vessel is tapped by the pulling out of a

plug; this plug is attached to a bent extremity of a lever of the first class, the

other inn of which is loaded with a weight, that acts as a compressing force to

keep the plug in the tapping hole ; a rope attached to the end of the loaded

arm of the lever, and passing over a pulley, being pulled by a workman, the

plug is thereby easily withdrawn ; and upon the workman letting go the rope,

toe weight upon the lever forces the plug into the hole again. (Owing to the

pressure of toe superincumbent portion of the metal in the cauldron above the

tapping-hole, the lead is spirted with considerable force around the plug at the

moment of its entering or leaving the tapping-hole, which renders it dangerous

lo persons standing within the distance of a tew yards ; and 'as this dangerous

effect might easily be prevented, we wonder that it is not done ; such as apply

ing a lateral screen to the tapping-hole, or the plug, and making the plug, as a

tap-hole, cylindrical, instead of conical.) The metal is discharged into a very

Urge square cast-iron pan, laid perfectly level, and capable of Holding a plate

of lead about an inch and a half thick, and weighing about five tons ; when

raid, the cast-iron pan or mould is hooked at the corners to chains, in the

mariner of a scale-board, and by the assistance of a large jib extending over it,

and a powerful crane, is raised from its seat and swung round upon a table upon

a lerel with the laminating rolls. On this table, the plate is now divided into

foe, ax, or more narrow plates, the numbers and dimensions of these depend

ing upon the size and weight of the sheets to be made from them. The division

of the plate is effected by very rude means ; one man, holding an ash-rod,

applies a cold chisel at the end of it to the chalk division line scribed on the

plate, whilst anotherworkman,with a sort ofsledge-hammer, made ofa great lump

of lead, at the end ofa long handle, swings it round vigorously, and gives the chisel

•ich heavy thumps as to send it through the thick plate of lead at each blow.
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The laminating rollers are cast-iron cylinders, usually about eighteen inches

in diameter, and about six feet long, turned and ground to a very true and

smooth surface ; the lower roller turns in fixed bearings, but the upper in

adjustable bearings, which are acted upon by screws for regulating the distances

between the rollers. The power is communicated to the lower roller through

the medium of a reversing motion, which causes the rollers to change the direc

tions of their respective rotations, according as the sheet of lead may be OB

one side or the other of them ; on either of which it is supported upon a species

of table, from twenty to thirty feet long, the surfaces of which are composed of

a series of woodeii bearing rollers. The plate of lead being introduced between

the cylinders, is griped by them, and forced through by their revolution : the

plate is thus extended by a reduction of its thickness, and is received upon the

bearing rollers on the surface of the table ; the workmen on each side of the

machine now give the regulating screws a turn, by which the laminating

rollers are brought nearer together ; then the motion of these rollers is reversed,

and the sheet of lead traverses hack through them to the opposite side, where

it is received on the hearing rollers of that table, considerably extended; the

rollers are again adjusted nearer together, and the motion of them is again

reversed for the next rolling through ; the operation being thus repeated until

the plate is brought to the required thickness. When this is done, the rough

edges are cut off to a straight line, and the sheet rolled up off the table on to a

truck adapted to the work, and wheeled away. Whilst this is being completed,

another plate of lead is passing through the laminating rollers ; and whilst all

the plates 6f lead divided from the great cast-plate before-mentioned are being

laminated in the manner of the first described, the casting department of the

establishment is engaged in preparing to cast, or in casting another great plate,

which is subsequently divided and placed in readiness for the continuation of

the laminating operation.

The very thin sheet-lead, with which the tea-chests from China are lined, u

made, according to common report, in the following manner :—A man sits upon

a floor with a large flat stone before him, and another movable one at his side

on a stand ; [his fellow-workman stands beside him with a vessel full of melted

lead, and having poured out a certain quantity on the large flat stone upon the

floor, the other immediately lifts the movable stone, and dashing it on the

fluid lead, presses it out into a flat and very thin plate ; the stone and lead

are then quickly removed, and the operation renewed, which is repeated in

quick succession. The rough edges are afterwards cut off, and the sheets

soldered together for use.

Tke Tinning of Sheet-Lead may be effected in two ways, first, place the

sheet of lead upon a hot stove, until it acquires sufficient heat to keep melted

tin poured upon it in a fluid state; then throw a little powdered resin over the

sheet, and when it has melted, with a greasy rag rub the tin and resin over the

sheet of lead until it is completely covered with the tin ; after which, wipe off the

superfluous matter. Secondly, the tin in the cold state, and in small quantities

at a time, may be laid on the plate of lead, carefully heated sufficiently to fuse

the tin, (but not more so,) and by'the help of resin and similar manipulation to

the first-mentioned plan, the lead may be perfectly coated.

Lead Pipe.—The next article of importance in the lead manufacture is pipe

or tubing. There have been various modea of producing it : the original

mode, from some specimens of very old pipe that we have seen, appears to have

been the wrapping of a strip of sheet lead, with parallel sides, round a cylinder,

so as to make their edges meet, and then unite them with solder. The speci

mens alluded to present phenomena worthy of notice in this place : the lead

was full of holes, and was corroded more or less in every part, except at the

seam, which the solder had entirely protected , and the solder itself was as

sound and perfect as when it first left the plumber's hands.

Another mode of making lead-pipe, which probably succeeded the foregoing,

and is still practised by some plumbers, is the following:—An iron mould is

provided, which is divided into halves, and forms, when put together, a hollow

cylinder of the external diameter of the extended pipe ; in this cylinder is put
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in iron red or cord, extending from the top to the bottom, and leaving all

round a space between it and the cylinder of the intended thickness of the pipe.

The le«d is poured in at a spout, formed by two corresponding notches cut in

each half of the mould, and a similar hole is made at another place for the

neape of air. The mould is fastened down upon a bench, upon which, at one

end, and in a line with its centre, is a rack moved with toothed wheels and

pinions. When the pipe is cast, a hook at the end of the rack is put into an

eye at the end of the iron core, which, by the action of cog-wheels and pinions,

• drawn no far out that about two inches of it only remain in the end of the

pipe; the two halves of the mould, which fasten together by wedges or screws,

ire now separated from the pipes, and are fastened upon the iron core, and the

t»o inches of lead-pipe attached to it. Melted lead is now again poured into

the mould, when the fluid lead unites with the end of the first piece of pipe ;

and this process being continued, pipe of any required length may be made.

A third method, which was patented in 1790 by the great iron master, John

Wilkinson, consists in casting a very thick pipe in a mould, having a cylindrical

eon of the same diameter as the intended pipe, and then inserting a polished

iron mandril up the bore of the pipe, in which it is to be successively passed

tlinragh a series of round grooves, precisely in the same manner as has been

described under our article IRON, for making round bars. Every time that the

pipe 11 passed through, the lead is compressed upon the mandril, consequently

reduced in its thickness, but extended in length, while the internal bore remains

unaltered, except the improvement it derives from condensation of the metal

«£»inst the polished mandril.

A fourth method is mentioned in Mr.Wilkinson's specification, which, since the

expiration of the patent, has been, and is still practised with unimportant varia

tions by all the considerable manufacturers of lead pipe : it consists as follows :—

Vetj thick short pieces of pipe are cast, similar to those described in the pre-

ftiiag method ; the external diameter may be two or three times that of the

intended pipes, but the internal the same. The central hole for the mandril of

tnblet does not extend the entire length of the pipe, but terminates with a

much smaller hole at the extremity ; a stop to the triblet is thus formed, which

is employed in the succeeding operation, which is that of drawing the lead pipe

through a hole precisely in the same manner as wire is drawn. The triblet or

>'lished mandril is of somewhat greater length than the pipe intended to be

manufactured by it, which is commonly from nine to twelve feet. Through the

™«li hole of the cast-lead pipe is then passed a screw, which is screwed into

toe end of the triblet, that abuts against the shoulder; and it is by this con-

"etion with the triblet that the lead pipe is drawn successively through a series

"f separate steel plates, each having a different sized hole, and which are suc-

ceanvely deposited in solid recesses made in very firm bearings, and are ex-

'hanged for smaller after the pipe has passed through the larger one. The

'«ble or draw bench on which the operation is conducted is usually about 30

feet in length ; it is provided with a strong endless hitch-chain passing around

eaain wheels at the ends of the bench, to one of which the power is communi-

|*<i The screw fastened to the end of the triblet passes through the draw-

°«e, and is then secured by a hook and eye, or other fastening, to the endless

c"*|n ; the machinery being then thrown into gear by the ordinary means, the

dain drags the lead through the steel hole, by which its dimensions are reduced,

'id its length increased. The motion of the chain is now reversed, either by

machinery connected with the power, or the chain is thrown out of gear with

"* power, when the chain can usually be drawn back by hand, and the draw

fate changed ; when, by throwing into gear again, the work is renewed,

•M «o continued until reduced to the required dimensions ; a small piece of

"eh end of the pipe being cut off it is finished.

A very ingenious mode of casting lead pipe of any length by a continuous

P*****, was invented by Mr. John Hague, and patented by him in 1822, which

•t wight not to omit noticing in this place. A rectangular cast-iron vessel,

Blaming the lead, was placed over a suitable furnace, to melt and preserve it

i * fluid state ; through this vessel, in a horizontal direction, was passed •
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very stout cast-iron cylinder, each end of which came to the outside of tlio

vessel, at a short distance from which they were each connected to a small

reservoir of water to keep them cool. A hole about half an inch in diameter

was made in the upper side of the cylinder through which the latter was

charged with the fluid metal, and the hole was then stopped by a plug screwed

down from above. The internal diameter of this cylinder was about six inches,

and throughout its length of two feet its surface was cut into a screw thread ;

and into this a solid screw plunger worked from one extremity, which by its

revolution gradually forced the metallic fluid through a mould and core fixed

at the end, where the pipe was constantly drawn off as it solidified (by the

cooling influence of one of the before-mentioned reservoirs of water) on to a

drum, loaded with a weight upon its axis, which caused the drum to turn round

with just sufficient force to wind the pipe upon it as it was formed.

A different method of casting lead pipe continuously, has lately been patented

in the United States of America by a Mr. Titus, which is thus described in

the Franklin Journal, with reference to the subjoined cut, which represents a

vertical section of the essential parts of

the apparatus. A A is a hollow cylin

der of metal, bored out, so that its

inner diameter shall be equal to that

of the pipes intended to be cast Its

length, for a pipe of 1$ inch may be

about 8 inches. It has a flanch a a at

its lower end. This tube gives the

form to the outside of the tube to be

cast. B is a plug or core, adapted to

the inside of the pipe, and made of

iron or other suitable metal ; it must

be perfectly smooth and slightly taper

ing, being smallest at top. It has a

flanch o b adapted to the flanch a a ;

this flanch is perforated with a number

of holes, to allow the fluid metal to pass

up into the mould. C C is a basin to

contain water standing up to the dotted

line//. DD is a tube by which the

melted metal is to be conveyed from

the melting-pot F into the mould. A

stop-cock regulates the flow of the

metal. The tube D D is furnished

with a flanch e, by which it is con

nected with the mould. The melting-

pot may be placed so high up, that the

pressure of the melted metal will be sufficient to force the pipe from the mould,

with a regular motion, as it is cooled by the water ; this force being regulated

by the quantity admitted by the stop-cock. The pipe D D must descend J

through a flue kept sufficiently heated to keep the lead in a fluid state, and I

heat must also be applied at its junction with the mould. Instead of elevating

the melting-pot, an arrangement may be made for making a mechanical pres

sure upon the surface of the lead, and thus to produce the same effect. The

pipe, as it is forced off, may be received upon a reel or drum placed above |he

mould. Under proper modifications, which experience alone must suggest the

principle described in this and Mr. Hague's process may be advantageously

applied to the accomplishment of the object proposed.

In the application of lead pipes as conduits for beer, wine, vinegar, and other

acid liquors, serious objections have been made by many scientific writers, on the

ground that poisonous solutions of the metal are thereby formed. The editor

of The Chemist, observes in Vol. I. p. 227, that " wherever water kept inj

leaden vessels is allowed to come into contact with air, the lead becomci

oxydated ; and though the water has no direct action on the lead itself, it ba|
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•* this oxide ; it dissolves a psrtion of it, and becomes poisonous ," and Mr. S.

P. Gray, author of several pharmaceutical works, says in his Operative Chemist,

p. 392, 'the use of lead for cisterns, or even pipes, ought to be discontinued."

Sir. John Warner informs us, that soon after the introduction of the convenient

hydraulic apparatus employed by publicans, called beer engines, it was found

that that portion of the beer which filled the leaden conducting pipes from the

caiks in the cellar, and had remained therein during the night, or for several

hours during the day, had obtained a flat, bad taste, and was highly deleterious,

owing to the lead it had dissolved during that time. This alarming discovery

nearly caused the abandonment of beer engines. Attempts were made to'sul-

stitute pipes made of other metals or alloys, but without success ; for leaden

pipei still continue to be used, but with the necessary precaution on the part of

the publican, or other vendor, to draw off and waste the beer contained in the

pipes, amounting to several pints or quarts every morning ; and this precaution

n sometimes resorted to during the day.

To obviate the disadvantages attending the use of lead pipes, the skill and

•Mention of many ingenious men have been exercised. The first, we believe,

were Messrs. John and George Alderson, who contrived to put an interior case

of tin to lead pipe ; but they did not succeed in making a firm junction between

tie two concentric pipes. Alderson 's method was, however, improved upon by

Thomas Dobbs, of Birmingham, who took out a patent in December 1820, for

the process, which is entitled a " new mode of uniting together or plating tin

upon lead." The patent includes the tinning or plating of ingots and sheets of

wad, besides that of pipes ; the process with respect to the latter is thus

described in the specification :—" First, in order to unite tin with lead-pipes, or

to coat, cover, or plate them with tin, I take the pipe hot from the mould in

which it has been cast, and lay it horizontally upon a bed of hurds. rags, or

tow, which has been previously prepared or impregnated with turpentine, or

other resinous substance, a small quantity of melted tin having been also pre

viously put on the said bed of hurds, rags, or tow, prepared or impregnated as

aforesaid wKh turpentine, or other resinous material, until the surface of the

pipe k completely tinned. I then attach to the end of a rod or wire a bunch

of hards, rags, or tow, prepared or impregnated as aforesaid with turpentine,

snd introduce it within the pipe, together with a little melted tin, and work the

bunch up and down, in manner of the piston of a pump, until the inside is

•!*> tinned. I then place or fix the pipe in a larger pair of moulds, so as to

tare t vacancy also between the pipe and the mould ; and I also introduce

ud fix a small core into the centre of the lead pipe, leaving a vacancy also

between the pipe and the core. I then take melted tin out of a furnace, and with

* ladle I pour the tin down the two vacancies before-mentioned, by which means

UK two bodies are perfectly and soundly united, and the lead pipe is united or

plated both inside and outside with a thick coating of tin. In this state it is

then ready for drawing or rolling, whichever may be the most convenient. It

• not necessary that the tin should be quite pure to be united to lead by this

mode, but it may be alloyed with other metals. The moulds and cores I usu

•n the same as those generally employed by lead-pipe makers, excepting that

I prefer them made of copper or brass, instead of wrought and cast iron. Tin

wing a much harder and less ductile metal than lead, considerable difficulty

wsi found in drawing them together, so as to get them sound in every part ;

frequent cracks and flaws being discovered in the tin, which would not so

•ta'Jily yield as the lead to the forcible extension they underwent From this

circumstance, and the greater rigidity of the tin, they could not be made to

"otain the bending to which lead pipe is necessarily subjected by the plumber ;

'bej were not therefore successfully brought into use. About the same period

>Jx> pipes were drawn of pure tin, and rendered at a price lower than the tin

Bfi pipe could be afforded.

There being, however, no other known metal which possesses the same

•T'ee of fttxibility and durability as lead, it was still deemed a most important

desideratum to give a perfect coating of tin or other innocuous metal to lead

P{*, without impairing the flexile or other valuable properties of the latter ; aiul

*«- 11. •
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this we are happy to add has been supplied by a new process, very recently

patented by Mr. John Warner, iun.; the specification of which describes

that process to be as follows :—A bath of melted tin is prepared in a vessel

of a suitable form and size, which may vary according to the size of the

pipe to be tinned, (or the size and shape of any other leaden article to be

tinned.) The heat of the bath is to be so regulated that the metal shall continue

in a fused state, but not at a higher temperature than is necessary for that purpose,

lest the lead when immersed should be melted thereby ; the heat may be ascer

tained by the use of a thermometer, or a pyrometer ; likewise by testing it by such

alloys of tin and lead as will melt at certain given temperatures, between the

melting point of tin (or such alloy of tin as may be used as a substitute for the

pure metal,) and that of lead, when placed under the influence of a bath of melted

tin. This, the reader will observe, is a very nice point, and can only be prac

tised by great skill and attention on the part of the workmen ; for although tin

melts at about 440° and lead at 612° of Fahrenheit's thermometer, yet, when

they come together, an alloy is produced at the immediate points or surfaces in

contact, whose fusibility is much lower than even that of tin ; so that when, by

mismanagement, the heat is raised a Jew degrees too high, a quantity of the

lead in the form of an alloy runs off the pipe into the bath ; and if, on the

contrary, the heat be suffered to fall a few degrees too low, the tin is not suffi

ciently fluid, and deposits itself upon the lead in a thick and uneven coat.

When the pipes are to be tinned all over, the external surfaces are sprinkled

with powdered resin, and the same material is blown up the pipes so as to cover

"heir internal surfaces with it ; a mixture of oil and resin boiled together is,

however, preferred to the resiu alone. The said mixture is to be spread over the

surfaces of the lead pipes by any convenient means, and when they have been

so prepared, they are to be passed through, or immersed in the bath of melted

tin, which should be covered with fat, oil, or resin, to prevent the oxidation of

the fluid metal, and to aid in the tinning. But when the pipes are to be tinned

on one side only, or partially, those parts which are not to be tinned are covered

with a mixture of lamp-black and size, or with any other matter that will pre

vent the action of the tin upon the lead ; and those parts that are to be tinned

are to receive the powdered resin, or the mixture of oil and resin, as before

mentioned. The pipes thus prepared are then to be passed through, or immersed

in the bath of liquid tin, by which process they will be tinned only in the parti

required. When the pieces of pipe to be tinned are of a small size they may

be easily managed by hand ; but when they are of considerable weight or

length, a rope and pulley is resorted to, to draw them through the bath of

melted tin : the form of the bath is that of a segment of a cylinder having two

flat sides ; the chord of the segment being the top or open part of the vessel,

where it forms a parallelogram of about six inches wide and two feet long-

This form, it will be perceived, accommodates the bended form of the pipes, to

dip in at one end of the vessel, and curving round the bottom, to come out at

the other end ; the tin thus flowing in at one extremity of the pipe, and running

out at the other. This process, as we have had occasion to notice, gives a per

fect coating of tin, and tills up any minute fissures or holes that there may be

in the pipe, besides enabling the manufacturer to give the pipe any required

thickness of coating, by drawing it any number of times through the bath.

But an extremely minute quantity of tin covers the surface effectually, and bv

not impairing the flexibility of lead, adapts it to every purpose to which both

lead pipes and tin pipes are used, and at the most trifling cost above that of

lead.

Strength cf Leaden Pipe*.—Some experiments upon this important subject

were made by Mr. Jardine, of the Water Company in Edinburgh. The method

of proving was to close one end of a piece of pipe, and then inject water into

it by means of a forcing pump attached to the other end, the force or pressure

being measured by a gauge belonging to the pump. When the water from the

injecting pump begins to press out the pipe, little or no alteration is observer1 in

it for some time. As the operation proceeds, however, the pipe gradually swells

throughout its whole length, until, at last, a small protuberance is observed riling
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it tome weak part, which increases until the substance of the pipe, becoming

thinner and thinner, ia at last rent asunder. In the first experiment, the pipe

wat of one and a half inch bore, and the metal, which was remarkably soft

and ductile, was one-fifth of an inch in thickness. This sustained a power

equivalent to that of a column of water one thousand feet high, equal to thirty

atmospheres, or 420 Ibs. per square inch of internal surface, without alteration;

but with a pressure equal to twelve thousand feet of water it began to swell, and

with fourteen thousand feet, or six hundred pounds on the square inch, il

burst. When measured after the experiment it was found to nave swelled

until of a diameter of If inch. The edges of the fracture were not ragged,

but smooth like a knife. In a second experiment, the pipe was two inches in

diameter, and one-fifth of an incli in thickness. It sustained a pressure equal

to that of a column of water right hundred feet high, with hardly any swelling,

bnt with one thousand feet it burst ; the fracture in this was not so fine as in

the former instance, the metal being much less ductile.

Red Lead and Litharge.—We have described, at page 52, the method of

refining lead for obtaining the silver which it usually contains, by which procesa

there results an oxide of lead, called litharge. The use of this substance for

making oil and oil paints dry sooner is well known ; it remains to be observed

in this place, that it is the material from which red lead is made. The litharge

ii pot into pots, and exposed to the action of flame in a reverberatory furnace

for forty-eight hours, during which time it is frequently stirred; hence it

acquiin the orange-red colour, termed minium, or red lead. There are other

model of obtaining red lead. In Germany and some other places, metallic lead

is calcined on the hearth of a cupola furnace, and constantly stirred for eight

boon; then left in the furnace for sixteen hours more, stirring only at intervals.

The massicot thus produced u then ground in a mill, washed, dried, and put

into earthen pots, so as only to make them about a quarter full, in which they

an exposed to the action of flame, enveloping them in a furnace for forty -

eight hours, by which time, the colour being fully developed, the pots are taken

out, and their contents passed through sieves to separate any foreign or gross

Baiter. A hundred pounds of metallic lead thus produces about a hundred

and ten pounds of red lead; the increase arising from the absorption of

rargen. The specific gravity of red lead is 8.94.

Sugar of Lead is obtained by dissolving the metal in acetic acid, concen

trating the solution, and crystallizing.

Turner'* Patent Yellao, now almost entirely disused, may be obtained by

pwrring upon litharge, one-third of its weight of muriatic acid, and, after

letting it stand for twenty-four hours, melting the whitened litharge, by which

it becomes yellow. Goulard's extract is made by boiling litharge in vinegar.

Chromate Yellow.—This beautiful colour, which has superseded the use of

the last-mentioned pigment, is obtained by precipitating a solution of lead in

acetic acid, by the addition of a solution of the chromate of potash.

Lead is rapidly dissolved by the nitric acid. Wooden sticks, impregnated

• ith a nitric solution, made by dissolving the cuttings of lead in weak nitric

acid, have been recommended by Proust, as a substitute for port-fires, in dis

charging artillery. Most of the acida attack lead. The sulphuric does not

nnleia it be concentrated and boiling. When lead is alloyed with an equal

•tight of tin, it ceases to be acted upon by vinegar. Oils dissolve oxide of lead

and become thick and consistent, in which state they are used as tlie basis of

cement* for water works, the vehicle for paints, and various other purposes.

Sulphur dissolves lead in the dry way, and produces a brilliant and brittle

compound, which it much more fusible than lead itself. Lead unites with

toon of the metals. Gold and silver are dissolved by it at a light red heat.

Platina forms a brittle compound with lead ; mercury amalgamates with it, but

the lead is again separable from it by mere agitation, in the form of an im

palpable black powder. Copper and lead do not unite without a strong heat ;

hut the union of these metals is extremely slight, for at no greater heat than

the melting point of lead it runs from the copper. Iron does not unite with

lead in the metallic state. Tin unites very readily with lead, as already shown
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in the process of tinning lead pipes and sheet!. The compound of these metal*

being very fusible, it is used as a solder either separately or both together. The

mixture is made in various proportions : the belt solder is said to be two part*

tin and one part lead : and the common aolder, two parts lead and one part

tin. Bismuth combines readily with lead, and affords a metal of a fine close

grain, but very brittle. A mixture of eight parts bismuth, five lead, and three

tin, melt at a heat below that of boiling water. Antimony forms a brittle

compound with lead: see the article ALLOY. Nickel, cobalt, manganese, ana

zinc, do not unite with lead by fusion

LEATHER. The skins of animals, combined in a variety of ways with

astringent and other matters, to adapt them to numerous purposes of utility.

The art of preparing leather is very ancient, and is practised in almost every

country of the world by nearly similar processes. The objects obtained by this art,

are, the prevention of their destruction by putrefaction ; the rendering them

strong, tough, durable, and impervious to moisture ; and in giving them a bright

and beautiful appearance by dying and polishing; according as these qualities

may be required. The preliminary operation in making all kinds of leather,

is the separation of the fleshy and other foreign matters adhering to the skin,

the animal juices retained in its pores, and also the cuticle with it* hairy cover

ing, excepting in those instances wherein the wool is required to be left on, as

in the case of sheep-skin rugs. The skins, after being duly purified, and their

texture opened so as to adapt them to imbibe other matters in solution, are made

into leather by two different processes, one called tanning, and the other 'winy ;

and both these processes are sometimes combined in sheep, goat, and deer skins,

by tawing first and tanning afterwards, in a slight manner ; and a large pro

portion of the tanned hides of the horse, ox, and other large animals, undergo

an operation called currying, to render it flexible, and resist water. There are

many trifling variations in the processes adopted by different tanners and

leather-dressers with respect to the same kind of skins, and each kiiid is treated

differently in some respect, either in consequence of its natural peculiarities, or

the application to which it is designed when finished. Our descriptions will,

therefore, apply to the general mode of proceeding in the principal sorts of

leather.

The thin eking of cows, calves, and others of a similar texture, are soaked

for two or three days in a pit of water to free them from dirt, blood, and other

matters that may slightly adhere to them. They are then taken out, and laid

upon a horse or beam, (which is usually a semi-cylindrical piece of timber, or

the rib of a whale,) whereon they are scraped and pared, to free them from

any adhering flesh, fat, &c. The hides are next immersed in a pit containing

milk of lime, wherein they are frequently stirred, and are allowed to remain

until the cuticle of theskin is so far destroyed as to be easily rubbed or pared off

along with the hair to which it is connected. When this is found to be the

case, they are taken out, stretched upon the beam, and with a large two-handled

blunt-edged knife the workman scrapes off the hair. In lieu of this liming

process, in some places, the hides were formerly piled wet one upon another,

and covered over with spent bark, (or otherwise kept warm in what was called

a smoke-house,) until the cuticle and the hair would readily come off. The

absorption of lime in the before-mentioned process makes the skins hard and

thick ; to render them supple, and prepare them for receiving the tan liquor,

they are thrown into a pit called the puke, or mastering-pit, which contains a

quantity of putrescent dung diffused in water: the dung of dogs, pigeons, or

lea-fowl, is preferred for this purpose, that from cows and horses not being

sufficiently powerful. During the process they are frequently well stirredj

and sometimes taken out of the pit, piled up, and put in again. Wlu-n

the skins have become perfectly soft, they are taken out of the putre-

scent pit, and cleansed on the beam, when they are ready for tanning-.

The large thick hides of the ox or boar, intended for the toughest sole-leather,

being not so liable to sudden injury as the thinner skins, are frequently cleared

of their hair and other matter without resorting to the liming process. They

are allowed to ferment) .piled up in a warm place, and the putrefactive process
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a carried farther, that the cuticle and hair may be easily removed. When

this ha* been done, they are immersed for several days in sour liquor, made

from fermented barley, or rye meal ; the acid is generated in the process, and

•eerns to be the active agent in softening and opening the texture of the skin,

misted by the continuance of the fermentation, of which the skin partakes.

This process, which always precedes that of tanning, is called raising, as it has

(be effect of considerably swelling the skin. Instead of the foregoing acid,

some tanners use very dilute sulphuric acid, in the proportion of about four

pounds to a hundred gallons of water.

The process of tanning is essentially the same in all skina. It consists merely

in immersing the skin for a sufficient length of time in an infusion of oak bark,

or other vegetable astringent, until it is completely saturated with it. Hence

the art of preserving the hides of animals by this method is one of the most

indent and universal of all manufactures, no apparatus whatever being

required to perform it, except a pit or hole for water, in which the tanning

vegetable may be put, and the skin thrown in along with it. Almost equal

•implicit)' is observed in the most improved methods of tanning, the art mainly

consisting in judiciously regulating the strength of the tanning infusion, and in

the manipulation of stirring the hides in such a manner, that all that are in a

fit may be equally impregnated.

The substance used in this country is chiefly oak bark, which is ground into

a coarse powder, and is thrown into pits with water, by which an infusion of

the tan, and other soluble parts, is made, which is technically called ooze.

The hides, (previously prepared in one or other of the ways before mentioned,)

are first put into small pits, with a very weak ooze, where they are allowed

to macerate for some weeks, with frequently stirring, or handling, as it is

termed. As the process of tanning proceeds, the strength of the different

oozes ii gradually increased, after which, the half-tanned hides, (if of the

thick kind, intended for sole leather, and which require very complete tanning,)

are put into larger pits, with alternate layers of ground bark, in substance,

till the pit is filled, over which a heading of bark is also laid, and the

interstices filled up with a weak ooze to the brim. The hides are by this

arrangement supplied with a quantity of fresh tan in proportion as they absorb

the Un, previously dissolved in the water. By this mode of tanning, the

thickest leather takes .fifteen months before it is thoroughly tanned throughout;

*bich is ascertained by cutting a piece off the edge of the hide, when it should

•ppear uniformly throughout its thickness of a nutmeg-brown colour, and any

portion that is not tanned will exhibit a whitish or pale-coloured streak in the

middle.

M. Seguin, a French chemist, investigated the process of tanning with great

••riduity, and came to the conclusion that by condensing the tanning principle

to as to accelerate its action, leather might be tanned in a less number of days

than it usually takes of months. To effect this, his process is simple. He pours

water upon the powdered tan, contained in an apparatus nearly similar to that

made use of in saltpetre works. This water, by going through the tan, takes

from it a portion of its tanning principle, and by successive nitrations dissolves

every time an additional quantity of it, till at last the bark rather tends to

deprive it of some than to give up more. Seguin succeeded in bringing these

wlutions to such a degree of strength that he could, according to his own state

ment, completely tan a calf-skin in twenty-four hours, and the strongest ox-hide

in soven or eight days. These solutions containing a greater quantity of the

tinning principle, impart (it is said) to the skin as much of it as it can absorb,

*o that it can then easily attain a complete saturation of the principle, and pro

duce leather of a quality much superior to that of most countries famous for

their leather.

When a patent for Seguin's method was taken out in this country, Mr.

Nicholson stated, that from information acquired from the manufacturers, he

fcond that they had previously been sufficiently acquainted with the powers of

Wrong tanning infusions, and that it had even been proposed to employ them so

is to abridge the process, but the leather thus produced was by no means equal
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to that produced in the old way. The advantage of the alow and gradual pro

cess appears to be, that the whole substance of the skin is penetrated and equally

changed ; while in the more rapid method the external must be more acted on.

and the texture probably more unequal. It appears also from Sir H. Davy's

experiments, to combine with a larger quantity of the extractive matter con

tained in the astringent infusion ; and hence, too, the advantage of the immer

sions in the weak liquors, as these contain more of this than the strong infusions.

It must be confessed, however, that for any thing theory can discover, the com

mon process appears to be unnecessarily protracted, and some advantage might

probably be derived from adopting some of the manipulations of Seguin.

To accelerate the process of tanning, warm infusions of the tanning liquor,

instead of cold, have been employed, and we are informed with some degree of

success. With the same object in view, it has likewise been attempted to make,

leather by forcing the tanning liquor into the pores of the skin by mechanical

pressure. The first of these attempts was made by Mr. Francis Gibbon SpiU-

bury, of Walsall, in Staffordshire, who took out a patent for his process in 1824,

which he thus describes in his specification :—" My invention consists in the

introduction of the tan liquor, by means of mechanical force, into the pores or

substance of the skin or hide, which 1 effect in the following manner :—The

akin or hide being cleansed, and otherwise prepared in the usual ways for the

action of the tan liquor, is to be carefully examined, and any holes that maybe

found are to be sewed, or otherwise secured, by means which are well known

■o as to prevent the liquor from running through ; after which it is in a propci

state to be exposed to the action of the tan liquor, in conjunction with mechs-

nical pressure, which I effect in the following manner. I provide three frames,

of similar shapes, made of wood, copper, or any other suitable material (I may

mention that the use of iron for this purpose, unless covered with a coating of

paint, should be avoided, as its effects would be to blacken the skin or hide),

and furnished at the sides with ears or loops, for the reception of screw-bolts,

the object being, by means of the outer frames, to press two skins or hides, one

on each side, against the middle frame, and through an aperture in this middle

frame to introduce the tan liquor under pressure into the space thus formed

between the two hides, the effect of which will be to produce a continued filtra

tion or percolation of the liquor ; and in consequence of which, the tanning

process rapidly takes place. The middle frame differs from the others in having

two pipes let into it at the top, and a cock let into it at the bottom. One of the

exterior frames being laid flat down, with its inner surface uppermost, a skin or

hide, previously prepared as aforesaid, is laid or stretched over it ; the middle

frame is then laid on, taking care that the edges of the skin or hide shall be

every where griped or nipped between the two frames ; a second skin or hide,

prepared as aforesaid, is then to be laid on the middle frame ; and lastly, the

other exterior frame is to be laid on, care being taken that the edges of the

second skin or hide shall be every where griped or nipped between the middle

frame and the last exterior frame. The frames and skins are then to be secured

by means of screw bolts, entering into screwed holes, in the ears or loops. The

frames are then to be raised upright ; one of the pipes is to be secured to a pipe

communicating with a cistern containing tan liquor ; the other pipe is to be left

open for the escape of air, and the cock at the bottom is to be closed. The cock

of the pipe communicating with the cistern being opened, the liquor contained

in the cistern will flow down, and will occupy the space between the two skins

or hides, driving out the air. When the liquor has risen into the pipe for the

escape of the air, showing that the space is filled, its cock is to be closed ; upon

which the tan liquor between the skins or hides being subjected to hydrostatic

pressure, by means of the communication with the cistern (and which may be

produced, increased and varied by methods well known), will be forced through

the pores or substance of the skins or hides, and will appear in the form of dew.

or small drops, on their outward surface. The time required for completing the

tanning will vary according to the density of the skins or hides, the strength of

the tan liquor, the amount of the hydrostatic pressure, and other circumstance*

When the skins or hides are found to be tanned, they are to be removed rtv.«
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the frames, and their outer edges, as far as they were squeezed or nipped

between the frames, must be pared off; the skins or hides are then to be dried,

.-id prepared for market in the usual manner. It is not my intention to claim,

under this patent, the exclusive use of the frames, screw bolts, pipes, or any

article of apparatus herein mentioned ; or the use of any particular kind of tan

liquor, or any mode or process of preparing and of finishing the skins or hides,

tare and except the application of the machines or engines herein described or

srt forth, or any imitation of them, for the purpose of causing the tan liquor or

liquors to pass, by filtration, or percolation, through skins or hides. The appa

ratus herein described for effecting this purpose is such as I have employed

with success, and consider, upon the whole, to be best ; but particular loc.nl

situations, or other circumstances, may render it expedient to change the

shape of the frames, or their vertical positions, for some other ; or to enclose

between the middle frames and either of the exterior ones, two or more skins

or hides, instead of the single one, as above mentioned. Fig. 1 is a front view,

and F>h 2 is a side view. The same letters of reference indicate the same parts

in each figure ; a a is one of the exterior frames ; b b is the other exterior

frame; it are two hides, secured between the exterior frames and the middle

frame, by means of the screw bolts ; d is the cistern containing the tan liquor ;

t is the pipe through which the tan liquor descends from the cistern into the

spice or cavity between the two hides, and which will vary in length according

 

!« the amount of hydrostatic pressure intended to be given ; / is the exit pipe,

through which the air escapes when the liquor is running down through the

pipe e ; g is a cock for the purpose of discharging from between the skins."

Shortly after Mr. Spilsbury enrolled his specification, another person took

—: a patent for a slight deviation in the apparatus, but on the same principle
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as Mr. Salisbury's. Neither of these gentlemen, however, according to our

information, have as yet succeeded in bringing their plans into practical

operation, owing, we understand, to the curious circumstance, that the pressure

has a tendency to drive the gelatin out of the skin, and to convert it into a

very hard and inflexible material, not at all applicable to the ordinary uses of

leather.

In 1827, Messrs. Knowlys and Daesbury obtained a patent for improvements

in tanning, having a similar object in view, and, as it appears to us, with an

arrangement better calculated to succeed. The skins were to be suspended

vertically in a large air-tight vat, which, as well as the skins, were to be com

pletely exhausted of air, previous to saturating them with the tan liquor, which

the skins will, in consequence, more readily imbibe. A large aperture, or man

hole, is made in the top of the vat, for a workman to descend and hang up the

skins, which are stretched from side to side upon hooks, at a regular distance

apart, and kept in vertical and parallel positions by leaden weights, at their

lower edges. This being done, a weak infusion of tan is admitted, until it

covers the hides ; the workman then closes the man-hole by the cover, which

is rendered air-tight by a proper packing upon its rebated edges ; the air is next

exhausted by the air-pump as far as may be deemed necessary ; in this slate

the vessel is to remain for a day or two, when the air may be re-admitted by a

stop-cock, and the liquor pumped out through a pipe at the bottom of the

vessel The hides are then to remain to drain, and in contact with the air for

a few hours, after which a second infusion of tan, stronger than that first used,

is let in to cover the hides, and the process repeated 'as often as may be found

necessary to completely tan the hides, increasing the strength of the liquors at

every successive operation.

Our transatlantic brethren are not behind us in attempts to improve the old

system of tanning. In the Journal of the Franklin Institute, we find the fol

lowing specification of an American patent, granted to Osmond Cagswel), in

1831, which seems to be well deserving of the attention of the British tanner:—

" The improvement consists in applying a solution of oak or other bark to hides

or skins, in such manner, as that when the glutinous particles of the hide have

absorbed and become mixed with the tanning or astringent principle, the other

part of the solution (viz. the water) may pass off, and leave the hide free to

receive more of the solution, and so on till it is tanned. The object is to

expedite the process of tanning, and, consequently, to diminish the amount of

capital necessary to be employed in the business. The apparatui, and mode of

applieathn, is as follows : Make a frame of timber, of a square form ; the width

to be made as great as the width of the hides, parts of hides, or skins, that are

to be tanned; the height and length to suit convenience. Near the bottom, or

ground of said frame, a light floor is to be formed of the length and breadth

of the frame ; said floor to incline to one side, so as to carry off the li'fuor

after it has passed through the hide ; the sides and ends to be raised from two

to four inches above the floor, by fastening strips of plank on the inside of the

frame ; this wiU appear like a box,—say four feet wide, two inches high on one

side, and four on the other, and twenty feet long ; (these boxes may be fixed

one above another, about twelve inches apart, to the top of the frame ;) said

boxes to be filled with tatcduit, or any other soft porous substance that will

not prevent the solution from running through the hide, and, at the same time,

absorb and carry it off after it has passed through. On this surface (of sawdust)

the hides, sides, or skins, (after having been prepared in the usual mode for

tanning, except that the flesh is to be taken on clean,^ are to be smoothly

spread out, and, in order to keep on them a sufficient quantity of the

solution, make sacks of coarse cotton or other cloth, an inch or more in

diameter; fill them with the same material that the boxes arc filled with,

and place them around under the edges of the hides, which* will raise

said edges equal to the diameter of the sacks. After this is done, pour on

the hides as much of the solution as the hollow surface which they will then

present will hold, and continue to fill them up as it runs off through tha

pores of the hide for the space of from three to fifteen day* (the time in
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proportion to the thickness of the hide or skin), in which time they will be

united, except the extreme parts or edges, which cannot be brought so fully

under the process as the other parts of the hides ; and in order perfectly to tan

then it is necessary to lay them in vats after the common mode, for three

or four weeks."

In 1832 Mr. William Drake, of Bcdminster, near Bristol, specified a patent

" for an improvement in tanning hides and skins," the novelty of which consists

in applying the tanning liquor on one side only of the skin, and causing it to ooze

through the skin to the other side, whence the aqueous portion of the liquor is

abstracted by evaporation ; the results of which process are stated to be, that

the skins are more thoroughly and uniformly tanned, and that the operation is

rompleted with cold liquor in ten days instead of ten months. The specification

-utes that the skins are to undergo the usual primary process of liming ; they are

then to be immersed and well handled in a vessel containing backward (a weak

liiu'on of tan) until thoroughly saturated, which removes the lime and pre

pares them for a stronger impregnation. Thus prepared, the skins (excepting

rach as are intended for butts and middlings) are to be rounded ; then two of

them are to be laid face to face, and be carefully sewn together with waxed

thread at their edges, so as to form a kind of bag impervious at the junction.

Wiring a small opening at the shoulder for the insertion of the neck of a funnel

•hsped vessel ; but the patentee observes, it would be better to sew between the

•tins a collar adapted to receive the end of the funnel. As bags so formed

would bulge out when filled, they are to be confined between two gridiron-

Vse frames of parallel bars, adapted to compress the bag in such a manner as to

prodnee internally a vertical stratum of liquid of about an inch in thickness

between the two skins ; and as the skins are thickest towards their middles,

this variation is compensated for by cutting away a portion of the vertical

wooden bars from a straight into a hollow curved line. The skins are suspended

by loops to the bags, which traverse the upper horizontal bars of the frames,

and the two frames are duly drawn together by four screw bolts passing through

the extremities of the top and bottom bars. The funnel being inserted into the

aperture between the skins, it is charged with strong tail liquor sufficient to

distend the bag, and leave a surplus quantity to supply the loss by evaporation

after the moisture has penetrated to the outside of the bags ; a small gutter at

the bottom of and between the frames receives whatever liquors may drop from

the skins, and conducts it into a vessel, by which it is returned whenever neces-

«ry into the funnel reservoir above. To prevent the compression of the ver

tical bars from forming permanent indentations and ridges in the skins, the

patentee directs that the bags be occasionally shifted a little laterally.

To facilitate the evaporation, and consequently the absorption of fresh solu

tions of tan, the operations are recommended to be conducted in chambers

artificially warmed, and the liquor which oozes through the skin, and is received

into the gutters, is directed to be conducted into vessels acting the part of refri

geratories, in order that cold liquor may always be supplied to the skins; (but

how this liquor is to be preserved cold in a warm chamber, the specification

does not explain). When the skin; are sufficiently tanned, a stitch or two of

the sewing at the bottom of the bag is opened, and the liquor is received into,

and carried off by, the gutter underneath.

The claim to invention in this patent consists in the mode of accelerating the

penetration of the tanning liquor by exposing the outer sides of the skins to

fviporation. The process seems to be well calculated to economize time, but

there is one defect in the arrangement for which we would suggest a remedy.

iae skins being laid vertically, the pressure of the column of liquid will cause

i much more rapid absorption of the tan in the lower than in the upper part of

the skins ; and if no injury be sustained by the lower, by continuing the pro

cess until the upper is fully saturated with tan, there is, at the least, a loss of

una, it is also probable that the liquor is stronger at the bottom than at the

top of the bag. From both these causes, therefore, we should not expect that

tat leather produced would be uniform in its quality. To obviate these defects,

»e recommend the patentee to suspend his frames midway upon revolving axes,
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mhI to fix at each end of his bag a charging vessel with a stop-cock, or

some other simple contrivance to answer the same purpose : the bags may then

be reversed at pleasure, swinging them round upon their axes into any desirr d

position, and the lateral shifting between the bars will take place of itself. If

there were only one charging vessel with a stop-cock to it, it would suffice ; a?

by turning the frame half-way round it would serve for a discharging aperture.

Mr. Jacquemart, of Leicester Square, London, recently introduced, under a

patent right, a process of tanning, which is stated to be especially applicable to

the skins of small animals, such as hares, rabbits, cats, and sea rats. Upon

reading the speciiication, however, we did not find any thing essentially different

from that which 13 well known, and in use, except that he adds a small quan

tity of orpimenl to the other ingredients employed in tanning ; 5 or 6 ounces are

mentioned as a proper quantity for a hundred of the small skins. He com

mences the process by removing the hair from the skins; first taking off the

long hair and afterwards the short ; and to facilitate this operation, he steeps

the skins in water slightly acidulated, (using sulphuric acid, in very small quan

tities,) or in the milk of lime ; and in either of these the skins are suffered iu

remain till the matter which fixes the hair to the hide is decomposed. After

the hair has been removed, the skins are to be again steeped in water contain

ing a very small proportion of sulphuric acid, in order to raise or thicken them.

The tanning is effected by steeping the skins in an infusion of bark, wiih the

addition of the orpiment ; the manipulations being the same as is practised in

ordinary.

Of the numerous substances employed in tanning, oak bark is the chief in

this country, not merely on account of its suitable properties, but from its com

paratively low price, and the facility with which it may be obtained almost every

where. In Russia, where the best of leather is made, the bark of the black

willow is preferred, and next to that, the bircli bark. Chesnut bark is now

much esteemed for the purpose. A tanner at Bern-castle, on the Moselle, has

lately employed the myrtle with great advantage ; it is reported that by the use

of it as a substitute for oak bark, better leather is made by it in much less time :

a commission appointed at Treves, for the examination of leather so tanned,

reported that tiiey never before saw any article equal to it in quality. The

Recited Indmlriel has recently stated, that at Narbonne, the marc of grapes,

after being distilled for the separation of the alcohol, had been found a most

important substitute for oak bark in tanning. After the skins had been pre

pared in the usual way, they were placed in the pits containing the marc instead

of bark ; the skins were completely tanned in from thirty-five to forty days.

The expected advantages are, shortening the process, reducing the cost, im

proved odour, and greater strength. But of all the substances of recent intro

duction, the extract from the mimosa, known in commerce by the terms gum

catechu, and Japan earth, is the richest in tannin matter. This tree grows in

vast abundance in New South Wales ; where preparations have been made fui

making the extract on a great scale for the tanning process. The leather made

from it is of a beautiful colour, and an excellent quality.

The experiments of Sir Humphrey Davy show, that lib. of catechu is nearly

equal to 2J of galls, to 3 of sumach, to 7 J of the bark of the Leicester willow, %\

of oak-bark, 11 of the bark of the Spanish chesnut, 18 of elm bark, and 21 of

common willow bark, wiih respect to the tannin contained in them. He observe*,

too, that leather slowly tanned in weak infusions of bark, appears to be better

in quality, being both softer and stronger than when tanned by strong infusions ;

and he ascribes this to the extractive matter they imbibe. This principle,

therefore, affects the quality of the material employed in tanning ; and galls,

which contain a great deal of tannin, make a hard leather very liable to crack,

from their deficiency of extractive matter.

The preparing and dressing of lambs, sheep, deer, goat, and other thin hides,

closely resembles the method used with those of thicker or larger kind already

mentioned, but it usually forms a distinct branch of business ; and it is one

that requires much practical skill and nicety of manipulation, to produce good?

of the desired quality. The processes vary in many particulars, according to the
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uture of the commodity. This branch of the leather manufacture supplies the

immense demand of white and dyed leather, the (so called) Spanish and Morocco

leather, of different colours and qualities, and a great variety of thin leather for

different purposes. Of these, the white leather alone is not tanned, but is pre

pared by the process called tawing; but the coloured leather receives always :i

tanning, which la usually effected by sumach, independently of the other dyeing

materials. The previous preparation of each, or that in which the skin i

thoroughly cleansed, and reduced to the state of simple membrane, in which

it u called pflt, is especially the same, whether for tawing or dyeing. The

mode of performing these operations at Bermondsey, adjoining London, is a*

Mows :—Lamb skins, are first soaked for a time in water, to cleanse them from

tiie loose dirt and blood, then put upon the beam, (a half-cylinder of wood, covered

•jib, strong leather,) and scraped on the flesh side with the semicircular blunt

loife with two handles, used for this operation; they are then hungup in consi

derable numbers, in a small close room heated by flues, where they remain to

putrefy for a given time, during which a thick slime works up to the surface of

the skin, and the wool is loosed, so that it readily comes off with a slight pull.

EJC'U skin U then returned to the beam, the wool taken off and preserved, and

all the sJime worked off with the knife, and the rough edges pared away. The

•kin it next put into a pit filled with lime water, and kept there from two to six

vecks, according to the nature of the skin ; this process has the effect of stop

ping the putrefaction of the skins, and renders them thicker and harder; after

which it is again worked upon the beam, and much of its substance is pared

uotrn, and all inequalities smoothed with the knife. Much skill and judgment

ate required in these operations; on the one hand, not to endanger the substance

i'f tiie skin by the putrefaction, and on the other hand, to work out every par

ti Jt of the slime, the least of which, if retained, will prevent the skin from dressing

'• ell in the subsequent processes, and from taking the dye uniformly and weh.

i iit skin is again softened and freed from the lime, by being plunged into a vat of

bran and water, and kept there for some weeks in a state of gentle fermentation,

l*ii:g occasionally returned to the beam. All the thickening produced by the

liiue i* thus removed, and the skin in this highly purified state, is a thin exten-

tible white membrane, called a pelt, which is a condition that adapts it to any

mbsequent operation, of tawing, or dyeing, oil-dressing, or sharnmoying.

The method of bringing kid and goat skins to the state of pelt, is nearly the

lame as fur lambs, except that the liming is used before the hair is taken off) the

hair, bting only employed by plasterers, is of little value ; but the lamb's wool,

•liich U more valuable, would be injured by the lime. Kid's skins, being of a

ckwer texture than lambs', take a long time in tanning.

It' the pc-lts are to be tawed, they are then put into a solution of alum and

tall, in warm water, in the proportion of about three pounds of alum, and four

pounds of salt to every 120 middle sized skins, and worked therein till they

I arc absorbed a sufficient quantity. This again gives the skin a remarkable

drgree of thickness and toughness. The skins are then taken out, washed in

valer, and then again put into a vat of bran and water ; and allowed to ferment

Sm a time, till much of the alum and salt is got out, and the usual thickening

produced by them is for the most part reduced. They are then taken to a

l"fty room, with a stove in the middle, and stretched on hooks, and kept there till

iully dry. The skins are thus converted into a tough, flexible, and quite white

leather; In / to give them a glossy finish, and to take off the harshness of feel

Aft remaining, they are again soaked in water, to extract more of the salt, and

pot into a large pail containing the yolks of eggs beat up with water. Here

'-He tkins are trodden for a long time, by which they so completely imbibe ihc

rab«unce of the eggs, that the liquor above them is rendered almost perfectly

L3>pid; after which they are bung up in a loft to dry, und finish by glossing

vita • worm iron. The essential difference between tunning and tawing there-

bn, is, that in the former case the pelt is combined with tan or other vegetable

natter, and in the latter with something that it imbibes from the alum and

•It, prooably alumine.

Tfce Morocco leather (so termed from ii being the lame description of article
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a> wag formerly imported from the kingdom of Morocco,) is distinguished inrs

two kinds ; one being made from deers' and goats' skins, which kind is by fu

the most durable and beautiful in appearance, and often called "real Morocco;"

the other from sheep skins, which, from being only about one-third the price of

the real, and being artfully made to imitate the other, by the dressing and

finish, is most extensively used for book-binding, shoes, coverings to desks, fur

niture, and an infinite variety of purposes. The leather is thus made :—Tie

skin, cleansed and worked in the way already described, is taken from the lime

water, and the thickening thereby occasioned is brought down, not by brar.

liquor, as in tawing, hut by a bath of dogs' or pigeons' dung diffused in water,

where it remains until sufficiently suppled, and until the lime is quite got out

and it becomes a perfectly white clean pelt. If intended to be dyed red, or as;

other colour, the opposite edges of the skin are brought together and sewed u;

very tight, forming an irregular close bag, with the grain side of the skin out

wards, as this side alone receives the dye ; therefore, if there are any holes in

the skin, they are also sewn up that the dye may not get inside the bag and

dye both sides of the skin. The temperature of the bath should not be greater

than the hand can bear, when the skin bags may be thrown in, which Oca:

upon the surface, the dyer working them about with a rod until they ban

imbibed the dye uniformly. The proper management of this process require!

much skill and experience, some colours, particularly the compound, requi:;

two or more baths to obtain the required hue. The cochineal and Brazil red'

are usually passed through a weak bath of saffron, which heightens the bruliar:

of the colour, and gives an agreeable odour to the skins. After dyeing, uV

skins are tanned in a large vat containing a warm infusion of sumach, whers

they are kept for some hours, until they are sufficiently tanned. Those ikuu

that are intended to be black, are first tanned in sumach, without any previ

dyeing, as the sumach (or the gallic acid contained in it) acts as a mordant. I

strike a black colour by the addition of a solution of iron, which is rubbed over:

them by a workman with a stiff brush.

The next processes are polishing and graining; they are performed either

by hand or by machinery, and are technically called finishing. When per

formed by hand, the workman takes a skin and lays it before him upon

inclined mahogany table, the highest side of which is upon a level with i»<

workman's middle, and the opposite side about a foot lower, in order that the

weight of the body may assist in giving effect lu the polisher ; this is a ball •

glass cut into polygonal surfaces, with which the workman, holding it betweoi

his fists, rubs the surface of the skin uniformly from the higher part of tin

table to the lower, the weight of the upper pnrt of the body being the princitu

force applied : the skin being held by its edges overhanging the highest side >

the table against which the man presses during the work. This polishing 01

glazing of the surface, (which greatly improves the appearance of the article,

being done, the graining is proceeded in. For this purpose the work:.

employs a ball of hard wood, usually box or lignum vitae, around which, equ^

tonally, are cut a series of equi-distant parallel grooves, producing thereby t:

alternating series of projecting parallel ridges ; with these ridges the work-

scores the skin all over in parallel lines, and when that is done he shifts the ski:;

little, so as to cross the first lines at a very acute angle, with his ridged ball ; whicl:

he does uniformly over the skin, and thus produces a regularly corrugated surf.

Iu the application of machinery to the operations of polishing and grain::-

the principal difficulty to be overcome was to make the action accommodv

itself to the varying thickness, hardness, and texture of the skin ; for the neco.

sary quantity of force to grain the firm parts of the skin, would, if applied I

the tender parts, tear them ; and unless the machine possessed a very sensi:

degree of flexibility, the prominent parts would get severely rubbed or strut*

while the depressed parts would not get touched, or be but slightly acted upon

We shall annex a description of the earliest invention (about twenty-five yea:

ago) for this purpose, which has been in use ever since.

Hebert's Patent Leather-finishing Machine.—This essentially consists of a vet

stiff circular frame or wheel, 8 feet in diameter, revolving horizontally on
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vertical axis. On the under side of the periphery of ihis wheel are fixed, in

suitable carriages, a series of circular polishers or grainers, according to the

nature of the work to be done : the carriages being provided with proper means

of adjusting the position of the rubbers with great exactness, and of readily

fixing, unfixing, and changing them, according to circumatancea. These nili-

bm, in their revolution, pass directly over a series of eight tables, circularly

arranged underneath them. The upper surfaces of the tables are all brought to

one true horizontal plane, parallel to the plane described by the under surfaces

of the rubbers in their revolution. The skins to be polished or grained, are

placed on these tables, one on each, and if they were all perfectly equal in

thickness, tenacity, and texture, very little more would be required to make

nich a machine work ; hut as the skins differ in every possible degree in those

qualities, the tables are mounted upon elastic bearings, and are further sup

ported by a lever to each, at the end of which lever is a step or treadle,

whereon the workman stands, either with both feet or with one foot only, that

he may temper the force according to circumstances, or the nature of the work

under operation ; and when he steps entirely oil' the lever, the table falls below

the level of the range of the rubbers, and therefore out of action. When the

man is on the step, the surface of the table over which the rubbers act, approaches

within the hundredth part of an inch of the plane described by the lower sides

of the rubbers, so that when a skin is interposed, the thinnest parts are operated

upon, and with a force as slight as the workman pleases, and the thick and

tough parts with any greater pressure at the direction of the operator. For

attaining and preserving a very true plane on that part of the table over which

the polishers and grainers traverse, that portion of it is made of brass with

adjusting screws underneath. The extremities of this metallic portion are gra

dually lowered a little from the true plane to prevent the rubbers sinking the

ikin a* they pass in rapid succession on to or nil' their work. A workman, who

•lands before each table, spreads the skin upon it, and keeps constantly shifting

it after each rub it receives, till it has all been operated all over alike in parallel

fine* ; he then turns the skin a little sideways, so that the grainers pass over

the previous lines at an acute angle, as before mentioned in the hand work.

The glazing and graining of leather may thus be performed in an equal, if not a

superior manner to that of hand finishing, and at about one-tenth the cost. Owing

to the ground rubbers not being properly chamfered off towards their edges, and

to the irregular movements of the skin over the table, by unpractised operators,

the skins were at first occasionally scored, showing in a disadvantageous manner

iHe curved lines upon its surface. These defects were soon remedied by atten

tion to the point) mentioned, and the work afterwards executed was upon the

vbole of a superior description ; for it will be readily conceived, that with so great

» radios as 4 feet (the wheel being 8 feet in diameter), the curvilinear form of the

Cues 10 close together, and crossing each other, so as to form minute lozenge-

thaped projections, would appear to be straight ; and that if a scratch be made

KTOU a skin, it would equally mar its beauty, whether it were in a straight or

i emed line. However, a gentleman of great talent (Mr. Joseph Ellis) subse

quently conceived the idea of a finishing machine that would groove the skin in
• •night lines ; and it was constructed with great accuracy and beauty of work

manship by Mr. Alexander Galloway, who joined Mr. Ellis in a patent for it.

Whether this machine was ever brought to work to advantage the writer is not

tn&rtned, or has no recollection, hut it appears to him to be of a character

Storing of notice in this place.

£25*'i Machine.—Instead of a great wheel revolving horizontally, like Hebert's,

b« employed a little wheel (about 30 inches diameter), which revolved vertically

Eke a grindstone; on the outside edge of which were fixed, in suitable carriages,

'•"* giazers and grainers, provided with proper adjustments. The table on which

J» akin* were laid was a hollow segment of a circle, of the same radius as that

toeribed by the rubbing surfaces of the glazcrs and grainers ; thus the skins

•en impressed with right lines by a curvilinear motion, owing to their lying in a

WW cun e. The specification of this invention, very ably and fully described,

• given in the thirteenth volume of the Repertory of Arts, Second Series, to
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which the reader ii referred for the details ; an inspection of the drawing*

in which inclines us to think the machine may have failed from two causes ;

JKrit, the finisher incurs great risks from blows by the revolving tools as they

successively descend into the hollow curve wherein the skin is operated upon.

He has to look doom this curve to see his work ; and as the view is a very

unfavourable one for examination, he might inadvertently put his bead too near

and get a fatal blow. If a guard were put up to prevent such an accident, it

would be in the way, and obstruct light in a situation where more is wanted.

Second, The necessity of extraordinarily accurate workmanship to make a per

fect adjustment of the concave surface of the table, with the curve described by

the revolving tools. A third objection will probably lie against the direction in

which the table is brought into or goes out of action ; it is made to slide in a

horizontal and tangential line with the lower side of the circle described by the

tools, consequently the lower extremity of the table comes into action first, which

must subject this important part of the machine to shocks very unfavourable

to the preservation of a perfectly true bearing. We submit that it would be

better to make the table move in a radial line to the centre of the wheel, or at

the least, in a tangent to a very small inner circle.

Splitting of Hides and Slam.—We have already noticed that after a sheep

skin, or other raw hide, has been cleansed and purified from all extraneous

matters, it undergoes a scraping and paring of its inner surface to give it m

thinner or more uniform substance ; by these processes the subsequent dyeing

and tanning are greatly facilitated. This reduction of the substance was once

entirely, and is still partially, executed by means of a knife in the hands of

workmen, some of whom are so dexterous as to be able at every stroke of the

knife to take off a shaving the whole breadth of the beam. The utmost exer

tion of ordinary skill was, however, insufficient to] prevent the frequent recur

rence of unlucky cuts, by which the value of the skin was considerably

lessened, and the pieces sliced or scraped off were only applicable to the

making of glue. But by the introduction of machinery to effect this operation,

the skin is now divided throughout its entire substance into two parts of equal

extent, one of which is subsequently converted into leather, and the other into

parchment : at the same time the upper or hair side of the skin is thereby

made smoother and of a more uniform thickness, which enhances its value.

During the last forty years a variety of highly ingenious machines have been

constructed for this curious and apparently difficult operation. It is now about

twenty-seven years ago that we saw a beautiful machine for this purpose at

work in the extensive manufactory of the Messrs. Bevington, near Bermondsey,

the peculiar or essential features of which we shall be able to afford the reader

an idea of in a few words.

Bevington's Splitting Machine.—In a stout A framing were mounted two

horizontal rollers or cylinders, which were made to revolve in opposite direc

tions by means of pinions at one of their extremities gearing into each other.

The lower roller was solid and turned concentrically upon its -axis ; over this

roller the skin in its wet state was spread out across its breadth, with its even

side next to the roller, the uneven or flesh side being uppermost To give an

uniform pressure to the uneven side of the skin, a species of flexibility was con

ferred to the upper roller by compounding it of a series of circular metallic

plates, like a roll of penny pieces, but which were about half an inch in thick

ness, and three inches in diameter; each plate had two holes, one in the centre,

through which passed a fixed axis, smaller than the hole, in order that the

plates might have a certain degree of play or eccentricity of motion ; the other

hole was about midway between the centre and the circumference, through

which a rod passed freely, the extremities of which were so fixed to flanges ai

the extremity of the roller as to perform a planetary motion round the common

centre of the plates ; and as the rod passed through all the circular plates, they

were all earned round with it, while the centre of motion of each individual

plate, owing to the play given to them, were constantly being changed in pro

portion to the thickness of that part of the skin pressed against it, by the revo

lution of the lower inflexible roller. As the skin emerged from the hite between
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the rollers, it came in contact with the straight edge of a very sharp knit;-, to

vhtch a constant sawing-like motion was communicated by the revolution of n

cra.it. The circular plates, which were turned with great truth, were not

pressed fast laterally, but kept slack and well oiled, their sides sliding freely

igainst one another, so that each individual plate pressed simply by its own

gravity, in order that however varied the thickness of the skin, the pressure

ihould" be uniform over the whole surface.

By this arrrangement it will be observed, that the upper portion of the skin

is the uneven one, and that the lower portion is the perfect skin, smooth, and

uniform in all its parts. As a curiosity, and to show the capability of the machine,

iheep-skiiis were sometimes split into three parts of equal area; the outside one

being applicable to the preparation • of several kinds of leather, the middle to

the making of parchment, while that on the flesh side, from its inequality of

thieknens, and want of firmness, was only applicable to the making of glue.

Stott't Splitting Machine.—About the same period of time that we saw the

machine at Messrs. Bevington's (which, we should have added, was said to be

the invention of Lieut. Parr), another machine was brought under the notice of

the Society of Arts, who rewarded the inventor, Benjamin Stott, of Bermondsey

Street, with the sum of twenty guineas for the communication of the same. It

» described with engravings in the twenty-fourth volume of the Society's

Trmiactiom, of which we subjoin the following brief account:—The skin is

wrapped round a cut-iron barrel, having wooden ends, over which the sides of

the skin are overlapped and made fast by pins stuck through them into the wood.

There is also a longitudinal groove in the barrel for the insertion of a locking

bar with points that holds down the ends of the skin underneath them. The

barrel, with the skin so stretched upon it, is made to revolve by the agency of an

attached cord passing over a pulley, and having a weight appended to the other

end. The axis of the barrel rests upon two anti-frictiun rollers, which turn in

a dip of brass fixed to the wooden frame of the machine ; and the weight is

only just sufficient to overcome the friction of these parts, and to bring up the

skin against the edge of the knife as it cuts by the traversing motion of a frame

to which it is screwed.

Revere t Splitting Machine.—By a reference to the eighteenth volume of the

Reprrtory «{Art*, Second Series, we find the specification of an English patent

granted to Mr. Joseph Warren Revere, an American, " for a new and improved

method of splitting hides and shaving leather," dated 1810, in which the

patentee declares his method to " consist in the use of a Jixed or stationary

knife, and in so placing and confining it as to meet the hide or leather before it

escapes from the action of the forcing cylinders ; and also in the construction of,

ted the manner in which, a powerful action is obtained from the forcing cylin

ders, whereby the hide or leather, as it passes through, has not room to deviate,

but must necessarily be forced and proceed right onward to the knife, and

undergo the splitting and shaving intended. By this machine the hides or

leather are split or divided into any thickness required, and with great expe

dition ; and when divided or split, are left with smooth surfaces, and free from

toy marks of the knife." Thus far saith the record of the patentee ; but

whether the motion of4he knife can be dispensed with, and yet produce good

vork, is a point that may still be questioned. Vt <• can conceive the possibility

cl in answering to split a skin, were it of uniform thickness; but it is other-

•i*e, and the patentee has made no provision in his machine to accommodate

that circumstance. He has a feeding roller set all over with points, which con-

CMttj the skin between a pair of inflexible rollers, " grooved or fluted longitu-

cirrmlly upon the surface of both of them ;" and it is these that are said to force the

•tin so that it cannot deviate from passing on each side of the edge of the knife.

Eat it seems to ui evident that a sheep skin, varying as it does in its thickness,

cms! be absolutely crushed in its thick parts before the thin parts can be com-

'ffesttd firm enough to be cut by a mere push, especially at that distance that a

coife edge can approach & fluted ro\\e*\ and as Aeprrteure must be unequal where

<>* curfieei of the skin are not parallel and the rollers are, it seems to follow that

>.* skin would be cut into ridges in the direction of the motion of the ikirt.
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We shall finish our account of this curious branch of art by the description

of a novel and recently patented invention for the purpose, which has been

furnished to us by that eminent draftsman, Mr. C. Davy, of Furnival's Inn,

London.

Duxbury'* Patent Skin Splitting Machine.—Mr. Davy states that it has been

found that the parallel sides of a cylinder are not adapted for the smooth exten

sion of a ikin upon them ; and that the consequence of compressing it between

such surfaces is to form little wrinkles, which the straight knife cuts through,

and thereby produces holes. To obviate this defect, and also that of the ridges

produced by the recipioc:iting action of the knife, a variety of machines ha>

been projected, in which the cutters partook of a rotatory motion ; but the

mechanical difficulties attending the application of the principle have led to

tin ir abandonment. Mr Duxbury has, however, by a novel position of the

cutters, and a peculiar form of the bed over which the skin is laid, overcome

all those difficulties, and the skins are cut by one continuous smooth slice over

the whole surface. The machine, as shown in the subjoined engraving*, i'iy. 1

 

and 2, essentially consist of a great vertical wheel A, 17 feet in diameter, com

posed of wood, strengthened by iron arms ; the axle of which turns in plumrner

blocks, upon a strong framing I I. On the periphery of this wheel are fixed

twenty-five thin plates of steel, ground to a fine edge, nnd so closely fitted u

to form a complete circular knife, projecting a short distance liorixontaliy from

the side of the wheel. The skin to be split passes over the drum £, whicii

instead of being straight sided longitudinally, has a curved concavity of t ! -

eaine radiii* as the curve described by the revolving knives, or contino—Jnned
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circular knife before mentioned ; his

drum is made of wood externally,

tilted upon an iron frame, and turned

to the true curve. A slit is cut lon

gitudinally on the surface of the

drum, wherein the edges of the skin

art secured ; and the skin is kept

distended during the operation by

means of a cast-iron frame F, called

by the patentee the governor, and

shown in the following figure (3), on

a larger scale. The ends slide in

guides in the upright posts of the

framing, to which it may be adjusted

and fixed ; and it is provided at K

with a lever and chain for raising or

lowering it from its position, as mav

be required. The skin as it is split

panes through the opening H, and

thence on to the roller G, whereon it

a wound. Motion is given to the

machine by a band passing round

the pulley B, which actuates the pul

ley C on the same axis ; and this, by

means of an endless band, turns the

pulley D ; on the axis of the latter

B an endless screw M, which turns

the wheel L on the axis of the

drum ; thus motion is communicated

to the whole. In splitting small

ikins, several drums, such as that

described, are arranged under the

lower side of the great cutting wherl

 

The patentee also employs occasionally

Fig. 3.

 

i " governor " of a different kind, to compensate nny irregularity that

there may be in the surface of the drum ; it consists, as shown in the annexed

figure (4), of a series of pieces of metal hanging loosely on a bar, so that they

may, simply by their gravity, press with a uniform force upon an irregular

rarface.

n
Fig. 4.

Leather.—This operation, which usually forms quite a distinct

business, consists -in a peculiar mode of dressing or preparing leather for boots,

'hoe». harness, and a variety of other things. The dressing of H calf skin for

the upper-leathers of shoes, will give a general idea of the process. The offal

VOL. ||. K
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parts, such as the head, tail, and shanks, being first taken off, (which is called

rounding the skin,) it is soaked in a tub of water preparatory to shaving, which

is performed upon a beam. The beam is a post fixed in an inclined position,

and faced with lignum-vitoe, about 8 inches broad. The knife is a stout rect

angular blade, about 12 inches long and 5 inches wide, with two edges ; one

end has a straight handle, and the other a cross handle in the direction of the

plane of the blade. A coarse and a fine grit whet-stone are used to bring up

the edge of the knife, which is afterwards turned to a " wire edge" by means of

a steel instrument, which the workman constantly holds between his fingers.

The mode of using the knife has already been noticed. In order to keep the

substance of the skin equal, the man frequently examines it in the course of

shaving in every part, by passing it double between his fingers ; and when suf

ficiently reduced, he throws it a second time into a tub of cold water to be

scoured and extended ; for this purpose it is laid upon a stone table, to which

the flesh side adheres, and is there worked with the edge of a small square

stone fixed in a handle : pumice stone is sometimes used. With a brush the

skin is cleansed from a substance called the bloom, which all leather, tanned

with bark, is found to contain. After being thoroughly cleansed and distended

while in its wet state, it is stuffed with a mixture of two parts cod oil, and one

part tallow, called dubbing, which i - applied to both sides of the skin, but

chiefly on the flesh side. It is then hung up to dry, by which the moisture

evaporates ; and the oil, which cannot be dissipated by mere exposure, gra

dually takes the place of the moisture, and sinks deeply into the pores of the

skin. The leather is next boarded or bruised, by a grooved piece of wood

(like a crimping board) that is fastened to the hand by a strap ; with this the

skin is doubled and worked until made very flexible; it is next " whitened,"

that is, lightly shaved over again, by which the flesh side is well cleaned, and it is

brought into a proper state to receive the colour used in waxing. Before it it

waxed, however, it is boarded a second time, when it is in that state called

finished russet, in which state it can be best preserved : therefore, until it i>

wanted for sale, the subsequent operations called waxing are left undone. Tlie

" colour," or blacking, is a composition of oil, lamp black, and tallow, which is

well rubbed into the flesh side with a hard brush, great care being taken to

keep the flesh side clean. A coat of strong size and tallow is then laid on,

with a soft brush ; it is afterwards rubbed with a smoothing glass ; and lastly,

it receives the finishing gloss from •> little thin size laid on with a sponge.

After the first coat of size the skin is laid up to dry and incorporate, and a

lump of hard tallow is rubbed lightly over the surface; the skin is thus com

pletely finished for the consumer ; and leather so dressed is found superior in

point of appearance and durability to any other method. The curriers ulso

blacken leather on the grain side, which is done by rubbing it with a solution

of copperas, which, combining with the gallic acid of the tan, produces a

black.

Ru».iia Leather is prepared in Russia by a series of processes not esseutiaKr

differing from our own. The tanning material is, however, seldom oak bark,

the bark of the black willow being preferred ; and where this cannot be obtained,

birch bark is the next in request. Their dyed leather is usually red or black.

For the red, the hide is first soaked in alum water, and then dyed with Braiil-

wood. The black is given, as usijal, with an iron liquor. The leather is then

. smeared with birch tar, which gives the peculiar smell so much prized (and

which, when used for book-binding, has the valuable property of protecting the

book from worms), and is finished by various other manipulations. The streaked

or barred surface is given to the leather by a very heavy steel cylinder, wound

round with wire, which makes the indentations.

Saffian or Dyed Maroquin Leather, of excellent quality, is extensively pre

pared at Astracan and other parts of Asiatic Russia. Only bucks' and goats'

skins are used for this purpose, and the favourite colours are red and yellow.

The general method of preparing the pelt is the same as in this country for the

dyed Morocco leather; that is, by lime, dog's dung, and bran. Honey is nUo

used after the branning. The honey is dissolved in warm water ; and some »>f
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thii liquor is poured out on each skin, spread out on wooden trays till it has

imbibed the whole of the honey ; after which it is suffered to ferment about

three days, then salted in a atrong brine and hung up to dry. The >kin is then

ready to receive the dye, which, for red, is made with cochineal, and the Salsola

eriroidtt, an alkaline plant, growing plentifully in the Tartarian salt deserts ;

and the colour is finished with alum. When dyed the skins are tanned with

tumach. To the very finest reds a quantity of sorrel is used with the cochineal

bsth ; and the subsequent tanning is given with galls instead of sumach, which

renders the colour as durable as the leather itself. The roughness always

observed on the surface of the skins, is given by a heavy kind of iron rake with

blunt points. The yellow safHans are dyed with the berries of a species of

rkaatnus (the Avignon berry answers the same purpose), or with the flowers of

the wild chamomile.

Real Morocco Leather, as prepared from goat skins at Fez and Tetuau, i>-

thus described by M. Bruffonet in the Bulletin des Sciences. The skins are first

cleansed, the hair taken off, limed, and reduced with bran, nearly in the same

*ay already described for the English Morocco leather. After coming from the

bran they are thrown into a second bath, made of white figs mixed with water,

which is thereby rendered slimy and fermentable. In this bath the skins remain

fuur or five days, when they are thoroughly salted with rock salt alone (and not

with salt and alum), after which they are fit to receive the dye, which, for tlie

rod, is cochineal and alum ; and for the yellow, pomegranate bark and alum.

The skins are then tanned, dressed, supplied with a little oil, and dried.

Shagreen.—This singular and valuable leather is a manufacture almost

peculiar to Astracau, where it is prepared by the Tartars and Armenians. For

making shagreen, only horses' or asses' hides are taken, and it is only a small

]tart from the crupper, along the back, that can be used for this purpose. This

u cut otf immediately above the tail, in a semicircular form, about 34 inches

upon the crupper, and 28 along the back. These pieces are first soaked in

watr/, till the hair is loose, and can be scraped off; and the skin, again soaked,

if scraped or shaved so thin, as not to exceed a wetted hog's bladder in thick

ness, and till all the extraneous matter is got off, and only a clean membranous

fth remains. The piece is then stretched tight on a frame, and kept occa

sionally wetted, that no part may shrink unequally. The frames are then

laid upon a floor, with the flesh sides of the skins undermost, and the grain sides

ire strewed over with the smooth, black, hard seeds of the alabuta, or goose-foot,

kChinopodium album,) and a felt is then laid upon them, and the seeds trodden

m deeply into the loft moist skin ; the use of this is, to give the peculiar

mottled or roughed surface, for which shagreen is distinguished. The frames,

with the seeds still sticking to the skins, are then dried slowly in the shade, till

the seeds will shake off without any violence, and the skin is left a hard, horny

•ubtunce, with the grain side deeply indented. It is then laid on a solid block,

covered with wool, and strongly rasped with two or three iron instruments (the

particular forms of which it is unnecessary to describe), till the whole of the

gram side in shaved, so that the impression of the seed is very slight and uni-

tern. The skins sre then softened, first with water and then with a warm

alkaline lye, and are heaped warm and wet upon each other, by which means

the parts indented by the impression regain much of their elasticity; and

baring lost none of their substance by paring, rise up fully to the level of the

ttived places, and thus form the prominent grains, or the granular texture

peculiar to shagreen : the skin is then salted and dyed. The beautiful green

ij* u given by soaking the inner or flesh side of the skin with a saturated

tofation of sal ammoniac, strewing it over with copper filings, rolling it up with

lit flesh side inwards, and pressing each skin with a considerable weight, for

about 24 hours, in which time the sal-ammoniac dissolves enough of the copper

la penetrate the ikin with an agreeable sea-green colour : this is repeated a

Meood time, to give the colour more body. Blue shagreen is dyed with indigo,

asaolTed in an impure soda, by means of lime and honey. Black shagreen is

syed with galls and vitriol. The skins are finished with oil or suet.

Gnatu'i Patent Substitute for Leather— 1 824.—This invention consists in the
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application of an elastic coating and Tarnish to substances of a pliable nature

such as all kinds of cloth, whether cotton, liuen, woollen, or felt. When I!t

material is required to have flexibility, the composition is to be made of the fol

lowing ingredients :—

Common glue size 8 parts.

Boiled linseed oil 4 „

Lamp black I „

White lead, ground fine . . . 2 „

Pipe clay, ditto 2 „

These are to be melted and well blended together over a fire. At first lit

size is to be melted, then the oil is to be added in small quantities at a time,

next the lamp black, white lead, and pipe clay, during which it should be con

stantly stirred ; the composition is then complete. The cloth being previous! v

strained upon frames, the composition is spread on it evenly and smoothly witl

a pallet knife, working it well therewith into the interstices of the cloth, so that

it shall be thoroughly saturated with the composition. The first coat is then

to be dried, cither in the air, or in a warm room, by hanging up the frames, care

being taken that they be not exposed to much heat. When thoroughly dried and

hard, a second coat may be laid on and dried in a similar way ; also a third, »

fourth, or a fifth, if required of great substance, which should all be spread on

as smoothly, and every successive coat be hard before the next is laid on

This material, the patentee states, is chiefly intended for the manufacture of

patten ties, and therefore he cuts it into strips previously to varnishing it, and

passes them between polished metal rollers to give them a smooth even surface.

Some drying linseed oil, or other suitable varnish is then brushed over the

strips; mixing with the vanish any required colour to give the article the

desired tint The next operation is "the cutting up the material into the usual

sizes for patten ties, and finishing the same as usual under a screw-press

with dies.

For coach tops, and other purposes where flexibility is not necessary, the

quantities of the pipe clay, white lead, and size, may be increased, according to

the nature and use of the article to be manufactured of it. For smoothenuig-

down and polishing such large pieces of the cloth as will not pass through the

roller press, the common method of rubbing with pumice stone, tripoli, &c is

adopted previous to varnishing.

Hancock's Patent Substitute for Leather.—Instead of using cloth, as in

Mr. Gunby's patent just described, Mr. Hancock merely hackles or cards the

fibres of flax, cotton, &c. by which they are drawn out into layers of a suitable

thickness ; they are then felted together in a trough of water, and afterward-

fressed between cylindrical rollers. Over this fabric, liquid caoutchouc or

ndian-rubber is to be spread uniformly by means of a spatula. When the

caoutchouc has sufficiently solidified, it is to be again pressed, then receive

another coat of the resin, and again pressed.

LEMONS, Salt of, is the native salt of sorrel, the super-oxalate of potash,

and is chiefly used to take the ink-spots out of linen. The effect is produced

by the oxalic acid dissolving with facility the oxide of iron in the ink, on the

combinations of which with the gallic acid the colour depends. It can be used

without any risk of injuring the texture of the cloth.

LENS, in Optics, a piece of glass, or other transparent substance, having ii

two surfaces so formed that the rays of light have their direction changed b\

passing through it ; so that they either converge, tending to a point beyond the

lens ; or diverge, as if they proceeded from a point before the lens ; or become

parallel, after converging or diverging. Some lenses are convex, that is, thicker

in the middle than towards their circumferences; those that swell on both side?

are called double convex lenses ; some are concave, or thinner in the middle

some are plano-convex, or flat on one side and swelling on the other ; some ai i

plano-concave, or flat on one side and concave on the other ; and lastly, sarr.e

are concave on both sides. According to some opticisjs, die greatest diainetti
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of * ien* i* half an inch, if it exceed that thickness they do not call it a lena,

'.tit a lenticular glass. Lenses are made either by blowing or grinding. Blown

lenses are small globules of glass melted in the flame of a lamp: ground

lenses are reduced by grinding and polishing. A variety of simple apparatus

» employed in the processes of grinding and polishing lenses, amongst which

the following wa» recently introduced to the notice of the members of the

London Mechanics' Institution, by Dr. Birkbeck, in one of his interesting lectures

on improved mechanical inventions, a shows the edge of a circular lap or

dab. used for grinding flat glasses upon; 4 a circular tool or block, upon the

tinder surface of which the glasses to be ground are cemented ; c is a recipro

cating bar; d a box containing any weighty matter ; e a long morticed aperture

 

>n the frame, through which the bar c freely works ; / a crank ;

j a which ; A a double pulley wheel, the axis of which rests in

the block i;j a single pulley wheel. Now on turning the

crank by the winch g, the bar c gives to o an eccentric motion ;

(be attrition of b on the surface of the lap a being increased or

diminished at pleasure by increasing or diminishing the load

ia the box d. It should be noticed, that the cord which passes

maud the pulley h is crossed previous to its embracing the

periphery of the pulley i, consequently a motion is given to the

Up a the reverse of that given to b, which is considered to pro-

dice the best effect of grinding. The apparatus described is

devoted to the producing of plane surfaces to optical glasses ;

tat the apparatus on the other side of the machine, is at the

me time, by similar arrangements, employed in grinding con

cave or convex surfaces. For this purpose a variety of laps

*ad other tools, similar to those delineated in the margin, are so

made as. to fit on the bed /, which bed is adjustable by four

equidistant screws. The pulley o is driven by another band

the pulley h, and the required pressure given by another

r<i box p ; the use of the luwer tool .' was not apparent to

(vk*n we took otir sketches), but we conjecture it is intended

 

.«ng a

; angles.
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to fix a diamond at the point, for cutting the glasses out of a true circular figure,

by being screwed on at m. The several tools used are adapted for ready

changing, that the operations may be performed with celerity. See OPTICAL

INSTRUMENTS.

LEVEL. An instrument employed for obtaining a line or plane parallel to the

plane of the horizon. One principal use of the level is to find the difference of

elevation of two or more planes, for the purposes of conveying water, constructing*

roads, &c. from one place to another. Among the various contrivances employed

for constructing instruments for finding the level, the following are some of the

principal. The water level, the horizontal line by the surface of the fluid :—The

most simple kind is nothing more than a long wooden trough, filled with water,

such as a described by Vitruvius, under the name of the chombalet. Another level

of this kind consists of two cups, fitted to the ends of a straight cylindrical tube,

of an inch in diameter, and three or four feet long, by which the water freely

communicates from one cup to the other; the tube is movable on its stand by

means of a ball and socket, and thus the surfaces of the water, when the cupt

are equally full, show the line of level. Two glass cylinders, of three or four

inches in length, may be substituted instead of the cups, being fastened with

wax or mastic to the ends of the tube : this machine should be filled with

coloured water. A very simple quicksilver level, invented we believe by

Mr. Parker, of Sweeny, is delineated in the annexed cut, which it is said is

 

much used in the north of England for irrigation, draining, &c. and does not

cost M many shillings as the usual instrument employed costs of pounds, a a

plamro funnels or basins cast in iron from the same mould, their lower ends

are concvade cylindrical, and bored • • • as to he of exactly equal diameters ; they



LEVEL. 79

•.a .;> .i down by flanges to the tube/, which is flat at top, and through which

iht mercury flows, c c are two floats also exactly equal to each other in length,

weight, and lower surface. A hole, one-eighth of an inch in diameter, ig drilled

OB one side of the funnels for introducing the quicksilver, and afterwards closely

Mopped with a fine cork ; d is a mahogany top to the instrument, to which the

funnels, Sic. are screwed ; e e are collars or guides for the floats, made of lignum-

rita, and to prevent the escape of the quicksilver ; ;/ is the stand and pivot on

which it turns. Between all the junctures leather washers are introduced, to

keep them tight.

In using this instalment, an observation is made on the tops of the foots,

which, when they exactly coincide or project equally, shows the ground to be a

true horizontal plane ; on the contrary, when they differ in height, the ground

i> not level. This mode of taking an observation appears to us defective, as the

most distant of two surfaces, when upon the same plane, cannot be distinctly

seta. It would be better to have a circular hole through the tops of the floats,

rad to look at them from a fixed point on either side : when the two circles

coincided, they would appear to the eye as only one of a true figure, and denote

a true level ; any deviation would be clearly denoted by the circles intersecting

f«ch other, and producing a curved figure, with two pointed ends, which would

express exactly the extent of the alteration required. The simplicity and

ttrtngth of the initrnment permit of its being thrown down, and rolled about

without sustaining injury, and any rough unlettered man may use it with

effect It may be had, we are informed, of Mr. Batt, Seedsman, 412, Strand,

London.

In the air level, invented by M. Thevenot, the level is determined by means

of an air-bubble, inclosed with some fluid in a glass tube, hermetically sealed at

both its ends ; the case or ruler in which the tube is fixed will be exactly

level when the bubble remains at a marked point at the middle of the tube ,

the bubble being on either side of this mark shows the variation. The glass

tube is sometimes enclosed in another of brass, the centre of which has a hole

Diffidently large to observe the place of the bubble. The liquor employed

should be such as will not readily freeze, rarefy, or condense, such as oil of

tartar, aqua secunda, &c. The instrument last described has received many

successive improvements, by the addition of sights and other apparatus

M. Uuygens contrived a level, carrying a telescope instead of plain sights,

which possesses some advantages above the common sort ; and his invention

aai been improved upon in a variety of ways by the instrument makers. A

:nachine of this kind, containing the principles both of the barometer and ther

mometer, was proposed by the late Dr. Desaguliers ; but though in theory it

seemed good, yet in practice it was found very inaccurate. (Philosophical Tram-

.'.tiau, VoL XXXIII. p. 65.) Amongst the various spirit levels that have been

proposed, that contrived by Mr. Iladley deserves to be noticed ; it is adapted

: i a quadrant for taking the meridian altitude at sea when the horizon is not

visible. A description and drawing of this useful instrument may be seen in

PkHomphical Trmaactions, Vol. XXXVIII. The refecting level is the next to

be mentioned : it represents the object as reflected upon a long surface of water,

in an inverted position, and was invented by Marriott!. Another kind, which

-•-• owe to Cassini, consists of a polished metal mirror, placed at a small dis

tance before the object-glass of a telescope, suspended perpendicularly ; this

mirror being set at an angle of 45°, the perpendicular line of the telescope will

become a horizontal line, that is, a line of level. The plumb or pendulum level,

iKribed to Picard, shows the horizontal line by means of a line cutting the

jJ'immet line perpendicularly ; it consist! of two legs, joined together at right

ingles, with a telescopic sight, and other apparatus ; the whole is fixed on a

iund by means of a ball and socket. The balance level is an instrument sus

pended by a ring ; and when in equilibrio, two sights, properly fitted to il. ••

instrument, will show the line of level. The carpenters, bricklayer's, orpaviour't

Intl, consists of a long narrow board, to the middle of which is fixed, perpen

dicularly, another board, broader and shorter than the former, and having a

En drawn through its middle, cutting the first mentioned board at right angles.
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A plummet being suspended from the top of the upright piece shows tint the

base is horizontal when its line, and the line drawn from the point of suspen

sion, exactly coincide. The masmi'i level is composed of three pieces, framed

together in the form of an isosceles triangle. From the vertex of this a plummet

is suspended, which, when it hangs directly over the mark in the centre of the

base, indicates that the base is exactly in the line of level.

LEVELLING. The art or act of finding a line or plane parallel to the

plane of the horizon. The uses to which this art applies, are the determining

the height or depth of one place with respect to another ; the laying out of

grounds, regulating descents, conducting water, &c. It is necessary to premise

that two or more places are, strictly speaking, on a level, when they are equally

distant from the centre of the earth ; and a line, of which all its constituent

points are equally distant from thai centre, is called the line of true level. I •

this line, consistently with the round form of the earth, must evidently be a curve,

similar and parallel to the earth's circumference, und concentric with it. But

the line of sight employed in such operations as are not on an extensive scale,

differs from the line above described, being in effect a right line or tangent to

the earth's circumference, and is called the apparent line of level. But this dif

ference, as we have already remarked, need not be attended to in operation .

upon a confined scale, such as sinking of drains, paving of walks, or corive vi" .:

water to short distances, &c. ; but where the operations are required to be

carried to a considerable extent, such as the construction of canals of many

miles in length, the distinction between the true and apparent level must neces

sarily be attended to. The difference between the true and apparent level may

be readily found from a property of the circle, demonstrated by Euclid, (EUm.

Book III. Prob. 36.) In one mile this excess of the apparent above the

true level will thus be found to be 7.9618, or almost eight inches. Hence,

proportioning the excesses in altitude according to the square of the distance*,

the following table is obtained, showing the height of the apparent above the

true level for every one hundred yards of distance on the one hand, and from

a quarter of a mile to fourteen miles on the other.

Dbtinee in Y>rd>.
Difference of level

in Inches.
Distance in Milei.

Difference or level

In Feet and Inches

100 .026 1
0.0)

200 ' .103
1

0.2
•

300 .231 i 0.4|

400 .411 1 0.8

500 .643 2 2.8

600 .925 3 6.0

700 1.26 4 10.7

800 1.645 5 16.7

900 2.081 6 23.11

1000 2.570 7 32.6

1100 3.110 8 42.6 *

1200 3.701 9 53.9

1300 4.344 10 66.4

1400 5.038 11 80.3

1300 5.784 12 95.7

1600 6.580 13 112.2

1700 7.425 14 130.1

This table is adapted to several useful purposes. Thus, first, to find the

height of the apparent level above the true at any distance. If the given dis

tance is in the table, the correction of level is found on the same line with it ; thua.

•t the distance of 1000 yards, the correction 2.57, or 2J inches nearly ; and at

the distance of 10 miles is 66 feet 4 inches. But if the exact distance is not
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fauna in the table, then multiply the square of the distance in yards by 2.57.

•nd then divide by 1,000,000, or cut off six places on the right for decimals,

the rest are inches ; or multiply the square of the distance in miles by 66 feet

4 inches, and divide by 100.

Secondly. To find the extent of the visible horizon, or how far an observer

can tee from any given height, on a horizontal plane, as at sea, suppose the

err of the observer, on the top of a ship's mast at sea, is the height of 130 feet

ibove the water, he will then see about 14 miles round ; or from the top of ,

cliflj by the sea-side, the height of which is 66 feet, a person may see to the

distance of nearly 10 miles on the surface of the sea. Also when the top of a

hill, or the light in a light-house, or such like, whose height is 130 feet, first

comes into the view of an eye on board a ship, the table shows that the distance

of the ship from it is 14 miles, if the eye is at the surface of the water; but if

the height of the eye in the ship is 80 feet, then the distance will be increased

by nearly 1 1 miles, making in all about 25 miles in distance.

Thirdly. Suppose a spring on one side of a hill, and a house on an oppo

site hill, with a valley between them, that the spring seen from the house,

appears by a levelling instrument on a level with the foundation of the house,

which suppose is at a mile distance from it ; then is the spring eight inches above

the true level of the house ; and this difference would be barely sufficient for

the water to be brought in pipes from the spring to the house, the pipes being

laid all the way in the ground.

Fourthly. If the height or distance exceed the limits of ,the table, then

first, if the distance be given, divide it by 2, or by 3, or by' 4, &c. till the

quotient comes within the distances in the table; then take out the height

answering to the quotient, and multiply it by the square of the divisor, that is,

by 4 or 9, or 16, &c. for the height required. Thus if the top of a hill is just

tetn at the distance of 40 miles, then 40, divided by 4, gives 10, to which in the

table answer 66J feet, which being multiplied by 16, the square of 4 gives

lOfil j feet for the height of the hill. But when the height is given, divide it

by one of those square numbers, 4, 9. 16, 25, &c. till the quotient come within

the limits of the table, and multiply the quotient by the square root of the

divisor, that is, by 2, or 3, or 4, or 5, &c. for the distance sought ; so when the

top of the Peak of Teneriffe, said to be about 3 miles, or 15,8)0 feet high, just

comes into view at sea, divide 15,840 by 225 or the square of 15, and the

quotient is 70 nearly; to which in the table answers by proportion nearly ]0'J

mucs; then multiply 10| by 15, gives 151 miles, and : for the distance of the

hiu.

In what has been already stated, no regard has been paid to the effect of

refraction in elevating the apparent places of objects. But as the operation of

refraction incurvating the rays of light proceeding from objects near the hori

zon a considerable, it can by no means be neglected, when the difference

between the true and apparent level is estimated at considerable distances. It

ii now ascertained, that for horizontal refractions the radius of curvature of the

curve of refraction is about 7 times the radius of the earth ; in consequence of

zitich, the distance at which an object can be seen by refraction, is, to the dis-

'Jnee at which it could be seen without refraction, nearly as 1 4 to 13; the

refraction augmenting the distance at which an object can be seen by about a

thirteenth of itself. By reason of this refraction too, it happens that it is neces-

ury to diminish by 1 of itself, the height of the apparent above the true level,

*» erren in the preceding table of reductions. Thus, at 1000 yards, the true

id&rence of lerel, when the allowance is made for the effect of refraction, will be

2570—.367=2.203 inches. At two miles it would be 32—4J=27* inches,

ud to on.

A very simple, portable, and easily constructed instniment for ascertaining the

derations of distant objects, was inserted in the Register oj Artt ; and as con

nected with the foregoing subject, we annex an engraving of it, (p. 82.) A B, B C,

*.»o eqnal pieces of wood turning on a screw at B ; e dfa. slip of parchment or

paper patted to the legs A B, B C, and folding between them when closed, after

ike similitude of a fan. Let the outer part tljf be made the quadrant of a

»0l_ II. L
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circle to radius e d, and let it be divided into 90 degrees; ej g a plumb tine

falling from the centre C hh, two sights. If through A // the top of any object

 

 

be observed, the plumb-line ej g will cut off the number of degrees _;'/, con

tained by the angle of elevation. The proof is very evident. Let h I m be the

horizontal line, to which ej g will always fall perpendicular; and since I e m is

a right angled triangle, (Euclid vi. 8.) Lfy. =L e I m = L of elevation. The

instrument may be closed as N, and carried in the pocket.

LEVELLING STAVES, or poles, are those employed in levelling, serving

to carry the marks to be observed, and at the same time to measure the height

of those marks from the ground. They usually consist of two mahogany stares,

10 feet long, in two parts, that slide upon one another to about 5,, feet, for the

greater convenience of carriage. They are divided into 1000 equal parts, and

numbered at every tenth division by 10, 20, 30, &c. up to 1000 ; and on one side

the feet and inches are also sometimes marked. A vane slides up and down

upon each set o," these staves, which, by the pressure of springs, will remain

stationary at any part. The vanes are about 10 inches long, and 4 inches

broad ; the breadth is first divided into three equal parts, the two extremes are

painted white, the middle space divided again into three equal parts, which are

less ; the middle one of them is also painted white, and the two other parti

black ; and thus they are suited to all common distances. These vanes nave

each a brass wire across a small square hole in the centre which serve to point

out the height correctly, by coinciding with the horizontal wire of the telescope

of the level.

LEVER. One of the mechanic powers, or elements of machinery. It is

usually defined an indexible bar, movable round a fixed point of support,

denominated the fulcrum. There are three kinds of levers, distinguished by

the relative positions of the power, weight, and fulcrum. In levers of the first

kind, the weight is applied at one end, the power that is to move it, at lh«

other, and the fulcrum between them. In Fig. 1, on the next page, which

represent! a lever of this kind, W is the weight, P the power, and F the fulcrum;
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nhfle the distances F W and F P

represent the arms of the lever.

Ftg. 1 is an example of a lever of

the second kind, in which the ful-

cram F is at one end, the power P

if tie other, and the weight W bi

tten them ; the arms of the lever

are represented by the same letters

a before, F W, and F P. The third

toid of lever, has its fulcrum F at

one end, the weight W at the other,

sad the power P between them, as in

The relation between the power

ifid weight is exceedingly simple.

Thto, if the forces applied to a straight

lerer, are weights acting on it per

pendicularly to the horizon, the pro

portion which the power bears to the

•eight, will be as the distance of the

Ught from the fulcrum ia to the

dMance of the power from the same

point, that is, the power and weight

sre inversely as their distances from

tlw fulcrum A general proposition,

however, applicable alike to straight

ud bent levers, and to forces in any

airection, may be thus stated. The

J&KT aid resistance acting on a lever

"ft tnerseig proportional to the per-

frxfadar lines drawn from the ful-

C?T™ to the lines of direction in which

At forces act. To render the laws

connected with this useful instrument

«s plain as possible, we shall con

sider the different cases separately.

la fig. 4, a b c represents a lever

• : hose fulcrum is at b, the power is

!o the weight as the shorter arm a b

••> to the longer b c. For if the lever

fc* pat into motion, the power will

inscribe the arc erf, and the weight,

ite arc ae, which represent the

Tf!ociry with which the bodies move.

Now as these arcs are proportional

'o the length of the arms, if we mul-

'.ply them by quantities which are

as the lengths of the arms,

fig. 1.

,
»* shall produce equal quantities.

Now the lever will remain at rest

»'aen the momenta of its arms in

'-pjwite directions are equal, and

^a will occur, as we have shown,

•hen the power and weight are in-

'«ndy proportional to the lengths of

tie BIDS. If the arms are as 1 to 2,

u in fy. 5, a power of 50 Ib. will

tooBtcrbalance a resistance of 1 00 Ib.

TW same will appear in a lever of

it* ceeoad and third kinds. In fig. 6,

A
K

Fig. 2.
 

 

Fig. 3.

 

Iwl

Fig. 4.

Fig. 5.

Fig- <»•
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let the longer arm ab be 12 feet, and the shorter ac, 2 feet, then will the

power be to the weight as 2 to 12 ; that is, a power of 50 will balance a weight

of 300 Ib. If the weight 300 be multiplied by the arm a c = 2, it will give a

product of 600, the same as the 50 Ib. multiplied by the arm a b = 1 2. ThU

is constantly the case, that the power multiplied by its perpendicular distance

from the fulcrum is equal to the weight multiplied by its distance from the

same point In levers of the third kind, in which the power is nearer to the

fulcrum than the weight is, a loss of power is sustained, but this is amply com

pensated in the increased velocity that is obtained. In this, as in the other

levers, is clearly evidenced that important truth in Mechanics, that in every

case in which power is increased velocity must be diminished.

In levers of the first kind, the pressure on the fulcrum is equal to the sum of

the forces acting upon it, and in the second and third, to the difference between

them. Sometimes a number of p- -j

forces may be applied at once,

as in Ply. 7. In this case, equi- £

librium will obtain, when the .

products formed by multiplying J-.

each weight by its distance from / \

the fulcrum, are equal on each

side. When a series of levers are made to act on each other, they constitute a

compound lever, as in /•/_./. 8. The power obtained by this lever is calculate*

T V

Fig. 8.

a t

80

 

in the same way as the simple lever. Suppose each of the longer arms to be

twice as long as the shorter ones, then a weight of 10 Ib. suspended i» / v. will

counterbalance 20 Ib. suspended to «/. IT, instead of suspending u weight

the arm ef, it be made to act with its force of 20 Ib. on the arm e d, it wjl]

support a resistance of 40 Ib. at *, this 40 Ib. acting on & c will sustain SO Ib. sus

pended to a. Hence it appears that in levers of this description, the power U to

the weight or resistance, as the continued product of the shorter amis U to the

continued product of the longer. The applications of the levers are exceedingly

numerous. Levers of the first kind may be seen in the use of a poker m

stirring the fire—in balances and steelyards—in scissors and snuffers, in which

the rivet forms the fulcrum. A

crow bar may be used either as a

lever of the first or second kind,

as in the accompanying sketches.

The bent or angular lever may be

seen in the action of a hammer in

drawing a nail, Pig. 10. The handle

of the hammer being the longer

arm, and the distance from the nail

to the point onjwhich the hammer

rests, the shorter arm. Levers of

the second kind may be seen in a

pair of bellows—in oars used in

fig- 9-

 

Fig. 10.
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raving boat', in the rudder of a p-g n.

ihip, nutcrackers, &c. The safety -

• .iv.-s of steam engines are some

times levers of the second kind,

in fig. 12, & is the power applied

it Hitferent distances along the

am a b, the steam endeavouring to

escape from the boiler is the resis

tance acting at c. It will easily be F'f- ' 2

apprehended that the greater the fr-jl—.—,—._, _ .

distance between a and 4, the rrj " ~ ^*f ;jj f

greater will be the compressing ' '

force on the steam. Levers of the

third kind may be seen in the

human arm, a pair of tongs, shears

for sheepsheering. Other exam

ples might be given, but to those

who have considered the instances already adduced, they will be sufficiently

obvious.

LEVIGATION. Toe art of reducing hard bodies to an impalpable powder;

it is performed by pounding, rubbing, or grinding ; or by a combination of these

operations.

LEVITY, in Natural Philosophy, is that supposed property of a body by

which it is said to be less weighty than another body, bulk for bulk ; levity in

this sense is the opposite to gravity. Thus cork, and nil those substances that float

on the surface of the water, have levity with respect to the water ; or in other

words, they are less heavy than that fluid.

LEYDEN PHIAL, in Electricity, is a glass phial or jar, coated within

fide and without with tin foil, or some other conducting substance, so as to

be capable of receiving and retaining an electric charge for the purpose oi

experiments.

LIGHT is that principle or substance which renders objects perceptible to

cor sense of seeing. It is a subject^apparently but little understood, and upon

which opinions are as much divided as any of the most abstruse subjects of

philosophical inquiry. Some consider light as a fluid material ; others regard

it as a " vibration propagated from the luminous body through a subtile ethereal

medium," &c. The limits and design of this work equally preclude the

insertion of an extended article on the various hypothesis that have been pro

mulgated on this interesting subject. See OPTICS.

LIGHTER. A large, open, flat-bottomed vessel, employed to unload or

Itjhten a ship, and to convey the goods therefrom to their destination ; espe

cially when there is not sufficient depth of water for the ship to proceed

farther.

LIGHT-ROOM. A small room in a ship of war, having double glazed win

dows, through which light is admitted into the powder magazine.

LIGHTHOUSE. A tower or other lofty building erected upon some head

land or rock of the sea-cdast, the upper part of which is brilliantly illuminated

daring the night-time to guide ships in their course, or warn them of con

tiguous danger. The fire-beacons or towers used for this purpose by the

ancients were dedicated to the gods, and sacrifices were regularly offered up to

implore safety to the mariners. As a knowledge of the sciences increased,

they became establishments for the instruction of youth in navigation and

astronomy. We have only very imperfect accounts of the construction of

•bcit buildings, but they appear to have consisted of a large tower of masonry,

wnetimes of a circular form, but more commonly square, finished on the top

with t battlement, and containing various apartments. The fire was kept in a

Urge and peculiar kind of chafing dish. To the early navigators the frequent

recurrence of these buildings was absolutely needful, as they were destitute of

the compass or any other guide, and were under the necessity of keepingnear

tbe shore, and were consequently in great danger from rocks and shoals. These
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towers also formed a considerable part of the fortifications of the early ages .

and before tbe invention of making distant signals, the watchmen were fur

nished with large sea-conchs, which they sounded from the battlements to warn

the mariners, or to alarm the country in the case of an enemy. These fire-

towers, which were once thickly scattered along the shores of the Mediter-

ranean and the Red Seas, became, in time, scenes of the most horrid outrages ;

thus perverted from their original beneficial uses to the most baneful purposes,

they were more dreaded than the dangers of the navigation ; consequently they

fell into disuse and decay, and gradually disappeared.

The most extraordinary of ancient structures of this kind was the Pharos o

Alexandria, built on a small island at the mouth of the Nile, whence the word

pharos has since been considered as synonymous with lighthouse. It was

erected by Sostrates with such great magnificence, that it is said to have

cost Ptolemy Philadelphius eight hundred talents of gold. It had several stories

raised one above another, adorned with columns, ballustrades, and galleries, of

the finest marble and workmanship. On the top a fire was kept constantly

burning, which, according to Josephus, was seen at the distance of 300 stadia,

or about 42 English miles. The famous Colossus of Rhodes served also as

a pharos. The Buildings which have in modern times replaced these ancient

structures on the shores of the Mediterranean, &c., are far inferior to those of

our own country ; and as our limits will not allow of an extended view of the

latter, we shall confine our account to the three most remarkable lighthouses on

the British and Irish coasts; namely, that on the Eddystone, that on the Bell,

and that on the Soutli rocks.

The Eddystone lighthouse is situated at the entrance of Plymouth Sound,

upon an extensive reef of rocks well known to mariners as the Eddy-stone

(a name sufficiently significant of its dangers), lying at the distance of 9} miles

from the Ram-head or nearest point of land. The many fatal accidents which

happened on these rocks, rendered it very desirable to erect a lighthouse on the

i"i( , but the numerous and apparently insurmountable difficulties of such an

undertaking prevented the attempt till the year 1696, when Mr. Winstanlev

undertook and accomplished this important object, though it was the work of

four years. A violent storm, however, in 1703, destroyed every vestige of it,

except some irons that were fastened in the rock. It was rebuilt in an improved

form by John Rudyerd, a linen draper of Ludgate Hill, London. This building

was of wood, in form the frustrum of a cone ; it was formed of 71 upright

beams, united together by being bolted to circular kirbs of wood placed within

side, and upon wnich the floors were framed. Mr. Rudyerd made his buildinp

quite plain, without the least projection or ornament on which the water could

act when dashing against it The building was fitted up quite solid for 19 feet

from the lowest point of the rock, and, excepting the well for the stair-case, was

solid to the height of 37 feet. The solid was formed of three beds of moor-

stone, with strong floorings of timber between each bed, to unite them with the

external uprights. The whole erection, in addition to the weight of this stone,

(which was about 280 tons,) was secured to the rock by 36 iron cramps. In the

centre of the building a strong mast was erected, secured by 2 cramps to the

rock at the bottom, and rising above the solid to the height of 48 feet, being

united to the framing of each floor it passed through, and thus forming a cen

tral axis to strengthen the whole. This building had some repairs of its timbers

in 1723, and again in 1744; but it showed itself, during the buffetings of the

sea, for 49 years, to be of a very excellent construction. It was destroyed by

fire in 1755. In 1756 Mr. Smeaton was employed to rebuild it. From the

great uncertainty of the weather, every stone was so contrived that it was of itselt

in a condition'to resist the wash of the sea, even when it was immediately laid.

Each stone had one or two holes drilled through it before it left the work yard ;

and this hole being continued a few inches into the rock, or the stone beneath,

a strong tree-nail was driven through it to pin it fast to its place: dovetails were

also cut in the edges of each stone to connect them by oaken wedges, which

secured the joinings whilst the mortar or cement was hardening ; and as a

further precaution against the latter being effected by the weather, all the
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outn'dei of them were coated with plaster of Paris. The work went rapidly on in

this manner, and the second course was nearly set in a few days ; hut a gale

sprang up, which obliged the operators to quit the work, leaving a few stones of the

ifcond course lowered down into their places, and chained strongly to the rock ;

•nd one of the roost exposed was secured by laying upon it. five cwt. of lead.

A storm came on, and it was afterwards found that this weight had been lifted

by the waves, so that the stone beneath it had escaped and was lost, as were

four others ; from which circumstance the force of the sea on the rock may be

conceived. The light-room was prepared in London ; it consisted of eight cast-

iron pillars for containing copper sash-frames for eighteen panes of glass each,

with a cupola of wrought-iron and copper, terminating with a large gilded ball.

The light consisted of twenty-four large tallow candles, suspended in a chande

lier, and the first light was exhibted on the JGth of October, 1759, which has

been continued ever since without any particular occurrence, or any accident

produced by the many violent storms which have happened. In the year 1 807

the chandeliers and the candles were removed, and in their place a reflector

frame was fitted up with Argand burners and parabolic reflectors of silvered

copper, to the great and essential improvement of the light. See Smeaton't

Xarratire, Sfc. of the Eddyttone Lighthotae.

We now proceed to a brief account of the Bell-rock lighthouse, which, like

its model, the Eddystone lighthouse, has figured in a thousand periodical pub

lications, and will therefore not require the accompaniment of illustrations in

oar work. The Bell-rock is a dangerous reef, situated in the Firth of Forth,

and die lighthouse upon it is of recent date. Various expedients have been

resorted to at different times to warn the mariner of his approach to this rock,

thich is the more dangerous, as it is 12 feet below the surface at high-water.

None of these, however, could be rendered durable ; and though the necessity

of a lighthouse was acknowledged on all hands, the difficulties and expenses

attending such a work prevented the undertaking till the year 1806, when it

was finally determined to erect a building of stone similar to that on the Eddy-

stone rock. The work was begun in the year 1807 by erecting a building of

limber as a temporary refuge for the workmen, whicn occupied the whole of

the first season, as it was only for two or three hours each tide that the work-

ram could proceed. The winter was spent in preparing the stones ashore at

Arbroaih, and in the following summer four courses of stories were completed.

In 1S09 the solid part of the lighthouse was finished, being about 30 feet high.

By September in the next year, the building was raised to its height of 100

feet, and a light was exhibited in February, 1811. The building is a circular

tower, measuring 42 feet in diameter at the base, and 13 feet in diameter at the

top. The accent from the rock to the top of the solid, or lowest 30 feet, is accom

plished by a trap ladder; but strangers who cannot well ascend by such paths,

ire hoisted up in a chair by means of a crane. The light-room is 88 feet above

the medium level of the tide, yet the sprays of the sea occasionally lash against

the gbus, so that it becomes necessary in gales of wind to shut the whole of the

dead-lights to windward. The light-room is of an octagonal figure, 12 feet

serais, and 15 feet in height. The light is from oil, with Argand burners placed

in the focus of silver-plated reflectors.. Machinery is used for tolling two large

WI« night and day during the continuance of foggy weather. Four light-keepers

«re appointed, three of whom are always at the lighthouse, and one, in his turn,

j'i atbore at liberty. At Arbroath, a village on the coast about 12 miles distant

from the Bell-rock, is a signal tower with an observatory, from which cor

responding signals are kept up with the lighthouse.

The mo«t remarkable lighthouse on the Irish coast is the Kilwarlin or South-

rock lighthouse, lying off the coast of Downshire, and near the entrance of

Lnch Strangford, a station of great importance to the navigation of the Irish

Channel. This lighthouse stands upon an extensive reef, lying about 3 miles

frwn the ihore. Part of the rock is at all times above the perpendicular rise of

lirtuie, but the foundation of the lighthouse is only about 4 or 5 feet above low

»»ter of spring tides. It was the work of the late Mr. Rogers, engineer to the

Kovd of Customs : it was founded in 1795, and measures 31 feet diameter at

tW bant, 17 feet diameter at the top, and its height about 70 feet.
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LIGHTNING. The explosion of the electric fluid in the atmosphere

LIGHTNING CONDUCTORS, are pointed metallic rods fixed to the

upper parts of buildings, to secure them from strokes of lightning. They were

invented and proposed by Dr Franklin for this purpose, soon after the identity

of electricity and lightning was ascertained ; and they exhibit a very important

and useful application of modern discoveries in this science. This ingenious

philosopher having found tliut pointed bodies are better fitted for receiving and

throwing oil' the electric fire than such as are terminated by blunt ends or

flat surfaces, and that metals are the readiest and best conductors, soon dis

covered that lightning and electricity resembled each other in this and other

distinguishing properties; he therefore recommended a pointed metallic rod to

be raised some feet above the highest part of a building, and to be continued

down into the ground, or the nearest water. The lightning, should it ever

come within a certain distance of this rod or wire, would be attracted by it, and

pass through it in preference to any other part of the building, and be conveyed

into the earth or water, and there dissipated without doing any damage to the

building. Many facts have occurred to prove the utility of this seemingly

trifling apparatus. Some electricians have objected to the pointed termination

of this conductor, preferring rather a blunt end, on the supposition that a

point invites the electricity from the clouds, and attracts it a greater distance

than a blunt conductor.

Although the application of lightning conductors to buildings on shore is

always judicious, and their advantages very apparent, yet on ship-board, where

the effects of lightning are most to t>e dreaded, the introduction of this means

of defence has been slow and imperfect. The conductor hitherto employed at

sea consists of long flexible chains or links of metal, about a quarter of an inch

thick, sometimes of iron ; those employed in the British navy are however of

copper; they are usually packed in a box, and are intended to be set up from

the mast-head to the sea when occasions require, so that, as observed by Mr.

Linger in his excellent work on electricity, partly from inattention, and partly

from prejudice, they frequently remain in the ship's hold during long and

hazardous voyages quite unemployed ; a remark, the truth of which is but too

frequently verified in the damage so constantly happening at sea during

lightning storms. The necessity of providing the best possible security against

the effects of lightning on ship board has been long admitted ; but continuous

and fixed metallic rods have been deemed inapplicable to ships in consequence

of their masts (the only parts to which they can be attached) being exposed to

chances of injury, to motion in a variety of ways, to frequent elongation and

contraction, and to the necessity whicli frequently aric.es for removing the

higher masts altogether and placing them on dock. It was probably from these

causes that the small flexible chains or links above mentioned were employed.

Such conductors, however, will probably, on examination, be found less appli

cable than fixed continuous lines of metal, and, in every point of view,

inefficient substitutes for them. Their great want of continuity, as well as their

want of mass and surface, is very unfavourable to the transmission of severe

explosions, the electric matter becoming sensible at the points of junction, as

is evident by the sparks which appear upon them at the time of the discharge,

so that in some instances they have been actually disunited ; they are likewise

objectionable as being liable to every species of injury incident to a ship's

rigging, and much difficulty is experienced in keeping them in their position

and unbroken, more especially during gales of wind, and at night, when the

ship is under sail, and when it is perhaps required, as is already observed, to

remove some portion of the higher masts. It has therefore been long con

sidered desirable to apply, if possible, a permanent conductor, which should be

always in its place and ready for action ; and various attempts have been made,

and suggestions advanced at different times, to apply fixed lightning conductors

in ships, as the subject, from time to time, has demanded further consideration.

To protect a ship effectually fiom damage by lightning, it is essential that the

conductor be as continuous and as direct as possible, from the highest point tu

the sea, that it be permanently fixed in the masts throughout their whol*
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extent, 10 m to admit of the motion of one portion of the matt upon another ;

and in case of the removal of any part of the mast, together with the conductor

attached to it, either from accident or design, the remaining portion should still

be perfect and equivalent to transmit an electrical discharge. To fulfil these

conditions, Mr. W. J. Harris, of the Plymouth Institution (to whose valuable

paper on this subject, contained in a recent number of Jameson's Edinburgh

Journal, we are indebted to the previous remarks), has recommended pieces of

sheet-copper, from one-eighth to one-sixteenth of an inch thick, and about two

feet long, and varying from six inches to one inch and a half in breadth, be

inserted into the masts in two lamina?, one over the other ; the butts or joints

of the one being covered by the central portions of the other. The lamina:

ibould be rivetted together at the butts, so as to form a long elastic continuous

line; the whole conductor to be inserted under the edges of a neat groove,

piooghed longitudinally in the aft side of the different masts, and secured in its

position by wrought copper nails, so as to present a fair surface. The metallic

line thus constructed will then pass downward from the copper spindle at the

mist-head, along the aft sides of the royal matt and top-gallant mast, being

connected in its course with the copper about the sheeve holes. A copper

lining in the aft side of the cap, through which the top -mast slides,

now takes up the connexion, and continues it over the cap to the aft side of

the top-mast, and so on as before, to the step of the mast ; here it meets a

thick wide copper lining, turned round the step under the heel of the mast, and

resting on a similar layer of copper fixed to the keelson. This last is connected

with some of the keels on bolts, and with three perpendicular bolts of copper,

of two inches diameter, which are driven into the main keel upon three trans

verse or horizontal bolts, brought into immediate contact with the copper

expanded over the bottom. The lamina: of copper are turned over the

respective mast heads, and secured about an inch or more down on the oppo

site side ; the cap which corresponds is prepared in a somewhat similar way,

the copper being continued from the lining in the aft part of the round hole

ever the cap, into the fore part of the square one, where it is turned down and

seemed as before, so that when the cap is in its place the contact is complete.

In this way we have, under all circumstances, a continuous metallic line from

the highest point to the sea, which will transmit the electric matter directly

through the keel, being the line of least resistance. But since the main most

does not step on the keelson, it will be necessary to have a metallic commu

nication at the step of the most, with the perpendicular stancheon immediately

tinder it, and so on to the keelson as before, or otherwise carry the conductor

oat at the sides of the vessel.

From what has been already observed, it will be apparent that in whatever

position we suppose the sliding masts to be placed, whether in a state of elon

gation or contraction, still the line of conduction will remain perfect ; for that

part of the conductor which necessarily remains below the cap and top when

the sliding masts are struck, is no longer in the line of action ; consequently

■U influence need not be considered.

LIME. One of the primitive earths ; and since the discovery by Sir H.

Davy of hi metallic base, which he denominated calcium, it is regarded by

chemist* as the oxide of calcium ; that important substance commonly called

ame being found to be a combination of calcium and oxygen. The nature of

hme is proved by the phenomena of the combustion of calcium ; the metal

changing into the earth with the absorption of the oxygen gas. Lime is soluble

<a 450 parts of water, according to Sir H. Davy, and in 760 parts according to

other chemists. The solution is called lime water, which is limpid, but has an

•od taste, and turns vegetable blues to green. If lime water be allowed to stand,

a scorn called the cream of lime forms on its surface; and if this be removed

another follows, till by this means the whole of the lime may be separated from

the water. If the lime be not skimmed, the cream, after having acquired a

certain thickness, precipitates and falls to the bottom. Pure lime, or calcareous

ssrth, is never found native; but in combination with acids, particularly the

«rooaic, it exists in prodigious quantities. Marble, limestone, and chalk, are

VOL II. M
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all carbonates of lime ; gypsum is a sulphate of lime. Berzelius attempted to

determine the prime equivalent of calcium, from the proportion in which it

combines with oxygen to form lime : on which Dr. Ure remark* that " hi*

results can be regarded only as approximations, in consequence of the diffi

culties of the experiment. The prime equivalent of lime, or oxide of calcium,

can be determined to rigid precision by my instrument for analyzing the car

bonates. By this means I find that 100 parts of carbonate of lime consist of

43.60 of carbonic acid + 56.4 lime ; whence the prime equivalent proportions

are 2.75 acid -i_ 3.5G2 base."

The operation called burning lime, consists in exposing marble, limestone,

chalk, oyster shells, or any other carbonate of lime, for some time to a white

beat, by which means the carbonic acid and water contained in these substance*

are expelled; and the earth which has the peculiar characters assigned to lime,

is left behind in a mass which has little coherence, and is therefore easilv

reduced to powder. It is usually called quick-lime after calcination. Newly

prepared it absorbs water with great avidity ; it will absorb one-fourth of its

weight of that fluid, and still remain perfectly dry. If a sufficient quantity of

water be poured upon it, the lime falls into powder ; some of the water is con

verted into vapour by the disengaged caloric of that part which unites with tb«

lime ; this is called the slacking of lime : if the quantity slacked be consider

able, and performed in a dark place, light will be observed as well as heat.

The kilns for burning lime are of a great variety of forms, according to the

kind of fuel used, and the manner in which they ore to be wrought. Some

persons affirm that the best form of a lime-kiln is that of an egg placed upon

its narrow end, having part of its broadur end struck off, and its sides somewhat

compressed towards the lower extremity ; the ground plnte, or bottom of the

kiln, being nearly an oval, with an eye or draft hole towards each end of it. It

is supposed that two advantages are gained by tliis form over that of the

spreading inverted cone (also much used). By the upper part of the kiln being

contracted, the heat does not fly off so freely as it does in the spreading cone ;

on the pontrary, it thereby receives a degree of reverberation which adds to its

intensity. But the other, and more valuable effect is said to be this ; when the

cooled lime is drawn out at the bottom of the furnace, the ignited mass in the

upper parts of it settles down freely and evenly into the central parts of the

kiln. One of the best kilns that we are acquainted with is Heathorn's patent

kiln, combined with the manufacture of coke, and described under the article

IRON. The frustrum of a cone is a form of kiln much used ; and it may be

some advantage to hollow or arch out the upper part, which is frequently done.

In many parts of the south of England, lime is prepared from the calcination

of chalk in kilns sunk in the earth, of the form of inverted cones, and lined

with brick ; the base of the cone is about 10 feet in diameter, and about 14 feet

deep. It is calculated that a kiln of this kind will yield 150 bushels of lime in

24 hours. When the chalk is dry, about 5 bushels of it may be burned with

1 bushel of CM 1 1 ; but when damp, or in the winter, not more than 4 bushel* by

1 bushel of coal. In Yorkshire, and some other places where coal is abundant,

calcareous slate and limestone are burned in great pieces stratified with coal •

in these cases the consumption of coal is equal to more than a third part of the

lime produced. The waste of fuel in this process renders it very ineligible

where coals are dear. The saving of fuel in the use of kilns is apparent from

the previous accounts, but that saving, according to Mr. Kawson, may be con

siderably increased by inclosing the kiln at the top, and building a chimney

over it ; and it seems to follow that the higher that chimney is the better.

Some lime-burners prefer peat to coal for the fuel ; but that preference ha*

probably arisen from an injudicious management of coal. Mr. Dodson assert*

peat to he more economical than coal; that co»l, by its excessive heat, cause*

(!ic limestone to run into solid lumps, which it never does with peat, as it keeps

'!icm in nn open state and admits the air freely. That the process of burning

iro»i nn more slowly with conj, and does not produce half the quantity of lime.

Thi< inconsistency requires no comment ; nevertheless peat is a very useful fuel

for the n-imu- •, and an excellent substitute tor coal where the latter is (career
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«r dearer. AM kindi of lime exposed to the air recover nearly their original

weight, except chalk lime, which, although long exposed, never recovers more

lhan seven-eighths of its original weight. Some limestones, as Portland-stone,

yield a very white lime ; others, as chalk and roe-stone, a lime with a yellowish

cut; the tatter is best adapted for mixing with tarras, puzzolano, or Parker's

cement, for buildings under water. It has long been said by lime-burners, thai

if limestone be imperfectly burned in the first instance, no further exposure of

h to the fire will produce quick-lime. This assertion, which it was supposed

was the offspring of ignorance, has been confirmed by M. Vicat, in a valuable

treatise lately published by him on mortar and cements. Such lime, which is

technical!}' termed dead lime, does not slake with water, but upon being ground

tnd made into a paste with water, differs from common mortar by getting under

water.

Muting is a fine carbonate of lime, made in some places by grinding soft

chalk in a mill, separating the finer particles by washing them over in water,

letting the water settle, and making up the sediment into loaves, which are

exposed to the air to dry. There are numerous manufactories beside the river

Thames, where whiting is thus prepared, the loaves being exposed on shelves

in lofty sheds, which form, as it were, the vertical external walls of the buildings.

In tome places whiting is made from lime by slaking it with a little water, then

grinding it in a mill with water, exposing the lime water to the air for some time

to absorb the carbonic acid from the atmosphere, washing over the sediment,

nuking it into loaves, and drying them. When made into small loaves it is

called Spanish white ; and if in small drops, prepared chalk ; the creta preparata

of the apothecaries. It is principally used as a white paint, either alone, or

mixed with white lead ; the inferior priced white lead has a large proportion of

•biting mixed with it Spanish white and prepared chalk are likewise exten-

' <ely used to saturate acids in liquids in various chemical and manufacturing

operations.

lame with water form a paste of but little cohesion ; for common mortar is

mixed with rough sand to give it firmness ; but the mortar for the outermost

covering of in-door work, is mixed with hair to give it cohesion without lessen

ing iu capability of receiving a smooth surface. As lime absorbs carbonic acid

pas is well as water from the atmosphere, it should be made into mortar before

it !;as imbibed any considerable portion of it, otherwise it will be of little value.

It ii by the absorption of carbonic acid that mortar acquires hardness, its lime

being slowly converted again into the state of limestone ; but the hardness will

not be perfect unless undisturbed from its commencement ; when this cir-

cuutance is observed it soon acquires a moderate degree of hardness, but ages

an probably required for it to attain its maximum. The silex or sand mixed

with lime operate! by hastening its crystallization. Lime, though infusible

alone, promotes the fusion of all the other earths, and is extensively used in

melting iron ores; it serves as a flux to the alumine and silex which the

on of that metal contain.

Marl, which is of so much value in agriculture, consists of a mixture of lime

ad clay, and it is the calcareous part of its composition to which its value

wowing; if the quantity of lime in it do not exceed 30 per cent, it is worth-

Ina. Every good soil contains a portion of carbonate of lime, which mate

rially assists in retaining the moisture necessary to active vegetation. Limestone

containing much magnesia is unfit to afford lime for the farmer's use ; it may

k* known from good limestone by its being much longer in dissolving in acids,

lime ii used by the soap manufacturer to render his soda caustic : it enters into

tie composition of glass, which it renders less liable to attract moisture, and

las brittle than it would otherwise be. It is employed in the manufacture of

?•»« to prevent its becoming flexible by the ready absorption of moisture. It

• ued by the tanner to facilitate the removal of the hair from skins. It is

•sed by the sugar refiner to absorb the acid, which would prevent the sugar

font crystallizing. A solution of lime is employed to cleanse feathers from their

aaimal oil, and render them sweet and fit for use. Acids dissolve pure lima

*>'•}> effervescence, hut heat is evolved during the solution. Water impregnated



02 LINT.

with carbonic acid will dissolve a much larger quantity of it than before ; and

when deprived of this acid by exposure to the air, the lime it held in solution

is precipitated ; hence the formation of stalactite! and incrustations found in

caverns. The crystals of the solutions of lime in acids form what are called

spurs. The beautiful spar called fluor spar, or Derbyshire spar, is a fluate of

lime, that is, a combination of lime and the fluoric acid. Combined with

muriatic acid, large quantities of lime are held in solution by the waters of the

ocean. Combined with sulphuric acid lime forms gypsum ; gypsum, when cal

cined by a moderate heat, is called plaster of Paris. Combined with the

oxymuriatic acid, or chlorine, it forms chloride of lime, the famous salt used in

BLEACHING, (which see.) Combined with phosphoric acid, lime forms the solid

parts of the bones of all animals. The shells of testaceous animals consist

chiefly of carbonate of lime cemented by a small portion of animal glue ;

while those of crustaceous animals always contain more or less of phosphate of

lime, which approximates them to the nature of bone.

LIMESTONE. The native indurated carbonate of lime is usually distinguished

by this name ; but Professor Jamieson considers it as a genus of minerals, which

he divides into four species ; namely, Rhomb-spar, Dolomite, Limestone, and

Arragonite ; the third species, limestone, he divides into twelve sub-species, and

these again into several kinds.

LIMNING. The art of painting in water colours, as practised by the

ancients, in contradistinction to the more modern art of painting in oil. Before

John Van Eyck (better known by the name of John of Bruges) found out the

art of painting in oil, the painters all painted in water or fresco, on their walls,

on wooden boards, and elsewhere. When they made use of boards, they

usually glued a fine linen cloth over them, to prevent their opening ; then laid

on a ground of white; lastly, they mixed up their colours with water and size, or

with water and yolks of eggs, well beaten with the branches of a fig-tree, the

juice whereof thus mixed with the eggs ; and with this mixture they painted

their pictures. In limning, all pigments are suitable, except the white of lime,

which is only used in fresco. The azure or ultramarine is always mixed with

size or gum ; and two layers of hot size are always applied to the boards,

before the size colours are laid on ; the colours are all ground in water, and in

working diluted with size water. When the piece is finished, they go over it

with the white of an egg well beaten ; and then with varnish, if required.

LINT. The scrapings from the surface of old linen cloth, forming a very

soft absorbent material, peculiarly adapted to the dressing of wounds; for

which purpose it is chiefly used. This material is prepared for the use of sur

geons, and as an article of commerce, in the following manner. Old linen, or

such as has been worn for shirts, sheets, &c. is preferred to new cloth, on account

of the great softness of the fibrous matter. Those pieces are selected which are

without fracture, or nearly so, and that are 10 or 12 inches broad; these are

washed, (or should be,) perfectly clean, and dried, and we then ready to be

operated upon by the lint machine, which is generally worked by a woman.

This machine consists of a steel knife blade with parallel sides, the edge of

which is blunt or dull, but perfectly straight ; this knife is fixed in a horizontal

position in a frame, which is made to reciprocate up and down, by means of a

treadle or pedal. When this pedal is pressed upon by the foot of the workwoman,

it causes the blade to descend vertically with its edge across a board or little

table, covered with smooth leather, whereon the linen is placed ; and on taking

the pressure off the pedal, the knife is lifted from the work by the agency of

springs. The linen is rolled very evenly npon a cylindrical stick, with the weft

in the direction of the stick ; and consequently with the warp threads of ti'c

cloth rolled round it. A few inches of the cloth being uncoiled, and a few

threads of the weft pulled off at the end, leaving as it were a fringe of the warp

projecting, the roller is held steadily with both hands by the operator, who

begins by placing the end of the cloth in such a position upon the work board,

that when, by the pressure of the foot upon the pedal, the knife descends, its

edge shall pass between the first and second thread of the weft, and press

across all the warp threads ; whilst the latter is thus held down to the table,
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the operator pulls back the stick towards her, through a space of from a quarter

to half an inch ; the weft thread is thereby pushed further along the warp

threads, and from the latter is scraped the lint, by their being drawn under the

edge of the knife. The foot being lifted from the pedal, the knife ascends, and

the operator pushes the cloth forward again to take the next thread, which, by

the pressure of the knife, and the pulling back of the cloth at the same instant,

is moved along the threads of the warp after the first, and raising thereby more

lint. In this manner the operation is conducted, thread after thread, (almost

as quickly as a person could count them,) until all the cloth (or all the pieces

of cloth sewn evenly together) upon the cylindrical stick is worked off; and

'bus is produced, when the work is dexterously performed, a continuous tender

iheet of thick downy lint. Simple as this operation may appear, it requires

considerable practice to obtain the necessary skill and adroitness to do the work

veil, and enable the operator to get a living by it ; it is usually executed by very

poor women, who earn only about ten shillings per week at the employment.

The difficulty consists in making accurate movements by the hands with

great quickness ; for if a weft thread is crossed by the knife, the work is checked

ot spoiled instead of forwarded. The editor has never met with any published

description of this operation, but he saw it performed about 20 years ago by a

poor old woman, and this account is sketched out from recollection.

LIQUEURS. This name, adopted from the French, is given to a variety of

odoriferous, fine flavoured, alcoholic liquors ; the processes of preparing which

lure been given in various parts of this work ; see EAU L>U COLOGNE, EAD DE

LUCK, &c. In this place we shall insert the description of a very convenient little

 

apparatus, and the process of working it, which we understand is much used

"Paris, and elsewhere, for the purpose. At a is the boiler (containing the

&kud spirits and flavouring ingredients) immersed in a water batli /-, and heated
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by a spirit lamp c, having several wicks. The still has a tall neck, surmounted

by a head d. surrounded Iby cold water in the refrigeratory e. The vapour, ..-

it is condensed, runs down the sides of the head, and is received in a circular

channel, formed around the upper extremity of the neck, whence it flows down

a pipe/ through the cold water cistern, into a recipient g, fixed above a series

of funnel-shaped filterers. Previous to commencing the process of distillation

the recipient g is provided with a sufficient quantity of syrup, (solution of whits

sugar,) to form the intended liqueur, over which the condensed spirit discharges

itself. When all the spirit is come over, the distillation is stopped by extin

guishing the lamp; the cock t is now opened, when the aromatic spirit and the

syrup descend into the first of the filterers oooo. These filterers are each com

posed of four distinct substances or layers ; the lowest is of perforated metal,

the next above fine flannel, over which is put two thicknesses of filtering paper.

The spirit and the syrup become intimately blended in passing through these

successive filterers, and the liquor is received in bottles underneath in a per

fectly bright and clear state.

LITHIA. An alkali, recently discovered by M. Arfredson, a young chemist,

employed in the laboratory of M. Berzelius. Sir H. Davy demonstrated by

voltaic electricity that the basis of this alkali is a metal, to which the name of

lithium has been given. For the mode of obtaining lithia, and an account of

its properties, the reader is referred to Vre't Dictionary of Chemistry, as it has

not yet been brought into use in the arts.

LITHOGRAPHY. The art of transferring from stone, writings or drawings

made thereon ; which is quite of modern invention. Unlike other kinds of

printing, this is strictly chemical, and is in consequence called in Germany,

chemical printing. A drawing is made on the stone, either with ink containing

oleaginous matter ; or with chalk, containing similar substances, but in a more

concentrated and indurated state. The drawing is then washed over with water,

which sinks into those portions of the stone that are untouched with the grease

of the drawing. A cylindrical roller, charged with printing ink, is then passed

all over the stone, and while the drawing receives the ink, the rest of the stone

is preserved from it by the water on account of the greasy nature of the ink.

This art is said to have been invented by mere accident, by Alois Senefelder, of

Munich, who being an author, and too poor to publish his works, tried various

plans, with copper-plates and compositions, with a view to becoming his own

printer. In the course of his experiments, he found that a composition of soap,

wax, and lamp-black, formed an excellent ink for writing with on plates; as,

when dry, it became firm and hard, and resisted aquafortis. He wanted facility,

however, in writing backwards on the plates; and that he might exercise this st

less expense, he procured some pieces of Kilheim stone, as a cheap material, on

which, after polishing their surfaces he might practise. Having been desired by

his mother to take a list of some linen about to be sent to be washed, and

having no paper at hand, he wrote it out on a piece of stone with his composi

tion. When he was afterwards about to efface his writing, it occurred to him

that impressions might be obtained from it ; and after he had bit in the stone

with aquafortis, diluted with ten parts of water, after letting the fluid stand five

minutes over it, he proceeded to apply printing ink to the stone, for which pur

pose he first applied a printer's ball, but after some unsuccessful trials, he made

use of a thin piece of wood covered with fine cloth, and with this he perfectly

succeeded in taking impressions. It appeared to him that this new mode of

printing was of very considerable importance ; and he therefore, though with

great difficulties, persevered in improving it, and in attempting its application

to practical purposes, lie soon found that it was not necessary to have llic

letters raised above the stone ; but that the chemical properties which keep

grease and water so effectually separate from each other, were quite sufficient

for his purpose. He afterwards bestowed much labour and assiduity in con

structing the proper press, and other apparatus for printing. The first essays

to print for publication were some pieces of music executed in 1796 ; after war-.

he attempted drawings and writings. He still however found great difficulty

in writing backwards, and this led him to think of the process of transfer; ana
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the UK of dry soap, which was found to leave permament traces which would

p've impressions, naturally led to the mode of chalk drawings. In 1799, after

taring made many improvements, Senefelder obtained a patent privilege for

the electorate of Bavaria. In 1803, he introduced his discovery into Vienna,

where be obtained a similar grant for ten years. The invention spread, though

ilowly, into France and Italy, but it was not brought over to England until

1301, when M. Aiulre d'Offenbach, a merchant in London, succeeded in intro

ducing it only to a very limited extent While the war lasted, the employment

of the lithographic art was chiefly confined to the quarter-master general's

office at the Hone Guards, where it was used for printing the plans of

battles, and maps of the seat of war. After the peace the art was revived, and

there are now in England, as well as in all parts of the continent, numerous

establishments, where it is practised v.-itli great excellence ; and it is difficult to

»y at the present time, whether the German, French, or English artists, have

obtained the pre-eminence. We shall now proceed to explain the several pro-

KSMS of the art.

He Stones, and the moaner in which they are prepared to receive the drawings.—

The ttone most used in England is found at Corstan, near Bath : it is one of

the wlike lias beds, but not of so fine a grain, nor so close in texture as the

German stone, and therefore inferior ; but it is good for transfers, and does

tolerably well for ink drawings or writings. All calcareous stones may be used

in lithography, because they imbibe grease and moisture ; but a stone entirely

calcareous does not answer well ; there should be a mixture of alumina and

rilei. One of the most certain indications of lithographic properties, is the

conchoidal fracture : all stones of this kind will be found good, if they are also

bard, have the fineness of grain, and the homogenousness of texture that are

Mcenary. It is however said that none have yet been found equal to those

obtained from the quarries of Solenhofen, near Pappenheim in Bavaria, and

that the lithographers of eminence in Paris use no other. In order to sustain

the pressure used in taking impressions, a stone, 12 inches square, ought not to

be le* than 1J inch thick, and this thickness should increase with the area of

the stone. The stones are first sawn to a proper size, and are then ground

onooth and level by rubbing two of them face to face, with water and

sand. They must be very carefully examined with a straight edge, to ascertain

that they are perfectly level in every direction. This applies only to the side

vbich is afterwards to receive the drawing, as the natural division of the stone is

efficiently true for the back. When the stones have thus been ground perfectly

Iml, they are well washed, to free them from any of the coarser grains of sand

»hid) may have been used in- smoothing them. They are then placed on a

board over a trough, and they are again rubbed face to face with sand and

™*r, bat with a sand of much finer texture than that previously used. The

greatest care must be taken to have the sand sufficiently fine ; and for this pur-

pox it must be sifted through a small close sieve, as a single grain of sand of a

Miner texture than the rest will scratch the stone, and these scratches will

fc~:?rwards appear in the impression taken from the stone. When the stones

have been rendered sufficiently fine, and their grain sufficiently smooth, they

oast then be carefully washed and afterwards wiped dry with a clean soft cloth.

Tba U the plan adopted to prepare the stones for chalk drawings , but to pre-

PT« them for ink drawings or writings, the following method is the best :—After

A* process just described has been completed, the stones are well washed to get

rid of the sand, and they are then rubbed to together, face to face, with pow-

kred pumicestone and water. After they are made perfectly smooth, they are

•pin washed and wiped dry, and are then separately polished with a large piece

<? pumicestone.

To titan the stones after they have been fully used, sand is strewed over the

sirface, which is sprinkled with water and rubbed with another stone, until the

Anting or drawing upon it has completely disappeared. It must then be washed

'•a Kjniforti*, diluted with twenty times its bulk of water; and the stone is then

for a new drawing or writing, by being rubbed with fine sand or

as before. The longer drawings remain on stones the deeper the
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ink or the chalk penetrates into their substance, and consequently the more of

tlie stone must be ground away to remove them ; this is also more necessary

with ink drawings or writings than with chalk, owing to the greater fluidity

and consequent penetrability of the former.

The substances used by the artist upon the stone, are either lithographic ins,

or lithographic chalk. The former has been described under the article INK,

(which see ;) but—

The Ink for making trarufert should be somewhat less burned, and therefore

softer than that used for writing or drawing directly upon the stone.

Lithographic chalk should have all the qualities of a good drawing crayon.

It should be even in texture, and carry a good point. The following propor

tions are recommended : 1 1 oz. of common soap, 2 oz. tallow, 2£ oz. virgin wax,

1 oz. shell-lac. The rest of the process is the same as in making the ink.

Less black should be mixed with the chalk than with the ink, its only use being to

colour the drawing, that the artist may see the lines he traces. When the whole

is well mixed, it should be poured into a mould and very strongly pressed, to

expel any air that may collect in bubbles, which would render it spongy.

Mode of drawing.—Previous to drawing or writing, the stone must be well

wiped with a clean, dry cloth. The ink is rubbed with water, like Indian ink,

and is almost wholly used on the polished stone. The chalk is used only upon

the grained stone ; the polished surface of the other would not hold it- In

drawing with ink, a gradation of tints is obtained either by varying the thick

ness of the lines, or their distances from one another, as in engraving. The

ink lines on polished stones, being solid and unbroken throughout, receive the

printing all over ; and if the lines be drawn as fine and as uniform as they are

usually on copper, the print from them will be in no respect inferior ; but it

requires a greater degree of skill to execute as well upon stone as is usually

done upon copper or steel.

In using chalk, the grained stone should be very carefully dusted, and the

utmost attention be paid to prevent any lodgment of the smallest particle of

grease'upon the surface ; personal cleanliness is therefore absolutely necessary

to the perfection, of his work, especially in chalk drawings. The chalk is used

upon the stone precisely in the same manner as crayon upon paper ; but it ii

ot essential advantage in lithography to finish the required strength of tint

at once, instead of going over the work a second time, the stone being impaired

in its ability to receive the second lining clearly, by the absorption of the

first. Some practice is requisite to use the chalk cleverly, as there has been

no chalk hitherto made that will keep so good a point as is desirable. There

is likewise some difficulty experienced in obtaining the finer tints sound in the

impression ; and in order to obtain the lighter tints properly, it will be necessary

to put the chalk in a rest, as^the metal port crayon is too heavy to draw upon

the stone. 'Hie editor, who sometimes practises, is in the habit, before he com

mences his subject, of pointing 20 or 30 pieces of chalk, stuck in quill holders,

and placing them beside the stone in a little box, taking them up successively

as the points become worn off, so as to avoid, if possible, the cutting off chalk

during the work, which endangers the soiling of the stone. When a very sharp

and delicate line is required, he sharpens the point of the chalk upon paper. !,y

pushing it forward in an inclined position, and twirling it round at the same

time between the fore-finger and thumb. As the chalk softens by the warmth

of the hand, it is quite necessary to have several pieces, to be able to change

them. Some artists cut their chalk into the wedge form, as being stronger

Those portions that break off in drawing should be carefully taken off the stone

by a camel's hair brush.

Preparation of the itone for printing.—The drawing being finished on the

stone, it is sent to the lithographic printer, on whose knowledge of his art

depends the success of the impressions. The first process is to etch the draw -

ing as it is called. This is done by placing the stone obliquely on one edge,

over a trough, and pouring over it very dilute nitric acid. It is poured on the

upper part of the stone, and runs down all over the surface. The stone is then

turned, and placed on the opposite edge, and the etching water being collected
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from the trough, is again poured over it, in the same manner. The degree of

ttrength, which is usually about one per cent, of acid, should be such as to pro

duce a very slight effervescence ; and it is desirable to pass the etching water

mo or three times over the darkest parts of the drawing, as they require more

etching than the lighter tints. Experience alone can, however, guide the litho

grapher in this department of the art, as different stones, and different compo-

ritioni of chalk, will be differently acted upon by the acid; and chalk drawings

require a weaker acid than the ink. The stone is next to be carefully washed,

by pouring clean rain water over it, and afterwards with gum water ; and when

not too wet, the roller charged with printing ink is rolled over it in both direc

tions—sideways, and from top to bottom—till the drawing takes the ink. It is

then well covered over with a solution of gum Arabic in water, of about the

consistency of oil. This is allowed to dry, and preserves the drawing from any

alteration, as the lines cannot spread, in consequence of the pores of the stone

being filled with the gum. After the etching, it is desirable to leave the stone for

a day, and not more than a week, before it is printed from. The effect of the

etching it first to take away the alkali mixed with the chalk or ink, which

irould make the drawing liable to be affected by the water ; and secondly, to

make the stone refuse more decidedly to take any grease. The gum assists in

lib Utter purpose, and is quite essential to the perfect preparation of the sur

face of the atone.

Printag.—When the intention is to print from the stone, it is placed upon

the plaiten or bed of the press, and a proper sized scraper is adjusted to the

nrface of the stone. Rain water is then sprinkled over the gum on the stone,

"bich, being dissolved gradually, and a wet sponge passed lightly over all, the

printer works the ink, which is on the colour table placed beside him, with the

roller, hi all directions, until it is equally and thinly spread on the roller. The

roller is then passed over the whole stone, care being taken that the whole draw

ing receives a due portion of ink ; and this must be done, by giving the roller

ai equal motion and pressure, which will of course require to be increased, if

the driving does not receive the ink readily. When the drawing is first used,

it will not receive the ink so readily as it will afterwards ; and it is frequently

neceaary to wet the stone, and roll it several times, before it will take the ink

euily. After this takes place, care must be taken not to wet the stone too

"men ; the dampness should not be more than is necessary to prevent the ink

"Mining to the stone where there is no drawing. After the drawing is thus

^W on, the sheet of paper is placed on the stone, and the impression taken.

L'pon taking the paper off the stone, the latter appears to be quite dry, owing

10 the paper having absorbed the moisture on the surface ; it must therefore be

•etted with a sponge, and again rolled with ink, the roller having been well

•wked on the colour table before being applied. During the printing, some

-~J3i must always remain on the stone, although it will not be visible, other-

•ite the ink will be received on the stone as well as on the drawing, by which

ik* Utter would be spoiled ; so that if by too much wetting, or by rubbing

fcwhard with the sponge, the gum is entirely removed, some fresh gum water

°™t be laid on. If the stone has in the first instance been laid by with too

"lull a quantity of gum, and the ink stains the stone on being first applied to

'• gum water must be used to damp the stone, instead of pure water. Some-

XH, however, this may arise from the printing ink being too thin, as wilt

iAerwardi appear. If some spots on the stone take the printing ink, notwith-

•tuding the above precautions, some strong acid must be applied to them

"!'-i a brush, and after this is washed off, a little gum water is dropped in

Sf place. A steel point is here frequently necessary to take off the spots of ink.

ft* edges of the stone are very apt to get soiled, and generally require to be

•wied with an old sponge after rolling in ; they must also frequently have

- "pplication of acid and gum, and sometimes must be rubbed with pumice-

*•* If an ink is too thin, and formed of a varnish not sufficiently burned,

' »ill sail the stone, notwithstanding the proper precautions are taken of wet

-r Uw itone, and preparing it properly with acid and gum ; and if, on the other
•l»< the ink U too thick, it will tear the lighter tints of the chalk from tha

•M. n. x
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stone, and thus destroy the drawing. The consideration of these circumstances

leads at once to the— •

Principles of the Printing.—The accidents just mentioned arise at the extreme

points of the scale at which the printing inks can be used, for it is evident

that the only inks that can be used are those which are between these point* :

that is, thicker than that which soils the stone, and, at the same time, thinner

than that which takes up the drawing. Lithographers are sometimes unable

to print in very hot weather, the reason of which may be deduced from the

foregoing. Any increase of temperature will diminish the consistency of the

printing ink ; the stone wiR therefore soil with an ink which could be safelv

used at a lower temperature ; hence a stiffer ink must be used. Now, if the

temperature should increase so much that the stone will soil with any ink at u':

tes thick than that which will take up the drawing, it is evident that the print

ing must cease till a cooler temperature can be obtained ; for as the drawing

chalk is effected equally with the printing ink, the same ink will tear up the

drawing at the different degrees of temperature. This, though it sometimes

occurs, is a rare case ; but it shows that it is desirable to draw with a chalk or

ink of less fatness in summer than in winter; and also, that if the printing

room is in winter artificially heated, pains should be taken to regulate the heat

as equally as possible.

Other Difficulties in Printing, not referable to theforegoing general Principle.—

If the pressure of the scraper be too weak, the ink will not be given off to the

paper in the impression, although the drawing has been properly charged with

it. Defects will also appear from the scraper being notched, or not correctly

adjusted, or from any unevenness in the leather or paper. After printing a

considerable number of impressions, it sometimes happens that the drawing

takes the ink in dark spots in different parts. This arises from the printing

ink becoming too strongly united with the chalk or ink of the drawing, and it

the printing be continued, the drawing will be spoiled. The reason of this is

easily ascertained. The printing ink readily unites with the drawing, and

being of a thinner consistency, it will, by repeated applications, accumulate on

the lines of the drawing, soften them, and make them spread. In this case, it

is necessary to stop the printing, and let the stone rest for a day or two, for the

drawing to recover its proper degree of hardness. If the drawing should run

smutty from any of the causes before enumerated, the following—

Mixturefor cleaning the Drawing while printing must be used.—Take equal

parts of water, spirits of turpentine, and oil of olives, and shake them well

together in a glass phial, until the mixture froths ; wet the stone, and throw

this froth upon it, and rub it gently with a soft sponge. The printing ink

will be dissolved, and the whole drawing will also disappear, though, on a clove

examination, it can be distinguished in faint white lines. On rolling it

again with printing ink, the drawing will gradually re-appear, as clear as

at first.

Bleached Paper unfit for Lithographic Printing.—Accidents sometimes occur

in the printing from the qualities of the paper. If the paper have been

made from rags which have been bleached with oxy-muriatic acid, the draw

ing will be incurably spoiled after thirty impressions. Chinese paper has some

times a strong taste of alum ; this is so fatal, as sometimes to spoil the drawi:: _

after the first impression. When the stone is to be laid by after printing, in

order that it may be used again at a future period, the drawing should be rolled

in with a—

Preserving Ink ; as the printing inks would, when dry, become so hard.

that the drawings would ".ot take fresh printing ink freely. The following

is the composition of the printing ink:—Two parts of thick varnish of

linseed oil, four parts of tallow, one part of Venetian turpentine, and one

part of wax. These must be melted together, then four parts of lamp black,

very carefully and gradually mixed with it, and it must be preserved for use

in a close tin box.

Autographic Ink, or that which is suitable foi transferring on .to.<<hr>

stone the writings or drawings which have been executed on paper prepared
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fat that purpose, should possess the following properties. The ink ought

to be mellow, and somewhat thicker than that used immediately on stone ;

so that when it is dry on the paper, it may still be sufficiently viscous to

cause adherence to the stone by simple pressure. The following is the com

position. Dry soap, and white wax free from tallow, each 100 drachms,

mutton suet, 30 drachms, shellac and mastic, each 50 drachms, lamp black, 30

to 35 drachms ; these materials are to be melted in the way described for litho

graphic ink. (See INK, LITHOGRAPHIC.)

Autographic Paper,—The operation by which a writing or drawing is trans

ferred from paper to stone, not only affords the means of abridging labour, but

also of producing the writings or drawings in the same directions in which they

have been traced; whereas, when they are executed immediately on stone,

they must be performed in a direction opposite to that which they are eventually

to have. Thus it is necessary to draw those objects on the left, which, in the

impression, are to be on the right hand. To acquire the art of reversing subjects

when writing or drawing, is both difficult and tedious ; while, by the aid of

transparent, and of autographic paper, impressions may be readily obtained in

the lame direction as that in which the writing or the drawing has been made

In order to make a transfer on to stone of a writing, a drawing in litho

graphic ink, or in crayons, or an impression from a copper plate, it is necessary

1st, that the drawing or transcript should be on a thin and flexible substance,

<nch as common paper ; 2d, that it should be capable of being easily detached

from this substance, and transferred entirely on to the stone, by means of pres

sure. But as the ink with which a drawing is traced penetrates the paper to a

certain depth, and adheres to it with considerable tenacity, it would be difficult

to detach them perfectly from each other, if, between the paper and the draw

ing, some substance was not interposed, which, by the portion of water which

ii is capable of imbibing, should so far lessen their adhesion to each other, that

they may be completely separated in every point. It is to effect this that the

paper is prepared, by covering it with a size, which may be written on with

facility, and on which the finest lines may be traced without blotting the paper.

Various means may be found of communicating this property to paper. The fol

lowing preparation has always been found to succeed, and which, when the opera-

lion n performed with the necessary precautions, admits of the finest and most

delicate lines being perfectly transferred, without leaving the faintest trace on

the paper. For this purpose, it is necessary to take a strong, unsized paper,

and to spread over it a size prepared of the following materials: starch, 120,

com arable, 40, and alum, 21 drachms. A moderately thick paste is made with

ibe starch, by means of heat ; into this paste is thrown the gum Arabic and the

alum, which have been previously dissolved in water, and in separate vessels.

The whole is mixed well together, and it is applied warm to the sheets of paper,

I'.v means of a brush, or a large flat hair pencil. The paper may be coloured

ty adding to the size a decoction of French berries, in the proportion of ten

'•rachms. After having dried this autographic paper, it is put into a press, to

flatten the sheets, and they are made smooth by placing them, two at a time,

00 a stone, and passing them under the scraper of the lithographic press. If,

"0 trying this paper, it is found to hare a tendency to blot, this inconvenience

1 >jy be remedied by rubbing it with finely-powdered sandarac. Annexed is

-'•other recipe, which will be found equally useful, and which has the advantage

1 ' being applicable to thin paper, which has been sized. It requires only that

tse paper be of a firm texture ; namely, gum tragacanth, 4 drachms ; glue, 4 ;

Spanish white, 8 ; and starch, 4 drachms.

The tragacanth is put into a large quantity of water to dissolve, thirty-six

hours before it is mixed with the other materials ; the glue is to be melted

<"er the fire in the usual manner. A paste is made with the starch ; and after

having, whilst warm, mixed these several ingredients, the Spanish white is to

be added to them, and a layer of the sizing is to be spread over the paper, as

•beady described, taking care to agitate the mixture with the brush to the

«saom of the vessel, that the Spanish white may be equally distributed

throughout the liquid. We will hereafter point out the manner in which it is
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furniihed at a quarter uf their present actual value ; in fact, all those which are

done in lines, or those in which the shadows are boldly executed, are capable

of re-producing good impressions by means of autography. The operation

becomes extremely difficult when it is necessary to transfer fine line engrav

ings ; the lines of these are so delicate, and so near to each other, that they

either do not take well on the stone, or are apt to be crushed and confounded

together by the effect of the pressure. Much practice and address are neces

sary to obtain tolerable impressions ; and this part of the art requires improve

ment. In the office of M. de Lasteyrie, they had succeeded in transferring to

(tone a small highly-finished engraving, which had been printed on common

half-sized paper. After having dry-polished a stone very perfectly, it was

warmed, rubbed with spirits of turpentine, and then the engraving was applied to

it. This had, however, been previously dipped into water, then covered on the

reverse side with turpentine, passed again through the water, so as to remove

the superfluous turpentine, and then wiped with unsized paper. In this state

the engraving, still damp with the turpentine, was applied to the stone and sub

mitted to pressure, when it afforded very good impressions; the preparation

not being applied until it had remained on the stone fur twenty-four hours.

The difficulties increase, of course, in proportion to the size of the engravings

which it is desired to transfer to the stone. Attempts have been made to

transfer old engravings ; they have, however, succeeded but imperfectly. It

would be rendering an essential service to the art to discover a mode of re-pro

ducing old engravings by means of autography ; the undertaking presents

difficulties, but from the attempts made, success does not seem improbable.

Printing from two or more Stonei with different Coloured Inks.—This is

managed by preparing a composition of two parts of wax, one of soap, and a

little vermilion. Melt them in a saucepan, and cast them into sticks ; this

must be rubbed up with a little water to the thickness of cream, and applied to

the surface of a polished stone. An impression is taken in the common way from

a drawing, and applied to a stone prepared in this manner, and passed through the

press, taking care to mark, by means of this impression, two points in the margin

corresponding on each of the stones. The artist, having thus on the second stone

an impression from the first drawing to guide him, scrapes away the parts

which he wishes to remain white on the finished impression. The stone must

now be etched with acid stronger than the common etching water, having one

part of acid and twenty of water ; the whole is then washed off with turpen

tine : this plan is generally used in printing a middle tint from the second

stone ; the black impression being given from the first stone, a flat transparent

brownish tint is given from the second, and the white lights are where the paper

is left untouched. The dots are necessary to regulate the placing of the paper

on the corresponding parts of the two stones.

LITMUS. See ARCHIL.

LIXIVIATION is the application of water to the fixed residue of bodies, for

the purpose of extracting the saline part

LOCK. A secret fastening for doors and similar things, provided with an

arrangement of mechanism designed to prevent the introduction or successful

operation of any instrument but that which has been made to fit it, called the

key : there is consequently a numerous variety of kinds, qualities, and sizes. A

good lock has justly been regarded as the masterpiece of smithery. Locks are

of great antiquity ; according to M. Denon, they were known in Egypt more

than 4000 years ago, which he inferred from some sculptures on the great

temple at Karnac, representing locks similar to those now used in that country.

It would be difficult to trace the earliest introduction of locks into this country ;

but there is much evidence showing that very curious and secure locks were

made many centuries ago. It appears, also, from the celebrated MSS. of " the

famous earl of Glamorgan," entitled "A Century of the Names and Scantlings nf

mch Invention*" &c. as he could " call to mind to have tried and perfected,"

(his notes being lost,) that the art of lock-making was then by no means in its

infancy, as he refers to tilings as if they were then well known which we now

regard as important securities to lock* ; and some of them are commonly



LOCKS. 103

considered as being of recent invention. For these reasons we think it will not be

amiss to introduce in this place some of the " scantlings " alluded to. Making

tome allowance for the quackery of the noble boaster, the reader, who is

acquainted with the construction of our modern locks, will recognise much that

is DOW in use to produce similar effects.

" 69. A way how a little triangle-screwed key, not weighing a shilling, shall

be capable and strong enough to bolt and unbolt round about a great chest, an

hundred bolts, through fifty staples, two in each, with a direct contrary motion,

and as many more from both sides and ends ; and, at the self-same time, shall

f,u.to> it to the place beyond a man's natural strength to take it away ; and in

one and the game turn, both locketh and openeth it."

" 70. A key with a rose-turning pipe and two roses pierced through endwise

the bit thereof, with several handsomely-contrived wards, which may b'kewise

do the same effects."

" 71. A key perfectly square, with a screw turning within it, and more con

ceited than any of the rest, and no heavier than the triangle-screwed key, and

doth the same effect*."

"72. An escutcheon to be placed before any of these locks with these pro

perties. First, the owner, though a woman, may, with her delicate hand, vary

4* ways of coming to open the lock ten millions of times beyond the know

ledge of the smith that made it, or of me who invented it. Second, if a

stranger open it, it sctteth an alarum a-going, which the stranger cannot

top from running out ; and besides, though none should be within hearing, yet

itcatcheth his hand as a trap doth a fox ; and though far from maiming him,

wt it ieaveth such a mark behind it as will discover him if suspected ; tbe

'scutcheon or lock plainly showing what money he hath taken out of the box

°o a farthing, and bow many times opened since the owner had been at it."

"The means of giving security to locks," Mr. Ainger observes, " are of two

linds. The first consists in numerous obstacles (commonly called tcardt) to the

punge of the key, which requires, therefore, a peculiar form to evade them.

The tecond consists in a number of impediments to the motion of the bolt ;

those impedimenta being so contrived that their absolute and relative positions

uiurt be changed before the bolt can be withdrawn." To these two Mr. Ainger

tight have added the " rose- turning pipe," and the "secret etcutcheon" from the

foregoing " icantlings," which also constitute impediments to many modern

'••••k«. Means of the first class are defective, because a surreptitious instrument

iitfi not thread the mazes of the wards ; it escapes them by taking a path out-

tide of them to tbe bolt, which is unavoidably left for the passage of the

fitremity of the key. Complexity in the form of the wards, therefore, affords

"i> absolute security against the determined initiated picker of locks, as he can

lake an impression of the position of the wards, and make an instrument (or

;Mfton) that will avoid most of them, and take the most direct path to the

•oil or its guards. The guards or impediments to the motion of the bolt are

ailed tumblers. A tumbler usually consists of a small lever, one end of which

'•» a little projection, which latches into a notch cut into the bolt, and is kept

•»n by a spring. It is therefore the business of the key, after it has passed

tw wards, to raise this tumbler out of the notch entirely before the bolt can be

owed, the latter moti /n being effected by the further motion of the key against

> cured portion of the bolt. Great exactness in the length of the bit of the

•-J a therefore necessary to make these parts act properly. If the key be too

!"*([, it cannot enter the curved portion, and the tumbler is not reached ; and

rf it be too short, by only the thickness of a sheet of writing paper, the tumbler

cumot ttereby be lifted guile out of the notch, and the bolt is, in consequence,

la-movable. Sometimes the key has a step or notch which acts upon the

aunbler, vhilst the other portion of the end of the key acts upon the bolt,

»oick adds to the difficulty of false keys. A single tumbler, therefore, con-

Mntn a certain degree of security, and they are usually applied to locks of a

tedium quality. But as this addition to a lock increases the cost about six-

pJw*, the commonest or cheapest locks have no tumbler, tbe bolt being he.d

• (in position in which the key puts it by the pressure of a spring. Locks
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are, however, made, not only without tumblers, but even without wards, for

very common purposes ; and being sufficiently secure for their objects, and

extremely cheap, they are manufactured in immense quantities, chiefly at

Wolverhampton.

In 1774 a great improvement in the art of lock-making in this country was

made by Barron, who took out a patent for it; it consisted in the employment

of two or more tumblers, of (he same construction as the single one before

described, but so arranged that they must be operated upon at different times,

or altogether, and be moved through different spaces, so as to take them com

pletely out of their notches, and set the bolt free to be acted upon. The proper

key has therefore a number of steps at the end of the bit, exactly adapted to

move the tumblers through the required spaces ; and as this arrangement admits

of almost endless variations, and is extremely simple in itself, very beautiful

and secure locks have continued to be manufactured on the principle ever since

it was brought before the public. The facilities of " getting them up" are now

so great at Wolverhampton and Birmingham, by the application of machinery

for fabricating the separate parts of these (as well as other) locks, chiefly by

stamping, that the wholesale price of a good Barron's patent cabinet lock does

r.ot exceed two shillings; the sale of them is consequently very great.

Although no doubt can be entertained that Barron really invented the lock

we have been noticing, it appears from the statements of Mr. Ainger, that the

Egyptian locks now in use are constructed upon the same principle as Bar-

run's ; and as these modern Egyptian locks are the same as those observed

jpon the great temple at Karnac, the invention which we have been regarding

as our countryman s, and of modern date, is upwards of 4000 years old. The

bolt and a fixed part of the Egyptian lock are, as described by Mr. Ainger,

each pierced with any number of holes, arranged in any chosen form ; those in

the bolt and in the fixed part coinciding when the bolt is locked. These bolts

are occupied by pins, which are contained in the fixed pan, and descend into

the bolt, so as to prevent its motion till they are removed wholly into the fixed

part. This is effected by a key having the same number and arrangement of

pins, and of such a length, that they elevate the ends of the pins in the lock to

the plane of motion between the bolt and the fixed part. This key is intro

duced laterally through a long tube, at the end of which it acts vertically upon

the pins, whose position therefore it is difficult to ascertain. The irame prin

ciple was afterwards adopted by Mr. Bramah, (who took out a patent

for it in 1 784,) but without the assistance of wards ; his mode of application

was, however, very different from the Egyptian. In the latter the security arose

from a concealment of the number and position of the impediments ; in Mr.

Bramah 's these were discoverable on inspection, and the security depended en

the various degrees of motion which the several impediments required before

the bolt could be moved. The office which in ordinary locks is performed by

the extreme point of the key, is, in Bramah's, assigned to a lever, which

cannot approach the bolt till every part of the lock has undergone a change of

position. The lock may be described as consisting of a common axis, on which

six levers, crossing the face of the lock, are united as in a joint. Each of these

rests upon a separate spring, sufficiently strong to bear its weight, or if depressed

by a superior force, to restore it to its proper position when that force is removed.

The levers pass through a frame by separate grooves, exactly fitted to their

width, but of sufficient depth to allow them a free motion in a perpendicular

direction. The joint or carriage of the levers, and the springs on which they

rest, arc fixed on a circular platform, turning on a centre, and the motion of

this platform impels the bolt in either direction by means of a lever. The

inviolable restraint upon this lock, by which means it is subjected only to the

action of the key, is lodged in a thin plate, bearing at each extremity on a

block, and having of course a vacant space beneath, equal in height to the

thickness of the block on which it rests. By this plate the motion of the

machine is checked or guided in the following manner:—on the edge of the plate

which faces the movement there are six notches, which receive the ends of the

levers projecting beyond the frame ; and while they are confined in this manner,
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tli* motion of the machine is so totally suspended as to defy every power of art

to overr ome. To understand in what manner the proper key of this lock over-

cones these obstacles, it must be observed that each lever has a notch on its

extremity, and that those notches are disposed as irregularly as possible. To

give the machine a capacity of motion, these notches must be brought parallel

to each other, end, by a distinct but unequal pressure upon the levers, be Ibrmed

into a groove in a direct line with the edge of the plate, which the notches are

exactly fitted to receive. The least motion of the machine whilst the levers art

in this position, will introduce the edge of the plate into the groove, which con-

Dolling the power of the springs, will give liberty to the levers to move in a

horizontal direction, as far as the space between the blocks which support the

plate will admit, and which is sufficient to give the machine the power of acting

on the bolt. The key exhibits six different surfaces, against which the levers

are progressively admitted in the operation of opening the lock : the irregu

larity of these surfaces shows the unequal and distinct degree of pressure which

etch lever requires to bring them to their proper bearings, in order to put the

machine in motion. Hence it appears that unless the various heights of the

surfaces expressed on the bit of the key are exactly proportioned to the several

distances necessary to bring the notches into a straight line with each other,

they must remain immovable. On this principle it would be a matter of great

difficulty for any workman, however skilful, to construct a key for the lock

vben open to his inspection ; for the levers, being raised by the subjacent

springs to an equal height in the frame, present a plane surface, and, conse

quently, convey no direction that can be of any use in forming a tally to the

irregular surface which they present when acting in subjection to the key.

Unless therefore we can contrive a method to bring the notches in the points of

the levers in a direct line with each other, and to retain them in that position

uU an exact impression of the irregular surface, which the levers will then

exhibit, can be taken, the workman will be unable to fit a key to the lock, or

to move the bolt. If such difficulties occur even when the lock is open to the

inspection of a skilful workman, much more must we suppose it out of the

power of one who has not access to the internal parts to make a false key.

Then difficulties render it necessary in making locks of this kind not to fit the

key to the lock, but to fit the lock to the key. The key must therefore be made

bit, and the inequalities upon the surface of the bit worked as chance or fancy

may direct, without any reference to the lock. The key being thus completed

and applied to the surface of the levers, will, by a gentle pressure, force them

to unequal distances from their common station in the frume, and sink their

puinU to unequal depths into the space beneath the plate. While the levers ave

in this position, the edge of the plate will mark the precise point at which the

notch on each lever must be expressed. The notches being cut by this direction,

the irregularity which appears when the levers resume their station in the frame,

ifld the inequality of the recesses on the bit of the key, will appear as a seal

and its corresponding impression. The moving of the bolt, or other parts of

liie lock whereby it may be opened, entirely depends on the positive motion of

the levers, &c., as any of them would, by being pushed the least degree too

much or too little, entirely prevent the bolt from being moved or set at liberty :

and as the whole of the levers are restored to their situation when the bolt is

withdrawn, the tally, or impression, is totally destroyed, and, consequently, the

opening of the lock is left wholly dependent on chance whilst the said key

• abtent, as there is no rule whatever to assist in discovering the required posi

tion of each or any of the levers, or other movables, whereby the form of the

key necessary1 to the opening of the lock might be ascertained. Mr. Bramah

calculated the number of changes of position that the levers of such a lock are

capable of before the right one might be discovered, in the following manner :—

" Let us suppose the number of levers, sliders, or other movables, by which the

lock ii kept shut, to consist of twelve, all of which must receive a different

ud distinct change in their position or situation by the application of the key,

aid each of them likewise capable of receiving more or less than its due, either

J which would be sufficient to prevent the intended effect ; it remains, therefore,
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to estimate the number producible, which may be thus attempted :—Let the

denominations of these levers, &c be represented by twelve arithmetical pro-

gressionals, we find that the ultimate number of changes that may be made in

their place or situation, is 479,001 ,500 ; and by adding one more to that number

of levers, &c., they would then be capable of receiving a number of changes

equal to 6,227,019,500, and so on progressively, by the addition of others in

like manner, to infinity. From this it appears that one lock, consisting of thir

teen of the above-mentioned levers, sliders, or other movable parts, may (by

changing their places only, without any difference in motion or size) be made

to require the said immense number of keys, by which the lock could only be

opened under all its variations."

Statements like the foregoing, apparently founded upon just reasoning,

obtained for Bramah's patent an extraordinary degree of reputation, and, for

the patentee, during many years, a very lucrative trade ; but this and other

improvements induced a corresponding study in the art of picking, which finally

obtained a triumph over Bramah's invention; and had it not been for the dis

covery of new means of baffling the picker's art, by the introduction of fake

notches, the reputation of these admirable locks would have been destroyed ;

but, from the apparent impossibility of discovering the false from the true

notches, or of ascertaining those which assist from those which do not assist in

the effect the lock is now deemed inviolable ; it is manufactured very exten

sively, and sold at very moderate prices.

In 1805, Mr. Stansbury, an American, came over to this country with a new

lock, which he patented, and was very assiduous in endeavouring to get it intro

duced; in which attempt, however, he met with so little encouragement, that

it might be deemed a failure. Nevertheless there was sufficient originality in

his contrivance to merit a notice in this place : the key was of the ordinary

shape of those with a pipe, but longer and narrower in the bit, on the lower

side of which were a number of pins projecting from its surface ; the key had

no wards, and the lock, consequently, none ; the bolt was not moved by the key

immediately, but through the instrumentality of a revolving circular plate,

attached to, and underneath which, was a fixed pin, that took into a notch in

the bolt ; it was therefore the office of the key to remove the impedimenta to

the motion of the revolving plate, which impediments consisted in a number of

pins passing through it and another fixed circular plate or bridge underneath,

the said pins being pressed through both, and made flush with the surface of

the upper by the action of springs rivetted to the bridge. The two plates thus

locked together were separated by the projecting pins upon the key, which,

entering the holes in the upper plate, pressed the spring pins out of them and

turned the plate round. The pin-holes in the circular plates were not opposite

to the key-hole, but on one side leading towards the bolt, so that to find them

out it was necessary to push the key slightly against the plate whilst turning it

round.

Mr. Lawson subsequently took out a patent for a lock, the additional security

in which consisted in the employment of a sliding curtain, which is drawn

before the key-hole in the act of unlocking, thus rendering it impossible to

move the bolt whilst a pick remained in the aperture.

In 1816 a lock was invented by Mr. Kemp, of Cork, the security of which

consisted in the adaptation of tumblers or sliders, operated upon by two, three,

or more small concentric tubes, of different lengths, placed inside the barrel of

\\ • key. These tubes were made of >uch a length as to push back the pins or

sl.ders that detain the bolt, to the required positions, until each one corresponds

with the notch that is cut in it for the projecting part of the bolt. Mr. Kemp

calls his invention the union lock, from the circumstance that it unites the

qualities of Barren's and Bramah's locks ; and from the manner in which the

combination is effected, it affords, according to the inventor, a greater degree

of security than either of the former, or than both of them together, supposing

a lock of each kind was placed on the same door; and that a dishonest servant,

who does not possess any particular ingenuity, may be instructed by a lock

smith how to Uku the requisite impressions of either Barron's or Braraau'a
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keys, even if he could be intrusted with them only for a few miinit"* • hut

this cannot be done with the key of the union lock, as it would require lite

Wksmiili to examine it himself, and to make several tools to ascertain its dif

ferent dimensions, which he could not do without having it in his possession for

iome considerable time, with leisure to make repeated trials. In this remark of

Mr. Kemp's we entirely coincide ; and it still applies to all locks hitherto made

(1834), that the keys, when in the possession of a workman, may be copied ;

and, in many, without possession. Mr. Kemp's invention may supply a partial

remedy for this defect; but until a complete one is provided, the art of lock-

making is imperfect, and no locks are inviolable.

Viewing the subject in this light, it affords the editor of this work mucli

tatisfaction to state, that he has in his possession a lock, the key of which canaut

tt copied; a locksmith possessing no tools by which an exactly similar one

cu be made ; and the machine by which the original one was made, is so

arranged as to be deprived of the power of producing another like it. The lock

i» very simple, very strong, and can be very cheaply made. The cost of a com

plete machine to make them would be about one hundred pounds ; with that

they might be manufactured at one-half the expense of any patent lock. The

inventor is desirous to have the subject brought before the public under a

patent, but want of time to devote himself to such an object at present obliges

kirn to lay it aside.

Lock* have been made which required that the key should be a powerful

magnet ; others, in which an unusual and complicated motion must be given to

the key ; and others, in which an improper key or instrument would fire a

potol, or ring an alarum, as proposed by the Marquis of Worcester.

Of all the various locks that have of late years been introduced to the notice

of the public, Mr. Chubb's has obtained the greatest celebrity. Although it

possesses but small claims to novelty, it cannot be denied that it combines, in

«n eminent degree, the qualities of security, simplicity, strength, and durability ;

and we think that the persevering and business-like manner in which the inge

nious inventor has contrived to fix it before the public eye, has contributed in

DO small degree to the successful " run" it has had. The chief characteristic

in this lock, and that which marks it as Chubb's, is the employment of a lever

called a detector, which locks the bolt fast, upon any of the tumblers being

beyond its assigned range, and shows that some person has been attempting to

unlock it by a false instrument In other respects the lock resembles Barren's

sna Bramah's ; and we are disposed to question its boasted superiority over

(hoie admirable inventions for a reason which now forces itself upon our atten

tion. In Barren's and Bramah's the picker has no means of knowing whether

the tumblers are lifted too high or not ; bnt in Chubb's he has only to put the

detector Han de combat in the first instance, by a correct thrust from the out-

«i<ie of the door (which might be accurately measured) so as <<>/<> it fast in its

Puce; the detector then becomes a stopper to the undue ascent of the tum-

Wers, and the extent of their range is thereby correctly ascertained : thus it

*ppe»rs to us, the detector might be converted into a director of the means of

opening the lock.

In 1829 Mr. Gottlieb took out a patent for improvements in locks, which

connsted in the application of a piece of paper over the key-hole, so secured as

to prevent its being removed without the introduction of a key parsing through

a; uid hence any attempt to break open the lock would be indicated by the

fracture of the paper. The paper is introduced and secured by means of a

folding shield with a hole in it, similar to the key-hole, in a lock plate ; this shield

is krpt down by a spring catch, which cannot be disengaged for the introduction

of • fresh piece of paper, except by the proper key, which is furnished with a

projecting stud on the side of the key-stem, for the purpose of disengaging the

•tali catch when turned. As a source of further security, the patentee prc-

POIM to employ checque-paper, with some design engraved upon it; and by

uring this paper bound in a checque-book, and a leaf torn ofl' when required,

» that the paper found in the key-hole at any time being compared with the

«*g» of the leaf in the book, the substitution of another paper would be
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discovered. There are few cases in which this plan can be advantageously

employed.

Messrs. Carpenter and Young, of Willenhall, in Staffordshire, had a patent

in 1830 for improvements in locks. Their object appears, from the specification,

to be the production of locks of greater security and stability than the common

locks without augmenting the cost ; and also to construct a latch-lock, some

what more convenient in use. The greater degree of security is obtained by

having a double set of tumblers, one set attached to, and movable with, the

bolt, and the other attached to the plate of the lock in the usual way. Pro

jections from the stationary tumblers fit into slits in the movable ones, when

they are simultaneously elevated to a given position ; and in addition to this,

there are notches cut in the upper and lower sides of the movable tumblers, to

fit fixed pins projecting from the plnte, just above the notches on the upper

side, and just below those of the under side when the door is locked, so that

the bolt cannot be withdrawn except by a key, which raises each tumbler to an

elevation coinciding precisely with the cuts in the original key, and upon this

depends the security. Instead of the usual latch or spring bolt to room-door

locks, the patentees cause this part to drop into a notch in the striking plate

after it has been elevated by passing over an inclined plane upon it. In con

nexion with this latch is a tumbler, by which it is elevated through the instru

mentality of a key, by a handle on one side of the door and a key on the other,

or by the key, without using the handle. These contrivances have manifest

advantages, and are easily executed by any locksmith.

The application of an inviolable lock to boxes sent by mails or other convey

ance, containing money or other valuable property, that can be opened only at

stated times, is, of course, an object of desirable attainment in a commercial

country like this. For effecting this object a patent was taken out in November,

1831, by William Rutherford, jun. of Jedburgh, in Scotland. This gentleman

being a bank agent, had no doubt sensibly felt the importance of having the

means of transmitting, from one town to another, bankers' parcels with perfect

safety. With this view he introduces against the end of the bolt a circular

stop-plate, to prevent the withdrawal of the bolt till the circular plate, which is

put in rotation by clock-work, shall have revolved so as to bring a notch oppo

site the end of the bolt. Now as this notch can be set at pleasure to any

required distance from the end of the bolt, the lock may be secured against

being opened by its own or any other key, till any assigned number of noun

after it has been locked ; and as the rate of travelling is known, the box can

be secured from robbery till it shall have reached its destination. When this

fastening is used for portable boxes or packages, it must be put in motion, and

its motion regulated by springs ; but when it is to be applied to closets or safe*,

the most simple mode of giving motion will be by a descending weight, and of

regulation by a pendulum ; the actuating weight may then be made to rett

upon, and disengage a locking bar in connexion with the bolt of the lock, at

any assigned number of hours after the fastening has been effected. In this

case all that is necessary is to cause the weight to descend down a vertical scale,

divided into hours, and to raise it to any assigned number when the door is

locked. A still farther security is obtained by the locking-bar itself being pre

vented from being disengaged by any pressure, except by the descent of the

weight, which is made to come, in its descent, into contact with an inclined pro

jection from the lower end of the hour-scale, sending it back and disengaging

the locking-bar from a notch therein.

We might extend our descriptive account of locks to numerous others, con

taining arrangements of parts differing from the foregoing, and each possessing

a certain degree of merit, as respects one or more of the necessary qualifica

tions of a lock ; but the detail would be uninteresting and profitless ; we shall,

therefore here close our account of locks extraordinary, by giving the reader a

summary of those in general use, of which there are full a hundred times as

many as of the former. Indeed, by far the greater number of locks in use are

not required as a security against the dexterous thief, but principally as a check

upon the intrusive curiosity and meddling of children and servants ; and of th«
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numerous tribe of petty pilferers, there are few who hare sufficient knowledge of

the nature of common locks to succeed in, or who are daring enough to attempt

the picking of them. We have already noticed, at page 104, that a vast quantity

of locks are made without any wards or other securities whatever, but the bolt ;

and these having been itamped with the public approbation, (to our own know

ledge for nearly half a century,) what need is there to give two guineas, or two

•hillings for a lock, when a satisfactory one can be obtained for two-pence ?

Uiefut trunk locks are indeed manufactured by thousands of grosses, at a

wholesale price not exceeding one penny each ! They are chiefly the product

of the stamping press; 'but the malleable-cast-iron-founder is not behind-hand

in demonstrating the power of his art in this manufacture. The technical term

for wards, in the lock-trade, is wheels ; thus, they are successively demonstrated

according to this point of their quality, 1 wheel, 2 wheels, 3 wheels, 4 wheels ; and

to these terms there is a prefixture called plain, which means, no wards at all.

The wards are simply short pieces of thin plate iron, rivetted on the upper or

lover plate, or on both plates, opposite or near to the key hole. If the wards

are of a better quality, they are dignified by a higher title, as one ward round,

tmoaardt round, &c.; which is when the wards make an entire circle, or nearly so,

of the lock. They are called L ward, or T ward, or z ward, when the sectional form

of the wards represents the figure of those letters. Copper wards, signify the

employment of that metal, instead of iron, to adapt them for use in cellars, and

other damp places. Solid wards are much used, as they are substantial and not

dear, being readily made by casting in brass, and turning in the lathe ; and they

largely assist in makingfancy locks. The term^/fnc, in the lock trade, has about

the same meaning as the ordinary application of that adjective to smart persons ;

they are a little glazed on the surface, to dazzle the eye, but are coarse enough

underneath ; and they have two bright-headed screws, one or both of which

are usually loose. The quality of the plates, bridges, staples, springs, bolts,

and other parts of the interior of a lock, is made to assimilate with the quality

ol the wards, unless ordered to the contrary.

Locks, according to their uses, may be divided into two classes, namely,

in-doar locks and out-door locks ; and of each class there are numerous kinds,

met, and qualities. We will name the principal, that persons who want them

nay understand the distinctive names by which they are known in the trade.

Commencing with the in-door class, the first kind that occupies our attention

arc those upon the front doors of houses, called draw-back locks, as the bolt,

•hen not locked, is made to spring to, and has a knob for the purpose of draw

ing it back ; they are generally made of iron, and they are, therefore, further

designated by the term iron-rim, to distinguish from those having wooden stocks,

caued fpriag-tiock-loclm, which are of a cheaper and less elegant kind, and are

therefore more frequently put to back doors. For the doors of rooms, there

are three principal kinds, distinguished by the names of mortite, brass-caie, and

rat-riot locks. Formerly the latter kind were put on the doors of parlours,

tnd even drawing-rooms ; but their unsightly appearance soon caused the

•jbrtitution of the brass-cased locks. The bright yellow metal was long a

favourite, but ingenuity, seconded by good taste, introduced the mortise-lock,

»hich is now rendered so cheap, that scarcely any new houses, excepting those

tor the very poor, are built without them. By the aid of machinery, and a

mimite division of labour, mortise-locks are made at an astonishingly low price

at Wolrerbampton ; and the workmanship of even the commonest kind is sub

stantial and durable. As room -door locks arc before every body's eyes, it will

"air be necessary to observe, that all such are specified in the following manner.

If there be only one bolt to it which the key snoots, it is called a dead-lock, or

dart-itfi-; if there be in addition a spring bolt, with a handle to open it, it is

called a ttco-bolt lack ; and if there be a private bolt besides, it is called a ihree-

Mt lock. It is also necessary to specify the kind of handles required, (knob*

or ratyt, Sec.) ; the hand (right or left) ; the thickness of the doors ; and if plain

*ardt, round wards, tumblers, patent, &c.

Under the general term of cabinet locks, are comprehended a great variety of

tads, such as cupboard, boot-case, desk, portable detk, table, drawer, or till, box,
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chest, caddy, &c. These also partake of three forms, as respects the manner o,

fixing them. They are called straight, when the plate of the lock is to b*

screwed with its flat side against the wood-work ; cut, when the wood is to tw

cut away to let in the lock flush with the surface ; and mortise, when a mortise

cavity is to be made edgeways in the wood for its reception. The sizes of these

locks vary from 1 to 5 inches ; they are made in both iron and brass, and the

qualities are distinguished by the terms already mentioned.

Of the out-door locks, those used for gates, stables, sheds, &c. are for the

most part wooden stock-locks ; of these there are many qualities ; the common or

Banbury, the bastard, the fine, and many qualities above the latter, which would

require too lengthened an explanation ; the internal parts being made of cop

per, iron, and brass. There are also the D and the p gate locks, and the very

numerous family of padlocks ; for information upon which we must refer the

reader to his locksmith, as a volume might be Ailed with those and others

which we have necessarily omitted.

LOG. A machine or apparatus used to measure the rate of a ship's velocity

through the water. For this purpose there are various inventions ; but the one

mostly used is the following, and called the common log. It is a piece of thin

board, forming the quadrant of a circle of about six inches radius, and balanced

by a small plate of lead nailed on the circular part, so as to swim perpendicu

larly in the water, with the greater part immersed. The log line is fastened to

the log by means of two legs, one of which is knotted through a hole at one

corner, while the other is attached to a pin fixed in a hole at the other comer,

so as to draw out occasionally. The log line, being divided into certain spaces,

which are in proportion to an equal number of geographical miles, as a half or

a quarter minute is to an hour of time, is wound upon the reel. The whole is

employed to measure the ship's head-way in the following manner ; the reel

being held by one man, and the half minute glass by another, the mate of the

watch fixes the pin, and throws the log over the stern, which swimming perpen

dicularly, feels an immediate resistance, and is considered as fixed ; the line

being slackened over the stern to prevent the pin coming out. The knots are

measured from a mark on the line, at the distance of 1 2 or 1 5 fathoms from the

log ; the glass is therefore turned at the instant that the mark passes over the

stern ; and as soon as the sand in the glass has run out, the line is stopped ;

the water being then on the log, dislodges the pin, so that the board now only

presenting its edge to the water, is easily drawn aboard. The number of knots

and fathoms which had run off at the expiration of the glass, determines the

ship's velocity. The half-minute glass and divisions on the line should be

frequently measured, to determine any variation in either of them, and make

an allowance accordingly. If the glass runs 30 seconds, the distance between

the knots should be 50 feet When it runs more or less, it should, therefore, be

corrected by the following analogy :—as 30 is to 50 so is the number of seconds

of the glass to the distance between the knots upon the line. The heat or

moisture of the weather having often a considerable effect upon the glass, so

as to make the sand run faster or slower, it should be frequently tried by the

vibration of a pendulum. The inventor of this simple and admirable contri

vance is unknown ; and no mention of it occurs till the year 1607, in an account

of an East India voyage, published by Samuel Purchas. Since that period, the

log has been in general use, and many improvements have been made upon it

One of the most conspicuous of these improvements, is that invented by

Mr. James Hookey, a midshipman in the navy, who received a honorary

medal from the Society of Arts for the same.

The advantages gained by Mr. Hookey's invention are, that it gives the dis

tance the ship runs more correctly, as it remains more stationary in the water

than the one generally in use ; and when required to be hauled into the ship, by

giving it a sudden jerk, the toggle swivels round, and disengages the line from

the spring, in consequence of which, the log ship reverses its position, and may

then be pulled into the ship with the greatest ease. With respect to the lines,

Mr. Hookey recommends, that they be saturated in a composition of oil, which

makes them more buoyant and pliant, and prevents kinking; it likewise prevents
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their contracting, which in a new line is about 20 feet in SO fathoms. As many

tenons accidents are likely to occur by getting a false depth of water, in conse

quence of the contraction of the line attached to the lead, it becomes an object

worthy of attention to prevent the possibility of such accidents taking place.

The log is formed like a fish. Fig. 1 represents one running out, and Fig. 2

the same, in the act of being pulled in ; r the toggle, > the spring ; the eye of

the line is put on the toggle, which is then pushed under the spring ; the flap

board .' falls down, and the fish runs out. When the line is taught, a sudden

jerk will make the toggle pass the spring and let go the line ; the fish then

iwings round, the flap board t closes, and it is easily pulled in. Fig. 3 shows

tic under side ; the flap-board / is jointed to the fish by the strap of the copper

», which passes round a pin 1 1 1 1, and this pin is held by the copper strap u> ;

the line is attached to the log by a loop which goes in at the mouth, and is held

bj a peg which forms the eye ; the flap-board t, if made of copper, has a piece

of wood riretted to it in the middle to stiffen it ; if made of wood, a slip of lead

or copper x is rivetted on, to make it heavy enough to drop down readily when

thrown into the water. Fig. 4 is a top view of one made thin and wide, like a

fiat dish; the spring s, which holds the toggle is underneath, beneath the fish

r*L

iz^&JL

 

and the flap- board t; the spring may be above or below in either case. The

blowing are the instructions given for using the log-ship. The eye in the

ae is to be put over the toggle, on the tail of the fish, and when the line is all

Tin out from the reel, and it becomes taught, by giving it a sudden jerk, the

aggie will swivel out ; the fish will then reverse its position, float on the sur-

'tte of the water, and may be hauled into the ship with the greatest ease.

When it is necessary to shift the line at the head of the fish, knock out the peg

hat forms the eye, and the line will then disengage itself; and in attaching

another line, make an eye in it, and pass it into the mouth of the fish perpen

dicularly, through which put the peg that forms the eye, and it will be quite

"cure. The inventor strongly recommends that all log lines, and lines to the

eai jhould be saturated for one hour in linseed and lamp oil, three-fourths of

he former, and one-fourth of the latter well mixed together, after which, hang

lino up to dry ; contraction will thus be prevented, and they will be pliable

lad buoyant.

LOGARITHMS are series of artificial numbers, so arranged with reference

it a Kt of natural numbers that the addition of the logarithms shall correspond

with the multiplication of the natural numbers belonging to them ; and sub-

rieticn of logarithms answers for division ; while involution, or the raising of

ewers, is performed by the multiplication of logarithms ; and evolution, or the

otraction of roots, by the division of logarithms.
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To illustrate this, let us take—

For Natural Numbers the )

Geometrical Series . . )

And for their Logarithms >

the Arithmetical Series )

1 10 100

•2

1000

3

10000

4

100000

5

1000000

60 1

From this it appears that the log. of 1 is 0, that of 10 is 1, of 100 is 2, IK.;

that the log. of any number below 10 is a fraction, above 10 and under 100 is 1;

with a fraction, and between 1000 and 100, is 2 with a fraction, and so on.

Hence it is evident that the portion of a log. which constitutes the whole number,

and is denominated the INDEX, is always one less than the numbers of figures

for which it is the log. This general rule is so easy of application, that the

Indexes of Logarithms are never printed in the tables, but left to be supplied

by the operator.

The rule for determining the Index descends as well as ascends, and appliej

with equal facility to numbers below and above unity ; but when applied to

numbers below unity, it must be distinguished by a negative sign thus—

NATURAL NUMBER. LOGARITHM.

•000001 6-0000000

•00001 5-0000000

•0001 4-0000000

•001 3-0000000

•01 2-0000000

• I 1-0000000

1- 0-0000000

10- 1-0000000

100 2-0000000

1000 3-0000000

&c. &c.

To furnish the means of illustrating this important subject by a few examples,

and to give the reader an opportunity of working cases by logarithms when the

numbers to be operated upon are not very large, we subjoin

A TABLE OF LOGARITHMS OF NUMBERS,

FROM 1 TO 1000.

NUMBER 1 TO 100, AND THEIR LOGARITHMS.

1
•0000000 21

•3222193 41
•6127839 61

•7853298
81

•9084850

2
•3010300 22

•3424227 42
•6232493 62

•7923917
82

•9138139

3
•4771213 23

•3617278 43
•6334685 63

•7993405
83

•9190781

4
•6020600 24

•3802112 44
•6434527 64

•8061800
84

•9242793

5
•6989700 25

•3979400
45

•6532125 65
•8129134

85
•9294189

6
•7781513 26

•4149733 46
•6627578

66
•8195439

86
•93449S5

7
•8450980 27

•4313638 47
•6720979

67
•8260748

87
•9395193

8
•9030900 28

•4471580 48
•6812412

68
•S325089

88
•9444827

9
•9542425 29

•4623980 19
•6901961

69
•8388491

89
•9493900

10
•0000000 30

•4771213
50

•6989700
70

•8450980
90

•9542425

11
•0413927 31

•4913617
51

•7075702 71
•8512583

91
•9590414

12
•0791812 32

•5051500
52

•7160033 72
•8573325

92
•9637878

13
•1139434 33

•5185139
53

•7242759 73 -8633229 93
•9684829

14
•1461280 34

•5314789
54

•7323938
74 j -86923 17 94

•9731279

15
•1760913 35

•5440680 55
•7403627

75
•8750613

95
•9777236

16
•2011200 36

•5563025 56
•7481880 76

•8808136
96

•9822712

17
•2304489 37

•5682017 57
•7558749 77

•8864907
97

•9867717

18
•2552725 38

•5797836 58
•7634280 78

•8920946
98

•991226!

'-9
•2787536 39

•5910646 59
•7708520 79

•8976271 99
•9956352

•3010300 40 •6020600
60

•7781513 80
•9030900

100
•0000000
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f

NUM. LOG. NUM. LOO. Inum.NEK. LOO. NUM. LOO. LOO.

100 0000000 150 ( 1760913 200 3010300 250 3979400 300 4771213

101 0043214 151 1789769 201 3031961 251 3996737 301 4785665

102 OOS6002 152 1818436 202 3053514 252 4014005 302 4800069

103 0128372 153 1846914 203 3074960 253 4031205 303 4814426

104 0170333 154 1875207 204 3096302 254 4048337 304 4828736

105 0211893 155 1903317 205 3117539 255 4065402 305 4842998

106 0253059 156 1931246 206 3138672 256 4082400 306 4857214

107 0293838 157 1958997 207 3159703 257 4099331 307 4871384

108 0334238 158 1986571 208 3180633 258 4116197 308 4885507

109 0374265 159 2013971 209 3201463 259 4132998 309 4899585

110 0413927 160 2041200 210 3222193 260 4149733 310 4913617

111 0453230 161 2068259 211 3242825 261 4166405. 311 4927604

112 0492180 162 2095150 212 3263359 262 4183013 312 4941546

113|0530784 163 2121876 213 3283796" 263 4199557 313 4955443

114 0569049 164 2148438 214 3304138 264 4216039 314 4969296

115 0606978 165 2174839 215 3324385 265 4232459 315 4983106

116 0644580 166 2201081 216 3344538 266 4248816 316 4996871

117 06S1859 167 2227165 217 3364597 267 4265113 317 5010593

118 0718820 168 2253093 218 3384565 268 4281348 318 5024271

119 0755470 169 2278867 219 3404441 269 4297523 319 5037907

120 0791812 170 2304489 220 3424227 270 4313638 320 5051500

121 0827854 171 2329961 221 3443923 271 4329693 321 5065050

122 08S3598 172 2355284 222 3463530 272 4345689 322 5078559

123! 0899051 173 2380461 223 3483049 273 4361626 323 5092025

124 0934217 174 2405492 224 3502480 274 4377506 324 5105450

125 0969100 175 2430380 225 3521825 275 4393327 325 5118834

126 1003705 176 2455127 226 3541084 276 4409091 326 5132176

127 1038037 177 2479733 227 3560259 277 4424798 327 5145478

128 1072100 178 2504200 228 3579348 278 4440448 328 5158738

129 1105897 179 2528530 229 3598355 279 4456042 329 5171959

130 1139434 180 2552725 230 3617278 280 4471580 330 5185139

131 1172713 181 2576786 231 3636120 281 4487063 331 5198280

132 1205739 182 2600711 232 3654880 282 4502491 332 5211381

133 1238516 183 2624511 233 3673559 283 4517864 333 5224412

,134 1271048 184 2648178 234 3692159 284 4533183 334 5237465

'.'35 1303338 185 2671717 235 3710679 285 4548449 335 5250448

1-36 133.5389 186 2695129 236 3729120 286 4563660 336 5263393

137 1367206 187 2718416 237 3747483 287 4578819 337 5276299

138 1398791 188 2741578 238 3765770 288 4593925 338 5289167

139 1430148 189 2764618 239 3783979 289 4608978 339 5301997

140 1461280 190 2787536 240 3802112 290 4623980 340 5314789

141 1492191 191 2810334 241 3820170 291 4638930 341 5327544

i 142 i 1522883 192 2833012 212 3838154 292 4653829 342 5340261

14311553360 193 2855573 243 3856063 293 4668676 343 5352941

144 i 1583625 194 2878017 244 3873898 294 4683473 344 5365584

Hal 1613680 195 2900346 245 3891661 295 4698220 345 5378191

146 i 1643529 106 2922561 246 3909351 296 4712917 346 5390761

1 U7 11673173 197 2944662 247 3926970 297 4727564 347 5403295 ■

1148. 1702617 198 2966652 248 3944517 298 4742163 348 5415792 |

149 : 1731863

i

199 2988531 249 3961993 299 4756712 349 5428254

tou'i
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SUM. LOG. NUM. LOO. NUM. LOO. NUM. LOG. NUM. LOG. |

350 5440680 400 6020600 450 6532125 500 6989700 550 7403627

351 5453071 401 6031444 451 6541765 501 6998377 551 7411516

352 5465427 402 6042261 452 6551384 502 7007037 552 7419391

353 5477747 403 6053050 453 6560982 503 7015680 553 7427251

354 5400033 404 6063814 454 6570559 504 7024305 554 743509S

355 5502284 405 6074550 455 6580114 505 7032914 555 7442930

356 5514500 406 6085260 456 6589648 506 7041505 556 745074S

357 5526682 407 6095944 457 6599162 507 7050080 557 7458552

358 5538830 408 6106602 458 6608655 508 7058637 558 7466342

359 5550944 409 6117233 459 6618127 509 7067178 559 7474119

360 5563025 410 6127839 460 6627578 510 7075702 560 74818S0

361 5575072 411 6138418 461 6637009 511 7084209 561 I 7489629

362 5587086 412 6148972 462 6646420 512 7092700 562 7497363

363 5599066 413 6159501 463 6655810 513 7101174 563 7505084

364 5611014 414 6170003 464 6665180 514 7109631 564 7512791

365 5622929 415 6180481 465 6674530 515 7118072 565 75204S1

366 5634811 416 6190933 466 6683859 516 7126497 566 7528164 l

367 5646661 417 6201361 467 6693169 517 7134905 567 7535831

368 5658478 418 6211763 468 6702459 518 7143298 568 7543483

369 5670264 419 6222140 469 6711728 519 7151674 569
7551123 j

370 5682017 420 6232493 470 6720979 520 7160033 570 7558749

371 5693739 421 6242821 471 6730209 521 7168377 571 7566361

372 5705429 422 6253125 472 6739428 522 7176705 572 7573960

373 5717088 423 6263404 473 6748611 523 7185017 573 7581546

374 5728716 424 6273659 474 6757783 524 7193313 574 7589119

375 5740313 425 6283889 475 6766936 525 7201593 575 759667S

376 5751878 426 6294096 476 6776070 526 7209857 576 7604225

377 5763414 427 6304279 477 6785184 527 7218106 577 7611758

378 5774918 428 6314438 478 6794279 528 7226339 578 7619278

379 5786392 429 6324573 479 6803355 529 7234557 579 7626786

380 5797836 430 6334685 480 6812412 530 7242759 580 7634280

381 5809250 431 6344773 481 6821451 531 7250945 581 7641761

382 5820634 432 6354837 482 6830470 532 7259116 582 7649230

383 5831988 433 6364879 483 6839471 533 7267272 583 7656686

381 5843312 434 6374897 484 6848454 534 7275413 584 7664128

385 5854607 435 6384893 485 6857417 535 7283538 585 7671559

386 5865873 436 6394865 486 6866363 536 7291648 586 7678976

387 5877110 437 6404814 487 6875290 537 7299743 587 7686381

388 5888317 438 6414741 488 6884198 538 7307823 588 7693773

389 5899496 439 6424645 489 6893089 539 7315888 589 7701153

390 5910646 440 6434527 490 6901961 540 7323938 590 7708520

391 5921708 441 6444386 491 6910815 541 7331973 591 7715875 |

392 5932861 442 6454223 492 691965.1 542 7339993 592 7723217

393 5943926 443 6464037 493 6928469 543 7347998 593 7730547

394 5954962 444 6473830 494 6937269 544 7355989 594 7737864

395 5965971 445 6483600 495 6946052 545 7363965 595 7745170

396 5976952 '446 6493349 496 6954817 546 7371926 596 7752463

397 5987905 447 6503075 497 6963564 547 7379873 597 7759743

398 5998831 448 6512780 498 6972293 548 7387806 598 7767012

| 399

6009729 j 449

6522463 499 6981005 549 7395723

1

599 7774268
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i

XCM. LOS. NUM. LOG. NUM. LOO. NUM. LOO. NUM. LOO.

600 7781513 650 8129134 700 8450980 750 8750613 800 9030900

601 7788745 651 8135810 701 8457180 751 8756399 801 9036325

602 7795965 652 8142476 702 8463371 752 8762178 802 9041744

603 7803173 653 8149132 703 8469553 753 8767950 803 9047155

604 7810369 654 8155777 704 8475727 754 8773713 804 9052560

605 7817554 655 8162413 705 8481891 755 8779470 805 9057959

606 7824726 656 8169038 706 8488047 756 8785218 S06 9063350

607 7831887 657 8175654 707 8494194 757 8790959 807 9068735

608 7839036 658 8182259 708 8500333 758 8796692 808 9074114

609 7846173 659 8188854 709 8506462 759 8802418 809 9079485

610 7853298 660 8195439 710 8512583 760 8808136 810 9084850

611 7860412 661 8202015 711 8518696 761 8813847 811 9090209

612 7867514 662 8208580 712 8524800 762 8819550 812 9095560

613 7874605 663 8215135 713 8530895 763 8825245 813 9100905

614 7881684 664 8221681 714 8536982 764 8830934 814 9106244

615 7888751 665 822821 G 715 8543060 765 8836614 815 9111576

616 7895807 666 8234742 716 8549130 766 8842288 816 9116902

617 7902852 667 8241258 717 8555192 767 8847954 817 9122221

618 7909885 668 8247765 718 8561244 768 8853612 818 9127533

619 7916906 669 8254261 719 8567289 769 8859263 819 9132839

620 7923917 670 8260748 720 8573325 770 8864907 820 9138139

621 7930916 671 8267225 721 8579353 771 8870544 821 9143432

622 7937904 672 8273693 722 8585372 772 8876173 822 9148718

623 7944880 673 8280151 723 8591383 773 8881795 823 9153998

624 7951846 674 8286599 724 8597386 774 8887410 824 9159272

625 7958800 675 8293038 725 8603380 775 8893017 825 9164539

626 7965743 676 8299467 726 8609366 776 8898617 826 9169800

627 7972675 677 8305887 727 8615344 777 8904210 827 9175055

628 7979596 678 8312297 728 8621314 778 8909796 828 9180303

629 7986506 679 8318698 729 8627275 779 8915375 829 9185545

630 7993405 680 8325089 730 8633229 780 8920946 830 9190781

631 8000294 681 8331471 731 8639174 781 8926510 831 9196010

632 8007171 682 8337844 732 8645111 782 8932068 832 9201233

633 8014037 683 8344207 733 8651040 783 8937618 833 9206450

634 8020893 684 8350561 734 8656961 784 8943161 834 9211661

635 8027737 685 8356906 735 8662873 785 8948697 835 9216865

636 8034571 686 8363241 736 8608778 786 8954225 836 9222063

637 8041394 687 8369567 737 8C74675 787 8959747 837 9227255

638 8048207 688 8375884 738 8680564 788 8965262 838 9232440

639 8055009 689 8382192 739 8686444 789 8970770 839 9237620

640 8061800 690 8388491 740 8692317 790 8976271 840 9242793

641 8068580 691 8394780 741 8698182 791 8981765 841 9247960

542 8075350 692 8401061 742 8704039 792 8987252 842 9253121

643 8082110 693 8407332 743 8709888 793 8992732 843 9258276

644 8088859 694 8413595 744 8715729 794 8998205 844 9263424

6*5 1 8095597 695 8419848 745 87215G3 795 9003671 845 9268567

646 1 8102325 696 8426092 740 8727388 796 9009131 840 9273704

64718109043 697 8432328 747 8733206 797 9014583 847 9278834

648 8115750
698 8438554 748 8739016 798 9020029 848 9283959

M9 8122447 699 8444772 749 8744818 799 9025468 849 9289077 L

|



116 LOGARITHMS.

NPM LOG. HUH. LOO. NUM. 100. NUM. LOO. |NCH. LOU.

850 9294189 880 9444827 910 9590414 940 9731279 1 970 9867717

851 9299296 881 9449759 911 9595184 941 9735896 971 9872192

852 9304396 882 9454686 912 9599948 942 9740509 972 987666.1

853 9309490 883 9459607 913 9604708 943 9745117 973 9881128

854 9314579 884 9464523 914 9609462 944 9749720 974 9885590

855 9319661 885 9469433 915 9614211 945 9754318 975 9890W6

856 9324738 886 9474337 916 9618955 946 9758911 976 989449b

857 9329808 887 9479236 917 9623693 947 9763500 977 9S98940

858 9334873 888 9484130 918 9628427 9*8 9768083 978 99033S9

859 9339932 889 9489018 919 9633155 949 9772662 979 9907827

860 9344985 890 9493900 920 9637878 950 9777236 980 9912261

861 9350032 891 9498777 921 9642596 951 9781805 981 9916690

862 9355073 892 9503649 922 9647309 952 9786369 982 9921113

-'I.-; 9360108 893 9508515 923 9652017 953 9790929 983 9925535

864 9365137 894 9513375 924 9656720 954 9795484 984 9929951

865 9370161 895 9518230 925 9661417 955 9800034 985 9934362

866 9375179 896 9523080 926 9666110 956 9804579 986 99387(31)

867 9380191 897 9527924 927 9670797 957 9809119 987 9943172

868 9385197 898 9532763 928 9675480 958 9813655 988 9947569

869 9390198 899 9537597 929 9680157 959 9818186 989 9951963

870 9395193 900 9542425 930 9684829 960 9822712 990 9956352

871 9400182 901 9547248 931 9689497 961 9827234 991 9960737

872 9405165 902 9552065 932 9694159 962 9831751 992 9965117

873 9410142 903 9556878 933 9698816 963 9836263 993 9969492

874 9415114 904 9561684 934 9703469 964 9840770 994 9973864

875 9420081 905 9566486 935 9708116 965 9845273 995 9978231

876 9425041 906 9571282 936 9712758 966 9849771 996 9982593

877 9429996 907 9576073 937 9717396 967 9854265 997 9986952

878 9434945 908 9580858 933 9722028 968 9858754 998 9991305

879 9439889 909 9585639 939 9726656 969 9863238 999 9995655

It is not our province, in this brief article, to explain the use of the larger

Logarithmic Tables, as whoever possess such have of course their author's ova

explanations, and therefore the following illustrative examples are selected to

suit the table here given.

MULTIPLICATION, as already stated, is performed by the addition of Loga

rithms, thus :—

To multiply 368 by 22-5, we place opposite to each other the

NUMBERS and their LOGARITHMS.

368

22-5

Product of Numbera 8280-

2-5658478 \

1-3521825 i
Add.

3-9180303 Sum of Log.

Here the first factor, 368, being a whole number, consisting of three figures,

has for its index 2; and the second, 22-5, having but two figures, without the

decimal part, has for its index 1. To these are subjoined the decimal portions

of the logarithms taken from the Table, and the sum of the two being found in

the Table opposite to 828, which would be the answer were the index 2 ;_ but as the

index is 3, the answer must be made to consist of four figures, which is done by

supplying to the right of the figures a cipher, making the answer, as above,

8280.
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Required the capacity of an excavation, whose length is 295, breadth 128,

and depth 25 feet.

NUMBERS. LOGARITHMS.

128

2-4698220

2 1072100

1-397940025

Product. 914000 5-9749720 Sura.

Again, let the numbers 32. 25, M2, -125, -015, and 004 be co

ultiplied together.

X UMBERS. LOGARITHMS.

3-2 0. 5051500

25- 1- 3979400

1-12 0- 0492180

125 1- 0969100

•015
2- 1760913

3- 6020600

Product -000672 4- 8273693

The number in the table corresponding with the decimal part of the sum

of these logarithms is 672, but as the index is 4 there must be three cyphers

prefixed to this number to constitute the product or answer which is therefore

■000672.

Division, being the reverse of Multiplication, and performed by subtraction

of logarithms, requires but little explanation.

For illustration, let 944000 be divided by 3200, thus :—

NUMBERS. LOGARITHMS.

Dividend 944000 59749720 From

Divisor. . 3200 3-5051500 Substract.

Quotient .295 2-4698220 Difference.

Again, let -00815 be divided by -0025.

NUMBERS. LOGARITHMS.

.00815 . • 3-9111576

.0025 2-3979400

Quotient. 326 1-5132176

Let 493 be divided by 937.

NUMBERS. LOGARITHMS.

Dividend. .493 2-6928469

Divisor. . . 937 . 2-9717396

Quotient. -526 T-7211073

Here the logarithm to be subtracted being the greater of the two, the iudex

of the difference is 1 , which renders the quotient a decimal

Ixtolotiom, or the raising of powers, is performed by multiplying the loga-

titam of the given number by the index of the power to which it is required to

be raised, thus :—

Let 26 be louared, or raised to the second power.

f
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IfPMIERS. LOGARITHMS.

26 1-4149733

•2

Power .... 670 2-8299466 Product.

Required the cube root, or third power of 9.

NUMBERS. LOGARITHMS.

9 0-9542425

3

Power ... 729 2 8627275

Required the 9th power of 1.05, which will be the amount of II. in nine

years, at 5 per cent, compound interest.

NUMBERS. LOGARITHMS.

1-05 0-0211893

9

Amount. . 1-55 orU 1U 0-1907037

From this example it is manifest that the amount of money laid out at com

pound interest for 50, 100, or any other number of years, can be found by loga

rithms with the greatest facility, though the operation by common arithmetic

is very tedious, requiring a distinct multiplication for each year.

EVOLUTION, or the extraction of roots, is performed by dividing the logarithm

of the given number by the index of the root required. Let this be illustrated

by finding the square root of 324.

NUMBERS. LOGARITHMS. *

324 2)2-5105450

Root... 18 1-2552725

Required the nlnlh root of 1-55

IOGARITHMS.

9)0-1903317

Root... 1-05 0-0211479

As it may occasionally be desirable to apply the foregoing table to numbers

beyond its limits, the manner of doing so is subjoined.

To find the logarithm of a number exceeding three figures, it is evident that

the logarithm of the first three must be augmented by such a proportion of the

difference between it and the next greater logarithm, as the remaining figures

of the given number bears to unity with as many cyphers as may be required ;

thus—to find the logarithm of 47583, the logarithm of the first three figures

475 is 6766936, and the next greater is—

6776070

9134 their difference.

Now take the proportion as 1 : -9134 : : 83 : 75

83

27302

73072

1,0000)75-8022, or 7498 nearly which bein$ added
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to the fint logarithm, gives 4-6774516 for the logarithm of 47583. On the

contrary, if the number be required for a logarithm not to be found in the

table, to the first three figures corresponding with the next less logarithm, are

to be subjoined the result of the following proportion ; viz.—As the difference

between the next greater and next less logarithm is to unity, with as many

rjrphen as may be required, so is the difference between the given logarithm

and the next less to the figures to be subjoined to those found in the table.

Thin—Suppose it were required to find the natural number corresponding with

4-6968455

The next less logarithm in the table is .... 6963564

The next greater 6972293

Difference . . 872 9

The given logarithm 6968455

Next leu 6963564

Difference . . . 4891

flow—A« 8729 : 100 : : 4891 : 56

100

8729)489100(56

43645

52650

5237*

Which being subjoined to 497, the three figures found in the table opposite to

the next less logarithm, give 49756 for the number of the given logarithm.

LOGWOOD. A hard compact wood, so heavy as to sink in water ; of a fine

grain, capable of being polished, and so durable, as to be scarcely susceptible

of decay. Its predominant colour is red, tinged with orange, yellow, and black.

It yields its colour both to spirituous and watery menstrua. Alcohol extracts it

note readily and copiously than water. The colour of its dye is a fine red,

inclined a little to violet or purple, which left to itself, becomes yellowish, pur

ple, and at length black. Acids turn it yellow, alkalies deepen the colour, and

?"e it a purple or violet hue. A blue colour is obtained from logwood, by

wiling verdigris with it in the dye bath. The great consumption of logwood

is for blacks, to which it gives a lustre and velvety cast; it is also extensively

ltd » a red, purple, or black dye to beech, and various white woods.

LONGIMETRY. The measuring of lengths and distances, both accessible

»nd inaccessible. Accessible distances are measured by the application of

tone lineal measure, as a foot, a chain, &c. Inaccessible distances are measured

bj taking angles, &c. by means of proper instruments ; such as the circum-

ferfntor, quadrant, and theodolite.

LOOM. A machine for weaving cloth, of which there are various kinds.

LOZENGES, or TROCHES, are small articles of confectionery, sometimes

medicated, and usually made up of the form of thick wafers. The basis of

AHT composition it refined sugar, which is finely pulverised and sifted, then

Bind op in a mortar, with just a sufficient quantity of thick mucilage, to make

iTeiy firm paste ; to which is added the essential oil or other flavouring ingre-

tr,! or medicament. When the paste, so made, is of the right consistence

'o be rolled out into a solid and smooth sheet, that operation should be quickly

performed by a cylindrical roller, the ends of which should run upon slips or

rejections above the board, of the thickness of the intended lozenge. Thus

"lied out, the lozenges should be quickly cut out with the punch or cutter; which

ii usually the hollow frustrum of a cone, with sharp edges at the narrow end, and
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is made either of tinned plate, iron, or steel. As soon as these are cut out, the

remaining pieces which formed the interstices between the lozenges, should be

rolled up, or heaten together in a mortar, then rolled and cut out again ; and this

operation continued, until the whole material is used up. But if further quantities

are required of the article under operation, then the remnants of one cutting may

be added to the succeeding batch. In the pharmacopeias, gum tragacanth is

recommended as the mucilage to be used in making medicinal lozenges. Lozenge

makers, however, rarely use this gum, as besides being much dearer, it is incon

venient in use, and does not make BO elegant a lozenge as gum Arabic or Senegal

The latter when in proper quantity, (which is about one ounce of very thick muci

lage to a pound of finely powdered sugar,) gives to the lozenges made therewith,

a semi-transparency and hardness, which is regarded in the trade as a test of

a well-manufactured article. When essential oils, (such as peppermint, roses,

cinnamon, &c.) are used as the flavouring ingredients, they should not be added

until the paste is otherwise nearly completed, as their great volatility causes a

waste of their essential properties when long under the hands of the operator.

In making lozenges containing balsams, such as the lulu, the balsams may be

advantageously mixed with the mucilage ; and those in which powders, such

as ginger are to be mixed, the manner of performing it is a matter of indif

ference.

LUTE, or LOTINO. A mixed, tenacious, ductile substance, which being

applied between the junctures of distillatory and other vessels, grows solid bj

drying, and effectually stops up the crevices. Lutes are of different kinds,

according to the nature of the operations to be made. When vapours of watery

liquors, and such as are not corrosive, are to be contained, it is sufficient to

surround the joiner of the receiver to the nose of the alembic, or of the retort,

with slips of paper or of linen, covered with flour paste. In such cases also

slips of wet bladder are very conveniently used. When more penetrating and

dissolving vapours are to be contained, a lute is to be employed of quicklime

slacked in the air and beaten into a liquid paste with the whites of eggs. This

paste is to be spread upon linen slips, which are to be applied exactly to the

joinings of the vessels. This lute is very convenient, easily dries, becomes

solid, and sufficiently firm. Of this lute, vessels may be formed hard enough

to bear polishing on the wheel. When acid or corrosive liquors, are to be con

tained, recourse is had to fat lute ; which is made of finely powdered clay,

sifted through a fine sieve, and moistened with water ; this paste is then well

beaten in a mortar with boiled linseed oil, rendered drying by litharge. This late

easily takes and retains the forms given to it. It is generally rolled into cylin

drical sticks of a convenient size for use. They are applied by flattening them

to the joinings of the vessels, which ought to be perfectly dry, because the least

moisture would prevent the lute from adhering. When the joinings are well

closed with this fat lute, the whole is to be covered with slips of linen spread

with lute of lime, and whites of eggs. These slips are to be fastened with

packthread. The second lute is necessary to keep on the fat lute, because this

latter remains soft, and does not become solid enough to stick on alone. Fine

porcelain clay, mixed with a solution of borax, is well adapted to iron vessels,

the part received into an aperture being smeared with it.

M.

MACHINE signifies anything used to augment or regulate force or motion.

The simplest machines, namely, the lever, the wheel and axle, the pulley, the

inclined plane, the wedge and the screw, are usually denominated the mecha

nical powers, since all machinery is necessarily compounded of some of them :

hence a machine is a combination, or a peculiar modification of some of the

mechanical powers.

MADDER. A substance very extensively employed in dyeing ; it is the

root of a trailing plant that grows very abundantly in the south of Europe. It

it cultivated in England and Holland also ; but the best is said to be that
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bought from Smyrna and Cyprus. The roots of the plant are carefully peeled,

dried in the air, and afterwards in a kiln, in the same way as hops are dried in

Kent. They are then chipped and pulverized. The best roots are about the

thickness of a goose-quill; semi-transparent, of a reddish colour and strong

onelL The red colouring matter of madder is soluble in alcohol, which, on

evaporation, leaves a residuum of a deep red. Fixed alkali forms in this solu

tion a violet, the sulphuric acid a fawn coloured, and the sulphate of potash a

fine red precipitate. A variety of shades are obtained by the addition of alum,

chalk, nitre, sugar of lead, and the muriate of tin.

MAGIC. The imposture by which a few individuals, who had become

acquainted with some of the more remarkable phenomena of nature, and the

operations of chemistry, managed to enslave the minds and bodies of their ignc-

nat fellow-creatures. An acquaintance with the motions of the heavenly

bodies, and the variations in the state of the atmosphere, enabled its possessor

to predict astronomical and meteorological phenomena, with a frequency and

accuracy which could not fail to invest him with a divine character. The power

of bringing down fire from heaven, even at times when the electric influence

ns itself in a state of repose, could be regarded only as a gift from heaven.

The power of rendering the human body insensible to fire, was an irresistible

instrument of imposture ; and in the combinations of chemistry, and the influ

ence of drugs and soporific embrocations on the human frame, the ancient

magicians found their most available resources. The secret use which was thus

made of scientific discoveries, and of remarkable inventions, has no doubt

prevented many of them from reaching the present times ; but though we are

Twy ill informed respecting the progress of the ancients in various departments

of die physical sciences, yet we have sufficient evidence that almost every brand

of knowledge had communicated its wonders to the magician's budget ; and wt

nay even obtain some insight into the scientific acquirements of former ages, bi

diligent study of their fables and their miracles.

The science of acoustic* furnished the ancient sorcerers with some of their

best deceptions. The imitation of thunder in their subterranean temples, could

not fail to indicate the presence of a supernatural agent. The golden virgins,

whose ravishing voices resounded through the temple of Delplios ; the stone

from the river Pactolus, whose trumpet notes scared the robber from the trea-

nre which it guarded ; the speaking head, which uttered its oracular responses

at Lesbos; and the vocal statue of Memnon, which began at break of day to

accost the rising sun,—were all deceptions derived from science, and from a

diligent observation of the phenomena of nature.

The principles of hydrostatics were equally available in the work of decep

tion. The marvellous fountain which Pliny describes in the island of Andros

ai discharging wine for seven days, and water for the rest of the year ; the

ipring of oil which broke out in Rome to welcome the return of Augustus from

toe Sicilian war ; the three empty ums which filled themselves with wine at the

Annual feast of Bacchus in the city of Elis ; the glass tomb of I >. lus, which was

lull of oil, and which, when once emptied by Xerxes, could not again be filled,

the weeping statues, and the perpetual lamps of the ancients ;—were all the

obvious effects of the equilibrium and pressure of fluids.

Although we have no direct evidence that the philosophers of antiquity were

•kitted in mechanics, yet there are indications of their knowledge, by no means

fqnivocal, in the erection of the Egyptian obelisks, and in the transportation of

huge masses of stone, and their subsequent elevation to great heights in their

traples. The powers which they employed, and the mechanism by which they

operated, have been studiously concealed ; but their existence may be inferred

from the results otherwise inexplicable, and the inference derives additiqnal

confirmation from the mechanical arrangements which seem to have formed a

ptrt of their religious impostures. When in some of the infamous mysteries of

ancient Rome, the unfortunate victims were carried off by the gods, there is

rason to believe that they were hurried away by the power of machinery ; and

•hen Apollonius, conducted by the Indian sages to the temple of their gods,

Mt the earth rising and falling beuzith his '•'••••>. l.iku the agitated sea, he was 110
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doubt placed upon a moving floor, capable of imitating the heaving) of the

waves. The rapid descent of those who consulted the oracle in the cave of

Trophonius—the moving tripods which Apollonius saw in the Indian temples of

the walking statues of Antium, and in the temple of Hierapolis—and the

wooden pigeon of Archytas, are specimens of the mechanical resources of

ancient magic

But of all the sciences, optics is the most fertile in marvellous expedients. The

power of bringing the remotest objects within the very grasp of the observer,

and of swelling into gigantic magnitude the almost invisible bodies of the

material world, never fails to inspire with astonishment even those who under

stand the means by which these prodigies are accomplished. The ancients,

indeed, were not acquainted with those combinations of lenses and mirrors

which constitute the telescope and the microscope ; but they must have been

familiar with the property oflenses and mirrors to form erect and inverted images

of the objects. There is reason to think that they employed them to effect the

apparition of their gods ; and in some of the descriptions of the optical dis

plays which hallowed their ancient temples, we recognise the transformations

of the modern phantasmagoria.

MAGIC LANTERN. An optical machine employed to throw a magnified

image of paintings upon glass or any transparent substance on a white screen

in a darkened chamber. It has generally been devoted to the amusement of

children, paintings of a ludicrous description being its usual accompaniments ;

but it may be employed with propriety to illustrate the principles of the sciences,

by a selection of suitable diagrams. The apartment in which the exhibition is

made should be completely darkened, and no light- allowed to escape from the

lantern except what passes through the glasses. To increase the light, a con

cave reflector is frequently used, of such a curvature, that the candle is in its

focus, so that the rays proceeding from it, fall parallel upon the glass next the

candle. The glass sliders upon which the pictures are made, are generally of

sufficient length to contain several sets of figures ; the sliders being introduced

by an opening, cut in each side of the tube containing the lenses. A section

of this machine is shown below.

 

MAGNESIA. One of the primitive earths, having a metallic base called

magnesium. It is a soft white powder; of specific gravity 2.3. It renders the

syrup of violets, and the infusion of red cabbage, green; and reddens tur

meric. It is infusible, except by the oxy-hydrogen blow-pipe. It has scarcely

any taste, and no smell ; is nearly insoluble in water, but absorbs that liquid

#ith the production of heat Its chief use is in medicine.

MAGNET, or LOADSTONE, is a ferruginous stone or ore of iron ; it bis

the property of attracting iron, of pointing itself in a certain direction, and of

communicating the same property to steel or iron.

MAHOGANY. The beautiful reddish brown coloured wood of which

household furniture is now chiefly made. It is a native of the warmest parts of

America and the West Indies. It thrives in most soils in the tropical climates,

but varies in texture and grain according to the nature of the soil. On rocks

it is of a smaller size, but very hard and weighty, of a close grain, and beau

tifully shaded ; while the produce of the low and richer lands is observed to be
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more light and porous, of a paler colour, and open grain ; and that of mixed

•oils to hold a medium between both. The tree grows very tall and straight,

and is usually four feet in diameter. On account of the difficulty of trans

porting the mahogany timber from the forests, when a tree is of great thickness

they cut it into short logs, otherwise the great weight and bulk would be

unmanageable with the restricted means available on the spot ; and with the

view of equalizing the burthen or draft of the cattle (oxen), the logs are long

in proportion to then- diminished thickness. The largest log ever cut in Hon

duras was of the following dimensions :—length, 17 feet ; breadth, 57 inches ;

depth 64 inches; measuring 5,421 feet of plank, of 1 inch in thickness, and

weighing upwards of 15 tons.

MAIZE, OR INDIAN CORN being now cultivated to some extent in dif

ferent parts of this country, we have given the engraving on the following

page of t machine for husking the corn, or separating the grains from the ear,

» process equivalent to that of thrashing employed for other grain, a is a

or, -nk handle or winch, which being turned, gives motion to a spur wheel b,

and thereby causes a rapid revolution of the pinion c, on the shaft of which is

fixed a large circular cast-iron plate </, the face of which is studded all over with

»ery numerous cast-iron teeth or knobs ; e is the hopper of the figure of a narrow

inverted quadrangular pyramid ; it has one of its sides movable, and capable of

* very simple adjustment by turning as a lever upon a fulcrum at </, by which

movement the aperture of discharge is enlarged or contracted ; and it should

be to regulated as only to admit of the central stalks of the cobs of the Indian

corn to pass ; these differ in size according to the fertility of the soil, the

climate, and the treatment of the plant. At h there is a curved slot mortise

through the side of the hopper, through which the stem of a thumb-screw

passes from the outside into the movable plate, which is confined in any position

at pleasure by half a turn of the screw.

In America, where these machines are

common, they are usually worked by

one person turning the winch a, which

gives very rapid r*volutions to the plate

d, whilst a boy drops one by one the cobs

of Indian corn into the hopper, which

cuues each cob successively to spin

round upon its axis, or stalk with great

velocity, rubbing or knocking out the

pain in its progress ; and so effectual is

the process, that a single turn of the

'inch a completely husks a large cob of

maize.

MALLET. A large kind of hammer,

wade of wood ; they are of various forms,

according to the kind of work to be per

formed by them.

MA LT. Grain which has become sweet

from the conversion of its starch into sugar,

by an incipient growth or germination arti

ficially induced, called malting. In malt

ing barley the usual method is to steep the grain in a sufficient quantity of water

fa two or three days, till it swells, becomes plump, .somewhat tender, and tinges

the water of a bright brown or reddish colour. Tlie water being then drained

•way, the barley is spread about two feet thick upon a floor, where it heats spon

taneously, and begins to grow by 'irst shooting out the radicle. In this state

*e germination is stopped, by spreading it thinner, and turning it over once

"fry four or five hours for two days; after which it is again made into a heat,

«ad suffered to become sensibly hot to the hand, which usually takes place in

n»n twenty to thirty hours ; when it is spread out to cool, and afterwards dried

'wn the kiln, by a low and continuous heat, which renders it dry and crisp.

Ibe common malt-kiln is a square building, widening gradually within, from
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the fire-place to a floor above, on which the malt is laid. It may be compared

to an inverted pyramid, having a fire-place in its vertex, and its base covered

by a floor, on which the malt is dried by the heat, and more or less smoke

I according to the nature of the fuel and management of the fire), which ascend*

from the fire beneath. The floor is usually formed of tiles supported upon iron

bars ; the tiles have large holes made nearly through them from the lower side,

and then very small holes pricked entirely through them. In some kilns webs

of wire, covered with hair-cloth, are used instead of the perforated tiles. The

fuel commonly used is either coke or stone coal ; sometimes wood, and the

hot-air that passes through the malt, has previously passed through the naked

fire. An improvement in this respect has, however, been lately introduced,

which, by means of a cast-iron tube, open externally to receive the air, and

extended across the furnace and horizontal flue to acquire heat, thus delivers

the air to the malt at an elevated temperature, and free from smoke, as well as

other impurities. Distillers and brewers, whose buildings are so relatively

situated, may thus lead the air cylinder for their malt kilns through the fur

naces of their stills or boilers, and thus save the necessity of a distinct furnace

for the malt, and a great portion of the cost of fuel.

An important improvement in malt kilns was introduced by Mr. Salmon, a

maltster of Stokeferry, in Norfolk, in 1829, and for which he took out letters

patent. This consists in admitting a portion of the hot-air from the flue into

the part of the kiln above the malt, during the process of drying, instead of

causing all the hot air to pass through the malt according to the customary

practice. The object of this arrangement is to promote the evaporation, and to

carry away the moist air instead of allowing it to be again condensed, and depo

sited' on the surface of'the malt. The grain floor of the kiln is made in the

usual way, a portion of the heated air passing through the small perforations

 

therein ; but the hot air is admitted into the upper part of the kiln thrjogn

large openings furnished with tubes, or by small flues which extend higher than

the surface of the malt on the floor, and thus a portion of the hot air is con

veyed in a dry state to the space above the surface of the malt. The vapout

that arises from malt when drying in the kiln, is discharged into the air through

a hood or cowl, which turns round by means of a vane, so that the opening

■hall always be in the opposite direction to that from which the wind blows :

but the aperture of the common cowl always remains of the same magnitude.
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and therefore the draft through the fire admits of no accurate regulation ; and

malt-houses are not infrequently set on fire in making high-dried malt, because

the fire is not perfectly manageable. Mr. Perkins, of Stanstead, in Hertford

shire, has, however, invented a cap (for which he received an honorary medal

from the Society of Arts), possessing all the advantages of the common cowl, with

the additional one of regulating the opening, and consequently the draft and

intensity of the fire. It also entirely excludes wet when the wind is still and

the rain falls perpendicularly in showers, which is not effectually done with the

common cowl, to the great injury of the malt lying on the floor, and the rusting

of the wire-work when that material is employed for the floor. Fig. I in the

engraving on p. 124, represents the turn -cap a a and the neck 4 6 in section ; t c

a square iron bar or spindle, sliding through a square hole in the middle of the

iron plate or bar in </. and through another in the middle of the beam e ; the

cap a a turns upon the upper cylindrical portion of this bar, and the bar itself

is supported and hangs entirely on the chain/attached to the pulley a, which is

mounted on a carriage on the beam e ; on the same axis is a larger pulley h with

a chain attached to it at i, and from which a chain and weighty' hangs, sufficient

to balance the weight of the sliding bar c, and turn-cap a a. By raising the weight

; the cap is lowered and finally shut ; and on lowering the weight the cap is

railed quite up, or held at any intermediate height. Fig. 2 is a section of the

neck between the bars d and e. Fig. 3 is a top view of the bar (/, showing the

hole through which the spindle passes ; k, Fig. Z, is a similar iron bar across the

cap a a. The chain / should be attached quite close to the bar c c, to lessen

its tendency to lean on one side. Malt may be dried upon the same kilns as

in used for drying grain generally ; see the article KILNS.

MALTHA. The mineral tallow of Kirwan, said to be found on the coast of

Finland, also on the lake Baikal, in Siberia. It resembles wax, and has hence

been denominated sea-wax. Ilisa solid substance, spec. grav. 0.77, white, brittle,

stains paper like oil, melts with a moderate heat, and burns with a blue flame

and much smoke ; dissolves readily in oil, and imperfectly in hot alcohol. The

term maltha was likewise applied by the ancients to a species of cement, of

»hich there were two kinds, native and factitious ; one of the latter consisted

of pitch, wax, plaster, and grease ; another (which, it is said, they used in their

aqo!educts) was made of lime slacked in wine, and incorporated with melted

pitch and fresh figs.

MANDREL is the name given to a kind of pulley, forming an important

part of a lathe j there are various kinds,—see TURNING.

MANGANESE, is a metal of a dull whitish colour, but soon changes to a

dark grey by exposure to the air. It is hard, brittle, rough in its fracture ; not

pulreriiable, but falls to powder when broken to pieces by spontaneous oxida

tion. It is so difficult of fusion, that no heat yet exhibited has caused it to

ran into masses of any considerable magnitude. Concentrated sulphuric acid

attacks manganese, at the same time that hydrogen gas is disengaged. Nitric

acid dissolves it with effervescence, and the escape of nitrous gas. A spongy,

black, and friable matter remains, which is a carburet of iron. The oxide is

more readily soluble in nitrous acid. Manganese is dissolved in the usual

manner by muriatic acid. In the dry way, the oxide of manganese combines

tntb such earths and saline substances as are capable of undergoing fusion in a

Rroog heat. Manganese melts readily with most of the other metals, but

njects mercury. Gold and iron are rendered more fusible by a due admixture

of manganese, and the latter metal is rendered more ductile. Copper becomes

let fusible, and is rendered whiter, but of a colour subject to tarnish. The ore

rf manganese, known in Derbyshire by the name of black wadtl, is remarkable

fat its spontaneous inflammation when thoroughly dried with oil. Manganese

i> chiefly used by the glass makers and potters, but since the discovery of

chlorine, its application in the art of bleaching has much extended its useful-

Mis. See BLEACHING.

MANGLE. A domestic machine of great utility, employed in smoothening

'Jen, as a substitute for the heated irons extensively used for the same purpose.

la Ute common mangle, as most of our readers well know, the linen or other
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articles to be mangled, are wrapped round wooden rollers, which are placed

upon a solid level bed or floor, and upon the rollers is placed a large oblong box,

which is filled with stones, or other heavy substances, in order that they may

press with great force upon the rollers, while the box is moved backwards and

forwards upon them, by means of a handle attached to an upper roller or wind

lass, to which straps from each end of the moving box are attached. By this

machine, the operation of mangling is very well done, but the labour is exces

sive on account of the necessity of frequently arresting and changing the motion

of the heavy box. In China, mangling is performed in the most perfect man

ner by a machine of the same kind as our common mangle, but far simpler.

A concavity is formed in the floor of the apartment, of a hard and polished

 

wood, into which is placed a roller, with the cloth intended to be mangled, around

it. A heavy stone, (so shaped as to rest on either end while the operator

examines his work,) is then glided on the roller, and its elevations alternately

pressed by his feet, so that the article shall receive an equal pressure on every

part of it. The man supports himself by bamboos placed in the floor for that

purpose, as represented by the above engraving, and after a labour of four or

five minutes, the work is admirably finished.

Another extremely simple machine, delineated in the engraving on p. 127, has

been applied with good effect, by Mr. Pitcher, for the purpose of mangling linen.

It consists of a roller about 4 inches in diameter, and 30 inches long, with a piece

of the thick woollen cloth used for ironing, firmly fixed thereon. The roller is

turned round by means of a winch, and has its bearings at the ends in two stout

iron plates, screwed to the sides of the table. Upon the roller rests a board,

of the length and width of the table, secured to it at one end by hinges, and

has at the other end a weight suspended to it, the pressure of which, upon turn

ing the winch, winds the woollen cloth, and the damp linen articles laid upon

it, so tight upon the roller, that by continuing the motion, the linen becomes as

smooth as upon the common unwieldy mangle. The roller rests upon the table,
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and the iron plates allow it to rise and fall, according to the quantity of cloths

trapped round it This mangle, when not in use, serves the purpose of a

common table, by merely unshipping the roller ; this circumstance, and the

facility and cheapness with which it may be constructed by any common work

man, are great recommendations to its employment by such as cannot afford,

or who have not adequate occasion for, the more complex and perfect machines.

 

An important improvement in the construction of the common mangle, first

dwcribed, was effected about thirty years ago by Mr. Baker, of Fore-street,

London, by which the otherwise unwieldy heavy box was moved with great facility

I'jclwards and forwards, by a continuous motion of the handle in one direc

tion ; and by the addition of a fly wheel to equalize the motion, a great amount

of muscular exertion is saved to the individual working the machine. The

motion employed by Mr. Baker is highly ingenious and interesting ; and although

it has been superseded by others of a simpler and more efficient kind, we can

not pass it by without a brief notice of its construction. It consists of a wheel,

Wing a series of teeth or pins on the outside of the periphery, and another

•*ri« of similar teeth or pins upon the inside of the periphery. In these teeth

- revolving pinion works, traversing from the inside to the outside of the wheel,

or the contrary way, during the reversing of the motion, instead of confining

the pinion to one course, as in working an ordinary cog wheel. To enable the

pinion to do that, a portion of the periphery of the wheel is cut away, through

»hich the pinion passes, by rolling round from the outside into the inside, then
•-•••-fid the Utter again to the former ; the axis of the pinion has therefore a

range or play to the extent of the thickness of the rim of the wheel, between

tie inner and the outer cogs. From the foregoing, it is evident that by the

continued action of the pinion, it turns the wheel round nearly a revolution one

*»?• aDd then through the same space the contrary way ; and as the two ends

' the loaded box are attached by chains to the reciprocating wheel, it is

nude to traverse backward and forward. This traversing motion, by the revolu

tion of a pinion, was subsequently improved by Mr. Elisha Peechey, and applied

to > very convenient mangle, for a model of which Mr. Peechey was awarded

tie tilver medal of the Society of Arts. This mangle had what may be called

•a upper and a lower rack inside a slot, which was made to traverse by the revo-

': >-. of a pinion, as in Baker's patent mangle. The pinion in this case h,ts a

Kationary axis, and the bar in which the racks are formed has a pin in its

<9per tide, which sliding between grooves in the plummer blocks, keeps it

'••jizz against the pinion when the upper rack is operated upon ; another pin

a liied on the lower side of the bar, which in like manner keeps it in contact

«ilh the pinion when the latter is operating upon the lower side, the bar con-
••iining the racks thus always accommodating itself to the continuous motion

°f the pinion, which thereby impels it alternately in opposite directions. A

mingle of this kind, in which several important improvements have been in-

' Jnced, is manufactured by Mr. Christie of Sheffield, in a style of great
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excellence, and at a very moderate cost Instead of the top and bottom rick

this mangle is provided with a stout metallic bar, with a row of pegs along tlie

middle of one side of it ; and parallel with the line of these pegs there is a deep

projecting flange, designed to confine a pinion in its hold upon the pegs as the

rack traverses backwards and forwards, by acting successively on each side of

the series of pins ; and the rack is so balanced by weighted levers, that as the

pinion passes round the endmost peg, at either end the rack is alternately raised

and depressed. For a particular description of this machine, see Register ef

Artt, Vol. I. New Series, p. 168.

A new and very simple method of producing the alternate motion of a

mangle-box, by the continuous motion of the handle in one direction, invented

by John Thurrel, was lately communicated to the Society of Arts, a plan of

which is represented in the subjoined engraving, a a is the mangle-box, bb

parts of the frame which support the axis cc ; d the cranked handle, * and/ two

barrels loose on the axis cc; to the barrel e are fastened two cords, one of which,

after making several coils round the barrel, passes from its under side to the

eye A, where it is secured; while the other, after having in like mariner coiled

round the barrel, is also delivered from its under side to the eye g. To the

barrel / are also fastened two cords, which being delivered from the upper side

of the barrel are respectively fixed in the eyes i and,/. The part k of the axis,

between the barrels, is made square, and is cut out longitudinally to receive the

lever I, which is secured in its place by a pin, but so as to allow of lateral

motion between the two barrels ; each of these barrels has a stud m and a, so

placed that the lever may be shifted to engage either of them, and consequently

to oblige that barrel with which it may be engaged to revolve, together with

the axis ; o and p are two alternating irons, each with an eye at one end.

through which a pin q passes, in order to fasten them to the mangle box ; their

height above the box is such as to allow them just to clear the axis when passing

under it, and the motion of each is limited, but on opposite sides, by the

adjusting pins rr.

 

The figure represents the lever I as engaged with the stud n, and consequently

as being fixed in the barrel e ; now if the barrel is turned so as to wind up the

coYd h, the cord g will proportionably unwind, and the mangle-box will move

from left to right till the end I of the lever comes in contact with the alternating

iron at the point o. By continuing to turn the handle, the end of the leTer

slides from o to the end of the iron, and is brought into the position shown by

dotted lines; the stud n is consequently disengaged, and the barrel e beconu*

loose ; at the same time the lever engages the stud m, and fixes the barrel /

The handle being still turned in the same direction as at first, begins to wind up

tlie cord t, and thus makes the box begin to move from right to left, the cord j

at the same time unwinding proportionally. When the left hand alternating

iron has begun to come under the axle, the end of the lever will touch it at n,
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t31 slide along it to the point of the angle, and in doing so will bring it to the

petition shown in the figure, the barrel e being now fixed, and the barrel /

being loose. Thus is accomplished the production of an alternating motion of

the box, by continuing to turn the handle always in the same direction. The

back of the lever I is bevelled off, so that if the handle is turned in a wrong

direction, it passes between the studs m and n, and not engaging either barrel

produces no motion of the mangle-box. Fig. 2 is one of the barrels separated ;

and Fig. 3 the square middle part of the axis, showing the slit in which the

lerer traverses.

In 1823, a patent was taken out by Mr. Snowdon for an erect or vertical

mangle, by which it was intended to obviate an objection sometimes made to

the common horizontal mangles that we have been describing ; namely, the

great space they occupy. Several patents have indeed been taken out for

mangles of the vertical kind ; but, for reasons that we are not acquainted with,

have not been much patronised by public adoption. The following invention

was patented in 1828, by Mr. Samuel Wilkinson, of Holbeck, in Yorkshire,

but, as stated in the specification, the machines so constructed were to be called

"Bullman's Cabinet Mangles." The annexed figure affords a side view of the

principal parts of the machine, those which are omitted being left out for the

better elucidation of the more essential parts, a a represents one side of the

frame, 6 one of the cheeks supporting the lower roller c ; the upper roller d

rests upon the lower one. Pressure is given by a weighted lever e, suspended

by the rid/ from another lever g, which turns upon a fulcrum at h, and has a

 

piece of hardened steel i dovetailed into it, against which the axis of d works.

The lower roller c has a wheel on its axis, turned by a pinion on the axis / of

■he fly wheel m, and the fly wheel is made to revolve by a handle on one of its

•""»• To raise the upper roller to place under it the articles to be mangled,

tht arm p is connected to a similar arm on the opposite side by a cross bar n,

*oi. u. R
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suspended by a chain from the wheel o, which being turned by the lerer «,

elevates the arm g, and with it the upper roller d. The line r merely repre

sents the situation of the mangling cloth. The patentee is silent in his specifi

cation as to the mode of working the machine, whether by continuous or

reciprocating action. Some articles will require to he passed under the rollers

more than once, and we can discover no method in the present machine, oi

doing this, but by reversing the motion, which will require attention on the part

of the mangier, who must watch until the goods are nearly past the rollers, and

then reverse the motion ; whilst the common mangle performs this of itself.

If the mangling cloth were an endless web passing over other rollers, a rotatory

motion alone would be required ; but the patentee does not state in his specifi

cation that he uses any such arrangement The machine seems calculated to

obtain a considerable degree of pressure in a convenient manner.

The sketch below is taken from a small model of a mangle that was exhi

bited amongst others at the National Repository, invented by Messrs. Brook

and Webster, of Thomhill, in Yorkshire, aba drum or cylinder, at one end

of which, and on the same axis is fixed the toothed wheel 6, which is turned by

the pinion c by the revolution of the winch p. d and e are two rollers, round

which the cloth to be mangled is wrapped ; these rollers are placed in the

curved arms shown, which turn upon centre pins axfg ; h and i are levers, the

bended ends of which fit into socketi in the curved arms ; (in the model, the

levers were ri vetted to the arms, which the editor considered to be inconvenient)

o o are weights suspended to the levers to give the pressure, which can be in

creased or diminished at pleasure, either by altering the actual quantities of the

weights or changing tlu-ir situation on the levers. In order to remove the

clothes from either of the rollers, or to put others on, the weights must be taken

IC=

i .
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off the lever, the lever must he lifted out of its socket or be lifted up with

the curved arm which turns upon its end, and be thrown back together. With

some slight modifications (such as an easy mode of removing the load from the

levers, &c.) this compact mangle may be made very convenient and effective.

MANNA. A white sweet juice, which oozes from the trunk, branches, and

leaves, of several kinds of trees ; but the ash, the larch, and the alhagi afford

it in the largest quantities. Sicily and Calabria, are the countries from whence

it is chiefly obtained ; where it flows naturally from the ash, and attaches itself

to its sides in the form of white transparent drops ; but the extraction of this

juice is facilitated by incisions made in the tree during summer. Its smell is

strong, and its taste sweetish, and slightly nauseous. Water dissolves it, hot

or cold. If it be boiled with lime, clarified with white of egg, and concen

trated by evaporation, it affords crystals of sugar. This substance forms the

basis of many purgative medicines.
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MANOMETER, an instrument for measuring the rarefaction and conden-

Btion of elastic fluids, but especially that of the atmosphere. It differs from

the barometer which shows only the weight of the superincumbent column

of air ; whereas the manometer shows the density, which depends on the

combined effect of weight and the action of heat. It is sometimes called

manoscope. Among the various contrivances of this kind may be men

tioned that of the Hon. Robert Boyle, which he calls a statical barometer ;

which consists of a bubble of thin glass about the size of an orange, which

being counterpoised in an accurate pair of scales, rises and sinks with the alter

ations of the atmosphere. This instrument, however, does not shuw the cause

of the difference of density in the atmosphere, whether it be from a change of

its own weight, or its temperature, or both. The manometer constructed by

Mr. Kamsden, and used by Capt. Phippa, in his voyage to the North Pole, wa»

composed of a tube of small bore with a ball at the end ; the barometer being

2.97, a small quantity of quicksilver was put into the tube, to take off the com

munication between the external air and that confined in the ball, and the part

of the tube below this quicksilver. A scale is placed on the side of the tube,

which marks the degrees of dilatation arising from the increase of heat in this

state of the weight of the air, and has the same graduation as that of Fahren

heit's thermometer, the point of freezing being marked 32°. In this state,

therefore, it will shew the degrees of heat in the same manner as a thermo

meter. But if the air becomes lighter, the bubble inclosed in the ball being

lea compressed, will dilate itself, and take up a space as much larger as the

compressing force is less ; therefore the changes arising from the increase of

heat will be proportionably larger, and the instrument will show the differences

in the density of the air, arising from the changes in its weight and heat.

Mr. Ramsden found that a heat equal to that of boiling water, increased the

magnitude of the air from what it was at the freezing point by ,*•£ of the

vhole. Hence it follows, that the ball and part of the tube below the begin

ning of the scale, is of a magnitude equal to almost 414 degrees of the scale.

If the height of both the manometer and thermometer be given, the height of

the barometer may be determined also.

MAPLE. From the juice of this tree obtained by tapping, the Americans

prepare a sugar, and the Highlanders, it is said, an agreeable wine.

MARANTA, or Indian Arrow Root. From this root, washed, pounded, and

learced in water, is obtained the fashionable starch called arrow-root, much

u«ed for infant and invalid food.

MARBLE, a fine kind of lime-stone, (a carbonate of lime ;) it is found in

extensive masses in most parts of the world. It occurs in beds in granite,

gneiss, &c , rarely in secondary rocks, but is found in all the great ranges of

priraitiTe rocks in Europe. Its hard, compact texture, semi-transparency and

lustre, when polished, has made it a great favourite in architecture and house

building. The finer kinds, especially those used by the statuary are chiefly

obtained from Italy ; but there are a great variety of beautiful marbles in Great

Britain and Ireland. See Jameton't Mineralogy, Vol. II. For an improved

method of (awing marble and other hard stone, see SAWINO. An artificial mar

ble ii frequently made from plaster of Paris, quicklime, salt, ox-blood, pieces

of glass, and stones of different colours. These are beaten to an impalpable

powder, and mixed up to the consistency of paste with beer or milk. When

thoroughly dried in the form which is intended to be given to it, it is rubbed

with sand paper and polished with emery and oil. Mr. Wilson's process for

making artificial stone chimney pieces, is described under the article STONE.

MARBLING of books. See BOOKBINDING.

MARINE ACID. See ACID MURIATIC.

MARINER'S COMPASS. See COMPASS.

MARL. An earth, of which there are three principal kinds, the calcareous,

the argillaceous, and the siliceous ; according as the lime, the clay, and the
•ilex abound in them. »•

MARLINE-SPIKE. An iron tool, tapering to a point, used to separate the

•trands of a rope, in order to introduce those of another, when they are to be

•paced, or joined evenly, without knotting.
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MARQUETRY. A kind of inlaid work, composed of a tasteful variety

of tine woods, of different shades and colours, glued or fastened in thin slices

on a solid ground ; the work is not unfrequently enriched with silver, brass,

tortoiseshell, ivory, and other beautiful substances ; and the pieces, dulv

prepared beforehand, are successively laid together according to a design or

drawing.

MASONRY. The art of hewing and preparing stones of their due propor

tions and figure, and of joining them together, in building houses, and other

works.

MASSICOT. The yellow oxide of lead. See Lead, and Paintino.

MAST. A long round piece of timber, raised perpendicularly on the keel

of a ship, upon which are attached the yards, the sails, and the rigging. A

mast, according to its length, is either formed of one single piece, which is called

a pole mast, or composed of several pieces joined together, each of which retains

the name of mast separately. A lower mast being the lowest, is accordingly so

called ; the foot of it rests on a block of timber called the step, which is fixed

on the keelson. A top matt is raised at the head or top of the lower mast,

through a cap, and supported by trestle trees, (See the article Fid.) The

top-gallant matt, is a smaller mast than the preceding, and is secured tu

its head in the same manner. The top-gallant royal matt is a yet smaller

mast sometimes raised above the last mentioned ; but in some ships it denotes

a continuation of the top-gallant mast, above the rigging : it is then called

a pole top-gallant, to distinguish it from a slvmp top-gallant mast, which termi

nates just above the rigging. The main-matt is the largest mast in a ship, and

stands nearly in the middle, between the stem and the stern. The fore- mast is

that which stands near the stem, and is next in size to the main-mast. The

mixen-matt is the smallest mast, and stands about half way between the main

mast and the stem. Made-matt is a term applied to a mast composed of several

pieces of timber in contradistinction to those made of a single stick. Rough-

matt, denotes a spar fit for making a mast. Besides the parts already men

tioned, in the construction of masts, with respect to their length, the lower

masts of the largest ships are always made of several pieces of timber firmly

united, by stout iron hoops. As these are generally the most substantial pans

of various tiers, a mast thus formed is esteemed stronger than one consisting

of only a single timber, the strength of which, by internal defects, may be con

siderably impaired. Attempts were made some years ago to introduce hollow

masts, the invention of Mr. George Smart, of Westminster Bridge ; and they

were, we believe, partially adopted for small vessels ; such masts, from their

cylindrical figure, being stronger than solid masts, containing a similar mass or

weight of materials. Sir Robert Seppings has likewise distinguished himself,

amongst his other improvements in ship building, in the construction of masts,

for which he took out a patent; the specification of which informs us that, for

ships of the line, frigates, and large merchantmen, whose masts are more than

33 inches in diameter, they are to be composed of twelve principal pieces, in

the following manner. Four pieces of small square balk timber are to be united

diagonally, so as to form a hollow square in the centre. Externally on each of

these four pieces are to be tree-nailed two additional pieces. The twelve pieces

thus united, are now to have their angular edges cut away, and planed down,

so as to bring the whole to a circular figure, when an iron hoop is to be placed

round them, and the angular spaces filled up with slips of wood. In connecting

the pieces of timber so as to form the required length of mast, bars of iron are

to be inserted longitudinally into mortices made in both to receive them; and

the several pieces are to cross each other or " break-joint" In constructing

the masts for smaller vessels than before mentioned, only eight or four balk

timbers are to be employed, (according to their dimensions,) which are to be

connected longitudinally and transversely in a similar manner to that described.

Hollow masts bo formed, are not only much stronger than when solid, but they

effect a great economy in the cost, in the facility of making, and of transpor

tation.

A patent for " Improvements in Masting Vessels," was taken out in 1826.
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by Mr. Thomas Guppy, of Bristol; from the enrolled specification of which, we

collect the following information, exhibiting the principal features of the inven

tion. Instead of a single pole fixed in the keel, in nearly a vertical position,

constituting what is called a mast, the patentee employs two poles or spars, tha

heels of which are fixed on to the opposite extremities of the beam of a vessel,

and likewise to the sides; the poles are then so inclined to one another, as to

be connected at their upper ends, and thus form with the line of the deck an

isosceles triangle ; this is the outline of the construction as applied to sloops, or

ordinary fore and aft rigged vessels. For square rigged or larger vessels, the

poles are not joined at their upper extremities, but at several feet below it,

where they cross one another, presenting the figure of an open pair of shears.

In all cases, however, the lower ends of the poles are fastened in the situation

and in the manner before-mentioned. Thus situated, they are invested with

the important property or capability of being lowered forward or aft, as the

occasion may render desirable, by the employment of hinge joints at their

extremities, close to the deck. At the junction of the poles above, suitable

arrangements are made for the fixing of top masts therein, which are provided

with gear for that purpose, as well as for the masting of other vessels ; for load

ing or unloading vessels ; and for those other purposes for which sheers are

usually employed on board of ships. The principal rigging for these " double

pole masts ' are the fore and aft stays, the ordinary side shrouds being compa

ratively unimportant, except for the purpose of going aloft. At Fig. 1 in

the annexed engraving a a are the two poles, having joints at b b, from whence

proceeds a strong iron band which clasps the opposite ends of the beam c,

which underneath diverges into two iron straps, that are bolted to the side of

the vessel. This arrangement is explained by Fig. 4, which exhibits a perspec

tive side view of the iron work which connects the poles to the vessel, with a

portion of the beam, and a pole c c is the beam, with the iron band bolted to it,

and showing the straps dd that are secured to the sides of the vessel, and are

turned up flatways towards them. The poles are connected together at e by a

stoat iron band, by scarfing and crossing each other, as shown by the separate

Fig. 2 in perspective ; / is the top, where the upper ends of the poles are

sirongly secured to one another by straps and bolts ; g is the lower end of the

tip-mast, which passes through a hole adapted to it in the top, with its heel

resting upon an iron projection, which is of one piece with the band e. For

iloops and fore and aft rigged vessels generally, the poles a a terminate at their

junction, and are united by scarfing, previous to putting on the strong iron

bud. The mode of scarfing the patentee leaves to the genius of the mast

maker, but at the same time points out one mode which he most approves of,

and which, perhaps, cannot be much excelled. This mode is shown in the

perspective sketch, fig. 3 Connected to the band which unites the poles

together, are fixed long iron links i i, for hooking in, or seizing the shrouds to.

A few years ago Lieut. Molyneux Shuldham, R.N. took out a patent for

revolting masts, the enrolled specification of which exhibits in sixty-five diagrams

and designs, numerous modifications and applications of the principle to various

Jsscriptions of inland as well as sea-going vessels. As our space will only admit

of a brief outline of the nature of the invention, we must refer the reader who

ir.ay be solicitous for the details, to the inrolled document in Chancery-lane,

and to tome beautiful models illustrative of the inventions (constructed by the

tilented inventor's own hands), exhibited at the National Museum of the

Mechanical Arts, in Leicester-square, London. The mast instead of being, as

in ordinary Teasels, a fixture, is herein made to revolve upon its axis, or turn

horizontally upon its heel, carrying with it the sails, yards, and other rigging

attached to it, and thereby instantly changes the direction of the vessel s

notion. The power required to perform these evolutions may be the wind or

atonal labour, or both conjointly. As the action of the wind will naturally

trad to produce the desired effect in both cases, whatever manual force may be

required to assist the operation must be very little indeed ; that is to say,

"cording to modern phraseology, the maximum of effect is produced by a

Btumum of labour. It will be evident from this arrangement of the machi
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nery of a ship, that fewer hands will he required to work it, that the running

rigging may be much simplified and curtailed, and the wear and tear greatly

reduced. These improvements are considered applicable to open boats, deck

boats, and small craft in general ; to vessels employed in inland navigation,

coasting vessels, and particularly those navigating intricate channels and

Fie. 2.

Fig. 3

 

X

rivers. But Mr. Shuldham does not consider them applicable to vessels of

war and vessels of small tonnage, that carry lumber in their decks, owing to

the room required for the revolving bases of the musts. The masts are variously

supported, according to the tonnage of the vessels : in decked boats and small
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rmels, an iron or wooden pivot is sufficient ; in larger -vessels anti-friction

rollers are fixed to the revolving base, which work between two annular plates,

secured to the gunwhales and deck.

MASTIC. A resinous substance in the form of tears, of a pale yellow

colour, and farinaceous appearance ; having little smell and a bitter taste. It

flows naturally from the tree ; but this process is accelerated by making inci

sions in the bark. It is extensively used in the composition of varnishes.

Pure alcohol and oil of turpentine dissolve it chiefly, the residue partaking of

the nature of caoutchouc. An agreeable odour is given out by mastic when

heated ; it is, in consequence, much used in fumigations, and in the fabrication

of pastiles.

MATTER is generally understood to mean that solid, inert, divisible sub-

lUnce, accessible to the senses, of which all bodies in the universe are formed.

Dr. Woodward was of opinion that matter is originally, and is really, various;

Sir Isaac Newton, however, considered matter as homogenous in all bodies, and

the. difference of form to be owing to a varied arrangement of the corpuscles of

i''.;t homogenous substance. That matter is one and the same thing in all

bodies, and that all the varieties we observe arises from the various shapes it

puti on, seems very probable, from a general observation of nature in the gene-

ntioa and destruction of bodies. Thus water rarefied by heat becomes vapour,

a great collection of which forms clouds ; these condensed, descend in hail or

inn ; part of this collected on the earth constitutes rivers ; another part com

bines with earths or metallic matter, forming minerals and crystallized salts ;

another enters the roots of plants, and expands itself into all the wonderful

Tiriety and magnificence of the vegetable creation. From the vegetable matter

animals derive their support and means of reproduction ; and however these

mineral, vegetable, and animal productions may change, the same individual

nutter is never destroyed, but reappears under other combinations.

MATRIX. The stone in which metallic ores are found enveloped; the same

term is applied by type-founders to the metallic mould in which the letters are

CM.

MEAD. A wine prepared from honey ; a quantity of good honey, with

ndwr more than its weight of water is to be boiled, scummed, and evaporated

until it is of a consistence that will float an egg ; the liquor is then to be strained

uid poured into a barrel ; this barrel, which ought to be nearly full, must be

exposed to a heat as equable as possible, from 75° to 90° Fahr., keeping the

bong-hole slightly covered but not closed. The spirituous fermentation will

take, and continue during two or three months, according to the heat. During

this fermentation, the barrel is to be occasionally filled up, with more of the

liquor of honey (previously saved for that purpose) to replace that which flows

<wt in froth. When the fermentation ceases and the liquor has become vinous,

the barrel should then be closed and stored in a cool cellar. In twelve month*

•t is fit for bottling.

MEAL. The flour and bran of corn in the mixed state ; they proceed from

the mill before they are separated by a bolter or dressing machine.

MEASURE. A quantity assumed at pleasure, and considered as unity, or

x>e, to which the ratio of other quantities being determined, their relative mag-

•I'tuiJe, both to the assumed unit, and to each other, will be known. The quan

tity usumed as unity, is called the measuring unit. Thus, to measure any

proposed line, we assume a line of an inch, a foot, a yard, &c., as the measuring

nit; suppose this to be an inch ; then as many times as it is contained in the

pnposed line, so many inches will that line be in length. If the proposed line

W lea than the measuring unit, whatever part that line is of the measuring

wit, the same part of an inch will the measure of that line be, and the like of

fat, yards, &c. To measure a superfices, a square whose sides are an inch, a

''-*', a yard, &c. is the measuring unit ; and as many times as this is contained

h, or contains the given superiices, such will be the measure of that superfices,

M »a shown in the line. To measure a solid, a cube whose lineal side is an

'ocn, » foot, a yard, &e., is assumed as the measuring unit; and as many times

u urn unit is contained in, or contains the given solid, so many cubic inches
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feet, yard, &c, or parts of one of them, will the proposed solid be. The

measure for lines or length is termed lineal or long measure : that for surfaces

superficial measure ; and that for solids or capacities, cubic or solid measure.

In 1825 a Bill was passed through Parliament for altering weights and mea

sures previously in use, the preamble of which states, " whereas it is necessary

for the security of commerce, and for the good of the community, that weights

and measures should be just and uniform : and whereas notwithstanding it is

provided by the Great Charter, that there shall be but one measure and one

weight throughout the realm, and by the treaty of union between England and

Scotland, that the same weights and measures should be used throughout Great

Britain, as were then established in England; yet different weights and measures,

some larger, and some less, are still in use in various places throughout the United

Kingdom of Great Britain and Ireland, and the true measure of the present standard

is not verily known, which is the cause of great confusion and of manifest frauds ;

for the remedy and prevention of those evils for the future, and to the end that

certain standards of weights and measures should be established throughout the

United Kingdom of Great Britain and Ireland, the new standards are denomi

nated imperial, and the rationale of the system by which they have been deter

mined is thus explained. Take a pendulum which will vibrate seconds in

London, on a level of the sea, in a vacuum : divide all that part thereof which

lies between the axis of suspension and the centre of oscillation into 39-1393

equal parts; then will ten thousand of those parts be an imperial inch;. 12

whereof make a foot, and 36 whereof make a yard.

The standard yard is determined to be, " that distance between the centres of

the two points in the gold studs in the straight brass rod, now in the custody of

the clerk of the House of Commons, wherein the words and figures ' Standard

Yard, 1 760,' are engraved, which is declared to be the genuine standard of the

measure of length called a yard :" and as the expansibility of the metal would

cause some variation in the length of the rod in different degrees of tempera

ture, the act determines that the brass rod in question shall be of the tempera

ture of 62° Fahr. The measure is to be denominated the " Imperial Standard

Yard," and to be the only standard whereby ail other measures of lineal extension

shall be computed. Thus the foot, the inch, the pole, the furlong, and the mile,

shall bear the same proportion to the imperial standard yard as they have

hitherto borne to the yard measure in general use. And should it happen that

the aforesaid brass rod of 1 760 be lost, defaced, or destroyed, a reference to the

invariable natural standard afforded by the pendulum before mentioned, will

enable it to be restored with the utmost exactness.

The standard gallon h determined by the act to be such measure as shall

contain 10 lbs. avoirdupois weight, of distilled water, weighed in air, at the

temperature of 62°. of Fahr., the barometer being at 30 inches, to be used as

well for wine, beer, ale, spirits, and all sorts of liquids, as for dry goods, not

measured by heaped measure ; and that all other measures shall be taken in

parts or multiples of the said imperial standard gallon, the quart being the

fourth part of such gallon, and the pint one-eighth part ; two such gallons

making a peck, eight such gallons a bushel, and eight such bushels a quarter of

corn, or other dry goods not measured by heaped measure."

Heaped measure.—" That the standard measure of capacity for coals, lime,

culm, fish, potatoes, or fruit, and all other goods, and things commonly sold by

heaped measure, shall be the aforesaid bushel, containing 80 lbs. avoirdupois

of water, as aforesaid, the same being made round with a plane and even

bottom, and being 19J inches from outside to outside of such standard measure

as aforesaid : " and goods thus sold by heaped measure shall be heaped " in the

form of a cone, such cone to be of the height of at least six inches, the outside

of the bushel to be the extremity of the base of such cone;" three such bushels

shall be a sack, and twelve such sacks shall be a chaldron.

Stricken measure.—The last-mentioned goods may be sold either by the heaped

measure or by the standard weight (see the article Wright) ; but for all other

kind ofgoods not usually sold by heaped measure, which may be sold or agreed for

by measure, the same standard measure shall be used, but it shall not be heaped,
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but stricken with a round stick or roller, straight, and of the same diameter from

cud to end.

The following tables, which are in accordance with the new standard, it will

be proper to insert in this place:—

Measures of Length.

12 inches are equal to 1 foot

3 feet = 1 yard.

S\ yards = 1 rod or pole.

40 poles = 1 furlong.

8 furlongs = 1 mile.

69^ miles = 1 degree of a great circle of the

earth.

An inch is the smallest lineal measure to which a name is given, but mechanics

subdivide it generally into eighths and sixteenths ; measures or " rules " are

however constructed by the rule-makers with every possible variety of subdi

visions or scales of the parts of an inch that can be required by artificers, engi

neers, and scientific persons.

The following particular measures of length are in general use :—

1 nail = 2$ inches

. used for measuring cloth.

}
, . i

. . i

1 quarter = 4 nails

1 yard = 4 quarters

1 ell =5 quarters

1 hand = 4 inches . . . used for measuring the height of horses.

1 fathom = 6 feet .... used in measuring depths.

'used in measuring land, to facilitate

computation of the contents, 10 square

1 chain = 100 links I chains being equal to an acre.

Measures of Surface.

144 square inches are equal to 1 square foot

9 square feet = 1 square yard.

30$ square yards = 1 perch or rod.

40 perches = 1 rood.

4 roods or 160 perches = 1 acre.

640 acres = 1 square mile.

Measures of Solidity.

1 728 cubic inches = 1 cubic foot

27 cubic feet = 1 cubic yard.

Imperial Measures of Capacity.

4 gills = 1 pint = 34} cubic inches nearly.

2 pints = 1 quart = 69$ „

4 quarts = 1 gullon = 277$ „

2 gallons = 1 peck = 554$ „

8 gallons = 1 bushel =2218$ „

8 bushels = 1 quarter = 10$ cubic feet nearly.

5 quarters = 1 load =514 „

The foregoing measures are used for all, liquids, and for all dry goods, except

calm, b'me, fish, potatoes, fruit, and other goods commonly sold by heaped

measure.

2 gallons = 1 peck = 704 cubic inches nearly,

8 gallons = 1 bushel = 2815$ „

3 bushels = 1 sack = 4^ cubic feet nearly.

m.n. s
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A knowledge of the comparative value of English and French measurei

being indispensable to every scientific reader, we add the following calculation

of them by Dr. Duncan, jun. :—

1. French Measures of Length, the metre being at 32°, and tlie foot at 62°

Millimetre = .03937 English inches

Centimetre = .39371
i»

Decimetre = 3.93710 n

Metre = 39.37100 it

Decametre = 393.71000
j»

Hecatometre = 3937.10000 >>

Kilometre = 39371.00000
t/

Myriometre = 393710.00000
H

2. French Measures of Capacity.

Millilitre = .06103 English cubic inches.

Centilitre = .61028 a

Decilitre = 6.10280 »

Litre = 61.02800
ii

Decalitre = 610.28000 »

Hecatolitre = 6102.80000 »»

Kilolitre <b 61028.00000 »

Myriolitre = 610280.00000
11

For the comparative value of English and French measures of weight, see

Weight.

MECHANICS is a science which treats generally of the action of forces

on solid bodies, and the construction and use of machinery. When forces

acting upon a body in different directions produce equilibrium, it is investigated

under the head of Statics ; but when the acting forces are so applied as to

produce motion, it constitutes a case in Dynamics, which see.

MECHANIC POWERS are those simple machines or elements that enter

into the construction of the various parts of machinery : they are usually con

sidered to be six in number ; viz. the lever, the wheel and axle, the pulley, the

inclined plane, the wedge, and the screw. It may be easily shewn, however,

that these are capable of being reduced to greater simplicity. Thus the wheel

and axle is only a succession of levers, and the wedge and screw are merely

modifications of the inclined plane ; hence all the varieties of machinery are

reduced to these three simple elements :

1. The lever.

2. The pulley.

3. The inclined plane.

In treating of the use of simple machines, it is

usual to consider all bars as perfectly inflexible,

cords as perfectly flexible, and surfaces to move on

each other without friction, and afterwards to make

allowances for these disturbing forces to the weight

raised, as 1 to 2. In the diagram, a e b is the

movable pulley supporting the weight at e;

c a e b p is a cord passing under the movable

pulley, and over the fixed pulley at d. Now, as

the whole weight is supported by the two portions

of the cord c a and d b, each of them sustains one

half, and as the passage of the cord over the fixed

pulley makes no difference in the proportion, it is

clear that the power p is equal to half the

weight.

zS^ 
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When the cords are not parallel, as in the annexed

diagram, the angle made hy the cords with the per

pendicular must be noticed. Thus the force acting

in the direction / c must be resolved into two others,

one pulling in the direction e c, and the other in / e.

Now the force in e c does not all act in supporting

the weight, which is wholly sustained by that infe:

hence the power is to the weight as cf is to twice

ef; and as cf is greater than ef, the power must

be greater than one-half the weight, and, conse

quently, there is a loss of power by the obliquity of

the cords. Sometimes the lower or movable pulley

consists of a block containing several small wheels or sheaves, in which case

the apparatus is termed a block and fall. The power with such a pulley is

easily calculated, by observing the number of cords by which the lower block

or fall is supported. If the fall be suspended by sis ropes, of course each will

sustair* one-sixth of the weight, and the power will be to the weight as 1 to 6.

In every combination of this kind, therefore, the power is to the weight

as 1 to the number of cords supporting the lower block, or as 1 to twice the

number of sheaves in the fall.

A modification of this arrangement is seen in the following diagram (Fig. 1),

of White's pulley : it consists of a number of concentric grooves, formed in a

solid mass of brass, &c, the diameters of the grooves being regulated by the

quantity of cord that has to pass over each. As these all move on a single

axis, considerable reduction of friction is obtained ; but the great difficulties

 

Fig.
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trending the construction of this apparatus seem insuperable obstacles to its

extensive employment. The power is calculated as in the last example. In

the different arrangements hitherto mentioned, a single cord is employed

passing round all the pulleys ; and if attention be given to the spaces passed

wer by the part attached to the power and that affixed to the weight, it will be
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seen that the same law obtains as in the other mechanic powers,—the space

passed over by the power exceeding that passed over by the weight, as much

as the weight exceeds the power.

In this arrangement different cords are employed (as in Fig. 2 in the preceding

page), one to each pulley ; there being three movable pulleys, the power is to

the weight as 1 to 8 : thus suppose the power to be 1 lb., the cords a 6 and c I

will each support lib.; hence the cords supporting the pulley ef will each

sustain 2 lbs., and the cords supporting h i will each bear 4 lbs. Or, suppose

the weight to be sustained by the cord let It, each will support one-half; the

cord gfe will support one-fourth, and elb will sustain one-eighth. In

movable pulleys, then, with separate cords to each pulley, the power is to the

weight as the number 2 raised to a power equivalent to the number of pulleys

employed. If the number of pulleys had been four, the power gained would

have been 2 X 2 X 2 X 2 = 16.

Another combination, somewhat similar, is seen in the next figure (Fig. 1),

in which the several cords are attached to the weight; this makes a little differ

ence in the amount of power gained. A power p of 1 lb. will sustain a part of

the weight equal to 1 lb. This power of 2 lbs. acting at d, will support an equal

portion of the weight, which, again acting with double force at g, will sustain

4 lbs. ; hence the quantity supported isl-)-2-(-4 = 7 times the power.

Fig. 1.

 Fig. 2.

 

Another somewhat different arrangement is shown in Fig. 2, in which the

one cord passes over a fixed, and the other, over one of the movable pulleys.

A power of 1 lb. at p would support a weight of 2 lbs. at to, and an equal

advantage is gained by the attachment of the cord passing over the fixed

pulley a ; the power is therefore one-fourth of the weight. Other combinations

sometimes occur, the nature of which will, it is presumed, be understood by-

reference to those above explained.

MEPHITIC is a term often applied to carbonic acid.

MERCURY is a metal distinguished from all others by its extreme fusibility,

which is such that it does not take the solid state until it is cooled to the 39°

below 0 in Fahrenheit's thermometer, and is therefore always fluid in the tem

perate climates of the earth. From this circumstance, and its resemblance to

silver in colour and metallic splendour, it has been usually denominated quid-

silver. The term mercury, although almost universally employed by chemical

authors, is strongly objected to by Mr. Gray, the author of The Operative
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C/taust, wiio complains that " medical authors and chemists of the medical

professions, still continue to call this metal (which he denominates guide) mer

cury, that name having been formerly used by the priest-physicians and priest-

chemists, to mystify and hoax their patients and the public. It were to be

wished that now chemistry and medicine are almost exclusively in the hands of

the laity, they would abstain from this ridiculous mummery." The same author

also informs us that there are two kinds of quicksilver in the market,—Spanish

and Austrian, both of which are very pure ; and that " the source of the impure

quicksilver in the apothecaries' shops, is the purchase of the quick from the sil

vering tables of bankrupt or deceased looking-glass makers, which is of course

impregnated with tin, and sometimes lead and bismuth ; this quicksilver is

cheaper than the pure, and is thought by them good enough for making blue

pill and blue ointment." Mr. Gray does not, however, censure this pernicious

practice of the laity, notwithstanding he is so indignant at the presumed alter

ation of a mere term of doubtful propriety by our learned forefathers. The

specific gravity of mercury is at 212" Fahr. 13.375 ; at 160°, 13.580, and at 40°

below zero it increases to 15 632, when it is a malleable solid body. It is vola

tile, and rUes in small portions at the common temperatures of the atmosphere,

u is evinced by several experiments, more especially in a vacuum, such as

obtains in the upper part of a barometer tube. At the temperature of 650° it

boils rapidly, and rises copiously in fumes : it has been attempted to employ the

mechanical force which it then exerts as a motive power similar to that of the

steam engine ; but the loss of the metal, by the extreme subtlety of the vapour

passing apparently impervious joints, occasioned, we are informed, its abandon

ment. Mercury is sometimes found native, but generally combined with sul

phur, when it is denominated cinnabar ; it is separated from the sulphur by

distillation with quicklime or iron filings. Owing to the property which mer

cury possesses of dissolving completely some of the baser metals, it is extremely

liable to adulteration ; and the union of the metals is so strong, that they even

rise with the quicksilver when distilled. The impurity of mercury is generally

indicated by its dull aspect; by its tarnishing and becoming covered with a coat

of oxide on long exposure to the air ; by its adhesion to the surface of glass ;

2nd when shaken with water in a bottle, by the speedy formation of a black

povder. Lead and tin are frequent impurities, and the mercury becomes

capable of taking up more of these if zinc or bismuth be previously added. In

order to discover lead, the mercury may be agitated with a little water, in order

to oxidize that metal ; pour off the water and digest the mercury with a little

•.•-die acid : this will dissolve the oxide of lead, which will be indicated by a

blackish precipitate with sulphuretted water ; or to this acetic solution, add a

Hale sulphate of soda, which will precipitate a sulphate of lead, containing,

then dry, 72 per cent of metaL If only a very minute quantity of lead be

present in a large quantity of mercury, it may be detected by solution in nitric

acid, and the addition of sulphuretted water. A dark brown precipitate will

Ensue, and will subside, if allowed to stand a few days ; one part of lead may

thus be separated from 15,2G3 parts of mercury. Bismuth is detected by

pouring a nitric solution, prepared without heat, into distilled water ; a white

precipitate will appear if this metal be present. Tin is manifested in like

manner by a weak solution of nitro- muriate of gold, which throws down a

porple sediment; and zinc, by exposing the metal to heat. When the metallic

mixtures contain a sufficient quantity of mercury to render them soft at a mean

temperature, they are called amalgams. Although it is obvious, from the known

•aferior specific gravity of iron, lead, and silver, that pieces of these metals will

Sjit in mercury, like wood in water, it nevertheless forms a very interesting

[•jenomenon. Mercury is readily soluble in acids, as may easily be ascertained ;

od from its very extensive use in medicine, there are very numerous prepara

tions of it, by which it may be exhibited in powders, pills, or drops. The most

tuual u calomel, which is a preparation of mercury and muriatic acid, or

chlorine, and is hence called, according to the modern nomenclature, proto-

chloride of mercury. The dcuto-chloride, or corrosive sublimate, is another

combination of mercury and chlorine, and forms one of the most powerful and
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useful, but dangerous medicines, man has ever discovered. Mercury will readily

unite with sulphur. Melt some sulphur in a crucible on the fire, then add a

little mercury, and stir the whole well together, and a sidphuret of mercury, or

cinnabar, will be formed. That beautiful scarlet pigment called vermilion (sen

the separate article) is also prepared from mercury and sulphur, and is called

by chemists the red sulphuretted oxide of mercury. The property of mercury

dissolving a certain portion of gold and silver, enabled alchymists to impost:

upon mankind, and make it appear as if they had succeeded, in a small degree

in discovering the secret of turning metals into gold and silver. In their opera

tions they employed mercury in which small portions of these metals had beer

dissolved ; and as the mercury was evaporated by great heat, and left the gold

and silver behind, the bye-standers were made to believe that these metals had.

actually been produced in operation by the skill of the experimentalist. Louking-

glasses and mirrors are covered on the back with an amalgam of tin, and the

glasses are afterwards loaded with weights, to press out gradually the superfluous

mercury, which thus exudes from the amalgam. Amongst the numerous use:

of this valuable metal, the application of it in the construction of barometers

and thermometers is not the least important. See those inventions.

METALLURGY, in a general sense, comprehends the art of working

metals from the state of ore to the utensil ; and in this sense, assaying, smelt

ing, refining, smithcry, &c, are branches of metallurgy. In a more limited;

sense, however, it includes only the separation of metals from their ores, or

other combinations. Few metals are found in a pure state ; gold, silver, and

copper are sometimes exceptions; the other metals are generally found in the

state of ores, in which they are mixed and blended with other substances, so a-i

not to have the ductility, lustre, or other qualities of metals. Sometimes the

ore is only a pure oxide, and requires but the abstraction of the oxygen, by

fusion with inflammable substances. The ores of metals are always separated

from the rocks on each side by a quantity of spar, quartz, or sometimes softer

clav or earth, called the matrix or rider. The first operation in metallurgy is

to separate the ore from the matrix ; but when the ore is found in large masses,

most of it can be obtained by the miner's implements free from the matrices,

and those portions that adhere are knocked oft' by hammers. In other cases,

when the ore is intimately mixed with the matrix, it becomes necessary to resort

to different processes, such as roasting, pounding, and washing ; the latter

operation effecting the separation by the difference of specific gravity of the

mixed matters ; the earthy parts being floated away, leaving the metallic portion

behind. See the following article.

M ETALS. A numerous class ofundecompounded bodies, which arc distinguish

able by their lustre, ductility, malleability, tenacity, opacity, &c. They are fusible

by heat, and in fusion retain their lustre and opacity ; and they arc all, except sele

nium, excellent conductors, both of electricity and caloric. When they are exposed

to the action of oxygen, chlorine, or iodine, at an elevated temperature, they

generally take fire, and combining with one or other of these three elementary

dissolvents, in definite proportions, are converted into earthy or saline-looking

bodies, devoid of metallic lustre and ductility, called oxides, chlorides, or iodides.

They are capable of combining in their melted state with each other, in almost

every proportion, constituting the important order of metallic alloys. From their

brilliancy and opacity conjointly, they reflect the greater part of the light which

falls on their surface, and hence form excellent mirrors. "The relations of

the metals to the various objects of chemistry," Dr. Ure observes, " are so

complex and diversified as to render their classification a task of peculiar diffi

culty. I have not seen any arrangement to which important objections may

not be offered ; nor do I hope to present one which shall be exempt from criti

cism. The main purposes of a methodical distribution are to facilitate the

acquirement, retention, and application of knowledge. With regard to metals

in general, I conceive these purposes may be to a considerable extent attained,

by beginning with those which are roost eminently endowed with the charac

ters of the genus, which most distinctly possess the properties that constitute

their value in common life, and which caused the early inhabitants of the earth
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to give to the first metallurgists a place in mythology. Happy had their idolatry

been always confined to such real benefactors ! By arranging metals according to

the degree in which they possess the obvious qualities of unalterability, by common

agents, tenacity, and lustre, we also conciliate their most important chemical

relations, namely, those to oxygen, chlorine, and iodine ; since their metallic

pre-eminence is, popularly speaking, inversely as their affinities for these dis

solvents. In a strictly scientific view, their habitudes with oxygen should

perhaps be less regarded in their classification than with chlorine, for this

element has the most energetic attraction for the metals. But, on the other

hand, oxygen, which forms one-fifth of the atmospheric volume, and eight-

ninths of the aqueous mass, operates to a much greater extent among metallic

bodies, and incessantly modifies their form, both in nature and art. Now the

order we propose to follow will indicate very nearly their relations to oxygen.

As we progressively descend, the influence of that beautiful element progres

sively increases. Among the bodies near the head, its powers are subjugated

by the metallic constitution ; but among those near the bottom, it exercises an

almost despotic sway, which Volta's magical pile, directed by the genius of

Davy, can only suspend for a season. The emancipated metal soon relapses

under the dominion of oxygen." This table is given at page 143.

The first 12 metals are malleable, and so are the 30th, 31st, and 32d, in their

congealed state. The first 1G yield oxides, which are neutral salifiable bases.

The metals 17, 18, 19, 20, 21, 22, and 23, are acidifiable by combination with

oxygen. Of the oxides of the rest, up to the 30th, but little is known. The

remaining metals, sodium, lithium, calcium, barium, strontium, magnesium,

yttrium, glucinum, aluminum, thorinum, zirconium, and silicium, form, with

oxygen, the alkaline and earthy bases.

MICA. A mineral, which Professor Jameson divides into ten species ; but

the term is generally understood to imply talc, or Muscovy glass, which is one

of the species. Most of the mica or talc of commerce is brought from Siberia,

where it is used as a substitute for window-glass. In this country it is employed

for similar purposes where violent agitation or great heat would be destructive

of common glass. It is also used for enclosing objects for microscopes, for

which it is admirably adapted ; consisting, as it does, of an unlimited series of

transparent laminae adhering to each other, which easily separate into extremely

thin flexible plates, by the application of the fine edge of a pen-knife.

MICROMETER. An instrument of which there are various construc

tions, usually applied to telescopes and microscopes, for the purpose of mea

suring minute bodies, or small angles formed by bodies at a remote distance,

by which their real magnitude is obtained. To the modern introduction of

this instrument for the use of the astronomer, and to the improvement of the

telescope, may be attributed our present accurate and extensive acquaintance with

the universe of matter ; while, from the perfection to which the microscope has

been brought, an equal acquaintance with the organization of minute bodies may

he expected. By the application of the micrometer to the latter instrument, the

power of the naturalist is materially extended ; while the micrometer is of the

utmost value for trigonometrical surveys, and in military and naval operations.

MICROSCOPE ; from two Greek words, signifying suuill, and to vieic. An

optical instrument for viewing small objects, rendering those visible which can

not be distinguished by the naked eye, and magnifying those that can. The

forms of microscopes are very numerous, but they may all be included in three

distinct classes, namely, tingle, compound-refracting, and compound-reflecting

microscopes. A simple, or single microscope, is that which consists of a single

lens or single spherule. Most persons may have observed, that when the dis

tance of an object is decreased, we are enabled to define its parts more readily,

and that it appears larger ; thus, if we look at two men, the one at 200 feet,

and the other at only 100 feet from us, the former will appear only half the

height of the latter ; or the angle which the latter forms with the eye of the

observer will be twice that of the former. Hence the nearer we can bring an

object to the eye, the larger it will appear. If we have to examine a Tery

minute object, and in order to render its parts distinguishable, if we bring it



MICROSCOPES. 146

wry near to the eye, (suppose one or two inches,) it will become very indistinct

ami confused. This effect is produced by the great divergency of the rays of

light from the object, and the power of the crystalline lens of the eye not being

sufficient to collect the rays, whereby an image of the object may be formed on

the retina, at the proper distance at the back of the eye. But if we employ a

single microscope, which consists of a convex lens, usually made of glass,

(though it would have the power of magnifying or increasing the angle, if

made of any other transparent substance, but in a different degree,) mounted or

fired in brass, and place it between the object and the eye, the former being in

the focus of the glass, the diverging rays from the object will be refracted and

rendered parallel by the lens, and we shall thus obtain a near and distinct view

of the object The quantity of light necessary to be employed in using a micro-

icope is dependant on the nature of the object under examination, and on the

magnifying power of the lenses necessary for its developement.

The annexed figure is a single

microscope; a is the brass stem ; c the

cell containing the lens c ; at d there

is attached an arm e ; this arm, being

jointed at tf, is capable of lying flat,

or being altered to any convenient

position for viewing the object, as

shown by the dotted lines; on the

round arm e is a sliding tube/, fixed

to another tube at right angles, which

carries the forceps h, movable in

every direction with respect to the

lens c; the handle i is screwed to the

item a when in use. This is the

most convenient form of a single

microscope.

A compound refracting Microscope

is an instrument consisting of two or

more convex lenses, by one of which

an enlarged image of the object is

formed, and then by means of the

other, employed as an eye-glass, a

magnified representation of the en

larged image is obtained. The dis

tance at which the two lenses of a

compound microscope are placed from

each other must always exceed the

som of their focal lengths, in order

that the image may be formed by the

object-glass in the exterior focus ot

the eye-glass. The great distinction

hehreen single and compound micro

scopes is, that in the latter we only

tiew a magnified image of the object,

while in the former we see the object

ittdf. From this it must be evident,

that unless the image formed by the object-glass be a perfect representation

of the object in every particular, its imperfections, however small, will be

increased by the eye-glass, in the same ratio as it magnifies the image. On

account of this disadvantage, the compound microscope had been entirely laid

(side by the most distinguished naturalists and philosophers till very lately,

for general purposes it is prefered, on account of the extent of field obtained

by it, which is far greater than that obtained by ordinary single glass lenses of

equal power. For these purposes, there is usually introduced a third, or field-

flats, by which the extent of view is still further increased by the rays being bent

by this lens, so that_ a greater portion of them may be refracted by the eye-

TOL. II. T
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glass. The annexed figure it a section of a compound microscope; r it th-

object intended to be magnified,

which is placed in the focus of

the object-glass o ; by this lens,

an enlarged and inverted image

is formed at i i, in the focus of

the eye-glass c ; fit a field-glass,

by which the extent of the view

is increased from the diverging

dotted lines to t i, by the rays being bent by this lens, so that a greater portion

of them is refracted by the eye-glass c,

The Solar Microscope consists of a common microscope, connected to a

reflector and condenser, the former being used to throw the sun's light on the

latter, by which it is condensed tp illuminate the object placed in its focus.

This microscope is sometimes called the Camera Obscura Microscope, but it

still more nearly resembles the magic lantern in its effect. The exhibition it

affords is made in a darkened room, and it can only be used when the sun

shines. This instrument usually consists of one plane mirror and two lenses.

The mirror •. o must be without the window shutter d u ; the lens a 6 fixed in

the shutter ; and the lens n within the room. The lens a 6 is inclosed in a brass

tube, and the other in a smaller tube, which slides in the former, for the pur

pose of adjusting it to the proper distance from the object. The mirror can be

so turned by adjusting screws, that however obliquely the incident rays E F fall

upon it, they can be reflected into the dark room through the illuminating lens

a i in the shutter. This lens collects those rays into a focus near the object,

and, passing on through the object eg, they are met by the magnifier n ; here the

 

rays cross, and proceed divergently to a vertical white screen prepared to receive

them; on which screen, the image or shadow qr of the object will appear.

The magnifying power of this instrument depends on the distance of the white

screen, and in general bears a certain proportion to the distance of the object

eg from the magnifier n; that it, if the screen be at ten times that distance

from the lens n, the image will be ten times as long, and ten times as broad as

the object. About ten or twelve feet is the best distance ; for, if further offj

the image, though larger, will be obscure and ill defined. The apparent magni

tude of objects is measured by the angle under which they are seen by the eye,

and those angles are reciprocally as the distances from the eye. If eight inches

be assumed as the nearest limit of a distinct vision to the naked eve, and by

interposing a lens, we can sec with equal distinctness at a nearer distance, the

object will appear to be as much larger through the lens than to the naked eye,

as its distance from the eye is less than the distance of unassisted vision. If

the focal distance of a convex lens be one quarter of an inch, or the thirty-

second part of the common limit of vision, or eight inches, the lineal dimen

sions of an object examined with it will be magnified thirty-two times, and its

surface 1021 times, or the square of 32.

The simplest microscope which can be employed to any useful purpose, 131

that which is made with a drop of water, suspended in a very small hole in a

thiu slip of brass, or any similar material. A spherule of water, however, of
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the same size as one of glass, will not magnify so much as the latter, because,

as its density is not so great, it has a longer focus. A drop of water placed on

the end of a slender piece of brass wire, and held to the eye by candle-light,

will, without any other apparatus, magnify, in a very surprising manner, the ani-

malcuke contained in it. These water microscopes have given rise to the use

of various other fluids, with several varieties of construction. Dr. Brewster,

instead of water, has made use of very pure and viscid turpentine, taken up by

the point of a piece of wood, and dropped successively upon a thin and well-

polished glass. The same gentleman has also used sulphuric acid and castor-

oil, both of which possess a refractive power considerably greater than water.

Fluid lenses have been employed as the object-glasses of compound micro

scopes. Minute glass spherules make excellent microscopes, but the foci of the

smallest sort are so short, that it requires considerable attention and patience

to employ them well.

MILK. A fluid secreted by the females of the class mammalia. Although

the proportions of its constituents vary in different animals, its general proper

ties are the same in all. When this fluid is allowed to stand for some time, it

undergoes spontaneous changes, and is resolved into its component parts: a

thick yellowish substance collects on the surface, which is cream, while the

milk beneath becomes thinner than before, and is of a pale bluish colour. When

cream is kept for some days without being disturbed, it gradually becomes

thicker, till at last it acquires the consistence of cheese ; so that one method of

making cream cheese is merely by putting cream into a linen bag, and leaving

it there till it becomes solid. When cream is shaken, it is resolved into its

component parts. The process by which this is accomplished is called churning,

whence two products result,—butler and butter-milk. In the making of butter,

cream is allowed to stand for some time, during which an acid is generated. It

ia then put into a churn and agitated, by which the butter is gradually sepa

rated ; what is left (the butter-milk) has a sour taste, but not so much as that

of the cream before churning. Butter is also sometimes made from cream

which has not become sour, but the process is much more tedious, owing to the

ararit of acid to favour the separation. Butter is merely nn animal oil, solid at

a natural heat, but held in solution, in milk, by some of the other substances ;

thus obtained, however, the butter is not pure, and requires much washing in

water to free it from its impurities, and, by the subsequent addition of salt, it

my be kept good a long time. Milk from which butter has been taken

undergoes spontaneous changes ; it becomes much sourer, and assumes a

gelatinous form. When heated, the fermentation of this coagulum is hastened,

and, by the addition of certain substances, it very soon takes place ; thus acid

and spirits of wine curdle it, which is owing to the albumen it contains being

acted upon by them in the same way as blood or white of eggs. By far the

most powerful coagulator, however, is the substance called rennet. When the

milk is previously heated, and rennet added, it instantly coagulates. If the

coagulum be cut, a thinnish fluid oozes from it ; and if it is put into a bag and

squeezed, the whole of this is forced out, and a whitish tough matter remains ;

the former is whey, and the latter curd. On this depends the process of making

cheese, which varies in richness according to the mode followed in preparing it.

When milk is heated gradually, and merely to the temperature at which it cur

dles, and the curd freed gently from the whey, it retains almost the whole ot

the cream, which adds to its richness and flavour; but when it is curdled

quickly, and the whey is speedily removed by cutting the curd, a great deal, or

nearly the whole of the cream is carried off, and the cheese is poor, and has

not the rich flavour of cheese made in the other way. The latter is the method

usually followed in Scotland, where both cheese and butter are obtained from

milk,—the whey procured in the process yielding a considerable quantity of the

latter ; and hence the comparative poorness of Scotch cheese. In making

cheese, having obtained the curd, and freed it from its whey, the remaining part

of the process is merely to subject it to pressure, by which the whole of the

■hey is forced out ; die colouring ingredient is generally annotta, to give it the

desired tint.
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Milk, according to the analysis of Berzelius, consists of—

Puts.

Water 928.75

Curd, with a little cream 28.00

Sugar of milk 35.00

Muriate of potash 1.70

Phosphate of potash 0.25

Lactic acid, acetate of potash with a trace of

lactate of iron 6.00

Earthy phosphates .30

1000.00

The same chemist found cream of spec. grav. 1.0244, hy analysis to consist cf

butter 4.5, cheese 3.5, whey 92.

MILLS are machines for triturating all kinds of substances capable of being

reduced or pulverized by their action. Those employed for converting grain into

flour, by rubbing it between two hard surfaces, are generally ofstone. The earliest

species of mills were of a very rude and simple construction, consisting of two flat

stones, one placed on the other, and the uppermost turned hy hand, resembling

the figures shown in the following engraving, which represents a hand-mill in

 

nearly universal use at the present day amongst the eastern countries. The

two stones are put together, as in the figure, and the upper one is then turned

by hand round the central pivot. Mills of this description were in common

use amongst the Egyptians, Hebrews, Romans, and other nations of antiquity,

and continued in U8e in the Highlands of Scotland until a very recent date ;

the principle is indeed the same as that of our most modern^ and improved

mills, but it is only adapted for grinding small quantities of grain at a time.

Under the head Hand-kills we have described two mills, which were

designed to illustrate a mode of applying manual power to such machines, that

has heeii deemed by various eminent writers on mechanics as the most efficient;

namely, that of rowing. But however energetic tha,t action may be, it does, not

appear to have stood the test of experience ; probably on account of it not

being so convenient at all times as that of the winch, which is, besides, much

more compact, and requires for its use no previous initiation. The ordinary

kind of small hand-mills resemble closely those metallic coffee-grinders which

almost every person has in his possession, or may see in constant requisition in

the shops of grocers. A few words will describe the whole of this class.—They
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consist of one central solid frustrum of a cone, the outer circular surface of

which is cut spirally into furrcws, so as to present at the upper edges of the

latter a continuous series of angular teeth. On the outside of the latter is fixed

concentrically a hollow frustrum of another cone, similarly cut into grooves, and

«o proportioned to the former, that at one extremity the opposed grooves almost

touch each other, and at the other they are so far apart as to admit the articles

to be ground, whole. These concentric conical grinders are fitted up in a variety

of ways. In the little box-mills the axes of the cones arc usually vertical ; but

in the fixed, or post-mills, the cones are horizontal . in both, they are surmounted

with hoppers to convey the materials to the grinding surfaces, and the products

of the trituration are received into either fixed or loose receptacles beneath. By

the revolution of the inner cone, the substances are first broken in the widest

part of the annular crevice, and being thus reduced in size, they gradually sink,

or are forced into narrower and narrower spaces, until they emerge from the

grinders in a state more or less comminuted, according to the adjusted space

between the grinders, which is usually performed by a screw passing through a

traverse bar, with its end bearing against one end of the revolving grinder, so

ai to limit the extent of its separation or distance from the fixed grinder. Mills

constructed upon the same principle are almost universally applied to a great

variety of useful purposes ; and the manufacture of them is one of considerable

attnt in Birmingham and other places. But however valuable their applica

tion generally, they are but ill adapted to the grinding of corn advantageously,

because the perfection of that art consists in an exact separation of the Rusk, or

bran and pollard, from the pure flour ; and the operation cannot be success-

felly performed if the corn be much cut to pieces, which mills of the kind just

described almost invariably do when they are in order, or sharp ; and when they

are dull from wear, the mills soon clog, if set close,—or if set open, a very

wasteful quantity of flour is left upon the bran or other offal. These defects

arise, in our opinion, from an erroneous mode of construction. Corn and grain

generally are extremely solid compact, bodies, and when reduced to powder or

meal, they occupy a much larger space than previously ; consequently, as the

grinding progresses, the spaces for the reception of the comminuted matter should

be proportionally enlarged; but it will be observed, that the annular crevices

between the concentric cones, where the grinding takes place, are rapidly co«-

iracied into a very acute angle. Here the clogging necessarily occurs ; and

unless the grinders be set considerably wider apart, so as to let the meal pass

out hi an extremely coarse state, the meal, by the continued attrition (or

kneading as it were) becomes converted into a pasty, blackened mass. From a

•tries of experiments made with cones of various inclinations by the writer,

evidence, conclusive to his mind, was afforded of this fact, that, in proportion

M the concentric cones were reduced in their height, did the flour improve ;

and, finally, when he brought the surfaces down to a perfect fat, the products

of the grinding were, in the language of the miller, more lively, and of a better

folour, than in any previous experiments. From the singularly beautiful and

ingenious device of concentric conical grinders, and their compactness, it is

«bno«t to be lamented that they do not succeed better with wheat. There is,

however, another defect attached to these mills, which we ought not to forbear

noticing ; this consists in the spiral grooves forming a series of continuous

ratting edges, which clip the grain to pieces, and cause much of the husk to bo

pound fine, and be inextricably mixed with the flour ; whereas, the action ought

lobe that of simple crushing, in the first part of the operation, which flattens

il* husk, and permits the flour to be afterwards rubbed and scraped from its

wriice, without incurring much subsequent minute subdivision to the detriment

«f tbt flour.

A very elegant and compact corn-mill was constructed in France, and was

Adopted by Buonaparte for the uses of his vast army when he invaded Russia

in 1812. Hence it was called the French military mill, and it was introduced

"Jtequently into this country on account of its portability and convenience.

It consisted of two circular cast-iron plates, about 12 inches in diameter, placed

IB a Terocal position, one of which was fixed, and the other rotative, upon a
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horizontal axis, turned by a winch. The plates were indented all over with

radiating grooves ; the corn was conducted to the centre, or eye, by means of

a lateral hopper, and the meal, as it was ground, was projected from around

the periphery by the centrifugal force of the revolving plate.

In 1824, Messrs. Taylor and Jones took out a patent for some improved

appendages or adjustments to this mill ; but there is reason to believe that the

undertaking failed from an inherent defect in the construction of the original.

The vertical position of the plates is unquestionably disadvantageous, as the

effect of gravity is always counteracting the centrifugal action, and necessarily

causes a larger portion of the meal to descend from underneath than from the

sides or the top ; and this tendency, we suspect, must have rendered it expe

dient to work very close, to prevent the meal dropping out in a coarse state :

and from the greater resistance of the meal on the lower side than on the upper,

the plates were liable to spring or separate more underneath ; or if unyielding,

by reason of their solidity and perfect centering, a deterioration of the meal

seems to be the necessary result.

Many attempts have been made to grind wheat by stones running vertically,

both here and in America, but a little experience in their working has gene

rally led to their abandonment. A variety of machines have, likewise, been

constructed for domestic use, wherein the dressing-machine, or bolter, has been

annexed to the mill, so that the two processes shall be conducted consecutively

within the same framing. Sucli machines, therefore, represent the apparatus

of the great public mills in miniature ; but they confer no advantages, because

they are equally complex, and are put together in an inferior manner. Viewing

the subject in this light, the writer, a few months ago, directed his thoughts to

the simplification of the millering apparatus ; and he so far succeeded, as to per

fectly grind and dress upon the same continuous surface, which appears to be

the limit of invention, at least as far as the principle is concerned. The

following account of this machine is extracted from the Mechanics' Magcrme,

No. 665.

" Helen's Patent Flour-making Machine.—From a personal inspection of the

machine delineated in perspective on the following page, and from a careful

perusal of the inventor's specification, it appears to us to be his design to con

struct flour-mills of the utmost simplicity and durability ; in which, not only the

grinding of the corn, but the dressing (sifting) of the meal into flour, pollard,

bran, arc, are simultaneously performed. It is not, however, to be understood

that these combined operations are effected by the mere annexation of a dress

ing-machine to a mill, and driving them both together; for in such an arrange

ment there would be neither novelty nor economy. But the combined operations

of grinding and dressing are in this new patent mechanism so simplified, and

so intimate, that they are continuously going on, upon one continuous surface.

The essential members of the machine are thereby reduced to only two .' one

stationary, the other rotative. This remarkable simplicity conduces to many

advantages, which our mechanical readers will at once appreciate, without our

entering upon the details. The inventor has shown in his specification, and

has actually put into beneficial practice, several modifications of the prin

ciple so as to adapt the scale of their operations to any required magnitude.

We have selected for the present article what the patentee denominates his

patent domestic flour-maker, which is adapted to the manual force of one man ;

but the power requisite to work this may be diminished or increased at the

pleasure of the operator, by a corresponding reduction or augmentation of the

feed, or quantity of corn permitted to pass under the operation of the grinders

in a given time. In a subsequent number we purpose inserting a description

of one of the same kind of machines, which is in use at the workhouse of AH

Saints, near Hertford, where it is worked by any number of men, from two to

ten, (by a suitable alteration of the feed,) and is capable of properly grinding

and dressing as much corn in a given time as other mills will grind only ; the

estimated power required to work it efficiently being that of one horse, whether

worked by that animal, or by wind, water, or steam.

" We shall now proceed to describe the "hand-mill, with reference to the
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engraving before adverted to. c is an axis, mounted in plummer-blocks b b, and

torned by a winch c. assisted, if required, by a handle </, fixed to one of the

arms of the fly-wheel e e. The axis a also carries a bevelled wheel _/, which

drives a pinion g, fixed upon a vertical spindle h, that revolves in the centre of

a metallic hopper t, and carries at its lower extremity the upper grinder ; and

 

tp the periphery of the latter is attached a series of brushes, that revolve toge

ther with it inside the circular case,;', cast in one piece with the hopper i. The

lower grinder is fixed in the centre of the flat top k of the pedestal ; and around

the lower grinder, in the same plane as its superior surface, is an annulus of fine

wire-gauze ; over the area of which the brushes sweep in their revolution, con-

Bfmally scattering every particle of the meal, as the same is constantly projected

i minute quantities all around the peripheries of the grinders, on to the wire-

causing the flour to fall through the meshes into the drawer mm, below;
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while the bran and pollard, which cannot pass the wire-gauze, are continually

being freed from their adhering flour by the action of the brushes, until they are

driven through an aperture at the outer circumference of the wire-gauze, on tt

an inclined screen of coarse wire-work, where the offal separates itself, in the

mere act of falling, into pollard and bran, both of which deposit themselvei

int separate compartments made in the drawer ». At Us a screw for regu

lating the admission of the corn ; and at o is a lever over an engraved

plate, which directs the operator which way to move it, according as he

may desire to regulate the grinding, whether coarser or finer than it was pre

viously set. These adjustments are obvious to the sight, and unerring in

their action.

" Amongst the advantages which this machine presents to the economist may

be stated its convenience, portability, and perfect cleanliness, and there being

no dust or waste of any kind. It is particularly adapted for the use of domestic

families, who are desirous, not merely to make their own bread, but to be iure

that the flour which they use is a genuine product of good wheat. As respects its

utility to emigrants and distant settlers, we have reason to believe that its

merits have already been very satisfactorily tested ; the durability of the grind

ing surfaces being such as to render a renewal of them apparently unnecessary

for a series of years. A mill of this kind may be seen at No. 20, Pater

noster-row."

Since the foregoing account appeared in the Mechanic's Magazine, several

valuable improvements have been made in the machine. The wire gauze

through which the metal is sifted, is now rendered capable of being easily with

drawn, so as to convert the machine into a simple mill, the whole or gross

produce being at once deposited in the large drawer: its utility is thus much

extended, as there are many substances that do not require sifting.

Owing to a mistake made by the draftsman, the pedestal of the mill in the

foregoing cut is represented as disproportionally small. With reference to the

larger class of machines constructed on the same principle, and alluded to in

the foregoing extract, as being in operation at Hertford, we may be permitted

to observe, that one of the prominent disadvantages of the working of mills

and dressing-machines of the ordinary construction in a workhouse, is the

necessity of employing a paid servant to superintend and direct their operation! :

to which may be added the frequent stoppages in the work, for (aking up the

stones to recut, or dress their surfaces anew, a process which requires great

miJlering skill and practical experience to execute in an efficient manner ; and

however ably it may be performed, it unavoidably entails a great waste of time,

much labour, and wear and tear of tools and machinery. But the extraor

dinary simplicity of this patent machine, (which is now being introduced

into several of the workhouses conducted under the new system of poor laws,)

renders the management of it so easy and obvious, that the master of the work

house can, without any difficulty or inconvenience, superintend its operation, or

depute any unskilled labourer, in whom he can confide, to occasionally look

to its performance ; as the machine requires no active duty, but continues

to perform, uniformly for months together, all its operations of grinding,

dressing, and separating its various products of flour, pollard, bran, &c. without

any interference, but that of keeping it clean and properly oiled.

The mechanical arrangements of this new machine equally adapt it to die

production of every quality of flour and meal that may be required ; to grind

and dress finer or coarser, at the pleasure of the operator; to grind, break, or

crush only, without dressing ; to dress only, withput grinding ; and may be

equally well worked by any number of men or boys, from only one up to

twenty, the quality of the products being the same, and the difference only

in the quantity. A machine of this kind has now been in active operation

for several months, at All Saints' Workhouse, of the Hertford Union, the guar •

dians of which, as well as the master, Mr. Booth, have testified to the facts just

mentioned. The framing of this machine is made partly of oak, but all those

since constructed are entirely of metal, and combine other improvements, which

add to their practical convenience ; one of which may be seen in operation at
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Dr. Allen's excellent establishment for the cure of mental diseases, at High

Beech, near Woodford, Essex.

 

The following description of an economical horse-mill, for grinding corn, is

extracted from a cnniniunicalior. in the Franklin Journal lor Jul)', 182G,

addressed to the farmers und planters of the United States :—a a are the mill

stones ; 4 the spindle, which supports the upper stone ; c a drum upon the

spindle made long to prevent the band slipping off; d a large gin with its shaft,

vA arms (the lever to which the horse is yoked is not shown) ; e the holt of

tanned leather, five or six inches broad, with a buckle to give it the necessary

JCL. II. u
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tightness. It has not been thought requisite to show the hopper and other

necessary appendages, as with these every country mechanic is well acquainted.

The larger the diameter of the circle in which the horse travels the better but

 

It should on no account be less than 18 feet; the proportion of the large and

small drums must be regulated by the size of the stones and the diameter of

the horse-track ; and it would in most cases be found best to place the hopper

and stones under cover, as in the comer of a barn, and the large gin outside,

by which means a large horse-track might be formed, nnd the mill might like

wise be driven in wet weather. In the mill previously noticed at Dr. Allen's,

the usual necessity of a horse-wheel is entirely obviated.

The largest description of corn-mills in the present day are driven either by

water, wind, or steam. Water-mills were in use amongst the Romans, who

established several of them in this island ; the mill-course of one of these was

discovered some years back near Manchester. Windmills, we believe, were

likewise known to them ; but the application of steam to this purpose is of very

recent date, the first steam-mills established in this or any other country being

those erected by Bolton and Watt, near Blackfriars' Bridge, and named the

Albion Milk. Whatever be the nature of the driving power, the grinding

apparatus is nearly alike in all their mills ; and as both windmills and water-

mills are employed for various purposes besides that of grinding corn, we propose,

Under the heacf Watermill and Windmill, to notice the methods of applying

the power derived from these sources, and shall, in this place, give a description

of a mill of modern construction, as driven by steam : we should, however,

observe, that under the head Barker's Mill, the reader will find a water corn-

mill of a simple description.

We shall preface our description of the mill by a short account of the form

and the manner effacing the millstones. In order to cut or grind the corn,

both the upper and under millstones have channels or furrows cut in them,

proceeding obliquely from the centre to the circumference, as shown in the

figure on p. 155. The furrows are cut perpendicularly on one side, and ob

liquely on the other, into the stone, which gives to each furrow an inclined

plane, up which the corn is forced by the revolution of the upper stone, which

crushes it and bruises it so as to make it grind easier when it falls upon

the spaces between the furrows. These are cut the same way m both stones,

where they lie on their backs (as above represented), which makes them run

crossways to each other, when the upper stone a is inverted, and its furrowed

aide applied to the furrowed side of b. When the furrows become blunt and

shallow by wearing, tlve running-stone must be taken up, and both stones new

dressed with a chisel ; and every time that the stone is taken up, a small

portion of tallow should be applied to the bush of the spindle.
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The grinding surface of the under millstone is a little convex from the edg8

to the centre, as exhibited in the annexed section

at £, and that of the upper stone a little more con

es?! ; so that they are furthest from one another

in the middle, and come gradually nearer towards

the edges. By this means, the corn at its first

entrance between the stones is only bruised ; but

as it goes further on towards the circumference, or edge, it is cut smaller and

smaller, but at last finely ground just before it comes out from between them.

But although, in the diagram above given, the concavity in the upper stone

corresponds with that described by several authors, we believe that the upper

stone is not usually cut away to a greater extent beyond the mill-eye than that

shown in the figure in the margin p. 151 , where the grain is shown entering the

mill-eye, and passing through the apertures of the rind c, it enters the cavity

underneath ; here it gradually gets broken, bruised or coarsely ground, and

from thence the finest portion enters between the parallel surface of the mill

stones, and by degrees passes from between them at their peripheries, being

constantly urged outwards by the pressure of the grain in the middle, as well

as by the centrifugal force. The rind c is an iron cross let into the upper

mill-stone, and is fixed to the spindle <• ; and

the cavity f is filled completely by a bush

(generally of wood), in which the spindle

rerolves. The trundle g, (driven by a cog

wheel, which is actuated by the first mover,)

gives motion to the spindle and the upper

aone. The surface of the upper stone is

brought to a perfectly parallel position with

respect to the other, by means of four equi

distant regulating screws, acting upon a brass

box A, in which the lower extremity of the

spindle works ; so that the slightest movement

of the box, effected by the screws, makes a cor

respondent alteration in the position of the

upper stone, enabling it to be adjusted to the

lover one with the nicest precision and the

rreatest facility.

We shall now proceed to describe the

engraving on p. 156, which represents a very

compact arrangement of a mill, having four pair of stones driven by a

iKsm-engine. The stones are placed at equal distances from the centre of a

spare platform, resting upon cast-iron columns, and the driving is arranged

heoeath the platform, and supported by a framing of iron fixed to the columns.

a is the horizontal shaft driven by the steam-engine, on which is fixed the bevil-

»W1 A, working into another bevil-wheel c, of equal diameter, fixed upon the

urne vertical shaft which carries the large spur-wheel d; this spur-wheel works

into four pinions e e, fixed upon the spindles ff of the upper millstones, only

t») of which can be seen ; gg axe indented pinions, for the purpose of agitating
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the sieves'placed overthc hoppers, for preventing stones and other extraneous sub

stances entering the hopper; ii are the upper millstones ; kk the lower millstones ;

// the hoppers, from which the corn descends into a swinging kind of hopper,

called the shoe, which is continually shaken by a short bar of iron screwed into

the upper end of the spindle, and having four prongs, which, striking the shoe

from side to side, distributes the ccrn equally over the eye of the mill stone.

 

The spindles of the mill-stone are supported on the iron levers m m, which

can be raised or lowered to adjust the stones, by means of regulating screws

atnn; oo are screws to raise the pinions e e, and cast them out of geer. The

under, or bed stones, are partly sunk into circular holes in the platform, and

firmly wedged therein, and a circular case incloses each pair of stones, leaving

a space of about two inches all round them ; and the com, reduced to the

state of meal, is thrown, by the centrifugal force of the stones, out in all direc

tions into the case, from whence it is conveyed to the bolting machine, which is

driven by a band from the drum-wheel /. The bolting machine is not shown, as

the reader will find a description of an improved one under the word Bolting-

machine.

In grinding wheat, it is usually the endeavour of millers to separate all the

flour from the husk without pressing it so hard as to till il, and without dete

riorating its colour by making minute greyt. This they have not been enabled

to effect in a desirable manner with the mills constructed on the usual plan, nor

by any form of construction that has hitherto appeared. The reason is

obvious ;—if the stones be brought so close together as is necessary to remove

the firmly adhering portions of the flour from the husk, the whole of it will be,

in a great degree, killed and discoloured by the violent rubbing necessary to

clean the bran ; on the other hand, if the stones are kept further apart, so as to

grind high, much of the flour will be left in the offals and bran.
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Whli a view of meeting these difficulties, some millers have ground their

wheat at two distinct operations ; they have, in the first place, set their stones

rider apart, or grind high ; and then, after collecting the meal, and separating

the fine flour from it, have passed the remainder a second time through the

stones, setting them closer than before, or grinding low. Thus have they

removed the whole of the flour from the husk, and preserved the good quality

of a part of it ; but the waste, and loss of time and power in conveying the

meal from one place to another, occasioned by these several operations, together

with the difficulty of separating the flour from it in the unfinished state by the

ordinary dressing machine, have been found to neutralize the advantages other

wise resulting from this mode of proceeding.

In consequence of the great size and weight of the stones usually employed,

the erections and fittings up of the ordinary mill are necessarily very heavy and

eipensive ; and, owing to the several processes of grinding, cooling, dressing,

-.id clearing up, being distinctly conducted in situations remote from each

other, a considerable waste of flour, together with much unnecessary manual

kbonr, and waste of mechanical power, are incurred. These disadvantages,

which are inseparable from the old system, are completely obviated by the

patent progressive corn-mill, manufactured by Messrs. Cottcrill and Hill, of

WaUal, in Staffordshire, from the following causes :—Instead of employing only
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stoaet employed, ts? meai is not heated. T^a. toc*ti:er with the important

eimnnstaneei of the kilk of the floor beinf separated from it, in the first

instance, without brushing, renders the remain ier fit for dressing up as fast as it

is ground. By this arrarre:r_?nL theref^*. it »iil oe readily perceived, that

the original eotaor and strength of th; floor is preserved ; that all the flour is

•eparited fro-n the bran wiihou: any injury to the bulk of it; and that the

whole process of grindin?. dressing, and clearing up the offals, is one con

tinuous operation, performed in one compact machine, without waste, and with

little manual labour.

The progressive rr.ii". i« made principally of iron, and so arranged and put

together, that, while the nicest accuracy in its adjustments, and certainty in its

operations, are insured, the stones may be taken up to be dressed, and put down

again with the utmost facility and ease. Its parts are readily taken to piece;,

so as to make it easy of conveyance : and in consequence of all of them coming

together with metallic faces, it can be properly re-connected by the commonest

workman ; and from its compactness and portability, it is peculiarly adapted

for exportation, as the entire mill can be packed in a strong case, and the total

weight of it is very iittie more than the stones alone of a common mill doing

the same work.

MINE ASD MIXING. Mine is a term applied to works carried on under-

gro-ind, for obtaining minerals generally, but chiefly for metallic ores. The

internal parts of the earth, as far as they have been investigated, consist of

various strata or beds of substances, extremely different in their appearances,

specific gravities, and chemical qualities, from one another. Neither are these

strata similar to one another in different countries ; and in one district, the strata

varies considerably in its nature, at very short distances apart. Rocks of most

kinds are traversed in every direction by cracks or fissures, having, in many

instances, the appearance of those formed in clay and mud while gradually

becoming dry in hot weather. These fissures are in general filled with sub

stances formed of materials differing from the rocks in which they are situated.

When they contain minerals partly composed of any kind of metal, they are

called metallic rtiat, lode*, or courtes. Metallic veins are only found in wlia:

are called the primitive rocks, as granite and slate ; and, in general, their

course is from east to west. A vein rarely consists of metal in a pure and

malleable state, but is almost always found in chemical combination with other

substances ; in this state it is called au ore, the metal of which is separated by

the process called melting, which is. in fact, a melting-out of the metal from its

combinations, usually effected by the addition of such foreign substances as

will, by their chemical affinities, assist in the separation of the metaL Th«

thickness, extent, and direction of a vein of metal, depends on many circuni-

<Uncei; in general, its course downwards is in a slanting direction, more ur
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tess inclined ; if it continues in a straight line, and of a uniform thickness, it

is called a rate ; if it occasionally swells out in places, and again contracts, it

n termed a pipe-vein, and the wider parts of the vein are called floors ; some

time] the vein divides itself into branches, and then it is said to lake home ; in

other cases a cross grain will interfere with it, and heave or lift it, as it were,

from 10 to 20 feet out of its course. At times it will be reduced to a mere

thread, and at last become completely obliterated, appearing again at a dis

tance. In many of these cases the difficulty of tracing these precious deposits

through their rocky labyrinths must be evident. In all probability, however,

the metals were at first procured from detached fragments of the ores, such as

had been separated from the upper parts of the veins in which they were origi

nally deposited ; and in this manner is gold yet procured, by washing the sands

of certain rivers. The pursuit of these scattered pieces of ore would naturally

conduct the persons thus employed to the beds from which they had been

detached, and in turning over the soil to procure the loose fragments, the backs

of the veins would be laid open and discovered.

The till of Cornwall was the first metal sought after in Britain of which we

hire an historical account; but the traces of the most ancient tin-works exhibit

no symptoms of their having been pursued but in situations where the soil with

•hich it was mixed could be easily removed, or where the ore could be laid

bare by conducting over it streams of water to carry off the lighter parts of the

soil. Lead is often found near the surface of the earth, and as the ores gene

rally exhibit a metallic appearance, that metal was probably an early object of

F'jrsuh ; but it was not until machines were invented to pump away the waters,

and until gunpowder had furnished the means of splitting the hardest rocks,

that man was enabled to penetrate strata of every description that opposed his

progress. These inventions, therefore, form most important epochs in the his

tory of mining. The hammer and wedges were probably the first instruments

employed for splitting rocks, and the pick followed, which is used both as a

hammer and a wedge. Previously to the use of iron, wedges of dry wood were

Bide use of by driving them into clefts of the rock, and then wetting them, so

u to cause them to swell and force the parts asunder. The means employed

for raising up the minerals to the surface were at first extremely rude. The

radian and bucket may be reckoned an improvement which took place in a

later stage of mining. This simple mechanism had its origin in Germany ;

*nd before it was introduced into this country, the mode adopted here was by

Raking successive stages, upon each of which men were placed, who raised the

ticarated matter from one to the other until it reached the top, in [the same

manner as is now commonly practised in digging out the foundations for houses,

w for making deep drains. In South America the ores are for the most part

ra-Tied up by the Indians; and where the situation admits of sloping roads, on

'ta backs of mules. To Germany may also be traced the introduction of

irdraulic machines for raising the water constantly collecting in the mines.

Pumps were adapted to the shafts, and their constant action secured by giving

nwt'on to their pistons by wheels turned by descending streams of water. To

England, however, belongs the merit of having greatly improved the pump-

*wk and the water-engines to their present effective condition ; and by the

subsequent application of the steam engine to this purpose, the mining processes

•>f »ur countrymen have so far surpassed those of other countries, as to render

*e» adopiion indispensable in most situations.

Although copper is now the greatest metallic product of the county of Corn-

T5H, it is comparatively, to the other metals, of modern discover)1, not

bring been worked longer than a century. The reason assigned for its having

*» lon» remained concealed, is the assumed fact, that copper generally occurs at

i much greater depth than tin ; and that, consequently, the ancients, for want

'''• proper machinery to drain off the water, were compelled to relinquish the

Eeulhc vein before they reached the copper. It is stated by Pryce in his

Maeralogia Cnrnubiensit, as a general rule, that tin seldom continued rich and

»«th working lower than 50 fathoms ; but of late years the richest tin mines

* Cornwall have been much deeper. Trevcnen mine wasj 150 j Hewas
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Downs, 140 ; Poldicc, 120 ; and Herel Vor is now upwards of 130 fathoms in

depth. Upon the first discovery of copper ore, the miner, to whom its nature

was entirely unknown, gave it the name ofpoder; and it will be hardly credited

in these times, when it is stated that he regarded it not only as useless, but upon

its appearance was actually induced to abandon the mine : the common expression

upon such an occasion was, " that the ore came in and spoilt the tin." About the

y-ar 1735, Mr. Coster, a mineralogist of Bristol, observed this saidpoder among

the heaps of rubbish; and seeing that the miners were wholly unacquainted

with its value, he formed the design of converting it to his own advantage, and

accordingly entered into a contract to purchase as much of it as could be sup

plied. The scheme suceeeded, and Coster long continued to profit by Ccrnish

ignorance. Besides tin and copper, some of the Cornish mines yield cobalt,

lead, and silver. The ores are in veins or lodes, the most important of which

run in an east and west direction : during their course they vary considerable

in width from that of a barley-corn to thirty-six feet ; but the average may be

stated at from one to four feet. The number of mines usually at work in

Cornwall, is estimated at about 130.

The mines of Cornwall and Devon are generally worked by a company of

proprietors, called adventurers, who agree with the owner of the land, or the

lord of the soil, as he is usually denominated, to work the mine for a certain

number of years, paying him, by way of rent, a proportion of the ores raised,

or an equivalent in money. The grant thus made to the adventurers is called

a set, and the lord's rent, if paid in ore, is said to be the lord's dish ; if paid in

money, his dues. The adventurers divide their undertaking into shares of dif

ferent magnitude, the smallest usually held being one sixty-fourth part. Any

part of the concern held by one person is called a dole, and its value is known

by its being denominated an eighth-dole, a sixteenth-dole, &c. The bounds or

limits of a mine are marked on the surface by masses of stone pitched at equal

distances ; but the property of the soil above is entirely distinct from that part

of the mine beneath it ; the miner, however, has the privilege of making open

ings or shafts at stated intervals, for the purpose of raising the ore, and admitting

air to the works. In opening a new mine, considerable knowledge of the

country, and of the most likely situation of the metallic veins, is of course

necessary to avoid the chance of useless labour. The spot for commencing

operations having been selected, a perpendicular pit or shaft is sunk, and at the

depth of about sixty feet a horizontal gallery or level is cut in the lode by two sets

of miners, working in opposite directions, the ore and materials being raised in the

first instance by a common windlass. As soon as the two sets of miners have

cut or driven the level about 100 yards, they find it impossible to proceed for

want of air ; this being anticipated, two other sets of men have been sinking

from the surface two other perpendicular shafts to meet them ; from these the

ores and materials may also be raised. By thus sinking perpendicular shafts, a

hundred yards^from each other, the first level or gallery may be carried to any

extent. While this horizontal work is going on, the original, or as it is

termed, the engine shaft, is sunk deeper ; and at a second depth oT 60 feet, a

second horizontal gallery or level is driven in the same direction as the first,

and the perpendicular shafts are all successively sunk down to meet it ; in this

manner galleries continue to be formed at different depths, as long as the state

of the lode renders the labour profitable. The engine shaft in the mean time

is always continued to a greater depth than the lowest level, for the purpose of

keeping the working- shafts free from water. The object of these perpendicular

shafts is not so much to get at the ores, which are directly procured from them,

as to put the lode into a state capable of being worked by a number of men ; in

short, to make what is termed a mine. It is evident that the shafts and gallerk •

divide the rock into solid right-angled masses, each 300 feet in length, and GU

in depth. These masses are again subdivided by small perpendicular shafts

into three parts; and by this arrangement the rock is finally divided into

masses called pitches, each 60 feet in height, and about 1 00 feet in length.

In the Cornish mines, the sinking the shafts, and driving the levels, is paid

for by what is termed tut-tvork, or task-work, that is, so much per fathom ; fa
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addition to this the miners receive a small per centage on the ores, in order to

induce them to keep the valuable portions as separate as possible from the deads,

or rocky parts of the mass.

In addition to these horizontal and perpendicular shafts, another description

of gallery is formed, called an adit ; the use of this shaft is to drain the water

from the lower parts of the mine. Where the mine is formed in an exposed

rock, as in the Botallick mine, in Cornwall, the adit can carry off the water

without the aid of machinery, as long as the lowest shaft is above the level of

the sea ; but when the shafts are sunk below that level, or that of the adit itself,

recourse must be had to the assistance of steam-engines to pump up the drainage

to a sufficient height. The great Cornish adit, which commences in a valley near

Camon, receives branches from fifty different mines in the parish of (Juennnp,

forming altogether an excavation nearly thirty miles in length. The longest

continued branch, is from Cardrew mine, five and a half miles in length ; this

stupendous mine empties itself into Falmouth harbour.

The lode, when divided as above described, is open to the inspection of all the

neighbouring miners in the country, and each mass or compartment is let by

public competition for two months, to two or four miners, who may work it as

they choose. These men undertake to break the ores, and raise them to the

surface, or as it is termed to grass, and pay for the whole process of dressing

the ores, that is, preparing them for market. The men by whom the mines

are worked in this manner are called tributers, and their share of the value of

the ore, which varies according to its richness in metal, is named tribute. This

tribute is paid over to them every week, the mineral being disposed of at a

tkhtmg, or weekly sale. In addition to the working miners, a set of men,

whose experience entitle them to the office, are engaged at a stated salary, to

act as overlookers, and direct the labours of the rest ; those whose business lies

in the mines, are called under-ground captains, and those employed above ground

grass captains. The weekly produce of the mine being made up by the

tributers into heaps of about one hundred tons each, samples, or little bags from

each heap, are sent to the agents for the different copper companies. The agents

take these to the Cornish assayers, a set of men, who (strange to relate,) are

destitute of the most distant notion of the theories of chemistry or metallurgy,

but who nevertheless can practically determine, with great accuracy, the value

of each sample of ore. As soon as the agents have been informed of the assay,

they determine how much a ton they will offer for each heap of ore at the

weekly ticketing. At this meeting, all the mine-agents, as well as the agents

for the several copper companies, attend, and it is singular to see the whole of

the ores, amounting to several thousand tons, sold without the utterance of a

tingle word. The agents for the copper companies, seated at a long table, hand

up individually to the chairman, a ticket or tender, stating what sum per ton

they offer for each heap. As soon as every man has delivered his ticket, they

tre all ordered to be printed together, in a tabular form. The largest sum

offered for each heap, is distinguished by a line drawn under it in the table, ami

the agent who has made this offer is the purchaser.

In order to prepare copper ores for market, the first process is to throw aside

the rubbish, with which they are unavoidably mixed; this task is performed by

children. The largest fragments ofore are then cobbed, or broken into small pieces,

h; women, and after being again picked, they are given to what the Cornish

miners term maidens, that is, young girls. These maidens buck the ores, that

m, with a bucking- iron, or fiat hammer, they break them into pieces not exceed

ing half an inch in size. The richer parts of the ore, which are more easily

woken, are now crushed smaller in a kind of mill, the principle of the construc

tion of which is shown in the diagram on p. 162 ; where a represents a weighted

Irrer, by the depression of which the ore between it and the roller b becomes

crashed ; and on the raising of the lever, the crushed ore falls away, and a

fresh portion of ore is thrown into a position to receive the pressure upon the

srfctedmg depression of the lever. The coarser portions, which are the hardest!

ih bruised in a stamping mill, in which heavy weights or hammers are

lifted by cams on a revolving shaft, and allowed to fall upon the ore, a stream

VOL. 11. X
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of water constantly passing through the mass, and washing away tne portion

which is sufficiently reduced to pass through the holes made in an iron plate,

which forms one side of the box in which the stampers work.

 

^

Tne next operation is that of jigging; this used to be performed entirely by

boys, and consists in shaking a quantity of bruised ore in a kind of sieve, with

an iron bottom to it, while under water. This occasions the heavier parts, which

consist almost entirely of metal, to sink to the bottom ; while the earthy matter

is washed away, and the small fragments of stone, being lighter than the metal,

md containing little or no ore, are left on the surface in the sieve ; these are

carefully skimmed off with the hand, and the remainder is piled up in heaps

for sale. This process has been recently considerably improved by Mr. Thomas

Petherick, a mine-agent, of Penpellick, who took out a patent in 1 830, " for

machinery for separating copper, lead, and other ores from earths and other sub

stances with which they are and may be mixed, and is more particularly

intended to supersede the operation now practised for that purpose, commonly

called jigging. This machinery is thus composed ; namely, a large vat or tub,

with a fixed cover, in which cover are apertures and receptacles adapted to the

form and size of a number of sieves, such as are used in the operation of sepa

rating copper, lead, and other ores, from the substances with which they are

usually mixed. The vat is filled with water, and the sieves with the minerals

in them are placed in their receptacles, so as to be immersed in the water con

tained in the vat ; the interior capacity- of which communicates with the interior

capacity of a hollow cylinder ; into this a plunger or piston is fitted, which is

moved alternately up and down within it, so as alternately to displace water

therefrom, and force the same into the vat, and then withdraw water from the

vnt into the hollow cylinder ; thus causing a sudden flux and reflux of the water

through the sieves, which is continued until the required degree of separation

of the earths from the ores is effected.

In the specification of a second patent, granted in 1832, to Mr. Petlierick, in

conjunction with Mr. Kingston, of Islington, in Devonshire, fur improvements

in the patent machinery just described, it is directed that the aforesaid cylinder

is to be provided with a bottom plate and foot valves, opening outwards to allow

tlir escape of the water into the vat, but not to permit its return ; and the pis-

Uiu is furnished with valves opening downwards to allow the water to pass

through it in that direction, so that the motion of the piston shall cause the

water to pass through the cylinder the same as in a common lifting water-

mnnp. By this improvement, the water instead of being made to pass up and

(town through the sieves, containing the minerals, as in the previous plan, ii

forced through the sieves by a series of impulses varying in extent and intensity

with the proportion of the area of the piston to the areas of the sieves, and

the oxti-ni anil rapidity of the motion communicated to the piston. Tbe first

nuivi r uf this machinery may be steam, or water, or horse, or man power, as

i su uuisMiices may demand. It is proposed by the patentees as one modifica

tion of (heir plans, to currv a shaft from a first mover over a series of separating

'•cod in a row, and made to actuate each piston, by means of a pistoc
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rod and crank connected with the main shaft. It is also proposed by the

patentees in the specification of this second invention, to admit the water from

an elevated reservoir into the sieve vat, instead of forcing it in by a pump, as

in the first part. If there be a sufficient supply of running water, the elevated

reservoir is to be kept constantly filled therefrom, and it is to be admitted into

the vat and forced through the sieves, by means of a stop-cock or valve, in a

series of impulses, actuated by an hydraulic pressure proportionate to the alti

tude of the reservoir. Where there is not a running stream for the supply of

the elevated reservoir, the water is to be pumped up again for that purpose,

after it has passed through the sieves. The stop-cocks or valves for the adinis-

rioD of the water from the reservoir to the vat, are to be opened and closed to

produce the impulses, either by a boy operating with a lever, or by being con

nected with one of the pumps or water wheels, when such are used. The

patented machinery of Messrs. Petherick and Kingston, is, we are informed, in

successful operation at the Lancscot and other Cornish mines.

Diamonds, gems, and the precious metals being scattered in minute quan

tities over extensive surfaces of ground, chiefly of alluvial soil, the process of

obtaining and separating them from the matrices and earths with which they

are naturally combined, is extremely tedious when conducted by the ordinary

processes of washing, stamping, and picking ; any improvements, therefore, in

the apparatus, by which the labour can be considerably abridged, is of essential

importance to those who are interested in such pursuits. The improvements

which have been patented by Mr. Ilarsleben, appear to us to be deserving of

that character ; and having been informed that they have been very successfully

introduced in some of the gold mining districts of America, we shall here annex

Fig. 1.
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a detailed description of his apparatus, prefacing our account with the obser

vation, that its application is not confined to the more precious metals, but may be

advantageously employed in the separation of other solid substances of dissimilar

specific gravities. If the matrices in which metals are found are of a hard and

stony nature, they must, in the first instance, be reduced by hammers, or by

the operation of an ordinary stamping-mill, to powder or dust ; for the smaller

the particles are, the more effectually will they be separated by the subsequent

process. The materials so prepared are put into a deep conical or cylindrical

tub, with a quantity of water sufficient to permit the whole of the ore, soil, or

other powdered materials, to float about in a perfectly free and liquid state

whenever the water is stirred round by the agitators, which we shall presently

describe ; and with a force and velocity so as to drive the water up the sides of

the tub in such manner, that a hollow space, in the shape of an inverted cone,

may be formed in the water within the tub. Fig. 1 of the previous engravings,

is a side view of the apparatus ; Fig. 2 a plan of the same ; and Fig. 3 a sec

tion of the tub, to show the form of the agitator, and the means used to suspend

and move it ; the same letters of reference are used to denote the same parts iu

all the figures. A is the tub, quite smooth in the inside, supported upon a

platform B, forming a part of the frame of the machine, and from which the

two standards, C (', rise that support the horizontal cross-frame D D, which

carries the agitator F C H I. This agitator may be made of wood or iron,

according to the magnitude of the machine, and consists of four double arms

F F F F, which support and carry the stirrers I I I I, which hang vertically.

These stirrers may be screwed or morticed into the double arms FFFF, which

are in like manner screwed or morticed into the strong central block G ; through

the centre of this block (which is also the centre of the agitator), the iron

spindle H passes, being fixed by a nut and screw beneath the block, and ter

minating at its upper end in the handle /.-. which serves to turn the agitator

round ; on which account the spindle has two turned bearings, which run in

brass boxes a a. As the power and velocity of the winch K would not be suf

ficient in large machines, a rigger is hung at L, upon the iron spindle H, so

that the agitator may be turned by a band passing round it; and round a large

rigger moved by a horse-wheel (or any sufficient power) as shown in Figs. 1

and 2, where M is the band, and N the large rigger fixed upon the vertical

shaft O, the bevel pinion of which at P takes into the teeth of a large horse-

wheel, not shown in the drawings because it does not constitute any part of the

invention. By this mode of working any required number of machines can be

placed round the horse-wheel, and be worked at the same time. The external

bars of the stirrers 1 1 come very nearly in contact with the sides, and their

extremities very near to the flat bottom of the tub, so as to insure the
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agitation of the whole quantity of

material that may be mixed with

the water, and prevent, as far as

possible, the deposit of any part of

the same, either on the bottom, or

on the sides of the tub ; and for

the due adjustment of the ends of

the stirrrr- to the bottom of the

tub, the horizontal cross-frame D D

is movable up and down in long

morticed grooves, made for that

purpose at Q Q, near the tops of

the two standards C C, (as dis

tinctly seen in FUJI. 1, 2, and 6,)

and is fixed at the required height

by means of the iron screw-bolts

RR, which pass into any of the

«ries of holes made in the side of

the standards, Figs. 3 and 5. A

temporary elevation of the agitator

may, at times, be necessary in first

wtting the machine to work, if the

powdered ore or sand put into the

water is of such a dense or heavy

nature as to prevent the agitator

from moving ; while, by lifting it

in the first instance, and then set

ting it in motion, and afterwards

lowering it gently while in motion,

it will gradually lay hold of the

materials, and soon put them into a

whirling motion. In the underneath

Kg. 4, a. perspective figure is given

of the agitator, detached from the

other parts of the machine ; and

for the purpose of so detaching it,

the cross-frame D D, together with

iti brass boxes, are made to take

asunder longitudinally, as seen in

f'yi. 1 and 2, but are bolted

together whilst the machine is in

use. S is a cock, or spigot and

faoset for drawing off the water

from the tub whenever it may be

nKtssary ; in addition to this, the

[i in- of the bottom of the tub is

furnished with a peculiar valve,

the use and construction of which

forms one of the leading features

of this invention. This valve

admitj of different constructions,

s» will appear when its use has

been described. One form of it is

ibown in section at Fig. 3, and

mother form at Fig, 5. In Fig. 3

t e B a brass or other metal cylin*

(a, which must be bored in its

•aide like a pump barrel, in order

' -'. the piston </. which is packed

with hemp, leather, or other fit
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material, may move in a water-tight manner within it; ef it an iron lever

turning on the fulcrum/ for the purpose of moving the piston with which it U

connected by the rod g ; and h is an iron loop or guide, which not only causes

the lever ef to move up and down without external action, but also regulate!

and restrains its quantity of motion, which is necessary, because when the end

e of the lever is drawn up to its highest possible elevation, the piston d should

be at the top of the barrel c c, with its convex upper surface just projecting into

the tub, as shown by the curved dotted line ; and when the end c of the lever

is at its greatest depression, the piston must be at the bottom of the said barrel,

but must never move out of it ; and when the said piston is in its lowest situa

tion, as shown in the figure, its upper surface must be just below a row of large

boles, which are formed round the said barrel as at//; consequently, while the

piston is in its position, any fluid that may happen to be in the tub will flow out

of it, through these holes, into a shallow tub E, placed underneath to receive it;

but if the piston is raised rather more than its own thickness, it will cover all

the said hole//, and prevent the discharge of anything from the tub, although

it will leave all the upper part of the barrel c c open, as a well or receptacle to

receive anything that may fall into it ; and this well, or receptacle, may, in a

moment, be annihilated by pushing the piston upwards.

The other form of the valve, shown in Fig. 5, is similarly placed in the centre

of the bottom of the tub, and for the same purpose, though rather more simple

in its construction. It consists merely of a conical brass or other metal stopper,

turned and ground, or packed so as to fit tightly into the hole of the metal

plate 1 1, which is let into the bottom of the tub : this stopper is moved, as in

the former valve, by the iron or metal lever ef, and attached to the plug or

stopper by the iron rod g, so that the valve may be opened or shut at pleasure,

by applying the hand to the end of the lever. It will be observed in all the

above figures, and particularly in the perspective view of the agitator at Fig. 4,

that there are no stirrers 1 1 1 in the centre of the agitator, but that a certain

space, fully equal to the size of the central valve, is left free for them, not only

for the purpose of permitting the valve to rise between the stirrers, but also to

prevent the same degree of motion being given to the central part of the con

tents of the tub, that is given to the sides of it. Having so far described the

feneral form and construction of the apparatus, we shall next proceed to

escribe the manner of using it, for the purpose of extracting the gold, silver,

or other metals or materials, from the sand, earth, or other matrices with which

they may happen to be mixed. Fur this purpose the tub A A must be about

half filled with water, or, what is better, may communicate by a pipe, shoot, or

trough, with water, which can at pleasure be permitted to run into the tub, or

may be stepped ; the cock S and central valve being of course closed at this

time. The ore and matrice, or other material to be operated upon, reduced to

a state of powder, must now be thrown in, in such quantity that it will not

exceed in weight more than about half the weight of the water in the tub at

any one time ; but a greater or loss quantity may be added, according to its

density, which will be easily ascertained by practice. The agitator is then to

be put into motion, beginning slowly at first, but quickening it until the whole

quantity of water, and the materials that have been thrown into it. are put into

rapid motion, and the whole of the ore, or other material, however heavy, has

become completely incorporated with, and floats in, the water. It will soon be

found, that the water, by its centrifugal force, will rise against the tides of the

tub, and leave a hollow space in the middle of it, in the form of an inverted

cone, as shown by the dotted lines k k k k, in the section of Fig. 3. This effect

takes place to such an extent (if the height of the tub and the sixe of the

agitator are properly proportioned to one another, and the motion is sufficiently

rapid), that the central valve at the bottom of the tub can be distinctly seen

from above, and may even be opened without danger of discharging much of

the water ; and if, after continuing this rapid motion for two or three minutes,

it is gradually abated, and the agitator is brought to a state of rest, it will be

found that all the gold or silver, or other metals, so mixed with the water, will

be deposited in a heap in the centre of the tub, immediately over the central
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valre, with very little admixture of the sand or earth that was previously mixed

with it; and, consequently, if the piston d of the tub-valve in fig. 3 is lowered,

11 as to form the chamber or cavity, at the same time that the motion of the

agitator is slackened, such heavy material will be deposited in the said chamber

or rarity, and may be drawn off with a little of the sand, earth, and water

accompanying it, into the receiving tube Ej by lowering the said piston below

tie holes described at ///in the figure ; but if the discharge should be followed

by too much sand, earth, and water, it may instantly be stopped by raising the

piston above the holes. Should the ore or other material not be sufficiently

heavy to deposit itself in the centre of the tub, then the stopper valve, shown

in Fig. 5, is to be used in preference, which is not to be opened until the fluid

in the tub has been moved f:>r a minute, and the central hollow cone is formed

in the middle, when the stopper may be raised, and the speed of the agitator

diminished, until the wat T begins to flow gently from the valve, when, in

running, it will bring the ore, or other heavy materials with it, and must bu

 

["routed to run so long as tins is the case ; the valve is then to be closed, and

""agitator again put into rapid motion; after which the valve is to be again

r-*ned, and «o in succession, until the whole of the ore, or other heavy mate-

r'«l, u obtained, which will be known by its ceasing to run from the lower cen-

tial valve, when the remaining refuse is to be drawn off by opening the valve

**1 tpiffot S, having previously placed another tub, called the waste-tub, under

* machine for the purpose of receiving it; and while so running off, the

•TWor must be kept in motion to stir it up and wash out the contents of the

*>• Wlien empty, the waste-tub, with its contents, must be removed, and the

A A must be supplied with a fresh quantity of water and ore, or other

materuj, to resume the operation.
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From the foregoing description of this machine in its most simple state, it will

appear, that a much less proportionate quantity of motion takes place nesr the

centre of the agitator, than near its outside, particularly when the machine is

made on a large scale, on which account it is necessary, in large machines, to

construct a double agitator, that is to say, one in which the central part turns or

moves with greater velocity than the external part, as shown in section at Fig. 5,

where 1 1 1 1 F F show the agitator constructed as before, except that its arms

and stirrers are more extended from the centre, so as to make room for the

smaller central agitator i i i i which may be constructed in the same way as

before described, or may have its stirrers fixed into the circular block of wood

or metal jj, and the iron axes, instead of being fixed into the central block G,

now passes through it, and is fixed to the small or internal agitator. For (his

purpose, the central block G of the agitator should be lined with a brass box.

or have proper bearings upon its ends, so that it may revolve freely upon ti>

iron spindle H ; it has also a bearing at n, in the lower part of the cross frame

D D, to assist in supporting it ; and on account of the greater weight that now

hangs on the said iron spindle H, two friction wheels are fixed to its upper end,

as at o o, which run upon the top of the brass bearing p, and materially dimi

nish the friction. When the double agitator is used, two riggers will be neces

sary, as at L and W, and the one at W, which communicates with the large

external agitator, is made double the diameter of the smaller one L, which is

fixed upon the iron axle H, in order that the small internal agitator may move

with double the velocity of the large external one. In every other respect, this

 

machine is the same as the one already described. Fig. 6, is an elevation ot a

machine, with a double agitator introduced, merely to show how such a machine,

on a small scale, may be moved by hand. I and w are the two riggers of the

internal and external agitators, as in the last figure, and motion is common:
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cited to them by the bands HI m, which pass round the two riggers r and it,

both of the name diameter, and both fixed upun the upright iron shaft xx,

which also carries the bevelled wheel y, which is driven by the larger wheel Y,

hung upon the main shaft, which also carries a heavy fly wheel zz, and the

winch or handle by which the whole is turned. The timber framing I /, for

carrying the said wheel and riggers, is too obvious to need description, and may

be varied in form, to suit the convenience of the place in which the machinery

is fixed ; and when a horse is adopted for machinery of magnitude, it

is almost needless to observe, that it must take into, and drive the wheel »,

which for this purpose may be fixed higher on its shaft, when the wheel y, with

it! fly wheel, shaft, and handle, will be unnecessary. In the use of this machine,

it is vain to expect to get the ore or other heavy material, separated from the

land, earth, or other material, with which it may be mixed, in a clean and

perfect state, by one operation as hereinbefore described, because a considerable

portion of sand and earth will inevitably run off with it in the water. The

mode proposed by the patentee therefore is, to save all the first portions that

run off from the central valve at the first washing, in a tub or other receptacle by

themselves ; and when a sufficient quantity is thus accumulated, it is to be again

put into a machine, which may be smaller for this purpose, and it is to be treated

precisely in the same manner as the crude materials in the first instance, when

* will be further cleansed and purified ; but if not in a sufficiently clean state

after this second washing, it must undergo a third, or even fourth, in the same

or smaller hand machines, according to the purity required ; which by due and

attentive care to the directions herein given, and a little practice, may be carried

into any extent required. It is also necessary to observe that the operation of

washing and separating ores, or other heavy materials, by the machinery before

detcribed, may be effected, (though in a less convenient manner,) without

the adoption of either of the bottom central valves, or any valves at all; because

nch heavy materials, if not permitted to escape by the valves, will accumulate

in a heap in the centre of the tub, and will be found upon carefully removing

the land, earth, or matrice from around about it ; or another process may be

•->•. J, such as the apparatus delineated in the subjoined i-'uj. 7, u adapted for.

tig. 7-

 

la Ihig case a shallow tub is set within a deeper and larger one T, either with

« wotout the blocks i I to raise it above the bottom of the exterior tub ; or the

aur tub may b« fixed in a running stream, or a stream may be made to run

ackually into and out of it. When the apparatus is arranged in this form,

<W rerJving motion of the agitator F F I I will have the effect of throwing

•••.•:' ti,e water that is introduced with the ore into the shallow tub, over its

rot. u. T
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edges into the external tub, or into the running stream, (as the case mny be,)

or into a reservoir; and with it nearly nil the sand, earth, or matrice will be

thrown over, so as to leave the ore, or other heavy material, in a nearly clean

state at the bottom of the tub, particularly if a sufficient quantity of water lias

been used during the process.

The whole agitator is now to be removed, for taking out the clean ore, and

when an accumulation of refuse has taken place in the outer tub, (if such a

one be used,) the inner one is to be removed, and the agitator loweied into the

other large tub for stirring up the said refuse and water, while it is drawn oh"

by the plug, or spigot and fauset at S; after which such refuse and water are

to be again passed through a machine by way of examination, to ascertain if

any ore, &c. had passed over with it ; and if so, it will be obtained at this

second washing. The refuse and water might be led over coarse flannel

or cloth, in which the heavy material would deposit itself, if there be any left

in the refuse. It may likewise happen in some cases, that the ore, or other

heavy substances, cannot be conveniently broken down and reduced to powder,

but may contain diamonds, precious stones, lumps, or fragments which would

be too large and heavy to be put into motion with the water, as before described;

whenever this is the case, the construction of the agitator, shown in Fig. 7, is

recommended, which in effect is the same as those already described ; but

instead of intersecting the arms F F,which carry the stirrers 1 1 1 1 into the central

block of wood already described, a circular kind of funnel or hopper is constructed

as shown in section sXgggg, of iron, and the spindle revolves into transverse

pieces m m within the said hopper ; such pieces being placed with their thinnest

dimensions upwards, so as to cause as little obstruction as possible. This hop

per is to be fed with ore (previously broken into small pieces), by means of the

shoot n n, which may be shook by joggles at r, like a cornmill, or be fed by any

other convenient method. Fig. 7 also shows another form of the agitator : a

double set of arms to carry the stirrers, is not essential ; all that is necessary

is, that it should possess sufficient strength and substance to put the whole of

the water and heavy materials mixed therewith, into a sufficiently rapid

motion, to produce the conical hollow space similar to Ick k, Fig. 3, as before

described.

In addition to the several modes of working the apparatus explained, it is

proposed to work the same in streams, or ponds, where gold-dust, ores, &c. may

be found, or suspected to exist, without using a tub, in which case the agitator

only is to be used, and must be supported, as before, by its cross-bearers D D,

and standards CC. Figs. 1, 2, 3, 5, 6, being either fixed to the bottom of

a boat or punt, or supported between two boats or punts, the same being

immovably moored or fixed upon the water ; or *he machinery may be placed

upon a stage with legs, adjustable to the depth of the water, so that the agitator

may be put into rapid circular motion as before described ; or as near as pos

sible to the bottom of such river or stream, when it will soon, by such motion,

remove the soil (provided it is not too hard or strong), and will form itself into

a circular hollow space equal to its own diameter, into which space it is to be

gradually lowered as the earth is washed away; when, if any gold-dust, ore, or

heavy metals are present, they will be brought to the centre thereof as effec

tually as if the first agitator had been worked in a tub ; which done, the posi

tion of the central spindle of the agitator is to be worked as accurately as

possible, either upon the stage that supports it, or by placing upright straight

rods in the ground round about it, when a light metal tube, of tinned or plate

iron, open at both ends, and of equal diameter to about one-fourth of the

agitator that has been used, is to be lowered over the said central spot, for the

purpose of confining and covering whatever may have been so brought to the

centre, which may then be raised in the tube, by inserting a pump therein till

it reaches the sand : and after having made with it a partial vacuum by raising

this pump, the whole tube is brought out with it ; or by means of proper ladles,

augers, screw-worms, or other implements used for boring the earth, and bring

ing up the same through tubes for well-sinking, and other well-known pur

poses ; or the implement shown at Fig. 8 may be used to advantage. It

consists of an hexagonal, or other polygonal pipe of iron made nearly to fit and
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fill up the inside of (lie light pipe before mentioned (directed to be lowered for

covering and securing tlie materials) ; its lower end is to be formed into HI

many points as the first polygonal lias sides, as at

aaaa \n Fig. S ; these j -units should be of steel, not

only for durability, but that they may bend inwards

and spring open again in the form shown at X, in

which state the pipe is to be lowered into the tube

above mentioned, and it must he pushed through the

soil, or whatever the agitator may have brought to

the centre, by slackening and turning it round ;

»hDe, at the same time, the central chain which

communicates by branch chains with each of tin;

first points, as seen at Y, is to be strained with sufli-

cieDt force, either by the lever Z or in any other

way, to bring all the first points a a a, &c. together, in

which state they will be retained, until the contents

thus confined to the pipe are brought up out of the

water, and discharged on the boat or platform.

Having now described a variety of processes for

obtaining the ores of copper, lead, tin, gold, silver,

and some other metals, we will refer the reader to the

article COAL, (Vol. I. pp. 37-1 and 375,) where a sectional engraving of a coal

mine and iron mine is given, with an accurate description of the mode of work

ing the lame. It is an astonishing and highly interesting sight to a stranger in

the neighbourhood of Birmingham, and in other coal and iron districts, to

behold, at one view, a great number of steam engines, with all their massive

machinery and apparatus, simultaneously at work in the open air ; some employed

in drawing up the iron ore, others coal ; which, as they emerge from the earth,

ate sometimes lifted upon an elevated rail-road, from whence, by their own

{rarity, or by the aid of machinery, they are conveyed with rapidity to their

.-•ination ; the contents are instantly discharged, and the emptied skip brought

back in continuous succession.

MINIUM. A name which was given to what is now called cinnabar ; it is a

native mineral, of a shining red colour, out of which quicksilver is extracted.

MINT. The place in which the king's money is coined. Formerly mints

cristed in almost every country, for notwithstanding the coining of money

appeara at all times to have been considered a special prerogative of the crown,

la* Saxon princes ceded the privilege to their subjects to a great extent, reserv-

u>jT at the game time right mints for the City of London. This arrangement

•as continued by the Norman kings with little alteration until the period of

Richard I., who procured from the east of Germany, persons well skilled in the

«, for the purpose of improving the coinage. From this time to the accession

of Edward II. A. D. 1307, but small progress appears to have been made.

I -iy prince however endeavoured by introducing many alterations in the con

stitution of the mint, to improve the coinage. From this period a considerable

tme appears to have elapsed, without any material changes taking place, until

'> appointment of a Committee in 1798, to consider the establishment and

rautiiution of his Majesty's mint, the result of which was the erection of the

Kwntmint on Tower Hill, between 1805 and 1810, with highly improved

iKachinery, and increased facilities for carrying on the process of coining exten-

• '-ly and advantageously. The various chemical manipulations necessary for

mincing the metal to its due degree of purity previous to coinage, it is not our

province to enter into; we shall, therefore, proceed t > a description of the dif

ferent processes of coining, after the metal has been received in the melting

*"•«. The usual mode was to melt the silver in black lead pots, and a consi-

<*nUe coinage of tokens for the Bank of Ireland was produced in this man-

• The importations being entirely Spanish dollars, and the tokens of the

•at standard, the melter could easily melt them in quantities of 60 Ibs. troy,

• ..;ii was done. But the inconvenience of this mode was ultimately severely

'••It. because ingots of silver of different qualities could not be used for coinage,

'••* the difficulty of blending several together in one pot to produce the proper
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standard of our money. This obstacle was so severely felt that, in 1777,

Mr. Alchorne, then principal assay master, was commissioned by Government to

visit the mints of Paris, Brussels, Rouen, and Lille, for the purpose of collecting

information with respect to the arts of coining as practised in those mints, and

more particularly the most approved mode of melting silver in large quantities.

Alchorne's intimate knowledge of the English mint, together with his great

acquirements as a practical chemist, eminently fitted him for the undertaking ;

and his observations on the coin and coinage of France and Flanders, are

alike creditable to his judgment and knowledge.

It is recorded in the documents of the mint, that at the recoinage of

William III. the pots of silver weighed 400 pounds troy, and upwards, and it

is somewhat extraordinary, that no trace of the process by which this was

accomplished has been found ; it is, therefore, mere matter of conjecture that

pots of wrought iron were used.

In 1758, some trials for melting silver in wrought iron pots took place, by

means of a blast furnace, but they were found so inconvenient, laborious, and pro

fitless, us to cause the process to be abandoned. In 1 787, some new experiments

were tried by Mr. Morrison, (then deputy master and worker,) who conducted

the meltings. A blast furnace was again tried and again abandoned. He next

attempted to melt the silver in large black lead pots, containing from 100 lbs. to

120 lbs. troy; but the repeated breaking of these pots, although guarded on

the outside with luting, proved a great interruption to the business, and serious

loss to the melter. Trial was likewise made with cast iron pots, but these were

found subject to melt, and the iron consequently got mixed with the silver.

The work too was continually stopped by the king's assayer, the metal not being

of the proper standard, in consequence of being refined by the process of melt

ing, and lading it with ladles from the pot.

Great difficulties likewise were experienced in blending ingots of different

qualities so as to produce the proper standard, the pots not being sufficiently

large to contain the larger ingots of 60 to 80 lbs. troy, when blended together.

It was therefore obvious that this mode of conducting the silver meltings was

exceedingly defective, and was in consequence abandoned. Experiments were

then tried with a reverberatory furnace, built after the model of those used in

the Lille mint, but with no better success; and the process was, as in former

cases, abandoned. The principal obstacle here appears to have been the great

refinement of the silver in the melting, by the oxidation of the alloy. In 179.'>

and 1798 further trials were made by Mr. Morrison, for the purpose of over

coming this apparently insurmountable difficulty. In these experiments he tried

three furnaces of different constructions, and although he accomplished much

towards his object, there remained still a serious imperfection, arising from the

process of dipping out the metal from the pots with ladles, which in addition to

chilling the metal, was exceedingly laborious, and fraught with many disadvan

tages. In 1803 Mr. Morrison died, without bringing the process of melting

silver to that degree of perfection which, had he survived, by the activity of his

intellect, great knowledge of his subject, and unwearied perseverance in its

prosecution, he would, doubtless, have accomplished. His son, who succeeded

to his situation, appears to have inherited his father's active and intelligent

mind ; for in a short period he so successfully exerted himself for the accomplish

ment of the object sought to be attained, that by the construction of a furnace

adapted for the use of cast-iron pots, the use of pots of a size capable of melting

from 400 to 500 lbs. troy at one charge, the adoption of such machinery as would

supersede the clumsy and wasteful process of lading the silver from the pots

when melted ; and lastly, the introduction of the use of moulds made of cast

iron, ih place of those then used, which were made of sand, the process of melt

ing silver, so far from being a laborious, troublesome, and expensive process,

became simple, and efficient in operation, and capable with ease of melting

10,000 lbs. troy of silver daily. The illustration opposite exhibits a perspective

view of the furnace at present in use. A A are the furnaces in which the metal

is melted. These are the air furnaces, built of fire brick, in the usual manner

of melting furnaces, but to render them more durable, the brickwork is cased

in iron plates, which are put together by screws, b b are the covers to the fur
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•tea ; they are held down to the top plate by a single screw pin for each, and

on (be opposite side of the cover a handle a, is fixed ; by pushing this handle,

the cover is moved sideways upon its centre pin, which leaves the furnace open ;

a roller is fitted to the cover, to run upon the top plate, and render the motion

easy. The interior of each furnace is circular, 30 inches deep, and 21 in

diameter ; the bottom is a grate of cast iron bars, movable for the purpose of

admitting air. Upon the grate is placed a pedestal or stand of cast iron, of a

concave shape, covered an inch thick with coke or charcoal dust, upon which

the melting pot is placed ; the pedestal is nearly two inches thick, and is fully

rro inches broader in diameter than the pot, the object of which is to protect

the hip of the pot from the intense heat which the current of air ascending

through the grate when the furnace is at work creates, and which might other'

TIK melt it. On the top or mouth of the pot, is placed a muffle, which is a

ring of cast-iron, six inches deep, made to fit neatly into the pot ; the use of this

muffle is similar to that used in melting gold, to give a greater depth of fuel in

the furnace than the mere length of the pot, and which adds materially in per

 

fecting the process. The muffle likewise, by rising above the pot, enables ingots

of tflver to be charged, which are longer than the depth of its interior. The

top of the muffle is covered with a plate of cast iron, to prevent the fuel from

Ming into the pot, and secure the metal from the action of the atmospheric

«ir when in fusion. Each furnace is provided with a flue, which proceeds in a

horizontal direction, and extends to the flue c which is carried up in a sloping

direction to the stack or chimney.

When the furnace-covers 6 6 are closed, the current of air which enters

it die grate ascends through the body of the furnace, and causes the fuel, which

B coke, to bum with great intensity around the melting pot. The degree of

hett it accurately regulated by a damper, fixed in the flue of each furnace.

When the furnace is put to work, it is lighted by some ignited charcoal being

pot upon the grate, and around the pot, (for the melting pot is always in its

place before the fire is lighted ;) upon the charcoal about three inches depth of

nke is placed ; the cover 6 is shut, and the damper is withdrawn about two

iaehei. When the coke is ignited, a similar quantity is added, and so continued

until the furnace is filled with ignited coke. The object of this precaution is to

Prevent the cracking of the melted vessel by being too suddenly heated.

Before the silver is charged, the pot is heated to a bright red : it is then care-

Mly examined to ascertain if it has successfully withstood the action of the

furnace, or cracked during the operation. The silver is then placed in the pot,

lecompanied by a small quantity of coarsely grained charcoal powder,—which

W coning the inner surface of tlie pot, prevents the silver from adhering to it.

'lieu the silver has attained the fusing point, the quantity of charcoal is

screased, until about half an inch thick on the surface of the silver, which

Pmetves it in a great measure from the action of the atmosphere, and prevents

tilt destruction of the alloy which was found so great a difficulty in the earlier

processes of coining. When the silver is completely and properly melted, it is

"tared with an iron stirrer, in order that the whole may be of one standard
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quality. The vessel containing the molten silver is then lifted from the furnace

by means of a powerful crane, to which are suspended hooks, or claws, which

(irmly clutch the rim of the pot ; which being raised a sufficient height from

the furnace, is swung round by the gib of the crane, that it may be brought

over the pouring machine, of the principal portion of

which the following engraving will convey an adequate

idea. A is an axis to which is affixed a cradle, which

receives the pot. The cradle is so constructed as to

open and shut, and the screw 6 draws the parts together

till they fit. Forming a continuation of the principal

bors of the cradle, is the arched rack, C. When the

cradle is in its place, the rack is engaged by a pinion,

and can thereby be elevated to pour the metal by means

of a lip, or spout, made in the edge of the pot for that

purpose, into the ingot moulds. D is the melting pot,

firmly embraced by the cradle, preparatory to filling

the moulds, which are composed of cast iron, the upper edge of the mouth

>eing slightly enlarged, to facilitate the reception of the metal. A row uf

these moulds are placed in a carriage, and screwed tightly together, at the Fame

time resting on a plate, which can be raised or lowered, as the difference of

size in moulds may require. The carriage is supported upon four wheels, and

runs upon a railway, by which means the moulds are brought in regular suc

cession under the melting pot, which by means of the arched rack C, is lowered

to allow the molten metal to escape freely until the moulds are filled.

The next process to which the silver is subjected after being taken from the

moulds, is that of flattening, rolling, or laminating in the rolling mill. For the

purpose of facilitating this process, the bars, or plates of metal, are heated to

redness, by which a much greater degree of extension is obtained by the same

amount of power than could be otherwise accomplished. Gold bam do not

require to be so treated, they being rolled out while cold with great ease, to the

thinness of a half-sovereign, without the least symptom of cracking: this is

easily accounted for by the difference in the constituent particles of the two

metals—gold and silver. The rolling mill is put in motion by a powerful

steam-engine, which, by a judicious and beautiful arrangement of mechanism,

causes two rollers to revolve in opposite directions, and then their adjacent sur

faces will move together, between which the silver to be rolled, or flattened, is

introduced. Connected with the mill there is also a gauge, or scale, to ascer

tain the thickness of the plates which have undergone extension by means of

the rollers. It consists of two steel rulers fixed fast together at one end, the

other end being a certain distance asunder, forming an opening between them

gradually diminishing to nothing; the sides of the rulers are divided, and in

using, to determine the thickness of a piece of plate, the edge of the metal is

applied to the opening between the rollers, and the engraved divisions show the

distance it will go into the opening before fitting tight After the completion

of this process, it becomes necessary that the metal should be rut into uniform

slips, of a convenient width for cutting out the circular pieces or blanks, which

are to form the coin : this width being generally that of two crowns, two half-

crowns, and two shillings. This is accomplished with accuracy and precision,

by passing the metal between two cutter-

wheels, as exemplified in the annexed illus

tration. A and B are the circular cutters,

the edges of which lie in close contact late

rally, and overlap each other a little ; they

are turned very truly circular, and are, on

the whole, constructed with great care and

nicety. '1 he edges are formed of hardened

steel, and whilst revolving, if the edge of

any piece of metal be presented to them, it

will be cut, or divided, in the same manner

as by a pair of shears. C is a narrow shelf,

apon which the plate is supported when pushed forward to be cut * and D is a
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guide, fixed upon the shelf, against which tlie edpe of the plnte of methl is

applied whilst it is moved forward to the circular cutters, and which, by being

movable, determines, by the distance which it stands back from the cutting

tdges, or line of contact of the cutters, the precise breadtli of the slip of metal

which will be cut off. To give these slips of metal the exact thickness rcquisile

before being cut into blanks, they are subject to a more delicate rolling, or are

drawn between dies, by an ingenious and efficacious modification of the great

rollers, invented by Mr. Barton, the present comptroller of the mint.

Mr. Barton has, likewise, brought into successful operation a new machine

for drawing the metal between dies, in a similar manner to that in which wire

drawing is accomplished, by which a greater degree of accuracy and unit'ormily

is obtained in the thickness of the metaL It is, however, necessary, before this

operation can be accomplished, that the ends of the slips of metal should be

thinned, that they may enter, with ease, the drawing, or elongating apparatus:

for w hull purpose they are passed between rollers, the construction of which

the annexed figure will explain. A is the upper roller; B the lower, which has

three flat sides; Cisthe piece ofmetal placed between

the rollen ; D is a stop, adjustable in the line of the

motion of the slip of metal C, which is presented to

the rollers when they are in such a position that one

of the fiat sides of the lower roller is opposite the

upper, then the piece of metal can be pushed

forward between the two until prevented by the

stop D ; as the rollers then revolve, and the flat

tide passes by, the cylindrical parts will take the

metal between them, and roll it thinner at the end

which is between the stops and the point of contact

of the rollers. This thin portion of the slip of

metal is then introduced between the dies, which are two steel cylinders made

Tery hard and true. These dies are attached to one extremity of the drawing,

or elongating machine, which is provided with endless chains, to which are

attached tongs similar to those used in wire-drawing, which grasp the metnl

dip with great force, drawing it through the dies as the endless chain perform?

itt revolution. This machine, although important in its result, and apparently

fmcising a great power of action, is, with hut little labour, rendered available

for the purpose for which it was intended, by the trifling muscular enrrpy exer-

cued by two boys, who conduct its operations. At the mint there are two of

these machines, by means of which the pieces of metal are brought more nearly

to the standard weight, which is an object of considerable importance.

The next process to which the silver slips are subjected, is accurately find

efficiently performed by Mr. Button's cutting-out press, for which he obtained a

patent in 1790. This press diners not materially from those in use at mcst

foundries. Twelve of them are at the Royal Mint, arranged in a circle around

a Urge wheel, which is turned by a steam engine, ami has a fly-wheel fixed on

the same axil, just above the wheel, to regulate the motion, the whole presenting

a pleasing and commodious arrangement of machinery. The round pieces of

tilter, or blanks, are, after being cut out by the Bolton press, carried to the

lizing-room, where each individual piece is adjusted to its standard weiglif.

The light pieces are selected for remelting, and the heavy ones (if not consider

ably beyond weight) are reduced to their standard weight by rasping their sur

faces with a. rasp, or file. The accuracy and efficiency of Mr. Barton's machine

for drawing the metal between dies, has considerably abridged the labour of this

inelegant and unmechanical process. The pieces thus adjusted are in a state of

great hardness from compression by the rolling and drawing processes, and by

*hich, in fact, a great portion of their latent heat has been squeezed out They

attain their softness again by being heated to a cherry red, in a reverberator}1

f'imace ; after which they are boiled in dilute sulphuric acid, which makes them

*ety clean, and of a white colour. When dried either in warm saw-dust, or

wo a very slow fire, they are in a fit state for the two next processes, which are

tbe milling, and the coining, or stamping.
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The operation of milling is performed round the edges of the pieces of money

to prevent their being clipped or filed, which was a fraud commonly practised I

upon the ancient money, made before the introduction of milling or lettering I

round theedges. The construction of the milling machine is simple, but efficacious.

It consists of two rulers, or steel bars, which are accurately cut, or fluted, and,

by the aid of a simple combination of mechanical contrivances, so placed that

although the lower one is immovable, the upper has a horizontal motion, carry

ing the piece of money with it, which is placed edgeways between the two, the

grooves, or flutes, in the steel bars, forming corresponding indentations and

elevations, on the edge of the coin.

The next, and last operation, which remains to be performed to complete

the process, is that of stumping the effigy, or impression, upon the hitherto

blank pieces of silver. This is accomplished by the coining press, of which

there are eight in the Royal Mint. They are worked by a steam engine, which

communicates its power from an adjoining room, by means of connecting 5

mechanical arrangements. Both sides of the piece of money are stamped by

one stroke of the press. The blank piece of metal being placed flat upon the

lower die, which is immovable, is then forcibly struck by the upper die, which,

at one stroke, produces the impression. The piece of blank coin is contained

within a steel ring, or collar, whilst being stamped, which preserves its circular

figure. There is, likewise, connected with this machine, a beautiful arrangement

of mechanical power, by which, when one piece of metal is struck it will be

removed and replaced by another. This is accomplished through the agency of

the same power which puts the press in action, and consists of an arrangement

of levers and other mechanical contrivances.

The process of coining is now accomplished. Throughout this short notice

we have mentioned silver as the metal coined into money by the beautiful and

efficient machinery to which we have directed the attention of our readers.

and, by so doing, we have embraced almost every process to which the other

metals used for the same purpose are subjected ; the operation, in every case,

being, with a few trifling exceptions, the same. We may now truly say that

the art of coining has arrived at that degree of perfection, that its farther

improvement has ceased to be the object of national importance, which, in

earlier ages, it must have appeared. But still there cannot be a doubt, that,

considering the rapid strides which the physical sciences are making towards

perfection, many years will not elapse before we may look back upon some of

those combinations of mechanical skill and ingenuity which we have been accus

tomed to consider as preeminently excellent, as things which have been, having

given way to more perfect efforts, which, in their tum, may, perhaps, upon the

discovery of some entirely new moving power, be considered cumbrous and

unskilful efforts of human industry.

MIRROR. A surface of polished metal, or of glass, silvered on its posterior

aide, capable of reflecting the rays of light from objects placed before it, and

exhibiting their image. There are three classes of mirrors, distinguishable by

their reflecting surfaces ; namely, plant, concave, and convex. The reflection

of light by mirrors observes the invariable law, that the angle which the inci

dent rays make with the reflecting surface is equal 10 the angle of reflection.

MOORINGS are an assemblage of anchors, chains, and bridles, laid athwart

the bottom of a river or harbour, to ride the shipping therein. These anchors

have generally but one fluke, which is sunk in the river near low-water mark.

Two anchors, being thus fixed on the opposite sides of the river, are furnished

with a chain extending across, from one to the other ; in the middle of which

is a large square link, whose lower end terminates in a swivel, to which are

attached the bridles, which are short pieces of cables well served, whose upper

ends are drawn into the ship, and secured to the bits, &c. By these means the

vessel veers round easily, according to the change of the wind or the tide; in

some places, however, particularly on rivers, each ship takes in a bridle astern,

also, by which she becomes moored head and stern.

MORTAR. A cement made of lime, sand and water. See Lime.

MORTAR. A strong hollow instrument, usually made of marble, Wedge
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wood ware, or metal, in which hard or brittle substances are pulverized by

pticcwion or grinding with another instrument called a pestle. Mortars usually

partake of the shape of an inverted bell, but their form, capacity, and solidity,

as well as the material of which they are made, vary with the object for

which they are mainly designed. Thus, they may be purchased ready made,

from an inch to eighteen inches, internal diameter, varying in weight, from an

ounce or two, to several hundredweight. Large mortars are usually fixed

upon a block of wood, of such a height, that the mortar may be level with the

middle of the operator. When the pestle is large and heavy, it is sometimes

•appended by a cord or chain, attached to a moveable pole placed horizontally

«bo»e the mortar; this pole considerably relieves the operator, owing to its

elasticity assisting the raising of the pestle.

In the annexed diagram is represented a plan for economizing the labour of

pounding and sifting, which has been recommended by a person of practical

■experience in those operations, a and b are two large mortars, containing the

material to be reduced ; c and d are the pestles, with their rods ; e and / are

two levers suspended at their fulcrums to a simple frame to the ceiling, connected

 

' one end by joints to the ends of the pestles ; and by the other end, in a

similar manner, to descending rods attached to treadles, which are operated

ifon alternately by the man in the centre stepping from one treadle to the

■W In this manner a force of 150 lbs. is applied to one end of each lever

m succession, and would consequently raise a similar weight at the other, if the

Wcrumj were in the centre. As it is however, desirable that the man should

°ot hare to step up high in lifting his weight from one treadle to the other, and

•>»pe»t)e of fifty pounds weight is very considerable, those ends of the levers

which are attached to the treadles are shortened, so as to make the force about

12011m. This loss of power, in the first instance, is however fully compensated

**. hy the pestles being raised higher in the same space of time, or with greater

"locwy, and the increased momentum with which they (alternately) strike the

»ot. n. z



178 MOULDS.

springs ij, in the ceiling, is returned by the action of the latter upon the sub

stances, in the mortars. When one of the pestles has struck, the man steps off

that treadle which operates upon it, on to the other : the long arm of the

lever of the former then descends by its superior weight, and being jointed

near the extremity, it passes by the pin on the rod, (which should have an anti

friction roller upon it,) by the joint opening, as shown in dotted lines, and after

wards closing, it locks itself under the pin. In its re-ascent it then takes up

the rod and pestle, and allows them to drop when it has passed beyond the

sphere of its action, as shown on the opposite side, where the lever is exhi

bited as being just beyond the point of contact, and the pestle is about to return

to the mortar with all its accumulated force. Underneath each treadle, a strong

steel spring is fixed, to prevent those shocks which the man might experience

by the treadles striking against the floor, after the levers have passed the rollers

on the pestle rods ; and the reaction of these springs is attended with the further

advantage of assisting the man on to the other treadle.

It is apparent that by this method of pounding, a surplus of power, amount

ing to about 70 lbs. is devoted to the giving an accelerated force to the pestles.

If we then take away a small portion of this surplus power for the purpose of

sifting, it may so well be spared, as to make a scarcely perceptible difference in

the impelling force to the pestles. There are several obvious modes of causing

sieves to vibrate by this apparatus. Accordingly there may be placed a large

semicircular sieve on a floor, with cords attached to each extremity or corner,

which being made fast to the ends of the lever, cause it to rock, as they are

alternately raised or depressed. In the drawing, the sieve is shown as moving

upon a central bearing or pivot ; this is, however, only another mode of pro

ducing the effect. The sieve is composed of two parts ; viz. k, which contains

the material to be sifted, and /, the receptacle for the resulting product or

powder. The situation of this sieve between the two mortars, for receiving

their contents alternately, will be found convenient It should be placed at a

suitable distance behind or before the man at work ; a rod should therefore be

fixed to the end of each lever, at right angles with them, but in an horizontal

position, which it would always maintain ; and a long range of sieves, separate

or connected, may be moved by the same means, according to the length of

the horizontal rod. In the foregoing drawing, many of the subordinate parti,

which every eugineer knows how to supply, are omitted to avoid complexity.

MORTAR. A piece of artillery, shorter and wider than a cannon, and

having a powder chamber less than the size of its bore ; it is used to throw

bombs and shells into fortified places.

MOSAIC GOLD. See Aurum Musivum.

MOSAIC WORK. An assemblage of little pieces of glass, marble, precious

stones, &c of various colours, cut to a determined pattern or design, and

cemented on a ground of stucco, in such a manner as to imitate painting. See

Marquetry.

MOTHER OF PEARL, is that beautiful natural white enamel, which forms

the greater part of the substance of the oyster shell, particularly the pearl

oyster. It is found to consist of alternate layers of coagulated albumen, and

carbonate of lime.

MOTHER-WATER, is the uncrystallizahle f'esidue of a compound saline

solution ; thus the liquor left in a salt pan, after the salt is taken out, is the

mother-water.

MOULD. A general term applied to a great variety of implements

employed in the mechanic arts. .Thus with a shipwright, a mould signifies a

thin flexible piece of wood, on which the required curves of the timbers are

truly cut out. Moulds, in the manufacture of paper, are the frames in which

the sheets of paper are moulded ; see Paper Manufacture. Mullet moulds,

are similar to iron pincers in their handles and joint, but the jaws are solid,

each containing a Hemispherical concavity, which, when closed together, form

an entire sphere, leaving a small hole or jet through which the melted lead is

conveyed. Glaziers' moulds are of several forms, for casting the strips of lead,

which are afterwards drawn through their vice. Candle mould* nre used by the
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tallow-chandlers, for casting their mould candles in. The term mould is indeed

of such general application to patterns for working by, and to various tools con

taining hollow cavities, either for casting in or producing various forms by per

cussion or compression.

MOULDINGS. Any thing that has been cast in a mould, or has that

appearance ; in architecture, the term is applied to the ornamental projections

from a wall or column, &c.

MOWING MACHINE. An agricultural implement, designed to supersede

the use of scythes by hand. Many have been made at different times, but the

difficulty of adapting them to the ordinary unevenness of the surface of the

6 Ids, has, we believe, caused their general abandonment ; but it is not impro-

k ble they will ultimately be brought into use in many situations. In a model

of one of these machines, which is placed before us, a circular knife or knives

•re attached to the periphery of a wheel, which revolves horizontally between

the running wheels of a light carriage; the axis of the running wheels com

municating the motion to the horizontal cutting wheel, through the medium of

bevelled gear. The height of the cutting wheel from the ground is regulated

by means of a lever and weight ; and the machine is forced forward by a horse

yoked behind it. For mowing grass plots, a beautiful machine has been

invented and matured by Mr. Budding. See Grass in the work ; also a

model of the machine in the Museum of the Mechanical Arts, in Leicester-

square.

Ml'CIC ACID. This acid has generally been known by the name of

tanholactic, because it was first obtained from sugar of milk, but all the gums

appear to afford it readily.

MUCILAGE. A general term, denoting any viscid or glutinous liquid ;

but chemically speaking, it is understood to apply only to an aqueous solution

of gum, or mucilaginous extract of vegetables.

MUFFLE. A vessel employed in metallurgic operations. In figure it

represents an oblong arch or vault, the hinder part of which is closed by a semi

circular plane, and the lower part, or floor, is a rectangular plane. It is a little

oven, that is placed horizontally in assay and enamelling furnaces, so that its

open side corresponds with the door of the fire-place. Under this arched oven,

small cupels or crucibles are placed ; and the substances contained are thus

esposed to intense heat, without contact of fuel, smoke or ashes.

MULE. A machine employed in spinning cotton and other fibrous mate-

rids. It was in veined by Crompton, in 1779, and was found to produce finer

: :n than was spun by the machine previously in use. For producing fine

threads, a process analogous to that performed with carded cotton, upon a com

mon spinning wheel, and called stretching, is resorted to. In this operation,

portions of yam, several yards long, are forcibly stretched in the direction of

their length, with a view to elongate and reduce those parts of the yarn which

hare a greater diameter, and are less twisted than the other parts, so that the

«iie and twist of the thread may become uniform throughout. To effect the

process of stretching, the spindles are mounted upon a carriage, which is moved

backwards or forwards across the floor, receding when the threads are to be

stretched, and returning when they are to be wound up. The yarn produced by

mill spinning is more perfect than any other, and is employed in the fabrication

of the finest articles. The sewing thread, spun by mules, is a combination of

two, four, or six threads. Threads have been produced of such fineness, that

a pound of cotton has been calculated to reach 1G7 miles. See Cotton and

Snssisa.

MULLER. A tool employed for holding or grinding substances upon a

Bone. The glass-grinders thus call the instrument used for grinding their

glasses, which consists of a round piece of wood, about six inches long, to one

end of which is cemented the glass to be ground, whether convex in a basin, or

concave in a sphere. For grinding colours, the muller is of stone, and is

unially employed upon a flat slab of stone ; as may be seen in most painters'

and colourmen's shops. An improvement upon this plan was, however, intro-

aieed by Mr. Rawlinson, for which the Society of Arts awarded him their
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silver medal. As this machine is said to have been proved, by many yean'

experience, to be more effectual and expeditious in grinding colour to that

extreme fineness required by artists, and to be less prejudicial to the health of

the workman, we shall here add a description of it.

The machine consists of a short cylinder of black marble, 16J inches in

diameter, and i \ in thickness, turned vertically on its axis by means of a winch.

A concave piece of marble is provided, of the same breadth as the circular

stone, and forming a segment of the same circle, one-third of the circumference

in extent ; this segment, which may be considered as the muller, is fitted into

a solid piece of wood of a similar shape, one end of which is secured by a hinge,

or otherwise, to the frame ; the other end rising over the circular stone, and

supported by it, is further pressed down on it by a long spring bent over from

the opposite extremity of the stand, and regulated as to its pressure by a screw,

whose end turns against the concave muller. A slight frame of iron in front,

moveable on a hinge, supports a scraper, formed out of a piece of watch-

spring, which takes off the colour, and is turned back out of the way when not

in use.

MURIATIC ACID. See Acio, Muriatic

MUSK. A strong perfume, obtained from an animal of that name

MUSKET. The fire-arm of the common soldier.

MUSKETOON. A short thick kind of musket ; also called a blunderbuss.

MUSLIN. A fine sort of cotton cloth, first imported from India, but now

for the most part manufactured in this country.

MUST. The unfermented juice of the grape.

MYRRH. A gummy, resinous, concrete juice, which issues by incision, and

sometimes spontaneously, from the trunk and large branches of a tree, growing

in Arabia, and Egypt, especially in Abyssinia. It consists of one-third resin,

and two-thirds gum.

N.

NAILS are small spikes or pegs of metal, usually of iron, extensively used

in building, and generally in the constructive arts. From the immense quan

tities of nails made in this country, the manufacture may be deemed one of

first-rate importance ; for, in the neighbourhood of Birmingham alone, upwards

of 60,000 persons, men, women, and children, are occupied in their production ;

and many of the iron-works in the same district furnish from 100 to 200 tons

weekly of " split-rods," of the various sizes and qualities required in the making

of the nails (see Iron). The workmen who forge the nails are called " nailors;"

women, boys, and girls, are likewise employed in the same kind of work ; and

it is very common to see a whole family working together. Each individual

usually confines himself, or herself, to a certain peculiar class of nails, who, conse

quently, acquires a great degree of expertness and celerity in their production,

not to be equalled by those nailors who have been habituated to forge other kinds.

Under the article Forge we have given a drawing and a description of a

nailor's forge of the most improved description ; we have, therefore, only to

notice the other tools employed in the art. These are, a small steel anvil, which

is inserted in a massive block of cast-iron ; and this latter is usually imbedded

in slack, so that the steel anvil only is seen. The hammers used are, of course,

proportioned in weight to the size of the nail, and the shapes vary considerably,

according to the ideas of the workmen ; but they are usually the frustrums of

cones, the smaller ends of which constitute their faces ; the planes of which are

not parallel to the handles, but inclined to them. A nailor keeps constantly several

rods in the fire, which he takes up in succession as they become hot, so as not

to have to wait for a heat When the shank of the nail has been drawn out

to the required form and length, it is nearly cut off the rod by striking it over a

fixed chisel, and it then inserted into the heading tool, from which the rod is then
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broken off; the nail is then headed in the tool, and turned out of it by turning

it upside down, and striking it upon the anvil. Such is the celerity with which

;hete operations are performed, that there are instances of nailors malting as

many as 3000 nails, of three inches in length, in a day, and continuing to work

>i this rate for many days in succession. Every such nail requires, at the least,

twenty-fire blows of the hammer to form it, besides two or three blasts of the

i-llows; nevertheless, the work proceeds at the rate of three or four per

BJBOte!

In contemporary publications (the London and British Cyclopaedias) we observe

;t is stated, that theforged wrought-iron nails we have been speaking of have been

superseded by the introduction of those made by pressure and percussion in

machines. But this statement is extremely incorrect, as every person acquainted

with this department of art well knows. The fact is, we believe, that the forged

iiul manufacture has considerably increased, notwithstanding there is a very great

demand for the cut or pressed nails, which are preferred in some few depart

ment) of art, on account of their uniformity, and their square points ; and in

fcae others, by reason of their greater cheapness than forged nails. It should

I: understood that there are three leading distinctions of iron nails, as respects

tie state of the metal from which they are prepared ; namely—

1. Wrought, or forged iron nails, being worked out entirely by the hammer

from rods, or bars.

2. Cut, or pressed iron nails, which are stamped, or pressed, out of (trips of

[•lite-iron.

3. Cast iron nails, in which the metal is melted, and cast in forms of the

precis? shape of the nails made.

Forced nails are made of three distinct qualities of iron, that is, more or less

refined, or tough, according to the purposes for which they are designed. The

vr, best quality is employed for horse-shoe nails, to admit of their being drawn

ml very fine, and prevent their breaking in the hoof. Wheelwright's nails,

rticli are forcibly nailed against the iron tire, and the clouts, also require the

metal to be very tough. In like manner, hurdle-nails require good iron, that

tie points may clench soundly, and their broad heads not be broken off. The

finer or smaller kinds of nails, being much drawn under the hammer, must also

be of good iron ; and, indeed, all such where great stability is of essential

importance. It would, probably, be good policy in the consumer to have all

nails made of at least the second best, or medium quality of iron ; but the great

competition by the manufacturers to render them as cheap as possible, lends to

the employment of a very inferior quality of nail rods for making the majo

rity of nails, of which immense quantities are always in demand for the home

trade, as well as for exportation to all parts of the world.

Of the wrought, or forged iron nails, there are about 300 sorts, the forms of

<bkh are known to the trade by certain specific names, which, for the most

psrt, express the uses to which they are applied ; as hurdle, pail, deck, scupper,

■up, &c ; but there are others whose applications are so general that they are

distinguished by certain technical names, expressive of their form ; thus—

tw, clasp, diamond, &c, explain the form of their heads, ami flat, s/tarp, spear,

it their points. The thickness of any specified form is expressed by the terms

ft, bastard, strong. The length of some kinds of nails is directly expressed by

Ineir lineal measure ; but their length is more usually comprehended by the

umber of pounds or ounces a thousand of them weigh. Thus the simple

denomination " 7 lb. rose," implies a rose-headed nail with a sharp point,

weighing about 7 lbs. to the thousand, and measuring about 1 } inch in length.

No* rose nails are made from 1, to 40 lbs. per thousand ; in all, about thirty

'• fftrent sizes ; and taking the various sizes of other nails (which are not so

numerous), wc may compute the average number of sizes of each sort at 1 0,

wsich, multiplied by 300, the number of sorts before mentioned, makes 3000

istinctive names to nails, all of which are immediately and precisely understood

ky persons engaged in the trade. The terms employed by retailers, of fourpenny,

■(penny, tenpenny, &c, are very undefined as respects the kind, as well as the

pftcw sixe, these varying with the locality wherein they arc sold. To enter iuio
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a detailed description of all the varieties we have named would be tedious and

uninteresting to the generality of readers ; but impressed with the universal

utility of more information than we have already given, we shall proceed tc

a very condensed and systematic view of their peculiarities and uses.

It having been explained how the various sizes and thicknesses are distin

guished, it will only be necessary to show the principal distinguishing forms,

without regard to actual dimensions. For convenience, therefore, the several

kinds delineated in the following engravings are represented as of one size;

and the words printed above and under each, are their proper names.

Rote. Claep. Clout. Counter-tk. Dog. Kent. Rate. Counter-el. BiM.

«^> <uq=> <fs>

T^lfTTI

ll&V

1

Sharp.

1.

Flat.

2.

Bastard. Fine. Chut. Fine. Huriit. Clench.' Rove. Horn. Brati.

S. 4. i. 6. 7. 8. 9. 10.

The first described kind, rose-sharp, are very extensively, and almost univer

sally, used for coopering, fencing, and a great variety of coarse purposes, in

which hard wood, such as oak and beecn, are used. There is, however, a

thinner sort, called fine-rose, of waich prodigious quantities are sent to Canada

and other parts, which are used in pine and other soft woods, their broad

spreading heads being calculated to hold the work down. The rose, with fiat

or chisel points, are employed in preference to the sharp, where the wood is in

danger of being sp'U by the driving in of the sharp points, which act as

wedges, while those with flat points neing driven with their edges across the

grain, prevent the splitting effect, and hold faster. For these reasons spikes are

uniformly made with flat points, from 4 to 12 inches in length, unless ordered

to the contrary, for the Brazil market, or other parts of the world, where they

may be required for much harder woods than any of our own country.

Of the third sort, clasp, there are three distinct thicknesses,—fine, bastard,

and strong ; and of each numerous sizes. These nails are those commonly used

by the London and other house-carpenters, in deal and similar woods ; then-

heads are made projecting downwards, so that when they are driven home

flush, their heads stick into the wood and clasp it together, thus checking, to a

certain extent, any disposition in the wood to split open ; their heads are, in

smooth work, driven below the surface, so as afterwards to admit a plane over

them.

Of the fourth sort, clout, there are, also, three thicknesses of the form of that

shown ; namely, fine, bastard, and strong ; besides numerous sizes. They are

much used for nailing iron work, and various substances to wood : they have a

flat circular head, round shanks, and sharp points.

There is, however, another kind of clout, extensively used by wheelwrights

and smiths, called counter-clout, the form of which is delineated in the fifth

illustration, which shows that they have counter-sinks under their heads, and

chisel points ; they are usually made of tough iron, to bear the battering they

receive in nailing down the stout iron work for which they are designed : they

are made from 1 inch up to 4 inches in length, and of any required thickness.

The sixth figure of the foregoing sketches, is denominated fine-dog, in contra

distinction to strong, or weighty-dog, the difference being merely in their propor-

tunate thickness; these are made from I J to 5 inches long, and are used for similar
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purposes to the last mentioned, as well as others, where the heads (which are

rery solid, and slightly countersunk,) are not required to lie flush with the

Korlt; their shanks are round drawn, and their points speared, which udupts

item for piercing and clenching well.

The seventh nail is called Kent-hurdle, probably from having been first used

in Kent of that peculiar form : has a broad, thinnish rose-head, a clean-diawn,

flat shank, a good spear-point, well adapted for nailing and clenching the oaken

bars of hurdles together. There are several kinds of hurdle-nails differing from

iliese, but in points so immaterial as not to require notice in this article. Gate-

'jiik, which are nearly allied to them, are similar in form, but are usually made

Router: they are made of various lengths.

The eighth of the foregoing figures, rote-clench, is a class used for ship and

boat building, of which there are several varieties, and numerous sizes. For

the former purpose they are much employed in nailing on the wood sheathing,

which is soft, and liable to split, unless bored ; and as the nails have no points,

the ends being left square, they punch out their own holes, driving a por

tion of the wood before them, hold very fast, and render boring unnecessary.

For the latter reasons clench-nails are now extensively used in the making

of packing-cases and boxes, it being found, by experience, that this form holds

much firmer when driven in the direction of the grain of the wood, than

tapered or pointed nails. The term clench is, however, derived from the mode

of employing them in boat-building, in which they are clenched, either by bat

tering down the extremity with the hammer, or, preferably, by placing over the

extremity a little diamond-shaped plate of metal, as shown in the drawing, and

tilled a rove, and riveting the end of the clench-nail down upon it, which

drawi tbe planks, &c. of the boat very firmly and durably together. We are

lurprised that this simple, cheap, and admirable mode of fastening, should be

almost wholly confined to boat-building.

Fig. 9 represents the horte-tlioe nails in general use ; 'formerly the heads were

made square, which are now nearly disused, the preference to the counter-sunk

being chiefly given on account of their lying flush in the groove made for them,

anil more securely attaching the shoe to the hoof.

Fig. 10 represents one of a large class of very useful nails, called brads; they

are made of various thicknesses, according to the strength of the work, and

Tarring in length from J to 3 inches.

Deci-spikes do not have rose-heads, as they would leave greater holes in the

surface j but either a neat, square, flat head, that beds in flush with the surface,

or a clasp or diamond head, as shown in Fig. 3. Scupper-nails have extremely

broad heads for fastening down the,lead linings. Sheatliing-nails, of the ordinary

Hod, are stout, flat, pointed nails, with clasp heads. There are also peculiarly

formed nails for the rudders, the ribs, and various other parts of ships. The

naiU used in barge-building are chiefly very broad and flat in the shanks, with

chisel points. Pound-nails are extensively used in Essex, Suffolk, and Norfolk ;

their form will be understood by reference to the rose-sharp, which they resemble

m form, but are made stiffer, and with better and more solid heads ; they are

excellent for coarse, strong work, such as field-fencing, in oak.

Tacts are also a very numerous and useful class of nails ; they are techni

cally divided into rose-tacks, Flemish-tacks, and clout-tacks ; the Flemish-tacks,

however, chiefly obtain ; and the heads of these are " Flemished," that is, not

railed «> much as a rose-head, nor so flat as a clout-head. The sizes of these

Hi from an eighth to three-quarters of an inch in length ; or, as they are

wiominated, from 1 oz. to 16 oz. per thousand. The chief place of manufac

ture for these, and other very small kinds, is Bromsgrove, in Worcestershire,

ibereit is a common feat of the work-people to forge a thousand (1200) tacks

» small as lo easily fill the barrel of an ordinary goose-quill, the weight of the

•ttb being about 20 grains.

We could extend our description to numerous other denominations o.

frged wroifght-iron nails ; but as these, for the most part, differ in merely

Otfoential points from those we have explained, we shall next proceed to the

cooiideration of—
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Cast-iron nailt. These, from their great brittleness, are applicable to

comparatively few purposes, such as garden-walls, the lathing of plasterers,

coarse shoes and boots, &c. ; and they are desirable for those purposes merely

on account of their great cheapness. It should, however, be observed, that

cast-iron nails are made of three distinct qualities, two of which are produced

by annealing processes subsequent to that of casting. In the state the nails

come from the moulds, they are so extremely brittle as to be only applicable to

shoes, and those only of the very small short kinds, called sparrow-bilk The

cast nails for the use of plasterers, as well as those for garden-walls, and those

of similar sizes, undergo a process of annealing to prevent their flying into

pieces on being driven by a hammer. The best sort of cast-iron nails are called

" malleable cast-iron," from their actually being rendered partially so by a loog

continued process of annealing ; but the metal used for this purpose is very

pure, having been deprived of the greater part of its carbon. It is, however,

only a few sorts of small nails of this kind, such as tacks, that have stood the

test of experience ; tS| annealing process having the effect of not merely

destroying the brittle quality, but of rendering the metal nearly as soft as

copper, and, consequently, not sufficiently stiff for the purposes designed. M

attempts to combine in cast iron nails the properties of adequate stiffness free

from brittleness, having failed, the manufacture of cut or pressed iron nails by

machinery, from sheets of wrought iron, has been resorted to, and it has been

attended with considerable success.

Cut or pressed iron naiU.— Sheets of rolled iron, of the thickness of the

intended nails, are cut into strips or ribands, that are in width equal to the

length of the intended nails ; being then held horizontally, with a flat side

upwards, the ends are pushed in a slide against a regulated stop, under a cutter,

fixed to a powerful lever, or, as is generally the case, to the lower extremity oi

a fly-press, which cuts off a portion constituting a brad, or nail. In making

brads or sprigs, which have no heads, and are merely wedge-formed pins, the

atrip of iron is turned upside down, alternately, at every cut, which keeps the

inclination of the angle of the cut uniform throughout the length of the strip

of iron without any waste. In making brads with half-heads, or bills, the strip

of iron is kept with the same side upwards, and the position of the cutter is

alternately reversed by making a half turn backwards and forwards ; thus are

formed two billed-brads out of one parallelogram. To make this matter under

stood, we add the annexed illus

tration :—a represents a strip of

sheet-iron, which is passed between

two guides b b against the stop c ;

the line dd marks the direction of

the edge of the cutter, which may

be supposed to have descended

and cut off a portion e, forming a

brad : it will now be seen that if

the strip a he turned upside down, and pushed against the stop c, the next pot-

tionywill take the place and position of e, and, consequently, be cut offby the

next descent of the cutter dd; and thus, by repeatedly turning the strip over

and back again, and pushing it forward every time with one hand, while the

other is occupied in working the lever of a fly-press, the brads are formed with

great rapidity. It will be seen, likewise, on reference to those lines marked g

in the figure, that they represent two brads, with half-heads, or bills, which,

being placed in that manner, head to point, it is obvious that, by turning the

cutter half-way round alternately, they will be cut both alike, out of one paral

lelogram, as represented. Except for making the larger kind of cut nails, the

strength of boys and women is fully competent, who are, consequently,

employed in most manufactories, each of them working a distinct press ; and

headless nails are thus made by each worker with nearly the rapidity and regu

larity of the ticking of a watch. Ingenuity has, however, devised much more

expeditious modes of working, of which the machine we shall next describe is

a respectable specimen. It is a recent invention of Messrs. Ledsam and Jones,
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of Birmingham, to whose enrolled specification of their patent we stand indebted

for the following information.

Messrs. Ledsam and Jones have given, in their specification, a series of

drawings, representing two different forms of their machine, together with

several variations in the detail ; but it has been our study to comprise all that

is essential in the following elevation of their apparatus, which, we trust, will

be comprehended by this explanation :—a a in the following engraving,

 

ambit two (out of four) of the standards to the frame, the other two being

Wiind them, and connected, in a similar way, by horizontal bars, as that

J 4. This frame is fixed, and forms the support of a swinging-frame cc, and a

■wizontal shaft d d, which revolves in bearings at e e ; /is an eccentric on the

■ft d, regulated by a screw, and acting on a frame g, attached to the

•vinging-frame e, which latter vibrates upon arms or trunnions h h ; i is a con

necting rod attached to the crank on the axis d, and to the won of a stout pair

VOI. U. A A
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of leaves k k; this axis moves vertically in a groove, as shown by dotted lines in

the central cheeks of the swinging-frame ; the leaves Ic k are connected by

hinges to the boxes 1 1, which are supported by the rocking standards mm; these

boxes contain the moving cutters n n, which are kept in their places by screws

(not shown) ; on the inclined faces of this gauge, the rods, or strips, of which

the nails or brads are formed, rest ; rr are fixed cutters in the end cheeks of

a swinging-frame, and retained in their places by screws s s ; t a. frame attached

to the fixed frame, and carrying the cross-bare, shown on a larger scale by the

annexed Fig. 2 ; w is one of the guide rods hooked on the cross-bar v, and

screwed up to a beam above ;

* a perforated weight sliding p .

upon 10, having its lower end

hollowed to receive the ends

of the bar, or strip y, of which

the brads are made. This bar

slides down after every cut

against the edge of the fixed

cutter r, and rests upon the

surface of the gauge g, which

determines the breadth of the

nail; then the leaf k forces

forward the box /, containing

the cutter n, which cuts off the

iron in a right line with the

plane of the under surface

of the opposite cutter r. z,

Fig. 1, is a band-wheel for communicating motion from the prime mover, with

a loose pulley at its side for throwing the machine out of action.

The action of the machine is as follows :—By the revolution of the axil d, the

eccentric upon it forces the swinging-frame c into an im lined position; the

crank on the axis at the same time acting upon the rod t, draws the leaves tt

into a horizontal position, and thereby forces the movable cutters n n forward

against the fixed cutters rr, dividing obliquely the strips of iron placed between

them in their progress, the same as if cut by shears ; the brads thus formed fall

down the inclined surface of the gauge, and are received in a box beneath.

The opposite vibration of the swinging-frame makes a second cut, and thus on

both sides of the machine (though represented only on one side) a series of

rods, or strips of iron, are placed in a line, all of which are cut twice at every

revolution ; thus, supposing eight rods or strips (the number used by the

patentees) are applied to each pair of cutters, 32 brads are cut at every

revolution of the axis : of course a considerable power being necessary to do

this, that of a steam-engine, or water-wheel, is to be employed in this machine,

in preference to manual labour. The ends of the cutters are only brought into

view in the figure ; these are, however, of greater, and may be of any required

length, to cut a given number of brads at a time, as may suit the power of the

engine, and other circumstances. It will now be seen, that, by the patentees

employing long continuous cutters, and causing them to take an opposite inclined

position at each vibration of the swinging-frame, a number of brads are cut at

once, without moving the rods, which drop down to the stop on the gauge ai

they are cut By the former mode described, with the fly-presses, the cutter

moves always in the same plane, and the iron is turned round, or inclined,

instead. In cutting that species of brads with heads, the patentees employ

cutters with gaps left in their edges, and the cross-bar c has slits in it to receive

the rods y, and, instead of being fixed, receives an alternating side motion from

the frame.

For the purpose of heading the nails, the shanks made, as already described,

are usually brought under the operation of a heavy hammer head, which is lifted

from its work by a spring pole, like a turner's throw, and is brought down upon

it by a pedal, worked by a woman, sitting down before a little bench ; in front

of thii bench is fixed a pair of clam*, which are opened and shut by the torn
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tug of the lever of a screw on the left hand of the operator, who, with her

right hand, successively places the shanks between the jaws of the clams, brings

the hammer smartly down upon it, which Conns the head ; and then, by turn

ing the screw with her left hand, the jaws open, and the newly-headed nail

drops into a box underneath. The clams are provided with steel dies, impressed

with the shape of the under-side of the head and that of the shank, and so

much of the length only, as to leave projecting above the top a sufficiency of

metal to form the head ; the form of the upper surface of the head being

determined by a die fixed in the face of the hammer.

There are, however, several manufactories in which the machinery is so con

structed as to cut and head the nails by a single operation of the same machine.

Thu mode of manufacturing, we believe, originated in America, where such

machinery has been long since in successful use. In 1829 Mr. Edward

Hancorne took out a patent for an improvement upon the American mechanism.

We hare perused the specification of this patent, from which we learn that the

invention is " the communication of a foreigner residing abroad ; " and that it

consists in a machine made of two horizontal frames, the one movable and

the other fixed, an axis with a crank, a can, a fly-wheel, and drum. The

•tarings of the axis are attached to the lower or fixed frame, and the crank is

connected with, and causes the upper or movable frame to traverse in grooved

guides on the lower. From an iron rod, of an appropriate size, placed hot into

the machine, a piece the size required for a nail is cut off by two cutting edges

brought together by the motion of the upper frame, and held between two

rteels, while the head of the nail is formed by the action of a kind of hammer,

•hose face is shaped like a die into the form required, and whose stem is acted

upon by a kind of cone on the axis. The nail is then to be tapered or pointed

by the action of two eccentric steel sectors, whose circular surfaces are placed,

at the commencement of the operation, sufficiently apart to receive the thickest

portion of the nail ; and at the termination of the operation, when they are

brought by the motion of the upper frame in a position with the point of con

tact, is nearly in a line between the centres of motion.

Braa and copper nails are extensively used for shipping, and some other pur-

?OMS- For nailing on the copper sheathing of ships, nails cast of an alloy of

tin and copper are generally used ; but great efforts were made by a manufac

turer at Bristol, some years ago, to substitute for them nails uf pure copper :

tbtte, for a time, obtained a preference in the navy yards, as well as the mer-

chanti' yards ; it having been shown that the bottoms of ships, whose sheathing

bad been nailed with the rough-headed cast metal nails, were extremely foul,

and that to the head of almost every such nail was appended a barnacle, which

materially impeded the sailing of the ships. Mr. Guppy (the manufacturer to

•bom we have alluded) made his nails with a smooth bright head (produced

by the polished surface of the hammer,) which, being counter-sunk underneath,

•we driven down flush with the surface of the copper sheathing. The improve

ment was evident, and experience showed that ships so sheathed sailed better

and returned home from their voyages earlier, and with cleaner bottoms. This

trinmph, or rather success, was of short duration. Mr. Greenfell, who had for

many years supplied the government with copper sheathing and nails, took

the hint afforded by the smooth-headed nails, (the admirable construction of

*Wchwere in other respects the subject of a patent granted to Mr. Guppy,) and

bad the rough heads of his cast nails made flat, smooth, and bright, on the upper

•rlaee, by turning in a simple kind of lathe ; and upon repeated trials of these,

*bey were found in no respect inferior to Mr. Guppy 's patent, while they were

aattrially cheaper, and they have, in consequence, maintained their ground, to

"* almost total exclusion of the pure copper nails, for the peculiar purpose

"rationed. Pure copper nails are, however, extensively used in ship-building,

•nd tea-going boats, on account of their greater durability than iron, when

nnnwd to the action of salt water. The principal kind in use are rose-clench,

form to the iron nails of that denomination, already explained and

The manner of making these nails is similar to that of the other

may be readily explained and practised by our brief description. The
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copper nail-maker furnishes himself from the copper wire-drawer with tquart

mire of the sizes of the intended nails. Suppose, for instance, he has to make

some rose-clench, two inches long ; he takes the square copper wire of the

required thickness of the nail, and, by means of his fixed shears, he cuts the

wire into lengths of about 2 inches and ft ; the ^ being required to

form the head. They are all cut exactly of a length, by the wire being pushed

against a stop before it is cut; this stop is fixed to the block, and is adjustable

to any required distance from the edge of the shears, 'file only tools necessary

to complete these pieces of wire into nails, are a strong smith's vice, a hammer,

and a pair of clams, designed to hold wire of the size. The jaws of these

clams open by a spring, and are closed by compressing the jaws of the vice ;

when so closed they leave a cavity between them, which is occupied by a

piece of the copper wire before mentioned, ^ of which project above the

upper surface of the clams. The workman then, with one or two blows of

his hammer, drives the wire firmly to the bottom of the groove made between

the clams (or against a stop placed therein) ; this has the effect of spreading out

the head sufficiently to receive four more blows stnick around it in an inclined

direction, which produces four facets, meeting at the top, called a rose-head :

then, by turning the handle of the vice, the jaws of the clams open, the nail is

taken out, and another piece of wire substituted to repeat the heading operation

described. It is obvious, that by the same tools, and a different application of

the hammer, a flat, a diamond, or other formed head, may be made. To

strengthen the heads underneath the upper edges of the clams are slightly

countersunk ; and in order that a single pair of clams may do for various length

of one sized wire, the groove is made the depth of the longest ; and for any

nail of a shorter length, a piece of wire is dropped in the groove, as a stop, of

such a length as, with the intended nail, to fill the groove entirely. Should the

nails thus made be required with flat points, they are flattened by a few blows

upon an anvil, in the cold state. Copper in the cold state is worked under the

hammer with about the same facility as iron at a cherry-red heat.

NAPHTHA, or Rock Oil, is a yellow or brownish bituminous fluid, of strong

penetrating odour, greasy to the touch, and so light as to float on alcohol. By

exposure to the air it thickens into the substance called petroleum. There are

copious springs of naphtha at Baku, on the shore of the Caspian Sea. There

are also at Pitchford, in Shropshire, extensive beds of sandstone, saturated with

this fluid, which is separated from the stone by distillation, and is sold under

the name of Betton's British oil. The Russians and Persians use naphtha inter

nally, as a cordial. Naphtha burns with a brilliant white flame, and is therefore

much used in lamps, both at home and abroad.

NAPIER'S BONES, or Napier's Rods, are certain instruments invented by

Lord Napier, for performing some of the fundamental rules of arithmetic, by

an easy mechanical process. They may be made of bone, ivory, horn, wood,

pasteboard, or any other convenient material. There are five of them, and the

face of each is divided into nine equal parts, each being subdivided by a

diagonal line into two triangles. In these compartments or squares the num

bers of the multiplication table are inserted, the units or right-hand figures

being placed in the right-hand triangle, and the tens in the left.

NAPLES YELLOW, is prepared by calcining lead with antimony and

potash, in a reverberatory furnace. See Painting.

NATRON. The native carbonate of soda. It is found in vast abundance

in the lakes near Alexandria, in Egypt.

NAUTICAL INDICATOR. For finding the latitude, longitude, and varia

tion, invented by James Hunter, member of the Glasgow Philosophical Society.

The indicator consists of a stand, supporting a circular plate of polished brass,

about 14 inches in diameter, representing the horizon, and marked and num

bered accordingly with the proper divisions. This horizon is surmounted by a

semicircular plate, as a meridian, set at right angles to the plane of the horizon

tal plate, properly divided, and furnished with an index attached to a nonius,

indicating minutes. This meridian plate is cut out at the centre to allow room

for a pivot, or hinge, for other parts of the indicator. On one aide of this meridian
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ire placed two quadrants, and on the other side one, similarly divided as the

meridian, and furnished with a similar index and nonius. These quadrants are

movable on a pivot or hinge, rising perpendicularly from the centre of the

horizontal plate, or agreeing to this centre ; they are singly movable on the

pivot, but capable of being attached at any relative distance, and retained in

that situation by a screw, binding together tails attached for that purpose. To

the east and west points of the horizontal plate is attached a horary circle,

divided into hours, 8tc. This horary circle represents the daily path of the sun,

and it may be furnished with a nonius, as other parts are. This circle is so

attached to the horizontal plate, that it can be moved parallel to it to suit the

ton's declination ; this is effected by the circle being attached to two tangent

plates, which, by grooves, slide on the projections from the horizontal plate by

means of screws passing through and working in these projections, and carrying

the tangent plates, and with them the horary circle, to the degree of the sun s

declination. This degree is indicated on a scale of tangent divisions on the

tangent plates ; and as such tangents are of various lengths, an expanding ver

nier is used to adjust them. Its expansion is effected by friction wheels, and

springs working against a proper curve.

NAVE The central boss, or hub, as it is in some places called, of a wheel,

through which the axletree passes, and which receives the ends of the spokes

in deep mortices made therein. Although the naves made of wood are usually

of great solidity, these parts are so subject to strains and concussions as not to be

so durable as the mass of material might lead one to suppose. In consequence

of this defect, a patent was taken out some years ago for making this part of

cast iron, which has been extensively, and, we doubt not, advantageously

adopted.

NEEDLES. Well known little instruments, usually made of steel, pointed

at one end, and perforated at the other, to receive a thread, for sewing with,

&c The processes of manufacturing needles have been much varied, but the

following account combines the most recent improvements.

Steel wire of the size required, after having been annealed, is cut from the

toils into lengths of four or five inches ; these are gathered up into cylindrical

bandies of three or four inches in diameter, over the ends of which are passed

two stout iron rings, and more wires in their curved state are forced amongst

thou in the bundle, until the rings are tightly packed. This bundle is laid upon

a iron slab, and over it a bar of iron about two feet long is placed, transversely

between the two iron rings ; the workman then takes hold of each end of the

Ton bar, and, pressing it against the bundle of wires, he rolls the latter back

wards and forwards over the iron slab until every steel wire in the bundle becomes

perfectly straightened. These wires are next pointed upon a grindstone running

lily. In this operation, the workman, sitting astride before the stone on a block

shaped like a saddle, takes up 20 or 30 wires, laid side by side across a small

wooden ruler, covered with soft leather, another similar ruler being laid over the

needles to confine them. The workman holds the rulers in his hands, and thus

presenting the wires to the grindstone, points them with great dexterity, each

wne revolving whilst in contact with the stone. After pointing, the wires are

at off the length of the required needles. The next operation is flattening a

'•tie the ends that have to receive the eyes. This is effected by a workman

taking three or four pieces of wire between his finger and thumb, placing them

upon an anvil, and, striking one blow upon each, expands the ends sufficiently

t» receive the point of the punch, which pierces the eye. This the same person

does, before he lays them down, with a small instrument, fixed on the same

Uock as that to which the handle is fixed. The end of the needle is placed

ffl a small notch in the bed of the instrument, and is put exactly beneath

the punch, and a slight stroke of the hammer punches the eye, and at

the same time forms the semicircular groove near the eye of the needle,

•» bury the thread. The notch which receives the needle is made in a

f*& of steel, which fits into a dove-tailed notch in the bed of the instrument,

■> that it can be changed for a larger or smaller, correspondent to the size of

4« needles to be pierced. The workman holds the needles in the same manner
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as lie did for flatting ; and placing them one by one successively in the notch in

the bed-piece, pierces thern through by a single blow of his hammer in the end

of a slider, which recoils to its former position by the reaction of a spring. He

now places the next needle under the punch ; and when they are all pierced in

this manner, he rolls them over by moving his thumb, so as to turn them all

half-round, and bring them upwards on the opposite side to that which was

pierced ; this being done, he repeats the punching on the other side with a view

to finish and clear the eye, and to complete the groove which there is in all

needles. They are now rounded at the eye end to take off the roughness,

which is effected in an instant by applying them to a grindstone.

In making the larger kinds of needles, the grooves are formed, and the eyes

•pierced, by a stamp and fly-press. A piece of wire of the length of two

qeedles, and pointed at both ends, is placed exactly in the middle, upon a steel

die, having the form of the eye groove, &c. projecting from its surface ; and

over this die is suspended another exactly similar, so that, by means of a blow

from the stamp hammer, the two needles between the dies are exactly impressed

on both sides with the grooves already mentioned. The piece of pointed wire

is then in a similar manner placed under a fly-press, where, by means of two

very delicate Kteel punches falling over corresponding holes in a die, the two

eyes are instantly pierced with great precision. These needles are then divided,

and the heads corrected with a smooth file. During these operations the

needles have become more or less crooked ; these are, therefore, placed in files

on a smooth metal plate, and with an iron rolled until they are straight.

The next processes are hardening and tempering. To effect these, the

needles are placed several thousands together, covered with ashes, in a cast-iron

box, and heated in a close furnace to a cherry red, when the box is withdrawn,

and its contents dropped into a tub of cold water ; they are next taken out of

the water, and placed upon an iron plate, kept nearly red hot by means of a fire

underneath ; here they are carefully distributed about, so as to heat them

equally, and until they acquire the blue tinge, when they are immediately

removed. Some manufacturers make use of oil or tallow, and other ingre

dients, instead of water, which substances are supposed by them to improve the

process. The needles, thus hardened, are returned to the furnace with the oil

upon them, and remain there till the oil inflames, when they are withdrawn

and again Cooled in cold water. This second process tempers them ; at first

they were quite hard, and so brittle as to break with the slightest touch ; the

tempering renders them tough, yet sufficiently hard to take a good point.

When they are hardened in water, according to the former method, it is con

sidered that the proper heat for tempering them can only be determined by

long experience and observation ; but that the flaming of the oil determines the

precise temperature. If the needles be now examined, many of them will be

found to have become crooked in the hardening; these are discovered by rolling

them over as they lay in rows on a board, and such are selected and made

straight by a blow in a notch in a small anvil for the purpose. In some manu

factories the needles are next pointed and finished ; in others, where the pointing

has been already effected, the next process is that called—

Scouring.—In this process the needles are piled in rows many tiers deep, and

in several parallel rows, upon a piece of buckram, or stout cloth, which is satu

rated with oil and fine emery. The needles, after they are deposited, are

also sprinkled over with flour of emery and oil, when the whole mass, containing

from 10 to 50,000 needles, is tightly rolled up and well bound at both ends.

Several of such rolls are operated upon together by a kind of mangle ; a stout

plank being laid upon the rolls of needles, which is loaded with heavy weigh U,

and made to traverse backwards and forwards for two or three days. During

this time several successive wrappers have been completely worn out, which

have been replaced by new ones, with fresh charges of oil and emery, and

sometimes soft soap. At the end of three days they are thus made very bright

and clean.

In the next operation, called heading and picking, the eyes of all the needles

are placed in one direction, and all the points in another ; and all the needle*
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with broken eyes or points, are picked. These operations are usually performed

by children with a dexterity and rapidity that can only be acquired by practice.

The needles are placed sideways in a heap, on a table in front of the operator.

The cbild puts on the forefinger of its right hand a small cloth cap, or finger-

•'Jl, and rolling from the heap from six to twelve needles, it keeps them down

by the forefinger of the left hand, whilst it presses the forefinger of the right

hind gently against the ends of the needles; those which have their points

towards the right hand, stick into the finger-stall ; and the child, removing the

finger of the left hand, allows the needles sticking into the cloth to be slightly

raised, and then pushes them towards the left side. Those needles which had

their eyes on the right hand, do not stick into the finger-stall, and are pushed

to the heap on the right side previous to the repetition of the process ; each

movement of the finger carrying five or six needles to its proper heap.

The finishing operation to the best needles consists in what is termed blue

/'•:intinp, in allusion to the dark polish upon them ; this is effected by a revolving

•tone, of a bluish colour, against which the needles, several at a time, are

applied. After this they are made up into little packages of from 25 to 100

each, and labelled for sale.

The needles which have, of late years, been so much puffed by the vendors

it " warranted not to cut the thread " and to be " gold-eyed and " silver-

eyed," are made the same as other needles with these trifling variations ;—the

eyes of the former being produced by dipping them into an ethereal solution of

gold ; but the eyes of the latter have not a particle of silver laid over them,

the silvery hue upon them being produced by a peculiar kind of polish. The

"driHed-eyed needles" do, however, possess the merit of being less disposed to

cat the thread ; the eye* of these are made, at first, in the usual way, and are

afterwards finished by a drilling counter-sink, which improves them materially ;

and the steel being softened to enable the drill to cut, they rarely snap or break

in the eye.

Paeiing-ncedlei, bodlrint, Sfc.—Some years ago a patent was taken out for

nuking needles of this kind, by Mr. William Bell, of Walsall ; and as the

manufacture of them has ever since been continued with success, we shall close

the present subject by subjoining that gentleman's brief specification verbatim.

"The method by which I make needles, bodkins, fish-hooks, knitting-pins,

netting-needles, and sail-needles, is by casting them with steel, or common

foible iron, called pig or cast-iron, into moulds, or flasks, made with fine sand ;

or, otherwise, I make stocks or moulds, of iron or steel, or any other compo

sition capable of being made into moulds ; on which stocks or moulds I sink,

ragrave, or stamp, impressions of the said articles. Into these I pour my

melted iron or steel (I prefer for my purpose sand casting), and prepare my iron

<* steel aa follows :—I melt it in a pot, or crucible, in small quantities about the

'fight of twelve pounds (and upwards to twenty pounds), the more con

'••mently to divest it of its heterogenous particles, and to purify it from its

ttrthy or sulphureous qualities. When the iron has attained a proper heat, I

tike charcoal-dust, mixed with lime or common salt, which I throw into the

J*t of melted iron ; and, by frequently stirring it with an iron rod, I bring to

the surface of the iron a scoria, which I frequently skim off, and thus bring my

iron into a refined state ; I then pour it into the mould before described. The

"Seles being thus formed, are capable of being softened, hardened, or tempered,

in the usual way, by which needles, bodkins, fish-hooks, knitting- pins, netting-

• -.d!«. and sail-needles, have, heretofore, been manufactured ; therefore, the

pacipal merit of my invention is in casting them instead of making them in

banal way."

NET. A trellis-like fabric of threads or cords, chiefly used for entrapping

k-'i birds, and other animals. The term is likewise applied to a particular

TOKO of manufacture, of a fine open texture, usually applied to the purposes

«f drets. The making of the former description of net is an easy process. The

"omsry tools merely consist of wooden needles, of different sizes, some roucd,

'•••- others flat, a pair of round-pointed and flat scissars, and a wheel to wind

•* the threads ; the strength of the packthread, of which the net is composed
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and the size of the meshes, depending upon the particular description of bird« or

fishes required to be taken. It is necessary, in many cases, to alter the natural

colour of the thread ; the colour usually used is russet, which is obtained by

immersing the thread in a tanner's pit, and letting it lie there until sufficiently

tinged. A green colour, which is sometimes desirable, is obtained by chopping

some wheat, and boiling it in water, and then soaking the net in the tincture.

A yellow colour is obtained by the same process, using the decoction of celan

dine, which gives a pale straw colour.

Mr. Alexander Buchanan, of Paisley, some years ago invented an ingeniom

machine for weaving any description of net-work without knots, and likewise to

allow the holes or meshes of the net-work to be enlarged or diminished at the

pleasure of the operator. The annexed engraving will convey an adequate

idea of this machine. A B C D represents a wooden stand, upon which an iron

 

frame E F G H is supported at each corner ; in this frame there are seven

Fig. 2.
wheels 1234567 that pitch into each other; iklm

are continuations of the axis of the wheels numbered

1357; upon the ends of the axis thus continued, cir

cular pieces of wood IKLM are fixed, of which

Fig. 2 is a representation. The other wheels 246 are

introduced in order that, when the machine is put in

motion, those numbered 1357 may revolve in the

same direction, as it is necessary that the parts of the

machine attached to the axis of these should do so.

Into each of the circular pieces of wood four grooves

are cut, which allow the shuttles abcdefgh to slide

out and in, at the circumferences of the circular woods,

but prevent them from coming out when drawn in a direction towards R; the use

ofthe grooves is to allow the shuttles to be moved from one circular wood to another

in rrossing the threads to form meshej of the net-work. In our figure the circular
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woodi are represented as turned half round, to show the grooves and shuttles in

them. The pirns, or bobbins, of which one end is considerably thicker than the

other, 'are provided with grooves, which, when the bobbin is placed in its proper

Mtuation, admits a spring, which acts as a counterpart to a weight suspended from

the ends of the threads ; each of these springs must be individually so strong

lint their aggregate strength will prevent the weight from drawing the threads

off the pitns, and, at the same time, sufficiently weak to allow toe-threads to

come easily off the pirns when drawn by the operator. Into the centre whee1.

4 another pitches, having the same number of teeth ; this wheel, which cannot

be represented in the figure, is fixed to one end of the iron rod O P, at the other

end of which a handle N is attached ; by this handle the machine is put in

motion.

Hiring now given a general description of Mr. Buchanan's machine, we

Rocetd to the method of using it. The pirns or bobbins having been previously

filled with thread, or with any other material of which the net-work is to be

composed, are placed on the shuttles. The ends of the threads are then col

lected and tied together; after which they are put through a ring that is

fajtened on the top of the gudgeon S, and also through a hole T in the sole, or

wooden stand ; a weight is then suspended by the threads, the use of which is

to prevent them from entangling. It must be observed, however, that before

the machine is put in motion, the shuttles occupy the proper grooves ; this is

flluitrated in fiy. 1, where the shuttles a b, in the circular wood I, occupy the first

md third grooves ; those of K occupy the second and fourth ; those of L the first

uid third: and those of M the second and fourth. The operator then commences

weaving the net-work by turning the handle at N ; the size of the meshes of the

net-work he increases or diminishes at pleasure, by turning the handle a greater or

ten number of time*. The wheels are thus made to revolve in the iron frame, the

circular pieces ofwood likewise revolving in consequence ofthe continuation of the

uiiof four of the wheels, by means of which the threads that proceed from the

shuttles of each, are twining round each other. The twist made by this move

ment is made fast by the operator, who puts a finger of his left hand between

each pair of threads, and with his right hand inserts horizontally the clearer, which

a ithin piece of wood, shaped like a paper cutter, between each pair of threads,

drawing both his hand and the clearer towards K, at which place it is prevented

ping any farther by a knot. He then removes his hand, leaving the clearer to

>'-:> the twist tight, and crosses the threads to form the meshes. This is

*4*t*ed by moving the shuttles from one circular wood to another, which

tjwation resembles and effects exactly the same object as the crossing of the

pott in working lace ; the shuttles of the middle circular woods are changed

™. Those of the circular wood K, occupying the second and fourth grooves,

in moved into the second and fourth grooves of the circular wood L, while

|W of L are shifted into the first and third grooves of K ; this movement

foroi half a mesh. The operator then turns the handle the same number of

""o u formerly to twist the other side of the mesh that is already half-

fomei. This being done, and the twist made tight by the method just

'iplamed, the threads are again crossed, which is effected by moving the

.'«-'. By the first moving of the shuttles, those of the circular woods K

*"« ihifted into the corresponding grooves of L, and vice vend ; so that by

>aining them in the present instance, those which originally occupied L are

tottd into I, and those that originally occupied K into M; this operation com-

|kt*« other two meshes : thus, by twining and crossing the threads, any

IWntity of net-work may be wove, the operator drawing more thread off the

F*M M the former quantity is used.

MCKEL. A white metal, which, when pure, is both ductile and malleable,

•ad may be forged into very thin plates, whose colour is intermediate, between

»«« of silTer and tin, and is not altered by the air ;' it is nearly as hard as iron.

•> «pea6c gravity is 8.279, and, when forged, 8.666. The species of nickel ores

Lt iti alloy with arsenic and a little sulphur, and its oxide. The first is the

'"•-abundant, and the one from which nickel is usually extracted. It is known

by the German name of kupfernickel, or false copper, from it!
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colour and appearance ; it occurs generally massive and disseminated ; Ha

colour is copper red, of various shades. By the experiments that have been

made, nickel, in its pure state, possesses a magnetic power. The effect of tb*

magnet on it is little inferior to that which it exerts on iron ; and the mettl

itself becomes magnetic by friction with a magnet, or even by beating with a

hammer. Magnetic needles have been made of it in France, and have betn

preferred to those of steel, as resisting better the action of the air. The nickel

preserves its magnetic property when alloyed with copper, though it is sonar

what diminished; by a small portion of arsenic it is completely destroyed.

Nickel is fusible at 150° of Wedgwood, and forms alloy with a number of

metals. Nickel is found in Cornwall, and in some other counties of -England ;

in Germany, Sweden, France, Spain, and several parts of Asia. The Chinese

employ it in making white copper ; and, in conjunction with copper and zinc,

they manufacture it into various kinds of children's toys. Nickel gives a

certain degree of whiteness to iron ; it is used with advantage by some of the

Birmingham manufacturers, in combination with that metal ; and, by other*.

in combination with brass. If it were possible to discover an easy method

of working nickel, there ran be little doubt but it would be found very

valuable for surgical instruments, compass needles, and other articles, since it is

not, like iron, liable to rust. Oxide of nickel is used for giving coloun to

enamels and porcelain : in different mixtures it produces brown, red, and grass-

green tints.

NITRATES. Compounds of the nitric acid, with various salifiable bases.

NITRE. The usual name given, to a combination of the nitric acid with

potash. See ACID, NiTaic.

NITROGEN. A simple or undecomposed gaseous substance, was first dis

tinguished by Dr. Rutherford, in 1772. It is sometimes called azote, from its

inability to support animal life ; but it is commonly designated nitrogen, from

its being an essential ingredient in nitric acid. It constitutes four- fifths of the

volume of the atmosphere, and may therefore be procured by abstracting the

oxygen from atmospheric air. It may be conveniently prepared by burning a

piece of phosphorus in a jar full of air, inverted over water. The phosphorus,

on account of its strong affinity for oxygen, will abstract it from the mixture,

and the vessel will become filled with a white cloud, which is the pyrophoa-

phoric acid. In about half an hour this will subside, and the residual gas -

nitrogen, contaminated with a little carbonic acid and vapour of phosphonif,

both of which may be removed by agitating them with a solution of pure

potash. A solution of protosulphate of iron, charged with binoxide of nitrogen,

will separate the oxygen from common air in a few minutes. A stick of phos

phorus placed in it will accomplish the same in twenty-four hours. Nitrogen gas

may also be obtained by exposing a mixture of fresh muscle and nitric acid to

a moderate temperature. Effervescence occurs, and a large quantity of nitrogen,

mingled with carbonic acid, is evolved, the latter of which may be removed by

agitation with lime water. Nitrogen, when pure, is a colourless gas, devoid of

either smell or taste ; it does not burn, and extinguishes all burning bodies

immersed in it; it does not change the blue colour of vegetables ; no animal

can live in it, yet it exerts no injurious influence on the lungs or other parts of

the animal system, the privation of oxygen being the sole cause of death.

Water, when deprived of air by boiling, takes up about one and a half per cent,

of it. Its specific gravity is .9722 ; and therefore 100 cubic inches, at a mean

temperature and pressure, will weigh 30.15 grains. In the combination of

nitrogen with oxygen in the atmosphere, it seems merely to moderate or dilute

the oxygen, so as to render its action less energetic. Considerable doubts have

existed as to its simple nature, in consequence of experiments made witlt the

galvanic battery. When ammonia (which is a compound of nitrogen and

hydrogen) is submitted, in conjunction with mercury, to the action ofgalvanism,

an amalgam is formed, which is considered to arise from some metallic base iu

the hydrogen or nitrogen ; but as the idea of a metaJic base to hydrogen seemi

precluded by reason of its extreme lightness, it has teen inferred that it must

form a constituent uf the nitrogen. This supposition, however, teems incapable
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of proof, as the constituents of the amalgam separate, and are resolved into

ammonia, hydrogen, and mercury, as loon as the galvanic influence is with

drawn. Nitrogen unites with several substances in different proportions,

forming a variety of compounds, distinguished by striking peculiarities. With

oxygen are formed the nitrous and nitric oxide, and the hypo-nitrous, nitrous,

and nitric acid. With chlorine and iodine it forms the chloride and iodide of

nitrogen, and with hydrogen it forms ammonia. Our limits will permit us to

give but a brief account of these. The nitrous oxide, or protoxide of nitrogen,

was discovered by Dr. Priestley in 1772, who called it dephlogisticated nitrous

air. The best mode of procuring it is by means of nitrate of ammonia. When

this salt is exposed to a temperature of 400° or 500° Fahr. it liquefies, and

bubbles of gas begin to escape, and in a short time a brisk effervescence

ensues, which continues till all the salt disappears. The nitrate of ammonia

should be contained in a glass retort, and the heat of a tamp applied, so as to

maintain a moderately rapid evolution of gas. In accurate experiments the

gas must be received over mercury ; but for ordinary purposes it may be

received over water. It has a sweet taste, and a faint, agreeable odour, and is

absorbed by its own volume of recently-boiled water. Most substances burn in

it with far greater energy than in the atmosphere ; but the most remarkable

of iu properties is its effect when respired. A few deep inspirations are followed

by the most agreeable feelings of excitement, similar to the early stages of

intoxication. This is shewn by a strong propensity to laughter, by a rapid

flow of vivid ideas, and an unusual disposition to muscular exertion. These

feelings soon, however, subside, and the person recovers his ordinary state

without experiencing that languor which is the usual result of excitement by

spirituous liquors. It varies somewhat in its effects on different individuals,

ud sometimes produces disagreeable symptoms. The specific gravity of this

gu is 1.5277 ; and 100 cubic inches weigh 47.377 grains. The binoxide of

nitrogen, or nitric oxide, is best obtained by the action of nitric acid of specific

parity 1.2 on metallic copper. Brisk effervescence ensues, and the gas may

be collected over water or mercury. The nitric oxide is a colourless gas ; but

»ben mixed with oxygen or atmospheric air, dense suffocating, orange-coloured

vapour of nitrous acid is produced. Few inflammable substances burn in it ;

charcoal and phosphorous, however, when in vivid combustion, burn in it with

increased brilliancy. It is sparingly absorbed by water, does not redden vege

table blues, and is quite' irrespirable. 100 cubic inches weigh 32.3 grains, and

if specific gravity is 1.0416. The hypo-nitrous acid has not hitherto been

obtained in a free state, but combined with potash. Pure nitrous acid is formed

by the mixture of binoxide of nitrogen with oxygen gas, out of contact with

other water or mercury. When condensed in water, it forms the liquid nitrous

sad.

NORIA. See HYDRAULIC MACHINES.

NUTGALLS. Excrescences formed on the leaves of the oak by the punc

ture of an insect, which deposits an egg upon them. The best galls of com

merce are those imported from Aleppo ; they are chiefly used by dyers, calico

printers, and ink makers, and are peculiarly valuable on account of their

nehness in tannin and the gallic acid.

NUTMEG. The kernel of a large fruit, not unlike the produce of the miristica.

The nutmeg is separated from its investient coat, the mace, before it appears in

commerce.

o.

OAKUM. The substance into which old ropes are reduced when they are

tatwisted, loosened, and drawn asunder. It is used chiefly for caulking the

«wma of ships.

OAR. A long piece of timber, flat at one end, and round or square at the

«tr, used to propel a vessel through the water. The flat part, which is
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dipped in the water, is called the blade ; and that which ia within the

board is termed the loom, whose extremity, being small enough to be grasped

by the rowers, is called the handle. To push the vessel forwards by this

instrument, the.rowers turn their backs forwards, and dipping the blade of the

oar in the water, pull the handle forward, so that the blade at the same time

may move aft in the water. But since the blade cannot be so moved without

striking the water, this impulsion is the same as if the water were to strike the

blade from the stern towards the head ; the vessel is therefore necessarily

moved according to the direction. Hence it follows that she will advance

with the greater rapidity, by as much as the oar strikes the water more forcibly;

consequently, an oar acts upon the side of a boat or vessel like a lever of the

second class, whose fulcrum is the station upon which the oar rests on the

boat's gunwale. In large vessels this station is usually called the row-port; but

in lighters and boats, the row-lock. Oars for ships are generally cut out of fir-

timber ; those for barges, out of Dantzic or New England rafters ; and those for

boats, either out of English ash or Norway fir rafters. See Boat.

OBSERVATORY. A buildingpurposely constructed for viewing the heavenly

bodies, and furnished with suitable instruments and conveniences for facilitating

the operations.

OCHRE, (red,) is an iron ore of blood-red colour, which is sometimes found

in powder, and occasionally in a hardened state. It has an earthy texture, and

sometimes stains the fingers when handled. The principal use of red chalk is

for drawing. For the latter purpose, it should be free from grit, and not too

hard. In order to free it from grit, and render it better for use, it is sometimes

pounded, washed, mixed with gum, and cast into moulds of convenient shape

and size. Under the name of reddle, this substance is much used for the

marking of sheep, and when mixed with oil, for the painting of pales, gates,

and the wood-work of out-buildings.

ODOMETER, An instrument for measuring the distance travelled over by a

post-chaise or other carriage ; it is attached to the wheel, and shows, by means

of an index and dial-plate, the distance gone over.

OIL. The distinctive characters of oil are unctuosity and inflammability,

■insolubility in water, and fluidity at moderate temperatures. Oils are distin

guished into fixed, oxfat oils, which do not rise in distillation, at the temperature

of boiling water ; and volatile, or essential oils, which do rise at that temperature

with water, or under 320° by themselves. The latter having been treated of

under the word Essential, in the preceding part of this work, we shall here

confine our attention to the former class chiefly.

Fixed oils are generally contained in the seeds and fruits of those vegetables

of which they are the products, and are formed principally at the period of

maturity. They are extracted by pressure, sometimes with, and sometimes

without, the aid of heat. They are usually impregnated with the mucilaginous

or extractive matter of the vegetable, whence they acquire colour, odour, and

taste ; and if heat has been employed to favour their extraction, they

acquire acrimonious qualities, and undergo a change in some of their chemical

properties. The purest oils are those expressed from the fruit of the olive, or

the seeds of the almond ; others less pure are extracted from linseed, hemp-

seed, and numerous other seeds of plants. Fixed oils are usually fluid, but of

a thick consistence, and they congeal at moderate temperatures ; some are even

naturally concrete. When fluid, they are transparent, colourless, or of a

yellowish or greenish tinge, inodorous, and insipid ; they are lighter than water.

The following table exhibits the specific gravities of the principal sorts of

commerce ; water being 1.000:—

Cacao 0.892

Rape seed 0.913

Olives 0.913

Ben 0.917

Beech-nut 0.923

Walnut 0.932

Almond 0.939

Linseed ...... 0.939

Poppy 0.939

Hazel-nut ........ 0.941

Palm 0.968
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Fixed oils are incapable of combining with water ; and are very sparingly

soluble in alcohol, in the cold, with the exception of castor, which is abundantly

dissolved by rectified alcohol, and of linseed oil, which is dissolved, though

more sparingly ; boiling oil dissolves it, and also the others in sensible quality.

Expressed oils cannot be volatilized by heat, without a change of their pro

perties. At temperatures below 600° of Fahr. they remain fixed, if the heat

has not been for a long time continued. At the temperature mentioned, they

are converted into vapour, but the oil condensed therefrom is altered in its

properties ; it has lost its mildness, and has become more limpid and volatile, a

portion of carbon having been deposited. Transmitted through an ignited tube,

oil is converted into carbonic acid, and carburetted hydrogen, with a small

portion of acid liquor, and a residium of charcoal. Exposed to a warm atmo

sphere, expressed oils gradually acquire a sharp taste and smell, and become

thick. This change, termed rancidity, is owing to absorption of oxygen. Drying

oils, as those expressed with the aid of heat are named, do not become rancid,

hot by absorbing oxygen, are partially converted into a resinous kind of matter.

At the temperature of ignition, at which it is converted into vapour, oil burns

in atmospheric air, a large quantity of light and heat being extricated by its

combustion. When the access of the air to the vapour of the oil is insufficient,

it burns with a black smoke, and a quantity of carbonaceous matter which has

escaped the combustion is deposited. Hence the utility of a slender wick,

which draws up the oil by capillary attraction, and when kindled, produces suffi

cient heat to convert it into vapour. In a hollow cylindrical wick, like that in

the Argand lamp, through which an internal circulation of air is established,

the supply of air is more abundant, and the whole of the oil is consumed ; the

lamination therefore is greater, though there is some diminution of it in con

sequence of the light from the internal surface having to pass through the

flame. Expressed oils combine with the alkalies, and form soap, which see.

Expressed oils dissolve phosphorus by the aid of heat, forming a liquid, which

Becomes luminous when exposed to the air. They combine with a number of

the metallic oxides, and acquire thereby a drying property. Boiled with

oxide of lead, expressed oil forms a compound of firm consistency, constituting

the "common plaster" ofthe apothecaries. Expressed oils form the basis ofpaints

(see Painting), and are hence called oil-colours, (see also, Oil-colour Cakes,

subjoined to this article.) Expressed oils, combined with resins and turpentine,

form varnishes ; (see Varhisb.) Combined with lamp-black, they form printing-

ink ; (see Irk.) For most of these uses, however, the drying-oils are employed.

There are two distinct processes of obtaining oil by pressure ; one cold, the

other warm ; the cold-drawn oil being preferable for one purpose, and the warm

for another. In the former, the substances are submitted to pressure, without

increasing their natural temperature ; in the latter, heat is artificially applied,

generally through the medium of steam or air. The application of heat to seeds

and most oleaginous matters, causes a great quantity of the oil to flow out,

without pressure ; and heat softens them so much, that less mechanical forco

becomes necessary to expel the remainder. It is therefore an indispensable

point of economy to make use of heat whenever the application of it does not

deteriorate the quality of the oil ; For more oil is thus obtained with less labour.

in the large manufactories, linseed and rape-seed are the chief vegetable

substances from which oil is obtained, in this country ; heat is usually employed

Were pressure, and the separate products of oil in the different stages of manu

facture are preserved, as distinct qualities. The ordinary " mill " for this pur

pose consists usually of an extensive range of machinery, and is usually

&tingniihed by the denomination of the Dutch Mill, as the industrious people

<t Holland were the inventors, or chief improvers of it In these, the seeds are

ft into hags, and covered with envelopes, consisting of hair-cloth, and sheep-

»khi sewn together ; in this state, they are subjected to pressure by the force of

tdges, that are continually being struck by perpendicular stampers. These

■unpen are raised by cams fixed to a revolving axis, (worked by a steam-

agioe, or other adequate power,) and fall from the height they arc thus raised

°*n> the wedges. The oil thus expressed, runs off, and is conducted to a cistern ,
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and the seed in the bag is reduced to a very hard solid cake, which is sold for the

feeding of cattle, as it retains a considerable portion of farinaceous and other

nutritive matter. Of late years the elastic force of steam has been introduced to

give the necessary pressure, and the patented improvements by Mr. John Hall,

jun. (of Dartford), which we have now to describe, consist in the peculiar

method by which this power is applied, a a (Fig. 1) are two elliptical iroa

cams, firmly fixed on the horizontal shafts of two cog wheels, which gear into

one another ; B B o 6, are massive iron plates, be

tween which the seed bags c c, in their envelopes,

are placed ; d is the steam cylinder ; e the piston

to the same, which, when raised by the force of

the steam from underneath, elevates the beam/,

and the connecting rods g g ; these being attached

to the levers h h, turn the cams so as to press

against the plates li B ; which pressure is con

tinued until the cams arrive with their longest

diameters in an horizontal direction, as shewn by

Fig. 2. By these means the oil is squeezed out,

and received into a proper receptacle under

neath. On the other side of the steam cylinder,

another aparatus, similar in all respects to that

shewn, is fixed, and moved by the same power ;

but in these the longest diameters of the cams are

placed in a reverse direction, or at right angles

with those in the engraving; so that when the

utmost pressure is excited on one side of the

cylinder by the ascent or descent of the piston, no

pressure whatever is given on the other, and the

bags may be removed to be emptied, and re

plenished with a fresh quantity of seed. The

employment of elliptical cams is altered with a

very great convenience, which we ought not to

omit noticing. The two innermost plates B B

are connected together by means of straps, as

shewn at i i (Fig. 2) stretched out while the cams

are exerting their pressure ; when that pressure is

relieved by the cams being turned into the position

of these in Fig. 1, the connecting straps ii are

raised, and the two plates B B are drawn towards

one another ; the bags are then perfectly free to

be removed by the workman, to be filled again and

replaced ; and so on alternately, on opposite

sides, at every ascent or descent of the piston.

The steam pressure upon the piston, employed by the patentee, is from

forty to fifty pounds upon the inch, nearly the whole of which, owing to the

simplicity of the apparatus, is transferred to the end of the cams, where the

power is increased according to the ratio of their surfaces, compared to that of

the piston. A steam apparatus is constructed near to each pair of cams, for

the convenience of heating the seeds, with, means for discharging the cake and

refilling the bags.

In the year 1828, the Society of Arts presented Mr. Cogan with their silver

medal, for the communication of a process for purifying rape and linseed oils.

Mr. Cogan's process, though resembling M. Thenard's in the first part of it, is

completed by the judicious introduction of steam ; by means of which the oil

appears to be almost entirely freed from acid, and the black feculent dregs sub

side in the course of twelve hours, leaving the upper portion of the ou quite

clear, and greatly improved in colour, and in those qualities for which it is

valued by the painter. The quantity of oil that he operates upon at once is

about 100 gallons. For this, three quarts, that is about ten pounds, of sulphuric

acid, oil of vitriol, is required. The acid is to be diluted with an equal bulk of
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water. The oil being put into a copper pan, of the shape of a boiler, two

quarts of the dilute acid are to be added ; the whole is then to be stirred up

very carefully for an hour or more, with a wooden scoop, till the acid is become

completely incorporated with the oil, and the colour of this last has become

much deeoer than at first. A second similar quantity of acid is to be added,

and mixed with the oil, the same as the first was; and after this the remaining

third part of acid is to be added. The stirring of the oil is to continue inces

santly about six hours in the whole, at the end of which time the colour of the

mixture will be almost that of tar. It is then to be allowed to stand quiet for

a night, and in the morning is to be transferred to the boiler ; this is of copper,

and has a steam pipe entering it at the bottom, and then dividing into three

or four branches, each of which terminates in a perforated plate. The steam

thai thrown in, passes in a very divided state into the oil, penetrates into every

part of it, and heats it to the temperature of boiling water. The steaming pro-

ran is to be continued for about six or seven hours, at the end of which time

it is to be transferred to a cooler, of the form of an inverted cone, terminating

in a short pipe, commanded by a stop-cock, and also having a stop-cock inserted

in its side, a few inches from the bottom. After remaining a night in the

cooler, the oil is fit to be withdrawn ; for this purpose, the cock at bottom is

opened, and the black watery acid liquor flows out. As soon as the oil begins

to come, the cock is closed, and that in the side of the cooler is opened. From

thu the oil runs quite clear and limpid ; the whole of that which is still turbid

remaining below the upper cock. The purified oil beinp drawn off, that which

is turbid is let out into a reservoir, where it either remains to clarity by subsi

dence, or is mixed with the next portion of raw oil.

The following is the patented process adopted by Mr. M. Wilks, seed crusher of

Dirtford, for purifying the oil from linseed, as well as other seeds, by expression.

Into 236 gallons of the oil, six pounds of oil of vitriol is to be poured, and be well

mixed by agitation or stirring about for three hours. Six pounds of fuller's earth

i»next to be mixed up and thoroughly incorporated with fourteen pounds of hot

lime, and thrown into the vessel containing the oil and vitriol, when the whole

i» to be kept in agitation for about three hours more. '- The foregoing mixture is

next to be turned into a boiler containing a quantity of water equal to that of

the oil, and the whole is then to be boiled for another three hours, during which

time the liquid is to be continually agitated by stirring. The fire may now lie

extinguished, and when the materials have become cool, the water may be

drawn off; and the oil will be found clarified, which will become brighter and

more fit for use after standing some time.

Mr. Robinson, of Edinburgh, having witnessed the difficulties and waste

which take place in filtering and clearing oil from its dregs ; in which opera

tion, ai it is usually conducted, a great deal of the advantage which is gained by

repose and subsidence, is again lost in drawing off the oil to pass it through the

filter, it appeared to him that by introducing water through a regulated aperture,

and from a height sufficient to give the requisite hydrostatic pressure into the

Bottom of the butt of oil, and making a communication from the top of a butt,

to t filter acting by ascension, all the advantages arising from refuse and sub-

lidence would be retained, and by adapting the nature of the filter to the

quality of the oil, the contents of any butt might be easily and quickly sepa

rated into three or four portions of different degrees of value. Mr. Robinson

"Deludes by suggesting the mechanical arrangement, represented by the section

of tee apparatus in p. 200. n is a cistern of water which communicates by the

pipe a with the bottom of the butt of oil </. / is the filter raised on feet,

and standing on the heading of the butt, with which it communicates by the

pipe 4. e in a perforated plate above the lower chamber of the filter, and k is

"• discharging cock ; > is the middle chamber rilled with charcoal, or any other

Rouble iubitance. The partition between this and the upper chamber d, is a

perforated plate, and / is the discharging pipe of that chamber. The butt con

taining the oil being connected with the apparatus already described, the cock of

the pipe a is to be turned, which will allow the water to flow into the butt. At

tat tame time the cock of the pipe 6 being opened, the upper part of the oil.
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and therefore the purest, first flows into,

and fills the lower chamber of the filter,

and is followed by the less pure portions,

according to their respective specific gra

vity ; but as the pipe enters this chamber

at the top, those impurities that are con

siderably heavier than the oil will subside

to the bottom, and are from time to time

to be discharged through the cock. The

rest of the oil rises through the perforated

plate, is separated from the lighter impu

rities by the charcoal or sand in the mid

dle chamber, and then passes through the

upper plate into the top chamber, whence

it flows through the cock I. The two

perforated plates must rest on rings or

projecting ledges, that the charcoal may

be renewed and the lower plate may be

taken out occasionally, and cleared of the

dregs which otherwise would stop its holes.

Under the words Elaine, and Fat, we

have noticed the fine fluid oil that has

received the former denomination, and

which has been employed for lubricating

delicate horologicul machinery. In this

place, we have to describe an improved

mode of obtaining it from olive oil by Mr.

Henry Wilkinson, of Pall Mall, and which

is considered to be peculiarly valuable for

lubricating the pivots and other rubbing

surfaces of chronometers. The best olive oil in its recent state, possesses

that peculiar bland flavour which fits it for the table, and which appears to

arise principally from the quantity of mucilage and water, either held in solu

tion, or mechanically mixed with it. By keeping one or two years in jars, a

considerable portion of the mucilage and water subsides, which renders such

oil not only cheaper, but better qualified for yielding a greater proportion of

pare oil than that which is recently expressed from the fruit. Two or three

gallons skimmed from the surface of a large jar that has remained at rest for

twelve months or upwards, is preferable to any succeeding portion from the

same jar, and may be considered the cream of the oil. Having procured good

oil in the first instance, put about one gallon into a cast-iron vessel capable of

holding two gallons ; place it over a slow clear fire, keeping a thermometer

suspended in it ; and when the temperature rises to 220°, check the heat, never

allowing it to exceed 230°, nor descend below 212°, for one hour, by which time

the whole of the water and acetic acid will be evaporated ; the oil is then

exposed to a temperature of 30° to 36° for two or three days, (consequently

winter is preferable for the preparation, as avoiding the trouble and expense of

producing artificial cold) ; by this operation a considerable portion is congealed ;

and while in this state, pour the whole on a muslin filter, to allow the fluid por

tion to run through ; the solid, when dissolved, may be used for common pur

poses. Lastly, the fluid portion must be filtered once or more, through newly

prepared animal charcoal, grossly powdered, or rather broken, and placed on

bibulous paper in a wire frame within a funnel ; by which operation, rancidity

(if any be present) is entirely removed, and the oil is rendered perfectly bright

and colourless.

Under the article Candle, the reader will find accounts of several patented

processes for obtaining the elaine, or pure oily principle, from the cocoa-nut,

palm, and other concrete vegetable oils, so that we need not repeat them under

the present head ; but the extremely rude and ineffective machinery employed

by the natives for expressing oiis, in those countries from whence we derive our
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supplies, is worth}' of the attention of the British reader, as exhibiting in a

strong light the advantages that might result from the introduction of improved

machinery in those parts. Dr. Davy informs us that the means used by the

Sinhalese for this purpose, consists merely of a few upright poles stuck in the

ground, supporting two parallel horizontal bars between them ; between these,

the bags containing the seeds are put, in the manner represented in the sub-

jained sketch, pressure being given to the bags by means of u perpendicular

 

Icrer which forces the horizontal I ars together. The native oil press employed-

at Madras, and other parts of the East, has somewhat more the character of a

machine. The machine is large and substantial, and a great amount of animal

force is wanted in operating by it. The annexed drawing is taken from a model

recently brought from India and deposited in the museum of the Asiatic Society.

 

r'

• r< presents a mortar about six feet high, usually formed out of a block of granite,

bet sometimes of wood ; in both cases, there is as much of the substance sunk

mto the ground as remains above it ; c is a pestle, the upper extremity of which

iti loosely in the piece of timber d; at e is another piece of timber, attached bjr
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cords to d, (by passing round the projecting pins shown) with its lower end mor

tised and bolted to the horizontal lever g ; one of the ends of this lever is forked,

as at/, so as to pass into and around a groove made in the mortar; the lower

part b of the mortar, enlarged in its dimensions, serves as a rest for the lever g,

and to give steadiness to the apparatus. To put this machine into operation, a

man silt upon the end g of the horizontal lever, which by the connecting ban

e and </, cause the pestle e to press hard against the sides of the mortar, and a

circular motion is given to the pestle by attaching a pair of oxen to the yoke

h, who draw it round. An oil press on the same principle as this, is described

by Dr. Buchanan, as being used by the oil makers of Bangalore for expressing

various kinds of oil. These mills receive a quantity of seed, equal to about

2} of our Winchester bushels, to which in the course of grinding, about

2} quarts of water are gradually added. The grinding continues for six

hours, when the farinaceous parts of the seed and the water form a cake,

and this having been removed, the oil (about 5 J gallons in quantity) is found

clean and pure in the bottom of the mortar, from whence it is taken by a cup.

The mill requires the labour of two men and four oxen, and grinds twice a

day, thus making, in the whole, but 1 1 gallons per day ; and if this be all that

so large a machine and so great a power can perform, how miserably ineffective

mu-t be the Singalese machine we first described. The writer of this article

was so forcibly impressed with this defective mode of oil-pressing a few years

ago, as to lead him to devise some powerful machine, in which the combinations

should be few, of the simplest kind, and that should be easily made by the

roughest rural workman at a trifling expense, and be, as much as possible, self-

acting. The approbation which the principle of these presses have met with

from professional engineers, and the practical experience which the inventor

has had of their utility and convenience in a nearly similar application, induces

him to give a brief description of them in this place ; in the perusal of which

the reader will bear in mind that they are especially designed for the rural

 

manufacture of oil on the spot where the seeds grow. This machine consists

simply of three pieces of wood ; an upright piece is fixed firmly in the ground,

(a tree would answer the purpose well,) near the lower end of which, and also

at the upper extremity, are projecting pieces, the upper one forming the joint of

the long horizontal lever, and the lower one the joint of the short vertical one ;

to strengthen these joints a strap of iron is laid over them, and round the

upright post, and iron bolts are passed through each to form the centre, or
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nilcrum, to each lever ; the band near the middle merely serves aa a stay to

support the vertical lever when it is thrown back. It will be observed that a

roller is fixed to the upper extremity of the vertical lever, which, running upon

the inclined plane of the horizontal lever, renders the friction of these parts,

when in contact, very trifling : but what we consider as the most important

result of this peculiar combination of two levers (which are both of the second

class) is, that the effect of the power employed is but little at the commence

ment of the operation, but that the pressure, is continually increasing during the

operation, and becomes prodigiously great towards the close of it, which is

owing to the pressure on the vertical lever constantly accumulating (of itself

without attention) as it approaches the fulcrum of the horizontal lever. Now

this is precisely what is wanting in oil or wine-pressing : if a great pressure be

given at the first, the bags burst and the liquid is lost. It is obvious, from the

iketch, that the Indian who is seated in a swing, suspended to the lever, is the

acting force ; and as this force is obtained not only without labour, but by rest

to the individual, there cannot be an easier mode of producing a mechanical

effect, especially as some attendance to the process going forward is necessary.

A shoemaker, or a tailor, might, indeed, carry on the business of their crafts,

and, at the same time, work an oil or a wine-press upon the same principle.

The design having been made with reference to the conical bags employed in

India for the purpose, will account for this peculiarity in the drawing, as well

~- in the subjoined modification of the machine, which is merely an extension

or the principle to the forming of a double press. By this arrangement double

 

A* effect is produced at about half the additional cost of one press ; and if both

prroes were worked together (which might always be the case), instead of the

wntral post being fixed in the ground, it might be put on a movable stand, as

*e weight of force of one press would counterbalance that of the other. This

%ure likewise shows two convenient modes of working the press with very

ttde attention ; to one of the horizontal levers a rope is suspended, having

koob at convenient distances, upon which such weights may be hung as may

k foncd necessary to give the required pressure ; to the other is suspended a

racket (the capacity of which would be regulated by the circumstances), to

Ukt advantage of a descending current of water (if the locality admits of it),

w of a reservoir, or supply pipe, that might be raised to a proper elevation for

ffiing it; when the operation is completed, as represented on one side of the
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press, the bucket falling against a tail-piece fixed upright in a channel or gutter,

opens a valve, lets all the water out of the bucket, and relieves the press from

the force of its weight. Thus in a situation where water is plentiful, a number

of large presses, charged with the necessary materials for obtaining oil, or wine

juice, might be filled over-night ; the next morning the buckets would be found

discharged of their water, and the previously empty recipients be found filled with

oil without any attendance whatever. It is, perhaps, deserving of notice, that the

self-acting property of these presses adapts them for situations where advantage

could be taken of the ebbing and flowing of the tide ; the rising of the water

would thus fill the buckets, and, upon its falling, leave them suspended with

their loads to do the work of the press ; the return of the tide would take off

the pressure for the renewal of it upon its descent ; and thug, every twelve

hours, the presses might be worked with almost unlimited power and without

any attendance to the moving force.

The most powerful and the most convenient machine for expressing oils, k

unquestionably, the hydrostatic prcss.in vented by the late Mr. Bramah. A press

of this kind was sent out to Ceylon, by government, in the year 1814, which was

made by Mr. Bramah expressly for the purpose of expressing oil from the cocoa-

nut kernel; a very full description of all the important details of which is

given in the thirty-fourth volume of the Transactions of the Society of Arts. But

although the hydrostatic press is the most economical machine that the capitalist

can employ, its expense is unsuited to the means of the small, or middle, manu

facturers, to whom a press of some kind is indispensable ; accordingly, the fol

lowing one has been designed to meet their wants.

The annexed figure gives a front view of the machine, excepting that thr

front plate which encloses the lower part of the machine, and the bearings of

the axes of the cams are removed to show better the construction, aaa is a

 

strong frame of cast-iron (it may be of wood strongly bolted together) ; the sire

may be us circumstances may require ; but a convenient size would be 3 feet
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high, t
'

, two feet wide, and 1 foot from front to back, b is the pressing-head, of

so.'id wood, formed into three wedge-shaped teeth, and made so as to fit into a

bed c t e, of a corresponding figure ; d d are two cams, firmly attached to two

expanding levers e e, which are loading at their extremities by suspending

thereto any required number of flat circular weights : to each of the cams a strong

hook, bent to the figure of the former, is fixed ; and these hooks passing through

fvea, or staples, in the head of the press, lift it up when the pressure is taken

o'rf, allow it to descend without obstruction, and keep them always connected.

At y a an aperture for conveying, by means of a pipe, hot air, or steam, into

the chambers ooo, which have lateral openings one into the_other ; the angular

roof of this chamber adapts it for collecting the heat, air, or vapour, whence it

fusses through the interposing iron plates into the bags under pressure. Tha

iugj being placed between the wedges as shown, the pressure is given by load

ing the leven (which may be drawn out to any length required), which gra

dually causes them both to descend to the position shown by the dotted lines e' e'

ud /'/'; at which time the cams have turned a quarter round, so as to attain a

vertical position when their utmost effect is produced. The bags between the

vedges an thus compressed by a great force, and their contents reduced to hard

it)1 cakes, while the expressed oil runs off in the angular gutters at the bottom,

tad is conducted out of the machine, by a pipe, into a proper recipient.

The operation being completed, the pressure is taken off by removing the

feights (already close to the ground), and throwing up the levers which lift the

head of the press, the chief labour of which may be obviated by a counter

balance weight. The oil cakes being taken out of the press, other bags, pre

viously prepared, are put in their place, and the operation renewed simply by

loading the levers, leaving them to do their work unassisted, and accumulate in

po»er as they move through their assigned space. It should here be observed,

that owing to an oversight in the drawing, the levers are not shown as fixed iu

the beat position for commencing the operation. They should be placed slightly

inclined from the vertical position ; the power would then be considerably

Iwened at the beginning, and vastly increased towards the end. The extre

mities of the cams are furnished with strong anti-friction rollers, which come

wo action at the end of the process.

The action and power of this press may be described and estimated thus :

tie leven e t being /'•.•-,/ to the cams act with them as entire pieces, hence

must be regarded as two bent levers, in which the points of pressure are con-

ttintly changing their position. Now supposing 5 cwt. appended to each

i- >er, and each lever when drawn out to be ten feet long, and the pressure

u> be given at one inch from the fulcrum, this would give a power of 120

& 1, or 60 tons upon the head of the press. The head of the press, it will be

observed, moves through a space, the treble of that which is between the

opposite planes of the wedge-formed teeth, consequently, the power is here

increased threefold, or raised to 180 tons ; then, by applying similar levers and

'eights to the opposite ends of the axes of the cams, we have the force of 360

tons upon the goods ?n this little self-acting lever press. The friction in such a

machine is undoubtedly considerable, but as any additional force within the

"»iti of the strength of the structure may obviously be added, and the point

of pressure be brought nearer to the fulcrum than the distance mentioned, at

the close of the operation, any required power may be obtained at the period

•hen ft is wanted, to squeeze the cakes thoroughly dry. The oil-maker will do

*efl la consider, that the force transmitted to the screw presses as well as by the

brdrottatic is aiUrootrive, and not a constant self-accumulating farce, as exerted

'•» the lever presses we have just described.

fuk Oil.—In the Greenland fisheries, the blubber produced from whales is

« into small pieces and packed in casks, and when it arrives in England, it is

n a putrid state. It is started into a large receiver, containing about twenty

**•*• There is a semicircular wire grating in the side of the back, close to the

***«n, through which the fluid parts drain, the wires being sufficiently close to

ptfent the pieces of blubber from passing. The oil, as it drains through this

into) u to be conducted by means of a copper pipe into another back, containing
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about the same quantity. When this receiver ii full, it is left two or thicc

hours to settle, and then conducted by a sluice into a copper heated by a fire in

the usual way. The oil is stirred until it has acquired heat equal to 225° Fah

renheit ; this destroys the rancidity, and causes the mucilaginous matter to

settle at the bottom. As soon as the oil has received the before-mentioned

heat, the fire must be drawn, and about half a tun of cold water pumped upon

the surface of the oil, which descending cools the bottom of the copper, and

prevents the adhesion of the mucilaginous matter thereto. The oil may then

be run off into coolers, and when quite cold be drawn off into casks for use.

Whale oil may, however, be purified, by a system of filtering, without the

aid of heat For this purpose, the long cylindrical bags used by the sugar

refiners are sometimes employed. These are about 40 inches long, and I J

inches wide, their mouths being distended by wooden hoops. They are made

of stout canvass, lined with flannel ; and between these two substances a pack

ing of powdered charcoal, or bone black, is quilted throughout in a stratum of

about an inch thick, which detains the gelatinous matter, and other impurities.

This oil is received in a cistern, containing water at the bottom to the depth of

about 6 inches, in each 20 gallons of which is dissolved about an ounce of blue

vitriol, which nearly divests it of the impurities that escaped the filter, and of

the unpleasant odour it had before. But it is further cleansed by a second wash

ing, in another cistern of water, wherein it is allowed to remain for several days,

and then filtered several times through charcoal ; and lastly, by filtering through

canvass and flannel without charcoal.

Amongst the numerous papers on this subject that have appeared in thi

scientific journals, we select the following process, recommended by Mr. IV-

where the utmost purity is required, and particularly for the woollen manu

facture.

" Take a gallon of crude stinking oil, and mix with it a quarter of an ounce of

lime slaked in the air, and half a pint of water ; stir them together, and when

they have stood some hours, add a pint of water, and two ounces of pearl ashes,

and place them over a fire that will just keep them simmering, till the oil

appears of a light amber colour, and has lost all smell, except a hot, greasy,

soaplike scent. Then superadd half a pint of water, in which an ounce of salt

has been dissolved ; and having boiled them half an hour, pour them into a

proper vessel, and let them stand till the separation of the oil, water, and lime

be made, as in the preceding process. Where this operation is performed to

prepare oil for the woollen manufacture the salt may be omitted ;' but the

separation of the lime from the oil will be slower, and a longer boiling will be

necessary. If the oil be required yet more pure, treat it after it is separated

from the water, &rc. according to the second process, with an ounce of chalk, a

quarter of an ounce of pearl ashes, and half an ounce of salt"

In the South-Sea fishery, the whalers bring home their oil in casks. In

consequence, however, of the wasteful and dangerous nature of the process

adopted for obtaining the oil from the blubber, some presses have lately been

sent out by the ships to express the oil from the pieces of the blubber that have

been boiled, but in which a great quantity of oil still remains. All this oil was

formerly allowed to remain in these pieces, called "scraps," and was with them

made use of merely as fuel, and burned under the " try-pots " or boilers ; but in

consequence of the extreme inflammability ofthe oil, and its great superabundance,

serious accidents occurred by the flames issuing from the furnace, and catching

the oil in the try-pots. By the use of the subjoined machine (in p. 204) we

understand that the danger beforementioned has been obviated, and the oil con

tained hi the scraps, which was before wasted, now forms a sensible portion of

a ship's cargo. It is the invention of Mr. John Blythe, an intelligent engi

neer, of Ltmehouse.

Deicrtpiion.—a aaaait the frame of the press, consisting of a strong cast-

iron bed and head, and wrought-iron jambs, secured at each end by nuta and

screws ; b is a hollow cylinder, with an iron plate perforated with small boles,

resting upon ribs in the bottom of the cast-iron cylinder, as shown at e ; e is a

snout for allowing the oil to run off; d is a follower, also made of cast iron ; /
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i screw made of wrought iron, and fitted into an internal screw in the wheel g ;

4 i* a lever for screwing down the follower, when great speed and but little

pressure is required, i 'a a bolt which is put in to prevent the wheel g from

turning round, which then becomes a box for the screw to work through ; when

greater pressure is necessary, this bolt is withdrawn, and the power ofone or more

 

n«n applied to the handles/;', which turn an endless screw, and give motion to the

«W1, ai shown at o ; the wheel in its revolution bites upon the underside of

<1» head of the press, and consequently forces the screw downwards, with the

increased power of the endless screw and wheel and main screw. The scraps

«re put into the cylinder warm, with a mattress, (wicker basket,) } of an inch

tkick in the bottom, to prevent the hard substance from filling up the holes at e.

After the press is charged, it is set to work by first screwing down with the

»:i?le power of the screw and lever, and finished by adding the power of the

shwl and endless screw.

ffftiee Oil of Laurel.—This extraordinary and valuable production is sup-

T«»ed to b« the only known instance of a perfectly volatile liquid obtainable

without the Aid of art It is yielded by a tree of considerable height, which is

Viad in the vast forests that cover the flat and fertile regions between the

'>onnoko and the Parime, in South America. The wood of this tree ii

"oolitic, compact in its texture, and of a brownish colour, and its roots

•Wqnd with essential oil. The oil is procured by striking with an axe the

*»per vessels in the internal layers of the bark ; while a calabash is held to

'"wire the fluid which gushes out in such abundance, that several quarts may

*» csnght from a single incision, if the operation be performed with dexterity.

Is BBBT respects the native oil resembles the essential obtained by expression,

5*flUtion, and other artificial processes : it as however, more volatile and

*%% rectified than any of them, its specific gravity hardly exceeding that of
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alcohol. When pure it is colourless and transparent ; Its ta.«te is warm and

pungent ; its odour aromatic, and closely allied to that of the oily and resinous

juice of tin' conifera. It is volatile, and evaporates without residuum at the

ordinary atmospheric temperature. It is inflammable, and, except when mixed

with alcohol, gives out in its combustion a dense smoke. Neither the acids nor

the alkalies seem to exert any sensible action upon the native oil - when combined,

however, with sulphuric acid, the mixture assumes a momentary brownish tinge,

but soon regains its transparency. The oil of laurel dissolves camphor,

caoutchouc, wax, and resins, and readily combines with volatile and fixed oils.

It is insoluble in water; soluble in alcohol and ether, though the specific

gravity of the oil exceeds that of ether ; the compound formed by combining

them in the proportion of part of the former to two of the latter floats upon

the surface of pure ether; and may, therefore, be the lightest of all known

fluids. To the chemist, and the vegetable physiologist in particular, native oil

of laurel, elaborated by the unassisted hand of nature, in a state of purity

which the operose processes of art may equal, but cannot surpass, presents an

interesting subject of inquiry, and a wide field of speculation.

The Oil of Birch Bark, which is so much used in Russia for currying

eather, to which it gives a peculiar odour, and a power of resisting moisture

beyond any other dressing, is prepared in the following manner :—A large

earthen pot is filled with the thin white paper-like external bark of the birch-

tree, carefully separated from the coarse bark ; the mouth of this pot is closed

with a wooden bung perforated with several holes. The pot thus prepared is

then turned with the mouth downwards, and luted with clay to the mouth of

another pot of the same size, which is buried in the ground. The upper pot is

now surrounded with fuel, and a fire is made and continued for several hours,

according to the size of the pot. When the operation is completed, and the

apparatus cooled and unluted, the lower pot is found to contain a quantity of

liquid equal to about 60 per cent, by weight of the bark employed ; the liquid

consisting of a brown oil mixed with pyroligneous tar, swimming in an acid

liquor. In some places iron pots have been substituted for the earthen pots,

the mouths being separated by an iron plate pierced with holes. The peculiar

odour of the oil is supposed to be owing to a resinous matter which is melted

out of the bark,' and drops into the lower pot during the process of distillation.

In conducting this operation on the large scale, a number cf these double pots

may be placed in the horizontal bed of a reverberator)' furnace, with the lower

pots imbedded up to their necks in sand ; by which arrangement a great

economy of fuel and labour will be attained.

For further information on the nature and applications of oil, see the article*

SPERMACETI, TALLOW, WAX, CANDLES, FAT, SOAP, ELAINE, Sn. VEIN. INC,

(Printer*',) ESSENTIAL OILS, &c.

OIL-COLOUR CAKES. A convenient preparation for the use of artist*,

invented by Mr. George Blackman, for which that gentleman was awarded a

medal by the Society of Arts. Take, snys Mr. Blackman, of the clearest gum

mastich, reduced to fine powder, four ounces ; of spirits of turpentine, one

pint ; mix them together in a bottle, stirring them frequently till the mastich is

dissolved : if it is wanted in haste, some heat may be applied, but the solution

is best when made cold. Let the colours to be made use of be the best that

can be procured, taking care that by washing, &c. they are brought to the

greatest degree of fineness possible. When the colour! are dry, grind them on

a hard, close stone, (porphyry is the best,) in spirits of turpentine, adding a

small quantity of the mastich varnish. Let the colours so ground become again

dry, then prepare the composition for forming them into cakes in the following

manner :—Procure some of the purest nnd whitest spermaceti you can obtain ;

melt it over a gentle fire in a clean earthen vessel ; when fluid, add to it one-

third of its weight of pure poppy oil, and stir the whole well together ; these

things being in readiness, place the stone on which your colours were ground

on a frame or support, and by means of a charcoal fire under it make the stone

warm ; next grind your colour fine with a, muller, then adding a sufficient

quantity of the mixture of poppy oil and spermaceti, work the whole together
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with * muller to a proper consistence ; take then a piece of a fit size for the

cake you intend to make, roll it into a ball, put it into a mould, press it, and it

will be complete. When these cakes are to be used, they must be rubbed down

is poppy, or other oil, or in a mixture of spirits of turpentine and oil, as may

best suit the convenience or intention of the artist.

OPERA-GLASS. A short kind of telescope, used chiefly in theatres ; it ii

sometimes called a " diagonal perspective," from its construction. It consists of

s short tube, in each side of which there is a hole exactly against the middle of

a plane mirror, which reflects the rays falling upon it to the convex glass,

through which they are refracted to the concave eye-glass, whence they emerge

parallel to the eye at the hole in the tube. This instrument is not intended to

magnify objects more than about two or three times. The peculiar artifice is to

view a person at a small distance, so that no one shall know who is observed,

far the instrument points to a different object from that which is viewed ; and

as there is a hole on each side, it is impossible to know en which hand ths

object is situated which you are looking at.

OPIUM. An inspissated gummy juice, which is obtained chiefly from the

white poppy of the East (papaver somniferum). It may also be obtained, but in

a small quantity, from the other species of poppy. It is imported from Persia,

Arabia, and other warm parts of Asia, in flat cakes, covered with leaves, to

prevent their sticking together. It has a reddish brown colou.', and strong

peculiar smell ; its taste is at first nauseous and bitter, but this soon becomes

acrid, and produces a slight warmth in the mouth. In Turkey the white poppy

b in great cultivation, for the purpose of affording opium. After the flowering

of the plant, when the capsule containing the seed has arrived at its full growth,

tight longitudinal incisions are made in the capsules towards the evening. A

milky juice oozes out, which is collected the next day. The excess of moisture

being evaporated in the sun, it assumes the consistency fitted for making it into

cakes, in which state it is found in commerce. This is called Turkey opium, to

distinguish it from another kind brought from the East Indies, which is gene

rally softer than the Turkey, of a darker colour, less bitter, and more disagree

able to the taste, and has an unpleasant empyreumatic sinell. When opium is

soft and friable, of a blackish colour, and has an empyreumatic smell, it is bad :

its taste should be bitter, but not gweet.

OPOBA LSAM. The most precious of the balsams ; or that commonly called

Balm of Gilead. The true balsam is of a pale yellowish colour, clear and

transparent, about the consistence of Venice turpentine, of a strong, penetrating,

agreeable aromatic smell, and a slightly bitterish pungent taste.

OPODELDOC. A solution of soap and alcohol, with the addition of cam

phor and volatile oils. It is used, externally, against rheumatic pains, sprains,

braises, and other like complaints.

OPTICS. The science which treats of the nature of light, and the pheno

mena of vision. Our prescribed limits will not allow of our giving more than

a brief outline of the elements of this sublime science, which has employed the

pens of same of the most illustrious philosophers in successive ages, whose

•orkj upon it are both elaborate and numerous. For the larger portion of the

■natter on this most interesting branch of natural philsophy, we are greatly

indebted to Mr. A. Pritchard, and other modern authors of eminence.

The natural progress of the rays of light is in straight lines ; yet, like all

other matter, light is influenced by attraction, which sometimes turns it out of

Hi direct course ; this happens when it passes out of one medium into another of

different density, as from air into water or glass, or from water or glass into air.

This disposition or capability of light to be bent, is called its refrangUnUty ; and

the change of direction actually assumed, when the rays enter another medium,

• called refraction. A very easy experiment will convince any one that light is

influenced by some peculiar law when entering or leaving one medium for

soother. Put one end of a stick into water, and it will appear as if it were

woken. This effect is owing to the rays of light being attracted or drawn out

of their direct course an entering the denser medium of the water. It is neces-

*rjr, however, to observe, that only those rays which enter another medium

VOL. |l. D [>
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obliquely, suffer refraction; for rays which fall perpendicularly are equally

attracted on all sides, and, therefore, have no tendency to deviate in any direc

tion. If a shilling, or any other conspicuous but small object, be placed at the

bottom of a basin, and the spectator retire to such a distance that the edge of

the vessel just prevents its being seen, and the vessel be then filled with water,

the shilling will become perfectly visible, though neither it nor the spectator

change their place in the slightest degree. In this experiment the spectator

looks at the shilling in an oblique direction, and the rays proceeding from it, by

which it is rendered visible after the water has been pound in, are bent towards

his eye on entering the air. The greater the density of any medium, the greater

is its refractive power ; and of two refracting media, that which is of an oily or

inflammable nature, will have a greater refracting power than the other. The

incident angle is the angle made by a ray of light and a line drawn perpen

dicular to the refracting surface, at the point where the ray enters the surface ;

and the refracted angle is the angle made by the ray in the refracting medium,

with the same perpendicular continued. The tine of the angle is a line which

serves to measure the angle, being drawn from a point in one leg, perpendicular

to the other. In the subjoined figure A C D is the

incident angle, H C E the refracted angle, and B C H

the angle of deviation ; A F is the sine of the angle of

incidence ; and H G the sine of the angle of refraction.

It may seem extraordinary that light should pass

more directly through n dense than through a rare

medium; but it has been ascertained that light is

subject to attraction ; and Sir Isaac Newton discovered

and demonstrated that this power is the cause of refrac

tion. The truth of this theory is confirmed by the fact,

that the change in the direction of the ray commences,

not, as might be supposed, when it comes in con

tact with the refracting medium, but a little before it

reaches the surface; and the incurvation augments in proportion as it approaches

the medium.

The term lent is given to any transparent substance, as glass, crystal, water,

or diamond, having one or both surfaces curved to collect or disperse the light

transmitted by it. The lenses in general use are made of glass, and are usually

called magnifying glasses. Glass, however, does not possess a greater share of

the magnifying property than other transparent substances. Mankind hare

availed themselves of the principle of refraction to excellent purpose in the con

struction of lenses; for, by grinding the glass or other substance thinner at the

edges than in the middle, those rays of light which would strike upon it in •

straight line, or perpendicularly, if it were plain, strike upon it obliquely, and

the refraction they suffer, causes them to converge ; on the contrary, by making

the glass thinner in the middle than at the sides, the rays are refracted the con

trary way, and, therefore, become divergent. The nature of refraction through

lenses may, perhaps, be rendered more clear, if we reflect that all curved sur

faces are composed of straight lines or points, infinitely short, nnd inclining to

each other like the stones in the arch of a bridge. When parallel rays fall upon

a surface of this sort, it is evident that those only which enter the middle part

will go on in a straight direction ; those which strike the sides will strike tliem

obliquely, and will, consequently, be made to converge. If the surface be •

perfect curve, it is clear that only the ray that strikes the centre of the curve

will enter it in a straight direction ; all the rest will be more or less retracted,

according to the degree of obliquity with which they strike the surface, and the

whole of the refracted rays will converge to a point called the focus.

Glasses, or lenses, are usually ground for optical purposes into eight different

forms. 1. The lens may be flat on both sides, like the pane of a window. 2.

It may be flat on one side, and convex on the other. 3. It may be convex on

both sides. 4. It may be flat on one side, and concave on the other. 5. It

may be concave on both sides. 6. It may be convex on one lide, and concave

vii the other. 7. It may have one side, which must be convex, ground into liitle
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whfle the other side U plain. 8. It may have considerable length in a

triangular form. No. 1 U culled a plane glass or lens, as its sides are parallel ;

 

No. 2, a plano-convex lent ; No. 3, a double convex ; No. 4, a plano-concave ;

No. 5, a double concave ; No. 6, a meniscus ; No. 7, a multiplying glass ; and

No. 8, • prism. The term lent is usually given to such glasses or substancei

only as ritin-r magnify or diminish. Nos. 2, 3, 4, and 5, are therefore lenses ;

No. 6 is also a lens when its surfaces are portions of different spheres ; but when

they are of equal radii, or parallel, it has only the effect of a plane glass.

Any entering the plane glass, No. 1, will be refracted; but it will undergo

mother refraction on its emergence, which will rectify the former ; the place

of the object will, therefore, be a little altered, but the figure will remain

the tame. Suppose A B, Fig. I, to represent a solid piece of glass with two

wallel surfaces, an incident ray £ F will be refracted into F G, and F G will

U refracted on passing from the second surface into G H, parallel to the original

direction EF. If parallel rays enter the plano-convex glass, a> shown by

Fig. I.

 

 

fig- 2, the ray E will be refracted upwards to F, and the ray K will be refracted

iWnwards to the same point ; there they will cross, and then go onward in a

tniffht line, and continue to diverge till intercepted by some obstacle.

When 'parallel rays fall upon a double convex

{!««, K G, they will be refracted still more 1.

•bruptly, and meet sooner in a point or prin- .•••""

ciptl focus at F. The distance of this focus is

«in»J to the semi-diameter of the circle which the

conrexity of the glass continued, would produce.

Giber this glass or the former, as they collect

™* rays of the sun into a point, will burn at

1«*t point, the whole force of the rays that pass

•"oogh them being concentrated there.

From all luminous objects, the rays of light 'X

F<*«d in a state of divergence ; but when the '••- _

•*»** from which they come is very great,

** quantity of divergence is too small to require notice. The fixed stars

•jJthe ran, for example, are so immensely distant, that their rays are

tlways considered as parallel; and it is only parallel rays which are con-

'trged to a focus in the manner described. Divergent rays proceeding from

• point, as the flame of a candle, will be differently affected. If, therefore,

• cuidle be placed exactly at the focal distance of a single or double convex
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Ions, the rays will emerge parallel to each other. If the candle be placed

nearer to the glass than its focal distance, the rays, after passing through the

glass, will no longer be parallel, but separate or diverge. If the candle be

placed still further off, the rays will then strike the glass more nearly parallel,

and will, therefore, upon passing through, converge or unite at a distance behind

the glass, more nearly approaching the distance at which parallel rays would lie

converged. After the rays have united in a focus, they will cross each other,

and form an inverted picture of the flame of a candle, which may be received

on a piece of paper placed at the meeting of the rays behind. The cause of

the inversion of the image is evident, the upper rays being those which come

from the under part of the luminous body ; and the under rays, on the contrary,

coming from the upper part

In looking through a plano-convex or double convex lens, the object appears

magnified agreeably to the rule, that we see every thing in the direction of the

lines in which the rays last approach the eye ; consequently, the larger the

angle under which an object is seen, the larger that object will appear. From

lenses the reverse in form to those we have noticed, we naturally expect opposite

effects ; accordingly, the attractive and refractive powers of a plano-concave

and double-concave lens are not towards the centre, but towards the circum

ference. Parallel rays falling upon these lenses diverge, or are dispersed Ray>

already divergent are rendered more so, and convergent rays are made less

convergent ; hence objects seen through one of these glasses appear smalle*

than to the naked eye. Let a b,

in the subjoined figure, represent

an arrow, which would be seen by

the eye, if no lens were before it,

by the convergent rays acbi; but

if the double-concave glass D H

be interposed between the object

and the eye, the ray ac will be

bent towards g, and the ray 6 i

will be bent towards A, and consequently both will be useless, as they do not

enter the eye. The object, then, will be seen by the rays aobr, which, on enter

ing the glass, will be refracted into the lines oe and ri; and, according to the

rule laid down, the object will be seen in the last direction of these rays; there

fore, as the angle ocr is so much smaller than the angle a c b, the arrow

necessarily appears diminished; and as, with the diminution of its apparent

size, we connect the idea of its being further off, it seems to be at the dis

tance n m.

The miniscus acts like a convex lens when it is thickest in"" the middle, that

is, when its convex surface is a portion of a less sphere than its concave one ;

on the contrary, when it is thinnest in the middle, or has its concave surface a

portion of a less sphere than the other, it has the effect of a concave lens. The

•axis of a lens, is a line supposed to be drawn through the centre of its spherical

surfaces. When one side of the lens is plane, the axis is perpendicular to that

side. The axis of a lens continued, would pass exactly through the centre of

that sphere, of which the lens is the segment. The focus of a plano-convex lens

is at a distance from the convex surface equal to the diameter of the sphere

of which it is a part; and that of a double and equally convex lens is

at half the same distance. The distance of the focus of a solid globe or ball

of glass is one quarter of its diameter from the nearest part of the ball To

explain the effect of the multiplying glass, (No. 7,) it will only be necessary to

re-vert to the principle, that objects appear in the direction of the line last

described by the rays that render them visible ; hence, if the object B, (p 213.)

is seen through the glass E H by the ray B A that passes through the surface

F G, the object, by the eye at A, will be seen at B ; the ray B G passes through

the surface G H, and after refraction comes to the eye in the direction of A I),

as it proceeded from D, and therefore the object appears at D ; and for the same

reason, through the surface F E, it appears at C ; consequently, there will be

the appearance of as many objects as there are flat surfaces on the glass, for
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etch flf them shows the same object in a different place. The disposition of the

rsys of light to be turned back into the medium from whence they came, is

 

called their reflexilility ; the change of direction produced by their being actually

turned back, is called reflection. All objects which are not themselves luminous

are rendered visible by reflection ; and glass, crystal, water, and the most pellucid

media, reflect a portion of the rays of light which fall on them, or their forms

and substance could not be distinguished. On the other hand, the whole of

the incident light is not reflected from any surface, however bright, smooth,

and opaque. It is calculated that the best mirrors reflect little more than half

the light they receive ; the part lost consists of two portions, one of which,

and by far the largest, being absorbed by the mirror, and the other, scattered

by irregular reflection. Light is always lost, in passing through the most trans

parent bodies, by the same laws.

The different refrangibility of the rays of light is demonstrated by the prism.

If a beam of light from the sun be let into a darkened room, and be received

upon a white screen or opposite wall, it will form a circular image, and will be

of one uniform whiteness. If a prism be interposed, so that the light must

pan through it before it reaches the wall, the image is no longer circular or

white; it assumes an oblong shape, terminated by semicircular arches, and

exhibit* seven different colours. This oblong image is called the spectrum.

In the whole range of philosophical experiment, a more beautiful appearance

cannot be presented to the eye, and instructive nature will appear not less extra

ordinary than its beauty, when it is considered, that the investigation of the

cause of it led Sir Isaac Newton to form the first rational theory of the cause

of colours. The seven colours of the spectrum are called the original, or pri

mary colour*. If a spectrum be divided into 100 parts, the red part of it is

found to occupy 11 of these parts; the orange 8, the yellow 14, the green 17,

the blue 17, the indigo 11, and the violet 22. The red part of the spectrum

a nearest the prism ; and the violet, at the greatest distance. It is clear, from

this, thai light is not homogenous, because the attractive power of the prism is

grater upon some parts of it than upon other parts. Accordingly, it is gene

rally concluded that the solar beam or white light is composed of particles

differing in size and density ; that this difference of their size and density is

tbc cause of their being differently refrangible ; and that the separation of the

rays of one or more sizes from the rest, by various means, produces all the diver-

utyof colours which affect our sight. It is found, that the red part of light is

capable of struggling through thick and resisting mediums, when all the other

colours are stopped. Thus, the sun appears red when seen through a fog.

The particles which compose orange light are next, in size and refrangibility, to

the red ; and so on to the violet, which consists of the smallest particles, and

which axe, therefore, the most turned out of their course. White is composed

•f all the primary colours, mixed together in their due proportions. When

Wies reflect the rays of b'ght in the proportion in which they exist in the solar

WUD, they appear white ; when they reflect none of the rays, thev appear black.

Convex lenses in their simple state have been applied to collect the heat of

lk« son's rmjs, for purposes similar to those of burning mirrors. A burning
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lent must be convex ; a burning mirror, concave ; because both produce their

effect by concentrating into a focus the rays of light and heat incident upon a

large surface. As the rays which pass through a convex lens, or are reflected

from a concave mirror, are united at its focus, their effect is so much the

greater, as the surface of the lens or mirror exceeds that of the focus. Thus,

if a lens four inches in diameter collect the sun's rays into a focus at the dis

tance of one foot, the focal image will not be more than one-tenth of an inch

broad. The surface of this circle ia 1600 times less than the surface of the

lens, consequently the density of the sun's rays within it is proportionately

increased. It has been found, that large lenses and mirrors burn with irresis

tible intensity when properly constructed, dispersing the hardest metals and

other substances into gas, often in a few seconds. See Burning Glass, and

the various other.optical instruments, under their respective names.

ORES. The natural bodies whence metals are extracted. Metallic sub

stances, when found pure, are called native ; but when combined with other

substances, as they generally are, they are denominated ores. As it is of the

utmost importance to be acquainted with the materials of which ores are com

posed, as well as the simplest and easiest processes by which they may be sepa

rated from each other, we deem it necessary to give the following brief account

of the modes of reduction usually adopted.

Orct of Gold.—Gold exists in nature only in the metallic state ; but it i*

scarcely ever found perfectly pure, for it is alloyed in different proportions with

silver, copper, tellurium, and some other metals. When it is alloyed with silver

or copper, or even with both, the gold retains its ductility; but when combined

with tellurium, its distinctive characters entirely disappear. The presence of

gold may easily be detected by treating the mineral supposed to contain it with

nitre-muriatic acid, and dropping muriate of tin into the solution. If the solu

tion contains any gold, a purple precipitate immediately appears. Native gold

ought to be dissolved in mtro-muriatic acid ; the silver, il any is present, falls

to tlie bottom in the state of muriate, and may be separated by filtration, and

weighed. Pour sulphate of iron into the solution, and the gold is precipitated in

the metallic state. The copper, if any is present, may be precipitated by means

of a plate of iron ; the presence of iron may be ascertained by dropping tincture

of nutgalls into a portion of the solution. The auriferous pyrites may be treated

with diluted nitrous acid, which dissolves the iron, and separates the sulphur ;

the gold remains insoluble, and is found in the state of small grains. In the

Hungarian gold mines, which are the richest yet known in the old continent,

the attention of the miner is not merely limited to the strings of ore, but to the

whole contents of the vein, which are usually extracted, and raised to the sur

face in large masses. These masses are distributed to the workmen, who break

them down, first with large hammers, and afterwards with smaller ones, till they

are reduced to pieces of the size of a walnut ; the native gold, with the matrix

attached to it, is again to be broken by hand into still smaller pieces, by which

means other impurities and stony matters are separated. The ore is then intro

duced into a wooden box, floored with cast-iron plates, and, by the action of two

or rtore heavy spars of oak, which are shod with iron, and alternately worked

like the common stamping mill, it is reduced to a fine powder; this powder,

which is called flour, is then removed into a vessel like a large basin, and mixed

with such a quantity of salt and water as will render it damp; the workman

then takes a thin, porous leather bag, introduces a quantity of mercury into it,

and, by regular and continued pressure, forces the mercury, in very minute

drops, through the leather. In this divided state it falls upon the pulverized ore,

and is immediately kneaded up with it, till the requisite quantity, which depends

on the proportion of gold, has been added. After completing this part of the

process, the next object is to incorporate the mercury and gold : this is effected

by rubbing the mixture together for some time by means of a wooden pestle ;

the mixture is then heated in a proper vessel, and subjected, for three or four

days, to the temperature of boiling water ; and, lastly, the mixture is to be care

fully washed by small parcels at a time, so that the earthy particles may be

carried off by the water ; the mercury, combined with the gold, only remain*
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behind in the form of amalgam. A portion of this mercury is then separated

by pressure, in a leathern bag, and the remainder is driven off by distillation,

baring behind the gold and silver, with which it may be alloyed. When this

metal is found in other ores, they are first roasted, to disperse the volatile prin

ciple*, and to oxidize the other metals. The gold, which is but little subject to

oxidation, is extracted by amalgamation or by cupellation, or either methods,

adapted to each ore, according to its properties or constituent parts. The metal

obtained in these ways is always more or less alloyed, particularly with silver

ind copper. The first step in its purification is the process of cupellation. (See

CCPZLLATION.) The gold, after it has been submitted to this process, is often

alloyed with silver, which, being nearly as difficult of oxidation, is not removed

!•}' the action of lead ; and hence the necessity of the operation denominated

farting, for which see PARTINQ.

Ora of Platinum.—The whole of the platinum which has been brought to

Europe, has been previously subjected to the process of amalgamation in South

America; and hence it happens that a. small quantity of mercury remains in

it In treating the ores, therefore, the first object is to separate the mercury by

means of beat, either in an open ladle, or in an earthy retort ; the platinum

remaining after the mercury is thus driven off, appears much yellower, because

tht particles of gold dispersed through it exhibit their peculiar colour. Proust'a

method of analysis is, first, to separate the sand with which the grains of pla

tinum are mixed, by exposing them to a blast of uir. By heat he evaporates

the mercury, which still adheres to them, and then picks out the grains of gold,

•hich are always mixed with platinum, and which are thus rendered visible.

The ore is then dissolved in an acid composed of one part of nitre, and three

parti of muriatic acid ; a black powder remains : this powder, when roasted,

gives out phosphorus and sulphur. After the separation of the gold, nitro-

nrariatic acid being poured on the remaining mass will dissolve it, with the

exception of a small quantity of black matter, which was formerly mistaken for

plumbago, but is now proved to be a compound of osmium and iriduim, two of the

*wr new metallic bodies, which were discovered a few years ago by Mr. Tennant.

Thew two metali Dr. Wollaston has since shown to exist also in the crude pla

tinum ore, united together in the form of distinct minute crystals, and dispersed

through the other grains, from which they can be distinguished and picked out

without difficulty. Muriate of ammonia being now added to the solution, the

platinum ii precipitated in the form of a yellowish powder, which is a compound

of muriatic acid, ammonia, and platinum : the remaining solution, after the

platinum has been separated from it, still contains, besides iron, minute quan-

tin>» of various other substances, amongst which the two other metallic bodies,

palladium and rhodium, were discovered by Dr.Wollaston. Having now brought

fa platinum to the state of salt, the next object is to restore it, thus purified,

to iti metallic state, and to consolidate it into a malleable mass ; this, from the

F«t infusibility of platinum, has long been a matter of considerable difficulty

«»d labour. It had been long discovered that arsenic readily united with pla-

toum, and formed with it an alloy of great fusibility ; an alloy, therefore, was

°»de of crude platinum and arsenic ; and the latter metal, being easily vola-

-liied, was driven off by heat, whilst the iron, being oxidated during the process,

»u ilw separated from the mass; so that the platinum was left in an impure

Ml malleable state.

Ora of Silver.—The analysis and reduction of these different ores, it is

Kucely necessary to observe, must be conducted according to the nature and

proportion of the ingredients which enter into the composition of the ore to be

•umined or reduced. Pure native silver requires no other assay than fusion,

•tth a little potash to free it from its earthy matter. In the humid way, the

•""w may be dissolved in nitric acid, and precipitated by common salt ; the

P"<ipiute may then be fused with soda in a crucible, by which the silver is

Stained pure, and the muriate of soda sublimed. The auriferous silver ores

HV be treated with potash, by fusion in a crucible ; the alloy of silver and gold

•TO obtained, and the two metals may be separated by the process of parting.

*"»» ores which consist of silver combined with antimony, or arsenic, or both,
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are first roasted, to drive off the arsenic and antimony, the silver remaining

pure. The process is much facilitated by the use of nitre, for the purpose of

oxidating the metals to be dissipated. The ores of silver are reduced either by

fusion or amalgamation ; the former method is chiefly practised on native sul-

phuret of lead or galena, which commonly contains a portion of silver, and

often in such quantity as to make its separation from the lead a profitable

undertaking. After the lead has been extracted from the ore, the object of the

refiner is to obtain the silver in a separate state, which is dispersed through the

mass of lead ; this is performed by the process of cupellation on a large scale,

or refining, as it is usually termed. The other process of reducing silver ores

by amalgamation is now pretty generally followed in different parts of Europe.

The ores which are subjected to amalgamation are such as contain only a small

quantity of lead or copper ; but it is of some importance that there should be

a certain proportion of iron pyrites ; and if this proportion be not naturally

mixed with the ore, it is a good practice to supply the deficiency by adding what

is wanting to the dressed ore, so that the pyritical contents may, as nearly is

possible, be in a certain proportion to the quantity of silver, which is to be

ascertained by previously assaying a portion of the ore. The ore being reduced

to the consistence of coarse sand, is carefully mixed with common salt, in the

proportion of eight or nine per cent. ; when the silver in the ore amounts to

eight ounces per quintal, and when the latter amounts to thirty-two ounces, or

even a greater proportion, from ten to twelve per cent, of salt is to be added.

The next process is roasting the ore, in which about three quintals are spread

on the floor of a reverberatory surface, and subjected to a moderate red heat.

During the roasting, the ore is to be turned twice or thrice, that every part of it

may be equally exposed to the heat. When the whole of the ore is roasted, it

is ground in a mill and passed through sieves, by which it is made as fine as meal,

and is then prepared for the proper process of amalgamation ; this is performed

in the following manner:—A number of small barrels, which are made to

revolve rapidly on their axis by means of machinery ; or fixed tubs, either open

or covered, having in the centre of each an instrument resembling a chocolate

mill, which may be turned rapidly by similar machinery ; the tubs or barrels

are filled about one-third with water, and, afterwards, a sufficient quantity of

roasted ore and mercury, in nearly equal proportions, is introduced, so that the

whole may be of the consistence of thin mud. The machinery is put in motion,

and continued without interruption, for thirty or forty-eight hours, according to

the nature of the ore, when the amalgamation is completed. About a quarter

of an hour after the agitation of the matter in the barrels has ceased, the

greater part of it falls to the bottom, and is withdrawn by opening a hole made

for the purpose ; the earthy residue is carefully washed by small portions at a

time, and thus a good deal of the amalgam, which, from being very minutely

divided, could not sink through and mix with the rest, is recovered. The

earth, however, if originally rich in silver, still retains a small proportion ; it is,

therefore, dried, and being mixed with about three per cent, of salt, is again

roasted, but at a higher temperature than at first; and the process of amalgama

tion being again repeated, the whole of the silver is extracted. The fluid

amalgam is strained through a closely woven bag, and is thus separated into

nearly pure mercury and a stiff amalgam ; and the latter being subjected to

distillation, the mercury is driven over, and the silver remains behind : the

copper, which is combined with the silver, is separated by cupellation.

Oret ofMercury.—These present less variety than those of many other metals ;

and on account of the peculiar properties of the metal, the management of its

ores, whether for the purposes of analysis or reduction, is less complicated and

difficult. In order to analyse the ore of native mercury, or native amalgam,

it may be dissolved in nitric acid. The gold, if any is present, remains in the

state of powder, and may be estimated by its weight. The affusion of water

precipitates the bismuth, if the solution happens to contain any. Common salt

precipitates the silver, and also part of the mercury, but the latter may be redis-

•olved by a sufficient quantity of water, or, which is far better, of oxymuriatic

acid, while the muriate of silver remains insoluble ; lastly, the mercury may be
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precipitated by sulphate of iron, and estimated. Native cmnaoar may be treated

with a mixture of three parts muriatic, and one part nitric acid, which dissolves

the mercury, and leaves the sulphur. Muriate of mercury may be digested in

muriatic acid, till the whole is dissolved. Muriate of barytes precipitates the

sulphuric acid, 100 parts of which are equivalent to 1 86 of sulphnte of mercury,

tad the proportion of this salt being known, we have that of the muriate. A

very simple process is followed for reducing the ores of mercury ; the best and

mint scientific method is that practised at the mines of Deaux Fonts and Poria.

The ore, as it is brought out ofthe mine, is carefully sorted by the hand, and those

parts which seem destitute of metal are rejected. It is next reduced to powder,

and accurately mixed with one fifth of quicklime, which has fallen to powder

by exposing it to the air, the quantity of quicklime being regulated by the pro

portions of cinnabar contained in the ore. The mixture being thus prepared,

is introduced into iron retorts, which are capable of holding about sixty pounds

•eight The retorts, to the number of forty or fifty, are fixed in a long furnace,

and a glass receiver is attached to each, but it is not luted. A moderate heat

H then applied, for the purpose of driving ofF the whole of the moisture, and

when this is done, the joinings of the vessels must be closely stopped with tem

pered clay, and a full red heat is to be applied, and continued for seven or eight

hours, at the end of which time the whole of the mercury will be volatilized,

and condensed in the receiver. By this process, it is found that from six to ten

ounces of metal are produced from one hundred pounds of the ore.

Ores of Copper,—This metal is found native in the state of oxide, in the state

of sulphuret, and in that of salt, combined with carbonic, muriatic, phosphoric,

and arsenic acids. Native copper sometimes contains gold, silver, or iron. It

may be dissolved in nitric acid : the gold remains in the state of a blackish or

rather violet-coloured powder; the silver may be separated by a polished plate

of copper (or it may be precipitated from a separate portion of the solution by

common salt); the iron may be separated by boiling the solution to dryness,

and treating the residuum with water. By this process, the nitrate of iron is

decomposed ; the oxide of iron remains, while the water dissolves the nitrate of

capper; this last salt maybe decomposed by boiling it with potash; the precipi

tate dried in a red heat is black oxide of copper ; one hundred parts of it denote

eighty of the metallic copper. Sulphuret of copper may be dissolved in dilutic

nitric acid; part of the sulphur remains unaltered, and may be estimated by

weighing it, and burning it off; part is acidified, and may be precipitated by

curate of barytes, 100 parts of the dried precipitate indicating 14.5 of sulphur.

By evaporation to dryness, and solution in water, the iron is separated, and the

capper may be estimated as in the last paragraph, or muriatic acid may be used

instead of nitric acid, but in that case it is more difficult to obtain a complete

solution. The usual process employed in our Cornish mining districts, for

reducing copper ores to the metallic state, are described under the article

COTER, (which see.)

Ora oj Iron.—Notwithstanding the great variety of iron ores, they may be all,

u far as analysis is concerned, arranged under three heads ; namely, sulphurcts,

oxides, and salts. The first are distinguished by their general bronze colour,

but more particularly by the suffocating smell of sulphureous acid gas, which

they afford by being heated to redness in the open air. The second consist of

•on united with oxygen, and are by far the most common of all. Nearly the

•bole of the iron ores in use are of this kind, containing also different propor

tions of earthy matter in their composition. The third division comprehends such

u coniist cf the oxide of iron combined with some acid, and hence are called

•alb ; the principal varieties of these are the phosphates, sulphates, arseniates,

ind carbonates. The various processes employed at our great iron works for

die reduction of the different species of iron ore, are given under the article

IM*.

Ora of Tin.—Tin-itone, or vein tin, as it is called in Cornwall, contains a

Inge proportion of stony matters ; it therefore requires considerable care in iU

{reparation, previously to its being reduced. It U first broken by hammers into

ftttf about the size of a hen's egg, when it is ready for the operation of stamp-

*OL. IL EC
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ing, which is performed in the way already described for the ores of gold

excepting that there are only three stampers. A tin plate of about a foot

square, and pierced with holes, to admit a moderate sized knitting needle, is

inserted in front of the trough, and that surface of the plate with the rough

extremities of the holes is on the inside, by which the holes are prevented from

being plugged up with the ore. As the ore is reduced to the proper fineness,

it passes with the water through the holes into the labyrinth where it is collected,

and after being washed on a wooden table, it is ready for roasting. In this state

it has a considerable proportion of copper and iron pyrites, and is called black

tin ; after being calcined, at a low red heat, for several hours in a large rever

berator)' furnace, the ore comes out of a bright ochrey red colour, owing to the

decomposition and oxidation of some of the metallic substances ; but the oxide

of tin, when the operation is properly conducted, remains unaltered. The ore

is washed a second time, to separate the remaining impurities, and the water,

which is impregnated with sulphate of copper, is retained, and decomposed by

means of old iron. The reduction of the ore is the next step in the process ; seven

cwt. of roasted ore, with one fifth of its bulk of small coal, are introduced into

a reverberator)' furnace, which is about seven feet long, and three and a half

wide—no lime, or, indeed, flux of any kind, is required. A brisk heat is kept

up for about six hours, the tin sinking down as it is reduced, and covered with

black scoriae. The furnace is now tapped, and the metal flows into a shallow

pit ; when the whole of the metal has run out, the scoria: are removed from

the furnace, and a fresh charge is made. The metal in the pit throws up a

slag, rich in metal, which is immediately returned into the furnace, and after

the melted tin has cooled a little, it is taken out with ladles, and poured into

granite moulds ; each charge affords on an average from four to five cwt. of

metal, but as the first scoriae are not entirely free from metal, they are again

stamped and washed, and mixed with a new parcel of roasted ore. The pigs of

tin are next put into a small reverberatory furnace, where, without any addition,

they are subjected to a very gentle heat ; the purest part of the tin melts first,

and is drawn off, forming what is called common grained tin ; the other part con

tains some copper, arsenic, and iron, which is brought to a state of fusion, and

cast into pigs, forming common tin.

Oret of Lead.—The methods of reducing lead ores have been given under the

article Lead. See also Separation.

Oret of Bismuth.—Bismuth is accompanied by native silver, galena, some

other metals, and earthy substances. In conducting the analysis, previous

roasting is not requisite. The low degree of heat at which bismuth is fusib'e

renders the reduction of the ores of this metal a very simple process. In the

large way, the ores were formerly reduced merely by heating them along with

burning fuel ; sometimes a shallow hole was made in the ground, and filled

loosely with pieces of wood and bushes, and after the fire was kindled, the ore,

reduced to small pieces, was thrown in ; sometimes the stump of a hollow pine

tree was filled with wood and ore alternately, and set on fire, the bismuth sepa

rated from its matrix, and collected in a mass at the bottom ; the scarcity of wood

has, however, put an end to these rude and extravagant methods, and the ores

of bismuth are now reduced in a common reverberatory furnace, the bed of

which is lined with charcoal, whence the melted metal ia removed in iron ladles,

and cast into masses weighing twenty or thirty pounds, in which state it is

brought to market.

Oret of Zinc.—The ores of zinc are the native carbonate, or common cala

mine, the oxide of zinc and blende, or the sulphuret of zinc. In the process

for reducing the ore of zinc, it is first to be broken into small pieces, and the

different impurities being separated, it is next calcined in a reverberatory fur

nace, at a moderate red heat ; and if the ore be calamine, the carbonic acid is

driven off, and if blende, it is deprived of its sulphur. After this it is washed,

and the metallic oxide being separated from the earthy parts, it is dried, and

carefully mixed with about one eighth of its weight of charcoal, by grinding the

ingredients together in a mill, and is now ready for the smelting process. This

is performed in a circular furnace, in which are fixed six large earthen pots,
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about four feet high, and nearly in the shape of oil jars. An iron tube is in

serted into the bottom of each pot, and passing through the arched floor of the

furnace, terminates in a vessel of water placed beneath, while the other end of

the tube rises within the crucible to a few inches of the top. The crucibles are

then filled with the mixture of the ore and charcoal, to the level of the tube ;

the cover of each is carefully luted on, and an intense heat is to be kept for

several hours. The zinc, as the process of reduction goes on, rises, in the form

of vapour, to the top of the pot, but as it cannot escape, it descends through

the iron tube, passes into the water, and is condensed in small drops. The

globules are afterwards fused, and cast into the form of ingots, when it is fit for

the market ; but as common zinc contains a little of other metals, as copper,

lead, arsenic, iron, and manganese, which impair its quality, these impurities are

partially separated by melting the zinc in a crucible, and stirring into it, with a

stick or earthen rod, a mixture of sulphur and fat ; by the latter, the zinc is

preserved from oxidation, and the sulphur combines with the other metals,

except the zinc, and, converting them into sulphurets, they rise to the top in the

form of scoriae, which may be removed. This process is to be repeated as long

as any scorice appear. See Zinc

Ores of Antimony.—The sulphuretted ore of antimony is the only one which

it found in sufficient quantity to be employed in the process of reduction in the

large way, and the process it undergoes is extremely simple. The ore, being sepa

rated from the greater part of the stony matters which adhere to it, is placed on

the bed of a reverberatory furnace, and covered with charcoal powder, and

being brought to a low red heat, the sulphuret enters into fusion, and the earthy

parts, floating on the surface, are removed with a rake. The melted part is ca3t

into the form of large cakes, and is the crude antimony of the shops. The

metal is obtained in a state of purity from the crude antimony or sulphuret, by

different processes. After its reduction to a pure state, it has been long known

by the appellation of regulus of antimony. In the reformed chemical nomen

clature, indeed, it is now called simply antimony, but the term regulus still con

tinues to be used by the merchant or the artisan. (See Antimony.) The ores

of Cobalt, Nickel, Arsenic, Titanium, and Manganese, are noticed under their

metallic heads.

ORGAN. A large and very harmonious musical instrument, of considerable

antiquity. They were first introduced into this country about the fourteenth

century, although instruments of a similar nature, but of a less refined construc

tion, were in use long prior in some of the cities of the southern and western

parts of Europe. During the civil wars they were removed from the churches

in England, and so generally reprobated that there could scarcely be found

either organists or organ-builders ; but after the Restoration, owing to the defi

ciency of workmen and musicians, liberal encouragement was offered for the

introduction of foreign talent, and the re-establishment, at home, of our native

emigrants. The most conspicuous of those who, in consequence, came over to

minister to the public taste, were Bernard Schmidt (afterwards distinguished by

the name of Father Smith) and Renatus Harris; and, it appears, these two

individuals were so nearly matched in ability, that several public trials were

oade to determine whose instrument was entitled to superior estimation, which

»a» finally adjudged to Father Smith. In the Universal Magazine for 1778, a

quaint account is given of this controversy from the pen of an anonymous cor

respondent. This occurred during the reign of Charles II. ; and of the organs

that were constructed at that period by Harris, several fine ones are said to be

remaining in London ; namely, that of St. Bride, St. Lawrence, and St. Mary

Axe. Of those constructed by Father Smith, may be enumerated that for

St. Paul's, St. Mary Woolnoth, the Tempi? Church (where the contest took

&), St. Mary, Oxford, and Trinity College, Cambridge ; all of which have

highly celebrated for their tone and the variety of their powers, embracing

■• vox humana stop, the cremona, the flute, and many others. It is, indeed,

•"aidered by many reputed judges, that these old instruments far surpass in

taw any of more modern construction notwithstanding the great improve
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menu in the mechanism of organs by Byfield, Snetzler, Green, Gray, Flight,

and others.

The modem organ is a very complicated and ingenious piece of mechanism.

Although it is spoken of as one instrument, yet, strictly speaking, it is a collec

tion of instruments, all brought under the fingers of one performer ; and so

contrived, that he has it in his power to play on any one singly, or to combine

several, or all, according to his taste, in order to produce variety of effect : it

consists, even in its simplest form, of a number of sets of pipes, each producing

the twelve notes of the chromatic scale, and comprising several octaves, accord

ing to the usual key-board. The magnitude and grandeur of these instrument]

chiefly depend on the number and variety of the stops and sizes of the pipes, so

that the difference of effect which it is in the power of an able organist to produce

is almost endless. To give a particular detail of the construction of organs, would

scarcely accord with our prescribed limits, and would, in a great measure, be a

repetition of many of the parts described under the head of AFOLLONICON ; we

shall, therefore, close the subject in this place, by referring the reader to our

account of the latter instrument, and to the article O i; i ;.-.-.-. in the Oxford £ncy-

tlop&dia, which contains much interesting information on this subject, with

several engravings, explanatory of the mechanism of the several kinds of organs.

ORPIMENT. A mineral substance, consisting of arsenic combined with

about forty-three parts of sulphur, and is about thrice as heavy as water. It is

found, both in a massive and crystallized state, in Turkey, Hungary, and some

other countries. The orpiment of commerce is an artificial production, chiefly

imported from different parts of the Levant A beautiful, but fugitive pigment,

called king's yellow, is prepared from this mineral. (See PAINTING.)

ORRERY. An astronomical instrument, for exhibiting the motions of the

heavenly bodies, was first constructed by Graham ; but its name is derived from

one made by Howley for the Earl of Orrery. It is now generally called PLANE

TARIUM, (which see.)

ORRIS-ROOT. The root of a white-flowered kind of iris, called Florentine

Irit, which is a native of Italy, and is distinguished by having two flowers on

each stalk ; the petals bearded, and the leaves sword-shaped. In a dried state,

this root is well known on account of its grateful odour, which somewhat

approaches that of the violet. It is consequently much used in the manufacture

of hair-powder, and other articles, for which an agreeable scent is required. It

is sometimes employed in medicine as a pectoral or expectorant, and sometime*

in dropsies. In a recent state, the root is extremely acrid; and, when chewed,

excites in the mouth a pungent taste, which continues for several hours ; but

this acrimony is almost wholly dissipated by drying. Orris-root is chiefly

imported into this country from Leghorn.

OSCILLATION, Centre of. That point, in a body vibrating by its gravity,

in which, if anybody be placed, or if the whole muss be collected, it will perform

its vibrations in the same time, and with the same angular velocity, as the whole

body, about the same point or axis of suspension. The centre of oscillation

may be thus found: suspend the body by the given point, so that it may

vibrate freely in small arcs, and count the-number of vibrations it makes in a

minute ; then will the distance in inches, of the centre of oscillation, be equal

to the number' 140,850, divided by the square of the number of vibrations.

Thus, suppose any irregular body were set in vibration, and made 30 vibrations

in a minute, then 14°f,50 = 156| inches. The number 140,850 is obtained
30

by multiplying "9 j inches, the length of a seconds pendulum, by the square of

60, the number of vibrations it makes in a minute.

OSMIUM. A metal lately discovered by Mr. Tennant among platina, and

thus called by him, from the pungent and peculiar smell of its oxide. The pure

metal, previously heated, did not appear to be acted upon by acids. Heated in

a silver cup, with caustic alkali, it combined with it, and gave a yellow solution

similar to that from which it was procured. From this solution,'acids separata

the oxide of osmium.

OVEN is a general term applied to variously formed apparatus employed for
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biking or drying different substances, many of which have been described in

tie course of this work ; we shall therefore confine ourselves, in this place, to

in account of that particular class of ovens which are used for the baking of

breid. The common baker's oven, " upon the old principle" (as it is now dis

tinguished), is usually a vaulted chamber of brickwork, of an oval shape, and

baving an iron door and frame in front ; and there is mostly added in the upper

part an enclosed closet with an iron grating, for the " tins" to stand on, called

the proving oven. To heat these ovens, faggots are usually employed ; these are

put inside, and burnt to ashes, which are afterwards removed, and the bottom

cleared out During this process a great deal of the heat escapes ; and as a still

fcrther length of time is required to charge the oven with the bread, the oven

mutt necessarily be made much hotter at first than is required for the baking

temperature ; and, consequently, a great waste of fuel is the consequence. If

this heat be not greatly in excess at first, the oven gets chilled before all the

bread is put in, and causes the latter to sink and become " heavy." To remedy

thii inconvenience, ovens of more recent construction are built upon a solid

&ue of brickwork, with a door of iron in front ; and on one side of this is

mother iron door, opening into a small furnace, provided with a grating, on

which the feel (coal) is laid, and an ash-hole underneath. The fire-chamber a

wperated from the oven by means of a partition, but is open at the end : over

Ibis . usually erected a copper with a cock to it, for heating and supplying

*«ter to the bakehouse ; and on one side of the copper is situated the proving

oren, also inclosed in the brickwork. In heating the oven, the draught from

the fireplace causes the flames and heated gases to sweep and reverberate around

the circular walls and dome ; and the soot that may be at first deposited upon

tie brickwork is subsequently burnt ofF, as the fire burns clear, or is brushed

»ay Before the bread is put in by a swab, such as is used for cleansing the

deeb of ships at sea. The farthest extremity of the fire-chamber is usually

Provided with a sliding door, by the opening or closing of which the heat may

« regulated ; and thus, as well as from the proximity of the fire and chamber,

the neat of the oven may be kept up during the time the bread is being

put in. '

An oven, invented by Count Romford, and termed the perpetual oven, has

wra much extolled ; and though we have never seen it in use, it deserves, from

"! originality, ingenuity, and convenience, to be better known. For the baking

of nnail bread, pastry, and the like, its utility is manifest. The following is

">e description given of it by the Count, with th'e manner of using it :—" In the

a circular, or rather a cylindrical mass of brickwork, about eight feet

"> diameter, which occupies the middle of a large room on the ground floor, I

constructed a small circular closed fireplace for burning either wood, coals,

""fj or peat ; the diameter of the fireplace is about 1 1 inches, the grate being

Pa<*d about 10 inches above the floor, and the top of the fireplace contracted

i» ihont 4 inches ; immediately above this narrow throat, six separate canals

(esch furnished with a damper, by means of which its opening can be contracted

aore or less, or entirely closed, ) go off horizontally , by which the flame is conducted

^tosix separate sets of flues, under six large plates of cast-iron, which formed the

""torn of six ovens on the same level, and joining each other by their sides,

*Bich are concealed in the cylindrical mass of brickwork. Each of these

P»te« of cast-iron being in the form of an equilateral triangle, they unite in

"* centre of the cylindrical mass of brickwork ; consequently, the two sides

*f each unite in a point at the bottom of it, forming an angle of sixty degrees.

"* lame, after circulating under the bottoms of these ovens, rises up in two

f^als, concealed in the front wall of each oven, and situated on the right and

•"of h» mouth ; and, after circulating again in similar flues on the upper flat

"fax of another triangular plate of cast-iron, which forms the top of the

7*1 goes off upwards, by a canal furnished with a damper into a hollow place,

saa»ted on the top of the cylindrical mass of brickwork, from which it passes

iu? Sn 'or'zontal 'ron tube, about 7 inches in diameter, suspended near the

*™? of the room, into a chimney, situated on one side of the room. These

*» WHU, which are contiguous to each other in this mass of brickwork, ar«
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united by their sides by walls made of tiles, about an inch and a half thick, and

ten inches square, placed edgeways, having its separate canals furnished with t

register communicating with the fire-place. Any one, or more of them, may

be heated at the same time without heating the others ; or the heat rosy b*

turned off from one of them to another, in continual succession ; and, by

managing matters properly, the process of baking may be uninterrupted. At

soon as the meat-pies, or puddings, are drawn out of one oven, the fire may be

immediately turned under it to heat it again, while that from under which the

fire is taken is filled with other dishes, and closed up." We have heard of several

ovens having been erected, of which this plan of Count Rumford forms tbi

groundwork.

1 1 '••-•:..-'. economical Oven.—In the year 1830 a patent was taken out by Mr.

Robert Hicks for " an economical apparatus or machine to be applied in the

process of baking for the purpose of saving materials;" and for carrying thii

invention into effect on the great scale, the Metropolitan Bread Company (now

extinct) was established. The saving of materials mentioned in the title just

quoted, had reference to the saving of the vinous spirit which is generated by

tin- fermentation of the dough, and is given off chiefly in the process of baking.

This spirit, when duly rectified, is pure alcohol, and the quantity thui

obtained from bread has been variously stated ; but we believe it amounts to

nearly a gallon per sack of flour when the oven is perfect, and the joints well

luted. To make a chamber or retort so impervious as to carry on the process

of distillation as well as that of baking, would, of course, be impracticable with

such porous and friable materials as brick and stone ; Mr. Hicks, therefore,

adopted one of iron, laying inside upon the bottom a floor of bricks, that too

scorching a heat might not be communicated from the metal to the bread; a

fire is made under the oven, at a proper distance, and brick flues communicating

with the fire chamber, are carried around the outside of the oven, so as to

envelope every part. The door of the oven is made to fit it accurately by

grinding, and is brought into close contact by a transverse bar and screw, in thi

manner of closing the mouths of retorts. In the centre of the top of the oven

a large tube, or neck, is fixed vertically, extending from the brickwdrk which

covers the iron chamber ; in this tube the vapours from the bread are collected,

and are thence conducted by a lateral pipe into a common distiller's worm,

which, being surrounded by cold water, the vapours become condensed, and lie

resulting liquid, composed chiefly of water and alcohol, in the state of " low

wines," is drawn off into suitable . receptacles for subsequent rectification. In

order to regulate the temperature of the oven, an iron tube, about the size of a

musket barrel, and about a foot long, and closed at the lower end, is suspended

vertically in the middle of the neck by passing it through a conical hole in the

latter, to which it is closely fitted : in this tube oil is deposited, and into the oil

is suspended the bulb of a thermometer, whose graduated scale above exhibits

the temperature of the oil, and, consequently, very nearly that of the oven. To

equalize the application of heat to the oven, Mr. Hicks adopted the revolving

fireplace of Steel and Brunton. For this purpose the oven is made circular, ana

at about a foot from the bottom of it is a large circular plate of the same

diameter as the oven (six feet), which turns in a horizontal plane on a vertical

axis, forming a complete partition between the fire-place and the ash-pit, excep

where the fire-grate is situated, which is made of a sectorial form, and, conse

quently, readily admits of being shifted into or out of its place ; and, in order

that the air which is admitted into the ash-pit to promote the combustion of th

fuel may not be diverted from its proper course, the rim of the circular plate

provided with a descending rim, which dips into an annular channel filled nit

water, forming what is called an hydraulic joint. Mr. Hicks stales in his sped

ficution, that when the thermometer before-mentioned indicated a temperatur

of 280° Fahr., the oven is at a proper heat for baking, and that, during tb

process, a heat from 280° to 310° should be maintained ; and \ve know that a

ihis temperature bread may be perfectly baked. Notwithstanding this rir>

cumstance, we have proved, experimentally, that the heat of ordinal

baker's ovens is usually not less than 800° Fahr. at the time the first braid
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jut in; but the rapidly cooling influences it is afterwards subjected to, probably

renders such a high temperature necessary at the commencement of baking by

the ordinary process ; this apparently entails such a wasteful expenditure of

!ae}, that it is well deserving of investigation which of the two modes of baking,

that of a great heat at the commencement only, or that of a moderate heat

toDtinued throughout the process, is the best. It has been held, that the latter

has the advantage of rendering the bread sweeter, by the vapour carrying off

matters that are both unsavoury and prejudicial ; while the former, from the

vapour being retained in the oven, infects the bread. But this opinion can

hare but a slight basis to rest upon ; a little reflection will show us that in

Hicb's oven, as in others of the same class, the vapour must pass off somehow,

otherwise it would become dense, and acquire so much expansive force, at a

temperature of 300°, as to burst open the oven. The elasticity of the vapour

in it, like that of a common still, can, therefore, but little exceed the pressure

of (be atmosphere ; but this weak steam is highly heated by radiation from the

top, sides, and bottom of the oven, and thus the baking is effected. Now, if we

consider the mean heat of a common baker's oven to be 450° (and we know it

is not less), it is quite obvious that dense steam at a such temperature could not

exist in a structure of the kind ; nor, indeed, at a heat much above 212°. And

as 212° is much below a baking temperature, by far the greater part of the

npourized water must escape, in the form of steam, through some chinks or fis

sures in the brickwork or door ; for if it did not, the density of the steam

»ould, infallibly, soon blow open the oven. The baking is, in this case, as in

the former, effected by means of weak steam, surcharged with heat, by radia

tion from the top of the oven, which must necessarily receive a higher tempe

rature, because it has, from its arched form, to operate at a greater distance from

the bread, and has to suffer a continual

abstraction without any fresh supply;

ience arises the question, whether the

loss of caloric, radiating from the arched

top of the common brick oven, is greater

'.-•i amount than, that which escapes unused

by continuous heating at a lower tempera-

lure. There are, however, other considera

tion* which should enter into the inquiry,

*hich we have not space to pursue farther,

tut must proceed to the next subject that

presenti itself to our attention. This is a

domestic oven, which, we are informed,

has been brought successfully into use in

«ereral families. The annexed figure gives

* -cctional view, the front of the oven

bring nipposed to be removed to show the

interior construction, a is the oven ; 6 6

'kf flue, which passes over the exterior

surfaces of the sides, the back, and bottom

of the oven ; e is the furnace ; d the ash-pit ;

"he brick-work enclosing the oven. It is

nfx intended that anything should be placed

on the bottom of the oven. The shelves

>re not formed of iron plates, but consist

**ch of two oblong trivets of wrought

i-ron, placed side by side, a little distance

'tart from each other. The oven is sup

ported at the back by horizontal bars

toed in the brickwork at each corner.

Tb» front of the oven has three separate

ban and frames ; one larger one for the

part, two smaller underneath for the

and the ash-pit.
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Notwithstanding the commendation this oven has received, it appears to ui

to possess the common defect of the ordinary ovens attached to kitchen gratci;

that of communicating a scorching heat in one part of the bread, or other

article, while the opposite side of it is comparatively cold, jkilful operators

may, by turning the bread frequently, and carefully regulating the temperature,

bake tolerably ; but without some very active circulating intermedium, ordinary

attention will not suffice to bake in a proper manner. How far these defects

are obviated in a recent invention, denominated Hebert'a Patent Domestic Oven,

the reader will determine. The object of the inventor has been to provide a

very cheap and durable apparatus, capable alike of baking bread properly, and

cooking other kinds of food ; they are made of various sizes, to adapt them to

the wants of different individuals, and are rendered as portable as possible, to

suit the requirements of the army and navy. We shall here add, by way of

example, a description of the smallest size, which we saw in the warehouse of

the agents, Messrs. Donaldson and Glasgow, of Birmingham.

Fig. 1 exhibits an external view of the whole apparatus ; the outside vessel

I being simply a well-made cast-iron boiler, or pot, which, when used alont,

Fig. 2.
 

 

Fig.S.

 

(that is, without the internal apparatus described underneath,) is applicable u

all the various uses of other boilers,—but it possesses this further advantage, of

having a strong double cased iron lid c, ground to fit so closely as to prevent

the radiation of heat, and the escape of the rarefied steam, while it easily per

mits dense elastic vapour to pass off. The vessel is to be suspended over or in

front of a fire, and in the case of the larger sizes, they may be conveniently

set in brickwork, after the manner of common boilers.

For the purpose of baking bread or pastry, the roasting of meat, steaming

of potatoes and other vegetables, &c., there is placed inside the pot delineated

in Fig. 1 a perforated vessel, shown in Fig. 2. This vessel is made of smooth

cast-iron, and drilled with holes at the side and bottom ; and by means of little

projecting studs, it is held steadily in the middle of the outer vessel, «o at to

leave a free space of about a quarter of an inch between both ; around which

space there is constant circulation of extremely hot vapour, which operates

upon every part of the bread or other material placed therein. To receive

the latter, there it a movable bottom, shown separately in the adjoining

Fig. 3, which is removable at pleasure ; but it serves to correct the tendency

of too much heat in this part, when the oven is suspended over a strong tire.
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Fig.*.

 

Fig. 5.

 

it facilitates the discharge of the contents of the oven,

tnd is easily kept perfectly clean.

Inside of Fig. 2 there is also placed occasionally a

connected series of shelves, or pans Ad, which may

either consist of two, as represented in the annexed

Fig. 4, or of a greater number in the larger sizes.

These are for the purpose of baking small bread, rolls,

biscuits, tarts, &c.—the roasting of potatoes, for frying

or sieving meat, &c.—which may easily be withdrawn

from the oven by means of the bail handle e, which is

jointed so as to fall down on either side.

A fifth appendage, for roasting meat, is also supplied.

It consists, as represented in Fig. 5, of a circular drip

ping pan/, having an upright spit g in the centre, and

a jointed bail handle for putting it in or taking it out of

the oven. The pan serves equally well for broiling,

frying, and other processes, which every cook will com

prehend without explanation.

The patentee states, that, by the application of the

several parts of this apparatus, either in their single

itate, or combined in the various ways explained, bread

and all other kinds of food may be baited, roasted,

Mltd, itaced, or fried, with the utmost facility and

economy ; the instructions for which are sent out with

each of the ovens.

OXALIC ACID. This acid, which abounds in

»ood sorrel, and which, combined with a small por

tion of potash, as it exists in that plant, has been

sold under the name of salt of lemon, to be used as a substitute for the use of

that fruit, particularly for discharging ink-spots and iron-moulds, was long sup

posed to be analogous to that of tartar. The oxalic acid is a good test for

detecting lime, which it separates from all the other acids, unless they are

present in excess. It has, likewise, a greater affinity for lime than for any of

the other bases, and forms with it a pulverulent insoluble salt, not decomposable

eicept by fire, and turning syrup of violets green. Some fatal accidents have

occurred from persons mistaking this salt for Epsom salts; two or three drachms

of the oxalic acid acting as a violent poison.

OXIDATION. The process of converting metals or other substances into

wides, by uniting them with a certain proportion of oxygen.

OXIDES. Substances combined with oxygen without being in the state of

«a acid. There are several oxides of the same substances, differing in the pro

portion of oxygen they contain. When a substance combines with only one

proportion of oxygen, it is termed the protoxide: with two proportions of

"rrfren, it forms the deutoxide or binoxide ; with three, the tritoxide or ter-

oiide ; and with four, the peroxide.

OXYGEN, which, uncombined, is known only as a gaseous substance, was

fecoTwed by Dr. Priestley, in 1774. It has been called dephlogisticated air,

rapyreal air, and vital air. The term oxygen was given on the supposition

that it was the sole cause of acidity. This substance is highly important in the

economy of nature, as it forms about a fifth part of our atmosphere, and is

Abundantly contained in water, acids, salts, and oxides.

0*Jgen gM may °e obtained from a variety of sources. The peroxide of

Eingineje, of lead and mercury, also nitre and chlorate of potash, yield larga

Tantitie* when exposed to a red heat. The substances most commonly em

ployed to procure it, are nitre, peroxide of manganese, and chlorate of potash.

if nitrate of potash be exposed to a red heat in a coated glass or earthen retort,

« in a gun barrel, a quantity of oxygen gas, (about 1 200 cubic inches from a

pwnd of nitre,) will be given off, but this is liable, particularly towards the end

<* dw process, to be contaminated with nitrogen. From the peroxide of man-

paeie, the gas may be obtained either by heating the substance red hot in •
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gun barrel, or by putting it in the state of a fine powder into a flask, with abent

an equal weight of concentrated, sulphuric acid, and heating the mixture by

means of a lamp. In the dry way, one ounce of peroxide of manganese should

yield about 128 cubic inches of oxygen. The gas procured in this way is suffi

ciently good for ordinary purposes, but when required of great purity, it is better

obtained from chlorate of potash. For this purpose the salt is to be put into

a green glass retort, and heated to redness. It first liquefies, and then on

increase of heat, is wholly resolved into pure oxygen gas, which escapes with

effervescence, and into a white compound called chloride of potassium, which is

left in the retort.

Oxygen gas is a little heavier than atmospheric air. Its specific gravity is

I. Ill ; one hundred cubic inches weighing 34.454 grains. It is sparingly

absorbed by water, 100 cubic inches dissolving only 3 or 4 of the gas ; but under

great pressure it may be made to take up half its bulk. It has neither acid

nor alkaline properties, for it does not change the colour of vegetable blues, nor

does it evince any tendency to unite with acids or alkalies. It has neither smell

nor taste. It refracts light feebly, and is a non-conductor of electricity. It it

the most perfect negative electric we possess, always appearing at the positive

pole when any compound containing it is submitted to galvanism. It is essen

tial to the support of animal life : an animal will live in it a considerable time

longer than in atmospheric air ; but its respiration becomes hurried and laborious

before the gas is consumed, and it dies, though another animal of the same

kind can sustain life for a certain time in the residuary air. When suddenly

compressed, it has been seen to emit light and heat, but this is said to arise from

the combustion of the oil with which the tube is lubricated. It has a very

powerful attraction for most simple substances, and there is not one of them

with which it may not be made to combine. Any inflammable substance pre

viously kindled and introduced into it, burns rapidly and vividly. If an iron

or copper wire be introduced into a bottle of oxygen gas, with a bit of lighted

touchwood or charcoal at the end, it will burn with a bright light, ami throw

out a number of sparks. The bottom of the bottle should be covered with

sand, that the sparks may not crack it. If the wire, coiled up in a spiral, like a

corkscrew, as it usually is in this experiment, be moved with a jerk at the

instant a melted globule is about to fall, so as to throw it against the side of the

glass, it will melt its way through in an instant, or if the jerk be less violent,

lodge itself in the substance of the glass. If it be performed in a bell glass,

set in a plate filled with water, the globules will frequently fuse the vitreous

glazing of the plate, and unite with it so as not to be separable without detach

ing the glaze, though it may have passed through, perhaps, two inches of

water.

All substances that are capable of burning in the open air burn with far

greater brilliancy in oxygen gas. A piece of wood, on which the least spark of

ght is visible, bursts into flame the moment it is put into a jar of oxygen ;

lighted charcoal emits beautiful scintillations ; and phosphorus bums with so

powerful a light, that the eye cannot hear its impression. The act of com

bining with oxygen is called oxidation, and bodies which have united with it

are said to be oxidized. The compounds so formed, are divided into acids and

oxides. The former includes those compounds which possess the general pro

perties of acids, and the latter comprehend those which not only want that

character, but of which many are highly alkaline, and yield salts by uniting

with acids. Oxidation is sometimes produced with great rapidity, and with

evolution of heat and light. Ordinary combustion is nothing more than a

rapid oxidation, and all inflammable or combustible substances derive their

power of burning in the open air from their affinity for oxygen. On other

occasions it takes place slowly, and without any appearance of heat and light,

as is exemplified by the rusting of iron when exposed to a moist atmosphere.

OXYGENATION. Similar in meaning to oxidation, but of more general

application. It signifies the uniting of oxygen to various substances, whether

the result be an oxide acid, or alkali.

OXYMEL. A compound of honey and vinegar.
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PAINTING, HOUSE. The art of covering with various suitable pigments

the wood-work, plaster walls and ceilings, iron work, &c., of the interior and

exterior of houses. It may be divided into three separate branches, viz.—

plain painting, graining, and ornamental painting.

The material chiefly employed in plain painting is white lead. It is a car

bonate of lead produced by the action of the vapour of vinegar on sheet lead ;

and, when ground up with linseed oil, forms the common white lead paint of

commerce. See CERUSE. It is improved by being kept for several yean. To

produce the different tints, various colours are added to the white lead base, in

quantity according to the intensity of the tint desired, amounting, sometimes,

to en exclusion of the white lead in the upper or finishing coats. The follow

ing are the colours generally used by the house painter :—

WAite.

White lead.

Nottingham white.

FUke white.

Blacl.

Ivory black.

Lamp black.

Blue black.

Patent black.

YtOawi.

Chrome yellow.

King's yellow.

Naples yellow.

Yellow ochre.

Raw sienna.

Yellow lake.

llrowm.

Burnt umber.

Raw umber.

Vandyke brown.

Purple brown.

Spanish brown.

York brown.

Redt.

Vermilion.

Scarlet lake.

Crimson lake.

Indian red.

Venetian red.

Red lead.

Orange lead.

Burnt oclirc.

Burnt sienna.

Greent.

Brunswick green.

Emerald green.

Verdigris.

Blue,.

Prussian blue.

Indigo.

Cobalt.

Ultramarine.

To bring these colours to a state fit for use, they are ground up with a small

quantity of oil ; but for painting in distemper, the colours must be ground up in

**ter. Linseed oil is that which is in general use, and is quite sufficient for

til* purpose of the plain painter, especially when improved by being kept fof

"feral years, as it then loses a great part of its colour. It is obtained by

prtunre from the seed of flax. In very rare instances, where the least yellow-

Ma in the oil would be injurious, nut or poppy oil may be used with

idruitage.

Spirits of turpentine is largely employed in painting ; it is obtained by distil-

lition from crude turpentine, which is procured from the larch and fir-trees :

l*ing of a volatile nature, it is used by the painter to produce what is called a

&«t; it evaporates, and leaves the paint without the least shine. It is also

mployed in those situations where oil would not dry, as in the first coat on old

•ork, which i* likely to be a little greasy from smoke, &c.

To batten the drying of paints, dryen are generally used. Those most in USA
'•• sugar of lead, litharge, and white copperas. These, when well ground, and
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mixed in small portions with paint, very much assist them in drying ; indeed,

some colours will not dry without them. Red lead is also an excellent dryer;

and in cases where its colour is not objectionable, is much used. Sugar of lead

is, however, the best dryer, though somewhat more expensive than the others.

It should be observed, that, in the finishing coats of delicate colours, dryers are

generally avoided, as they have a slight tendency to injure the colour. Linseed

oil has sometimes a drying quality given to it by boiling with drying substances,

which renders it extremely useful on some occasions. A very good drying oil

is made by boiling one gallon of linseed oil with a quarter of a pound of

litharge, or red lead, reduced to a fine powder. It must be kept slightly boiling

for about two hours, or until it ceases to throw up any scum ; when cold, the

clear oil must be poured off, and kept for use.

The tools and apparatus employed by the plain painter are not very

numerous ; we shall mention the principal of them. The first in order is the

grindstone and muller. This is an apparatus necessary to every painter, as the

purity of the colours sold ready ground at the shops is not to be depended

upon ; and some colours, as lakes and Prussian blue, will not keep long after

grinding. The grindstone is a slab of porphyry marble or granite, about two feet

square ; the chief requisite is, that it be hard, and close-grained.

The muller is a hard and conical-formed stone, the diameter of the base or

rubbing surface of which should be about one-sixth of that of the grindstone,

and the cone high enough to get a sufficient hold of it with the hands. The

face of both grindstones and muller should be perfectly flat and smooth. A

large palette knife is used to gather the colour from the stone as soon as it is

sufficiently ground.

The palette is a small thin board, of an oval shape, having a hole in it for the

thumb to pass through ; it is used chiefly in ornamental painting, and for

mixing up small portions of colour on. With this is employed the palette knife,

for mixing up colours on the palette : it has a long, thin, and elastic blade,

rounded at the extremity.

The most important of the painter's tools are the brushes : these are of all

sizes, both round and flat, and are made chiefly of hog's-hair. The large round

brush called the pound brush, and a smaller one called the tool, are those

mostly used in plain work. The smallest hog's-hair brushes are called fitches,

and are used for putting in small work where the tool would be too large. The

pound brush is used as a duster for some time previous to putting it into colour,

whereby it is rendered much softer. The smallest brushes arc the cainel-hair

pencils, with long or short hair, according to the work to be done. The variety

of brushes used in graining will be spoken of when we come to that division of

the subject.

The stopping-knife has a shorter blade than the palette-knife, and is pointed.

It is used for making good the holes and cracks with putty.

Putty is made of common whiting, pounded fine, and well kneaded with lin

seed oil, till it becomes about the consistence of stiff dough.

Grinding colours.—All substances employed for painting in oil require to be

ground up with a small portion of the oil previous to mixing them with the

whole quantity required for use ; for this purpose, they must first be pounded,

and passed through a tolerably fine sieve, then mixed with a portion of linseed

oil, just sufficient to saturate them ; a quantity, about the size of a small

egg, is to be taken on the point of the palette-knife, end placed on the stone;

the muller is then placed upon it, and moved round about, or to and fro in all

directions, bearing a little weight on it at the same time. ■ This should be con

tinued until it is ground perfectly fine, haviitg the consistence and smoothness

of butter. The colour must be occasionally trimmed from the edges of the

stone and muller with the palette-knife, and put under the muller in the

middle of the stone. When sufficiently ground, it is removed from the stone

with the palette-knife, and a fresh quantity taken. It is not well to have much

colour on the stone at one time ; it makes it more laborious, and will take s

longer time to grind the same quantity equally well.

Mixing colours for painting.—Before the colours which hare been ground can
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be applied to the work, they must be rendered fluid by the addition of linseed

ofl, or spirits of turpentine, or certain proportions of both. When a tinted

colour is required to be mixed up, a small quantity of the proper tint should be

first prepared on the palette, which will serve as a guide to mix the whole

quantity by. With the ground white lead there should first be well mixed a

portion of oil, and then the tinting colour should be added, as ascertained by the

pattern on the palette. When these are thoroughly mixed and matched to the

proper tint, the remaining portion of the oil or turpentine is to be added ; this

is better than putting in all the oil at once : it should then be strained through a

piece of fine canvass, or a fine sieve, and should be about the consistence of cream,

or just so as to work easily. If it is too thick, the work will have an uneven,

cloudy appearance, and it will be hard to spread ; while, if it be too thin, it

will be likely to run, or will require a greater number of coats to cover the

ground, and render the work solid. The straining ought not to be neglected

where the appearance of the work is studied.

Preparing workfor, and manner of proceeding with, the painting. New work.—

Clean the work, carefully removing all projections, such as glue, or whiting spots;

thii is easily done with the stopping knife and duster ; then cover over the knots

with a composition of red lead, called knotting. The red lead has the property

of drying very hard ; and if it was not used, the paint would not dry on the

hots, and they would show through every coat. If the knots are very bad, they

most be cut out. After knotting comes the priming, or first coat of paint.

Worn the priming is quite dry, all nail-holes, cracks, and defects, are to be

nude good with putty ; then proceed to the next coat, called the second colour ;

'•'••" n this is dry, those places are to be stopped which were omitted in the last

coat ; and proceed according to the number of coats intended to be given. It

should be observed that second colour for new work is made up chiefly with oil,

i* it best stops the suction of the wood ; but second colour for old work is

made up chiefly with turpentine, because oil colour would not dry or adhere to

it to welL The colour should be spread on as evenly as possible ; and to effect

tiis, as soon as the whole, or a convenient quantity, is covered, the brusli should

lie passed over it in a direction contrary to that in which it is finally to be laid

off; thU is called crossing : after crossing, it should be laid off softly and care-

fcllr, in a direction contrary to the crossing, but with the grain of the wood,

taking care that none of the crossed brush marks be left visible. The criterion

of good workmanship is, that the paint be laid evenly, and the brush marks be

cot observed. In laying off, the brush should be laid into that portion of the

»ork already done, that the joining may not be perceived. Every coat should

be perfectly dry, and all dust carefully removed, before the succeeding one is

l»id over it

OUuork.—Carefully remove all dirt and extraneous matter with the stopping

knife and duster; those places near the eye should be rubbed with pumice-

tone, and greasy places should be well rubbed with turpentine. Bring forward

Be« patches and decayed parts with a coat of priming ; stop and make good

rith putty, then proceed with the first coat, or second colour, in turpentine.

1 lie quality of the next coat will depend upon the manner in which it is to be

finished. If it is to be painted twice in oil, and flatted, the next coat, or third

> Iwir, should be mixed up chiefly in oil, and tinted like the finishing colour,

to form a ground for the flatting. The greater the shine of the ground, the

oore dead will the finishing coat or flatting be ; likewise, the more dead the

froond, the better will the finishing oil shine ; therefore, it is a general rule that

for finishing in oil the under coat should be turpentine, and for finishing flat,

''•« under coat, or ground colour, should be oil ; but observe, that all turpentine

'ofe coats have a little oil with them, and all oil under coats, except the

fnming or first coat on new work, have a little turpentine with them.

Knotting is made with red lead, carefully ground, and thinned with boiled

"il and a little turpentine. For inside work, red lead, carefully ground in water,

ud mixed up with double size, is a good substitute, and is generally used : it

Mttbeusedbot.

for neto work.—This is made of white lead with dryers, and a littl*
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red lead to harden it, and further to assist its drying ; it is thinned entirely with

oil, and should be made very thin, as the new wood, or plaster, sucks it in very

fast. It is a frequent practice with painters to save the oil coats by giving the

new work a coat of size, or size and water, with a little whiting, called clear

cole ; but where durability is consulted, this should not be done. The size stops

the suction of the wood or plaster, but, at the'same time, it prevents the oil

paint from adhering to the work ; the consequence is, that it is apt to peel or

chip off, especially in damp places. Clearcole is sometimes advantageously used

on old greasy work, on which oil paint would not dry.

Second colour for new work, or oil second colour.—This is white lead thinned

with oil and a little turpentine, with suitable dryers. The proportion of dryers

for ordinary cases is about one ounce and a half to ten pounds of white lead;

but in winter, or under other unfavourable circumstances, the quantity of dryers

must be increased.

Second colour for old work, or turpentine second colour.—This is white lead

thinned with about three parts of turpentine, and one of oil, also a little

dryers. Where much turpentine is used, less dryers is required.

Turpentine colour.—This is only used when the work is to be finished in oil ;

that is, left shining. It is thinned almost entirely with turpentine, that the

finishing coat may have a better gloss.

Third, or ground colour, is thinned with two-thirds oil and one-third turpen

tine, and tinted a shade darker than the finishing colour.

Finishing oil colour is thinned with a little more oil than turpentine, and

tinted to the desired colour.

Flatting, or finishing turpentine colour, is thinned entirely with turpentine,

and has no shine.

A bastard fiat is thinned with turpentine and a little oil, which renders it

more durable than the perfect flatting. To procure a good flat, it is necessary to

have a perfectly even glossy ground, and it should be of the same tint, but a

little darker than the finishing flat.

For clearcole and finish.—-Stop defects with putty, clearcole, and finish with

oil-finishing colour, as directed.

For two coats in oil.—Turpentine second colour, and finishing oil colour.

For tsoo coats in oil and fiat. — Turpentine second colour; third colour,

and flat

For three coats in oil.—Turpentine second colour ; turpentine colour ; and

finishing oil colour.

For three coats in oil andfiat (old work).—Turpentine second colour ; turpen

tine colour; third, or ground colour; and flatting.

Forfour coats in oil (new work).—Oil priming ; oil second colour ; turpen

tine colour ; and oil finishing colour.

For four coats in oil and fiat (new work).—Oil priming ; oil second colour ;

turpentine colour ; third or ground colour ; and flatting.

Tinted Colours.—Stone colour.—White lead, with a little burnt or raw

umber, and yellow ochre.

Gray stone colour.—White lead, and a little black.

Drab.—White lead, with burnt umber and a little yellow ochre for a warm

tint, and with raw umber and a little black for a green tint.

Pearl colour, or pearl grey.—White lead with black, and a little Prussian

blue.

Slcg blue.—White lead, with Prussian blue.

French grey.—White lead, with Prussian blue, and a little lake. These last,

used in various proportions, will make purples and lilacs of all shades.

Fawn colour.—White lead, with stone ochre, and a little vermilion or burnt

■tone ochre.

Buff.—White lead and yellow ochre.

Cream colour.—Same as the last with more white.

Lemon colour.—White lead, with chrome yellow.

Orange colour.—Orange lead, or chrome yellow and vermilion.
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Peach colour.—White lead, with either vermilion, Indian red, purple brown,

or burnt atone ochre.

Gold colour.—Chrome yellow, with a little vermilion and white.

V'wlH colour.—White lead, with vermilion, blue and black.

Sage green.—Prussian blue, raw umber, and yellow stone ochre, with a little

*hite, and thinned with boiled oil and a little turpentine.

OUte green.—Raw umber, with Prussian blue, thinned as before.

I'm green.—White lead, with Brunswick green, or with Prussian blue and

chrome yellow.

Ciocolate colour.—Spanish brown, or Venetian red and black, thinned with

boiled oil and a little turpentine.

Lead colour.—White lead and black.

Plain opaque oak colour.—White lead, with yellow ochre and burnt umber.

Plain opaque mahogany colour.—Purple brown, or Venetian red, with a little

black.

Black should be ground in boiled oil, and thinned with boiled oil and a little

turpentine.

It will be obvious that the proportions of the colours above mentioned must

be determined by the particular tone of colour required.

Distempering.—The principal difference between oil and distemper painting

K that in the latter the colours are ground in water, and diluted with size. It

U uracil less durable than oil painting, but is cheaper, and is not attended with

much smell : it will not bear washing. Ceilings are generally distempered, and

wall* very frequently. There are several colours used for distempering that will

not do for oil, as it would change them. The principal are,—common spruce

ochre, common indigo, rose pink, brown pink, blue verditer, green verditer,

mineral green, and Saxon green. Whiting is the substance mostly used in dis

tempering. It should be broken and thrown into a vessel of clean water, and

left to soak for a short time without stirring it—half an hour is sufficient ; the

wrplm water is then poured off from the top, leaving only the softened whiting,

ymch should then be stirred, to ascertain that there be no lumps in it. To this

b added hot durable size, in the proportion of one pound of size to three

pounds of whiting ; it is then to be well stirred, and left to chill or congeal in

» cool place. In summer weather it should stand over night, when, if it is like

' seak jelly, it ia fit for use. If it is to be a tinted colour, the colouring sub-

■Unce should be added to the whiting previous to the size being mixed with it.

Dwemper colours dry much lighter than they appear when first laid on ; con

sequently, it is better, before mixing the size with them, to colour a slip of paper

™ dry it, to ascertain if it is of the desired tint. In distempering old walla
«■ ceilings, it is necessary that the old distemper be first washed off with an old

Ihtuu and plenty of water. The holes, cracks, and damaged places, should be

sade good with plaster of Paris, or distemper putty, made of powdered whiting

ud double size. They should then have a coat of clearcole made by adding a

iule more size and water to the finishing colour, and using it warm. When this

* dry, the finishing colour may be laid on. For new walls, it is only necessary

to clearcole and finish.

Grahwg.—Graining comprises the imitating of woods and marbles; the

kfer is distinguished by the term marbling : it is strictly an imitative art, and

"aiands in its execution considerable judgment and good taste, united to a

dote observation of the peculiar characters of the different woods and marbles

to be represented. It is usually done on ground prepared for the purpose, the

colour of which is varied according to the kind of wood or marble to be

imitated; but as the manner of proceeding in imitating woods differs from that

0 the case of marbles, they will be noticed separately, beinning with—

Groming in imitation of woods.—The first thing to be attended to is the

fond; and, although generally laid on by the plain painter, it should receive

« particular attention of the grainer, for on the colour of the ground greatly

«q*nds the excellence of the imitation. The ground should be chosen of the

.■« colour, but a little lighter, than the lightest parts of the wood to ba

stated, sufficient allowance being made for the varnish afterwards to coma
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upon it. Repeated trials on small patterns is, however, the best, and, indeed,

the only safe way of arriving at the tint proper for the ground. The ground

may either be mixed up, just as in finishing-oil colour, or it may be a bastard

flat; and it should be very carefully prepared, as the shine of the varnish will

cause the rough or uneven places to be detected. The pigments employed for

graining are distinguished by the painter as transparent colours; those mostly

used are raw umber, burnt umber, raw sienna, burnt sienna, Vandyke brown,

burnt ochre, and lake ; these, with the occa ional assistance of small portion!

of the opaque, or imperfectly transparent colours,—ivory black, Prussian blue,

or indigo, and purple brown, or Indian red, will be sufficient to match the

colour of any of the woods usually imitated. These pigments were, until within

these last few years, worked in oil and spirits of turpentine; but, in consequence

of the much greater facility found to be afforded by the use of water or distemper

colours, oil is now seldom or never used, except for wainscot or oak graining,

which is frequently done in oil. The tools employed in graining are round and

flattened hog-hair brushes, of various sizes ; the round ones are used chiefly

for laying on the colour. Occasionally, as in very large pieces of work, largo

brushes of any convenient form are employed for that purpose. Of the flat

brushes, there are cutters of various sizes, from two and a half inches to half an

inch wide ; these are made of camel's hair, having the ends or points of the

hairs cut off square, to within about three-eighths of an inch from the ferrule;

the edges should be very sharp and straight : they are used for producing the

mottled appearance, as in mahogany and satin-wood. Flat hog-hair brusha, of

various sizes, from six, or even twelve inches, to one and a half inches wide;

these are used chiefly for graining wainscot in distemper. Flat hog-hair

brushes, but of a much thinner description than the last-mentioned, are used

for putting on the second grain, and for other purposes. Badger-hair took, or

softeners, of several sizes; this tool is one of the most necessary kind, and it m

employed to soften the work put in with the other tools. Cross-banders, of

several sizes, from one and a half inch wide and upwards; they are flat hog-

hair brushes, having their ends cut off to within about an inch of the femile;

they should be very carefully made, and of the best hair ; every bristle should

lay straight and even, and, when cut, should have a straight, unbroken edge,

similar to the cutter. We shall describe the use of this tool when speaking of

the particular woods in which it is employed. These, with camel and hog-hair

pencils, sponges, and pieces of wash-leather, are sufficient to imitate any of the

woods except wainscot in oil, which requires a particular tool, which will be

noticed presently. The woods generally imitated are the following :—oak,

(dark oak,) wainscot, or light oak, pollard oak, mahogany, rose-wood, maple-

wood, satin-wood, amboyna, zebra-wood, and yew. The general instructions

given for imitating these will suffice for any other fancy woods. Wainscot, or

light oak, although the most common, is perhaps the most difficult to produce

a good imitation of: it is done either in oil or distemper. The manner of pro

ceeding in oil will be first described.

Waiuscot in oil.— 1 lie effect of the grain in this wood is produced by the horn

graining-tool, which very much resembles a comb, but the teeth are not pointed.

The teeth of the graining-tool are of equal dimensions from the root to the

extremity, which is square, and the interstices between them are as small as

they can be cut The principal colour used is burnt umber ; this, with a little

touch of black and purple brown, makes an excellent wainscot colour,—or a

little raw sienna may be used with it. This colour must be tempered with a

peculiar vehicle called graining oil, which is made by dissolving two ounces of

bees'-wax in as much turpentine as will just cover it, and make it easy to dis

solve, and by adding one pint of boiled oil, stirring it well while mixing. When

it is cold it will be of the consistence of soft honey, and will, when to be used,

require the addition of a little boiled oil and turpentine : a small quantity of

colour is sufficient to stain a large quantity of oil. The graining colour is to be

/aid on very evenly and very bare. The brush marks, if not pounced out with

the end of the brush or duster, must lie in the direction of the grain of the wood.

The horn graining-tool is then to be passed over it, to imitate the grain ; it
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should be held in a slightly inclined position, and drawn along v. it!i a small

waring motion, with a little pressure, passing twice over every part of the work.

The veins are then to be put in, or rather wiped olf, which is best done with a

piece of cotton stocking, or wash leather, wrapped over the thumb nail. '1'he

veining is the most difficult part of it; and any directions that might be given,

oilier than to observe nature closely, would be quite unavailing ; nothing but a

close observation of the peculiar character of the veins displayed in nature,

with considerable practice, will enable any person to do it, even tolerably. As

toon as it is dry, the dark shades observed in the wood are to be put in : for

this purpose a little turpentine, stained with burnt umber, ground in oil, is suf

ficient; also the dark veins are sometimes put in with a hair pencil, and a little

burnt umber and burnt ochre, diluted with turpentine. When quite dry, it may

be varnished, and is then finished.

Uaaucot in distemper.—Haw umber alone is a very good colour for this, or a

little burnt umber may be added to it, to make a warmer tint The fluid used

for this and all other distemper graining must be such as will so bind on the

colour, that the varnishing may not bring it off; small beer is the best, or, if

it cannot be conveniently procured, stronger beer diluted with water may do,

but there is nothing so good as stale, common table-beer. It is only necessary

to mix the beer with the colour after it has been carefully ground in water, and

it if then fit for use. Sometimes the colour will not lay on the ground ; it is

then said to ciss : this may be remedied by wetting the work all over with a

sponge and water, and drying it with a wash-leather. Only so much should

be begun at one time as can be finished before it gets dry, which it will do in

t few minutes, according to the weather. The colour should be lnid on as

et< uly and as quickly as possible, with a suitable brush, and then the flat hog's-

bair brush must be drawn over it, in a straight line, and in the direction of the

intended grain ; this will leave it streaky : it is then to be carefully pounced or

patted with the flat side of the same brush, making the head of the brush

advance before the hand, and in the direction of the grain. This will make u

very excellent imitation of the grain of oak, if it be well managed. The veins

art to be wiped out with a piece of wet wash-leather, wrapped over the thumb

nail. When this is dry, the shades may be strengthened by passing very

lightly over it with weaker colour. Great care should be taken that it is quite

dry before the varnish is laid on : it is not safe to varnish it in damp weather

without fire being near it ; but if it will bear the finger passing over it, it is dry

enough.

Pollard oak.—Either burnt umber or Vandyke brown makes an excellent

pollard oak colour. The colour, in this case, unlike wainscot, should be laid

on unevenly, or darker in some places than in others, after the character of the

wood ; a coarse sponge, moistened, and assisted by the cutter, produces the effect

»cry well. When the masses of colour are properly disposed with the sponge

and cutter, it must be softened off with the badger-hair tool, and the knots put

in with the end of a hog-hair fitch, by holding the handle between the thumb

•ud fore-finger, and twisting it round ; these knots may afterwards be assisted

with a camel-hair pencil. A few small veins are frequently found in pollard

oak; these may be wiped off in the same manner as for wainscot. When this

» dry, the second or upper grain may be put on : this grain occurs in almost

all the woods except oak and rose-wood ; indeed, it is the proper grain of the

wood, with the above exceptions. Some of the first colour diluted will do for

this second groin. To put on this grain, the thin, flat hog-hair brush should be

dipped into the colour, and the hairs must be combed out to straighten and

•rparate them. As soon as the grain is put on, the softener should he passed

oebtly across the grain, in one direction only ; this will make one edge of the

grain soft and the other sharp, as it occurs in the wood. When the second

pain is dry, it may be varnished.

Ail the other woods are done in a similar manner. The particular character

"id colour of the shades and grain of the wood must be carefully noticed, and

tbtue tools which will produce the effect most conveniently must be selected :

for example, the thinnest flat hogs-hair brush will best produce the effect of

»Ot. II. 0 o
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the grain in roae-wood ; the cutter will best produce the effect of the shade* in

mahogany and satin-wood; the sponge and cutter in pollard oak. Plain

mahogany may be very well imitated by properly disposing the shade* with

the common round tool, with which the colour is laid on, and then passing the

badger-hair softener over it in a direction across the stripes. When this is dry,

the second grain may be put on, as directed for pollard oak. Burnt umber and

burnt sienna make a good mahogany colour.

Marbling.—Marbles are generally imitated with oil colours, and those colours

are mostly opaque, as for this purpose it is not at all necessary that they be

transparent. The manner of proceeding with the different marbles will not be

detailed, but a few general instructions applicable to all of them will be given.

The tools for imitating marble are less varied than those for imitating wood. A

palette and palette knife, with numerous small sized hog-hair brushes and

camel-hair pencils, and a duster, or worn badger-hair softener, are all that is

necessary for imitating any of the marbles. The ground is to be chosen of that

colour which is most predominant in the marble to be imitated ; for example,

in black and gold marble, the ground is black ; in veined, it is white ; in sienna,

it is cream colour ; and in dove marble, the ground is of a dark pearl colour.

In proceeding to the imitation, the necessary colours are to be taken un the

palette, and mixed up to match the tints in the marble to be imitated. In

mixing, they must be slightly tempered with oil, and further tempered with tur

pentine for use ; and they should not be laid on thicker than is necessary to

produce the proper effect. The softer shades are first to be put in, blending the

different colours, as may be, in the marble. As soon as they are put in a proper

form, they are to be softened by brushing lightly over with a clean duster, or

old badger-hair softener; but in some marbles there requires to be no

softening: of course, when the shades or veins are sharp and hard, they must

not be softened. The softer veins may be next put in, while the soft shades or

ground-work is yet wet. As soon as this ground-work is dry, the shades may

be heightened, and the strong and sharp veins put in. In putting in the soft

shades or ground-work, care must be taken not to mix the colours together, so as

to give the work a muddy appearance ; and the colours should be used as thin

as will make the work sufficiently solid, or it will look uneven when varnished.

Ornamented Paititing.—This chiefly consists in painting scrolls, figures, or

other enrichments on plain work, so as to give them the appearance of relief or

projection ; it is most commonly done in the corners and margins of panels.

The ornaments or enrichments to be painted are usually sketched on paper,

and the outlines are then pricked through with a needle point. This paper id

to be laid on the wall or work on which the ornament is to be painted, and

pounced over with a charcoal pounce-bag ; the charcoal dust, passing through

the small holes in the paper, will leave a faint tracing of the outline of uie

ornament on the work, and serves as a guide to paint it by. The brushes used

are camel or sable-hair pencils, with long hair ; and a rest-stick is held in the

left hand, to steady the right hand by ; also a palette, to work the colour from,

the same as is used by artists generally. If the colour of the ornament is to

differ from that of the ground on which it is painted, the pounced outline should

first be tilled up, and, when that is dry, the shades put in ; but when the orna

ment is to be of the sume colour as the ground, it will only be necessary to put

in the ihades, by the assistance of the pounced outline. As soon as the first

shades are dry they may be heightened, and a stronger relief given to the

ornament

PALETTE. A small tablet, usually of ivory or wood, upon which painters

lay small portions of the several pigments or tints they have occasion for in

their work. Instead of a handle, it has a hole cut near the side, for the thumb

of the left hand to pass through in holding it.

The term palette is also given by potters to the wooden instrument which they

use to beat and shape out their work. Palette is a term also given to little lev-era

employed in clock and watch work (see HOROLOGY) ; it is likewise applied to a

variety of contrivances in mechanism, somewhat resembling in their action

the little organ called by that name in the human mouth.
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PALETTE KNIFE. A long knife with a very thin well-tempered steel

blade, used by artists for mixing colours, or for rubbing down such as have been

previously ground, on the palette. They are mounted in wood or ivory handles,

according to the fancy of the user.

PALLADIUM. The name given to a metal discovered in 1803, by Sir H.

Davy, associated witli platina, among the grains of which he supposed the ore

to exist, or an alloy of it, with irridium and osmium, scarcely distinguishable

from the crude platina, though it is harder and heavier. The pure metal also

very nearly resembles platina, and it takes as high a polish. It is ductile, very

malleable, and, when reduced into tryn plates, flexible, but not very elastic. It

is harder and heavier than iron ; its specific gravity is from 10.9 to 11.8.

PAPER. Thin leaves or sheets, fabricated of fibrous materials, and adapted

to write or draw upon, as well as for numerous other purposes. Paper is an

article of such immense importance in the commercial world, and of such

general and extensive utility, that it will be well to give, in this place, a brief

description of the several kinds manufactured in this country j for this purpose,

we shall divide them into three classes, viz. :—Writing Papers, Printing Papers,

and Wrapping or Packing Papers, with a short notice of several miscellaneous

kinds, not included under either of these heads.

Writing Paper/ are a very numerous class, including all those that are used

for writing or drawing purposes. Writing papers are called either laid or wove,

according to the description of mould upon which they have been made. Laid

papers are distinguished by their retaining the wire-marks, in long parallel lines,

crossed at intervals by other stronger'lines, as shown

in the accompanying sketch. Wove papers, on the

contrary, bear no impression of the wires, the mould

used for their manufacture being made of very fine

copper wire, woven in a manner similar to linen—

whence the derivation of the term wove. Writing

papers are made of two different colours, blue and

yellow. The yellow cast is the natural colour of the

rag, heightened as much as possible by skilful

bleaching. The blue cast is obtained by adding

smalt (the powder blue of commerce,) to the

pulp, while in the vat. In all blue cast papers a

considerable difference of colour exists between the

two sides of a sheet, from the smalt, which is a heavy material, falling to the

side of the sheet next to the mould : the under side, therefore, is always the

blnest when the paper is finished.

Laid paper is mostly of the blue cast ; wove papers are made of both kinds.

Drawing papers, which are included in this class, are always made of the

yellow cast, on wove moulds ; and writing papers, (emphatically so called from

demy upwards,) are always made of the blue cast, on laid moulds. In de

scribing any of the numerous varieties of post, copy, foolscap, or pott papers, the

distinguishing term, laid, yellow-wove, or blue-wove, is always necessary to be

used ; but in all papers from demy upwards, wove and drawing, or laid and

writing, are synonymous terms ; where no distinguishing term is used, laid is

always understood to be meant. At the paper-mill, all kinds of paper are put

up in certain parcels, called reams ; a ream of paper consists of twenty quires,

fit, eighteen quires of twenty-four perfect sheets, and two quires of twenty

sheets each, defective paper, one of which is placed at the top, the other at the

bottom of the ream, to preserve the perfect or inside paper from string-marks,

«nd other injuries, to which, but for this precaution, it would be liable. If the

t»o outside quires are replaced by two perfect quires, the ream is stated to be

dlvuidet, and the original value is increased five per cent. A printer's team

consists of twenty-one and a half unbroken quires, of twenty-four sheets each,

*nd is called a perfect ream ; the perftcting, as it is technically termed, increases

lie value one eighth.

The following comprehensive table gives the names, dimensions, and weight,

Poteam, of the several papers in this class.
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Writing and Drawing Papers.

NAME. DIMENSIONS. WBIOHT.

Inches. Inches. lbs.

Antiquarian 52J by 3u£ 236

Double elephant 39J — 26$ 140

Atlas 33—26 100

Colombier 34$ — 23 100

Elephant 28 — 23 72

Imperial 29J — 21$ 72

Super royal 27i — 19$ 52

Royal 23, — 19 44

Medium 22$ — 1 7$ 34

Demy 19j — 15j 24

Extra large thick post . . . 22J — 17$ 25

Ditto ditto thin ditto . . . . 22$ — 17$ 18

Ditto ditto bank ditto. . . . 22t — 17$ 13

Large thick post 21 — 16j 22

Ditto middle ditto 21 — 16$ 19

Ditto thin ditto 21 — 164 16

Ditto bank ditto 21 — 164 11

Extra thick ditto 19 — 15i 25

Thick post 19 — 15* 20

Middle ditto 19—15$ 17

Thin ditto .19—15$ 14

Bank ditto 19 — 15$ 7

Copy 20—16 17

Sheet-and-half foolscap . . . 25 } — 13$ 22

Shcet-and-third ditto . . . . 22 — 13$ 20

Extra thick foolscap .... 16$ — 13$ 18

Foolscap 16j — 13$ 15

Pott 15i— 12J 10

Drawing p;ipcrs are not made smaller than demy, and are put up into reami

in the flat state ; writing papers, on the contrary, are not made larger than

double elephant, very seldom larger than imperial, and are usually folded. The

laid papers arc distinguished by certain peculiar water marks ; thus, post has a

bugle-horn; copy, a fleur-de-lis; foolscap, a lion rampant, or Britannia; and pott

paper has the English arms. By a knowledge of these marks, the original size

of any paper can at once be discovered, however much it may have been subse

quently reduced in size. This observation only applies to the laid papers, as in

wove paper the water-mark never appears.

The post papers are seldom sold retail in the folio, ■'. c. the original size, as

quoted in the foregoing list ; being usually cut in half, folded, and ploughed

round the edges, forming, in that state, quarto post, the letter-paper of the shops.

This, cut and again folded, forms octavo post, or note-paper; another folding

forms lGmo. or small note, &c, and so on to any required extent,—for this

repeated folding is frequently carried so far as the production of 64mo. post,

or lilliputian note paper. After the paper has been ploughed, the edges are

left plain, or they may be gilt or blacked, according to fancy. When papers

are folded the broadest way, they are described as broad folio ; but if folded the

narrow way, they are termed long folio. The other foldings are distinguished

in like manner, as long or broad quarto, or octavo. These terms are mostly

used in describing account-books.

Writing paper is made in all parts of England ( but Maidstone, in Kent, is

noted for producing the finest qualities ; here all the best drawing papers are

made, the celebrated manufactures of " J. Whatman," and the " Turkey

Mill," being most in repute.

Printing Paper.—At the head of this extensive and highly useful class must

be placed the plate papers. They are of the same size, weight, and quality as

the drawing-papers, described in the foregoing list, differing from them, how



PAPER. 237

erer, in being of a particularly soft and absorbent nature ; the process of sizing,

which gives the firmness so necessary in papers intended to be written on, being

wholly omitted in manufacturing plate-paper. Plate-paper is not made smaller

than medium, which is the size necessary for the plates of a demy book. These

papers, as their name implies, are used for copper-plate printing. When the

plates are to be coloured, drawing-paper is usually employed, then technically

termed hard-plate, in contra-distinction to the former, or soft-plate. When

plates that have been printed on toft paper require to be coloured, it is neces

sary first to size the paper, which may very readily be done with a clear solu

tion of isinglass.

For taking proofs from engravings, a paper of Chinese manufacture is em

ployed, well known in the trade under the name of India-paper. In conse

quence of its peculiarity of fibre, this paper possesses a singular degree of

ductility, which enables it to enter the finest lines of an engraving ; in addition

lo this peculiar softness and flexibility of texture, it also appears to have an

absorbent and congenial quality for fixing the ink, which causes it to take every

light and shade with much less colour and pressure, and, what is of the utmost

importance to printers, allows the ink to set and dry in considerably less time

than any other paper. India-paper is imported in sheets, fifty-one or fifty-two

inches long, by twenty-six inches wide ; the weight varies ; hut one hundred

sheets usually weigh about from ten to eleven pounds.

The following is a list of the other papers in this class, the weights and sizes

of which vary greatly, according to the choice of the manufacturer.

NAME. DIMENSIONS. WEIGHT.

Inches. Inches. lbs. lbs.

Large news 32 by 22 32 to 37

Small news 28—21 23 — 25

Royal 25—20 26 — 28

Medium 23} — 18f 24 — 26

Demy 22} — 18 15 — 21

Short demy, for music ... 20} — 14 25 — 28

Copv 20J— 16$ 13 — 16

Crown 20—15 7—12

Foolscap 16} — 13$ 9 — 14

Pott 154 — 12$ 9 — 10J

The three last of these are always made in the double size. Printing-papers

i'e generally of a yellow-wove texture, and are not so well sized as the writing-

pipers ; but the sizing is not wholly omitted, as, without some portion of it, they

tonld not possess sufficient strength for ordinary purposes.

We come now to speak of the Wrapping or Fucking-papers. This class

Eciudei an almost endless variety of sorts and sizes, which, for the sake of per-

sjiieoity, we shall notice under the following heads; viz., Cartridge-papers,

Bfaa papers, Hand papers, and Brown papers.

Cartridge Paper*.

SAME. DIMENSIONS. WEIOHT.

Inches. Inches. lbs. lbs.

Square cartridge 33$ by 21$ 46 to 50

Double crown ditto .... 30 — 20 30 — 38

Elephant ditto .... 28 — 23 48 — 52

Common size ditto .... 26 — 21 40 — 50

Royal ditto. . . . 24 — 19} 29 — 32

•Demy ditto . . % . 22} — 17} 26 — 28

•Foolscap ditto . . . . 16$ — 13$ 13 — 15

* Theee two tare mostly nude In the double size.
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Blue Papers.

NAME. DIMENSIONS. WF.I'JtIT.

Inches. Inches. lbs. lbs.

Blue elephant 28 by 23 30 to 32

Ditto double crown .... 30 — 20 20 — 24

Ditto ditto foolscap . ... 26} — 16 18—20

Blue royal 25—20 20 — 22

Ditto demy. < 221 — 18 15 — 20

Hand {or while-brown) Papers.

NAME. DIMENSIONS. WEIGHT.

Inches. Inches. lbs. lbs.

Elephant 28 by 23 30 to 36

Thick royal hand 24J — 20£ 36 — 40

Thin ditto ditto 24—20 16 — 20

Royal curling 23J — 19J 10 — 12

Lumber hand 22i — 18J 13 — 15

Middle ditto 22 — 1 7 12—14

Small ditto 20—15 5 — 10

Brown Papers.

NAME. DIMENSIONS. WEIGHT.

Inches. Inches. ' lbs. lbs.

Imperial cap 29 by 22 50 to 84

Bag ditto 231 — 191 30 — 48

Kentish ditto 21 — 174 26 — 28

Small ditto 20—15 10 — 12

Double four pound .... 32 — 20 56 — 66

Small ditto ditto 281 — 174 42 — 52

There are a variety of papers for particular purposes, which do not properly

belong to any of the classes hitherto described ; we therefore proceed to notice

the principal of them, commencing with Blotting-paper, which must be well

known to every person ; it is made of three sizes, viz. medium, post, and

foolscap ; the weight, quality, and colour, vary greatly, but the pale red is by

far the most used. Blotting-paper, especially the colourless description, is much

used in chemical experiments, for the purposes of filtration ; there is, however,

a paper made expressly for this purpose, known by the name of filtering-

paper ; it is generally made the size of double crown, and is of a thick, woolly

texture.

Tissue-paper is also too well known to need description, beyond stating that it

is made the size of crown, double and single, and demy. A particular species

of tissue-paper is manufactured and sold under the name of copying post ; it is

wholly destitute of size, and is of a thin absorbent texture ; its size is medium ;

its use is for copying newly-written letters. For this purpose it is slightly mois

tened, and laid on the letter written with copying-ink, and then subjected to

the action of a press, kept in counting-houses for that purpose ; on removing

the letter from the machine, an accurate fac-simile is found transferred to the

copying paper, which pasted in a book, answers all the purposes of the more

tedious and laborious methods of transcribing formerly practised.

Littress is a kind of smooth cartridge-paper ; it is made of two sizes, royal

and foolscap, and only used in the manufacture of cards. Besides many of the

papers already described, grocers use a thick purple paper, which forms a dis

tinct class, under the title of sugar blues.
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Sugar Blues.

NAME. DIMENSIONS. WEIGHT.

Inches. Inches. lbs.

Large lump 22$ by 32 108

Small ditto 28$ — 21} 102

Single loaf 26} — 19 80

Powder ditto 26 — 18 58

Double ditto 22—15} 44

Besides the brown papers enumerated, there are some made for particular

prjposej, among which may be noticed a large coarse paper for strong pack-

ingpurposes, known by the name of Manchester-papers : sheathing-paper, for the

use of ship-builders, and tip-paper for hatters, are also of a similar description.

It may be as well to observe, that although a very marked distinction has

been made in the classification of the several papers, yet such in reality does not

exist; as the finest printing and sometimes even writing-papers are applied

to wrapping purposes; instance the foolscaps, crowns, and demies, used by

grocers, hatters, and the like. In hand papers, again, some difficulty occurs ;

elephant, which stands at the head of that class, is used almost exclusively for

the manufacture of paper-hangings, being joined together, and printed on : it is

made of various qualities, acoording to the description of work for whicli it is

intended. The elegant crimson and satin hangings require a paper of the best

printing quality, which will not, therefore, properly come under the denomina

tion of band-paper ; hut had these and similar particulars been permitted to

interfere with the plan adopted, much unnecessary repetition and great con-

fsiion would have been the inevitable consequence. We have, therefore, given

tie most usual weights and sizes, which continue much the same, in whatever

class the quality of the paper may chance to place it.

Coloured papers are of two kinds, those which are made at the paper-mill,

either by colouring the pulp in the vat, by using coloured rags, or by dyeing the

paper afterwards ; and those which are made from white papers, by persons fol-

iowing the business of fancy stationers. In the first class, we find the coloured

<h»«ing or crayon papers for artists, coloured royal and demy for bookbinders,

and the delicate tinted post and tissue-papers, in high repute with the fair sex.

Toe second class comprises, in addition to some of the above, coloured double-

cqw and demy, for posting-bills, coloured foolscap, (or small post,) plain and

glued for fancy work, and varnish coloured papers, embossed in imitation of

*aured or figured silk, and morocco leather. To these may be added a very

pat variety of marble-papers for bookbinding, as also papers beautifully

punted in imitation of the various valuable woods and marbles.

PAPER MANUFACTURE. The first paper mill established in England

™ at Dartford, by a German, (who was jeweller to Queen Elizabeth,) about

tie year 1588. For a long period afterwards the manufacture was, however, of

» inferior a quality as to render it necessary to have recourse to France and

Holland for those of the better quality. The process at this time consisted in

"injecting the rags to fermentation, by which destructive operation they were

rf course more easily reduced to a pulpy consistency, which was effected by

' -imping or triturating in a kind of mortar, similar to the action of the Asiatic

<A mill, described at page 201. About the middle of the last century the pro-

'"=3 *as, by successive ameliorations, entirely changed, so as to approximate

searly to that now used in making paper by hand. We shall therefore proceed

'* describe, in the first place, all the ordinary manipulations practised in making

Puw by hand ; and afterwards, successively, those improvements in the mecha-

a»>i by which this important manufacture is now conducted.

The bett kind of rags employed in the manufacture of paper are collected in

"a country, but all these are only sufficient to supply a fifth part of our

*™*nd; and the inferior kinds are imported from the continent, particularly

■J* Hamburgh, whence our chief supply has been drawn for many years,

T* oty being apparently the grand rag-market for the German States and

°» north of Europe. France, Holland, and Belgium, prohibit the exportation ;
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a considerable quantity is, however, brought to us from Italy, and various parts

of the Mediterranean. These rags are of course of every quality, from canvas

to cambric, and of every tint, as respects filth or cleanliness, between white and

black ; those from Sicily have the hue of sepia. Notwithstanding they undergo,

from their excessively filthy state, a partial cleansing before they can be shipped,

they become so completely metamorphosed by the ablutions and manipulations

of our paper makers, as to be converted, in a very short space of time, into a

pure and spotless white paper. Before rags are brought to the mill, they are

roughly sorted into several qualities, distinguished by technical terms, understood

by the trade. At the mill, these sorts are more particularly sorted, according to the

requirements of the manufacturer, and at the same time they are cut into pieces,

if they are much larger than about the palm of the hand. A number of

women are employed for this purpose, in a large room, fitted up and adapted to

reduce the nuisance of the filth and dust of the operation. Each woman stands

before a kind of table, formed of a wire screen, on which the rags she sorts are from

time to time distributed, and moved about, which causes much of the dust and

dirt to pass through the wires into receptacles beneath. At each stand there is

aUo a fixed blade of steel, kept very sharp, over which the workwomen drair

those pieces of rags that are too large, and thus quickly divide them. If the

pieces be small enough, they throw them, according to their respective qualities,

into one or other of a series of receptacles designed to receive the various

qualities in a separate state. All the seams in the rags are carefully separated ;

as the sewing threads, if not thoroughly torn into filaments by the engine, would

produce indentations or knots upon the paper. An active woman can cut and

sort about a hundred-weight a day ; the rags are next weighed, and put up into

hundred-weight bags, ready for the subsequent operation. It was formerly

necessary to assort the rags with great care, with respect to colour, as well as

texture ; but from this care they are now in a great measure relieved, by the

introduction of bleaching by chlorine, which enables them to produce the whitest

paper from any kind of rags: by injudicious management, however, the process

is sometimes carried too far, and the tenacity of the vegetable fibre destroyed.

The next operation is to boil the rags for some hours with lime, which loosens the

dirt, and partially cleanses them ; but this preparatory process for the operations

of the mill is, we believe, confined to the most improved mills.

The paper-mill consists of a water wheel, or other first mover, connected with

a combination of toothed and other wheels, so arranged as to cause the cylinder

in the washer, and the one in the beating engine (which are nearly of a similar

construction,) to make 150 or more revolutions per minute. On the same shalt,

and of the same size as the water wheel, is a cogged wheel, which gives motion

to a pinion, on whose axis is a two or three-throw crank, that works as many

pumps, which raises a constant stream of water from the mill-dam ; this water

is kept constantly running through the rags in the washing and beating engines.

The building and machinery of a paper mill should be well constructed, other

wise the great velocity of the wheels produces a tremor, which in time shakes

it all to pieces. A washing engine, when it revolves at the rate of 120 revolu

tions per minute, and has 40 teeth, each of which passes by 14 teeth in the

block, produces 67,200 cuts in a minute, and makes a most horrible growling

noise ; hut in the beating engine, in which the cutters and teeth are smaller,

and the revolution more rapid, the noise produced is one continued loud hum

ming. The cuts made in the latter amount to nearly 200,000 per minute,

which circumstance will account for the rapidity with which the rags are con

verted into a pulpy mass, in which the filaments are so minute as to be scarcely

discernible. The washing engines of a mill are placed at a higher elevation

than the beating engines, and they are actuated in the following manner. The

large cogged wheel, before mentioned, drives a pinion upon a vertical axis ; upon

this axis are two horizontal spur-wheels, at different elevations ; the upper one

drives a pinion on the axis of the washing engine, and the lower one a pinion

on the axis of the beating engine ; and as these engines are similar in their

arrangement of parts, and differ only in certain proportions, we shall make the

subject intelligible by the description of one only. The figure on the next p*ge
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represents a plan of one of these engines, a a is a wooden rat or cistern, about

JO feet long, 4} wide, and 2] deep, the inside lined with lead ; 6 is a longitudinal

 

partition, also covered with lead ; c is a reticulated cylinder, fixed fast upon the

revolving shaft d, extending across the engine, and put in motion through the

mnlium of the pinion e. driven by a toothed wheel on the vertical shaft of the

mill, as before mentioned. This cylinder is made of wood, and furnished with a

number of parallel blades, fixed longitudinally around its circumference. Imme

diately beneath this cylinder is a block of wood extending its length, and of the

breadth of the space between the two dotted lines represented. The upper sur

face of this block conforms to the curvature of the cylinder, and it is provided

with teeth or blades, placed close together, so as to present so many acute cutting

">g!es, which present themselves constantly to the teeth on the revolving

cylinder, not in contact, but so near as to cut, chop, and tear the rags as they

are forced between them by the action of the machine. The distance between

these opposed series of teeth is always susceptible of regulation, by turning

screws at ff, which raise or lower the bearings gg of the axis of the cylin

der, which bearings are levers turning upon fulcrums at hh. The engine

is served with water by a pipe i from a reservoir supplied by the pumps, which

-•- delivers into a small cistern j, communicating with the engine. This pipe is

provided with a cock, to stop or regulate the quantity of water ; and to prevent

aj extraneous matter passing with the water into the engine, it has a hair or

»ire strainer k placed across it. When the engine is filled with water, and a

quantity of rags put in, they are, by the revolution of the cylinder, drawn be

tween hi cutters and those on the block underneath. This cuts them into

pieces ; then, by the rapid motion of the cylinder, the rags and water are thrown

upwards over a breasting, which rises in the same curve with the toothed block,

up to about the middle of the cylinder; from this point they descend an inclined

plane, whose length is represented by the dotted line /, and take a course round

tie vat, as indicated by the arrows ; the whole contents of the vat are thus put

into motion, which continues as long as the cylinder revolves ; that being of

nurse determined by the uniform reduction of the rags into a pulpy consistency

The cutter block is made so as to slide into or out of its place from the outside

of the machine, for the convenience of sharpening its teeth, &c. The cutten

of die cylinder are fixed into grooves made in the wood of the cylinder, at

ojaal distance* from each other around its circumference, in a direction parallel

to ill axis ; the number of these grooves is twenty ; and for the washer, each

groove baa two cutters or blades put in it ; then a fillet of wood is driven fast

• between them, to hold them firm, and the fillets are nailed fast into the solid

••»> n. ii M
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wood of the cylinder. The beater is made in the same manner, except that

each groove contains three bars and two fillets.

In the operation of this cylinder, it is necessary it should be inclosed in a

case, or its great velocity would throw all the rags and water out of die engine.

The case is a wooden box, inclosed on all sides except the bottom ; one side of

it rests on the edge of the vat, and the other upon the edge of the partition I:

Inside this case are two hair or wire strainers, through which the foul water

passes as it is dashed against them, and on the opposite side of these (trainers

the case is formed so as to conduct the foul water into two flat lead pipes, seen

in section at oo, out of the machine. When the water is not required to be

carried ofT, as in the beating engines, there are sliding shutters provided to these

sieves, which pass through grooves on the top, and at the aides of the case, by

which the water as well as the rags are returned into the engine.

When the rags have been about an hour in the first engine, if they require it,

according to the modern practice, they are bleached. There are two ways of

bleaching used at present ; one by the oxymuriatic acid gas, the other by the

acid combined in the dry way with quicklime. In the first way, the rags are

boiled in an alkaline solution of potash and lime for four or five hours, or il

very coarse, for eight hours. The purpose of this is to destroy the coarse part

of the hemp, commonly called shon or sheave, and which exists in a great

degree in coarse linens, especially German rags. The solution is then washed

out in the washing engine; the water being pressed out, they are exposed to

the acid in the gaseous form, as linen is ; (see the article BLEACHING.) The

gas is then washed out as carefully as possible ; this is of great importance, as,

if any acid remain in the rags, it causes the paper, after some time, to putrefy

and change its colour. In the other way, the oxymuriate of lime is diffused in

water by agitation, the insoluble matter is thrown out, and the liquid, when clear,

is diluted and put in the engine ; being thoroughly mixed with the rags, it is

allowed to stand for an hour or more, and the acid carefully washed out

Bleaching is not now quite so much practised as formerly, on account of the low

price of rags ; indeed, we understand that unbleached papers are entirely used

in the Oxford University Press, for the printing of bibles, testaments, &c., on

account of their great durability. After the bleaching, (if that process is used

at all,) the stuff is reduced for an hour or more in the washing engine, and is

then put into the beating engine. When it has been beat, as it is called, for

about three hours and a half, it is generally fine enough, and a valve placed

in the bottom of the engine being opened, the stuff escapes into the cheat, or

general reservoir, which supplies the vat or other machinery.

We shall now proceed to describe the mode of making paper by hand, with

out the aid of machinery, (in the common acceptation of that term.) The vat is

made of wood, and generally about five feet in diameter, and two and a half in

depth. It is kept at the required temperature by means of a grate, introduced

dy a hole, and surrounded on the inside of the vat by a case of copper. For

fuel to this grate, charcoal or wood is used ; and frequently, to prevent smoke,

the wall of the building comes in contact with one part of the vat, and the fire

has no communication with the place where the paper is made. Every vat is

iui iii-ln i! on the upper part with planks, inclosed inwards, and even railed in

with wood, to prevent any of the stuff from running over in the operation.

Across the vat is a plank, which is called the trepan, pierced with holes at one

of the extremities, and resting on the planks which surround the vat. The

moulds are composed of wire cloth, and a movable frame. The wire cloth is

varied in proportion to the fineness of the paper, and the nature of the stuff

A laid mould consists of a frame of wood, neatly joined at the corners. Wooden

bars run across it, about an inch and a half distance from each other. Across

these, and consequently along the mould, the wires run, from fifteen to twenty

in an inch. A strong raised wire is laid along each of the cross-bars, to which the

other wires are fastened ; this gives the laid wire its ribbed appearance. The

water-mark is formed by sewing a raised piece of wire, in the form of letters,

or any device that may be wished, on the wires of the mould, which makes the

paper thinner in these places. The frame-work of a wove mould is nearly UK-
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lame • but, instead of sewing on separate wires, the frame is covered with fine

wire-cloth, of from 48 to 64 wires in an inch. On both moulds a deckle, or

movable raised edging, is used ; this must fit very neatly, otherwise the edge of

the paper will be rough. The felts are pieces of woollen cloth, spread over

every sheet of paper, and upon which the sheets are laid, to detach them from

tbe form, to prevent them from adhering together, to imbibe part of the water

with which the stuff is charged, and to transmit the whole of it, when placed

under the action of the press. The two sides of the felt are differently raised ;

that of which the hair is the longest is applied to the sheets which are laid

down ; and any alteration of this disposition would produce a change in the

teiture of the paper. The stuff of which the felts are made should be suf

ficiently strung, in order that it may be stretched exactly in the sheets without

forming into folds; and, at the same time, sufficiently pliant to yield to every

direction, without injury to the wet paper. As the felts have to resist the

reiterated efforts of the press, it appears necessary that the warp be very strong,

of combed wool, and well twisted. On the other hand, as they have to imbibe

> certain quantity of water, and to return it, it is necessary that the woof be of

carded wool, and drawn out into a slack thread. After the stuff is ready, the

»orkman takes one of the moulds, furnished with its frame, by the middle of

the short rides, and fixing the frame round the wire-cloth with his thumbs, he

plunges it obliquely four or five inches into the vat, beginning by the long side,

•hich is nearest to him. After the immersion, he raises it to a level ; by these

movements he fetches up on the mould a sufficient quantity of stuff; and as

soon aa the mould is raised, the water escapes through the wire-cloth, and the

wperflnity of the stuff over the sides of the frame. The fibrous parts of the

'tuff arrange themselves regularly on the wire-cloth, not only in proportion as

tHe water escapes, but also as the workman favours this effect by gently shaking

the mould ; afterwards, having placed the mould in a piece of board, the

workman takes off the frame or deckle, and glides it towards the coucher, who,

hying previously laid his felt, places it with his left hand in an inclined

atmnon, on a plank fixed in the edge of the vat, and full of holes. During this

°pwition the workman applies his frame, and begins a second sheet. The

rancher seizes this instant, takes with his left hand the mould, now sufficiently

dnr, and laying the sheet of paper upon the felt, returns the mould, by gliding

H along the trepan of the vat. They proceed in this manner, laying alternately

i sheet and a felt till they have six quires of paper, which is called a post ; and

™s they do with such swiftness, that in many sorts of paper two men make

"pwjrdt of twenty posts in a day. When the last sheet of the post is covered

•Mi the last felt, the workmen about the vat unite together, and submit the

•hole beap to the action of the press. They begin at first to press it with a

middling lever, and afterwards with a lever of great length. After this

operation another person separates the sheets of paper from the felts, laying

'hem in a heap ; and several of these heaps collected together are again put

JMer the press. The stuff which forms a sheet of paper is received, as we

»»'« already said, in a form made of wire-cloth, which is more or less fine, in

proportion to the stuff, surrounded with a wooden frame, and supported in

tie middle by many cross-bars of wood. In consequence of this construction,

it U easy to perceive that the sheet of paper will take and preserve the impres-

•w of ill the pieces which compose the form, and of the empty spaces between

•"«. The traces of the wire-cloth are evidently perceived on the side of the

•***» »bich was attached to the form, and on the opposite side they produce an

lage of parallel and rounded risings. As in the paper which is most

finished, tbe regularity of these impressions is still visible, it is evident

all the operations to which it is submitted have chiefly in view to soften

'"** impressions without destroying them ; it is of consequence, therefore, to

"Xad to the combination of labour which operates on these impressions. The

*"Wber, in tnming the form on the felt, flattens a little the rounded eminences

•l"ch are in relievo on one of the surfaces, and occasions, at the same time,

5 hollow places made by the wire-cloth to be partly filled up; meanwhile, the

*t which i* made in detaching the form produces an infinite number of
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small hairs on every protuberant part of the sheet. Under the action of the

press, first with the felts, and then without them, the perfecting of the grain of

the paper still goes on The vestiges of the protuberances made by the wins

are altogether flattened, and. of consequence, the hollows opposite to them dis

appear also ; but the traces formed by the interstices of the wire in consequence

of their thickness, appear on both sides, and are rounded by the press. The

paper, the grain of which is highly softened, is much fitter for the purposes of

writing than that which is smoothed by the hammer; on the other hand, s

coarse and unequal grain very much opposes the movements of the pen, as that

which is beat renders them very uncertain. The art of making paper, there

fore, should consist in preserving, and, at the same time, in highly softening the

grain.

The exchange succeeds the operation last described ; it is conducted in a hall

contiguous to the vat, supplied with several presses and a long table. The

workman arranges on this table the paper newly fabricated, into heaps, etch

heap containing eight or ten of those last under the press, kept separate by a

woollen felt : the press is large enough to receive two of them at once, placed

the one at the other's side, and must have a power from 70 to 100 tons. When

the compression is judged to be sufficient, the heaps of paper are carried back

to the table, and the whole turned, sheet by sheet, in such a manner that the

surface of every sheet is exposed to a new one ; and in this situation they are

again brought under the press. If the stuff be fine, or the paper slander, the

exchange is leas frequently repeated : in this operation it is necessary to alter

the situation of the heaps, witn regard to one another, every time they are put

under the press ; and, also, as the heaps are highest toward the middle, to place

small pieces of felt at the extremities, in order to bring every part of them

under equal pressure. A single man, with four or five presses, may exchange

all the paper produced by two vats, provided the previous pressing at the vats

has been well performed. The work of the exchange generally lasts two days

on a given quantity of paper. The sheds for drying the paper are contiguous

to the mill ; they are furnished with a vast number of cords, upon which they

hang the sheets both before and after the sizing. The sheds are surrounded

with movable lattices, to admit a quantity of air sufficient for drying the paper.

The cords of the sheds are stretched as much as possible ; and the paper, four or

five sheets together, is placed on them by means of a wooden instrument in the

form of a tall T. The principal difficulty iu drying the paper consists in gra

dually admitting the external air, and in preventing the cords from imbibing

moisture.

The inconvenience of the expansion and contraction of the cords from altera

tions in their humidity, might, we conceive, be remedied by saturating them

in a solution of caoutchouc, which would not destroy their flexibility, but would

enable them to resist moisture, and render their durability almost everlasting.

In some mills the paper is hung upon smooth, rounded laths, and the drying is

effected by steam or hot water, circulated in pipes through the room.

The size for the paper-makers is made of tne shreds and parings procured

from the tanners and parchment-makers. All the putrefied parts, and the lime,

being separated from them, they are enclosed in a kind of basket, and let down

by a rope and pulley into a cauldron. When the solution of the gelatin is

found to be complete (which is ascertained by drawing up the basket), it is

allowed to settle for a while, and then twice filtered, before it is put into the

vessel into which the paper is dipped. After this a certain quantity of alum,

also of smalts, or other pigments calculated to improve the tint, or bestow a

peculiar hue upon the paper, is added. The workman then takes a handful of the

sheets, smoothed and rendered as supple as possible, in his left hand, dips them

into the vessel, and holds them separate with his right, that they may equally

imbibe the size. After holding them above the vessel for a short time, he

seizes on the other side with his right hand, and again dips them into the

vessel. When he has ten or a dozen of these handfuls, they are submitted to

the action of the press. The superfluous size is carried back to the vessel by

means of a small pipe. The vessel in which the paper is sized is made of
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copper, and furnished with a grate, to give the lize, when necessary, the requi

site temperature ; and a piece of thin board, or felt, is placed between every

handful as they are laid on the table of the press. After the paper is sized it

is carried to the drying house, where a gradual drying of the sized paper is

considered to be very important ; the exchange, likewise, at thia stage, requires

great attention, as the grain of the paper, which may then receive impressions,

can never be restored. When the sized paper is also exchanged, it is possible

to hang more sheets together on the cords of the drying house : the paper driea

better in this condition, and the size is preserved without uny sensible waste,

because the sheets of paper mutually preserve the rapid operation of the external

aii ; and as the size has already penetrated into the paper, and is fixed on the

surface, the insensible progress of a well-conducted drying house renders all

tie good effect* more perfect in proportion as it is slowly dried. When the

drying is completed, it is carried to the finishing room, where it is pressed,

• u'cted, and examined ; folded, made up into quires, and, finally, into reams.

It is here put twice under the press ; first, when it is at its full size, and,

wcondly, after it is folded. The principal labour of this place consists in

matting the paper into different lots, according to its quality or defects ; after

»hich it is made up into quires. The person who does this must possess great

skill, and be capable of great attention, because he acts as a check on those who

separated the paper into different lots : he takes the sheets with his right hand,

loldi iL< in. examines them, lays them over his left arm till he has the number

requisite for a quire, brings the sides parallel to each other, and places them in

1'fapi under the table. An expert workman, if proper care has been taken in

fetorting the lota, will finish, in this manner, about 600 quires in a day. The

': :-tr is afterwards collected into reams of 20 qnires each, and, for the last

'ant, put under the press, where it is continued for ten or twelve hours, or aa

long ai the requirements of the paper-mill will permit.

1 he art of making paper in one continuous sheet of any required length,

"nfinated from an ingenious Frenchman of the name of Didot, who, in con

junction with the Messrs. Fourdrinier, succeeded, after the expenditure of

enotiDOQi rams of money, in perfecting this important improvement, which has

no*, in a great measure, superseded the desultory mode of operating we have

jwt described. The action and arrangement of the improved mechanism may

'* thus briefly explained. A horizontal frame, of any required length or

bindlh, is furnished with a roller or c)linder at each end, over which is

fiirtcWd an endless web of brass wire, of the requisite texture or fineness, for

<•* paper to be manufactured by it. At one end of the frame, parallel with,

mi immediately over one of the cylinders, is a long angular trough, or sluice,

into which the pulp is received from a vat above, wherein it is continually

Dilated, whence it issues through a long slit or opening, regulated by a screw,

tilling in an uniformly thin stratum upon the whole breadth of the endless web

"unto, at which time the cylinders are in motion, carrying forward the stratum

of pulp, and a joggling motion is communicated to it laterally by the alternating

motion of a rod, produced by a revolving crank ; this agitation of the pulp, aa

"« «ater drains from it through the wire-work, produces the felting, or inter-

wning of the fibre, aa perfectly as it is done by hand ; and the pulp is

United from flowing over the sides by means of two leather straps, one on

nth tide, which move round with the web ; and by the shifting of which straps

«trer to, or farther from the centre, the width of the paper may be regulated.

*J tie lime the pulpy mass arrives to the farthest end of the machine, it has

inquired sufficient tenacity to be taken up by a larger cylinder, covered with

••j' en flannel, and is then passed between a series of similar cylinders, and

-r»lly delivered on to a reel ; and when this reel has sixteen or eighteen quires

'wind upon it, it is removed, and another put in its place ; the paper is now
 

l. Second Series, to which we must refer cur readers, in order that we

•••' fmd room for the description of a variety of improvements in paper
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making, founded upon the admirable mechanism we have briefly noticed, for

which the public stand indebted partly to the skill, and wholly to the determined

perseverance of the Messrs. Fourdrinier. It is indeed to be lamented that these

gentlemen have never received any adequate remuneration for the benefit which

they have conferred upon their country.

The first invention which we have to notice possesses a considerable degiee

of novelty and ingenuity ; the authors and patentees of which are Messrs.

Dennison and Harris, paper-makers, of Leeds. The paper-mould is, in this
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cue, continuous, but differently arranged, forming simply the exterior or peri

phery of a large drum, which revolves in the pulp vat. The preceding engraving

exhibits an elevation of the apparatus, shown partly in section, a is a vessel

containing the pulp, considerably diluted, which is preserved at the desired

fetel by any of the usual means, so that the pulpy liquid, when the machine if

at work, shall flow over the curved side of the vessel into a revolving cylindrical

mould 4. In the vessel a, a vane c is made to revolve, to keep up a powerful

agitation, and prevent any of the fibres from subsiding. The rotatory mould 6

is formed on its periphery like a sieve (which will, hereafter, be particularly

described), and, as it turns round in the direction of the arrow, the pulp is

rewired upon it ; the chief part of the water instantly drains through the bars

cf the mould, and the paper, in a loose, spongy, wet state, is formed. The con

tinued motion of the mould brings this pulpy matter in contact with an endless

felt d, which, by a superior attraction of cohesion, attaches to itself the pulpy

fabric, and carries it forward between that felt and another felt e, where it

receives pressure, first from a pair of wet rollers ff, then a greater pressure

from the dry rollers g g ; from thence the paper, in a comparatively dry state,

U taken up by a rotatory vane h, upon which it is folded ; when this vane is

folly chsrged it is removed, and another vane substituted in its place. In this

manner a sheet of any required length may be made. The cylindrical mould

t revolves in a vessel of water ;', which serves to wash off the fibrous matter

thu miy adhere to it, and to receive the water which drains from the diluted

pulp u it passes over. The cast-iron frame upon which the mould revolves is

Muted, to facilitate that lateral shaking or trembling motion, essential in the

mating of paper, which is effected by a crank and rod, or by any of the other

u»al means, motion being communicated from the gearing which drives the

tiJns, &c. The roller k is called the combing roller, as it takes the paper off

i'ue mould. This roller is provided with a regulating screw, to tighten the web,

u! •djuH the pressure against the mould. The upper wet rollers/, and the upper

<-n rullers g, have also regulating screws, by which they may be elevated or

Jfpmsed in the long slots wherein their axes revolve, so as to increase or

diminish the pressure upon the wet paper. A small roller / is employed for

misting in separating the paper as it passes from the felt on to the vane h. As

tlw Innermost web becomes very wet by receiving the water from the paper, a

mull cylinder m is employed to press out the water from it as it revolves. For

tin perfect cleansing of the webs from the fibrous matter, small rotatory

brushes are directed to be fixed so as to brush over their surfaces ; and the

employment of jets of water to wash over the felts is also recommended by the

Patentees. As the peculiar construction of the rotatory mould forms the prin-

tipil feature of this invention, and the ground of patent-right, it is proper that

" • A mid describe it more particularly. In its outline it presents precisely the

'•-•at of a military drum ; its periphery is formed by connecting together n

*nej of metallic rings ; the cylinder is then covered longitudinally with

numerous small thin bars of copper, three-eighths of an inch wide, placed

r-J«ayt, so as to form a complete grating over the whole surface. The

'• 'pper ban have numerous small lateral projections, to keep them at a regular

'stance apart ; these are directed to be made by passing plain slips of copper

••••««n cylindrical steel rollers, with indentations on one of them, adapted for

: ."--iucing an uniform series of little slabs.

It hat been usual to distinguish laid paper (or paper made in hand moulds)

ha machine paper, (or that made on the endless wire web in a machine,) by

'-'" peculiar water-mark lines. Hitherto the machine paper has been made on

•77 fine woven wire, which gives it that smooth, woven appearance ; while the

lud paper j, marked by distinct parallel lines, crossed by a few thicker lines

•I*"* an inch apart. The usual process of working wire, in making the hand

**lds that produce the last -mentioned effect, is tedious and expensive ; but

fa paper made from them is generally preferable, and, we believe, is worth

**« in the market.

The object of the invention we shall next describe, is to make a paper resem-

«inj the hand paper, by a machine. For this purpose, Mr. Louis Aubrey, of
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Two Waters, in Hertfordshire, took out a paten t in 1 827, for an endlessweb of wire,

that will produce the same kind of water-marks as are exhibited in the laid paper.

The warp, consisting of the small wires, is put into the loom in the usual way,

until the reed is filled to the width required. A wooden or metal roller, about fire

inches in diameter, containing in a line firmly fixed as many metallic pegs as there

are large water lines required in the paper : these pegs stand out from the roller

about a quarter of an inch, and answer to corresponding large divisions left in

the reed. The large warp is then placed on to each of these pegs, and round the

roller, until a sufficient length is obtained : the ends are then passed through the

front harness, placed somewhat higher than the small harness, and from thence

through the large divisions in the reed, where the ends are made fait to stout

iron rods. In this manner both warps are drawn tight, and the weaving is exe

cuted by the usual process. The superior thickness of the wires of the Ian*

warp causes them to project, and to produce the coarse water lines in the

paper made with it,

About the same period of time, Messrs. J. and C. Phipps, of London, took out

a patent for a different mode of producing the laid paper impressions in a machine,

which is of easy application to a Fourdriniers' machine, as it consists simply it.

the addition to the latter of a revolving cylinder, which impresses the peculiar

water lines required upon the wove paper as the latter is received upon the felt.

For this purpose, the cylinder ia formed of wooden discs at the ends, and concen

tric rings, and turns on a central iron axle. Over the periphery of the cylinder,

the same kind of wire-work as the laid paper moulds are made of, is wound

round, and carefully joined at the seam. This cylinder ia mounted over the

frit, so as to rest its weight upon it, by turning loosely in vertical slots, made in

brass bearings on the side frames of the machine ; the wire-work, therefore,

passing upon the newly-made wet paper on the felt, produces the required

water lines.

Mr. George Dickenson, of Buckland mill, near Dover, who has shown equal

skill and perseverance in improving the mechanism of the paper manufacture,

for which he has had many patents, obtained one in 1828, which, combining

several previous improvements, we shall here describe. In the machines we

have already noticed, it will be observed that a lateral or horizontal motion is

given to the endless web of wire for felting the fibres, and separating the water

from the pulp. The leading objects of this invention are to give a rapid vibra

tion to the wire web in a vertical direction, and by rarefying the air underneath

the wire web, cause the atmosphere to press upon the superior surface of the

paper, by which a farther portion of the water is driven through the paper into

the rarefied apartment underneath, and thus the paper is more speedily and

effectually dried. From this account, somewhat of the nature of the machine

may be understood. We will now describe the arrangements more particularly,

with reference to the accompanying engravings. The engraving on the nex'.

page exhibits side elevations of two distinct machines, which are brought into

action together; they are marked Fig. \, fig. 2, and /'«/. 3, which fol

lows it, exhibits a longitudinal section of the exhausting cylinder only. In

I'i'i- 1, a a is a wooden frame supporting the whole ; 6 b b an iron frame secured

to a similar one on the opposite side by a rod at top, and a bar at the end, and

vibrating on a pivot c ; d a cylinder, revolving on a fixed axis e ; f 1 and/2 band

wheels, which give motion to the cylinder d by a toothed wheel on the axis of

/I, shown by dots, which takes into another toothed wheel on the cylinder d;

g a cylinder revolving in pivots, supported by the frame 64; ha roller iet in

motion by the pinion (shown) driven by the toothed wheel on rf, and which

takes into another wheel on the end of the roller h ; It another roller turning in

grooves by being placed in contact with the revolving roller h ; III an endless

web of wire passing over the cylinders <l and <j, also betwixt the rollers A and i,

and over the tightening rollers m and n, the latter of which is movable by I

screw, in order to regulate the tension ; o o a series of rollers supporting tin

wire web, and revolving upon spindleg in notches cut in the side rails, attach"

to the firame bb; p a stout piece of brass called the deckle, placed on ear'

lide of the machine, over the wire web, and supported by the cross ban f )
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which can be raised or lowered by screws in side pieces attached to the frame b b ;

rr the deckle straps, revolving over pulleys attached to each end of the deckle;,

ilto over similar pulleys on the axis of/ 1, and under a pulley f, dipping into

 

vol. it.
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a vessel of water ; the straps confine the pulp at the sides of the web, and regu

late the width of the paper, which is according to the distance the deckles ar*

asunder ; 1 1 tightening rollers, to tighten the deckle straps ; v a large band

wheel, driven by the prime mover, and driving the smaller band wheel w; the

latter carries a crank (not seen) set three-eighths of an inch out of the centre

of the axis of the wheel, but which eccentricity can be altered at pleasure ; a a

connecting rod attached to the crank and to the frame 4, causing the latter to

rise and fall three-quarters of an inch at each revolution of the wheel to ; y an

iron stand, and supporting the spring z, upon which the frame b strikes at each

descent of the connecting rod x, and thus assists the crank. 1 a pulp-box,

attached to the frame b, and extending the whole width of the wire web ; to the

front board is attached a piece of leather, which descends on to the wire web,

and distributes the pulp equally over the web; 2 a thin piece of board, set

edgeways upon the wire-web between the deckles, and keeping back the

bubbles of air and water in the pulp ; 3 a fixed pulp-box, which feeds the bos

1, and regulates the quantity therein ; 4 a pipe leading from the cylinder d to

the air pump. Fig. 2, a, a metal roller revolving on bearings, which can be

raised or lowered by the screw b ; c another roller, revolving in a fixed bearing;

this roller is set in motion by the toothed wheel d on its axis, which is driven by

the wheel e, the latter receiving its motion from the prime mover, //an end

less web of felt, passing round the small rollers g gg, and between the rollers a

and c ; h the reel, turned by a pulley k on its axis; the latter is driven by u

band passing over it, and a pulley on the axis of e.

The operation of the machine is as follows : the pulp flows from the box 3

into the box 4, thence is distributed by the leather on to the wire web ; on

arriving at the cylinder d the paper receives a considerable degree of pressure

upon its external surface from the atmosphere, owing to the air being rarefied

in the interior of the cylinder by means of an air pump attached to the pipe 4;

and the paper is thus deprived of the principal part of its water. The con

tinuous sheet of paper then passes between the rollers A and lc, and thence on

to the endless web of felt, when the remaining water it contains is pressed out

by the rollers a and c, Fig. 2, preparatory to its being coiled upon the reel A.

t%g. 3, a section of the cylinder d. d is the exhausting cylinder, of brass,

and pierced full of holes; ee end pieces bolted to d, and carrying toothed

Fig. 3.

 

wheels upon their peripheries ; //a hollow fixed centre, upon which d revolves,

and bent into the form of a crank ; g a trough composed of an iron bottom wiih

wooden sides, and having two movable end pieces h h, which are set to the

width of the paper ; the whole is covered with leather ; this trough is supported

by the standards 1 1 i fixed into the axis //, and is pressed by spiral springs

against the cylinder d; I a pipe fitted into the bottom g, the outer end plunging

in water, m a pipe pierced full of holes, and leading to the air pump.

Mr. John Dickenson, of Nash Mills, Hertfordshire, to whom also the public

stand indebted for several improvements in the paper manufacture, took out a

patent in 1829 for " a new improvement in the method of manufacturing paper

by machinery, and also a new method of cutting paper or other materials into

single sheets or pieces, by means of machinery." From a perusa' of the speci

fication, we find those to consist, first, in causing the paper to be pressed between
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two rollers, the upper or which is to be heated by steam in the usual way, first

with one side, and afterwards) with the other upwards, to give it an equal gloss

on both sides ; secondly, to introduce, during the manufacture, into the centre

of the paper, threads, fine net, or other reticulated material; and thirdly, to cut

it into a sheet of appropriate size, by a more convenient and expeditious method

than those now in use. The first object he effects by carrying the paper upon

felt, round a series of rollers, similar to those employed in the double machines

for printing both sides of a sheet of paper at one time ; the second, by placing

over the pulp vessel a series of bobbins with thread, or a roller with any other

material to be introduced into the paper. These threads are guided, by a

grooved roller, into the pulp close to the first or feeding roller, which takes up

the pulp to form the paper, and, by the current of the pulp approaching the

feeding roller, the threads are brought into contact with it The third improve

ment In- effects by affixing to the bottom of a tall, oscillating frame, a series of

circular revolving cutters ; and when this frame is made to oscillate, and the

cutters to revolve, they traverse along the edge of stationary cutters, on which

the paper to be cut is extended, and thus the advantages of a clipping action

n obtained.

In a subsequent patent granted to the last- mentioned Mr. John Dickenson,

in October 1 830, for an improvement upon his previously patented machinery,

his object is to make thicker paper of n better quality than could be produced

by the existing mechanism. To obtain this result, he employs two cylinders

for taking up the pulp from separate troughs at the same time, from each of

which a web of wet paper is conveyed, by means of endless felts, to a pair of

rollers, where they are united by pressure, the subsequent manufacture of the

paper beiug completed in the usual manner. To have a clear idea of this

arrangement, it is only necessary to consider, that a duplicate of the pulp

cylinder of the common machines is introduced in any convenient situation,

governed by the localities of the mill ; and that it is actuated by the same

machinery which turns the first cylinder.

In the month following tho grant of the last-mentioned patent, another was

obtained by Mr. John Hall, jun., of Dartford, for " a machine upon a new and

improved construction for the manufacture of paper," which we find, by a

perusal of the specification, to be for precisely the same object as Mr. John

Dickrnson's ; but the process adopted by Mr. Hull is much more elegant and

scientific. In order to collect to the surface of the main cylinder of the

machine a quantity of pulp sufficient to make paper of any required thickness,

Mr. Hall employs an hydraulic pressure, in the following manner:—the

cylinder is made to turn in a vessel supplied with pulp on the one side, and

clean water on the other, which rises considerably on its exterior, and through

the axis, which is made hollow for the purpose, and has a bent pipe extending

from it to the lowest part. The water is continually pumped from the interior

of the cylinder ; and thus, by the difference in the altitude of the water inside

and outside, an hydraulic pressure will be obtained, variable at pleasure, and

available in causing a greater or less quantity of pulp to adhere to the surface,

•hich is covered with wire-gauze, supported by strong ribs, to admit of the

passage of the water from the exterior to the interior.

The next invention we have to notice is by Mr. Wilks, one of the partners of

the firm of Bryan, Donkin, & Co., engineers of great experience and celebrity

in this department of mechanism ; they having been almost unceasingly en-

. ;-l in the construction of the Fourdrinier, and other paper machines, from

their earliest introduction to the present time: any improvement, therefore,

emanating from that house, carries with it a recommendation for utility. The

improvement contemplated by this patentee is the application of an additional

roller to the Fourdrinier machines. The additional roller is to be perforated,

and it is intended to facilitate the escape of the water from the pulp web, pre

viously to its being subjected to the pressing rollers. Still more to facilitate

the abstraction of the water, Mr. Wilks proposes to employ the pressure of the

atmosphere, by making a vacuum within that part of the perforated roller on

rfcich the paper web rest*. The method of making these rollers a described to
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consist of the following processes : a piece of sheet copper, jrass, or other

suitable metal, is bent and soldered in the form of a tube, whose length is equal

to the circumference of the intended roller, and whose circumference is equal

to the length of the intended roller, making an allowance for the waste at

the ends. The tube is then to be drawn on trebletts, in the usual manner,

nnd afterwards turned truly cylindrical on the mandril, on which it was drawn.

A series of grooves, eight or ten in number, are then turned half through the

tube, with a tool the sixteenth of an inch wide, and so made as to make the

bottoms of the tubes as wide as their tops. The tube is then taken from

the mandril, cut open, and bent inside out, and soldered in the form of another

tube, whose length shall correspond to the circumference of the first, thus con

stituting a hollow cylinder, with longitudinal grooves inside. It is to be again

drawn, and turned with grooves to the amount of twenty-four in the inch ;

these will of course cross the other at right angles, and, being cut half through as

before, the entire surface will be composed of transverse ridges and rectangular

perforations. When it is desired to employ the exhausting principle, a second

perforated cylinder is introduced within the first; the inner cylinder must be

made smooth inside, that it may fit air-tight upon a sectoral cavity, extending

from the axes to the circurpference, enclosing about an eighth part thereof,

opposite to the place covered by the web of paper, as it passes over the roller.

The air is pumped from this cavity through the axis, which is made hollow for

that purpose by an air-pump of the usual construction. When this method of

abstracting the water is employed, the roller must be put in motion by a train

of wheel-work, so arranged that it may coincide precisely with the motion

through the machine.

1830. From a perusal of the specifications of patents granted about this

period, it would appear, that the attention of the manufacturers of paper was

rather directed to such improvements of the mechanism as were calculated to

ameliorate and enhance the quality, than to such as might accelerate the process,

and increase the quantity ; and the ingenuity and talent thus called into action

by rival manufacturers is deserving of record, were they of less practical utility.

We shall therefore notice three of their inventions, in the order of the date of

their patents. The first is Mr. Richard Ibotson's, of Stanwell, Middlesex.

Hitherto much difficulty has been experienced in clearing the stuff, or pulp,

of which paper is made, of the small knots which are invariably found in it, and

which, if not separated, necessarily deteriorate the quality of the paper. The

sieves or strainers which have been generally employed for separating the knots,

have been either so wide in the meshes as to permit the smaller knots to pass

through, or else they very soon get clogged up ; for it is evident that the fibres

of which even the finest paper is made are considerably longer than one of the

meshes in the sieve, and hence they will, instead of passing through, be de

posited across the meshes, and immediately render the sieve useless. To remedy

these imperfections, Mr. Ibotsoa manufactures his sieves or strainers (which he

applies to the Fourdrinier machines) of metallic bars, giving the preference to

gun-metal, made flat on the upper surface, and about half an inch wide, or, at

all events, of a width greater than the length of any of the fibres in the pulp.

The bars are strengthened by a projection extending along the middle of their

lower sides, so that the cross section of one of the bars may be represented by

the letter T. These bars are in a frame at a distance from each other, cor

responding with the intended quality of the paper for which the sieve is to be

used. He has designed, however, a very ingenious method of adjusting the

distances between the bars, so as to make the same sieve answer for the manu

facture of paper of different qualities : for this purpose he makes all the bars

to taper uniformly, and fixes every alternate bar with its narrow end towards

the same side of the sieve, and he frames the other bars together, but does not

fix them to the sieve ; they are introduced between the fixed bars, with their

narrow ends in a contrary direction. By this arrangement, it is evident that the

distances between may be diminished or increased to any degree of nicety, with

the greatest facility, by pushing the frame of loose bars forwards or backwards,

which is effected by means of adjusting screws. The sieve is to be placed iu a
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trough conveniently situated to receive the pulp from the hog, or machine by

which the rags are torn to pieces, and agitated into the consistence of pulp.

One aide of the sieve, which is made in the form of a rectangular parallelogram,

n attached by hinges to the trough, and the other is connected with a set of

cam-wheels, by which it is elevated and depressed with great rapidity ; and

when the sieve gets clogged up by the knots, which it separates from the pulp,

its surface is to be cleared by a rake or brush, made of hard bristles. This

••••"I- to be a highly ingenious invention ; and, in the hands of a practical man,

as it is, it cannot fail to become useful to the public.

The next patent, dated March 1831, is the invention of Mr. G. W. Turner,

of Bermondsey, Surrey, which consists, first, in the construction of a new species

of sieves for separating the lumps and coarse parts of the pulp from the finer

portion, that the latter only be employed in the fabrication of the paper ; and

secondly, in a peculiar mode of applying the sieves, so as to supersede the use of,

and form an improved substitute 1'or the ml and the hoy. Mr. Turner describes

wrcral forms of sieves in his specification, slightly varied, but partaking of the

same characteristic features. That to which he appears to give a preference is

of a circular form, and consists of a series of concentric rings of thin metal,

previously bent into a right angle, but placed with a flat side upwards, like the

letter L reversed, thus, F F F ; they are arranged in concentric circles, leaving

between each annular crevices about the fiftieth of an inch wide, and are

fastened by screws, or solder, to radial arms underneath, proceeding from a

central block to a peripheral band, which is about 8 inches deep, and 3 feet in

diameter. The manner in which the sieves are used we will now explain.

lppon the top of a square vat or cistern is fixed a framed standard, supporting

in I'lmmntr blocks, at its upper extremity, the axis of a vibrating beam ; to

tacnendof this beam is suspended, by a rod or spindle, one of the sieves just

Described, the bottoms of which lie, when at rest, upon the surface of the pulp

in the vat The rods, or spindles, are jointed to the beam, to allow of their

moving vertically by its vibration, which is effected by a rod connected to a

Moiling crank, the latter imparting sufficient motion to the sieves to cause

iheir bottoms to be alternately lifted out of the pulp an inch or two, and then

plunged underneath it. To this action of the sieves is added that of a rotatory

motion, communicated to them from the first mover by means of pulleys fixed

wtheir rods or spindles, which pass through centre holes in the standard frame,

asd are provided with swivel joints between the links that connect them to the

t*am, and thus admits of a rotative as well as a vibratory action, at the same

tune, which tends .to dislodge any gross particles that may stick in the inter-

sicn of the sieves, and, at the same time, to disturb and agitate the whole con

tain of the vat. The pulp, thus reduced to a smooth and homogeneous state,

fbwj over a wide lip in the vat, directly on to the endless web or mould, and

<i"ii supersedes the necessity of the " hog."

In 1832 Mr. John Dickenson took out a patent for the same important

"ject, that of obtaining a perfectly uniform and smooth pulp, in order that the

paper produced therefrom might be of a firm and even texture ; the process we

proceed to describe, with reference to the figures on page 254. a a a, Fig. 1, repre-

*ni» a section of a vat containing the pulp, which is to be regulated by a

n»t; at 6 is a false bottom ; cc is a rotatory cylinder, through which that

• • riion only of the pulp that is to be made into paper passes ; the knots, grit,

&• being prevented from entering by the wires which envelope the periphery of

<* cylinder. These wires are arranged spirally by a continuous coil, in the

Banner of a squirrel cage, but so close together as to leave only the one hun

dred and fifteenth part of an inch space between them. The wire recommended

•* 'tis purpose ii to be drawn of the figure represented in Fig. 2, the narrow under-

"ath side d being fixed next to the cylinder, where it is to be fastened by rivets to

^longitudinal bars ee, leaving the uniform space between the coils as before

c "Wioned, which may, of course, be easily performed by a gauge. The spaces

'oough which the pulp must pass are, therefore, longitudinal slits, two or

^f« inches long, and only the one hundred and fifteenth part of an inch wide.

"t radii o) the cylinder are closed, except at the axes of rotation, which ac»
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formed of large tube: ; through these the fine pulp received into the

flows off to the mould on which the paper is formed. As there would be i

continual liability of the fine interstices of the cylinders becoming clogged,

unless some means were adopted to prevent it, Mr. Dickenson employs what is

technically termed a float (though it does not possess that precise character),

which, by an up-and-down motion, agitates the liquid, and, by changing tbt

fig. I.
 

course of the current through the wires, throws off" whatever has accumulated

on the outside of them. This float is a close vessel of strong copper, of ncsrtT

the length of the cylinder (four feet), and of the sectional figure seen at//; «n

horizontal bar passes throughout the lower part of this vessel, and also throuch

the tubular axes of the cylinder, beyond the plummer boxes, in which the latter

turn, where the horizontal bar is fastened to a vertical bar h at each end, that

are connected to a lever i, whose fulcrum is at k. At / is a double cam, put in

motion by a gear, in connexion with the wheel that actuates the rotatory

cylinder ; every revolution of the cam lifts the lever i twice by means of ilie

wipers mm, and, through the medium of h, the copper float// also, about 1 1

inch each time ; and the " float" being somewhat heavier than the fluid hi

which it is immersed, falls immediately afterwards, producing the required

agitation. A second improvement under this patent, consists in the knivei

usually employed in the transverse cutting of the endless sheets of paper ;

these are usually two straight-edged blades, one of which being fixed, ana the

proper length of paper drawn over it, the other descends and divides the sheet

by a similar action to that of shears. In lieu of the upper moving knife with

a straight-edge, Mr. Dickenson employs one of an angular form, represented at

n, Fig. 3, which is brought into contact with the lower fixed one, shown at a.

A patent for " certain improvements in sizing, glazing, and beautifying the mate

rials employed in the manufacture of paper, pasteboard," &c.,was taken out in 1 828

by Messrs. De Soras and Wise ; and as the process possesses novelty, and i» in

tucceisful operation at the latter gentleman's mill at Maidstone, we annex the

following particulars, which we have obtained by a perusal of the specification.—

A ley is prepared with quicklime, the subcarbonate ofsoda (or potash), and water,

in a vessel of white wood, until the alkaline solution shall be of 104° specific

gravity, water being considered as 100°. With this solution a copper is to be

about one-third filled, and heat applied, either by naked fire, or by steam ; but

the latter is, of course, preferable. There is now to be added of white bleached

wax an equal weight to that of the solution, and the whole to be stirred until *
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perfect union or solution of the wax is effected : if, after a boiling of three

loan, this should not appear to be tbe case (which will easily be discerned

after a little experience, and without waiting till the materials hare become cold

to determine the fact), then a little more of the alkaline ley may be added, by

degrees, to complete the operation : this being done, and while the solution of wax

is Soiling hot, there is to be added more water, in the proportion of four gallon*

to every pound of wax in the solution, and the boiling continued. While thin

i> going on, the starch of potatoes, in the proportion of from four to four and a

half pounds to every pound of wax employed, is to be separately mixed in a

gallon of water, and thrown into the copper, which, being stirred up, the whole

contents of the vessel will almost instantly assume the consistency and colour

"! a very tine white paste, in which state it will keep good in summer for about

fifteen days. The paste, prepared as above described, is to be used in the

ordinary way of sizing paper, varying the quantity with the quality of the rags

operated upon. If the rags be of the coarsest kind, about 3 Ibs. of the pasty

1 "' "" to 1 20 Ibs. weight of rag in the pulp will suffice ; if of middling tine-

ness, about 4 Ibs. ; and if the very finest rags, about 5 Ibs. of the paste. Pre-

wu, however, to the mixture being made into paper, a quantity of alum in

Kjlution, equal in weight to the wax employed, is to be mixed with it. The

mixture is now ready to be made into paper, either by hand or by machines, in

the usunl manner. After the sheets are formed, it is advisable to dry them us

speedily as possible by free exposure to the air, and not to hang more than two

or three sheets upon one another, which should be parted before pressing. It

is (bo recommended, that the felts used in the subsequent pressing of the new-

nude paper, be wetted in a weak solution of alum, and squeezed out by the press ;

and that the sheets of paper be two or three times alternately pressed and

parted, by which process they will acquire a beautifully firm and glossy surface.

The patentees likewise direct, that the couching felts be not washed out with

•cap, but with the ley, whenever required. Although the weight of the potatoe

ftjor ii given in the dry state, there is no occasion to dry it (which is a tedious

operation), but employ it in the moist state, in which it deposits itself at the

bottom of the vessels. Potatoe flour, in drying, loses 30 per cent, of water ;

»hich weight of water should be deducted in calculating the weight of flour

rapfoyed. As several kinds of paper require only small quantities of sizing

materials, those points must be regulated by the knowledge of the manu

facturer.

Tbe manufacture of stout and beautiful drawing-boards has occupied the

"preial attention of Mr. Steart, of De Montalt paper-mills, Coomb l)own, near

B»th, wKo received an honorary medal from the Society of Arts, Manufactures,

">d Commerce, for the communication of his process, which we have abridged

a follows, from the Transactions of the Society.—The extra stout drawing

Mwrst or card boards, as they are usually denominated, are always made by

F&ag several sheets of paper together in the manner of a common pasteboard,

sod afterwards bringing them to a smooth face, by pressing and rolling. The

Piling it a dirty operation, and the occasion of many defects, some of which

fatal to the degrees of perfection and nicety required in a good drawing

A Another great defect is, that the far greater part of the drawing and

"iting papers DOW in use in this country, are of a hollow or spongy texture;

i-iii arinw from their being made of an indiscriminate mixture of linen and

ottoo, the greater elasticity of the latter preventing its fibres from closely

wiring with those of the wax; the consequence is, an irregular surface, and a

p-TOus, spongy substance, very different from that which an adherence to the

P"d old-fashioned practice, of using fine linen rags only in the manufacture of

^perior papers, would produce. The lino-stereo tablet is entirely free from

**se objections for the following reasons :—first, it is not composed of several

™*H pasted together, but is moulded from the pulp of any required thickness,

1 we entire man ; thus the risk of pasting is avoided, and no separation of the

"wponent parts can possibly take place, though wetted ever so often ; secondly,

'SttA of being composed of linen and cotton, it is wholly and solely niann-

-~?2red from the best and purest white linen rags, most carefully selected, Mid,
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consequently, without the aid of chloride of lime, or any bleaching proem

whatever.

The proceis.—In selecting the raw materials for the manufacture of tbe

lino-tablets, great care is taken to preserve the best and purest white linen rtgi

only, rejecting all muslins, calicoes, and every other article made of cotton

The linen rags are then carefully sorted, overlooked and cleaned, washed, and

beaten into pulp, in the usual manner practised by paper-makers of the first

class. The pulp being ready, and diluted in the vat with the proper proportion

of pure water, the workman, dipping his mould first into the vat, takes it up

filled with pulp to the top of the deckle, and holding it horizontally, and gently

shaking it, causes the water to subside, leaving the pulp very evenly set upon the

face of the mould ; having rested it for a moment or two upon the bridge of the

vat, the compresser, with its face downwards, is now carefully laid upon the sheet

or tablet, and both together placed in the small press close at hand, where it

submitted to a very gentle pressure, in order to exclude a great proportion ot

the water remaining in the sneet ; it is then withdrawn ; the compresser and the

deckle are then both taken off, and another workman couches it by very dex

terously turning the mould upside down, and pressing it pretty hard with his

hands on one of the fine felts previously laid upon a very level pressing plank,

by which means the tablet is left on the felt The mould is then returned to

the vat-man, who repeats the process as before : the coucher, in the mean time,

lays another felt upon the sheet or tablet just couched, whereon the second

sheet is to be laid in the same manner, and so on until all the felts are occu

pied ; over which another level plank is placed, and the whole drawn away on

a small rail-road waggon to the gveat press, where it undergoes a pretty severe

pressure.

The tablets will now be found to have sufficient adhesion to bear handling

with care, and are separated from the felts, and placed one upon another, so «

to form the packs ; these packs are to be submitted again to the action of the

press, until more water is expelled ; then are parted sheet by sheet, pressed and

parted again ; and this is repeated as often as is necessary, taking can to

increase the pressure every operation, until the face of the tablets is sufficiently

jmooth ; they are then carefully dried, sized, picked, sorted, &c. ; carried to

the rolling mill, and several times passed between the polished cylinders, to givi

them tbe last finish.

The above is the process for the plain or white tablets. In making UK

tinted tablets, the following additional particulars are to be attended to. The rag*

are cleansed, washed, and beaten into half stuff, in the usual way; the water

being drained off, the pulp is put into a vat with a solution in water of acetate

of alumine, or sulphate of iron, as a mordant or ground to fix the colour intended

to be made ; the whole is well incorporated, and suffered to remain for half an

hour or more, when the colouring tincture, previously prepared, is added ; after

which, the whole being returned to the engines, is beaten into fine pulp, and

then wrought into fine tablets. The dyeing materials chiefly made use of by

Mr. Steart, are, mangrove bark, quercitron burk, best blue Aleppo galls, sulphate

of iron, and acetate of alumine. A due combination of these materials pro

duce a great variety of drabs, greys, sand-colours, &c.

An apparatus and process for sizing paper in a more effectual manner thsn

it had previously been done, was recently patented by M r. Towgood, of Dart-

ford, in conjunction with Mr. L. Smith, of Paternoster-row, London. ThU

invention consists in the application of prtsture along with the size ; which is

feflected by depositing on the surface of a pair of pressure rollers, or on one of

them, if the paper be required to be sized only on one side, a thin uniform film

of size, which is pressed into the paper as it passes between the roller*. An

endless felt is sometimes made to pass over eacn of the rollers, and in that case

the size will be forced through the felt to the paper. This sizing apparatus

may be applied either separately, or in combination with a paper machine of

any construction ; but the form and arrangement of tbe different applications

will necessarily vary with the form of the machinery to which it is applied.

The form represented in the following diagram will be sufficiently explanatory.
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a i represent two pressure rollers, with pieces of endless felts c c e, and ddd

passing around them, being sup

ported and guided by a series of

friction rollers eee and ///; g is

a small trough with a perforated

bottom for supplying the surface on

the surface of the pressure roller

s; and A is a similar trough for

supplying size to the roller t, which

transfers its supply to the other

pressure roller b ; and jj are two

scrapers for keeping clean the sur

faces of the pressure rollers.

The cutting of paper into sheets

of any required dimensions as ex

actly and expeditiously as possible,

is an object of great importance to the

manufacturer ; and as the machine-

made paper is of considerable greater

width than is required, it becomes

necessary to cut it lengthwise. The following is the patented method adopted

by Mr. Crompton, of Tamworth, in Lancashire, and Mr. Taylor, of Marsden,

in Yorkshire, according to their enrolled specification, dated 1828. Fig. 1 is a

side elevation of the machine ; Fig. 2 a plan of the cutters, a is the roller

rn which the paper (either in the moist state in which it is delivered from

felts when freshly made, or when dry,) is rolled ; b b and c c are two pairs

of drawing rollers, which conduct the paper first between the circular cutters

 

Fig. 2. 

««, and thence on to the roller d, where it is wound in its divided state. The

<kaft upon which the upper cutter is fixed, is driven by any prime mover ; and

sy means of endless bands and pulleys it imparts motion to the upper drawing

fcflers 6 and e; these two upper rollers turn the two lower, by means of cog

wheels at the other extremities of their axes, which gear into each other ; the

VOL. II. x x
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upper cutter has in like manner a toothed wheel upon its axis, which tnrns

another toothed wheel upon the axis of the lower; none of these toothed

wheels are brought into view in the drawing, to prevent confusion. By the

revolutions of these parts of the apparatus, the paper, represented by a line gg,

is drawn from a between the rollers b, is severed at e, and thence is carried by

the rollers c on to d, by means of an endless band from the latter, as showa.

In order to accommodate this movement to the increasing circumference of the

roller d, occasioned by the paper accumulating upon it, the band pulley on a

is a friction roller, which is set so as to allow of its slipping a little in its revo

lutions. It should also be noticed, that the axis of the lower cutter is not quite

parallel to the axis of the upper one, by which means the edges of the cutters

facing the rollers a are brought into contact, whilst the other edges diverge,

which causes the paper to be more freely delivered from the cutters. The great

rapidity of this process of cutting is evident.

Another method of cutting paper of great merit was patented by Mr. Edward

Newman Fourdrinier, paper maker, of Hanley, in Staffordshire. It consists

of a series of receiving rollers placed one over the other. The several webs of

paper to be cut pass over these, are then brought together, and passed over the

collecting roller equally distant from the others ; and thence, by the aid of an

endless felt or blanket which passes about a series of guide rollers, they are

conveyed under the main cylinder of the machine, and delivered to the cutter

at the opposite side to which they entered. The cutter consists of a machine

which acts on the principle of shears ; the lower blade being fixed, and the upper

attached to an arm which vibrates upon a centre, and placed to meet the sta

tionary blade at an appropriate angle, so as to produce the best clipping ai'tion.

When a sufficient quantity of the paper has passed over the lower blade to

constitute the length of a sheet, the upper blade begins to descend ; but pre

viously to the blades coming into contact, a holder, consisting of a bar extend

ing the whole width of the paper connected with the same vibrating arm, is

made to press down and hold the paper firm on the lower blade, while the

cutting is performed. During the operation of cutting, the main cylinder, as

well as the guide rollers, remain stationary, while an actuating rod returns to

bring another length of paper. This vibrating rod gives motion to a sector,

which has on its upper side ratched teeth, that are acted upon by the rod as it

moves in the direction from right to left, but which remain stationary while

the rod moves in the contrary direction. The sizes of the sheets cut by this

machine are regulated by an expanding crank, which gives motion to the

actuating rod, and through that means to the main cylinder, and other parts of

the apparatus.

A great many materials as substitutes for rags in the manufacture of paper

have been at different times proposed ; the bark of the willow, beech, hawthorn,

and lime, the stalks of the nettle and thistle, the bine of hops, indeed almost every

vegetable substance capable of yielding easily an abundance of strong fibre, have

been suggested, and excellent paper has been made from some of them ; but

the introduction of the bleaching process, and the improvements made in the

mechanism for forming the pulp, having enabled the coarsest linen and cotton

fabrics to be brought into use, the supply of rags is at present found equal to

the demand for paper, immense as that is. The rapidly increasing knowledge

of the people in most parts of the world will probably create an increased demand

for books, and the stock of rags may again become inadequate to supply the

paper manufacturer, who must again have recourse to other materials : we pro

pose therefore to describe three patented processes for this purpose ; namely,

one for making it of straw, another for the employment of mou, and a third for

the use of solid wood.

Mr. Lambert's process for making paper of straw is as follows :—Having

collected a quantity of straw, all the joints or knots are to be cut away, and

the remainder boiled with quicklime in water, for separating the fibres, and

extracting the mucilage and colouring matters. (Instead of quicklime in this

part of the process, caustic, potash, soda, or ammonia, may be employed.) It

is then to be washed in clear water to get rid of the colouring matter and lime,



PARAGRANDINE 259

and afterwards subjected to the action of an hydro-sulphuret, composed of one

pound of quicklime, and a quarter of a pound of sulphur to every gallon of

n-iter, for the more effectual removing of the mucilaginous and silicious matters.

After this, the material is to undergo several successive washings in different

waters, to get rid of the alkaline and other extraneous matters, which may be

conveniently effected by beating in the ordinary paper-mill. When no smell

of sulphur is left, the water is to be squeezed from the fibrous material by

mechanical pressure, and then to be bleached by chlorine, by exposure on a

grass-plot, or any other convenient and well-known means : it is then to be

washed again, to get rid of the bleaching ingredients, next to be reduced to

pulp by the common apparatus for the purpose in a paper mill, and then

moulded into sheets. The subsequent operations are, in other respects, similar

to paper made from the usual substances.

Moss Paper.—Mr. Nesbit, of Upper Thames-street, had a patent in 1823

for the fabrication of a coarse kind of paper, especially applicable to the sheath

ing of ships, in the manner that the tarred brown paper is usually applied. The

material is a peculiarly soft kind of moss, which grows abundantly in the ditches

and low grounds of Holland. In that country, and in several of the northern

states of Germany, paper made from this material is employed as a covering to

the bottoms of ships, between the wood and copper sheathing, and is found to

be peculiarly serviceable in preventing leaks ; owing to its absorbent quality it

•wells up, making a close and firm packing under the copper. The manufac

ture of paper from this substance is exceedingly simple. The moss is first to

hive the adhering earth washed from it, then to be chopped in short pieces

(about half an inch long) in a similar machine to a tobacco cutting-mill ; after

this it is to be soaked for several hours in water, then formed into sheets in the

ordinary way between moulds, placing each sheet between woollen cloths ; in

this state they are to be subjected to mechanical pressure, afterwards thoroughly

dried, and lastly, pressed again between sheets of brown paper, (placed alter

nately,) when the manufacture is completed.

Paperfrom Wood.—This process is the subject of a patent lately granted in

the United States. The shavings of wood are to be boiled in water, with from 12

to 18 parts, by weight, of common alkali, which reduces the wood to a mass of

fibres, adapted for conversion into paper by the ordinary means. One hundred

pounds of wood, the patentees state, will make from five to seven reams of paper.

Ivory Paper is described under the word Ivory. Paper hangings being made

of ordinary paper, subsequently stained or printed, are noticed under the head

SrusiFfo.

PAPIER-MACHE. A name given by the French to an artificial substance,

applied to many useful and elegant purposes. It is made of the waste cuttings

of paper, boiled in water, and beaten to a pulp in a mortar. It is afterwards

mixed with size to give tenacity to the paste, and when brought to the proper

consistency it is pressed in moulds of an infinite variety of forms ; and thus

made into tea-boards, trays, snuff-boxes, &c, which are afterwards coated with

pigments, varnished and ornamented.

PARAGRANDINE. A new invention, the object of which is to avert hail

storms, acting in the same manner as the electric conductors for obviating

danger from lightning. In this climate the hail is seldom so violent as to occasion

any very serious losses; but in many parts of the continent it is dreaded as the

mast destructive enemy of the husbandman, and has given rise to the establish-

a?nt of insurance companies, to compensate the sufferers. The inventor of the

paragrsndine is a Signor Apostolla. One of the latest accounts of its beneficial

fSect3 was published by Antonio Perotti, who states, that having, on a piece of

had belonging to himself, containing 16,000 perches in extent, fixed up several of'

■he paragrandines, he had the satisfaction to find that no injury was done by hail

to the corn, and very little to the vines, although no less than fourteen storms had

occurred in the current year, five of which appeared to threaten great mischief

a his fields, but passed over them, and fell on the neighbouring lands. These

"astramenta are composed of metallic points and straw ropes, bound together

■ith hempen or flaxen threads. Dr. Astolii relates that in a hail-storm the
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clouds were seen to disperse on passing over lands protected by paragrandines.

A notice contained in an official report to the Milan government by the Gon-

falonieve of St Pietro, in Casale, also states, that during a stormy day, when

there were many claps of thunder and flashes of lightning, he went out to

observe the effects of the paragrandine, and noticed mat the electrio fluid wu

attracted by the points of straw in the apparatus, around which the flame

played in graceful curves ; while in the adjoining field, not protected by the

paragrandine, much rain fell, and the lightning did considerable mischief

We have thought it proper to introduce this notice of a foreign invention, at

it appears to be capable of beneficial application in this country in the protec

tion of agricultural produce collected in stack-yards.

PARALLEL MOTION. A term applied by practical machinists to an

arrangement of parallel bars, by which the alternating rectilinear motion of a

piston rod is made to work harmoniously with the alternating curvilinear motion

of a rocking beam. As the beam of all engines vibrates upon a centre, of course

it performs portions of a circle with each of its extremities ; and as the rod of a

piston is required to move up and down in a straight line, it cannot be imme

diately attached to the end of the beam ; hence the necessity of the intervening

mechanism called the parallel motion. There are many methods of effecting

this motion in general use ; and ingenuity may devise many more of equal or

superior merit. In single engines of the old construction, where the action was

apull at both ends of the beam (at the one end by the we;eht of the lump rod,

and, at the other, by the downstroke of the piston), a chl n was afl\ «d to the

upper part of the curved ends of the beam, and to the pump and pi. Ion rods,

which answered the purpose very well, and is still much used for similar pur

poses ; but in double acting engines, where the piston rod pushes upward, as

well as pulls downward, some other mode of action is required. The first plan

employed by Bolton and Watt was to place a toothed sector on the end of the

beam, the length of the radius being equal to the distance between the axis of

the beam, and a vertical line passing through the centre of the piston rod; and

on the upper part of the piston rod was placed a rack, which acted upon the

sector, and forming a tangent to it, preserved the rectilinear motion of the

piston rod throughout the stroke. A much superior method of effecting this

was afterwards devised, to which the name of parallel motion more justly

belongs ; it consisted of an arrangement of parallel rods moving on circular

axes, the principle of which may be thus briefly explained:—If a bar be so

confined by other bars that the motion of the end a, in a right line, causes the

 

otner end 6 to describe a certain curve, it follows, on the other hand, toe motion

of & in the curve will cause a to describe a right line. To apply this to the caw
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before us, let a 4 c represent the beam of an engine at the highest point of the

itroke ; a d its position at the middle of the stroke ; and af its lowest position :

cyand b h are two side rods, suspending the bar////, parallel to abc; gkl a

right line, in which the bar g moves in a groove ; then, when the end of the

beam c is at d, the end g of the bar g h will be at k ; and as g h is parallel to a d,

the other end A of the bar 17 // will be at m ; and when c arrives at /, g will be

it 4 tnd h at n ; the point h, therefore, will have described a curve, in a right

line, passed through the points g * ,; if, therefore, the groove in which the head

of the piston- rod moved be taken away, and the end h of the bar g h be

jointed to a radius bar, describing a circular arc passing through the points

*»», then the end g, of gh, to which the piston rod is attached, will move

through the points gkl, and the whole path of the piston rod will differ very

little from a right line. The small deviation from a right line arises from the

circumstance, that the curve described by the end h is not exactly a circular arc

»hen y moves in a strictly right line. To find the length and centre of motion

of the radius bar with any distance in the compasses, and on the points hmn,

deraibe arcs intersecting each other ; and through the points of intersection

dnw lines cutting in o ; then o n will be the length of the radius bar, and o its

centre of motion.

 

The parallel motfon in general use in steam-boats is represented in the fore-

prag diagram. The length of the radius bar and the centre of motion may

ody be found, as in the former case, by supposing the piston rod to move in

* light line, and finding three points, through which a point in the side rod

(warned at pleasure) would pass in the highest, lowest, and middle position of

"•i piston rod ; then a circle, which passes through these points, will give the

ndins and centre sought; and the point assumed in the side bar will be the

point for its connexion with the radius bar. abc, part of the beam ; eg and

' i side rods ; g the point of junction of the piston to the side rod eg; and m o

the radius bar.

In portable engines without a beam, the cross on the head of the piston rod

bu usually on its ends friction wheels running between guides ; but we prefer

ik parallel motion introduced in Lloyd's portable engine, described hereafter,

* it affords a convenient method of working the air pump and cold water

pnnp. The principle of the parallel motion in this engine will be understood

°J reference to the following diagram, abc represent a bar corresponding to

<a!f the beam of an engine, clef the path of the piston rod, and bk the

~--vx rod ; now the radius rod, and the two portions of the beam a b, and // c

^iog respectively equal, if a move in a right line towards g, c will move in the

* 'k, and if a be connected to a rocking bar a i; which, from its length, or

•'•! mall angular motion, describes an arc g a, differing but little from a right
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line; and a side bar or strap bit, and the parallel bar h e being added, the

centre of 4 h will be the point of suspension for the rod of the air pump, and

the rod of the cold water pump may be suspended from the parallel bar h e.

©>-- 

-.-.J)

1.

-$-

 

PARALLELOGRAM OF FORCES. A term used to denote the com

position of forces, or the finding of a single force that shall be equivalent to

two or more given forces when acting in given directions.

PARALLEL RULER. An instrument for drawing lines parallel to each

other. The simplest parallel ruler is the common cylindrical ruler of the

counting-house, represented at Fig. 1 ; it serves

very well for common purposes, where great

exactness is not required. Fig. 2 is the

common parallel ruler, consisting of two flat

rulers connected together by two small brass

levers jointed at their extremities; the mode

of using this instrument is too obvious and too

well known to need explanation. An objection

to the latter, of the bar moving circularly

sideways, is obviated in the instrument repre

sented at Fig. 3 ; the bars in these being

crossed and connected at the point of inter

section by a joint, and two of the ends sliding

in grooves, as seen at b b, causes the rulers to

move uniformly straight, or at right angles

with their length. Fig. 4 exhibits another

arrangement in use, whereby a similar recti

linear motion is produced by two pair of short

bars, connected to an intermediate slip c,

which, when the ruler is closed up, exactly

fill up the cavity between the pieces on either

side. Fig. 5 represents another parallel ruler

of great convenience and utility. It is

usually made of black ebony, with slips of

ivory at the edges, divided into inches and parts ; a hole is cut through the ruler

at e e, in which revolve two little brass wheels, projecting about an eighth of an

inch from the under surface, and upon which the ruler is rolled, steadily held in

the middle by the left hand, whilst the draughtsman draws the lines with his right.

The brass wheels are fixed to a steel spindle, which turns in brass bearings at

its extremities ; between each bearing and brass wheel there is a little ivory

cylinder, divided into equal parts, which revolves with the latter, and shows

precisely the quantity of motion in the ruler, and thus enables the draughtsman

to draw his lines at equal or any desired varying distances apart. The steel

spindles in the more recently constructed rulers are cased over with ebony,

which renders them more convenient as well as more durable.

PARBUCKLE. A term given to a contrivance whereby a cask, tee. u
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raised or lowered without a crane or pulley tackle ; it is formed by passing the

middle of a rope round a post or ring, or under a boat's thwart ; the two parts

of the rope are then passed under the two quarters of the cask, bringing the

two ends back again over it, which, being both hauled or slackened together,

either raise or lower the barrel, &c, as may be required.

PARCHMENT. A durable material, prepared from the skins of sheep and

goats, but chiefly the former, and employed for writing upon, the covers of

books, and various other purposes. The skin is stripped of its wool, and passed

through the lime-pit. The skinner then stretches it on a frame, perforated lon

gitudinally with holes furnished with wooden pins, that may be turned at plea

sure, like those of a violin, to stretch the skin like a drum-head. The skin being

thus sufficiently stretched on the frame, the flesh is pared off with a sharp instru

ment; it is then moistened with a rag, and white chalk, reduced to a fine dust,

strewed over it ; then, with a large pumice-stone, the workman rubs over the

skin, and thus scours off the remains of the flesh. They then go over it again

with an iron instrument, moisten it as before, and rub underneath with pumice-

stone, without any chalk ; this smooths and softens the flesh side very con

siderably. They drain it again by passing over it the iron instrument as

before. The flesh side thus drained, they pass the iron on the hair side, then

stretch it tight on the frame by means of the pins, and go over the flesh side

again with the iron ; this finishes its draining : the more the skin is drained the

whiter it becomes. They now throw on more chalk, sweeping it over with a

piece of lamb-skin that has the wool on ; this smooths it further. When dried

it is taken off the frame by cutting all round. The skin thus far prepared by

the skinner, is taken by the parchment-maker, who first scrapes or pares it dry

oa the summer (which is a calf-skin stretched in a frame) with an iron instru

ment like that above mentioned, only finer and sharper ; with this, worked with

the arm from the top to the bottom of the skin, he takes away one-half of its

thickness ; and the skin thus equally pared on both sides, is rubbed with the

pumice-stone to smooth it. This last preparation is performed on a bench,

covered with a sack stuffed with flocks, and it leaves the parchment fit for

writing upon. Vellum made from the skin of sucking-calves possesses a finer

grain than parchment, but prepared in the same manner without being passed

through alum water.

PARTING, in Metallurgy, is an operation by which gold and silver are sepa

rated from each other. In this sense it is the same with refining metals, or obtain

ing them in a pure state. Gold and silver are called perfect metals, because

they arc capable of withstanding the action of very strong heat All other metals

ire reduced to the state of oxides when subject to fire with access of air. Gold

and silver may, therefore, be purified from baser metals by keeping them melted

till the alloy be destroyed ; but this process is tedious and expensive, from the

great consumption of fuel. A shorter and more advantageous method of

refining gold and silver has been discovered. A certain quantity of lead is put

into the crucible with the alloy of gold and silver, the whole is exposed to the

action of the fire ; and the lead being quickly converted by heat into an oxide,

»hicb is easily melted into a semi-vitrified and powerful vitrifying matter, called

litharge, we have only to increase the proportion of imperfect metals ; and, by

tailing with these imperfect metals, it communicates to them its property of

Wing very easily oxidated. By its vitrifying and fusing property, exercised

»ith force upon the calcined and naturally refractory parts of the other metals,

i! accelerates the fusion, scorification, and separation of these metals. In this

operation the lead is scorified, and scorifies along with it the imperfect metals.

It teparates from the metallic mass, floats upon the surface of the melted mass,

aid becomes vitrified ; but as the litharge would soon cover the melted metal,

lod, by preventing the access of air, prevent the oxidation of the remaining

imperfect metals, such vessels are employed as are capable of imbibing and

»hiorbing in their pores the melted litharge, and thus removing it out of the

way; or, for large quantities, vessels are so constructed that the fused litharge,

twides being soaked in, may also drain off through a channel made in the

corner of the vessel. Vessels made of lixiviated wood, or bone ashes, are most
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proper for this purpose. These vessels are called cupels, the process itself cupel-

lotion. The cupels are flat and shallow. The furnace should be vaulted that

the heat may be reverberated upon the surface of the metal during the opera

tion. A crust or dark-coloured pellicle is continually forming upon the surface.

When all the imperfect metal is destroyed, and the scorification has ceased, the

surface of the perfect metal is seen clean and brilliant, forming a kind of ful-

geration called lightning. By this mark the metal is known to be refined.

PASTE. Glass prepared in imitation of gems. The basis of all artificial

gems is a very hard and pure silica, obtained by melting pounded quartz with

an alkali, with the addition of borax, nitre, and different metallic oxides, accord

ing to the intended colour of the gem. The materials should be of the purest

kind, finely pulverized, well sifted, melted in crucibles of the best quality, end

the fusion should be continued in a potter's furnace for twenty-four hours ; the

more tranquil and continued it is, the denser the paste, and the greater its

beauty. The following are the ingredients, with their proportions, employed in

the formation of some of the artificial gems. For what is called simply paste

or strass, there are four different mixtures.

pastes. 1. 2. 3. 4.

Rock crystal .... -318 -3170 -300

Minium "490 -4855 -565

Pure potash -170 1770 -105 -054

Borax -021 -0200 -030

Oxide of arsenic . . . '001 .0005

Litharge -540

Ceruse -406

1000 1-0000 1-000 1-000

For topaz, there are the two following methods :—

FIRST.

Strass, (white paste) -95816

Glass of antimony -04089

Purple of cassius -00095

Oxide of iron

100000

For ruby stra9s -9755

Oxide of manganese . . . -0245

1-0000

SECOND.

•990

10

1-000

For emerald,—

Strass, (white paste) -98743 -9905

Green oxide of copper . . . . -01200

Acetate of copper -0080

Oxide of chromium -00057

Peroxide of iron -0016

1-00000 10000

For sapphire,—

Very white strass -9855

Oxide of cobalt -0145

1-0000
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For amethyst, MUST. SF.COHD.

Stran -9870 .9979

Oxide of manganese .... -0078 -0022

Oxide of cobalt -0050 -0001

Purple of Cassius -0002

1-0000 1-0000

For beryl, or aquamarine,

Strasa -992G

Glass of antimony -0070

Oxide of cobalt -000 1

1-0000

For Syrian garnet,

Stress '6G30

Glass of antimony -3320

Purple of Cassiiu -0025

Oxide of manganese .... -0025

1-0000

PASTE. A mucilaginous preparation of wheaten flour, incorporated with

TOter by boiling. Sometimes powdered resin is mixed with it ; also gum arabic,

««, &&, according to the peculiar wants of the artist or manufacturer. Alum

it also considered to increase its cementing property.

PASTEBOARD. A thick kind of paper, made by pasting several sheets

together, which are afterwards pressed or rolled, to give the fabric firmness and

evenness of surface.

PASTIL. A dry composition of odoriferous resinous matters, commonly

employed to burn in chambers, to sweeten the air.

PATENT, or Letters Patent, is a writ or grant in the king's name, and under

the great seal, designed to secure to the proprietor of any new invention the

monopoly of its advantages for the term of fourteen years ; but this term is some-

traes extended, under extraordinary circumstances, by act of Parliament, to a

longer period- The term patent is also applied to the right conveyed, as well as to

tSe instrument conveying it. Monopolies, unless granted for a limited period, and

»ith the view to the ultimate benefit of the public. During the reign ofElizabeth,

muy unmerited monopolies had been granted, which had so prejudicial an effect

upon the commerce of the country, that, towards the end of that monarch's reign,

tfie clamour was so loud and general as to induce her to send a message to Par

liament, announcing her intention to immediately cancel the most oppressive of

tieexclusive privileges she had granted. But however just may be the feelings

>f opposition to monopolies in general, it will be readily allowed, that a patent for

• new invention, for a few years, is only a just and reasonable compensation to

die inventor, who is thus enabled to mature his discovery, and give it to the

public, at the termination of his monopoly, in a perfect or highly improved

"ate. And were it not for the exclusive privilege thus granted, many impor

tant inventions, that ultimately prove beneficial to the public, would never be

persisted in, but entirely fail ; as that powerful incentive would have no

existence, which induces ingenious men to study and labour incessantly, and to

expend large sums of money to bring their inventions into practical operation.

The basis of the present law of patents is derived from the 21st of James I.,

fi- 3, which is regarded as the declaration statute ; and the sixth section of this

•Utote states, that patents for new inventions are exceptions to the general law

of (be statute. The general law is, that all monopolies, and all commissions,

~iaa, licenses, letters patent, &c. for the sole buying, selling, making, using,

fee. of any thing, shall be void ; the excepting clause declares, that " any decla

ration before mentioned shall not extend to any letters patent, and grants of

privilege, for the term of fourteen years or under, hereafter to be made, of

i-f sole working and making of any manner of new manufacture within this

TOL. II. I. L
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realm, to the true and first inventor or inventors of such manufactures, which

others, at the time of making such letters patent and grants, shall not use, so

as also they be not contrary to law, nor mischievous to the state, by raising the

prices of commodities at home, or hurt of trade, or generally inconvenient"

The great importance of the subject of patents to engineers, machinists, and

manufacturers in general, renders it desirable to extend this article to an account

of the process of obtaining a patent ; also the nature and conditions of the grant,

and the expenses attending it ; which information the writer of this article and

compiler of the work is enabled to afford with perfect accuracy, he being pro

fessionally a patent agent. It is by no means necessary that the applicant for

a patent should employ an agent,—he may solicit the grant himself; there are,

however, but few persons whose experience and knowledge of the matter suffi

ciently qualifies them to transact the business of a patent with security to their

own interests.

The first thing an inventor should attend to, is to endeavour to ascertain if he

has not been anticipated by others, which is not an unfrequent occurrence,

although rarely discovered until too late to benefit by it; owing, perhaps, to the

injudicious flattery of friends, or the ignorance of legal advisers in matters of

invention or discovery. Having determined. the invention to be entirely origi

nal, and that it is calculated to compensate him for the expenses of a patent,

the inventor's first step to obtain one, is to make an affidavit of the fact of his

invention before a Master in Chnncery, if in London, or if in the country, before

Master Extraordinary, in the following form ; the words in italics being assumed

to afford precise examples.

(Form.)

" John Smith, of Birmingham, in the county of TTaruich, Iron Founder, nisketh

oath, and saiili, that he hath invented ' certain improved forms of apparatus jot

the transmission and distribution of heat, the generation of vapours, and other pro

cesses,' which he believes will be of public utility; that he is the first and true

inventor thereof; that the Baid invention is entirely new, having never been

practised nor used by any other person or persons, to the best of his knowledge

and belief. (Signed) " John Smith.

" Sworn at the Public Office in Southampton

Buildings, Ms 6th day of March, 1834,

before me, " H. Caoss."

Before, however, the affadavit is made or acted upon, the inventor should

well consider the nature and words of the title or designation of his invention,

for many patents have been annulled owing to the improper wording of the

title. The law requires, that it shall form a true index to the specification ; yet

if it be so clear as to call the attention of rivals, and enable them to discover the

secret of the invention, before the patent has passed the great seal, the patentee

may lose his privilege as well as his money. If, on the other hand, the title should

be so obscure as to incur the danger of a court of justice afterwards ruling that it

is an imperfect definition of the invention, he will also forfeit his privilege. Lord

Cochrane was thus most arbitrarily deprived of his patent right for the admi

rable street lamp which bears his name, owing to his having entitled the patent

an "improved method of lighting cities, towns, villages.' Now when it is

considered that no security whatever is afforded to the applicant until his patent

has passed the great seal, and that he is, during this period, by too explicit a

title, liable to be robbed of his right by impostors, the harshness and injustice

of the decision just mentioned becomes very apparent. Latterly, however, the

judges have been somewhat more tender of the rights of patentees, to which

improved conduct the writer perhaps indirectly contributed. He was opposed,

during the passing of a patent for some gentleman, on the ground of the studied

obscurity of the title, and he was required to render it more explicit ; this, how

ever, he declined doing, as a compliance would be equivalent, in effect, to &

publication of the specification, as it was for one of those simple discoveries in

which a word more of explanation would have exposed the object to those from

whom it should be kept secret. This fact he satisfactorily proved to the Solicitor

General, who admitted the necessity of the course taken, and the of jiosiusn,
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was defeated, ft was at the same time respectfully intimated: to the Solicitor

General, that if any additional information in the title were insisted upon, the

patent would be declined altogether, and the intended manufacture be removed

to France, where security against piracy would be afforded at the instant of

lodging a petition. The case mentioned is, however, an extreme one, and of

rare occurrence ; in most cases there is no difficulty whatever, though prudence

dictates, that so important a step as the proper definition of an invention, on

which the patent-right is founded, should be well considered.

The next step is to draw up a petition to the king, which contains a reitera

tion of the affidavit, and prays for the grant of the patent " for the term of

fourteen years, according to the statute in that case made and provided." Here

it becomes necessary to explain that patents for England, Ireland, and Scotland,

are entirely separate and distinct from each other ; and that when it is required

to extend the grant to the British possessions abroad, the latter are included

under the patent for England, at the additional cost of about five pounds. Sud-

posing the application be for England alone, the prayer of the petition is

expressed for " England, Wales, and the town of Berwick-upon-Tweed ;" and

ihould the Colonies be desired (which is rarely advisable), it is only necessary

to add to the words just quoted, " and all your Majesty's Colonies and Planta

tions abroad." The petition, with the affidavit, is lodged at the office of the

Secretary of State for the home department, for the king's pleasure, who directs,

or rather is presumed to direct, the Secretary of State to refer the matter to

the Attorney or Solicitor General for his advice thereon ; the petition is, accord

ingly, endorsed with such reference, and signed by the Secretary of State,

and, upon the payment of the fees, delivered to the applicant, who uses his

diiereiion as to whether he had best take it to the Attorney or Solicitor General,

being guided in his decision by the probability as to which of the two will

•xecute the business with the least delay, and in the manner most satisfactory

to the applicant. Upon receipt of the king's reference at either of the before-

mentioned legal functionaries, the clerk examines the caveat book, to ascertain

whether there be any existing caveats against the granting of a patent for a

similar object to that expressed in the applicant's petition. If there be none,

the clerk takes the earliest opportunity of drawing out the report in the usual

form, to be ready for the examination and signature of his principal. The

report thus completed, is, upon payment of the fees, delivered to the appli

cant, who transmits it to the king, through the medium of the Secretary of

State's office. Before attending to what is done with it there, it is proper to

notice the proceedings that would be taken in the case of there being inter

fering caveats ;—and we may observe, by the way, that there are always

numerous caveats against such inventions being patented as that expressed in

the example of the affidavit we have furnished. Under these circumstances, the

Attorney General's clerk (whose office, we will suppose, we have entered by

preference,) writes a circular letter to each of the caveatees, informing them of

the application, and adding this injunction,—" Should you consider the above

to interfere with your caveat of [mentioning the date], an answer, post-paid, is

requested within seven days of the date hereof, otherwise the patent will pro

ceed." When the seven days have expired, and none have thought proper to

answer, the applicant is entitled to his report; but should any answer, or

" oppose," as it is called, such opposer must deposit with the Attorney General's

clerk a sum equivalent to the expense of the hearing and the summonses

(generally under five pounds). The Attorney General afterwards appoints a

day when he will hear the rival inventors, or their agents, (and to these are

sometimes added counsel, who are, however, generally only an incumbrance in

dee points relating to practical mechanics,) and each of these is summoned for

the appointed day. When met together, the Attorney General first calls in the

applicant, or his agent, who explains to him alone, and confidentially, the

nature of his invention, and the leading points upon which he re6ts his claim

of originality. The caveatee, or caveatees, are next heard in privacy ; and if

u»e Attorney General cannot make up his mind upon the first hearing, the rival

Erties are called in again alternately, and re-examined until he is satisfied. If

finds the inventions to be essentially alike, he refuses the patent to cither
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individually, but offers them ajoint patent, ifthey will unite their interests in'one

this recommendation, though rarely, has been sometimes adopted, and attended

with advantageous results. In the case of the inventions being essentially different,

the opponent is told so, and the applicant receives his report. A few days

after this report has been delivered to the Secretary of State, a royal warrant is

prepared, which is signed by the king. This warrant, which recites the prayer

of the petition, the legal advice given to His Majesty, and other matters of form,

concluding with directions to the Attorney General to prepare a bill for His

Majesty's signature, is taken to the Bill-office (an office exclusively appropriated

to the engrossing of patent bills, under the superintendence of the Attorney

General,) where it is prepared in the course of a few days, or a week, and then

delivered to the applicant, who takes it to the Secretary of State, to obtain the

king's signature [to it. The king having signed it, it is called the " King's-

bill," and is next taken to the Signet-office, which, having passed, it is denomi

nated the " Signet-bill." Hence it is conducted into the Privy Seal-office, where,

having received the privy seal, it is baptized the " Privy Seal-bill," and is con

ducted to the Great Seal-office to receive the great seal, or finishing stroke.

Formerly it had a more tortuous course of manufacture, having to go through

a process at the Hanaper-office ; but although this one of the many absurdities

has been got rid of, the hanaper fees are still extorted, being made payable at

the Great Seal-office before the patent can be obtained. We should here notice,

that caveats are sometimes entered at the Great Seal-office ; but opposition made

by virtue of them, to the sealing of a patent, is made so expensive to the

caveatee as to be now but rarely acted upon.

In the letters patent which are granted for new inventions, the improvements

or inventions are first stated ; the prayer of the petitioner to have the exclusive

benefit for himself, or his assigns, for fourteen years, is next given, and this

prayer is declared to be complied with, according to the statute. After com

manding all subjects not to interfere with the patent right, and issuing a man

date to all officers not to molest tho patentee in the exercise of it, the letters

patent declare the patent void if it appear that the grant is contrary to law, or

prejudicial to the subject ; or if the thing invented have been in use before the

date of the grant, or if the patentee be not the inventor, or if it interfere with

prior letters patent, or if the patent be transferred to more than twelve persons

(lately increased from five to twelve), or to any who act as a corporate body ;

or, finally, if the nature of the invention be not described, or the description or

specification he not enrolled within two calendar months after the date of the

letters patent. The letters patent conclude with a declaration, that they shall be

construed in the most beneficial sense for the patentee.

It will be observed, that the period allowed for the enrolment of the specifi

cation, is but iu-o months for an English patent only ; but if the patentee

declares in his affidavit that it his intention to solicit patents for Scotland and

Ireland also, then he is allowed six months to prepare his specification ; and if

he declares for only one of these countries in addition to England, four months

are allowed. These periods are, however, sometimes extended upon a special

affidavit, and a petition to the Attorney General, setting forth the necessity of

the extension. As an instance, we had occasion to solicit a patent for a gentleman,

who discovered that the kernel of the palm-nuts, previously thrown away as

valueless, contained more valuable oleaginous matter than the outer rind, from

which the oil was usually extracted ; and although the process for obtaining the

oil could be specified by the operations that had been made upon a small quan

tity, still it was of importance that the public should be informed, through the

medium of the specification, of the best mode of procedure on the large scale,

to determine which, it was necessary to procure a supply from South America ;

On this plea, we procured twelve months to specify. However long a period a

patentee may have to specify, he rarely finds it too much ; very frequently,

indeed, he is unprepared to supply all the details in a satisfactory manner to

himself when he is required to complete his specification. For these reasons,

we always recommend our clients to express in their affidavits that it is their

intention to take out patents for the three kingdoms, if they have the remotest

intention of so doing, as they thereby obtain six months to specify, which is a
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positive advantage. The expression of an intention is not considered as obli

gatory to do otherwise than just as the interest of the party may afterwards

dictate ; and when a patentee declines taking advantage of the longer term to

specify, he exposes himself to the liability of being robbed of his invention by a

rival; thus,—suppose A to have obtained in June a patent for improvements in the

■team engine, and to have six months to specify. B invents other improvements

in the steam engine, which he patents in July, and has only two mouths to

specify ; B.'s specification is enrolled in September ; then A goes to the office

and reads it, obtains, if he pleases to pay for it, an office-copy, takes it home

with him, and inserts, at his leisure, the whole, or as much of it as he pleases, in

his specification that is due in December; now as A has a prior claim by the date

of his patent, B is irremediably robbed of his invention and his patent right too.

In obtaining a patent for Scotland, the first proceedings are the same as for

England, but the petition is referred to the Lord Advocate, upon whose report

the king issues his warrant, and the remaining business is executed in Scotland

without requiring the king's signature to the bill. Four months is the time

allowed to specify a Scotch patent The patent is written in the Latin language.

In soliciting an Irish patent, the affidavit and petition is sent with a refer

ence from the king to the Lord Lieutenant at Dublin; but as his lordship knows

nothing of such matters except the fees they conduct into his pocket, he refers

the never-discussed point of the propriety of granting the patent, to the grave

consideration of the Irish Attorney and Solicitor General, both of whom sign

tbeir names to a lithographed report, for doing which they pocket an enormous

fee. The subsequent proceedings are nearly similar to those of an English

patent, excepting that they are much longer in completion.

The time required for completing an English patent under the most favour

able circumstances, that is without opposition, is three weeks ; but by the pay

ment of additional or " expedition " fees, it may be done in a fortnight by an

active agent A Scotch patent takes also about three weeks ; but an Irish

patent takes full six weeks. Before the period when Mr. Stanley came into

office, as Secretary for Ireland, it was difficult to get an Irish patent completed

in six months!

The cost of patents for England, Scotland, and Ireland, are stated in a

printed report of the Committee of the House of Commons, to be as follows :—

£ : d.

For England, to one person only 106 11 8

„ if to two persons, an additional . 20 0 0

„ if the Colonies be included . . 5 0 0 '

For Scotland 79 10 5

For Ireland. . 128 5 11

The expenses of the specification are to be added to the foregoing, which

depend entirely upon its length, the trouble of preparing it, and the quantity of

drawings. It cannot be less than ten pounds ; and the average cost may be

stated at about twenty pounds each, though there have been instances of the

costs exceeding one hundred pounds, when it has been necessary to describe

minutely very extensive mechanism, accompanied by numerous elaborate

drawings. The expense is frequently much increased by the inventor not

Raving well digested all his plans, and working drawings having to be made

out by the head and from verbal descriptions, which generally require much

alteration and study before they are complete. A material part of the before-

mentioned costs of specifications, consists in the stamps and enrolment fees,

amounting, we think, to about half of the whole ; the remaining half

forming tbe compensation to the agent employed to write, making out the

drawings, Src. of the specification. But if the patentee feels himself competent

to execute this task in a proper manner, he may save himself this half of the

expense ; nevertheless, if he has not previously been a patentee, and thereby

become acquainted with all the requirements of the law in this most essential

proceeding, it would be imprudent in him not to avail himself of the 'advice or

assistance of one more experienced in matters of the kind. The specification is

engrossed upon parchment, the first skin bearing a five pound stamp, and every
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succeeding skin, or second 1080 words, stamps of one pound each. Two sets ot

drawings are required, one on paper, the other on vellum or parchment; the

latter are retained in the office, and are stitched to the copy of the patent on

the " rolls." After this is done, the specification that was deposited, and the

drawing on paper, will be returned to the patentee on application at the office;

at whioh time the balance of the enrolment fees (a sum having been previously

deposited) is demanded. The fees of enrolment of a Scotch patent are con

siderably more than for an English one, and the stamps are the same. The

fees chargeable for an Irish patent, as well as the stamps, are less than those

for an English one.

Since the foregoing was prepared for the press, an Act of Parliament for the

amendment of the patent laws was introduced by Lord Brougham, and passed

on the 10th September, 1835, of which the following is an abstract :—

" 1. Any person who, as grantee, assignee, or otherwise, hath obtained letters

patent for any invention, may enter with the clerk of the patents of England,

Scotland, or Ireland, respectively, having first obtained the leave of the Attorney

General, or Solicitor General in case of an English patent, of the Lord Adv. -

vocate or Solicitor General of Scotland in the case of a Scotch patent, or of the

Attorney General or Solicitor General for Ireland in the case of an Irish patent,

a disclaimer of any part of either the title of the invention, or of the specifica

tion, stating the reason for such disclaimer ; or may, with such leave as afore

said, enter a memorandum of any alteration in the said title or specification,

not being such disclaimer or such alteration as shall extend the exclusive right

granted by the said letters patent ; and such disclaimer or memorandum of

alteration shall be deemed to be part of such letters patent, or such specification,

in all courts whatever : Provided that any person may enter a caveat against

such disclaimer or alteration ; which caveat shall give the party a right to have

notice of the application being heard : Provided also that the Attorney General

or Solicitor General, or Lord Advocate, may, before granting such fiat, require

the party applying to advertise his disclaimer or alteration, and shall, if he

require such advertisement, certify in his fiat that the same has been duly made.

" 2. If, in any suit, it shall be proved, or specially found by the verdict of a

jury, that any person who shall have obtained letters patent for any invention,

was not the first inventor thereof, or of some part thereof, by reason of some

oilier person or persons having invented or used the same, or some part thereof,

before the date of such letters patent; or if such patentee or his assigns shall dis

cover that some other person had, unknown to such patentee, invented or used

the same, or some part thereof, before the date of such letters patent; or if such

patentee or his assigns shall discover that some other person had, unknown to

such patentee, invented or used the same, or some part thereof, before the date of

such letters patent, it may be lawful for such patentee, or his assigns, to petition

His Majesty, in council, to confirm the said letters patent, or to grant new

letters patent ; which petition shall be heard before the judicial committee of

the privy council ; and such committee, upon being satisfied that such patentee

believed himself to be the first and original inventor, and that such invention,

or part thereof, had not been publicly and generally used before the date of such

first letters patent, may report their opinion that the prayer of such petition

ought to be complied with ; whereupon His Majesty may, if he think ifit, grant

such prayer : and the said letters patent shall be available in law and equity to

give to such petitioner the sole right of using, making, and vending such in

vention as against all persons whatsoever, any law, usage, or custom to the

contrary thereof notwithstanding.

" 3. If any action at law, or any suit in equity for an account, shall be

brought in respect of any alleged infringement of letters patent, or any scire

facias to repeal such letters patent, and if judgment shall pass for the patentee

or his assigns upon the merits of the suit, the judge may certify that the validity

of the patent came in question before him, which certificate being given in

evidence in any other suit or action whatever touching such patent, ifjudgment

shall pass in favour of such patentee or his assigns, he or they shall receive

treble -costs, to be taxed at three times the taxed costs, unless the judge shall

certify that he ought not to have such treble costs.
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" 4. If any patentee shall advertise in the London Gazette three times, and

in three London papers, and three times in some country paper, published in

the town where, or near to which, he carried on the manufacture of any thing

made, according to his specification ; or near to, or in which he resides, in case

be carried on no such manufacture ; or published in the county where he

carries on such manufacture, or where he lives, in case there shall not be any

paper published in such town, that he intends to apply for a prolongation of his

una of sole using and vending his invention, and shall petition His Majesty in

council to that effect ; any person may enter a caveat ; and if His Majesty shall

refer the consideration of such petition to the judicial committee of the privy

council, and notice shall first be by him given to any person or persons who

shall have entered such caveats, the petitioner shall be heard by his counsel,

and witnesses, to prove his case, and the persons entering caveats shall likewise

be heard by the counsel and witnesses ; whereupon, and upon hearing and inquir

ing of the whole matter, the judicial committee may report that a further exten

sion of the term in the said letters patent should be granted, not exceeding seven

years; and His Majesty is, if he shall think fit, to grant new letters patent for the

said invention for a term not exceeding seven years after the expiration of the first

term : Provided the application by petition shall be made and prosecuted with

effect before the expiration of the term originally granted in such letters patent."

5 and 6 introduce some alterations in the forms of process in actions for

infringement.

" 7. That if any person shall write, stamp, &c. upon any thing the name, or

say imitation of the name of any other person who hath obtained letters patent

for such thing, without leave in writing; or if he shall write, stamp, &c. on such

thine without leave, as aforesaid, the words ' patent,' ' letters patent,' or ' by the

tings patent,' or any words of the like kind, meaning, or import, he shall, for

erery such offence, be liable to a penalty of 50/."

It is necessary we should not omit to inform the reader that very recently an

Act was introduced by the Duke of Richmond, and received the sanction of the

legislature, for the abolition of voluntary and extra-judicial oaths and affidavits ;

by the provisions of which it is now indispensable that an inventor who applies

for a patent should first make a " declaration" in lieu of the affidavit, of which

we have given the form on page 2G6 ; and this declaration must be couched in

the terms expressed in the Act, which we have not space to insert

PAVING, or PAVEMENT. A layer or covering of stone or brick, carefully

laid over roads, paths, halls, passages, &c, and to form stone floors in the

interior of buildings. Pavements of flint and flags, in streets, are commonly

laid dry, that is, in beds of sand or gravel ; those of stables, courts, ground-

rooos, &-c are laid in a mortar of lime and sand, or in lime and cement, especially

if there be cellars underneath. Sometimes, after a floor of stone or brick has been

laid dry, a thin stratum of mortar is spread over it, and worked into the crevices,

to till up all the joints. The several kinds of paving are as various as the mate-

riala of which they are composed, the adoption of which depends usually upon

local circumstances and the expense : the following are the principal kinds.

1. Pebble-paving, frequently laid in ornamental design, is done with kidney-

ihiped stones, obtained from Guernsey and other places ; it is extremely durable

when properly performed.

2. Rag-paving, formerly much used in London : the stone is obtained from

Maidstone, in Kent, whence the name of Kentish rag-stone; there are square

tones of this material for coach-tracks and footways.

3. Purbeck pitchens; stones from six to ten inches square, and five inches

°«p, brought from the island of Purbeck, and frequently used in court-yards.

1 Square-paving, by some called Scotch-paving : by this was recently under

stood cubical stones, of blue whynn ; they are, however, now nearly disused in

London, owing to their inferiority of the next-mentioned.

•5. Scotch granite ; a hard material, usually of a bluish or reddish colour, with

which the London road-pavements are formed.

6. Guernsey and Herm blue-granite ; extensive quarries being now opened

at the latter island, chiefly for the supply of the London pavements, for which

purpose it is found to answer as well, if not better, than the Scotch. The stones
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are prepared of a priimoidal figure, by means of iron hammers, and are usually

laid with their end downwards, bedded in gravel.

7. Purbeck-paving, of the blue sort, in large surfaces, and about 2j inches

thick, make excellent flag pavements.

8. Yorkshire-paving, of large dimensions, is equally good with the former,

is impervious to water, and unaffected by frost.

9. Kyegate, or tirestone-paving, is used for hearths, stoves, ovens, and such

places as are liable to great heat, which does not affect the stone, if kept dry.

10. Newcastle flags are about two feet square, and two inches thick: answer

well for out-offices.

ll.4Portland- paving, from Portland, sometimes interspersed with black dots.

12. Swedland-paving is a black slate, dug in Leicestershire ; much used in

paving halls, especially in party-coloured paving.

13. Marble-paving, frequently variegated with different coloured marbles,

and sometimes inlaid in mosaic.

14. Flat-brick paving, done with brick laid in sand and mortar, or groute, ai

when liquid lime is poured into the joints.

15. Brick-on-edge paving, done with brick, laid edgeways, in the same manner.

16. Bricks laid flat or edgeways, arranged in herring-bone fashion.

17. Bricks set endways in mortar, sand, or groute.

18. Paving-bricks, made especially for the purpose.

19. Paving with ten-inch tiles.

20. Paving with foot tiles.

21. Paving with clinkers, for stables, &c.

There are many other kinds of paving, equally worthy of notice with the

foregoing, but it would be needless to extend the description. We must

not, however, omit to mention a beautiful imitation of mosaic, in various

colours and designs, now manufactured of pottery-ware, some specimens of

which we have seen at the Museum of National Manufactures and the Arts, ra

Leicester-square. Pavements of churches and other handsome buildings fre

quently consist of stones of various colours, but chiefiy black and white, in squares

or lozenges, artfully disposed. There needs no great variety of colours to make

a surprising diversity of effect It has been shown, tli.it two square stones,

divided diagonally into two colours, may be joined together, in checkers,

sixty-four different ways, as each admits of four different situations, in each of

which the other square may be changed sixteen times, which gives sixty-four

combinations. A very beautiful example of a tesselated pavement, in black

and white, is afforded in the extended floor of St. Paul's Cathedral, which ii

well worthy of examination by those who have occasion for works of that nature.

Having slated the various kinds of pavement as commonly practised by

masons, we proceed to notice several deviations from that practice, which have

been much talked of, and partially brought into use. The first we shall describe

is the patented improvement of Mr. Abraham 11. Chambers, of New Bond-

 

street, London ; the object is for paving the horse and carriage-ways of our

public streets. Mr. Chambers forms the bed of earth or grave! of the usual

figure, which is a slightly elevated arch ; this foundation is to be rendered i
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Srm and solid as possible, by ramming, previous to laying down the stones,

which are in form like the lower portion of a regular quadrangular pyramid,

and are arranged so that the sides of each stone shall overlap those in the next

row, as exhibited in perspective in the preceding cut. When they are thus laid

uniformly and evenly, with their broadest surfaces or bases downward, a

quantity of some of those stone-like cements, of which lime is the basis, or the

British puzzolana, is to be poured between the joints, filling them to about one-

third of their depth : when this has become hard, so as to cement the whole

into one solid body, the remaining two-thirds of the interstices are to be filled

with broken flints, granite, or other hard materials. On each side of this road

way are to be constructed deep brick gutters, for the reception of the water,

and the small portion of mud that may be formed ; and midway, between each

side and tLe centre of the road, lateral trenches are to be dug, to lead, by an

oblique descent, into the brick gutters : these trenches are to be filled with

broken bricks and stones, and serve as a filter, to convey nothing but the water

from the middle of the road into the gutters. The patentee considers that a

raved carriage-way, constructed upon this plan, will be extremely durable, and

will be kept free from mud and sludge.

The patent triangular pavement is founded (as the inventor states), upon the

reciprocal bearing and support of the stones. The pavement is formed of

granite, or other hard paving stones, of the ordinary size, and each stone is laid

or ranged in such a manner, with reference to the several contiguous stones, as

that neither can be displaced the eighth of an inch, by any pressure or percus

sion, however great, in the ordinary use of the streets. The stones are not

wedges or cubes, but formed as repre

sented in the subjoined diagram, each

containing a protruding or salient angle

on the one side, and an indented or re

ceding angle on the opposite side ; the

receding angle being formed to receive

the salient one. Although the first cost

of a pavement of this kind may be greater

than ordinary, its probable greater dura

bility will, most likely, more than compensate ; besides, its level symmetry,

cleanliness, and solidity of construction, derived by each part from the whole

superficies, seem to be advantages attached to this species of pavement.

In Macknamara's patent pavement, the stones are comparatively thin, flat

squares; their upper faces have two of the opposite sides of the quadrangle

beveled off to an angle of about forty-five degrees ; and underneath each stone

Ae reverse sides of the quadrangle are beveled off in like manner, so that when

laid together in the manner exhibited in the engraving on the next page, they may

reciprocally support each other. Fig. 1 represents a plan of a street paved on

this system ; Fig. 2 exhibits a vertical section of the same, the roadway stones

brag numbered 1, 2, 3, 4, 5, (as shown on the plan); 6 6 are the gutter-

stones ; 7 7, these which abut against the curb. Fig. 3 gives a side view of

Ihree entire stones, exhibiting the reverse position of the beveled edges, by

which the stones are mutually supported. Fig. 4 represents the opposite sides

or edges of the same stones.

" By a careful attention to the figures, it will be seen," says the patentee,

"that each and every individual block or stone mutually and reciprocally sup

port, and are supported by, each other. This principle will be found to apply

throughout, each block or stone being upheld by two adjoining ones, and, in

Worn, mutually supporting others that are made to rest upon it. These blocks

may be made of any convenient size ; the principal object to be attended to is

In make the bounding lines on the upper surface as perfect as the nature of the

•tones will admit I shall here observe, that when blocks are used of large

dimensions, it will be proper to groove their surfaces to form a better foot-hold

for horses; and in order to identify my invention, and thereby endeavour to

prevent any infringement on this patent, that it consists solely in working,

cutting, or forming the sides of my blocks or stones, so that they shall make

W*. II. MM
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alternately obtuse and acute angles, with the upper surface of the block or "tone

which, being done, they may be so arranged or combined, that they will

 

mutually and reciprocally support and preserve each other from the imperfection

so generally found in the usual practice of paving."

PEARLS. A calculus or morbid concretion, formed in consequence of

some external injury which the muscle or shell-fish receives that produces it,

particularly from the operations of certain minute worms, which occasionally

bore even quite through to the animal. The pearls are formed in the inside,

on these places : hence it is easy to ascertain, by the inspection of the

outside only, whether a shell is likely to contain pearls. If it be quite smooth,

without cavity, perforation, or callosity, it may with certainty be pronounced

to contain none ; if, on the contrary, the shell be pierced or indented by worms,

there will always be found either pearls, or the embryos of pearls. It is

possible, by artificial perforation of the shells, to cause the formation of these

substances. The process which has been chiefly recommended is to drill a

small hole through the shell, and to fill it up with a piece of brass wire,

rivetting this on the outside, like the head of a nail ; and the part of the wire

which pierces the interior shining coat of the shell will, it is said, become

covered with a pearl. As to the value of British pearls, some have been found

of a size so large as to be sold for 20/. each, and upwards ; and 80/. was once

offered and refused for one of ihein.

The oriental pearl mutcle, to which we are indebted for nearly all the pearls

of commerce, has a flattened and somewhat circular shell, about eight inches in

diameter, the part near the hinge bent or transverse, and imbricated, or covered

ike slates on a house, with several coats, which are toothed on the edges. Some

of the shells are, externally, of a sea-green colour, others are chestnut or

reddish, with white stripes or marks, and others whitish, with green marks.

These shells are found both in the American and Indian seas. The principal
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pearl fisheries are off the coasts of Hindoostan and Ceylon ; they usually com

mence about the month of March, and occupy many boats, and a great number

of hands : each boat has generally twenty-one men, of whom one is the captain,

who act) as pilot ; ten row and assist the divers ; and the remainder are divers,

who go down into the sea alternately, by five at a time. The largest round

pearl that has been known belongs to the Great Mogul, and is about two-thirds

of an inch in diameter. Pearls from the fishery of Ceylon are considered more

valuable in England than those from any other part of the world. The smaller

kinds are called seed or dust pearls, and are of comparatively small value, being

told by the ounce, to be converted into powder. To make the artificial, take the

I l.iy or bleak fish, common in the Thames ; scrape oil' the silvery scales from

the belly ; wash and rub these in water ; then suffer this water to settle, and a

wdiment will be found, of an oily consistence. A little of this is to be dropped

into a hollow glass bead, of a bluish tint, and shaken about so as to cover all

the internal surface : after this the bead is filled up with melted white wax, to

gife it solidity and weight.

The Roman pearls are formed of a very pure alabaster, considerable quarries

of which exist near Pisa, in Tuscany. The process is as follows :— the alabaster

is first sawn into slices, the thickness of the pearls required; the pearls are then

formed with an instrument which bores a small hole in the centre, at the same

time that the required shape is obtained. The next thing in the process is their

immersion in boiling wax, to give them a rich yellow hue, and afterwards to

cover them several times with the silvery substance obtained from the scales of

the bleak. The singular beauty of this ornament, which perfectly resembles

the real pearl, the varied patterns in which they are arranged, and their

extreme cheapness, render them an object much sought after; while their

solidity is such, that they may be dashed to the ground with violence without re

ceiving the slightest injury; being thus rendered far superior to those of French

manufacture, which are at once more fragile, and considerably less imitative.

The Chinese in a manner force the production of real pearl, in the animal

ibelf. They collect the myca margarite fera, or European pearl muscle, and

pierce the outsides of the shells in several parts, without completing the perfo

ration throughout. The animal, becoming conscious of the weakness or

deficiency of the shell in those particular spots, deposits over them a great

quantity of its pearly calcareous matter, and thus forms so many pearly

tubercles over them. The pearls thus obtained are, however, said to be gene-

n% inferior to those naturally produced. Pearls that are discoloured may

be thus whitened : " Soak them first in hot water, in which some bran with a

little tartar and alum have been boiled ; rub them gently between the hands,

•hich may be continued until the water grows cold, or until the object is

effected, when they may be rinsed in lukewarm water, and laid on writing-

jxper, in a dark place, to cool." The foregoing is extracted from the scientific

journals; but we have always understood that real pearls, so discoloured, are

•aled by the lapidaries, that is, they take off the upper coat or lamina, which

lewej them slightly diminished in size, but equally beautiful to their primitive

Me.

PEARL, MOTHER OF. The shell, not of the pearl oyster, but of another kind

"f oyster, the inside of the shell of which is very smooth and polished, and of

the whiteness and water of pearl itself. The shell haa the same lustre on the

outride, after the outer coat, or lamina, has been removed by aqua-fortis and

the lapidary's mill. It is used for the handles of knives, inlaid work, &c.

PEARLASH. An impure potash, obtained by lixiviation of the ashes of

plMtt. See POTASH.

PEARL-SHELL. A new process of working pearl-shell into a variety of

«»ice«, for the purpose of applying it to ornamental uses in the manufacture of

J*pan ware and other articles, has lately been invented by Messrs. Aaron

Jronings, and John Betteridge, of Birmingham. The process is similar to that

c' engraving on metals in relief, by the aid of corrosive acids and the etching-

Pwit. The pearl-shell is first divided into very thin plates or leaves, such as

"nn the 40th to the 1 00th part of an inch, and the devices or patterns are drawn
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upon them in an opaque turpentine varnish; strong nitrous acid is then brushed

over the plates repeatedly, until those parts left bare, or undefended hy the

varnish, are sufficiently corroded, or " eaten away " by the acid. The varnish

being now washed off by a little oil of turpentine, the device, which the acid has

not touched, is found to be perfectly executed. If the design is to be after the

manner of common etching on copper, then the process upon the shell is pre

cisely similar to that already explained under the article Engraving. When a

considerable number of ornaments are required of the same size and pattern,

a sufficient number of the plates are cemented together by glue, with only one

plate, having the device etched upon it, placed on the outside ; these are then

made fast in a pair of clams, or screwed hetween the jaws of a vice, and care

fully sawn out altogether by a very fine frame-saw : the cemented shells are

then thrown into warm water, which softens the glue, and quickly separates the

pieces. When several devices upon a plate have been bit in, they may be laid

upon a fiat surface, and cut through with a knife-edged tool ; for thick pieces

the saw is put in requisition, and the finishing executed by a variety of sharp

gravers and instruments.

PEARL-WHITE. An oxide of bismuth. It is employed as a cosmetic, to

whiten the skin ; but its tendency to become black, by exposure to the action of

sulphuretted hydrogen mixed with the atmosphere, renders it a very dangerous

expedient to heighten female charms.

PEAT. A spongy black earth, combined with decayed vegetable matter :

when dried, it forms a valuable fuel.

PECK. An English measure ; the fourth part of a bushel.

PEDOMETER, foot-measure, or way-vnter, is a machine in the form of a

small time-piece, containing a train of toothed wheels, which, by means of a

chain or string, fastened to a man's foot, or to the wheel of a carriage, are made

to move one notch or tooth at each step, or each revolution of the wheel ; and

the train thus uniformly moved being connected to an index, points out the dis

tance travelled, on a graduated dial-plate.

A patent for " an improved pedometer for the waistcoat pocket, upon a new

and very simple construction," was taken out by Mr. William Payne, of New

Bond-street, in 1831. It is of the form, and of the usual size, of a common

watch, and consists of a lever or pendulum, one end of which is weighted or

inlayed, and the other supported by a delicate spring ; by which arrangement,

each step of the wearer produces a vibration, and moves a ratchet wheel one

tooth, and the latter being geered into a train of wheels (similar to those of a

common counting machine) moves indexes or hands over the face of a dial-

plate, on which the number of vibrations or steps are indicated. The patentee

also attaches jhis pedometers to an ordinary watch, in which case, the train of

wheels and other parts are placed under the dial-plate or face of the watch.

PEN. A well-known instrument for writing. In the earliest ages, writing

was executed with styles of metal or other hard substance, which, after a time,

were superseded by pens and coloured inks. The first pens were made of reeds,

or small hard canes, about the size of the largest swan quills, cut and split in

the same manner as the pens in present use. According to Isidore, and some

other writers, quill-pem were first introduced about the year 636 ; they did not

come into general use, however, till the middle of the seventh, and were not

common till towards the close of the eighth century. Reed-pens continue to

be employed up to the present time, for writing some of the oriental languages,

and by artists, for sketching outlines. The greater number of pens now in use

are made from the quills of the goose—those of the swan, turkey, duck, and

crow, being occasionally employed—the two latter exclusively for very fim

writing or drawing. As the making or mending of quill-pens is to many per

sons difficult of attainment, and to all, at times, inconvenient, various attempts

have been made to render the process less frequently required. One of these

methods consisted in arming pens made of turkey-quills with metallic points

or nibs, by which their durability was somewhat increased, although at the

expense of the natural elasticity of the quill ; nor was the durability sufficiently

extended to be commensurate with the additional cost. To do away with the
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necessity of frequent pen-mending, Mr. Bramah took out a patent for an im

provement in pens, which consisted in dividing a quill longitudinally, and cut

ting it into four or six lengths, according to the size of the barrel. Each of

these pieces formed a pen—some two, by being cut at each end. The pens

thus formed were held in a jointed silver holder, which imparted great firmness

to the quill, while it permitted the free action of the nibs. Pens have been

made from horn, also from tortoise and other shells ; but no useful application

has hitherto been made of such pens, as they are more expensive and even less

durable than those made from quills. Some successful attempts have been

nude to form the nibs of pens of precious stones, in order that they may be used

a long time without wear or corrosion. The first that we recollect were introduced

by Messrs. Hawkins and Mordan, whose specification of 1823 states, that they

make use of tortoise-shell or horn, instead of quills ; and when the material is

cut into nibs, these parts are softened in boiling water, and then small pieces of

diamond, ruby, or other precious stones, are imbedded into them by pressure ;

by this means, it is said pens of great durability as well as elasticity are made.

To give stability to the nibs, the patentees proposed to affix to the tortoise-shell,

or horn, thin pieces of gold or other metal, and attaching the same by the

before-mentioned or any other convenient means, as cement or varnish. It is

likewise suggested that springs may be placed on the back of the pen, as shown

in the annexed figure, which may be elided backward or forward,

to vary the elasticity according to the different hands that may be

required in writing. We are informed by a gentleman who had

one of these pens many months in constant use, that it had exhi

bited no signs of deterioration or wear. Mr. Doughty, of Great

Onnond-street, has likewise devoted much attention to the con

struction of pens, the nibs of which are rubies set in fine gold.

They are said to write as fine as a crow-quill, and as firm as a

svan-quill—to possess considerable elasticity, and produce an uniform

manuscript, unattainable by ordinary pens. Mr. Doughty states,

that " tome of his ruby pens have been in constant use upwards

of six years, and continue still perfect ; and that if a little care

be taken of the nibs, by preventing their being struck against

bard substances, and occasionally washing them with soap and water, with a

little brushing, they will be found, notwithstanding their first cost, economic

pens." The rhodium pens, consisting of two flat strips of gold placed angularly

side by side, and tipped with a hard metallic alloy, are very durable, though

not equal to the ruby nibbed. Under the head Inkstand, we have given Mr.

Uoughiy's contrivance to prevent injury to his pen-nibs in dipping for ink.

The first decided attempt to introduce metallic pern to general use, was made

by Mr Wise, whose " perpetual pens " will doubtless be remembered by many

of our readers. The name of Wise was rendered conspicuous in most of our

stationers' shops, some twenty-five or thirty years since, as the original inventor

and genuine manufacturer of the steel pens ; they consisted of a barrel-pen of steel,

mounted in a bone case, for convenience for carrying in the pocket. Notwith

standing his productions possessed but in a very remote degree the requisite pro

perties of a writing instrument, and were extremely dear, he managed to make a

scanty livelihood out of the business, by dint of unwearied exertions in promoting

their sale. Mr. Donkin subsequently made some excellent steel pens, but the price

*»shigh, and the demand inconsiderable. This description of pen has recently

peen very much improved, especially by Mr. Joseph Gillott, of Birmingham, who

is the largest manufacturer of steel pens in the world, converting annually upwards

of forty tons of fine steel into writing pens. The improvement has been accom

plished by employing metal of a better quality in a thinner and more elastic

«ate—by making the slit shorter, and by more carefully attending to the finish

wd temper of the pens. These improvements in quality have also been attended

»ilh so great a reduction in price, that a gross of the improved steel nibs may

ww be purchased for very little more than was formerly charged for one of Wise's

pan. The common three-slit pen, that is, the pen with a slit on each side of

'Wcentral slit, is with many persons still a favourite, and some of these pent
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Fig. 2.

seem to embody most of the advantages of which metallic pens are susceptible.

Their present excellence and extreme cheapness seems to promise the almost

entire disuse of quills, although, up to the present time, there has been no falling

off in the demand for this article.

Mr. James Perry, of London, has contributed, we believe, more than any

ether individual to the introduction of the modern improved steel pens ; he has

brought out several steel pens of a very ingenious and original description, and

devoted more than ordinary attention to the forming them to suit a variety ot'

hands and tastes, which he regularly classed, advertised, and humorously puffed

in rhyme, by which means he acquired a celebrity to which no previous pen-

mnker had attained. Mr. Perry first overcame the extreme rigidity of the

ordinary steel-pen, by the introduction of apertures between the shoulders and

the point, thereby making them elastic below instead of above the shoulder :

this was the subject of his patent of 1830. "The.double patent Perryian

pen," the merits of which have been so much placarded throughout the kingdom,

received its odd cognomen from the circumstance of a second patent taken out

by Mr. Perry, in 1832; the pens described in the specification of which are

represented as combining the superlative qualities of both

inventions. I%g. 1 is a sketch of Mr. Perry's " double

patent pen," which distinctly shows the position of the

aperture and the lateral slits, by which a great degree of

elasticity is obtained, Fig. 2 is Mr. Perry's ingenious

" regulating-spring pen," consisting of one of his patent

pens, with the addition of a sliding spring, which increases

or diminishes the flexibility of the pen, according as it is

placed further from, or nearer to the point. In another

instance Mr. Perry employs the elasticity of Indian-rubber,

by twisting a thread of this material round the nibs of the

pen, the yielding of which permits the opening of the

points, in proportion to the pressure applied. The care

which Mr. Perry takes in the correct manufacture of his

pens, has mainly contributed to the general preference

given to them ; for, however excellent may be the principle of the structure,

if the workmanship of the nibs be not nicely performed, the pens will not write

well. It is from defects of this kind, we believe, that many apparently excel

lent metallic pens, that have been successively brought out, have met with a

comparatively small sale.

As the extremities of the nibs of metallic pens of the ordinary form become

worn, they progressively increase in breadth, until they become useless, unless

their original form should be restored by skilful filing, or grinding, upon an oil

stone : these being operations which no economist of time will perform, at the

present low prices of the article, Mr. Gillott, of Birmingham, took out a patent

in 1831 for an improvement in metal pens, designed to remedy the defect

mentioned. This he proposed to effect by making the nibs of his pens parallel

sided, that is, an equal breadth to the points for about an eighth of an inch

long, the remaining portion or upper part of the nibs being cut either inclined

in the usual manner, or terminating with a shoulder next to the parallel nibs.

" The whole length of such nibs," says Mr. Gillott, " may of course be worn

away, without increasing the breadth of the strokes in writing." This con

struction, it however appears to us, will not only fail in obtaining the advan

tages sought, but will entail disadvantages to f which the tapered form is

comparatively free; namely, a greater tendency to take a set in opening during

the downward strokes of the pen, and a deficiency of reacting force in the

up-strokes to bring the nibs together; the narrowness of the points also prevents

the ink from flowing down in sufficient quantity to give a constant and unfailing

supply. Mr. Gillott, although a pen manufacturer, is evidently no great pen-

user, for all persons who are in the habit of using steel pens know that in a

short time the abrading action of the paper, produces a basil edge on the under

side of the nib, converting it into a very efficient chisel, which, catching the paper

in the up strokes, renders the pen unfit for further use. With respect to their
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e tway nniformly, this can never be the case, unless the pen be held

Tera'cafly, that is at right angles to the plane of the paper, in which manner

ordinary writing cannot be executed. This will at once show the fallacy of

Mr. Gillott's proposition ; and it would appear as if Mr. Gillott was himself

conscious of the error ; for we have never met with any of his pens made in

accordance with his patent, that is, with parallel points, but as Kg. 3, which is

one of Mr. Gillott's pens, as now manufactured ; fjgi 3. fjg. 4.

otherwise this is a pretty good pen, and ranks with

the best of the three-slit class.

The position in which a pen is usually held causes

the wear to take place in an inclined direction, slightly

rounded at the edges, and the right hand nib to be

more worn than the left. When one nib becomes

shorter than the other, the longer nib bears harder

than the shorter upon the paper in the up-strokes,

and produces thick and blotted writing. It was pro

bably with a view of obviating these effects that the

scribes of olden time wrote their letters either upright,

or inclining to the left hand, both of which modes are

retained by the lawyers. Making due allowance for

tie obsoleteness of many of the characters, we think it must be admitted that

Rich writings possess more clearness and intelligibility of form than our

modernized writing.

In order, however, that we may be able to incline our letters in the right

Direction, and yet save our pens from rapid destruction, Messrs. Mordan at.d

lirodedon introduced, and patented in 1831, pens with inclined slits, wLich

they»ery appropriately designated the " oblique pen." It has been stated, as a

"ill-authenticated fact, that ninety-nine persons in every hundred fail to attain,

permanently, the art of writing with a pen in the true position ; that is, with

the hand removed a little to the right, and the tip of the pen pointing to the

right shoulder, when the slit of the pen will be in the direction of the writing,

J.id both of the nibs addressed fairly to the paper. Fig. 4 is a representation

o! Messrs. Mordan & Co.'s oblique pen. The direction of the slit in this pen

Wng that in which the writing usually slopes at an angle of about thirty-five

(ieeree*, both nibs are brought equally down upon the paper—the writer is not

confined to any particular position, but at liberty to use the pen freely, without

ilrf restraint of attitude, so strongly insisted upon by teachers of writing. The

Kuan of the oblique steel pen is altogether remarkably good, and, from the

">*{* of the nibs immediately below the shoulder, it has a most excellent spring,

producing a pleasing effect both in the up and down strokes of the writing ; it

fWei smoothly over the paper, and is altogether free from the harshness

'" much complained of in steel pens. Those oblique pens are made of the

"* steel, in a very thin and nighly elastic state ; the arched form gives

tte requisite strength, where rt is necessary they should be firm and un-

' Ifey, and also enables them to carry more ink than any previous pens.

The advantageous property of this particular form, for holding a large quantity

"fink, was at once perceived by other manufacturers, and led to the construc-

'Miofthe Lunar, Gonidon, and some other similar pens. Messrs. Mordan & Co.'s

•Mofication describes a variety of modifications of pens and pen-holders, illus-

"a»d by numerous figures. In the first place are shown quill-pens and portable)

P™> ''He latter implying short pieces,) having inclined slides, and metal pens

wilaily formed. To apply the principle to pens cut in the usual manner, with

''night or longitudinal slits, handles are provided, which have at their lower

™ii curved metal arms, with clips or holders, which fix the pens at an angle,

irergvns; from thirty to forty degrees out of the line formed by the handles.

Sow of these pen-holders are furnished with joints and set-screws, to enable

^* writer to place the pens at such an inclination, with respect to the handle, as

*ffi accord with the inclined position of the letters he is making. The latest

"•pavement in steel pens is one by Mr. Gowland, consisting in the introduction

<t m additional nib. The following engravings represent three pens of tbii
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description, as manufactured by Messrs. Mordan & Co., under a recent patent

Fig. 5 are back and side views of Messrs. Mordan and Co.'s patent three-nibbed

Fig. 5. Fig. 6. <F,g.7.

   
 

 

tlip-pen. Fig. 6 are similar views of their patent three-nibbed fiat-spade, or,

as the Birmingham manufacturers call it, the lunar pen. In each of these pens,

the additional nib is formed by cutting it out of the stem or shank of the pen,

where there is always a superfluity of metal, and turning it back over the other

nibs. Fig. 7 are back and side views of Mordan & Co.'s patent three-nibbed

counter-oblique pen. Many persons having been strongly prejudiced against

the one-sided appearance of the original oblique pen, Messrs. Mordan & Co.

were induced to attempt an improvement in this respect, and they have fully

succeeded. The improvement has been accomplished by the introduction of an

additional shoulder, opposed to the former. This novel and curious pen has

been very much admired, and it is as useful as curious; it has the advantage of

holding a very considerable quantity of ink, and of retaining, from its obliquity,

a position adapted to the slope of the writing, while to the eye a perfect equi

librium is preserved. The effect of the third nib in metallic pens, is to enable the

pen to carry a larger quantity of ink, and to force it down in uniform and never-

failing succession to the paper. Every time such pens are pressed on the down-

strokes of the writing, the ink flows in a body towards the point from the effect

of capillary attraction, at the precise time when it is most wanted. This result is

produced by the third nib forming a conical tube with the other nibs of the pen,

with its smallest end downward, and always causes the ink to flow equally, as

much on the centre of the down-strokes as the two points of the pen itself.

The capillary attraction, which is brought into operation in this ingenious con

trivance, completely counteracts the defects existing in other pens, arising from

the opening in the slip tapering in the opposite direction to that which is requi

site, for the purpose of fairly conveying the ink to the paper ; of this any one

may convince himself by pressing the points of any ordinary pen on the thumb

nail, until the slit opens wide enough for large-text writing, when the ink wiil

instantly recede from the points towards the upper extremity or angle of the

slit. Capillary attraction always causes fluids to flow towards the narrowest

jart or opening of every conical tube ; and, therefore, in three-nibbed pe s,

the ink is forced down upon the paper, and the thickest ink would be propelled

lownwards most effectually by the action of the three nibs. Another advantage

of the third nib is, that it clears the slit of the pen, removing the fibres as they

are gathered from the paper, thereby removing the greatest objection that has

hitherto existed to the use of metallic pens.

The following is the process of making steel pens, as witnessed at the exten

sive and well-conducted manufactory of Messrs. Mordan & Co., Castle-street,

Finsbury, whose liberality, condescension, and urbanity to visitors on all occa

sions, is gratefully acknowledged by many individuals who have in vain endea

voured to obtain a sight of this interesting process elsewhere. A hardened steel

punch and matrix, of the exact size and shape of the pen to be made, having

been attached to a powerful fly-press, sheet steel of the finest quality, reduced

to about J_ of an inch in thickness, and in strips of two inches and a half wide,
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is taken, and every pen is struck out singly, till the metal is exhausted. In this

tttte the pens are called blanks or Jlats. After cutting out, the next operation

is softening or annealing ; this is performed by putting a great number of the

fait into an iron box, with a small quantity of tallow on the top of them ; the box

being shut up close, is placed in a furnace, and there kept until the box appears

to be equally heated all over. The box is then withdrawn, and the pens emptied

out upon some hot ashes, covered with the same, and left to cool gradually. By

this means the pens are sufficiently softened for the subsequent process ; but as

the hats are very rough and scaly from the effects of the fire, they are first

cleaned by being placed in a mechanical agitator with sand, ashes, &c, and

veil shaken for an hour or two, which renders them remarkably clean and

smooth. The makers' name having been stamped on the shank of each pen,

and the apertures, if any, cut out, they are marked for the slits. This is done

with a very sharp chisel, worked by a fly-press, and so exquisitely adjusted an

only to cut through two-thirds of the thickness of the metal. This done, the

next operation is the dishing. A hardened steel punch, of the precise form to

be given to the pen, being attached to a fly-press, a die is placed beneath to

receive it ; the die being concave, and the punch convex, and both being made

» as to fit each other with the greatest accuracy, the flat is forced into the

cavity of the die, and retains permanently the form thus given to it. The pens

being dished are next hardened, by being placed in the iron box, and heated as

in the softening process, except that they are now cooled suddenly, by being

thrown into a vessel of cold water or oil. When the pens are quite cold, they

at taken out of the water, and placed in a cullender to drain. When dry, they

-re put into the agitator with a quantity of sawdust, and shaken for a conside

rable time, which cleans and polishes them, giving a degree of smoothness and

finish to the nibs unattainable by any other method equally economical. The

aftator is an ingenious piece of mechanism, invented by Mr. Mordan ; it con

sist of a large tin cylinder, supported horizontally by two cranked axles—one

■t either end,—upon a strong iron frame ; another axle, mounted upon anti

friction wheels, at the end of the machine, carries a winch handle and a heavy

"y-wheel ; upon this axle is also placed a driving wheel, a rigger-band from

'•bich puts the crank in motion, and communicates a very rapid elliptical move

ment to the cylinder and its contents. By this contrivance the pens are very

effectually polished, and made ready for the next process—tempering. This is

done by placing the pens, a few at a time, on a stove, heated to the proper tem

perature ; so soon as a bright blue colour is obtained they are removed, this

aiour denoting the temper best suited to steel pens. The last operation is that

f opening the slits, or, as some call it, cracking the slits ; this singular process

i» effected by placing about a quarter of an inch of the pen's point between a

per of small nippers, and pinching them suddenly, when the slit, which was

«r/ cut two-thirds of the way through, is completed by the giving way of the

remainder of the metal. This unique process fits the pen for immediate use ;

some manufacturers add a coat of lacker, but this is not of much real

wfirr.

It has often been supposed that other materials would be equally, if not more,

ratable than steel, for the manufacturing of pens; those persons who have paid

rant attention to the subject, however, are decidedly of opinion that no kind of

metal, however fine its texture may be, or whatever properties it may possess,

'ill ever be able to compete with fine well-tempered steel.

Many of the steel pens, as now manufactured, we find of excellent quality ;

niny hundred pages of this work have been written with one pen, in a uniform

tfear hand. After writing with it about forty pages, we usually renew, and

"to much improve the nibs of a new pen by a few touches ■ of a dry Turkey

stone, aiding the sight with a pair of magnifying spectacles, in order that the

fonn of the extreme end may be duly perfected ; this process will, however, be

•Mnd difficult of accomplishment, at first, by persons unaccustomed to the point-

Bg of delicate instruments, and, at the present low prices of the article, scarcely

*«u» the trouble ; but the ability to perform this operation at pleasure upon

**tl pens, renders a person very independent of the stationer's shop.
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In our brief account of this novel and admirable manufacture, we are sensible

of having omitted to notice a variety of excellent steel pens, but our allotted

space compels us to proceed to the description of a different class.

Fountain Pens. A great number of ingenious attempts have been made to

construct pens containing a reservoir of ink, which, by a slight pressure on the

handle, or other part, might cause a fresh supply of the fluid to flow to the nibs,

and thus supersede the necessity of an ink-stand. Of this kind is the penograpk

af Mr. Scheffer, manufactured by Messrs. Mordan & Co., in which the pressure

of the thumb on a projecting stud in the holder causes a continuous supply of

ink from the reservoir to flow into the pen.

Mr. Parker's Hydraulic Pen is a more recent contrivance for the same

purpose. In this machine a piston is made to work up and down in a cylin

drical tube by means of a revolving nut acting upon the piston rod, which is

tapped with a corresponding screw. The small orifice at the bottom of the

holder being immersed in ink, the turning of the upper portion of the holder

causes the piston to ascend, and the tube becomes filled with ink ; on gradually

turning the nut in the opposite direction, the piston descends and forces the

ink down into the pen. Mr. Parker has taken out a patent for his invention ;

but, if we mistake not, Mr. W. Baddeley proposed an apparatus, precisely

similar, a long time since ; for which see the Mechanics' Magazine.

As a description of all the contrivances of this kind, however, would occupy

many pages, we shall limit our account to one of a very simple and unexpenrirc

kind, the invention of a correspondent of the Ueqister of Arts. " The pen U

made of two quills ; the top one, which I shall call No. 1, and the other, No. 2.

Let the end of No. 1 be made air-tight, by dropping inside, to the bottom, a

small piece of cobbler's wax, and then warming it a little : fill this nearly with

ink,—say about a quarter of an inch from the brim,—then take a small piece

of cambric and cover the top of it, so that the ink may not drop out ; join both

quills together, by putting No. I into No. 2, and the pen is ready for use.

When you want to write, take the pen in your right hand, give a gentle shock

on your left hand, or on a table, and the ink will run down into the pen imme

diately ; this must be repeated every time ink is wanted. A pen of this kind

will be found very useful to reporters and to persons travelling. The pen should

be put into a little case to carry it about,"

Pens (drawing).—By this term is commonly understood the mechanical

drawing-pens, consisting of a pair of delicately-formed steel blades, the ends of

which are drawn together and adjusted by means of a fine set-screw ; these

pens are mounted with bandies of various materials, but those of ivory or ebony

are deservedly preferred. These instruments are manufactured by Mr. Elliott,

of High Holboro, in the highest perfection. The extremities of the steel blades

which form the pen should be very narrow ellipses, and should perfectly meet,

without the minutest projection of one piece over the other. The outside of the

elliptical end should be rubbed on a hone until it is as thin as the edge of a

knife : in this state the points would cut the paper ; but the sharpness must he

taken off by gently drawing them over the stone upon their edges, and finishing

them upon a soft polishing-stone. A smoothness is thus given to their edges,

which makes them glide over the paper, although they will still be left so thin

that their edges can scarcely be discerned. By this management, lines may be

drawn while the points of the pen are at a distance from each other, not per

ceptibly exceeding the breadth of the lines produced, which is of consequence,

not only to the equable flow of so viscid a fluid as Indian ink, but to obtaining

a well-defined stroke.

A drawing-pen was lately presented to the Society of Arts, by Mr. Bryan

Donkin, which he had brought from France. It is calculated to make lines of

only one uniform thickness: the cavity which contains the ink being enclosed

all round, keeps it free from dust, and prevents it from drying, and clogging

the drawing-point so quickly as those of the ordinary construction. Fig. 1 fa

the following page) shows the pen, with the handle broken off; a and 6 are the

two limbs, jointed at c, and held close by the sliding ring d; the dotted lines

represent the upper portion a as opened, to receive the ink, with the ring A
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sudden back beyond the joint. Fig. 2 shows the underside of the limb a, in a

separate state ; at c is the hole to receive the centre-pin ; e is the cavity foi

Fig. 1.

 

fig. 2.

the ink ; g g, notches for receiving two projecting pieces, as shown

An extremely simple and ingenious mode of making a drawing-

pen of the last-mentioned kind (that is, to make a line of only one

thickness,) was invented by Mr. Robert Christie ; and having

roide several according to his instructions, which answer very well

fcr tracing, as it moves with equal facility in any direction, we

insert a notice of it in this place. The annexed cut represents

one of these pens, in a neatly-turned handle; but we made them

it the solid end of black-lead pencils, for the convenience of readily

nang either lead or ink. The process, as directed by Mr. Christie,

a u follows :—A piece of sealing-wax, about the size of a mar-

nnrfst pea, is to be stuck upon the end of the pencil, by melting it,

forming thereby a bulb, into which are to be inserted three darning-

needles, by warming their eyes in the flame of a candle, and then

Wring them in the wax, at equal distances apart, around the

araunference of the pencil, with their points extending about

ttree-quarters of an inch beyond the end of it; but brought

' jether so as to meet as accurately as possible at a common

foeas, forming the outline of a triangular pyramid : to secure them,

mother piece of wax, about the size of a grain of wheat, is to be

pbetd midway between the bulb and the points, and secured there

br melting it. The very acute points of the needles are to be taken

■Jf by light rolling touches upon an oil-stone, and the raggedness,

I? » little fine emery-paper, so as to produce an obtuse, conical end ;

'!* pen, when thuB completed, has of course a very fine triangular

Me between the needle-points, through which the ink uniformly

flow. We have seen some of these pens made by inserting the

"*edl« into drilled holes, made in metal, at the end of neat

'wdlej, in which the needles were so nearly brought together

*»ere they are inserted, as not to need the smaller tmlb nearest

;" 4e points. The ink flows freely in them, and there is the

"aie facility in using them as a finely-pointed H H H black-lead

paieil. They answer well for tracing, as before observed; but we

« sot think them equal to the common forceps-formed drawing-

p* fcr ruling clear lines.

Rttiing-pcns, for common use, are made by doubling a piece of

tB-plaU together, and rounding the ends, the middle being bellied

■w the reception of ink. Pens of this description were constantly

■*d for ruling account-books, &c, previous to the introduction

™ the ruling-machine, which entirely superseded, hand-ruling.

at / in
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Ruling-pens for the machine are made of thin sheet-brass or laden, in long

strips, the pens being cut on the edge, and folded together at various distances,

according to the pattern to be executed.

Music-pens are made for ruling the five staves of music at once ; they consist

of a parallelogram of brass, terminating in five slit points, communicating with

a small reservoir above, in which the ink is placed. They are fitted with a

handle, in the hollow of which a small piece of brass is carried for cleaning

out the ink passages of the pen. The accompanying engraving shows the con

struction of this very useful and ingenious apparatus.

 

Dottkig-pens, for writing music, consist of a small brass cylinder, in which a

pin of the same material works vertically, being kept down, and projecting

about the tenth of an inch, by a spiral spring in the upper part of the vrx.

An elliptical opening, about halfway up the pen, receives the ink. When

placed upon the paper, the brass pin recedes, and causes the ink to make a

round black spot on the paper, forming a note,—the tail being supplied after

wards with a common pen.

PENCIL. An instrument used by painters for laying on their colours;

they are of various kinds. The larger sorts are made of boars' bristles, the

thick ends of which are bound to a stick, large or small, according to the uses

they are designed for ; these, when large, are termed brushes. The finer sorts

of pencils are made of camels' hair, also badgers' and squirrels' hair, and of the

down of swans ; these arc tied at the ends by a piece of thread to keep the

hair from spreading, and the other ends are enclosed in the barrels of quills of

various sizes, suited to the pencil, some of which are of small birds, as those

used for drawing lines, and in miniature painting. The usual test of a good

pencil is to draw it between the lips, when it should come out with a sharp,

conical, and, as it were, solid point.

Pencil is also an instrument used for drawing and writing, made of long

slips of black-lead, chalk, or crayon, placed in a groove made in the centre of

a stick of wood, usually cedar, on account of the facility of cutting it The

very common black-lead pencils that are hawked about are a composition of

powdered black-lead and melted sulphur. Their melting, or softening, or yielding

a bluish flame, on application to the flame of a candle, betrays their compo

sition. The genuine black-lead pencils arc made of the fine Cumberland plum

bago, sawed into slips, fitted into the grooves, and having another piece glued

over them. The pure plumbago is, it is said, too soft to enable an artist to

make a fine line ; to produce this effect, a hard resinous matter is intimate!;.

combined with the lead in the following way, which is said to be the invention

of Mr. Cornelius Varlcy. Fine Cumberland lead, in powder, and shell-lac arc

first melted together by a gentle heat. This compound is then reduced to powder

again and re-melted ; then powdered again and re-melted, until both substances

are perfectly incorporated, and it has acquired a perfectly uniform consistence.

The mass is then sawed into slips, and glued into the cedar mountings in the

usual manner of making other black-lead pencils. To render them of various

degrees of hardness, the materials are differently proportioned ; the hardest

having the most shell-lac, the softer but very little, and the softest none ; and

their blackness is increased in proportion to their softness.

Mordan's " ever-pointed pencils " were the subject of a patent granted to

Hawkins & Mordan, in 1823. The pencil-case has a slider, actuated by a

screw for the purpose of projecting forward a little cylinder of black-lead, as it

wears away, which is done by holding the nozzle in one hand, and turning round

the pencil-case with the other, the thickness of the lead being so small as not
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to need cutting for the ordinary purposes of a pocket-pencil. Fy . 1 a

i lection of the pencil-case ; A the black-lead or crayon, encompassed by the

nook, which, with the whole of the case, is made of metal, usually silver. B

is the driver, being a hollow cylinder with a screw-thread round a part of it ;

 

u the end of this screw the black-lead is inserted and held fast ; C is the elon

gated put of the driver, which passes through the guide D ; at E, within the

wjter cue, u another cylindrical piece, connected to the nozzle at one end, and

luring at the other a hollow screw that works round on the thread of the

driver 11, and, as it turns, causes the projector to advance or recede, as may be

'• luired. These pencil-cases have had an immense sale,'and have been improved

tpon in a variety of ways during the last ten years.

PENDULUM. A vibrating lever or suspended weight. See HOROLOGT.

PENSTOCK. A sluice or floodgate, serving to retain or let go at pleasure

K *ater of a mill-pond.

PEPPER, A well-known spice, of which there are three kinds,—the black,

tie Khile, and the long pepper ; to these we may now add a fourth, bleached

pepper, i patent process which the black pepper undergoes in this country to

raider it white.

Hack pepper is cultivated with such success at Malacca, Java, and especially

.is Sumatra, that from these islands pepper is exported to every part of the

*odd where a regular commerce has been established. The ground chosen for

• pepper garden is marked out into regular squares of six feet, the intended

^stance of the plants, of which there are usually a thousand in each garden.

I u pepper vines are supported by chinkareens, which are cuttings of a tree of

tia name planted on purpose. Two pepper vines are usually planted to one

tisiareen, round which the vines twist tor support. After being suffered to

P»» for three years, they are cut off about three feet from the ground, and,

^g loosened from the prop, are bent into the earth in such a manner that the

'^Ppo end is returned to the root. The fruit, which is produced in long spikes, ii

(•at or five months in coming to maturity : the berries are at first green, turn

w » bright red when ripe and in perfection, and soon fall off if not gathered in

popettiine. By drying they become black, and more or less shrivelled, according

'•s their degree of maturity.

The common white pepper is the fruit of the same plant, differently prepared.

It » Seeped in water, and then exposed to the heat of the sun for several days,

u- tie rind or outer bark loosens; it is then taken out, and when it is half

^y nibbed till the rind falls off; and the white fruit remaining is dried in the

'""!• A great deal of the heat of the pepper is taken off by this process, so that

^ »hite kind is more fit for many purposes than the black.

long pepper is a dried fruit, of an inch or an inch and a half in length, and

the thickness of a large goose-quill ; it is of a brownish grey colour, cylin-

l in figure, and said to be produced on a plant of the same genus. It is a

e of the East Indies, especially Java, Malabar, and Bengal. This fruit is

•**"* to the taste in its immature state, and is therefore gathered while green,

ad dried by the heat of the sun, when it changes to a blackish or dark grey

"^"t- Dr. Cullen observes, that long pepper has precisely the same qualities

tab those of black, but in a weaker degree.

Th« method of preparing the bleached pepper appears to be engrossed by

w. Fulton, of London, who has taken out two patents, one in 1828, the other

• 1830. By the specification of the first we are informed that the common

"*k fepper is steeped in water for a day or two, then laid in heaps, and occa
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sionally turned; fermentation ensues, and in a space of time, varying from a

week to a month, the outer or black skin bursts and falls off. The pepper is

then bleached by oxymuriate of lime, sulphur, or other well-known mean«

This done, it is washed, and lastly dried in the air, or in an oven. Black pepper

thus metamorphosed, so exactly resembles, it is said, the genuine white pepper

as to deceive experienced dealers. In the second patent, Mr. Fulton's claim

seems to be in the inverse ratio of his invention ; for he has invented, he says,

the application of a common groat or barley-mill to the cleansing of pepper from

the husks, and he claims the exclusive right to use all sorts of machinery in

preparing pepper.

The public should be upon their guard against the quantities of spurious

pepper, both whole and ground : the latter is, of course, easily counterfeited ;

but the manufacture/if the former is somewhat ingenious. The pepper dust from

the sweepings of warehouses is mixed with oil-cake, and rolled up into tittle

balls resembling pepper.

PERCUSSION, Centre of, in any body or system of bodies revolving about

a point or axis, is that point which, striking an immovable object, the whole

mass shall not incline to either side, but rest in equilibrio without acting on the

centre of suspension. If a person attempt to strike any object with a straight

stick, and do not strike it in the centre of percussion, a considerable jarring will

occur, which will not be felt if the blow be given in that point. In a straight

stick of equal thickness, the centre of percussion is two-thirds of the length of

the stick from the axis of motion. Generally, the distance of the centre of

percussion from the centre of motion is equal to the sum of the products of each

particle of the body, by the square of its distance, divided by the product oi

the whole mass by the distance of its centre of gravity from the axis of

motion.

PERCUSSION POWDER. Take two parts of the chlorate of potash, and

one of antimony ; they must be separately levigated to an impalpable powder,

in a marble mortar, and mixed together with an ivory knife ; to granulate it, it

must be made into a thick paste, with spirits of wine, in which must be dissolved

a little gum mastic to make it adhesive ; and, by forcing it through a hair sieve,

it will be formed into grains. Four parts of potash, and one of antimony, will

detonate ; but this mixture was found, after a great number of trials by an

eminent chemist, not to be sufficiently strong to be depended upon. Sec

Ditonatino Powders.

PERPETUAL MOTION is that which possesses within itself the principle

of motion ; and, consequently, since every body in nature, when in motion,

would continue in that state, every motion once begun would be perpetual but

for the operation of some external causes ; such as those of friction, resistance,

&c. ; and since it is also a known principle in mechanics, that no absolute

power can be gained by any combination of machinery, except there being, >•

the same time, an equal gain in an opposite direction ; but that, on the contrary,

there must necessarily be some lost from the above causes, it follows that a per

petual motion can never take place from any purely mechanical combination ;

yet this is a problem which has engaged the attention of many ingenious men,

from the earliest period to the present time, though it has but seldom been

attempted by men of science since the true laws of mechanics have been bo well

established.

PERSIAN WHEEL. See Htdkauhc Machism.

PERSPECTIVE. The art of delineating objects on any given surface as

they would appear to the eye if that surface were transparent, and the object!

themselves were seen through it from a fixed situation. Thus, if on looting

through a window at any object we were to trace over all the lines of "*

object on the glass, carefully keeping the eye in precisely the same position all

the time, we should make a perspective drawing of the object, and the glaM

would be termed the plane of delineation. Every true perspective picture is,

therefore, an exact copy of the order in which the rays, proceeding from the

object represented, would intercept in their passage to the eye a transparent

plane at right angles to the direction in which the eye viewed that object;
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which plane is the plane of delineation of the picture, which is large or small,

.'.vording to its distance from the eye. It does not form a part of the plan of

tliii work to give a treatise on the art of drawing in perspective ; and the

foregoing observations have been chiefly made as introductory to the next

article.

PERSPECTIVE INSTRUMENTS. A mechanical contrivance designed

tu facilitate the making of drawings in perspective, especially by such persons

who are unacquainted with the rules by which it is performed. Some of these

instruments are on optical principles, such as the camera obscura, and the

camera lucida, already noticed under their proper heads. In praise of the

latter much has been lately said, and although it must be admitted to be a very

portable and beautiful instrument, the acquisition of the art of using it is

ntremely difficult to all, and to some persons impossible. Its chief use will be

that of affording the means of contemplating the real perspective appearance

of objects, and perhaps to obtain the position of a few points, but for very

minute delineation it is of little value. One of the simplest mechanical contri

vances for taking successively on the perspective plane the various points of an

object or landscape, and marking them down on paper with accuracy, was long

iince described by Ferguson, to whom the knowledge of it was communicated

by Dr. B«vis. It consisted of an oblong rectangular board, across the middle

•if which was attached by hinges a movable frame, the sides of which were

funned of two equal circular arcs, that met together at the top in the man

ner of a gothie arch. To the centre of each of these arcs was attached a cord,

<ix other ends of which were fastened to sliding pieces traversing their respec

tive ares; these cords therefore crossed each other, and by moving the slides to

in; part of the opposite arcs, the cords might be made to intersect each other

it any point in the plane, or space between the arcs. The eye-piece, or hole

'iiough which the object to be drawn is viewed, is fixed to a slide in the centre

of one end of the board, and the distance between the eye and the plane of

tilmeition may be thus varied to increase or diminish the size of the picture.

On Ait half of the board between the frame, (when the same is turned upright

on ill hinges,) and the object viewed, the paper to be drawn upon is pinned

*"•• It will now, we think, be plain, that to mark down the exact position

of ojr point in a picture, it is only necessary to move the slides so that the

nramall intersect at that point; having thus found it, the arched frame is

! -™ toned down upon its hinges flat upon the board or paper thereon, a mark

» then made on the latter at tine point of intersection of the cords. Suppose

it mark thus made indicates the extremity of the parapet of a building, the

^ being then moved so as to intersect the cords at the other extremity, that

.•' :o' ii also found, and the frame again turned down to mark it ; then by con-

'•wang these two points on the paper by a line, the precise inclination and per-

'Pwire measurement is infallibly correct, and by proceeding to work in this

I*Mr, all the outlines of an entire picture may be accurately laid down.

Many instruments have been contrived for finding the various perspective

pwta, but fj,e proees5j it must be alloVed, is extremely slow ; even the most

'fflpie figure would require to have many points found in it before its outline

^ be produced ; and if it consisted of curved or irregular lines, many more

!*sns must be taken in each curve to get a correct delineation.

Mr. F. Ronalds, of Croydon, has, however, contrived and patented an appa-

r*a> by which the lines themtelvei, of whatever form or arrangement tliey may

*. aayfe drawn directly from the object with the same facility as tracing them.

"* operation simply consists in causing a small bead to traverse in the plane

" Wneation, but the bead cannot make any movement whatever without a

ptKu mechanically attached to it, which traces down on paper, lines precisely

'^spending with the figure ; in other words, while the bead traverses over

*• lines of the object, the pencil moving with it does of necessity make an

*Kftt* perspective drawing. Ftg. 2, in the following page, gives a perspective

*• of one of the form* of the complete instrument in the manner it is used,

^•pt that the legs on which it stands are cut off to save space. But in

'*"* &*t the reader may easily comprehend its action, we .subjoin the annexed
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diagram, illustrative of the principle. The instrument consists of a straight

bar ee, moving horizontally on two rollers attached to the table; fl tie two

other ban fixed at right angles to the bar e e, and to each other, the former

 

lying on the drawing paper (horizontally), the latter placed perpendicularly in

the plane of the picture, all being attached together : if the bar/ be moved ti

the right or left, the vertical rod / will slide on the rollers in a vertical plane, 01

the plane of delineation. To the bar/ is adapted a slider with a pencil, as seen

in Fig. 2; to this pencil a silk thread is fastened, which passes under a pulley in

 

the corner where all the bars meet ; thence it proceeds upwards, parallel to the

bar I, (at which part it carries the small bead, ) and finally passes over a pull?}

at the top, having a little weight which falls down the bar or tube / attached to

its other end.

It will now be evident, that if we move the slider with the pencil on the

horizontal bar, the weight attached to it by means of the silk thread must rise

or fall through an equal space, and with it the bead placed upon it; a™

whether the pencil be moved to the right or left, or along the bar/ the bead

must move in the same direction, but in a plane at right angles to it Haying

explained these two motions, it follows that every combination of them, whether

in curved or straight lines, must be similarly performed both by the bead mo

pencil. ,

In using the instrument, it is requisite to arrange the sight-hole, attached >
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i!i.' har T, (through which alone the operator must use his eye in sketching,)

and the position of the bead on the thread, so as to get the drawing within the

limits of the drawing paper. The handle which is attached to the slider with

the pencil by an universal joint, must now be moved about, causing the bead to

travene over every line of the object, which, being marked down by the pencil,
"• have a fac-simile of the motions of the bead on the plane of delineation.

We have in this most ingenious instrument a simple and elegant adaptation of

the foundation laws of the science of perspective ; it may be called a teacher

of perspective as well as a perspectograph. These instruments are constructed

: various sizes, and packed in cases, including a book of instructions, at very

moderate charges. They are manufactured by Messrs. Holtzapfell, of Charing

Cross, in the best style of workmanship.

PETRIFACTIONS. Stony matters deposited either in the way of incrusta

tion, or within the cavities of organized substances, are called petrifactions.

Calcareous earth being universally diffused, and capable of solution in water,

ritber alone, or by the medium of carbonic acid or sulphuric acid, which are

likewise very abundant, is deposited whenever the water or the acid becomes

dissipated. Incrustations of limestone or of selenite, in the form of stalactites,

or dropstones, are formed in this way, from the roofs of caverns, and in various

other situations. Some remarkable observations relating to petrifactions are

this given by Kirwan :—

1. That those of shells are found on or near the surface of the earth ; those

'.'f full deeper, and those of wood deepest. Shells in specie are found in in i -

moot quantities at considerable depths.

-'. That those organic substances that resist putrefaction most are frequently

imffld petrified, such as shells and the harder species of woods : on the con

trary, those that are aptest to putrefy are rarely found petrified, as fish, and the

»fter parts of animals, &c.

3. That they are most commonly found in strata of marl, chalk, limestone,

<* day, teldom in sandstone, still more rarely in gypsum, but never, in gneiss,

gnaite, basaltes, or shorl ; but they sometimes occur among pyrites, and ores

of iron, copper, and silver, and almost always consist of that species of earth,

tone, or other mineral that surrounds them, sometimes of silex, agate, or car-

ndw.

i That they are found in climates where their originals could not have

oatei

'•>• That those found in slate or clay are compressed and flattened.

PETROLEUM. A fluid bitumen, of somewhat greater consistence than

'•plitha, of a black, brown, or sometimes dingy green colour. By exposure to

'•taw, it assumes the consistence of tar, and is then called mineral tar. This

•ibrtince exudes spontaneously from the earth, or from clefts of rocks, and is

N und nearly in ail countries. Near Rangoon, in Pegu, there are several

'"'wired wells of petroleum, which are carefully preserved, and yield annually

WO.OOO hogsheads. At Colebrook-dale, in Shropshire, there is a considerable

^g of petroleum, from which large iron pipes are employed to convey it into

I'll* took to receive it. From these pita it is conveyed into caldrons, in which

"• a boiled until it attains the consistence of pitch. Since the first discovery of

4ij substance, three different springs of it nave broken out : one of these is

<a*t the celebrated iron bridge, and the fluid which issues from it is almost

placid, but, at the same time, thicker than treacle. Petroleum easily takes

>n, and in burning yields a strong, sharp, and somewhat unpleasant odour; a

l^i and disagreeable smoke. In cold weather it congeals in the open air.

It ii used instead of oil for lamps in some places ; also, when combined with

rai«a matters, in painting timber, and is supposed to check and prevent the

**"* ravages of the worm upon the bottoms of ships coated with it.

_ PEWTER, which is commonly called etain in France, and generally con-

kaded there with true tin, is a compound metal, the basis of which is tin.

'j* best sort consists of tin, alloyed with about a twentieth or less of copper, or

'aw metallic bodies, as the experience of the workmen has shown to be the most

ive to the improvement of its hardness and colour, such as lead, zinc,

it. o o
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bismuth, and antimony. There are three sorts of pewter, distinguished by the

names of plate, trifle, and ley-pewter. The first was formerly much used for

plates and dishes ; of the second are made the pints, quarts, and other meuurn

of beer; and of the ley-pewter, wine measures, and large vessels. The be*

sorts of pewter consist of 17 parts of antimony to 100 parts of tin; but the

French add a little copper to this kind of pewter. A very fine silver-looking

metal is composed of 100 pounds of tin, 8 of antimony, one of bismuth, and

four of copper. On the contrary, the ley-pewter, by comparing its ipeci£c

gravity with those of the mixture of tin and lead, must contain more than a

fifth part of its weight of lead.

PHANTASMAGORIA. The exhibition called by this name is performed by

means of a magic lantern, constructed on a large scale. In the common magic

lantern the figures are painted on the glass, and all the rest of the glass ii left

transparent ; hut in the phantasmagoria the whole of the glass is made opaque,

except the space taken up by the figures painted with the transparent colour;:

hence this difference in the effect is produced, that no light falls upon the screen

but what passes through the figures themselves, consequently there is no circle of

light, nor any thing hut the figures on the screen. Let the door of a darkened

room in which the exhibition is to be seen be set wide open, and its place sup

plied with a screen of thin silk, or fine linen, or of paper rendered transparent

From the outside of the room let the pictures, painted as above described, be

thrown upon the screen, of a very minute size. They will immediately be seen

within the room, and, though remarkably brilliant, they will be supposed to be

distant by the spectators, because they see nothing but the light which comei

from them. If the lantern be drawn back to a greater distance from the screen,

the images become gradually enlarged, and appear to apprbach the spectators,

and seem pendant in the air.

PHARMACY. The art of preparing, compounding, and preserving medi

cines. The established and authorized modes of practising this important art,

are to be found in those books called pharmacopoeias.

PHAROS. A name sometimes given to a lighthouse, from the circumstance

of the first being built at Pharos, near Alexandria. Sec LIGHTHOUSE.

PHONICS, or ACOUSTICS. A science which treats of the nature and

mode of propagation of sound. Whenever any elastic body is made to vibrate,

it produces corresponding vibrations in the air surrounding it ; these acting on

the car, cause its internal parts to vibrate and excite in us the sensation of

sound. From the necessity of air to the conveyance of sound in ordinary

experiments, the phenomena of sound have usually been considered as forming

part of the science of Pneumatics ; but the entire difference of its results, and

its connexion with elastic bodies generally, sufficiently justify its claim to a

separate denomination. That sound cannot be conveyed from one part of space

to another without some material connexion, is well ascertained, and may, to a

certain extent, be proved, by suspending a bell within a glass receiver of the

air pump, and exhausting the-air ; it will then be found that as the air is with

drawn, the sound of the bell becomes more and more feeble, so that, at last, it

is scarcely audible. That air is not the only conductor of sound may be shown

by various experiments. If a heavy mass of iron, as a kitchen poker, be sus

pended by a piece of twine, the two ends of which are pressed against the ears,

and the poker be then struck against any metallic substance, as a fender, a

sound will be heard of so great intensity as to resemble the tolling of a bell.

If two stones are struck against each other under water, the sound may b*

heard at a great distance by plunging the head beneath the surface of the

water : Dr. Franklin affirms that he hasjjenn] it in this way at the distance of

half a mile. Sounds are also transmitted to great distances through solid

bodies. If a slight scratch be made at one end of a long piece of timber, and

the ear be applied to the other, a distinct sound will be heard. In this manner

miners hear the sounds made oftheir fellow-workmen, and thus judge oftheir direc

tion. If a person be placed at one end of a series of metallic tubes, the blovt

of a hammer at one extremity are heard distinctly nt the other, two sounds

being heard, one conducted by the air, and the other by the metal. To show that
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ioudJ is really the effect of vibrations in the bounding body, carried to a certain

degree of rapidity, a long string, or wire, may be stretched by a small weight ;

the vibrations at first will be distinctly seen, and may be counted ; but in this

case they produce no perceptible sound. If the weight which extends the cord

be increased, the vibrations become more rapid, and a sound is heard which

becomes more acute as the string is more stretched.

By a number of experiments it has been found that sound travels through

the air with a velocity of about 1140 feet in a second, or nearly 13 miles in a

minute. The velocity with which sound travels may be easily proved by a

simple experiment. Let a gun be fired at a given instant, and let a person

placed at a known distance, observe the time elapsed before he hears the report,

aid this will determine the time the sound has been travelling over the given

space. By knowing the velocity with which sound travels, we may ascertain

the distance of a thunder-cloud, or of a ship in distress. Suppose the light

from a gun fired at a distance, or from a flash of lightning to be observed at a

given instant, and that five seconds elapse between seeing the flash and hearing

the report ; then since the motion of light may be considered as instantaneous,

the time of seeing the flash may be taken as the instant at which the sound seta "

cut ; and as it travels 1 142 feet in a second, the space passed over in five

lecwids will be 1142 + 5=5710 feet, or 1 mile and 430 feet, which will be the

distance of the object from which the sound proceeds. According to Dr.

Thomas Young, the velocity of sound, on an average, is 1130 feet. The sound

of a gun, or of a hammer, is equally swift in its motion ; the softest whisper

flies as swiftly as the loudest thunder. The equal velocity of the different tones

was beautifully shown by Biot in experiments on the pipes of the aqueducts at

Paris, a distance of about 3000 feet ; an air was played on a flute at one extre

mity, and listened to at the other end, and the time was perfectly preserved ;

and hence the equal velocity of the various notes was demonstrated. Different

substances transmit sound with different velocities. If the velocity in air be

represented by 1, the velocity in rain-water will be 4J, in sea-water 4'0, and in

brass 10}. The velocity of sound is uniform. The strength of sounds is

greatest in cold and dense air, and least in that which is warm and rarefied.

Every point against which the pulses of sound strike becomes a centre, from

which a new series of pulses is propagated in every direction. Sounds may be

rejected like light, and thus iorm what is termed an echo. For the most

powerful echo the sounding body should be in one focus of the ellipse, which is

& lection of the echoing spheroid, and the hearer in the other. An echo may,

however, be beard in other situations, though not so distinctly. Thus a person

often hears the echo of his own voice ; but for this purpose he should stand at

least 63 or 64 feet from the reflecting obstacle. At the common rate of speaking,

ire pronounce about seven syllables in a second ; in order, therefore, that the

echo may return just as soon as three syllables are expressed, twice the distance

of the speaker from the reflecting surface must be equal to 1000 feet ; for as

found describes 1142 feet in a second, six-sevenths of that space, that is, 1000

feet nearly, will be described, while six, half, or three whole syllables are pro

nounced ; that is, the speaker must stand nearly 500 feet from the obstacle. In

general, the distance of the speaker from the echoing surface for any number of

ivQable* must be equal to the seventh part of the product of 1142 feet multi

plied by that number. When the walls of a passage, or of an unfurnished

roam, are smooth and perfectly parallel, any explosion, or a stamping with the

loot, communicates an impression to the air, which is reflected from one wall

to the other, and from the second to the ear, by which reverberation the primi

tive sound is greatly increased in intensity. Sound, like light, may be reflected

from several places, and collected in one point as into a focus, and it will be

there mare audible than at the place from whence it proceeded. On this prin

ciple the whispering gallery is constructed, the form of which must be that of

» concave hemisphere. Somewhat similar is the effect of speaking and hearing

trumpets, which, by reverberating the sounds uttered through them, increase

their intensity. By means of an arrangement of these, a deceptive acoustic

experiment was exhibited, an idea of which may be formed by the following
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sketch. It was pretended that the invisible girl was within the ball d; and

whenever a person, by applying his mouth to either of the trumpets e, put a

question, an answer was returned which seemed to proceed from the ball, in the

 

centre of which the invisible being was supposed to reside. A reference to the

cut will explain the manner in which the illusion was accomplished. The

upper part of the frame-work is hollow ; and by means of the tube g g, passing

through the leg of the apparatus and floor of the room into another chamber,

communicates with another individual h, who is to represent the invisible girl.

When a person is desirous of trying the experiment, he applies his mouth to

either of the trumpet-mouths e e e e, and puts his question ; the sound so

uttered is reflected so as to pass through the holes//, and through the pipe-

to h, where it is heard by the person who is then listening. A reply is then

given through the tube h gg, which, coming out through the hole/, is received

in the trumpet-mouths, and reflected to the ear of the inquirer at e. Tbe

trumpets being suspended by silken strings, no visible connexion appears

between the place whence the sound seems to proceed, and the individual who

is the author of it ; the illusion is therefore complete.

PHOSPHATES. Salts formed by the phosphoric acid with the alkalies,

earths, and metallic oxides. The phosphates at present known amount to

twelve, two of which are triple ones.

PHOSPHITES. Salts formed with the phosphorous acid united to the

earths, alkalies, and metallic oxides.

PHOSPHORIC ACID. The base of this acid, or the acid itself, abounds

in the mineral, vegetable, and animal kingdoms. In the mineral kingdom it is

found in combination with lead in the green lead ore ; with iron in the bog-

ores, which afford cold-short iron ; and more especially with calcareous earth m

several kinds of stone. Whole mountains in the province of Estramadura, in

Spain, are composed of this combination of phosphoric acid and lime. In the

animal kingdom it is found in almost every part of the bodies of animals which

are not considerably volatile : there is not, in all probability, any part of these

organized beings which is free from it. It has been obtained from blood, flesh,

both of land and water animals ; from cheese ; and it exists in large quantities

in bones, combined in calcareous earth. Urine contains it not only in a disen

gaged state, but also combined with ammonia.

PHOSPHOROUS ACID is prepared by exposing phosphorus during some

weeks to the ordinary temperature of the atmosphere. Even in winter the

phosphorus undergoes a slow combustion, and is gradually changed into a
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Jquid acid. For this purpose it is usual to put small pieces of phosphorus on

(he inclined side of a glass funnel, through which the liquor that is formed

drops into the bottle placed to receive it. From an ounce of phosphorus about

three ounces of acid liquor may be thus prepared.

PHOSPHORUS. A substance which shines by its own light The dis

cover/of this singular substance was accidentally made in 1677, by an alchemist

of Hamburgh, named Brandt, when he was engaged in searching for the philo

sopher's stone. Mr. Boyle is also considered to have discovered it ; he commu

nicated the process to Godfrey Hankwitz, an apothecary of London, who, for

many yean, supplied Europe with phosphorus ; and hence it went under the

name of English phosphorus. In the year 1774 the Swedish chemists, Calm

ind Scheele, made the important discovery, that phosphorus is contained in the

boaei of animals ; and they improved the process for procuring it. The most

ronfenient process for obtaining it seems to be that recommended by Fourcroy

«nd Vauquelin, which we shall transcribe. Take a quantity of burnt bones,

and reduce them to powder: put 100 parts of this powder into a porcelain or

stone-ware basin, and dilate it with four times its weight of water ; 40 parts of

sulphuric acid are then to be added in small portions, taking care to stir the

nurture after the addition of every portion. A violent effervescence takes

place, and a great quantity of air is disengaged. Let the mixture remain for

twenty-four hours, stirring it occasionally to expose every part of the powder to

the action of the acid. The burnt bones consist of the phosphoric acid and lime ;

but the sulphuric acid has a greater affinity for the lime than the phosphoric acid.

f10 action of the sulphuric uniting with the lime, and the separation of the

phmphoric acid, occasion the effervescence. The sulphuric acid and the lime

combine together, being insoluble, and fall to the bottom. Pour the whole

mixture on a cloth filter, so that the liquid part, which is to be received in a

porcelain vessel, may pass through. A white powder, which is the insoluble

niphate of lime, remains on the filter. After this has been repeatedly washed

nth water, it may be thrown away ; but the water is to be added to that part

tf the liquid which passed through the filter. Take a solution of sugar of lead

m water, and pour it gradually into the liquid in the porcelain basin ; a white

P«der falls to the bottom, and the sugar of lead must be added so long as any

precipitation takes place. The whole is to be again poured upon a filter, and

& white powder which remains is to be well washed and dried : the dried

P°*der is then to be mixed with one-sixth of its weight of charcoal powder.

Pat this, mixture into an earthenware retort, and place it in a sand bath, with

tie beak plunged into a vessel of water ; apply heat, and let it be gradually

•"creased till the retort becomes red hot As the heat increases, air-bubbles

nah in abundance through the beak of the retort, some of which are inflamed

when they come in contact with the air at the surface of the water. A sub-

Xance at fast drops out similar to melted wax, which congeals under the water ;

'™ u phosphorus. To have it quite pure, melt it in warm water, and strain it

Krenl times through a piece of chamois leather, under the surface of the

»tor. To mould it into sticks, take a glass funnel with a long tube, which

put be stopped with a cork ; fill it with water and put the phosphorus into it :

nuune the funnel in boiling water, and when the phosphorus is melted and

am into the tube of the funnel, then plunge it into cold water ; and when the

ptophorus has become solid, remove the cork and push the phosphorus from

tie mould with a piece of wood. Thus prepared, it must be preserved in close

^adi containing pure water. When phosphorus is perfectly pure it is semi-
'•uisparent, and has the consistence of wax : it is so soft that it may be cut

«h a knife. Its specific gravity is from 1.77 to 2.03. It has an acid and

••agreeable taste, and a peculiar smell, somewhat resembling garlic. When a

J*k of phosphorus is broken, it exhibits some appearance of crystallization.

*•* crystals are needle-shaped, or long octahedrons ; but to obtain them in their

:-«t perfect state, the surface of the phosphorus, just when it becomes solid,

"•Wd be pierced, that the internal liquid phosphorus may flow out, and leave

* arity for their formation. When the phosphorus is exposed to the light it

"comes of a reddish colour, which appears to be an incipient combustion. It
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is therefore necessary to preserve it in a dark place. At the temperature of

90° it becomes liquid ; and if air be entirely excluded, it evaporates at 219",

and boils at 554°; at the temperature of 43° or 44° it gives out a white smoke,

and is luminous iu the dark ; this is a slow combustion of the phosphorus, which

becomes more rapid as the temperature is raised. When phosphorus is heated

to the temperature of 148°, it takes fire, burns with a bright flame, and sencb

out a great quantity of white smoke. Phosphorus enten into combination with

oxygen, azote, hydrogen, and carbon ; it is soluble in oils, and, when thus dis

solved, forms what has been called liquid phosphorus, which may be rubbed on

the face and hands without injury ; it dissolves, too, in ether, and a very beau

tiful experiment consists in pouring this phosphoric ether in small portions, and

in a dark place, on the surface of hot water. The phosphoric matches consist

of phosphorus, extremely dry, minutely divided, and perhaps a little oxygenized.

The simplest mode of making them is to put a little phosphorus, dried by

blotting-paper, into a small phial ; heat the phial, and when the phosphorus i

melted, turn it round, so that the phosphorus may adhere to the sides. Cork

the phial closely, and it i»prepared. On putting a common sulphur-match into

a bottle, and stirring it about, the phosphorus will adhere to the match, and »31

take fire when brought into the air.

PHOSPHURETS. Substances formed by an union of the alkalies, earths,

and metallic oxides, with phosphorus. Thus we have phosphuret of lime.

PHOTOMETER. An instrument designed to exhibit the different quan

tities of light, especially in bodies illuminated in different degrees. In Leslie's

photometer, the essential part is a glass tube, like a reversed syphon, whose

two branches should be equal in height, and terminated by balls of equal

diameter : one of the balls is of black enamel, and the other of common glass,

into which is put some sulphuric acid, tinged with carmine. The motion of the

liquid is measured by means of a graduated scale; the zero is situated towards the

top of the branch that is terminated by the enamelled ball. The use of this

instrument is founded upon the principle, that when the light is absorbed by a

body, it produces a heat proportional to the quantity of absorption. When the

instrument is exposed to the solar rays, those ravs that are absorbed by the

dark colour heat the interior air, which causes the fiquor to descend at first with

rapidity in the corresponding branch. But as a part of the liquor which had

introduced itself by means of the absorption is dissipated by radiation, and as

the difference between the quantity of the heat lost and that of the heat acquired

goes on diminishing, there will be a point where (these two points baring

become equal) the instrument will be stationary, and the intensity of the

incident light is then estimated by the number of degrees which the liquor

run over.

Mr. Ritchie, of Nain, has constructed a very simple photometer, on the prin

ciple of Bougier. It consists of a rectangular box, about an inch and a half or

two inches square, open at both ends, and blackened within for the purpose of

absorbing irregular light. Two rectangular pieces of plain mirror are plareii

within the box, at right angles with each other, and at an angle of 45° with tK1

sides of the box. A rectangular opening is cut in the upper side or lid of tin-

box, about an inch long and an eighth broad, and, passing over the line fomnl

by the intersection of the two mirrors, is half over the one and half over in?

other ; the aperture is to be covered with a

slip of fine tissue, or oiled paper. When ______ ______

used, it is to be placed in the same straight

line, between the two flames to be compared,

they being distant six or eight feet from

each other, and is to be moved until the disc

of paper is equally illuminated by the two >

flames. The illuminating powers of the two

flames will then be directly as the squares of their distances from the midill •

of the photometer. In viewing the illuminated disc, it is well to look at ij

through a prismatic box, about eight inches long blackened within, to obsorl

strong light. Sometimes, instead of using mirrors and *be paper-screen, tin
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Inclined planes are covered with white paper, and looked at directly through

tie aperture. However the instrument be used, a mean of several observations

should be taken, the instrument being turned round each time. When the

lights are of different colours, the plan Mr. Ritchie recommends is, to cover the

rectangular opening in the instrument with a piece of fine white paper, printed

distinctly with a small type ; the paper is to be brushed over with ou, and then the

n-'mment being placed between the lights, they are to be moved till the printing

can be read continuously along the paper with equal ease on the one side as on the

other. In the second form, the printed paper is to be pasted on the mirrors, or

tin inclined surfaces against which they lie, and is then to be read through the

opening. It is advantageous to enlarge the openings in these applications of

printed paper.

i'l.AAO-KORTE. A musical instrument, resembling the harpsichord, (of

»hich it ii an improvement,) in which the tone is produced by hammers, instead

if quills, upon the strings. Of all the keyed instruments, as observed in the

'itfmd Encydopadia, the piano-forte seems to merit the preference, on account

of the superior tone, sweetness, and variety, of which, by the ingenuity of

British artists, it has now become susceptible. It was, as early as the beginning

cf the last century, that hammer-harpsicords were invented at Florence, of

«hkh there is a description in the Giornalt d'ltalia, 1711. The invention made

fat a slow progress ; the first that was brought to England was by Father Wood,

• English monk at Rome. The tone of this instrument was so superior to that

produced by quills, with the additional power of producing all the shades of

pano and forte by the finger, that though the touch and mechanism were

.; j imperfect that nothing quick could be executed upon it, yet the Dead March

in Saul, and other solemn and pathetic strains, when executed with taste and

feeling, by a master a little accustomed to the touch, excited equal wonder and

delight in the hearers. Backers, a harpsichord-maker, constructed several piano

fortes; and although he improved the mechanism in several respects, he failed

i the tone. After the arrival of John C. Bach in this country, and the esta

blishment of his concert, in conjunction with Abel, all the harpsichord-makers

t'ifd their mechanical powers upon piano-fortes ; but the first -attempts were

inyi on the large size, till Zumpe', a German, constructed small piano-fortes,

°f the ihape and size of the original, of which the tone was very sweet, and the

""el, with a little use, equal to any degree of rapidity. Pohlman, whose in-

ttraments were very inferior in tone, fabricated a great number for such persons

» Zumpe' was unable to supply. Large piano-fortes afterwards received great

| I'proremenls in the mechanism by Merlin, and, in the tone, by Broadwood,

Stoddart, Clementi, and others. The harsh scratching of the quills of a

Ufpsicbord can now no longer be borne. A great number of improvements

ktte been made of late years, which have been the subjects of numerous

patents. Some of these we now proceed to notice.

The first which presents itself to our attention is the patented improvement

« Mr. Wheatstone, of Jermyn-street, for augmenting the tone by the introduc-

ton of drums, or similar vibrating surfaces, against which the sounds elicited

t* ; these, it is said, not only augment the tone, but improve the

For this purpose, wooden frames are fitted to the inside of the instru-

, upon which is tightly stretched paper, parchment, vellum, or similar

nces, which constitute the drum. These, being placed as near as possible

" tie sounding-boards of the instruments, are powerfully acted upon by the

rotation of the notes given out; and to conduct the sound eb'cited with greater

<4tt to the ears of the auditory, trumpet-shaped apertures are made through

*•* cua of the instruments.

la give to piano-fortes the rich and lengthened tones of the violin, a patent

*» taken out by Mr. Todd. This is effected by the pressure of the foot of the

faj'W upon a pedal, which puts in motion an endless band (furnished with

?>»d«ta resin), which is made to rub against the particular wire in connexion

*™ the key that 13 depressed by the finger of the player ; and thus the same

**t i« produced as by the bow over the strings of the violin. Instruments

ft ocaitracted will therefore have two distinct seta of tones ; that is, when the
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pedal is acted upon, the lengthened and beautiful tones of the violin will be

produced ; without it, those of the ordinary piano.

The invention is not, however, confined to piano-fortes, but to all other

instruments wherein the sounds are produced by the vibration of wires, or

strings of catgut ; but the most eligible instrument for its application, it (he

piano, more especially those of the upright or cabinet kind. The annexed

diagram we have therefore selected from the specification, to explain the con

struction and modes of action of this ingenious contrivance, when applied to

piano-fortes of the latter description. The figure gives a vertical section of UK

part; thus a shows one of the wires stretched across the bridges, by means ol

tension pins over the body of the instrument, c c is an endless band revolting

 

over two cylinders, which are set in motion by the treadle d, operated Upon l\v

the pedal ; this band is to be made of cloth, catgut, or other material capable

of holding powdered rosin, ee is a frame of wood on which is made to turn «

swinging piece/, and there are as many of these frames and swinging pieces n

there are keys to the instrument. On each swinging piece are fixed wire*, benl

in the manner shown; their ends are reduced to a conical figure to form centre?

upon which revolve small brass rollers, as that at g. h is one of the keys (•

the instrument moving on its fulcrum pin, and its two stops are shown at ii

a vertical stem of wood,; is fixed into the key, carrying above it, in a horizon

tal position, a wire k, which acts upon the swinging piece/; the wire k U &t.e<

to the stem.; by means of nuts placed on either side of the stem, which screr

on to the end of the wire, and by these means the extent of motion to be givei

to the swinging piece is regulated. It will now be seen that when any key i

depressed by the finger of the player, the little brass roller g is pressed again'

the endless band, which, bending it a little out of the right line, causes it t

rub against the wire a, and thereby produce a similar effect to the drawing «

the bow over the strings of a violin. '



FIANO-lOllrES 237

The next invention which we shall notice is that of Mr. James Stewart, of

George-street, Euston-squarc, who had a patent for it in 1830. It will be

observed that there are several motions connected with the operations of a piano

which require great precision as to their time, duration, and intensity of action.

Thehammer mustbe made to strike the string at the same instant that the damper

is withdrawn, and the hammer having done its duty must be instantly removed

(even before the finger of the performer has left the key,) from the string, to

allow the vibration to take place, and then the damper must return to stop the

vibration of the string the moment that the finger is withdrawn from the key.

Now as all the motions must be obtained by a very slight touch of the finger,

and without any noise, the levers and connecting rods, by which they are trans

mitted from the keys to the strings, become important considerations with

piano-forte makers, and Mr. Stewart has simplified the action, and rendered it

more certain, by the introduction of a short lever placed over, and parallel with

the interior end of the finger lever. This lever being short, and joined near its

movable end by a small connecting brass rod to the finger lever, furnishes in

itself the required variety of motions, by placing the rods which act upon the

hammer, damper, &c. at different distances from the fulcrum on which it turns.

Is addition to this, Mr. Stewart has introduced an improved inclined plane for

receiving the tail of the hammer, and stopping it silently, after it has struck the

Uring.

To obviate the objections which have been raised to the elevated casing of the

upright or cabinet piano-fortes, especially those whose fronts are covered with

■ilk, which have a tendency to deaden the voice in case of accompaniment,

Mr. Simon Thompson, of Yarmouth, has contrived to obviate the necessity of

uv portion of the instrument rising above the locking board, so that the top of

the instrument is flat like a table. This object he effects by lowering the string

frame, till its upper surface coincides with the top of the locking board, and

nuking the keys bent levers, turning twice at right angles between the fulcrum

on which they move, and the extremities which act upon the hammers. On

the inner ends of each key, rests an upright guide wire, or slight rod, and

to this are attached various projecting pieces which actuate the hammers, the

dampen, &C. much in the usual manner; so that this improvement, which is a very

important one, is obtained without in the smallest degree altering the other

pirts of the instrument.

The spirit of improvement in this interesting branch of art seems recently to

tare equally pervaded our transatlantic brethren. In the Journal of the Franklin

IutihUe, (which contains accounts of all the American patents,) we observe one

by Mr. Jesse Thompson, of New York, dated October, 1830, for an improvement

in the action of the upright piano-forte, some points in which our own manu

facturer! may deem worthy of adoption in a modified form. The following claim

attached to the specification of this patent, will give to those acquainted with

the subject a general idea of the variations introduced in this action. " What

I claim as new, and as my own invention, is, first, the application of the finger

lever directly to the foot of the connecting rod, dispensing with the jack, springs,

and all intermediate gearing. By this more immediate operation of the finger

cq the hammer, no time is lost between the touch and the blow ; the action is

lure controllable by the finger ; the blow is quicker, and more powerful ; the

hammer can never block ; it relieves less from the string, and requires much

lea depth of touch. The simplicity of its construction renders the work much

fteaper, and less liable to get out of order, than any known action. From this

perfection of the action, I have been able to render the span of the natural

action to six and a half inches, and the others in proportion, without in any

degree interfering with a clear and rapid execution : or the common span of

the octave may be retained. Second, the placing the dampers below the

hammer rail, by which position the dampers fall on the brass strings near the

wddle of them, and thus more instantaneously and effectually stop their vibra

tion, and may be raised by the simpler and cheaper modes herein specified."

The introduction of cast iron into the framing of piano- fortes, in lieu of the

cumbrous masses of wood previously used, to resist the powerful tension of so

o»ny wires, was a great modern improvement, to which we believe we stand

tot. u, p p



208 PIANO-FORTES.

indebted to M. Fleyel and Co., of Paris. At the present time the substitute.

of metal for wood ia general.

This part of the mechanism was considerably improved by Mr. J. C. Schwicso.

of Regent-street, for which he obtained a patent in 1831. The string board of

the piano-forte is secured between a stout cast iron frame, and to the latter is

cast a projecting plate, through which the tuning pins pass. These tuning pins

are made of steel, their lower ends are turned cylindrical, for coiling the ends of

the wire, and the upper ends are made square for the reception of the key. To

give these tightening pins the requisite friction to retain any required degree

of tension on the strings, and enable them to be turned with facility, they are

tapped below the square head to receive a nut, which screws against the upper

side of the projecting plate, and they have underneath a collar and washer, which

are drawn against the plate by the action of the nut above, leather washers being

also interposed to give a degree of elasticity to the bearing parts. To produce the

requisite friction, the nuts are screwed up ; and in order that the pins may be

turned at pleasure, without altering the friction by which they are held, each nut

is perforated with two holes, and the square key which fits over the square heads

has at its extremity two projecting pins, which enter the holes in the nuts,

and therefore turn the pins and nuts together without altering the friction.

Mr. Schwieso applies tightening pins of this kind to the harp and violin.

Since the introduction of cast-iron frames for piano-fortes, considerable

expense has been incurred in drilling the holes for, and fitting in the pint, so

as to give them the properties mentioned in Mr. Schwieao's patent. To remedy

these inconveniences, Mr. W.Allen, of Catherine-street, Strand, casts two dove

tailed grooves along that end of the frame where the tightening pins are to be

inserted, into which he drives pieces of wood of a corresponding shape, to fill

up the dovetailed grooves, and to reieive the tuning pins. It is evident, that by

this ingenious and simple contrivance, the expense of manufacture will be

diminished, and the instruments will be improved.

Self-acting Piano-fortei have of late years been introduced : they combine tbe

most rapid and brilliant execution with distinctness and neatness. Their har

mony ia necessarily more full than can be produced by eight fingers/the elements

of chorda having no other limit than the extent of its scale ; the time cannot

be otherwise than perfectly equable throughout, yet where pathos is to be

expressed, the time can be accelerated or retarded in any degree.

The mechanism of a self-acting piano-forte usually or principally consists of

a cylinder turning horizontally on its axis, acted upon by a coiled spring, and

regulated by a fly-wheel. On the surface of the cylinder, a determined arrange

ment of brass pins is formed, each of which, in passing under a rank of It vu

elevates one end of the required lever, and depresses the other. The depressed

end pulls down with it a slender rod, which is connected by a slide withjthe tail

of a bent lever, on the further end of which is the hammer which strikes tbe

string. The slide can be shifted further from, or nearer to the axis, on which the

hammer lever turns, and thus the stroke of the hammer ia made feeble or strong

to any required degree. When wound up, the instrument will continue to play

for a considerable time ; and it is provided with a bench of keys like the ordi

nary piano-forte, eo that a person may accompany tbe instrument, or play a

duet with it.

A very beautiful instrument of this kind we have seen, that was manufac

tured by Clement! and Co. ; it had two barrels, each of which played nine tunes.

The velocity was regulated by two revolving balls, similar to the governor of a

steam-engine.

Messrs. Roll'e and Sons, of Cheapside, have distinguished themselves in thu

branch of art by several improvements, which were the subject of a recent patent.

Those improvements they divide into three sections ; and their self-acting piano

fortes are constructed either with the first section only, or with the first and second

section combined, or with the three sections united. The first section consists of a

new apparatus for effecting the transitions offorte and piano, by which means the

difficulty of producing those desirable changes is removed, by transferring the

mechanical action from the weakest and most uncertain part of the arrangement.

vi«. the cyliud11- »-•'•- —ire powerful and certain action of the engine, by which
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transfer the liability to derangement in instruments intended for exportation is

avoided. To this branch of their patent, Messrs. Rolfe and Sons have annexed

a hand movement, or register, by which the existing arrangement, or distribu

tion offorte and piano, may at any time be changed, or altered to suit particular

views, or may at any moment be removed from the government of the self-

acting apparatus which produces the effect, and be operated upon by the hand,

and again be restored to the control of the machine, at pleasure.

The second section consists of a new barrel movement for changing the tunes,

which is effected by the introduction of an inclined plane, which forms an

abutment for the axis of the cylinder. This plane is divided into eight portions,

and is moved by a radial lever upon a pinion, which by its rotation one revolu

tion moves upon a second dial an index to the extent of one eighth of its cir

cumference, moving the inclined plane to a proportionate extent By this

simple arrangement the motions arc rendered very steady and accurate, and

eight distinct airs may thus be performed.

The third section consists in the application of a set of dampers to the self-

performing action, which are altogether independent of the dampers ; so that

each note of the self-acting or mechanical part of the instrument, in common

with each particular note of the finger action, possesses its appropriate damper,

connected with and identified by its kindred note, hammers, or keys, and acting

simultaneously therewith. In conjunction with the application of the mecha

nical dampers, suitable staples are introduced into the cylinders, which, acting

upon each'particular damper as occasion may require, suspends its operation, and

enables them to retain the vibration of any given note, or the root and relative

intervals of harmonious combinations, in the same manner as the finger of a

performer sustains the vibration of chords, whose existence is to be prolonged

by continued pressure of the keys, according to the duration expressed by the

determined value given to them by the author in the composition performed.

In addition to this, the whole set of mechanical dampers are occasionally raised

by the cylinder, according to circumstances, in order to produce the effect, or

full swell, of the open pedal when moved by the foot of the performer.

PIER. A strong erection jutting into the sea, for affording shelter to

shipping and small craft, or for the convenience of landing goods and pas

sengers. For the former purpose they are usually constructed of very massive

and durable materials, wrought together in the most solid manner; such as

immense stones, dovetailed into each other, and cramped with iron, being sup

ported on the outside by large piles driven into the ground, and strongly framed

together by several rows of cross pieces. A rocky point is generally chosen (if

to be obtained) for joining the pier to the land ; the other end is extended out

into the sea, either in a right line or a curve, but more generally the latter, to

form an enclosed harbour for shipping within the curve. Breakwaters are more

frequently in straight lines ; chain-piers are also straight, as that at Brighton :

the construction of these is precisely similar to suspension bridges. See Bridge.

PIERS, of a Bridge. The walls or masses from which the arches spring.

PIERS, in Building and Architecture. The wall interposed between two

Widows ; also the buttresses or masses of wall raised to strengthen buildings.

PILE-ENGINE. A machine for driving piles into the ground, to make a

solid foundation for buildings, the construction of piers, wharfs, Stc. As these

engines are of every-day observation, and are figured in all previous works of

this nature, we shall confine ourselves to a brief verbal description. By means

of the mechanism of a common crane, a heavy iron weight, called the ram, is

raised perpendicularly between two lofty guides of timber, framed together at

''"* top and laterally, clear of the ram. Just as the ram attains to its highest

eieraUon, a projecting lever from the hook to which the ram is suspended meets

- ith a fixed obstruction to its upward passage, that bends the lever downwards,

ad thus unhooks the ram, which, falling from a great height, strikes the head

rf the pile with tremendous force, driving it into the ground. The hook and

• Jain now descend, and the hook, coming in contact with the top of the ram,

l*cki itself thereto again by means of a spring or lever-cacth, when it is drawn

up again to repeat the operation.
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PIN. A well-known little instrument, chiefly used to adjust or fasten the

clothes of women and children. Although consisting of merely a piece of wire,

with a head and a point, great mechanical ingenuity has been exercised to

perfect its construction at a cheap rate ; but such is the extent of the con

sumption, and consequent importance of the manufacture of pins, that there are

many establishments where upwards of two tons, containing about 20,000,000

in number, are made weekly. The ordinary method of making pinB has been

thus described by various authors on the subject. Brass wire, drawn to the

required size, is straightened by drawing it between steel pins, set in a zigzag

form upon a bench, and afterwards cut into such lengths as will each make six

pins of the required size. These lengths are pointed at the ends by boys, who

sit each with two small grindstones before him, turned by a wheel. Taking up

a handful, he applies the wires to the coarsest of the two stones, moving them

round at the same time, and in such a position as to produce evenly-rounded

and well-tapered conical points, which are perfected and sharpened by him

afterwards upon the smoother stone. A lad of twelve years of age will thus

point 16,000 in an hour. The length of a pin is then cut off each end of tlte

pointed wire, and the remaining portion of wire is treated in a similar manner,

successively, until the six pins of each length have been pointed. The next

operation is heading, or rather "head-spinning;" the heads being prepared for

subsequent putting on, by winding a finer wire around another wire of the size

of the pin, by the rapid revolution of a kind of spinning-wheel. The interna!

wire being drawn out leaves the external wire of the form of a tube of circum

volutions ; this tube is cut into short lengths, of only two circumvolutions, each

of which forms one head ; these are made red-hot in an iron pan, over a furnace,

to soften them, that they may not spring under the hammer in fixing them on.

These annealed heads are distributed to children, who sit with little anvils and

hammers, the latter being worked by means of the feet upon treadles. Taking

up a pin, they thrust its blunt end amongst a quantity of the head-spinnings ;

and, catching up one, they apply it immediately to the anvil, and, by means of

two or three blows of the hammer, compress the head firmly upon the end d

the wire, with remarkable dexterity. The several motions of the little operator

succeed each other so rapidly that it requires the closest observation of the pro

cess, many times repeated, to enable a stranger to perceive how it is perforated.

The pins have now to be whitened, which is effected by putting them in a

solution of tin in the tartaric acid. Here they remain until tliey have acquired

an extremely thin coat of the tin, which presents, when withdrawn from the

bath, but a dull appearance : the pins are therefore thrown with some bran into

a barrel, which, being in revolution upon its axis, the bran thus rubs the pins

quite bright ; they are then taken out, and the bran separated from them by

a winnowing machine. Machines have, however, been recently constructed,

in which a coil of wire is converted into pins without any manual intervention,

or any extraneous assistance whatever.

PINCHBECK, or Prince's Metal. An alloy of copper, much resem

bling gold in colour. It consists of one part zinc to five or six parts of

copper.

PINION, in Mechanics, a small-toothed wheel, which drives, or is driven by,

a larger.

PINNACE. A small vessel, navigated with oars and sails, and having

generally two masts, which are rigged like those of a schooner. One of the

boats belonging to a man-of-war, for carrying the officers to and from the shore,

is called the pinnace.

PIPE. A cask containing from 110 to 140 gallons of wine; the Madeira

pipes containing about 110, and the Port and Lisbon from 138 to 140 gallons.

PIPES, for the conveyance of water and other liquids, are made of lead, iron,

stone, pottery, wood, Indian-rubber, &c. Of iron there are two sorts,—wrought

and cast.

Wrought-kon pipes are made out of plates of the required thickness, length,

and breadth ; so that when coiled into a circular form, the edges may lap over

each other. To make sound, good work of this kind requires great address and
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rapidity of execution in the welding operation; so that the ordinary smith

rarely attempts it, preferring to purchase the article, or get it made by the

regular tube-makers. The manufacture of wrought-iron tubes has lately, with

considerable success, been effected by machinery, under a patent granted to

Mr. Whitehouse (for Mr. Russel), of Wednesbury. The sides of the metal

Wing bent up with swages, so as to bring the edges nearly together, he intro

duces the tubes so prepared into a furnace, and, when brought to a welding

heat, to the operation of a small tilt-hammer: the face of the hammer, as well

as that of the anvil, have semi-cylindrical grooves, corresponding with the size

and shape of the tubes under manufacture ; and between these the tube is gra

dually passed along, receiving in its progress a rapid succession of blows from

the hammer. When the welding is thus completed, the tubes are in a rough

state; they are therefore again heated in the furnace, and passed between large

round rollers, which give to the tubes a smooth exterior surface; as they

emerge from the pressure thus given, they come in contact with a fixed round

rod, of the proper size of the bore of the tubes or pipes, over which they are

forced by the rollers ; and thus the interior as well as the exterior are brought

to a smooth and true cylindrical surface.

Cut-iron pipes, of which immense quantities are used for the conveyance of

gas, water, and other fluids, are made in the following manner. The mould for

casting is thus prepared : strong cast-iron flanged cylinders, about three feet

long, and having an internal diameter greater than the outside of the intended

pipe. These cylinders divide longitudinally into halves, which are secured

together by iron cramps ; in this state one of them is placed upright upon a

firm foundation, underneath the jib of a crane, to which is suspended a smooth

cylindrical mandril ; this mandril is then lowered perpendicularly into the centre

of the cylindrical mould until it rests in a hole in the stand at the bottom, and

leaves around the mandril a void space of equal dimensions, in which position

it is secured by wedging pieces at the top. Sand duly prepared and moistened

is then put into the void space by degrees, until it is filled, ramming it down at

intervals, to render it equally solid throughout. The smooth mandril is then

carefully drawn out by the crane, and the sand-charged cylinder is removed to

toe drying stove. Other cylinders are similarly charged, and dried in the

store. To make the core, the moulder takes a quadrangular bar of iron, about

a foot longer than the intended pipe, wraps it along with a hay-band, and

inserts it centrically into a pipe smooth in the inside, of the length, and of the

same internal diameter as the required pipe ; a mixture of sand loom, hair, &c.

is now rammed between the cylinder, and is thus forced amongst the fibrous

matter around the bar, to which it firmly adheres when drawn out of the smooth-

sided cylinder ; the core thus produced being dried in the stove, is ready for the

casting. As the length of cast-iron pipes for water is usually nine feet, three

of the before-mentioned cylindrical sand-boxes are put into requisition for the

purpose ; they are placed one upon the other upright in a pit, and connected

together *by cotters through their flanges. The sand and loam core before

mentioned, is now carefully lowered from a jib into the centre of the combined

sand-boxes, which is insured by a projecting piece of the iron bar entering a

socket at the bottom, and the upper end is secured by a collar of clay. The

space now left between the core and the cylinder of sand is now filled with

liquid metal through an orifice in the clay at top, by means of a ladle, charged

from the tap hole of the furnace, which is earned and poured into the mould

by the casters, if not too heavy ; but if so, this carriage is assisted by a truck

or drag, and the ladle or pot discharged by the aid of pulley tackle. When

■be mould is cooled, it is hoisted by the crane altogether from the pit ; the

oater cases are taken off, the iron rod withdrawn, and the pipe being cleared

from the sand inside and out, is ready for clearing, examination, and use. In

the casting of very large cylinders, a similar process is adopted, except that the

usetal is allowed to flow directly from the fumace, along a trench into the

isould.

Hancock's patent Pipe*.—A patent was taken out in 1826 by Mr. Walter

Hancock, of Stratford, in Essex, for the manufacture of water or other pipes,



302 PIPES.

that should be as durable, but less expensive, than the cast-iron pipe* we have

been just describing ; and as the manufacture of these may be advantageously

conducted in situations where the products of a foundry cannot easilybe pro

cured, we annex the ingenious process of the patentee.

Sheets or strips of iron or copper are selected of the appropriate lengths,

breadths, and thicknesses, for making the proposed pipes. In making a cylin

drical pipe, the sheet must be of greater width than the circumference required,

and of a true rectangular figure. Each of the two opposite edges are then to

be doubled or folded back, as shown by the annexed figure a. The sheet ii

then to be bent round by the ordinary means into a cylindrical form, and the

edges turned hack as shown in the annexed Fig. b. A slip

of sheet iron, of the same thickness and length as the before-

mentioned, with parallel sides, is then doubled back at the

edges in the same manner as shown at c ; this piece is then

slided over the ends of 6, so that the edges of both shall

mutually envelope and brace each other, in the manner

exhibited in the following Fig. d; the joints thus made are

then brought into close contact by hammering. This

method of joining the tubes may with equal facility be

effected on the inside, if in turning the sheet up into the

cylindrical shape it be bent the reverse way, as shown in Fig. e. The project

ing part of the joint being inside, is preferable in many cases. The tube, as

now described, the patentee calls his inner tube, to distinguish it from the

 

  

exterior covering it afterwards receives, to increase its strength and durability.

This is effected by winding round the inner tubes iron hoops, or narrow strips

of metal, rivcttcd end to end in a spiral direction, with the coils in close contact

generally, but sometimes a little apart, to give them elasticity in bending. The

operation is performed by fixing the tube upon a wooden roller, of a diameter

nearly corresponding with the internal diameter of the said tube, and the roller

is mounted horizontally upon an iron axle in a fixed frame, with a handle for

turning it round at one or both ends. One of the ends of the hoop iron is then

made fast to the end of the tube by a rivet, and being held in an oblique posi

tion with the axis of the roller, the latter is turned round, while sufficient ten

sion is given to the hoop iron to make it lie close and tight to the tube durin:

the coiling operation ; after which it is fastened to the other end of the tube

by another rivet. A hoop or ring is now put on hot, to each end of the tube

at right angles with the axis, for the greater security of the previous binding;

these end hoops, as they cool, contract in their circumference, and consequently

fix themselves, and bind all the parts of the tube firmly together.

The tubes are next to be immersed in liquid cement, contained in a vessel of

suitable capacity to receive them ; the cement is thus made to enter and fill up

every fissure or interstice between the several parts of the tubes. The cement

is composed of the following ingredients and proportions, mixed and melted

together : viz. 2 lbs. bees' wax, 2 J lbs. linseed oil, 12 lbs. common white resin,

18 lbs. pitch, 1 lb. tallow, and 16 lbs. of plaster of Paris, or Roman cement, or
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imicklime in powder ; and when it is desired to give a greater degree of elas

ticity sod toughness to the cement, 2 lbs. of Indian rubber, previously dissolved

ia fire quarts of oil of turpentine, are to be added.

To protect the outside of the pipes from rust, one or more layers of canvas,

saturated with the cement, are to be wrapped round it. In lieu of this, some

time! the patentees put a tube of sheet iron for the external covering, and fill

up the interstices between with cement.

In order to connect such pipes together, a tube, similar to those already

described, is;prepared, of a length somewhat more than its diameter, which should

be about three quarters of an inch greater than the diameter of the tubes to

be connected; the latter being placed end to end, with the piece of connecting

tube extending equally over each, and the annular space between the tubes are

filled in with cement To prevent the cement from getting in between the two

opposed ends of the tubes, they are previously brought into contact, and covered

at the point of junction, with a pley or two of oakum. At each end of the con

necting tube is fixed a wooden ring, and the annulus thus rendered uniform is filled

=ith the cement, in a hot and liquid state, by an iron syringe inserted in a hole

made in the connecting tube. Instead of iron, the patentee makes use of wood

sometimes for his inner tubes ; these are composed of a number of pieces laid lon

gitudinally side by side, and arranged in a circle. This tube is put upon a wooden

roller, similar to the before-mentioned, and being turned round, it is covered

spirally with iron hoops. For large sized tubes, wood is preferable, as being

suffer and stronger than those made of sheet iron of moderate thickness. The

vooden tubes, bound in iron, are completed by similar processes to those

described in the other kind.

Bagshaw's patent earthen pipeB are thus made :—Chlindrical plugs of wood,

of the same diameter as the bore of the intended pipe, and of the same length,

are coated with a sufficient thickness of clay, or plastic earth, which has been

duly prepared in the manner practised in the potteries. To perfect the exterior

fcrm of the pipe, an external mould is to be employed, consisting of two semi-

crlmdrical pieces, which are to be placed on each side of the intended pipe,

wben the edges are to be brought together by screwing them up, which wil

prns out the superfluous clay from the mould ; the exterior mould being next

remoted, the pipe will be found completely formed upon the plug : in this state

it is to be dried ; after which the plug may be easily withdrawn, and the pipes

misbed, by baking them in an oven. The pipes are to be connected together

by inserting the smaller end of one into the larger end of another, and filling

sp the interstices between them with Roman or other soft fluid cement Pipes

produced in a similar manner, of which the material was a cement or imitation

>f dene, have likewise been brought into use.

Some years since Mr. Murdock took out a patent for the economical fabrica-

<on of pipes of real stone, the process combining the advantage of making solid

cylinders at the same time. In forming a pipe or hollow cylinder of stone,

°*ead of cutting out in useless scraps, or grinding to powder, the whole

dmneter of the bore, the patentee cuts out a core or solid cylinder, whose out

side diameter is only about half an inch less than the inside diameter of the

Pr* In like manner, when he intends to form a column or solid cylinder, or

™ of stone, instead of breaking off, cutting, or chiseling away the super-

fans parts of the stone, these parts are formed into a hollow cylinder, the core

°f which is the solid cylinder or disc required. Hence, if the stone is large

enough to leave the outside parts of a proper thickness, these parts may be used

a > pipe, and the core may either be used as a solid cylinder or column ; or,

ty a farther operation, it may be converted into a pipe, and the cylinder cut

"rt of it may again be converted into another pipe, whichprocess may be con-

towed until the core cut out is too small to be useful. The following is the

ri°de adopted by the patentee of accomplishing it :—he fixes the block of stone

10 ke perforated in an upright position, and in the centre of the top of the block

■ Bone, a step to receive the toe of a vertical spindle, which derives its motion

«°" a pulley turning in plummer-blocks in a fixed frame above; this axis is

"xniderably longer than the pipe or column to be formed, having the faculty
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of sliding vertically through the aforesaid horizontal pulley, over which it it

suspended by a rope that passes round a vertical pulley, and thence is connected

to a winch to wind up the axis at pleasure. The saw employed is at the edge

of a hollow cylinder (on the same plan as that described by us for trepanning,

under the article ANNULAR SAW), and this hollow cylinder is turned by the

spindle through the medium of cross-arms, through which the axis slides ; and,

in order to give the requisite force to the annular saw, the top of the tube to

which it is fixed is loaded, provided its own weight be insufficient : the motion

given to the saw, though circular, is reciprocating. To effect this, a rope panes

round the pulley at the upper part of the axis, and the two ends of the rope ate

conducted in opposite directions over two vertical pulleys, over which the two

ends of the rope respectively fall, where they are each furnished with a crots-

handle ; one workman takes hold of one handle, and another workman the

other, and pulling alternately the pulley at the top of the axis, together with

the annular saw, is made to reciprocate circularly, cutting an annular groove in

the block of stone. A barrel of sand and water is made to deliver these essen

tial auxiliaries to the saw in the following manner :—it is directed to the upper

end of the axis above the tube, which it enters, and runs down into the annular

groove under the edge of the saw, whence it flows upward by the pressure of

the continued descending current on the opposite side, and thus carries off the

sludge clear of the saw. Stone tubes of this kind were employed by the Man

chester Water Works Company.

Elastic tubes of Indian rubber are extensively used for the transmission of

gas and corrosive liquids ; and they are admirably manufactured by Mr. Thomas

Hancock, of Goswell-street Road. Mr. Thomas Skidmore, an American gen

tleman, whose process is a good one, is as follows :—Take a cylindrical rod of

iron of the desired length, round this closely coil annealed wire in the manner

of a spiral spring, care being taken that the edges of the coiled wire shall touch

each other, but shall, at the same time, not be so firmly wound as to prevent its

slipping off the rod : then cover the wire with tape spirally from end to end,

and upon it lay strips of Indian rubber, wound in a similar manner, with tlieir

fresh cut and clean edges lapping upon each other. Then bind these down

tightly with another coil of tape : after this withdraw the rod, and boil the tube

in water for an hour or two ; when cool, remove the wire and tapes, and an

Indian rubber tube will be produced, which, though rough, will be perfectly

sound if the process has been properly conducted.

The method of making leaden pipes has been described under the article

LEAD; but we will take the opportunity of mentioning in this place, that it appears,

by some recent experiments made by Mr. Jardinc, of the Water Company's

Works at Edinburgh, that a lead pipe of 1J inch bore, and the fifth of an inch

in thickness, was found capable of sustaining a power equal to that of a column

of water lOOd feet high, which is equal to 30 atmospheres, or 420 pounds per

square inch of internal surface. With a pressure of 1200 feet it began to swell,

and at with 1400 feet it burst. In another experiment, a pipe two inches ir.

diameter, and one-fifth of an inch thick, sustained 800, but burst with 1000

feet pressure.

Wooden pipet for the conveyance of water, are bored by means of large iron

augers, worked by one or two men, who commence with a small bore, aud

increase it as the work proceeds, by changing the auger to a larger size, which

are sometimes extended to eight or nine inches in diameter. The tree in the pro

cess of boring, is laid horizontally upon tressels constructed to support and hold

it firmly, and the augurs are similarly supported and guided, so as to pass cen-

trically through the tree. The manual operation is of course slow, and extremely

laborious : machinery, worked by steam, or other power, bus therefore been

introduced to execute the work. The piece of timber, or tree, is held down upon

a frame by chains passing over it, and round two windlasses. The frame anil

tree, thus bound together, run upon small wheels traversing two long beam-.

called ground-sills, placed on eacn side of a pit, dug to receive the chips made

by the borers. At one end they are connected by a cross-beam, bolted upon

them ; this supports the bearing for a shaft, the extremity of which, beyond the
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bearing, is perforated at the end of a square hole to receive the end of the

borer. The timber and carriage are made to advance towards the borer by

means of ropes ; one rope being made to wind up, while the other gives out

and draws the carriage and piece of timber backwards and forwards according

as the wheel is turned. The weight of the borer is supported by a wheel

turning between uprights fixed on a block, the end of which rests upon the

ground-sills : it is moved forward by means of two iron bars, pinned to the

front cross-bar of the carriage. The distance between the wheel ajid the car

riage may be varied by altering the iron bars and pins, so as to bring the wheel

always as near as convenient to the end of the tree. The shaft may be turned

by any first mover. When the borer is put in motion by turning the wheel, he

draws the tree up to the borer that pierces it ; when a few inches are bored, he

<irawi the tree back by reversing the motion of the wheel, in order that the

borer may throw out its chips ; he then returns the tree, and continues the pro

mts until the work is finished : the borer, in this case, be its size what it may,

i> of the same shape as that of a common auger. We would suggest the

employment of spiral augers instead of the common, as the former would

delirer the chips as it proceeded, and not require withdrawal until the perfora

tion was completed.

Some years ago Mr. Ilowel, of Oswestry, invented a machine for making

concentric wooden pipes out of one piece of timber, the mechanism of which

vta on the same principle as that we have described under Mr. Murdock's

patent for sawing out stone pipes, who, it appears, derived the principle of

operating from Mr. Howel, and modified it so as to adapt it to the cutting of

stone.

Tobacco-pipes.—The clay of which these are made is obtained from Purbeck,

a Dorsetshire, and at Teignmouth, in Devonshire, in large lumps, which are

purified by dissolving in water in large pits, where the solution is well stirred

op, by which the stones and coarse matter are deposited ; the clayey solution is

'ben poured off into another, where it subsides and deposits the clay. The

»attr, when clear, is drawn off, and the clay at the bottom is left sufficiently

dry for use. Thus prepared, the clay is spread on a board, and beaten with an

iron bar to temper and mix it ; then it is divided into pieces of the proper sizes

to Conn a tobacco-pipe ; each of these pieces is rolled under the hand into a

long roll, with a bulb at one end to form the bowl ; and in this state they are

laid up in parcels for a day or two, until they become sufficiently dry for

pressing, which is the next process, and is conducted in the following manner :—

The roll of clay is put between two iron moulds, each of which is impressed

*iih the figure of one-half of the pipe ; before these are brought together a

P*ce of wire of the size of the bore is inserted midway between them ; they

ot then forced together in a press by means of a screw upon a bench. A lever

is next depressed, by which a tool enters the bulb at the end, and compresses it

into the form of a bowl; and the wire in the pipe is afterwards thrust backwards

»od forwards to carry the tube perfectly through into the bowl. The press is

now opened by turning back the screw, and the mould taken cut. A knife is

next thrust into a cleft of the mould left for the purpose, to cut the end of the

bowl smooth and flat ; the wire is carefully withdrawn, and the pipe taken out

of the mould. The pipes, when so far completed, are laid by two or three days,

properly arranged, to let the air have access to all their parts, till they become

'tiff, when they are dressed with scrapers to take off the impressions of the

°'0ts of the moulds ; they are afterwards smoothed and polished with a piece

«f Hard wood.

The next process is that of baking or burning ; and this is performed in a

furnace of a peculiar construction. It is built within a cylinder of brickwork,

having a dome at top, and a chimney rising from it to a considerable height, to

promote the draught. Within this is a lining of fire-brick, having a fireplace

«t the bottom of it The pot which contains the pipes is formed of broken

Pieces of pipes cemented together by fresh clay, and hardened by burning ; it

"•* a number of vertical flues surrounding it, conducting the flame from the

fo-grate up to the dome, and through a hole in the dome into the chimney

vol. ii. q ■)
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Within the pot several projecting rings are made ; and upon these the bawls of

the pipes are supported, the ends resting upon circular pieces of pottery, which

stand on small loose pillars, rising up in the centre. By this arrangement a

small pot or crucible can be made to contain fifty gross of pipes without the

risk of damaging any of them. The pipes are put into the pot at one side,

when the crucible is open ; but when filled, this orifice is made up with broken

pipes and fresh clay. At first the fire is but gentle, but it is increased by

degrees to the proper temperature, and so continued for seven or eight hours,

when it is damped, and suffered to cool gradually ; and when cold, the pipes are

taken out ready for sale.

PISTON. That part in a steam engine on which the elastic force of the

steam exerting itself puts it into motion ; and which, through the medium of

the piston rod connected thereto, actuates the entire machine. The term piston

is likewise sometimes employed to designate what is more generally termed the

" bucket " of a pump. There is no part of the steam engine in which correct

principles of construction and accurate workmanship are so essential. If the

sides of the piston which rub against the cylinder or steam-way do not touch

in every part, the steam escapes, power is lost, and fuel is wasted. If the piston

rubs hard in one place, and softly in another, the cylinder becomes unequally

worn, and its utility impaired or destroyed. To obviate these difficulties,

therefore, the rubbing surfaces of a piston should not only be made as uniformly

as possible, but also elastic, in ordet that it may expand and fill up all inequalities

of surface with a gentle pressure. The usual mode of effecting this object is

represented in the subjoined section of a

common piston for a low pressure engine ;

a is the lower face of the piston made of

metal, to which is fixed the piston rod b,

that passes through the top plate c, which

is made fast to the lower by screws dd;

at e e is the packing (as it is termed,)

made of hemp, saturated with tallow,

which is wound and bound round the

annular cavity made between the plates

a and c ; this elastic packing, as it wears away by friction against the cylinder,

is occasionally screwed up, by turning the screws d d, which forces it out against

the sides of the cylinder; and when entirely reduced, it is renewed by repacking

with fresh materials. From want of due care and skill in this kind of packing,

a great loss of power in an engine is often sustained, either by the steam passing

the piston, or by its being squeezed so tight as to cause great friction, and soon

wear itself out. If the steam of an engine be weak, and the packing of the

piston press tightly against the cylinder, the whole, or nearly the whole of th?

power may be expended in giving it motion, especially in cylinders of small

diameter. On the contrary, if the packing presses very weakly against the

cylinder, and the steam be very strong, the steam will push the packing away,

and pass to the other side of the piston ; and it should be borne in mind, that

when this happens, it is not only the loss of the steam, hut the reaction which

it exerts on the other side, neutralizing an amount of force equal to its own

volume. For these reasons, it becomes obvious that pistons should possess

another property, that of being tight in proportion to the

force of the steam which presses upon them. Several

plans have been proposed to construct pistons on that

principle, amongst which are the following, proposed by

a correspondent in a periodical journal in 1823, which

perhaps deserve notice, as furnishing useful hints to the

practical man.

In the annexed Fig. 1, A A is a metal plate sliding

upon the piston rod ; D D is the solid part of the piston,

connected with the plate by a band n n ; the space C C

is to be filled with oil or other oleaginous fluid. By this arrangement it will be

evident that the greater the force of the steam, or other pressure, upon the surfaces

 

Fig. 1.
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fig- 2.

 

of tlie plates, the more closely will the packing he pressed against the sides of

die cylinder.

The annexed Fig. 2 is a variation from the last ; the

top and bottom plates are fixed, and the steam acts

upon short bolts or plungers 6 6, which, by being pressed

inwards, force out the packing at the sides. Fig. 3

represents a mode of applying the principle to metallic

pistons. A A is a metallic plate sliding on the piston

rod, and made in the form marked by the dark line.

At B B are metallic rings of a triangular form, divided

and breaking joint : D D is the solid part. The pres

sure of the steam will cause the plates to descend,

which, pressing upon the inclined planes of the rings,

of course causes them to expand, and adhere to the

tides of the cylinder ; a small space is left between

the solid part and the plates, to allow for the descent

of the latter, but in no way so great as represented:

the figures being only designed by the inventor to show

the principle, and not the details of construction.

Pistons packed with hemp and tallow continued in

use, with very little variation, from the time of Captain

Savery to that of Dr. Cartwright, a period of ninety-nine years. That scientific

clergyman had, however, the honour of first introducing, in an ingenious engine

of his own construction, an expanding or elastic piston made entirely of metal,—

an invention of indispensable utility in all engines working at high pressure.

As this piston has been considerably modified by various engineers, which we

shall have to notice hereafter, we shall here state briefly that it consisted of two

rings of brass, of the full size of the cylinder ; these rings were each cut into

three or more segments, and laid one over the other, so as to break the con

tinuity of the vertical joints between the segments ; concentric with those seg

ments were a similar arrangement of segments inside the others, which were

introotd to stop the steam from passing horizontally; in the cavity between all

the segments were placed feather springs, designed to press the segments outward

to £11 up the cylinder as either that or the piston wore. These pistons, however,

proved very defective ; for as the exterior segments wore, and conformed to a

larger circle, the inner segments, which had no wear, were no longer concentric

with those outside of them, and crevices were thus opened, through which the

(teem escaped past the piston.

Amongst those persons who directed their attention to the improvement of

this important part of the engine, Mr. John Barton was the most successful.

In the annexed engravings, Fig. 1 represents a plan of the piston, with the top

Fig. I. Fig. 2.

 

plate removed, and Fig. 2 a vertical section of the same, taken on the line bcdb

on the plan, aaaaate four metal segments ■ bbbb four right-angled wedge*
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interposed between the segments, their points forming a portion of the periphery ;

cccc is a thin steel spring, formed into a single broad hoop, and pressed into

the undulated form represented, by which it is found to act with uniform energy

upon the wedges, until they and the segments become so much worn in the

course of time, that the steel spring recovers itself into its original circular

figure ; d is the frame-work cast in one piece with the lower plate of the piston ;

e is the piston rod ; the dark spaces shown on the plan within the circular frame

A are cavities to lessen the weight of metal ; the other dark spaces are cavitiei

to allow of the free action of the circular spring.

To prevent the segments from falling out of their places whilst the piston -

being taken out, or put into the cylinder, the periphery of it is grooved near to

its upper and lower edge, in which are sunk two slight spring hoops, cleft acioss

into forked joints, which close together simply by their elasticity. To lubri

cate the piston, there is a third groove, made midway between the two former

for the reception of the oil ; these parts are not introduced into the figures.

The action is as follows : as the piston and cylinder wear away by the friction,

the circular spring c presses out the wedges b, and these project the segments

ngainst the cylinder ; and as the segments become reduced, die wedges fill up

the increasing opening between them.

An objection has been raised against this piston, that as the wedges mint

move through a greater space than the segments, in order to press the latter

into the circumferential line, the wedges must in consequence rub twice ai

much against the cylinder, and consequently score it. This objection we believe

to be unfounded ; and as far as our experience and observation nave extended, we

have found the wear very uniform. Mr. Barton, perhaps, softens the segments,

or makes them of an alloy, which is more easily abraded than the segments;

sometimes (we have been informed,) he obviates the supposed tendency of

scoring, by cutting out a portion of the end of the wedges, so that they do not

bear upon their whole depth or thickness against the cylinder, consequently

they will abrade twice as fast as the segments, supposing them to be equally hard.

A great variety of metallic pistons have been made of late years, but we knov

of none that have so fully answered the purpose as the recently patented im

provement by Mr. John M'Dowall, of Johnston, near Paisley, who has a

manufactory of them at Manchester, where, we understand, great numbers are

advantageously working in the engines of the factories. We have seen them in

other parts of the kingdom, and can attest their superior excellence.

In the specification of his patent, Mr. M'Dowall states, that his experience

in the working of cast-iron pistons led him to observe that the surfaces of the

metal betweeen the segments and the plates against which they slide rapidly

corrode, and become converted into n substance resembling plumbago, by which

the effectiveness of the piston is of course seriously impaired. As a remedy

for this defect in cast-iron pistons, he lines or covers the aforesaid surfaces with

plates of brass or gun metal, which he connects by screwing or pinning to the

cast-iron, and thus acquires the durability of the gun metal at a trifling addi

tional expense above cast-iron.

Another important improvement which Mr. M'Dowall has introduced,

consists in a modified construction of the segments, and in the steam stops

or slides by which they are pressed outwards. In the figure on the next

page is exhibited an external elevation of oue of these cast-iron pistons : a a

the piston rod which passes through a solid central block, the upper part of

which is seen at b, and through the top plate c, and bottom plate </, the latter

being made fast to the bottom of the central block through the medium of the

piston rod ; the top plate c, for the convenience of removal at pleasure, is fas

tened to the central block b, by means of screws e e e. Between the top and

bottom plates, and around the periphery of the central block, arc fitted an

expanding ring of segments, two of which are seen at ff; these segments

instead of being divided by perpendicular cuts, as usual, have these parts

inclined, as seen at y, which thus overlap each other, and cause the cylinder to

be equally wurn, ( which would not be the case were the apertures between the

divisions vertical ) The inclined crevices through which the steam might pass
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is stopped by movable sliding pieces, which are made to press continually

against the segments by the agency of springs, in the same manner as the wedges

are acted upon by the springs in Barton's piston, previously described. One of

these sb'ding pieces is seen at g, the projecting part of it being of a rhomboids!

 

.: ore, that fills up corresponding notches made in the corners of the seg

ments, and those parts which come in contact, and are represented by a single

low, ore faced and ground to each other, to prevent the upward or downward

passage of the steam ; and to stop it laterally, the slides are ground to fit the backs

o? 4e segments to which they are connected, by dove-tailed grooves) represented

ly the two parallel dotted lines h h. The double lines at »', both above and below

tie segments, indicate the brass linings before mentioned. Mr. M'Dowall's

P^nt includes the application of the same improvements, namely, the sliding

&am stops, and the brass linings to the air-pump buckets of steam engines,

Jtssribed under the article Valve, to which his principal improvement in

tliis appendage relates.

PITCH. A resinous substance, obtained by the inspissation of tar. There

sre two methods of obtaining it ; one by simply boiling the' tar in large iron

l>% or by setting it on fire and letting it bum until it obtains such a consistence

^ by dipping a stick in it, and exposing it to the air, it readily solidifies. Two

Wrels of the best tar, or two and a half barrels of green tar, are thus con

vertible into one barrel of good pitch. The foregoing has reference only to tar

Stained from the pine-tree and other vegetable matters; but a large quantity

"f tar and pitch are obtained in this country from coal. On the banks of the

Grand Junction Canal, in the vicinity of the large iron and coal works, there

sere established some years ago several "tar-works," to which the iron masters

wit their raw coal, gratis, and received, in return, the cokes produced by such

"^1; the proprietors of the tar-works being contented with the compensation

&rded by the smoke alone : the following is the process of obtaining it :—A

"sge of eighteen or twenty stoves is erected, and supplied with coal kept

wtoing at the bottom ; the smoke is conducted by proper horizontal tunnels into

1 capacious and close funnel, of one hundred or more yards in length ; this funnel

a built of brick, supported by brick arches, and covered on the top by a shallow

food of water, which pond is supplied with water, when wanted, by a steam engine

'™nging to the coal or iron works. The coldness of the water gradually con-

kwes the smoke, causing the tar to fall on the floor of the funnel, whence it is

ttareyed by pipes into a receiver; from the latter it is pumped into a boiler,

*« evaporated to the required consistence, or otherwise inspissated into pitch :

*"■ the latter is the case, the volatile particles which arise during the inspis-

ttbon axe again condensed into an oil used as a varnish. In this process the
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■moke is decomposed, nothing arising from the work but a white vapour from

some small funnels (kept open to give draft to the fires), and a small evaporation

of water from the pond, occasioned by the heat of the smoke underneath it.

The process requires but little attendance, the principal labour being that of

supplying the fuel. In a tar-work, where twenty tons of coal are consumed

per day, three labourers and a foreman do the whole business ; and the quan

tity of tar produced will be about 28 barrels of 2J cwl. each ; or 21 barrels of

pitch of the same weight, in six days. Some coals are, however, so bituminous

as to yield one-eighth of their weight of tar.

PIVOT. A short shaft on which a body turns or revolves.

PLAN. A representation of something according to the proportion of its

parts, made on a flat surface, as on paper, pasteboard, &c. ; such are map;,

charts, &c. By the term plan, however, a draughtsman understands it to be

either a ground plan of a building, machine, &c, or the arrangement and

exact proportions of a horizontal section made in any part of the same.

PLANE, in Geometry and Mechanics, a perfectly flat surface in whatever

position, as horizontal plane, vertical plane, inclined plane. If a sphere be cut

by a plane, the section will be a circle. If a prism or cylinder be cut by a

plane, either through or parallel to its axis, the section will be a parallelogram ;

and if either of these be cut by a plane parallel to its base, the section will be

similar to that base. Also, if a cylinder be cut obliquely by a plane passing

through its opposite sides, the section will be an oval or ellipse. If a pyramid

or cone be cut by a plane passing through the axis, the section will be a triangle;

but if they be cut parallel to the base, the section will be similar to the base.

If a cone be cut by a plane parallel to its side, the section will be a parabola ; if

it be cut obliquely, so that the plane does not pass through either the base or

the opposite cone, the section is an ellipse; if it be cut by a plane which

passes through the base and the opposite cone, but does not pass through the

vertex, the section is a hyperbola ; and, lastly, if it be cut by a plane, either

parallel to the base, or in sub-contrary position to it, the section is a circle.

PLANE. An instrument employed for shaving wood and other substance

to a true plane or smooth surface, of which there are a great variety ; they are

usually divided into two principal kinds, namely, bench-planes and moulding-

planes ; of the former, the principal are the long, jack, trying, and smoothing-

planes: each of these is again distinguished into double or single iron, according

as the cutting part is formed. The single iron is an iron blade, the lower end

of which is steel ; and the cutting-edge is formed by grinding it to a single acute

angle, as represented by the piece marked d in the following cut ; its operation

is partly of a cutting and partly of a scraping nature. In planing some kinds

of wood great inconvenience was found from this form by its frequently tearing

up the surface instead of smoothing it ; a partial remedy for this defect was, in

Consequence, introduced about thirty years ago, by which another plane-iron,

called a " top-iron," represented at e, was added to the under

one by means of a strong connecting screw, which causes the

edge to press closely upon the lower one. The cutting-edge

of d, which projects a little beyond e, is, therefore, the same

as before ; but it is prevented from entering so deeply into

the wood, or rather, the shaving which has been abraded from

the wood receives a new direction by the abrupt interposition

of the top iron e, "and prevents the surface of the wood from

being torn. This improvement is so decided as to cause almost an entire

disuse of single iron planes. The remedy, however, is incomplete, especially

for the planing of very hard woods ; for which purpose, in particular, Mr

Williamson, of Kennington, has found it advantageous to modify the single

iron d, by making it of greater thickness, and giving it a bevel on both the top

and bottom sides, at an angle similar to that shown on the under side of d. By

this altered form of edge, it will be evident that it partakes more of the scraping

action ; yet it is found to obviate more effectually the defects of former construc

tions. The edge is stronger and more durable ; it gives a beautiful smooth

surface almost without the aid of the scraper ; and, from its utility to workmen.
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entitles the inventor to the reward (of ten guineas) given to him for it by the

Society of Arts. It is peculiarly valuable in planing hard woods across the

grain ; as in preparing box for the use of engravers.

PLANE-CHART, in Navigation, a sea-chart constructed on the supposition

of the earth and sea being an extended plane surface. Such charts hare,

consequently, the meridians represented as right lines to each other.

PLANE-SAILING. The art of performing the several reckonings necessary

for conducting a ship on the ocean on the principles of the plane-chart.

PLANE-TABLE. An instrument by which the draught or plan of an

estate, Ice. may be taken on the spot, while the survey or measuring is going

ca. It consists of a perfectly flat rectangular board, sufficiently large for the

purpose, the centre of which moves freely on a ball and socket attached to the

lop of three legs, on which the instrument stands ; by this means, when the

!fgs are fixed in the ground, the table may be inclined or moved round in any

proposed direction. For the purpose of fixing a sheet of paper on the table,

there is a frame of wood, which fits exactly round its edges ; one side of this

feme is graduated into equal parts, and the other side into degrees from the

Mitre of the table; by which means this instrument is made to answer the

purpose of a theodolite. To the side of the table is screwed a magnetic needle

and compass, to take directions and bearings ; and, lastly, there is a brass two

f«t scale, furnished with two open sights, or else a small telescope, serving as

an index. The use of the plane-table is as follows :—Having moistened a sheet

•: writing or drawing paper, spread it flat on the table, and secure it in this

position by pressing down the frame on its edges. When this paper is dry it

fill be perfectly smooth, and ready to have drawn on it the plan of the proposed

Kftie. We then begin by setting up the table at any part of the ground that is

.i'j<%fd most proper ; and having done this, a point is made in some convenient

,wt,'of the paper to represent the spot where the instrument stands; we are

tan to fix in that point of the paper, on a leg of the compasses, or a fine steel

fio, and apply it to the fiducial edge of the index, moving it round the table

c!i* lo the pin till some desired point or remarkable object, such as the corner

'l a field, a tree, a picket, &c. be seen through the sights ; from the station

pint an obscure line is then to be drawn along the fiducial edge of the index.

" « then turn the index to another object, and draw a line on the paper towards

t- The same process is repeated till as many objects are set as may be

(kerned necessary for the purpose. We then measure from our station to

cadi of these objects, taking the necessary offsets to corners and bendings

i» the edges, &c., laying down the measured distances, taken from a proper

^ upon the respective lines on the paper. The table is then to be

"moved to any one of the objects to which the measuring was made, as a

*wnd station. Here it must be fixed in its original position, turning it about

'!* centre for that purpose, both till the magnetic needle points to the same

°*|rec of the compass as at first, and also by laying the fiducial edge of the

'"fa* along the hue between the two stations, and turning the table till the

1 noer station can be seen through the sights on the index : it is to be fixed in

|hu position. From this new station repeat the former operations, setting

seven! objects by the edge of the index, and measuring and laying off the dis-

In this manner we proceed from one station to another, measuring such

nly a* are indispensable, and determining as many as possible by inter-

fines of direction, drawn from different stations. If, before the survey

" completed, the paper be full of lines, measurements, &c., recourse must be

W to toother sheet of paper. Draw a line in any manner through the farthest

fattt the last station line to which the work can be conveniently laid down ;

«*n remove the sheet from the table, and fix a perfectly clean sheet in its

r**i drawing upon it, in a part the most convenient for the rest of the work,

1 be to represent that drawn at the end of the work on the former sheet. Cut

» fcld the old sheet by this line, and apply the edge so that it may exactly

wiade with the corresponding line on the new sheet. While they lie together

» tha position, produce the last station line of the old sheet upon the new one,
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and place upon it the remainder of the measurement of that line, beginning

where the work ended on the old. In this manner the process may be continued

from one sheet to another, till the proposed survey is complete. When the

survey is finished, the sheets are all to be fastened together, taking care that

the lines in one sheet accurately meet the corresponding lines in another

throughout.

PLANETARIUM. An astronomical machine of the same nature as the

orrery, designed to exhibit the orbits, motions, and phenomena of the planets in

the solar system. In a machine of this kind, which was constructed by Huggeus.

and is preserved in the University of Leyden, the revolution of the primary

planets about the sun, and that of the moon round the earth, are performed in

the exact time that they are actually performed in nature. The orbits of the

moon and planets are here represented with their true proportions, eccentricities,

positions, and declinations from the ecliptic ; and by this machine, as by a per

petual ephemeris, the situations, conjunctions, oppositions, &c. of the planets

for any time may be accurately determined. Dr. Desaguliers constructed a

very complete planetarium, which he has described in his Course of Experi

mental Philosophy, published in 1734 ; but the most stupendous, superb, and

elaborate planetarium ever constructed, was that which was publicly shown in

London in 1791, and afterwards purchased by government to be sent out with

Lord Macartney, in 1793, as a present to the emperor of " the Celestial empire.

It exhibits all the bodies, both primary and secondary, of the solar system, with

their orbits in their due proportions and positions, and all performing their

annual and diurnal motions exactly as in nature, exhibiting, at all times, the

true and real motions, positions, aspects, phenomena, and even the inequalities

of their motions in elliptical orbits. As engravings of planetariums have, how

ever, been exhibited in all the Cyclopaedias and works of mechanical science,

and as every mechanic well understands that their motions are regulated by a

numerous train of wheels, which it would be extremely tedious to detail, pre

cisely in the same manner as in horological machines (the hands or indexes of

which, instead of bearing planets at their extremities point out the time), "

shall content ourselves with referring the Tender to the article Astronomy in the

Oxford Encyclopedia, for a very full and interesting account, illustrated by

engravings, of several admirable machines of this kind.

■•"PLANING MACHINES. For the planing of wood and metal on the large

scale, by power, extensive and varied mechanism has been employed ; in the

invention and furtherance of which the late Mr. Bramah largely contributed.

Under the article Flooring* we have described Mr. Muir's patent planin:

machinery.

PLATINA. One of the metals, and the heaviest body hitherto discovered in

nature ; its specific gravity being 21.54 when pure. It is obtained from an ore or

metallic sand brought from South America, which contains, besides platina, four

new metals, namely, palladium, iridium, osmium, and rhodium ; also iron ami

chrome. Platina, combined with palladium and rhodium, is as hard ai iroi

It is not altered by exposure to the air, neither is it acted upon by the most

concentrated simple acids, even when boiling or distilled from it. It is very

malleable, though considerably harder than gold or silver, and it hardens much

under the hammer. Its colour on the touch-stone is not distinguishable from

that of silver. Pure plalina requires a very strong heat to melt it ; but when

urged at a white heat, its parts will adhere together by hammering. This pro

perty, which is distinguished by the name of welding, is peculiar to platina and

iron, which resemble each other, likewise, in their infusibility. Platina is

obtained by dissolving the crude metallic particles in nitro-rnuriatic acid, preci

pitated by ammonia, and exposed to a very violent heat, by which the acid and

alkali are expelled, and the metal is reduced in an agglutinated state, when it

may be pressed together by a button-headed iron, be taken out of the furnace,

forged, reheated, and forged again into a bar. Willis found that platina might

sometimes be melted upon a bed of charcoal in a crucible ; and M. Bousingnu<:

recently found that it might always be melted in a blast furnace, if the crucii
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be lined inside with a mixture of clay and charcoal ; the silicon, in his opinion,

•noting in the reduction. Flatina may be melted in quantities not exceeding

two ounces at a time, by the oxy-liydrogen blow-pipe, and be kept in fusion for

tome time. Platina is much used for crucibles, evaporating dishes, and even

alembics. Though it resists most of the acids, it is acted upon by caustic

potash, and several of the neutral salts. The proper solder for it is gold.

The concentration of sulphuric acid is now usually performed by platina stills,

with leaden heads. Mr. Porkes has one of this kind, which holds only thirty-

five gallons, yet cost 300 guineas.

PLATING, or Plated Manufacture. The art of covering other metals

with silver. The method known by the name of French plating was usually

applied to articles made of brass, after they were, in other respects, finished.

After the goods were polished, and perfectly free from grease, &c, the part to

be plated was heated to a temperature somewhat short of changing the colour

of the metal. Leaf silver was now laid upon the part, and, while hot, was

rubbed on with a hardened steel burnisher, perfectly dry and clean. By this

means the silver adhered firmly to the brass, which, from the action of the bur

nisher, assumed a fine polish : these bad much the appearance, in colour and

lustre, of those of the present day ; but they possessed but little permanence

this art is, therefore, scarcely now practised, from the introduction of the supe

rior plan of plating upon ingots of copper, and forming the utensils out of the

sheets and the wire made from the ingots.

The plated manufacture is divided into three departments, to each of which

there is a distinct set of workmen. Those employed in making vessels such as

are required to be raised by the hammer, are called braziers. The second sort

are called candlestick-makers, being exclusively employed in making all the

varieties of these articles. The third are called pierce workers ; these were

originally employed in making articles with ornamental open work, such as

bread-baskets and trays of different kinds ; but this species of work has now

become obsolete, since the invention of plated wire. The articles in which

pierce work had been made, are now formed by the varied intersections of

■ires, which give great lightness and elegance, with less waste, and more expe

dition.

Previously to describing the different branches of this art, we shall give the

method of preparing the plated sheets and wire, of which all the different

articles are made. The ingots on which the silver is laid are not pure copper,

hot an alloy, consisting of copper and brass ; this gives it a degree of stiffness

greater than that of copper, which renders it less liable to be deformed when in

use. The metals are melted to a proper heat, in a peculiar furnace appropriated

to that purpose. The heat of the metals, and the temperature of the mould

vhea the metal is poured, ore of great importance as far as regards the sound

ness of the ingot When the metal is too cold, and its liquidity of course

imperfect, the impurities cannot freely ascend, which causes imperfection in

its substance. The same effect may take place from the moulds being cold ;

this, with the great conducting power of the metal mould, rapidly robs the

metal of its caloric, and lessens its liquidity. The proper heat for the moulds is

somewhat short of burning the fat with which they are greased on the interior

■artice. For the ordinary kind of work these ingots are generally cut in two

in the middle, being more convenient for plating than longer pieces. The next

process is to dress the face of the ingot for the purpose of receiving the silver on

we or both sides, as it may be intended to be single or double plated. This is

elected by filing, which is continued till the surface becomes entirely free from

the least blemish : this is so important that the naked eye should not be

depended upon ; the surface of the copper should, therefore, be minutely

examined by a magnifier before the silver is laid on. The thickness of the

■far to be laid on the copper will be best known when it is understood that

the silver, in single plated metal, or that plated on one side only, is from eight

to ten pennyweights to the pound troy of copper ; and, of course, double quon-

<£}' when plated on both sides. When the plate of silver is cut to a little less

«> the size of the copper surface, made flat and scraped perfectly clean, the

taw ii. ii r
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<-o"] j"r surface being equally clean, they are laid together, and the silver plate

is tied down with wire. A little of a saturated solution of borax is now

insinuated under the edge of the silver plate on each side ; this fuses at a low

red heat, and prevents the oxygen of the atmosphere from affecting the surface

of the copper, which would prevent the adherence of the silver. In this state

the ingot is brought to the plating furnace ; this furnace has a grate on a level

with the bottom of the door. The fuel consists of cokes. The ingot ia Uid

upon the bare cokes, and the door shut When it has acquired nearly a proper

degree of heat, the plater applies to the hole in the door to observe the proper

point when the process is finished. When the silver and copper are uniting,

the surface of the former begins to be rivetted, and this is the sign to remove

the ingot from the fire as quick as possible. The ingot being now plated, a

made perfectly clean, and is ready to be rolled. The first rollers employed fcr

plated metal are of cast iron, similar in size and construction to those employed

for sheet iron and sheet copper. The metal is rolled cold, and annealed from

time to time. When it has gone through the rollers a certain number of t i n i. -

it acquires a certain degree of hardness, so that the rollers have not much

effect upon it ; and if the rolling were continued, the metal would crack. To

remedy this evil the metal is taken to a reverberatory furnace : it is laid upon

a hearth of brick or fire-stone, and the flame of coal is made to pass over it ;

the heat, however, is not intense, since the metal is required to be slowly heated

to a dull red. It may now be cooled in the quickest way possible, to save time,

is quenching in water does not harden it, as is the case with steel. It now

passes through the rollers as before, till it becomes bard, and then annealed and

rolled again, till it is reduced something short of the size required. This being

done, it is again annealed and passed through a pair of rollers faced with cast

steel, and finely polished : this gives the surface great smoothness and truth.

It is now annealed for the last time : after this the sheets are immersed in hot

dilute sulphuric acid, then scoured with fine Calais sand, which fits them for

the workmen to shape into different articles.

Hie first mode we shall describe is that of the braziers, or those who work

with hammers. The nature of sheet metal is so similar to copper, that the

working of it with the hammer, into various forms, will be very similar to that

used by coppersmiths, with the difference of more exact and complete tools, and

greater care on account of the value of the metal. Formerly all the different

shaped vessels were made with the hammer, which made the price of labour

very great. Now, all vessels of simple form, and not of large size, are formed

in dies by means of the stamping hammer. This operation is now so general,

that some manufacturers employ as many as six or eight of these engines. The

dies are, or ought to be, made of cast steel ; but it should be as hard as to weld

to iron, so that the iron should not be much below the surface of the die. When

the die is placed upon the anvil, and the metal cut into pieces of proper size,

the next thing is to surround the top of the die with a paste made with oil and

clay, an inch or two above the surface. This cavity is now filled with melted

lead. The under side of the stamping hammer has a flat face of iron fitted into

it, about the breadth and length of the die ; this is called the licker-up. When

the lead becomes solid, the hammer is raised to a certain height and let fall

upon it. The under side of the licker-up, from being cut on the surface into

teeth in shape like those of a rasp, firmly adheres to the lead, which afterwards

rises with the hammer ; the metal is now placed over the die, and the hammer,

with its lead, made to fall upon it till the impression on the metal is complete.

If the vessel to be stamped be of any considerable depth, two or three dies are

iften used, one larger than another, the last being of the proper size and shape.

It sometimes happens that when the vessel has a long conical neck, they are

obliged to have recourse to an auxiliary operation called drafting. Cylindrical

and conical vessels are mostly formed by bending and soldering. The bending

is performed on blocks of wood with wooden hammers, to avoid injuring the plated

surface.

Vessels intended to have other forms are generally soldered up in a conical

or cylindrical fonn, according as the width at the top and bottom of the vessel
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varies. The metal is so malleable, even in the soldered part, that a skilful

workman can give almost any form to a vessel with the hammer. Mouldings

ve sometimes formed upon the edges of vessels, which serve to give much

strength and stiffness, as well as being ornamental. In forming substances

which have a massive appearance, such as the feet of tea-urns, the handles of

vessels, and plated table-spoons, no other metal is employed but the sheet.

Hie mass is formed of two shells, which, when put together, form an

apparent solid. Each of the concave parts is first filled with soft solder,

they are then fitted accurately together, and heat applied till the mass fuses,

so that the apparently massive article consists of a shell of plated metal

filled with soft solder. Bulky ornaments in the form of shells and flowers are

frequently put on in this way ; some in silver : these have a similar massive

appearance to, and strongly imitate, real plate. All goods formed by hand with

the hammer require great labour in finishing ; for, after hammering the vessel

into the proper shape, the marks of the hammer appear like so many flat places ,

hut these are removed from the outside of the vessel to the inside, when the

inside is concealed, as in tea-urns : this is effected by covering either the anvil

or the hammer with a piece of the stuff called everlasting. The roughness is

transferred to that surface in contact with the everlasting. In hammering

plated metal from time to time, it requires to be annealed by heating it red-hot ;

this discolours both the silver and the copper. Those are cleaned by boiling in

dilute sulphuric acid, and scouring with Calais sand. The sulphuric acid to the

water is in very small proportion. If the silver begins to appear black by

boilinj, the acid is too much, and must be watered. When the vessels are

finished in every respect by the maker, and the surface free from oxide, it fre

quently happens that bits of rosin used with soft solder adhere to it ; this is

removed by boiling in a weak solution of pearl ashes : the same is also used

for cleaning the surface of tinned copper.

The second mode of operation we shall describe is the candlestick-making. In

this branch of the business there is great variety. In the commencement of

this trade, the object was chiefly to.imitate those made of silver, and it began

with the prevailing taste of imitating the different orders of architecture. The

numerous points and prominences thus introduced were ill fitted for plated

metal, as in a very little time their silver disappeared, which gave them the

most shabby appearance possible. This obliged .the manufacturers to make

them more plain and simple, and it was not till the discovery of the silver edges

that candlesticks of plated metal began to gain respect in the world of luxury

and fashion. The stems of candlesticks have been made square ; some with

■harp, others with rounded corners ; others oval, hut the greatest number with

round stems, which appear to be the most consistent and the most permanent.

Of these, the patent telescope candlestick has had the greatest run : this con

sists in the cylindrical part lengthening and shortening at pleasure, by one tube

sliding into the other. The feet of candlesticks, or the base, are generally made

in a die by the stamp. The neck, which is sometimes small in one part, is also

stamped. The dish part of the nozzle or socket is made in a die, and the tube

part in the same way as the cylindrical pillar. These, for the Bake of neatness

tad expedition, are generally drawn by the wire-drawing machine, whether for

sliding or not. The prominent moulding and beads are generally of silver.

The different parts are soldered together, some parts with hard, and others with

soft solder. The branches of candlesticks are formed in two halves, like the

tea-urn feet, &c.

Lastly, in forming such articles as are made of wire, such as bread-baskets,

toast-racks, and castors, the wire is bent into the given form with a wooden

block and a mallet. When pieces require to be soldered together, the joinings

mat ho accurately fitted, in order to prevent the copper from appearing. In

the*e cases hard solder is employed. This branch of plated manufacture

admits of extensive application, wires being capable of a great variety of

positions.

When the different plated goods come out of the hands of the workmen, tne

metal, although clean, is of a dull white colour, possessing no polish whatever
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This last finish is called burnishing, and is generally performed by females, in a

distinct set of apartments. The burnishing tools are generally made of blood

stone, and some of hardened steel finely polished ; the latter are to burnish the

minute parts which cannot be touched by the blood-stone, which are employed

chiefly for the greater and uninterrupted parts. The bits of blood-stone are let

into little cases, made of sheet iron, and then finely polished. The burnishers,

if used dry, would adhere to the silver in some places, and would scratch instead

of giving the fine polish : this is obviated by frequently dipping the burnish

ing tool into a solution of white soap. After being burnished they are raised,

and lastly wiped with clean sheep's leather.

PLOUGH. An instrument employed in agriculture for breaking and turning

up the soil in furrows expeditiously. The invention is of very remote antiquity.

The most ancient of ploughs on record are still used in their simple primitive

form in many parts of the East Indies. In the following figures are exhibited

a correct delineation of one of these miserable machines, of which many

 

thousands are at this time engaged in tilling the land that supplies us with rice

and other products of agriculture. Fig. 2 is the plough, made of wood, the

parts being bound together by ropes ; Fig. 3 is the yoke, designed for a pair of

buffaloes. The husbandman holds the plough by one hand, while, in the other,

he holds the goad, Fig. 1, with which, and his voice, he directs and stimulates

the animals. The British manufacturer who may attempt to supply the Asiatic

husbandman with better instruments, should, in our opinion, to a certain extent,

copy the form represented, however he may improve upon it in the stability of

his metallic substitute, and in the addition of convenient appendages, bearing

in mind the well-known fact, that a workman who is used to a very inferior tool

will, from habit, acquire a skill in using it which he could not exercise very

readily with an intrinsically superior tool, differing materially from his previous

one.

There are no instruments in which there are a greater variety of forms than

ploughs. Every country in England, and almost every district, have their

favourites, which, in the opinion of the operators, surpass all others in utility.

The probability is, that the difference is not very great in the quantity or the

quality of the work executed by them ; and that such difference will, in

general, be in proportion to the proximity or remoteness of the district, town,

or city, where the construction of ploughs is conducted on the large scale, and

upon scientific principles. As our limits will not permit us to give even a tithe

of the varieties that are figured it the books, we shall confine the subject to the

description of two modern impr )ved ploughs (manufactured under a patent

granted to George Clymer, of Loi don), one designed for light and the other for

heavy land ; referring our read( rs who desire extended information on this

important matter, to the Phiighc ighl's Assistant, by Gray, 1808 ; to the Brituk
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Fanner and Ploughman's Guide, by Finlayson, 1829; and to the article Aoii-

cciture, in the Oxford Encyclopedia and Supplement.

A plough for light land is represented in the following cut, which is a per

spective view, a is the breast; b the beam ; c the coulter; d the coulter-point;

i the share ; / so much of the land side of the plough as can be seen. The

beam rests upon cross pieces at the head of the plough, and is there secured

loosely by a transverse screw-bolt g. The hind part of the beam is secured by

a movable pin passing through it, and through one of the several holes in the

land side ; this pin being shifted from one hole to the other, and the beam 6

taming upon the bolt g as a fulcrum, it is raised or depressed, so as to adjust its

 

angle of inclination with the horizon at pleasure, causing thereby the plough (o

cut a deeper or a shallower furrow. The adjustment in a lateral direction is

efMed by placing several rings upon the bolt, by the- shifting of which the

direction of the beam, with respect to the land side, is altered, so as to make a

broader or narrower furrow ; and, by the same means, the plough is adapted to

a single or double team of horses.

The plough for heavy land is very similar in its construction to the one just

described, except the breast a, which is materially different, as shown in the

fallowing cut. 6 is the beam ; c the coulter, which is of the old kind, that

 

Mug found the most efficacious in wet soils; it is fixed to an elongated part on

•he land side ; d is the share. These ploughs are extremely light, and are put

together, or taken to pieces, in a few minutes, being fastened together by a few

screw-bolts ; they are, therefore, extremely well adapted for exportation, and

fcr use in hot climates. We have been informed by a practical agriculturist,

"to has several of these ploughs in use, that they turn the land well, and leave

• particularly clean and even bottom.

PLUMB-LINE. An instrument used by builders, consisting of a leaden

height, or bob, suspended to the end of a line, used to determine the perpendi-

ad»rity of their structures to the horizon.

PLUMB-RULE. A simple instrument, for the same purpose as the fore

going; but m this the bob is suspended to the end of a straight board with a

lr"« narked down the centre ; so that when the edge of the board is placed
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against the wall or other object, the plumb-line should exactly coincide with

the line marked on the board, to be vertical ; and the amount of deviation from

the vertical line is precisely ascertained by the angle of divergence between

the two lines.

PLUMBAGO. Graphite, or black lead, is an ore obtained from the mines of

Keswick and Borradaile, in Cumberland, from Ayr in Scotland and other places.

It occurs in beds of various thickness, and constitutes an important article in

commerce. The finer kinds are boiled in oil, and afterwards sawn into the

required pieces to make pencils. A considerable quantity is used for blacking

and polishing the fronts of stoves and numerous other purposes. It has been Terjr

common to apply it, in its impure state, to reduce friction in machinery and rub

bing surfaces ; and, very recently, Mr. Lewis Hebert, of Chelsea, has applied it,

in a very refined state, as a substitute for oil, in diminishing the friction of the

rubbing parts of clocks. He applied it to a sidereal time-piece, in January,

1816, between which period and 1827 the time-piece was cleaned three times

without renovating the plumbago; the friction places being only wiped with a fine

muslin rag. In a communication to the Society of Arts, in 1 827, eleven years

after the plumbago had been applied only once, he states, that the time-piece was

going as well as ever. He found a great difficulty in applying it to the jewelled

pallats of the escapement, but obviated it by applying it to the friction plane of

the teeth of the swing wheel ; and he adds, " so ever since the clock has gone

without oil."

The process of applying the plumbago is thus :—Take about a quarter of a

pound of the purest black lead, the brighter the better ; reduce it to a very fine

powder in a metal mortar, and, to judge if it is fine enough, take a small pinch

of it between your fingers; after rubbing it a few seconds, if it does not feel

lumpy or gritty, but smooth and oily, it is good, and beaten enough ; have a

glassful of filtered water, take some of the powdered plumbago with the clean

blade of a knife, spread it on the water, and stir it well ; cover the glass, and let

it stand for two or three hours ; at the top of the water will be a kind of cream,

skim it nil' with a card, and lay it upon a sheet of paper ; when dry, put it in a

box, to exclude the dust from it ; put the sediment aside, repeat the process with

some other water and plumbago, until you have acquired a sufficient quantity

of fine powder for your purpose; when the whole of the powder is dry, pound it

again in the mortar, or bruise it with the bowl of a silver spoon, upon a clean

sheet of paper, and repeat the same process two or three times ; if the lead :•

pure, no more sediment will go down ; if some does, wash and dry it once or

twice more : as soon as no sediment remains, you may be sure that the plum

bago dust is pure, and cannot cause any mischief to the pivots and holes ; pour

some alcohol (the strongest spirits of wine,) into a small glass ; having wiped

the pivots of the wheels and the holes of the plates very clean, immerse them

into the spirits, and immediately into the plumbago powder, they will be covered

with it ; take a small pencil brush, such as is generally used by miniature pain

ters, dip it into the spirits, and fill the pivot holes with it ; introduce some

powder into them with your finger, by rubbing the plates over the holes till

the powder is even with their surfaces ; put in the wheel and make it revolve

in the frame for five or six minutes ; do the same to every wheel, and also

repeat it two or three times ; then the holes and pivots will be charged with a

thin crust of plumbago, smoother than any polish you can give them ; the piece

will go twice as long without cleaning as with oU, and truly ; if its movement

is entirely secluded from dust, there will be no necessity of cleaning it for twelve

years, which will be about the time for renovating the plumbago.

PLUMBERY. The art of casting and working lead. See the article

in this work ; also Nicholson's Practical Builder.

PLUNGER. A long solid cylinder, sometimes used in force pumps instea

of the ordinary pistons or buckets.

•PLUSH. A Kind of stuff having a sort of velvet nap or shag on one side,

composed regularly of a woof of a single woollen thread and a double warp ,

the one wool, of two threads twisted, the other goats' or camels' hair. Some

plushes in imitation of the foregoing are made of other materials.
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PLUVIOMETER. An instrument for measuring the quantity of rain that

fills in a eiven time. See RAIN-QAUOB.

PNEUMATICS treat of the mechanical properties of air, gases, and vapours.

All air, gases, and vapours not in contact with the liquids from which they rise,

partake of the same general properties; that is, they all possess weight and iner

tia, impenetrability, compressibility, and elasticity. The impenetrability of air

may be made manifest by the impossibility of bringing together the opposite sides

of a blown bladder. It may be also shown, by taking a cylinder with a smooth

iwre, and lining a piston or plug into it so closely that the air may not pass be-

."'ui iti sides and the tube ; it will then be found that no power we can command

will force the plug to the bottom of the cylinder. In making this experiment,

however, we observe two of the most important properties of air, viz. its com-

-•ihilitv and elasticity ; for although the plug cannot be forced to the bottom

of the cylinder, yet it may be considerably depressed, so that the air is reduced

to a much smaller volume, and, consequently, is compressible. On the with

drawal of the pressure another remarkable phenomenon presents itself, that is,

the plug is forced upwards to its original position. The especial properties of

lit are as follows :—

It possesses weight and inertia ;

It exerts an equal pressure in every direction ;

It is compressible and elastic.

We shall speak of each of these properties in succession ; but first it may be

Mttstary to describe the air pump, an instrument which is in the highest

dtgree useful in pneumatic ex

periments. In the annexed

>«tional representation, A and

B are the barrels of the pump,

which must be perfectly cylin-

'•• ical and smooth within. C is

a glass recerver placed upon the

pump plate E ; and D is a pipe

communicating with the receiver

»nd the two barrels : 4 and d

«e valves at the bottom of the

barrels, opening upwards ; a

and c are valves in the pistons,

which must fit into the barrels

with the greatest accuracy ; e

ad / are racks attached to the

pistons, and which are moved

upwards and downwards by

meant of the toothed wheel g, which is turned by a winch fixed on its axis.

By comparing this instrument with a common water pump, its principle will be

found identical ; but as air is a much lighter and more elastic fluid, it will

require the workmanship in the air pump to be of the most accurate descrip

tion. In working this pump it will be seen that as the piston in B is raised, the

«ir which previously filled only the receiver and the pipe D will be expanded

oy it« elasticity so as to fill the barrel also ; by the next motion of the handle

*« pirton is depressed, and the air within the barrel becoming compressed will

:.jte the valve b, and open that at a, through which it will escape into the

*M*phere. When the piston is again raised, the air left in the receiver will

b* tgtin expanded so as to fill the barrel, and on being depressed, the air will

e»e»pe as before. We have only in this process noticed one barrel, but the

«"ion of both is similar; while one is filling by the expansion of the air in the

"xtnn, the other is emptied into the surrounding atmosphere. By this alter-

'•te action of the pistons, the air within becomes considerably rarefied, but as

tie portion withdrawn is always a definite part of what was previously in the

Nearer, it is manifest that a perfect vacuum cannot be obtained. We have

**l*d that air has weight : this may easily be shown by means of the air pump.

If we take a glass or other vessel holding exactly a quart, and furnished with a
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stop-cock that will fit into the hole in the middle of the pump plate, we may

exhaust or withdraw nearly the whole of the air from the vessel. Now, if we

weigh the empty vessel, and afterwards, by turning the stop-cock, let in the air,

the difference of weight in the bottle will show the weight of the quantity of

air admitted : this will be about seventeen grains, varying at different times,

both on account of changes of density which take place in the atmosphere, and

the varying quantity of aqueous vapour that it may contain. The inertia of

air may be seen in the resistance it offers to the motions of bodies immersed in

it Two sets of small brass vanes are sometimes put into motion by the same

force under the receiver of an air pump. While the vanes in both are turned

one way, they revolve for the same length of time whether in the air or in a

vacuum ; but if in one of them the broad surfaces of the vanes are turned in

the direction of the motion, and in the other the narrow edges, a marked

difference is observed. In an exhausted receiver they continue in motion

during equal times, but in the air, that which cuts the atmosphere with its

edges continues moving for some time after the other is at rest.

Another experiment illustrative of the same fact is termed the guinea and

feather experiment. A long receiver is placed upon the pump plate, and a

guinea and a feather are attached at the top to a little piece of apparatus by which

they may be disengaged at the same instant. While the receiver is full of air,

the guinea reaches the pump plate before the feather, but when the air is taken

from the receiver, the guinea and feather fall with exactly the same velocity.

Since air is fluid, it will manifest the common properties of fluids ; as, for

example, pressure. If a small vessel, similar to the one here

represented, be placed over the hole in the pump plate, and

the hand placed closely over the top, when the pump is

worked, the hand will be held firmly on the glass by means

of the downward pressure. In the same way, the glass

receivers are held firmly on the pump plate. If a bladder be

made wet, and tightly stretched over the top of the glass,

then dried and placed over the hole of the air pump, as soon

as the pump is worked, the bladder will appear concave at

the top, and will eventually be burst by the great pressure of

the superincumbent air. Another apparatus, admirably

adapted to evince the great pressure of the air in all direc

tions, is what are termed the Magdeburg hemispheres. It

consists of two hemispheres of brass, having their edges

accurately ground, so that they may fit together, as in the

annexed representation. The part a of the lower hemisphere

is screwed into the hole of the pump plate, and the air may

then be exhausted. If then the handle b be screwed on, two

persons may endeavour to separate them by pulling in oppo

site directions, or they may be suspended, and a weight

attached to the lower one. It has been ascertained that the

actual amount of the air'a pressure is about 15 pounds on

every square inch of surface ; hence may be calculated the

force with which the hemispheres are held together, or the

absolute pressure upon any surface whatever. Let us suppose

that the diameter of the hemispheres is 4 inches, then the

area of each of the circles in contact with each other will be 12} inches, and

multiplying this by 15 Ibs. we obtain 187Jibs, as the preuure by which the

hemispheres are held together. In the same way we may ascertain the amount

of pressure upon the human body. Suppose the outer surface of a middle-sized

man to be about 14 square feet, then multiplying this by 2160 Ibs. the pres

sure on a square foot, we obtain 30, 240 Ibs. as the pressure upon the body

of an individual of moderate size. If the barometer should fall an inch, which

it frequently does before rain, we are released from a pressure of upwards of

1000 Ibs. : this, by diminishing the tension of the different parts of the body, it

sufficient to account for that languor which is commonly complained of in bud

weather. This apparatus was originally designed by Otto Guericke, of Magiie
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bur?, and was constructed on so large a scale that several horses were required

to teparate the hemispheres.

The ordinary or natural state of the air (as we are in the habit of calling it,)

'•< a compressed state ; if we attempt to alter it either by further compression, or

by taking off the pressure, the elasticity or repulsion of the parts is imme

diately manifest. The law of compression within certain limits is exceed

ingly simple, and may be easily verified. Let a long glass

tube be closed at one end, as in the accompanying represen

tation. The longer leg may be 30 or 40 inches in length,

the shorter 4. Suppose the tube placed in an upright position,

and a little mercury poured into it up to the level a b, then a

cylinder of air i i will be enclosed and prevented from escaping.

If now more mercury be poured into the longer leg till it

rise tn i/ in the shorter, the height of mercury in the longer

l«g above the level cd will be found to be about 10 inches,

which is J of the usual atmospheric pressure. The whole * —

pressure upon the column d i being made up of the pressure

of the external air, together with that of the 10 inches of

mercury, will be | of the atmospheric pressure, and the space

now occupied by the air is } of the original space. If more 4 J , y

mercury be added, so that the column may be 30 inches j,. ^

high, the whole pressure will be double the atmospheric pres-

nire, and the space into which the air will be compressed is

one-half. If we examine the result of a number of trials

made in this way, we shall find them as follows :—

Compressing force 1 • I • i • i • ;

Spaces occupied. . ..\.\.\.\.\

If we examine these two rows of fractions, we shall find that the lower are

the reciprocals of the upper ; whence we see that the spaces occupied by the

compressed air are inversely as the compressing forces. But as the density is

inrersely as the spaces occupied, it is evident that the compressing force is pro

portional to the density ; and further, since the elasticity of the included air is

proportional to the compressing force, it is also manifest that the elasticity is as

the density, that is, if the density be doubled or tripled, the elasticity will be

doubled or tripled, &c.

The elasticity of air by the removal of the pressure gives

riie to a variety of entertaining experiments. If a bladder

containing a small portion of air be placed under the receiver

of an air pump, while the air is exhausting the bladder will

be observed to expand till it appears fully blown ; on the re

entry of the air the pressure will immediately reduce the

included air to its primitive dimensions, and the sides of the

bladder will collapse. At the larger end of an egg there is

a bobble of air between the shell and the inner skin : if a

hole be made at the smaller end, and the egg be placed with

th; bole downwards in a wine-glass, under the receiver of

an air pump, as soon as the air is begun to be withdrawn,

the air within the egg will expand and force out the contents

into the glass. When the air re-enters, by careful manage

ment, the whole may be forced into the shell, so as to have its

original appearance. Upon this principle fountains may be

contrived. If a glass or other vessel similar to the one here

represented, having a tube reaching nearly to the bottom, be

•'; -t filled with water, and then placed under a tall receiver

on the pump plate, the action of the pump commences, the

air in the part a not being able to escape, expands itself as

the external pressure is removed, and forces the water before

u up the pipe, so as to form a continuous stream till the level

VOL. 11. 1 1
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of the water reaches the lower end of the tube. If the air

in the part a could be compressed so that its elasticity might

exceed that of ordinary atmospheric air, the fountain would

act without being placed under a receiver. For this purpose

a condensing or compressing syringe would be necessary to

force air into the upper part of the vessel. The compressing

syringe differs but little from one of the barrels ofthe air pump.

It has, however, no valve in the piston, but one at the end 6,

opening outwards, and which may be easily formed by tying

over the hole a small piece of oiled silk. When this appa

ratus is to be Used, the end b is screwed into the mouth of

the vessel into which air is to be forced ; and the piston

being then raised above the hole a in the side, the syringe

becomes filled with air : the piston is then depressed, and the

air is, by its descent, forced into the vessel, and from which

it cannot return on account of the valve at b opening only

downwards. The piston is again raised till above the hole,

and another barrel full of air is injected into the receiver.

This process may be continued till the air is considered of

sufficient density, which may be easily ascertained by knowing the proportionate

capacity of the syringe and the receiver. If the receiver contain twelve times

as much as the syringe, twelve changes of the syringe will be necessary to double

the density of the air. It is, perhaps, scarcely necessary to remark that tie

receiver must be strong and furnished with a stop-cock or valve, so that when

the syringe is separated from it the air may not escape. For further informa

tion on this science, see ATMOSPHERE, AIR, BAROMETER, &c.

PONDERABILITY is a quality of bodies that relates to sensible weight A

ponderable body is one that possesses sensible weight. A great difference exists

in the relative weights of different substances. Thus platinum is 23 times heavier

than water ; water 840 times heavier than air ; and air 14 times heavier than

hydrogen gas. Platinum is, therefore, 170,480 times heavier than hydrogen gai

It will readily be understood that if any substance exists that is as much lighter

than hydrogen as hydrogen is lighter than platinum, the weight of such a body

would be absolutely inappreciable by any of our present instruments ; such

bodies would, therefore, be called imponderable. In the ordinary division if

simple substances at present in use by chemists, the whole are classed into pon

derables and imponderables : the imponderable substances are, heat, light, and

electricity. Some persons have supposed that the idea of imponderable matter

is absurd, and that gravity is a universal property of bodies. However this may

be, if we consider ponderability as indicating our ability to weigh the bodv, it

will be manifest that heat, light, and electricity may, with considerable justness,

be termed imponderable.

PORCELAIN. A fine kind of semi-transparent earthenware, in imitation

of that made in China, and hence called China-ware. The combination of

silex and argil is the basis of porcelain ; and, with the addition of various pro

portions of other earths, and even of some metallic oxides, forms the different

varieties of pottery, from the finest porcelain to the coarsest earthenware.

Though silicious earth is the ingredient which is present in largest proportion

in these compounds, yet it is the argillaceous which more particularly give*

them their character, as it communicates ductility to the mixture when soft

and renders it capable of being turned into any shape on the lathe, and of

being baked. The clays are native mixtures of these earths; but they are often

rendered unfit for the manufacture of at least the finer kinds of porcelain, from

other ingredients which they also contain. The perfection of porcelain will

depend greatly on the purity of the earths of which it is composed; and

hence the purest natural clays, or those consisting of silex and argil, alone

are selected. Two substances have been transmitted to Europe as the

materials from which the Chinese porcelain is formed, which nave been

named Kaolin and Pttutue. It was found difficult to procure in Europe

natural clays equally pure, and hence, in part, the difficulty of imitating
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the porcelain of the East. Such clays, however, have now been discovered in

different countries; and hence the superiority to which the European porcelain

has attained. The fine Dresden porcelain, that of Berlin, the French porcelain,

sad the finer kinds which are formed in this country, are manufactured of such

clay, which, from the use to which it is applied, has received the name of porce

lain earth, and which appears in general to be derived from the decomposition

of felspar of granite. It appears, also, that natural earths containing magnesia

are used with advantage in the manufacture. The proportion of the earths to

each other must, likewise, be of importance ; and from differences in this

respect, arise, in part, the differences in the porcelain of different countries, as

well as the necessity frequently of employing mixtures of natural clays. The

argil communicates tenacity and ductility to the paste, so that it may be easily

wrought ; the silex gives hardness and infusibility ; and on the proper propor

tion of these depends, in a great measure, the perfection of the compound.

The proportion of silex in porcelain, of a good quality, is at least two-thirds of

the composition ; and of argil, from a fifth to a third. Magnesia is of use by

lessening the tendency which the composition of silex and argil alone has to

contract in baking, which is inconvenient in the manufacture. See Potteby.

POROSITY is a term in physics, opposed to density, and signifies the rela

tive proportion of matter and space included within the exterior superficies of a

body. The volume of a body is the quantity of space included within its external

lurfaces. The mass ofa body is the collection ofatoms or material particles of which

it consists. Two atoms or particles are said to be in contact when their nearer

approach is resisted by their mutual impenetrability. If the component particles

sere in contact, the volume and mass would be identical ; but there is good

evidence to prove that the particles of no known substance are in contact.

Hence it follows that the volume of a body consists partly of material particles,

and partly of interstitial spaces, which are either empty or filled with some

ether different substance : these interstitial spaces are called pores. In bodies

uniformly constituted, the component particles and pores are uniformly distri

buted through the volume ; that is, a given space in one part of the volume

*iH contain the same quantity of matter, and the same quantity of pores as an

equal space in another part. The proportion of the quantity of matter to the

magnitude of a body is called its density : if, of two substances, one contains

in a given space twice as much matter as the other, it is said to be " twice as

dense." The density of bodies is, therefore, proportionate to the closeness or

proximity of their particles; and, consequently, the greater the density the less

will be their porosity. The pores of a body are frequently filled with another

body of a more subtile nature. If the pores of a body on the surface of the

earth, and exposed to the atmosphere, be greater than the atoms of air, then the

air will pervade the pores : this is found to be the case in many sorts of wood

which have open grain. If a piece of such wood, or of chalk, or sugar, be

pressed to the bottom of a vessel of water, the air which fills the pores will be

observed to escape in bubbles, and to rise to the surface. If a tall vessel or

tube, having a wooden bottom, be filled with quicksilver, the liquid metal will

be forced by its own weight through the pores of the wood, and will be seen

escaping in a silver shower from the bottom.

The process of filtration, in the arts, depends on the presence of pores of

>uch a magnitude as to allow a passage to the liquid, but to refuse it to those

impurities from which it is to be disengaged. Various substances are used as

filters ; but whatever be used, this circumstance should always be remembered,

that no substance can be separated from a liquid by filtration, except that whose

particles are larger than tlu; pores of the filtering substance. In general, filters

are used to separate solid impurities from a liquid. The most ordinary filters

are soft stone, paper, and charcoal. When the liquid is of a corrosive nature,

u tome of the stronger acids, pounded glass is frequently employed.

All organized substances in the animal and vegetable kingdoms are, from

(heir very nature, porous in a high degree. Minerals have various degrees of

porosity. Among the silicious stones is one called hydrophane, which manifests

its porosity in a very remarkable manner. The stone in its ordinary state is
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semitransparcnt ; if, however, it be plunged into water, when it is withdrawn it

is transparent as glass : the pores, in this case, previously filled with air, are

pervaded by the water, between which and the stone there subsists a physical

relation, by which the one renders the other transparent. Oil or water placed

on paper has a somewhat similar effect. A good method of observing the

extreme porosity of woods, is to place a piece at the bottom of a vessel ot

water placed under the receiver of an air pump ; during the exhausting of the

receiver the air will be seen to issue from a thousand pores on the surface of

the wood, and this emission will continue for hours. As the water enters the

spaces previously occupied by the air, the body becomes heavier ; and even

charcoal treated in this way becomes heavier than water. Large masses of

minerals, by their porosity, produce most important results : thus the rains which

fall, and the snows that melt on the mountains, pass through the pores of the

various substances they meet with, and issue forth to refresh the plains in spring

which are the origin of the various magnificent rivers that at once fertilize and

adorn our globe.

POTASH, or Potassa, is the protoxide ofpotassium. It is called the vegetable

alkali, because it is obtained in an impure state by the incineration of vegetables.

Potash is always formed when potassium is put into water, or when it is exposed

at common temperatures to dry air or oxygen gas. By the former method tin-

protoxide is obtained in combination with water ; and in the latter it is anhy

drous. It consists of 39.15 parts, or 1 equivalent of potassium, and 8 parts, or

1 equivalent of oxygen. Hydrate of potash is solid at common temperatures;

it fuses at a heat rather below redness, and assumes a somewhat crystalline tex

ture in cooling. It is highly deliquescent, and requires about half its weight of

water for solution. It is also soluble in alcohol. It destroys all animal texture),

and, on this account, is employed in surgery as a caustic. It changes the blue

colour of violets and cabbage to green ; reddened litmus to purple ; and yellow

turmeric to a reddish brown. It has been called lapis causlicus, but is now

termed potassa and fused potassa. It is prepared by evaporating the aqueous

solution of potash, in a silver or clean iron capsule, to the consistence of oil, and

then pouring it into moulds. It may be purified by solution in alcohol and

evaporation to the same extent as before, in a silver vessel. The operation

should be performed as expeditiously as possible, to prevent the absorption of

carbonic acid. A perfectly pure solution of potash will remain transparent on

the addition of lime water ; will not effervesce with dilute sulphuric acid, nor

give any precipitate on blowing air from the lungs through it by means of a tube.

Pure potash, for experimental purposes, may most easily be obtained by

igniting cream of tartar in a crucible, dissolving the residue in water, filtering,

boiling with a quantity of quicklime, and, after subsidence, decanting the clear

liquid and evaporating in a loosely covered silver capsule till it flows like oil,

and then pouring it out on a clean iron plate. A solid white cake of pure

hydrate of potash is thus obtained without the agency of alcohol ; it must be

immediately broken into fragments and kept in a well-stoppered phial. Potash

is employed as a reagent in detecting the presence of bodies, and in separating

them from each other. The solid hydrate, owing to its strong affinity for

water, is used for depriving gases of hygrometric moisture, and is admirably

fitted for forming frigorific mixtures. Potash may be distinguished from soda

by a test recommended by M. Harkort. Oxide of nickel when fused by the

blow-pipe flame with borax, gives a brown glass; and this glass, if melted with

a mineral containing potash, becomes blue,—an effect which is not produced by

the presence of soda.

POTASSIUM. A metallic substance, the base of potash : it was discovered

by Sir H. Davy, in 1807. It was prepared by causing hydrate of potash,

slightly moistened for the purpose of increasing its conducting power, to com

municate with the opposite poles of a galvanic battery of 200 double

plates ; when the oxygen, both of the water and the potash, passed over to the

fositive pole, while the hydrogen and the potassium appeared at the negative,

n this way only small quantities can be procured ; but it may be formed more

abundantly by the method of Guy Lussac and Thenard. This consists in
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bringing fused hydrate of potash in contact with turnings of iron heated to

whiteness in a gun-barrel. The iron deprives the water and potash of oxygen ;

hydrogen gas, combined with a little potassium, is evolred, and pure potassium

sublimes, and may be collected in a cool part of the apparatus. Potassium may

also be prepared by mixing dry carbonate of potash with half ita weight of

powdered charcoal, and exposing the mixture in an iron bottle to a strong heat:

these methods have been improved by M. Brunner, who decomposes potash by

means of iron and charcoal. From eight ounces of fused carbonate of potash,

six ounces of iron filings, and two ounces of charcoal, mixed intimately, and

heated in an iron bottle, he obtained 140 grains of potassium. If required to

be quite pure, it must be re-distilled in a green glass retort. Potassium is solid

at the ordinary temperature of the atmosphere ; at 70° it is somewhat fluid,

though its fluidity is imperfect till heated to 150°; at 50° it is soft and

malleable, and yields like wax to the pressure of the fingers, but it becomes

brittle when cooled to 32° ; it sublimes at a low red heat, without undergoing

any change, provided atmospheric air be completely excluded. Its texture is

crystalline, as may be seen by breaking it when cold. In colour and lustre it

ii precisely similar to mercury. At 60° its specific gravity is 0.865, so that

it ii considerably lighter than water. It is completely opaque, and is a good

conductor of heat and electricity. As this metal oxidizes rapidly in the air, or

in fluids containing oxygen, it must be preserved either in glass tubes, her

metically sealed, or under the surface of liquids, like naphtha, which contain

00 oxygen. If heated in the open air it takes fire, and burns with a purple

fl»me; it decomposes water instantly, and so much heat is disengaged that the

potassium is inflamed, and bums vividly while swimming on the surface : the

hydrogen unites with a little potassium at the moment of separation, and this

compound takes fire, and augments the brilliancy of the combustion. Under

»at*r, a violent action ensues, without the emission of light, and pure hydrogen

is eroived: it it also inflamed when placed upon ice, burning a little hole, which

becomes filled with solution of potash. Besides uniting with oxygen, to form

the protoxide and peroxide of potassium, it combines with chlorine, iodine,

hydrogen, sulphur, and phosphorus. When potassium is placed in an atmo

sphere of chlorine, it spontaneously takes fire, and burns with greater brilliancy

u»n in oxygen ; the result is the chloride of potassium, which is also produced

when chlorate of potash is decomposed by heat. Iodide of potassium is formed

*ilh emission of light when potassium is heated in contact with iodine.

Hydrogen and potassium unite in two proportions, forming, in one case, a solid,

ud in the other a gaseous compound. The solid hydruret was made by heating

potassium in hydrogen gas : it is a grey solid substance, easily decomposed by

kit, or contact with water. The gaseous compound is formed when hydrate

of potato ia decomposed by iron, at a white heat, and it appears also to be

- -aerated when potassium burns on the surface of water. Sulphur unites readily

:'v means of heat, and the compound sulphuret of potassium becomes incan -

doom at the moment of union. In like manner, phosphorus combines with

potanhun, forming phosphuret of potassium.

POTATOES. A bulbous esculent root, and forming the basis of several

manufactures. Under the article BREAD will be found the description of a

"thine and process for separating the pure farina or starch from the others

•ilk which it is naturally combined. Under the heads ALCOHOL and DISTIL-

UTIOS are also given the processes employed for the conversion of the potato

ioto ardent spirit.

POUN'CE. Gum sandarach, pounded and sifted very fine, mixed or not with

the fine powder of the cuttle-fish bone, and used for rubbing on paper, to prevent

the writing thereon from sinking or blotting.

POWER, in Mechanics, is the force which, being apph'ed to any body, tends

'* produce motion, whether it actually produces it or not. In the former ca«e

*» called the moving power; in the latter, the sustaining power 'See HORSE

<°*u.) The term power is likewise, for the want of a better word, applied to

ut ox mechanical agent* (a* we prefer to call thorn), namely, lever, pulley,
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inclined plane, wheel and axle, wedge and screw,—which see : also the article

Mechanics.

POTTERY. The art of making vessels from earth. In the earliest agei

upon record pottery was manufactured. The chief establishments in England

are in Staffordshire, in a district called The Potteries, at Worcester, Derby,

Coal-port, and Liverpool. The potteries in Staffordshire employ many thousand!

of persons, and the value of their produce was estimated at 800,000/. per annum.

The essential material of all pottery is clay, which of itself possesses the two

requisite qualities of being in its natural state so plastic, that, with water, it

becomes a soft, uniformly-extensible mass, capable of assuming and retaining

any form, and, when thoroughly dried, and having undergone a red heat for a

time, of losing this plasticity, and of becoming hard, close in texture, and able,

more or less, perfectly to confine all liquids contained within its hollow. The

most important circumstances requisite to be considered in selecting the mate

rials for pottery are plasticity, contractibility, solidity and compactness after

drying, colour, and infusibility. Wedgcwood was the great improver of this

manufacture. The processes employed at most of the manufactories are very

similar, which may be classed under the following heads :—Preparation of raw

material, moulding and turning, firing, printing, glazing, and painting. • We

shall describe these consecutively, as they are conducted at Spode's esta

blishment.

In the preparation of the raw material, a powerful steam-engine perform?

many of the processes formerly carried on by manual labour. The bodies of

earthenware are composed of Kent flint and West-of-England clay. The flint

is first calcined in kilns, similar to those in which lime is burnt ; it is then

broken by revolving hammers, put in motion by the steam-engine, and after

wards conveyed into the pans, paved with stone, to be ground with water. In

the centre of the pans there is an upright shaft, from which several transverse

arms branch out, having very heavy stones placed between them: these stones,

moved horizontally by the steam-engines, grind the flints, until they form a

cream-like liquid, which is let off into the wash-tub, where the coarser particle!

are separated from the fine ; the latter runs off into reservoirs, and the former

is carried back to the grinding-pan. When the ground flint is wanted for use,

it is conveyed from the reservoir by a pump, worked also by the steam-engine.

The process of preparing the clay, and mixing it with the flint, is this :—The

clay is drawn up into the upper chamber of the slip-house, and there thrown

into an iron box, in which moves a shaft, with knives fixed in it, to cut the

lumps into small pieces. The clay is now laid in a cistern with a proper quan

tity of water, where it softens, and is then put into the "plunging-tub ; in this

tub the water and clay are stirred until they become thoroughly mixed. The

liquid is now drawn off into another cistern, from which it passes through a

silk sieve into a third cistern ; then into a fourth, through silk sieves still finer;

the ground flint and other ingredients are now brought and mixed together,

and the whole passes through sieves of a greater degree of fineness into »

fifth cistern : in this is a pump, that throws it into a trough for conveying it

into the drying kiln. All these various operations are worked by the steam-

engine, and there are fourteen sieves in motion at one time. After the day ha*

been dried it is taken from the kiln and laid together in large henps, and, before

it is worked into the vessels for which it is destined, the air bubbles are disen

gaged from it : this is done by a machine turned by the steam-engine. The

machine is an iron box, shaped like an inverted cone, with an upright shaft in

its centre, to which are affixed knives to cut the clay which is put into the box,

by their rotatory motion, and, at the same time, so arranged as to force it down

wards to a square aperture at the bottom ; it escapes through this in a suffi

ciently compressed state for the workmen, and is then cut into square pieces of

a convenient size, to be distributed in the manufactory. Near the steam-engine

are workshops for those branches of the trade which require the aid of machinery;

and in this building there are eight throwing-wheels and twenty-five turning-

lathes. Underneath these shops axe drying-houses, heated by steam, in which
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the ware is dried, previously to its going to the oven to be fired; above the work-

shops is a single room, capable of holding 200 workmen.

.Moulding and Turning.— Tea-cups, saucers, basins, jugs, and such like

vessels, receive their first shape from the hands of the thrower, who sits on a

itool with a flat circular wooden wheel before him, moving horizontally on a

pivot This wheel is set in motion by the steam-engine, and the workman can

increase or diminish its velocity as there is occasion. Upon the centre of the

wheel the operator throws a lump of clay of the required size, and forms it

into almost any shape, with the utmost facility ; it is then cut from the wheel

by a wire, and taken to be dried, that it may acquire sufficient hardness to fit it

for the next operation. By turning, the superfluous parts of the clay are taken

off, so as to render the article perfectly smooth, and to give it the exact shape.

The lathes on which the vessels are turned are also put in motion by the steam-

engine, and regulated as to speed by the turner himself. The principle of

taming earthenware is very similar to that employed in wood turning. The

vessels requiring handles and spouts are taken to the handling room, and those

which do not want this appendage, after having attained the requisite hardness,

are sent to the oven to be baked. The handles, made on a mould of plaster of

Paris, are fixed to the vessel with a liquid mixture of the same material as the

vessel itself.

For the formation of various articles manufactured in all potteries, moulds

made of plaster of Paris are necessary. The modeller forms the shape of the

intended vessel out of a solid lump of clay, which, after receiving his finishing

touches, is handed to the person who makes the plaster mould from it. Plates

and dishes are made from moulds of this kind, upon which the operator lays a

piece of clay of the length, breadth, and thickness required ; the mould and

day are then pkced upon a wheel turning horizontally on a pivot; and the

operator keeps peeling round with the left hand, and presses the clay to the

ihape of the mould" with the other. The mould and dish together are then

carried into a stove moderately heated, where it remains until sufficiently dried

to separate. The plate or dish is then cut even at the edges, and in other

rcipecU finished : before they are baked the dishes ore laid flat upon plaster or

(tone flags, that are quite level, in order that they may remain straight until

they go to the oven to be fired. Tureens, vegetable dishes, and such articles,

are also made in moulds, but require more time and care, being less simple in

their form. Figures, flowers, and foliage in bas-relief are also formed sepa

rately in moulds, and afterwards affixed to the vessel with diluted clay.

firing.—When the ware is ready for firing, it is placed in clay cases, called

saggars, which vary in size and shape according to the articles placed in them.

'Hie saggars are put into an oven, shaped like a bee-hive, with an opening at

tbe top ; there is also an opening at the side to admit the saggars, but this is

dosed before the fire is applied. Each saggar is luted to the other by a roll of

soft fire-clay ; this secures the vessels contained in them from dust, the fumes

of the fires, and from the effects of the air when the oven is cooling. The

tires which heat the oven are placed round it in proper receptacles, which

communicate with the interior of the oven by flues, heating every part equally.

This first firing gives a higher degree of heat, and is continued much longer

thm any successive firing ; when once fired, the article is called biscuit ware.

The cream coloured, or queen's ware is now carried to the dipping-house, to

receive iu glazing ; that which is to be printed blue is taken to the printing-house.

Printing.—The design is previously engraven on a copper plate, and laid on

a stone to warm. The colour (which has oxide of cobalt for its basis) is mixed

•ith a preparation of oils, to fetch out the impression ; this mixture is smeared

orer the surface of the plate and again cleaned off, leaving the liquid in the

engraving only. The paper used to take off the impression is made expressly

far this purpose; it is damped, laid on the copper plate, and passed between two

iron rollers, as in ordinary copper-plate printing. The design, being transferred

to the paper, is laid immediately upon the ware, being rubbed on with a flannel.

After remaining a short time, the ware is put into a tub of water, and the paper

» vpvcted from it by a sponge, leaving the design in the most perfect state.
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The ware is then dried, end taken to the oven to be burned ; during this opera

tion, the oil which has been mixed with the colour in the printing is destroyed,

and the oxide of cobalt more firmly attached to the ware ; it is then glazed.

Glaxing.—The glaziers differ in their composition in all manufactories ; most,

however, have oxide of lead for their basis. The ingredients being mixed with

water, and well ground, the glaze is ready for use, in which the vessels are

dipped. On drying, which takes place instantly, the water contained in the

glaze being absorbed by the porosity of the vessel, it is covered with a fine white

powder, of a regular thickness ; this, when fired, becomes vitreous, or assumes •

glass-like appearance, and, from its transparency, the blue pattern underneath

is rendered perfectly visible. In the last firing, especial care is taken to keep

one piece from touching the other, or the whole would fuse into one united

mass. Great attention is also requisite in the firing, not to give too much or too

little heat, either extreme being injurious : the fireman in this, as in the other

firing, draws out trial pieces from the oven, with an iron rod, to ascertain the

proper degree of heat.

Painting.—The pieces of porcelain or earthenware to be enamelled and

enriched by gilding, are, after the first firing, dipped in a suitable glaze, and

again submitted to the fire ; they are then delivered to the painter or en*

miller. The colours used in enamel-painting are composed of metallic caliei

and fluxes, suitable to each other, separately and conjointly, and of such a nature

as to fuse them sufficiently for the glazing on which they are laid. Gold has

also its flux, and is laid on as other colours are. When the painting is com

pleted, the ware is placed in a furnace less in size, and different in construction,

from that before noticed. Care a here necessary in the arrangement of the

vessels, and great nicety is required in the degree and the continuation of the

heat, which is not so intense as in the former firings. The colours after thii

firing put on a shining appearance, but the gold has an opaque yellow cast, and

is burnished with a blood-stone to give it the desired brilliancy.

The deleterious effects of glazes, composed principally of lead, having engaged

the attention of the Society of Arts, they were induced to offer their largest

honorary premium for the discover)' of a glaze for the common red potter}',

composed of materials not any ways prejudicial to the health, and which, from

its cheapness and fusibility, at the comparatively low temperature required by

red pottery, might supersede the use of lead in that branch of manufacture.

The following method was communicated to the Society by Mr. Meigh, of Skfl-

ton, for which the Society awarded him the premium :—The vessels are to be first

dipped in a mixture of red marl, ground in water to an impalpable paste, in

order to fill up the pores with the fine particles of the marl ; the vessels are

then glazed with a mixture of the consistence of cream, of equal parts of

black manganese, glass, and Cornish stone, well ground and mixed together,

and when the ware is well dried it is fired as usual. For a white glaze, the man

ganese is omitted.

Owing to the vast extent of the manufacture of refined sugar in this country,

there is a very great and constant demand for sugar-loaf moulds, which are *

species of unglazed red pottery, made upon the potter's wheel. Messrs. T. and

It. Powell, of Bristol, however, by an improved patent process, now form them

upon a mould, preparatory to turning, and afterwards give them a glaze both

inside and out. The machinery employed by the patentees is represented in

the following Figs. 1, 2, and 3. a, Fig. 1, represents the mould formed of wood

or plaster of Paris, or both, and turned perfectly smooth ; it has a cylindrical

pin .•'• in the apex, and in the centre of the base, a hole to receive the head of

an upright spindle c, which projects about an inch through the disc d ; upon

this disc the mould is placed, a small pin from d entering a hole in the base to

carry it with the disc, when the spindle (which is placed at the potter's table,)

is set in motion by a band passing round the pulley ,-.

/'•/;. 2 represents the press in which the clay is prepared for the mould. „

the cheek of the press ; 6, a stout triangular box secured to the sides of the

press, of the shape shown by the dotted lines on Fig. 3 ; c, a table supported by

binges at one end, aod at the other by wedges resting on the frame e ; a flat
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bond/, (shown separate in Fly. 3,) is placed upon the table under 6 ; in the

box 4 is a thick plank, of the shape of an interior of /, and across li is placed

a stout block of wood g, which is retained in its place by iron straps h bolted to

- and having forelocks passing through the top of them ; in g works the screw

k, its upper end being steadied by the cross-piece /, and the lower end pressing

upon the thick plank in b.

fig. 3 represents the plank /, which is half an inch thick, and having a piece

taken out of the centre (as shown in the figure) ; the dotted lines represent the

exterior ihape of b, the interior being the same as /. The operation is as fol

lows: the plank / being placed on the table and slided under b, the table is

Fig. 2.
 

•edged op, and the forelocks are withdrawn from the straps h; the block </ and

eew k are raised by a rope ; the box b is then to be filled with clay, and

wered with the thick plank before mentioned; g is then replaced, and the

forelocki driven in : the screw being now turned, presses the clay into the mould

P^/; a wire is then drawn through between the plank/and the box 6; the

E«lgei being knocked out, the plank /is withdrawn, and replaced by another,

"^ the table again wedged up. The piece of clay in / is then to be removed,

tad placed upon the mould fig. 1, round which it is wrapped, the edges closed

'"Aether, and then turned fair and smooth : it is afterwards removed, when suffi-

oratly dry, to the kiln ; and when burnt enough, the salt glaze is given in the

tial manner. Instead of the box b, a number of planks like/may be placed

r.pon e«h other, and being firmly clamped together, the clay may be pressed

•z'-o them by the screw, and then being undamped, a wire may be passed be

tween each, which thus gives the clay ready for the turning mould.

PRECIPITATE. When a body, dissolved in a fluid, is either in the whole

* in part made to separate and fall down in the concrete state, the act of

!•• is termed precipitation, and the matter fallen is called a precipitate.

PRESS. A machine for the compression of any articles or substances, by

«* application of screws, levers, wedges, &c. in a convenient manner. As the
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combinations of the mechanical powers are almost illimitable, it follows that then

may be presses made of an almost infinite variety of forms ; but by DO possible

combination or arrangement of the mechanic powers, can any power be obtained :

that must be derived from manual labour or some other moving force ; and as

no motion can take place in any machine without a loss from friction of some

portion of the original force applied, that press which imparts the greatest

mechanical energy, with the least proportion of friction, and in the mod con

venient manner, is the best It however happens in most cases, that friction is

reduced in proportion to the excellence of workmanship or perfection of form;

and as tins circumstance enhances the cost, a preference is often given to

machines of rude construction, and of less convenience in form. Under the

article OIL we have described a variety of presses of very simple construction,

but of great energy and little cost ; they are, however, for the most part, not

sufficiently compact and convenient for the operations of the packer, or for the

general purposes of our manufactories. Screw presses generally consist of six

members or pieces ; viz. two flat smooth tables of wood or metal ; the lover

one fixed, and the other above it movable. Between the surfaces of these tables

the goods to be pressed are laid, and one or more screws, worked by a lever,

are made to force the movable table or board towards the immovable one, and

thus produce the pressure on the interposed body. This is the general nature

of the machine, of which there are many varieties, each adapted to its own

particular purpose. The most modern screw-presses have generally but one

screw, preferably made of iron, which, at its lower end, has a massive globe

head, with four holes through it, for the reception of the end of the lever

employed to turn the screw ; the thread of the screw passes through a nut fixed

fast in the head or top of the frame of the press. The frame, in this case, con

sists of a lower bed or horizontal piece, on which the matters to be pressed are

laid, two upright cheeks being firmly united with it, and supporting the head,

or upper horizontal pieces of the press, in which the nut of the screw u fixed ;

the lower point of the screw is united with the follower, or moving bed of the

press, and this rests upon the substance to be pressed, and the power of the

screw forces it down upon it. A press of this kind is described under the article

HOT-PRESSING, but adapted to the latter object.

Another kind of screw-press consists of two screws, which are immovably fixed

in the lower board or bed ; and passing through holes in the upper board, have

nuts upon them, which, being turned by a lever, draw the two boards together,

and exert a pressure upon any thing placed between them. Sometimes the screv. •

pass through the upper board, and arc tapped into the lower one ; then the

screws themselves arc turned round by a lever put through their heads instead

of turning the nuts. Presses of this kind, when accurately made, have a com

munication with wheel-work, from one screw to the other, so that both shall

turn round together, and cause the two boards of the press to advance parallel

to each other. The bookbinder's cutting press is a. modification of this, and ii

used by bookbinders, stationers, and others. See BOOKBINDING.

The screws for presses were formerly made of wood, with sharp thread* ; thai

is, the worm of the screw, if cut across, would make a triangular section, the

base thereof abutting upon the cylinder of the screw. In this method it was

necessary to have the threads very coarse, to give them sufficient strength, and

then the power of the screw was not BO great as in the other presses, where the

screws are made of iron, and their threads not above one-third or one-fourth the

distance asunder; the tenacity, hardness, and smoothness of the metal aUo

diminishes the friction considerably. The frames of the modern presses are also

made of iron, wood being found incapable of permanently resisting the great

strain to which they are subject, as all the fibres, even of the hardest oak, become

separated into ribands, and then break, one at a time, till the whole beam tils.

An excellent modification of the screw-press was invented and patented by

Mr. Daniel Dunn, of Pentonville, which is adapted to a variety of uses ; the

following is a description :—Instead of the simple lever, consisting of a long

straight bar, which requires so large a space to move it in, the patentee usei a

compound lever (much like those employed in the ordinary printing press), bj
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which means the same power is obtained in a much more compact apparatus.

i'i}. 1 represents an elevation of the complete press, and Fig. '£ a plan of tlio

improved part of the machine ; the like letters in each figure denoting similar

parts, a is the bed of the press b b of massive oak j bb the cheeks or side framing;

f the head; d the nut fixed into the head, through which the screw e is turned ;

Lis the platten ; g the goods, together with the press-boards or metal plates

tween them. Thus far the press is like others ; but instead of having a large

screw-head, with apertures, for the insertion of a long lever bar, that part of

the screw is squared, and on it is fixed a circular metallic plate or wheel //, with

a double row of ratchet-teeth ; one of the rows of teeth project horizontally

from the periphery, the other vertically, as will be understood upon examining

both figures, i is the handle of the compound lever, which, being formed into

a circular eye at the farthest extremity, is thereby fixed upon, aud traverses up

Fig. 1. 

m down the fulcrum k, which is an upright b:ir firmly bolted to one of the

coceks of the press. To alter the power according to circumstances, the

curved end of the handle i is perforated with several holes, to receive a key or

Mi, which fastens the other portion I of the compound lever to it (best seen in

%Qi the extremity of I is hooked or notched so as to take hold of the teeth

- ... ratchet-wheeJ, and it has a plate screwed on to it at o to prevent it from

tilling off. To support the compound lever at the required elevation, a stout

■ is passed into a hole, of which there are a series made for the purpose in the

•iae cheek. In operating with this press, the goods are laid upon the bottom

ward ia the usual manner ; the platten/ is then brought down by turning the

Mtchut-wheel round by hand. The pressure is then given by pulling back the

5*«fl« i in the direction, and to the position, shown by dotted lines in Fig. 2 ;

■': repeatedly moving the handle in this way, the ratchet-wheel is drawn round

k= 'eTer' w°icn c01"68 'he screw to descend and to force the platten against

'« goods : during this operation it will occasionally be necessary to let the lever

"ocend upon the fulcrum, by taking out the supporting pin, and putting it into

'is not hole beneath. When it is required to unscrew the press, the hooked

?■ of the lever I is placed in contact witli the circle of teeth on the upper Bur-

■■ rf the ratchet-wheel j the lever being then pulled the reverse way, the

■*«»is raised, and the pressure taken off.

P V^ substantial and practical standing press has been made by Mr. J. L.

°™?et type-founder, of Holborn : it is particularly designed for the use of

'-'okbinders, stationers, and printers ; the arrangement dispensing with the long
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inconvenient lever.'as in Mr. Dunn's. It ia represented in the following per

spective outline. There is little in its structure that varies essentially from

other presses of the kind ; the head, bed, cheeks, screw, and nut, may be

regarded as the same. The chief novelty consists in employing, in addition to

these parts, a toothed wheel b, fixed on the axis of the screw, and operating

upon it by the small pinion c turned by the lever d, which fits on the square

end of the axis of e, whereon it is shifted at every (jeshpull. The power of

 

the press, when brought down to the work, may thus be increased in propprtian

to the difference of the diameters between the large wheel and the little pinion;

the slow operation of the press at this time is of Tittle consequence. This pr> •

stands in but little room, considering its mechanical efficacy, and it is manu

factured at a low price.

The foregoing are sufficient examples of the construction of terete press?! ;

we shall therefore proceed to give a description of a most ingenious, cheap, anil

effective press, in which all the other mechanical powers are brought into

operation ; viz. the wheel and axle, lever, wedge, inclined plane, and pulley. It

is one of the inventions of Mr. Ewings, a talented member of the London

Mechanics' Institution, who obtained for it Dr. Fellowes's annual prize of tea

pounds. This press, which is applicable to the packing of goods, pressing • '

juice from fruits, oil from seeds, or other purposes to which the screw-press is

usually applied, consists of a frame-work, and two or more blocks or beams,

between which the articles to be subjected to pressure are to be placed ; and

these vary in form, size, and material, according to the purposes for which they

are intended. Mr. Ewings does not claim any novelty in the construction of

these parts, but only in his method of producing the pressure, which is effected

by bringing together the pieces that act on the articles to be pressed by
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-edges ; these are forced in by levers (in the manner represented by the fol

lowing 6gures 1 and 2), in both of which the same letters of reference represent

similar parts, a is the base of the press, furnished at each end with ratchet

notches i b, which constitute the fulcrums of the levers A h ; c is the top of the

press, supported by the frames d d; and ee are the pieces acting on the goods,

either downwards, upwards, or both, according as the pressure may be

required : in Fig. 1 it is represented acting upwards ; and in Fig. 2 it is repre

sented acting both ways : jfff are friction rollers, between which the wedges

% o are projected. A cord is fixed to a hook on the end of one of the levers,

md passing over a pulley k, on the end of the other, is attached to a small

drum /. which is furnished with a ratchet-wheel and pall, and is turned by a

Fig. I.
 

Fig- 2.

 

We have seen other modifications of Mr. Ewings's press, but we have

aed the above as best calculated to show the principle of its action,

the advantages of this press have been noticed the simplicity and

of its construction, as it may be made by almost any person accus-

to handle carpenters' or smiths' tools, of very cheap materials ; and also
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the facility with which its power may be varied : it may be diminished or

increased to any extent, simply by changing the form of tlie wedge* ; but tin

drawings exhibit its various applications and mode of operation so obviously is

to preclude the necessity of further remarks.

We shall now proceed to the consideration of those presses wherein the

power applied is communicated through the medium of an incompressibk

fluid.

The hydrostatic, or water press, as it is sometimes called, was first brought

into a practical form by the late Mr. Joseph Bramah, and was patented by him

in 1796. Since this period it has undergone many new improvements m the

constructive department, which, although they have not sensibly added to its

mechanical energy, have materially added to its convenience, by rendering its

operation more easy and certain. The following diagram is explanatory of th«

 

principle upon which it acts, a represents the foundation plate of the machin

and 6 the head-plate, connected together by four strong standards c c; the hut

should be of wrought iron ; and the whole of the utmost strength and solidity,

icsist the entire force ofthe press, whicli is exerted upon the goods placed betwe

the follower d and the head of the press. The piston or ram e, (which support

the follower and goods) moves up and down in a very massive hollow cylinc!

ff, bored very accurately at Its upper part to fit the ram, and at its lower e

somewhat widened, as shown by the dotted lines, to admit a small quantity

water, which is forced into it by a small force-pump g, along the pipe A. Ji

above that part of the cylinder where the water discharges itself in a mil-

crevice, an annular cavity is formed around the cylinder, wherein is fitted

folding collar of leather, which presents a thin edge both to the ram and to C

cylinder, to render the junction between them water-tight, which it doe* mo

effectually by the action of the pressure itself. The top of the cylinder whel

the ram emerges from it, is provided with a stuffing box, well packed, «i

secured by a covering plate. Now if we suppose the area of the valve by wbk

the water is admitted into the cylinder to be one-eighth of an inch (as usu»J

and the power applied thereto by the lever of the pump to be a ton, and t]

area of the section of the ram to be 64 inches, we have 61 X 64 = 40J

tons applied to the goods in this press, according to the known laws of til

pressure of fluids, as explained under the article HYDROSTATICS The pow

mentioned is unnecessarily great for the general purposes of • press.- but H
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ublto— that it may be reduced to any required extent by altering the propor

tion of the lever, the valve of transmission, and the ram ; and it is equally

obvious that the power may, by other modifications, be increased to an indefinite

extent.

It should, however, be noticed, that in the hydrostatic press of Bramah, in

common use, the same time is occupied in pumping against a small, as against

& great resistance : in almost all cases the operation is commenced when the

resistance is at a minimum : during the process the increase is gradual, and a<

the termination the resistance is at a maximum. As a remedy for this practical

inconvenience, hydrostatic presses are generally made with two levers of different

powers, with the view of changing the power at some time during the process.

Notwithstanding this provision, however, the time and trouble attending the

change, renders its assumed advantages a doubtful question of economy, and it

u, consequently, rarely resorted to in practice.

To obviate these objections, Mr. James Murdoch has proposed a self-regulating

hydrostatic press, in which the change of power proceeds in the same ratio as

the resistance, without any care or interference on the part of the operator.

The ingenious arrangement proposed will be comprehended by the annexed

drawings, marked Fig. 1 and Fig. 2, together with the following description :—

%•

 

« represents the vacuum chamber, being similar to the exhausted receiver of an

sir-pomp; b a double-barrelled air-pump; c a four-way cock, connecting "

*ith d and e, the two force pumps, and its lower end communicating with the

'luosphere; d is a section of one of the force pumps; /is the plunger, working

fcsifhthe stuffing-box m, and having a solid piston h keyed on to it, which

*orki air-tight in the enlarged part of d; gha valve opening upwards ; n the

*nl pipe, leading to the press, which is not here shown, it being of the usual

construction^ o is a wheel, over which passes a chain connecting the two

lingers ; it is fixed square on the axle /, as is the wheel p, which serves to

tarn the cock by means of a cord passing round it and r, which is a pulley

pitying loose on v, and having a projecting shoulder on its lower part ; * is a

wyfcted square on it, having shoulders at its lower end, and a weight at its

oppet end ; v is a rod attached to the plug of the cock c. The action is as
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follows: suppose the pistons in the situation shown in Fitj.l the entogd

chamber of the forcing pump <l is now open to the vacuum chamber a, and the

chamber of c is open to the atmosphere s; the lower barrel of a' is full of water.
Upon rarefying the air in the vacuum chamber a, by means of the air-pomp •

Kg. 2.

 

the air in the chamber d likewise becomes rarefied, and the piston k will descend

as soon as the pressure on it exceeds the pressure on the plunger f, and a porticn

of water is thus forced into the press by the pipe n. By the descent of the

piston h, the wheel o revolves, and brings up the piston of the chamber e; u*

smaller wheel p is carried round at the same time, and turns the cock r.

the shoulder on which, takiug the shoulder on s, carries it round a little past

the vertical line, when it (t) falls into the position of the dotted line, and opens

e to the vacuum chamber, and d to the atmosphere. The air under the pi**

of e now becomes rarefied, and it descends in like manner as the other. The

larger the vessel a is made in proportion to the chambers d and e, the better

will the press accommodate itself to the changes of resistance.

Printing presses are described under the article PRINTING: see also On.

COPYING-MACHINE, &c.

PRINTING. The art of taking copies by impression of type, engraved

plates and blocks, or of any design or work whatever, in black-ink or pigment!

of various colours ; but the word printing, standing alone, without any distinfclivj

addition, is usually understood to imply typography, or printing from type,

usually called letter-press printing, which we propose to notice in the finl

place.

It is a remarkable circumstance, tlmt notwithstanding the art of K i; ;

printing has formed a new era in the history and character of our specie*, tin

origin of its invention is involved in mysterious obscurity. The primr

honour of having given birth to this sublime vehicle of knowledge lias bws

claimed by the Italian, the German, the Dutch, and the Swiss nations. Th<

inhabitants of Mentz, Strasbourg, and Haerlem, seem to have the most soliJ

ground for their boastings; but we are bound to state, that the citizens si

Venice, Rome, Florence, Basle, Augsburg, and Dordrecht, certify to the con

trary thereof. The discussion of this interesting question not according »;'

the nature of our work, we recommend those of our readers who are solicitc i
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ft information upon the early history of the art, to the article Printing, in the

Oiford Encyclopedia. We may, however, observe, that it seems to be admitted

bj all parties that this invention took place about the year 1440, and was brought

to England by William Caxton, who set up his first press in Westminster Abbey,

and began to print books some time after the year 1471. In the early stages of

tae art, the impressions were taken off with a list coiled up, such as the card-

maken use at this day; but when they came to use single types, they employed

•tronger paper, with vellum and parchment At last the press was introduced,

sad brought gradually to its present state. The same observation applies to the

ink; at first the common writing ink was employed; and the printing ink of

iiap-black and size, and lamp-black and oil (that now used) were introduced

ij degrees. We shall now proceed to explain the printer's art, as it is prac

tised at the present day ; premising that It is divided into two branches,

■^nation, or the arrangement of the types, and pres**work, or the taking off

impressions from types so arranged : the workmen employed are therefore dis

tinguished into two classes,—" compositors " and " pressmen." Each compositor

worb at a sort of desk, called a frame, and, in most instances, he has a desk or

frame to himself. The frames project laterally from the wall. At intervals

there are large tables, with stone tops, technically called imposing-stones.

Each frame at which a compositor works is constructed to hold two pair of

rasa; each pair of cases contains all the letters of the alphabet, whether small

Ictleti or capitals, as well as points, figures, &c. &c One of these pair of cases

i occupied by the Roman letters, the other by the Italic. The upper case is

divided into ninety-eight partitions, all of equal size ; and these partitions con-

tain two sets of capital letters, one denominated "full capitals," the other

''small;" one set of figures, the accented vowels, and the marks of reference

for notes. The lower case is divided into partitions of four different sizes ; some

at the top and ends being a little smaller than the divisions of the upper case ;

°tben nearer the centre, being equal to two of the small divisions; others equal

to four, and one equal to six ; in all there are fifty-three divisions in the lower

case. The inequality in the size of the cells in the lower case is to provide

for the great differences as to the quantity required of each letter. According

to the language in which it is used, one letter is much more wanted than

another, and the proportions required of each have been pretty accurately

settled by long experience. As some of our readers may be curious to know

these proportions, as they apply to the English language, we subjoin the

type-founders' scale for the small characters of a fount of letter, of a particular

*» and weight :—

a . . . . 8,500 n . . . 8,000

b . . . . 1,600 o . . . . 8,000

P ■ . . 1,700

d . . . 4,400 q • . . 500

e . . . 12,000 r . . 6,200

f . . . 2,500 s . . 8,000

1 : :
t . . . 9,000

. 6,400 u . . . 3,400

i . . . 8,000 V . . . . 1,200

J • • 400 w . . . . 2,000

k . . 800 X . . . . 400

1 . . . 4,000 y • . . 2,000

m . , . 3,000 z . . . . 200

"* proportion in which a particular letter is required renders it necessary that

~* "lis of the lower case should be arranged, not as the letters follow each,

Jpaabetically, but that those in most frequent use should be nearest the hand

<* the compositor. The point to which he brings the letters, after picking them

"T out of their cells, is not far removed from the centre of the lower case;

*> that in a range of about six inches on every side he can obtain the

^ 'i *> i, a, m, n, h, o, p, u, t, a, and r, the letters in most frequent use. The

'««- is. o u
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spaces, which he wants for the division of every word, lie clcse at his band, al

the bottom of the central division of the lower case. It must be qirte obvious,

that the man who contrived this arrangement saved a vast deal of time to the

compositor.

The cases, particularly the upper one, are placed in a sloping position, that

the compositor may the more readily reach the upper boxes. The instrument

in which the letters are set is called a composing-stick, which consists of a long

and narrow plate of iron, brass, or other compound metal, on the right aide of

which arises a ledge, which runs the whole length of the plate, and serves tr>

sustain the letters, the sides of which are to rest against it ; along this ledge u

a row of holes, which serve for introducing the screw, in order to lengthen or

shorten the extent of the line, by moving the sliders farther from, or nearer to,

the shorter ledge at the end. Where marginal notes are required in a work,

the two sliding pieces are opened to a proper distance from each other, in such

a manner as that, while the distance between forms the length of the line in

the text, the distance between the two sliding-pieces forms the length of the lines

for the notes on the side of the page.

Before the compositor proceeds to compose, he puts a rule or thin slip of

brass-plate, cut to the length of the line, and of the same height as the

letter, in the composing-stick, against the ledge, for the letter to bear against.

Thusprepared, the compositor having the copy before him, and his stick in his left

hand, his thumb being over the slider ; with the right hand he takes up the letters

one by one, and places them against the rule, while he supports them with bis

left thumb by pressing them to the end of the slider, the other hand being con

stantly employed in setting in other letters, which is effected by a skilful work

man at an average rate of about thirty per minute. A line being thus composed,

if it end with a word or syllable, and exactly fill the measure, there needs do

further care ; otherwise more spaces are to be put in, or else the distances

lessened between the several words, in order to make the measure quite full, so

that every line may end even. The spaces here used are pieces of metal exactly

shaped like the shanks of the letters; they are of various thicknesses, and serve 10

preserve a proper distance between the words ; but not standing so high as the

fetters, they make no impression when the work is printed. The first line being

thus finished, the compositor proceeds to the next ; in order to do which he

removes the brass rule from behind the former, and places it before it, and thus

composes another line against it after the same manner as before ; going on thus

till his stick is full, when he empties all the lines contained in it into what is

called a galley, which consists of a flat piece of mahogany, or other fine wood,

with a ledge of a proper height at the margin of its two sides. The compositor

then fills and empties his composing-stick as before, till a complete page ii

formed ; when he ties it up with a cord, and, setting it by, he proceeds to the

next, til) the number of pages constituting a sheet is completed; which done,

he carries them to the imposing-Btone, there to be ranged in order, and fastened

together in a frame called a chase,—and this is termed imposing. The chase

is a rectangular iron frame, of different dimensions, according to the aie

of the paper to be printed, having two cross-pieces of the same metal,

called a long and short cross, mortised at each end, so as to be taken out

occasionally. By the different situations of these crosses, the chase is fitted for

different volumes ; for quartos and octavos one traverses the middle lengthwise,

the other broadwise, so as to intersect each other in the centre ; for twelves and

twenty-fours, the short cross is shifted nearer to one end of the chase; for

folios, the long cross is removed entirely, and the short one remains in the

middle ; and for broadsides, no cross is required. To impose, or arrange and fix

the pages in the chase, the compositor makes use of a set of furniture, consist

ing of slips of wood of different dimensions, somewhat lower than the letters;

some of these are placed at the top of the pages, and called head-sticks ; others

between them, to form the inner margin ; and others, in the form of wedges, to

the sides and bottoms of the pages. Thus all the pages being placed at their

proper distances, and secured from being injured by the chase and furniture

placed about them, they are all untied, and fastened together by driving up
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small wedges of wood, called quoins, between the slanting side of the foot and

Uw side-sticks and the chase, by means of a piece of hard wood and a mallet ;

and all being thus bound fast together, so that none of the letters will fall out,

it is ready to be committed to the pressmen. In this condition, the work is

called a form ; and as two of these forms are in most cases required for every

sheet, it is necessary the distances between the pages in each form should be

placed with such exactness, that the impression of the pages in one form shall

fall exactly on the back of the pages of the other; the effecting this is called

making register.

As it is impossible but that there must be some mistake in the work, either

through the oversight of the compositor, or by the casual transposition of letters

in the cases, a sheet is printed off, which is called a proof, and given to the

corrector, who, after reading it over, and rectifying it by the copy, making the

alterations in the margin, returns it to the compositor to be corrected. The

compositor then unlocking the form upon the correcting stone by loosening the

quoins or wedges, rectifies the mistakes by picking out the wrong letters with a

iJender sharp-pointed steel bodkin, and putting others into their places. After

this, another proof is made, and corrected as before ; and lastly, there is another

proof called a revise, which is taken from the form when finally placed on the

press, in order to ascertain whether all the mistakes marked in the last proot

nave been corrected.

The pressman t business is to work off the forms thus prepared and corrected

by the compositor ; in doing which, there are four things required—paper, ink

or colouring matter, balls or rollers, and a press.

To prepare the paper for use, it is to be first wetted by dipping several sheets

together in water; these are afterwards laid in a heap over each other; and to

make them take die water equally, they are pressed close down with a weight

at the top.

The ink is made of oil and lamp-black ; for the manner of preparing which,

see IKK.

The balls, by which the ink was formerly applied on the forms, were a kind

of wooden funnels with handles, the cavities of which were filled with wool or

hair, as was also a piece of leather or pelt nailed over the cavity, and made

extremely soft by soaking in urine, and being well nibbed. One of these the

pretnnan took in each hand, and applying one of them to the ink-block, daubed,

ami worked them together, to distribute tbe ink equally, and then blacked the

form, which was placed on the press, by beating with balls upon the face ot

the letter. A considerable improvement on this plan has been effectpd by means

of rollers, which are now generally in use. These consist of a cylinder made

cf a combination of treacle and glue, which runs on an iron rod, affixed to which

WE two handles. Instead of beating, as in the former case, the cylinder is

rolled over the face of the form, by which the ink is applied in a much more

(Ten manner, and with a considerable decrease of labour.

The earliest printing presses were the common large wooden screw presses,

employed at the present day for compressing paper, cloth, &c. Of course this

mode of taking impressions must have been very slow and laborious ; and the

prewre being applied between the two solid inelastic surfaces, a considerable

degree of care must have been exercised to prevent injury to the letters or type

of the form. Such presses were, however, used for about 300 years, without

07 one attempting to improve them. A short time previous to the year 1770

it appears that William Jansen Blaew, a mathematical instrument maker, of

'.oiiterdam, recommended the introduction of a spring, both over the head and

-'.let the bed of the press, which, upon trial, proved very satisfactory ; he took

upon himself an alteration of the working screw, giving it more threads, which

", in effect, a quicker motion ; and this, combined with the action of the springs,

rendered the impression " sharper," without " hardness." Blaew's presses were

found to be so great an improvement upon their precursors, that Luckcombe, in

& Hittory of Printing, published in 1 770, says, " There are two sorts of

proses in use, the old and the new fashioned ; the old sort, till of late years,

«re tbe only presses used in England." Now the " new-fashioned " press of
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Blaew, though it has become very old-fashioned to modern printers, is too

respectable a machine, in our eyes, to be wholly omitted in these pages ; and as it

diners not in any considerable degree from the wooden-framed presses still in use

oy many of our printers, we shall here annex a description which will sufficiently

apply to them both. It consists of two upright beams, called cheeks, about six

feet long, tenoned into a cap above, and, at their lower ends, into a stout square

frame, on which it stands. The head of the press is sustained by two iron

bolts, that pass through the cap. A screwed nut is fixed in the head, through

which the screw works when operated upon by the lever ; the lower extre

mity of this screw is called the spindle, which is a cylindrical piece of steel

working in a metallic cup of oil, fixed to an iron plate let into the top of a broad,

solid, and thick piece of mahogany, whose surface is brought to a true and

smooth plane, and is called the platten. This platten, by pulling the lever, is

made to descend and press upon a blanket, which covers the paper laid upon

the form of types, and thereby produces an impression. The form is laid upon

a broad flat stone, or thick marble slab, which is let into a wooden frame called

a coffin ; this coffin b fixed upon a carriage, which is made to run upon a hori

zontal railway under the platten for an impression, and out clear of the same,

to take off the printed sheet, and put a blank one in its place. This backward

and forward motion of the carriage and form is produced by a strap and pulleys,

turned by a winch handle. The paper is adjusted and held down by a folding

frame, called the tympan and frisket, which again fold down over the fresh inked

type, in a very exact manner, before the form is run in under the platten to

receive an impression. By presses of this kind, about 250 impressions are run

off in an hour ; in light work it is extended to 300 in an hour ; and when

presses of this kind were used for printing newspapers, the printers managed,

by extraordinary efforts and relays of men, to work as many as 500 in

the hour.

The principal defect in thecommon or old fashioned press just described, consist]

in the effective power of the lever being uniform throughout its range of motion,

requiring the pressman to exert his bodily strength to the utmost, in giving it a

tug at the end of the pull ; at which time only, when the platten is down upon

the form, great force becomes necessary This disadvantage is completely

obviated in the improved press invented by the late patriotic Earl Stanhope

which machine we purpose describing after having explained the principle

upon which its chief excellence depends, namely, the combination of levers, by

which the platten is forced down

upon the form of types. In the an

nexed diagram a 6 represents a short

lever, which is connected to the top

ofthe screw which carriesthe platten,

the shorter arm ofthe said lever being

the radius of the screw ; its longer

arm the distance between the centre

of the screw to the point b. This

lever, by means of a connecting rod

c, acts upon the bent lever (leg,

whose fulcrum is at e; and as, by

this combination of the lever, the

platten acta but through a small

space in comparison to the space

passed through by the power, it fol

lows that the effect must be very

powerful. But it is necessary that this effect should be at a maximum when

the platten impinges upon the type, and this object is accomplished by the

angular position of the levers ; for when the platten is elevated, the lever eg is

parallel to the line h i, and its shorter arm e d is nearly perpendicular to the

same line, and also the connecting rod c ; therefore will move the rod c with its

greatest velocity during the first part of the motion of the lever eg; at which

time the lever a b forms an acute angle with the line h i ; consequently acts
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at m disadvantage in causing the revolution of the screw ; but by the time the

lever e g is brought perpendicular to the line h i (when the platten impinges

upon the type) the lever a b is also perpendicular to the connecting rod c; con-,

fequently it will then exert its greatest influence in causing the revolution of

the scTew, and at this time also the power of the workman will be applied at

right angles to the lever c g, therefore will produce the greatest effect precisely at,

the moment of impact

The " Stanhope press " is, in other respects, a considerably improved,

machine. The whole frame is made of one massive iron casting, as rcpre.

tented at £ A in the subjoined cut, which exhibits a perspective view of it

In the upper part of the machine a nut is fixed, into which a stout, wel

 

ret screw I works, having a conical end that operates upon the upper end

of a slider m, which is fitted into a dovetailed groove formed between two ver

tical bars n n of the frame. The slider has the platten o firmly attached to the

lower end of it ; and being accurately fitted in the guide bars n n, the platten

rises and falls parallel to itself, when the screw / is turned. The weight of the

platten and slider is counterbalanced by a heavy weight p, which is suspended

from a lever, that acts upon the slider to lift it up, and keep it always bearin

against the point of the screw. At q is a forked support to the railway and car

riage. The carriage ismovedby a winchor"rounce," witha"spit" and leather

itraps, which pass round a pulley r, one strap extending to the back of the

carriage to draw it in, and two others pass round the wheel in an opposite direc

tion, to draw it out : s is the table on which the type is laid. The combi na

tion of levers in this machine, it will be observed, is precisely the same as in

t!ie preceding diagram, and their action is the same ; consequently further

description of them is omitted.

Tie auperiority of iron presses over the wooden ones may, in a great mea

sure, be attributed to the extreme accuracy with which the corresponding

airtacea of the platten and table are levelled. This is effected by turning them

n the lathe, with a slide-rest ; and this is performed with such precision that if

they do not bite a hair or a thin piece of paper in every part, they are not con-

twred to be finished. The advantage of true workmanship must be apparent

in printing such surfaces as those of nur large newspapers, and clearly bringing

op every letter and dot out of perhaps a hundred thousand or more.
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Numerous alterations have oeen successively made upon the Stanhope press by

the manufacturers, who magnify them to the public as being vast improvements,

as increasing the productive power of the press in a duplicate and even triplicate

ratio; but our mechanical readers will at once perceive the impossibility of tie

correctness of such statements : that if there be a loss of ten or fifteen per cent.

of the power applied to the Stanhope press, arising from friction, &c, no modi

fication whatever of the six mechanical agents can save the whole of such loss.

The press may be rendered more convenient and handy, and the minor arrange

ments and appendages may be also improved ; indeed, we doubt not that snch

ameliorations have been and will continue to be introduced ; but they become

perfectly insignificant and trifling when compared with the beautiful invention

of the patriotic Stanhope. Amongst the ablest manufacturers of the present

day of iron presses, we may mention Messrs. Ruthven, Medhurst, Cope,

Sherwin, Clymer ; there are many others, we doubt not, of equal ability, who

have not succeeded in making themselves as well known. All the presses that

we have from time to time seen, and especially those of the manufacturers we

have named, possess some peculiar points of excellence as well as defects in

their mechanism, to describe and discuss which would take up much time and

space. In justice, however, to the two first-named gentlemen, whose invention!

possess great originality and simplicity, we must afford room for a compendious

notice of the peculiar contrivances which distinguish them from all others.

In 1813 Mr. Ruthven, of Edinburgh, took out his patent, which term having

expired, the invention is public property. Instead of placing the types, as was

the case in all previous inventions, upon a movable carriage, they are fixed upon

a stationary table, and the platten and tympans are drawn over it, and the

impression is effected by a system of levers, the action of which the annexed

diagram will serve to explain.

a c b is an angular lever, whose

longer arm a c is in the form of

a winch, to which the workman

applies his power ; while the

shorter arm c b acts upon the

extremity of the connecting rod

d, by which its efficacy is trans

mitted to the point e of the lever

ef, whose fulcrum is at g ; this

lever is connected by the rod h

to the extremities of the levers

klm, whose fulcra are m m. The

rods nn are connected with the

levers klm at //, while their

upper ends act upon the support

of the platten by means of a species of hooks. Now if the lever or winch a e

be turned in the direction of the dotted line a o, the shorter arm c b will push

the rod d in the direction be; consequently the point e of the lever ef$ will

move in the direction of the dotted line ep; and as the point/ will describes

similar arch, the rod h will depress the ends k of the levers klm ; therefore

the rods n n will be drawn down, bringing with them the platten. The same

regulation with regard to the angular positions of the levers is observed in this

beautiful arrangement as in the Stanhope, so ihat their greatest efficacy is exerted

at the moment of impact.

Mr. Medhurst's press, except in the mechanism by which the power is com

municated to the platten, resembles those in general use ; but in that respect it

forms a very remarkable exception ; no screw is used : but the spindle to which

the platten is made fast is swelled out at its upper end into a broad stout

collar, as shown at a in the following cut, into which the lever or handle b o.

the press is inserted. At equal distances apart on the upper side of this circular

collar are turned out of the solid two steps or cups, which receive the ends <>■

two inclined bolts c c, which bolts are supported at theii upper ends by the

points of two screw-bolts d d, that pass through the head c, and enter sockets

 

«&!.
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made in the heads of ee. When the flatten is up, the rod* ec lean in the

inclined position, ai shown; but when the spindle is turned a quarter of a rero-

 

lution, the bolts c e take a vertical position, and as the head « is immovable, the

collar a on the spindle is forced down, and with it the platten to which it is

attached.

Prior to the introduction of printing machines, the press department was one

of great labour, whenever extraordinary expedition was required. It was par

ticularly the case with newspapers, of which, with the utmost exertions, scarcely

ever more than 750 copies could be obtained in an hour: the consequence was,

that in newspaper offices where the circulation was extensive, it was found

necessary, in order to get the paper published in time, to compose two or more

copies ; so that, by going to press at the same time, the demands of the public

might be complied with, thus occasioning an enormous increase of expenditure

both in the compositors' and press department. In a newspaper circulating

" or 8000 copies, this expense amounted annually to at least 2000/., all of which

has been saved by the introduction of machines.

In the 3d vol. of the Quarterly Journal of Science (new series) is inserted a

communication " on the recent improvements in the art of printing," by

Mr.Cowper, a gentleman of extensive information upon every thing relating to

the subject, who has invented many important improvements in the mechanism

and process of the art, both individually, and in conjunction with his partner,

Mr. Applegath, and who is therefore eminently qualified to give a correct

statement of the facts, which we shall subjoin, slightly abbreviated from the

original. The little diagrams that are inserted in the body of the text serve

to explain, in a very clear and concise manner, the leading principle or arrange

ments of the successive inventions described, respecting which it is also neces-

•ury to observe, that—

The black parts in every figure represent the inking apparatus.

The diagonal lines „ „ the paper cylinders.

The perpendicular lines „ „ the types or plates.

The arrows „ „ the track of the sheet of paper.

It was in the year 1790 that Mr. William Nicholson took out a patent for

certain improvements in printing ; and, on reading his specification, every one

•T tat be struck with the extent of his ideas on the subject : to him belongs,

beyond doubt, the honour of the first suggestion of printing by means of

cv linden ; the following are his own words, divested of legal redundancies :—

" In the first place, I not only avail myself of the usual methods of making

type, but I do likewise make and arrange them in a new way, viz. by ren

dering the tail of the letter gradually smaller; such letter (he says) may be
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imposed on a cylindrical surface ; the disposition of types, plates, and blocks,

upon a cylinder, are parts of my invention.

" In the second place, I apply the ink upon the surface of the types,

plates, 8cc. by causing the surface of a cylinder, smeared with colouring matter,

to roll over, or successively apply itself to the surface of the tjoes, &c, or else

I cause the types to apply themselves to the cylinder. It is absolutely neces

sary that the colouring matter be evenly distributed over this cylinder, and for

this purpose 1 apply two, three, or more smaller cylinders, called distributing

rollers, longitudinally against the colouring cylinders, so that they may be

turned by the motion of the latter; if this colouring matter be very thin, I

apply an even blunt edge of metal or wood against the cylinder.

"In the third place, I perform all my impressions by the action of a cylinder,

or cylindrical surface ; that is, I cause the paper to pass between two cylinders,

one of which has the form of types attached to it, and forming part of its

surface, and the other is faced with cloth, and serves to press the paper so as

to take off an impression of the colour previously applied; or otherwise, I cause

the form of types, previously coloured, to pass in close and successive contact

with the paper wrapped round a cylinder with woollen cloth." He also

described a method of raising the paper cylinder, to prevent the type from

soiling the cloth.

 

 

Sichnlum's arraxgrmait for arched typt. Kickoboni arrangemml fr (imwi Ifvt.

These words specify the principal parts of modern printing machines ; and

had Mr. Nicholson paid the same attention to any one part of his invention

which he fruitlessly devoted to attempting to fix types on a cylinder, or had lie

known how to curve stereotype plates, he would, in all probability, have been

the first maker of a printing machine, instead of merely suggesting the principles

on which they might be constructed.

The first working printing machine was the invention of Mr. T. Koenig, a

native of Saxony ; he submitted his plans to Mr. T. Bensley, the celebrated

printer, and to Mr. R. Taylor, the scientific editor of the Philosophical Magazme-

These gentlemen liberally encouraged his exertions, and in 1811 he took out a

patent for improvements in the common press, which, however, produced no

favourable result. He then turned his attention to the use of a cylinder, in

order to obtain the impression, and two machines were erected for printing the

Times newspaper, the reader of which was told, on the 28th of November, 1814,

that he held in his hand a newspaper printed by machinery, and by the power

of steam.

In these machines the type was made to pass

under the cylinder, on which was wrapped the

sheet of paper, the paper being firmly held to

the cylinder by means of tapes ; the ink was

placed in a cylindrical box, from which it was

forced by a powerful screw, depressing a tightly-

fitted piston; thence it fell between two iron

rollers : below these were placed a number of

other rollers, two of which had, in addition to Koenig't rimgu, for «» rlit y

their rotatory motion, an end motion, that is, a tkethtti.

motion in the direction of their length; the whole system of tollers terminated

 



PRINTING. 345

in two, which applied the ink to the types. In order to obtain a great number

of impressions from the same form, a paper cylinder (i. r. a, cylinder in which

the paper is wrapped) was placed on each side of the inking apparatus, the form

(tossing under both. The machine produced 1100 impressions per hour; sub

sequent improvements raised them to 1800 per hour.

The next step was the invention of a machine (also by Mr. Koenig) for

printing both sides of the sheet : it resembled two single machines, placed

with their cylinders towards each other, at a distance of two or three feet. The

ihert was conveyed from one paper cylinder to the other by means of tapes ; the

trick of the sheet exactly resembled the letter S, if laid horizontally, thus, 01 .

ID the course of this track the sheet was turned over. At the first paper

 

Kotniy'i Double Machine, for printing both, tidu of the Sktet.

cylinder it received the impression from the first form, and at the second paper

cylinder it received the impression from the second form ; the machine

printed 750 sheets, on both sides, per hour. This machine was erected for

Mr.T. Bensley, and was the only one Mr. Koenig made for printing on both

tides the sheet: this was in 1815.

About this time Messrs. Donkin and Bacon were also contriving a printing

machine; bavin? in 1813 obtained a patent for a

machine in which the types were placed upon a

revolving prism ; the ink was applied by a roller,

which rose and fell with the irregularities of the

pruro; and the sheet was wrapped on another

prism, so formed as to meet the irregularities of

[lie type prism. One of these machines was

meted for the university of Cambridge, and was

> beautiful specimen of ingenuity and workman-

ihip; it was, however, too complicated, and the

inking was defective, which prevented its success.

Nevertheless, a great point was attained; for in

this machine were first introduced inking-rollers,

covered with a composition of treacle and glue ;

in Koenig'a machine the rollers were covered with leather, which never answered

the purpose well.

In 1815 Mr. Cowper obtained a patent for curving stereotype plates for the

purpose of fixing them on a cylinder. Several of these machines, capable of

printing 1000 sheets per hour on both sides, are at work at the present day;

«od twelve machines on this principle were made for the Bank of England a

ibort time previous to the issue of gold.

 

DonHa and Bacon'i MacMr.

(or TUM.

 

 

Cooper** tingle, for curved Sttreatt/pt. Cmeper't' tlautitc, for toth lida of ikul.

it is curious to observe that the same object seems to have occupied the

Mtmtion of Nicholson, Donkin and Bacon, and Mr. Cowper, viz. the revolution

VOL. II. XX
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of the form of types. Nicholson sought to do this by a new kind of type,

shaped like the stones of an arch. Donkin and Bacon sought to do this bjr

fixing types on a revolving prism ; and at last it was completely effected by the

curving of a stereotype plate by Mr. Cowper.

In these machines two paper cylinders are placed side by side, and against

each of them is placed a cylinder for holding the plates ; each of these four

cylinders is about two feet diameter ; on the surface of die plate cylinder art

placed four or five inking-rollers, about three inches diameter; they are kept in

their position by a frame at each end of the plate cylinder, the spindles of the

rollers lying in the notches on the frame, thus allowing perfect freedom of

motion, and requiring no adjustment. The frame which supports the inking-

rollers, sailed the waving-frame, is attached by hinges to the general frame of

the machine ; and the edge of the plate cylinder is indented, and rubs against

the waving-frame, causing it to wave or vibrate to and fro, and, consequently,

to carry the inking-rollers with it, thus giving them a motion in the direction of

their length, called the end motion. These rollers distribute the ink upon

three-fourths of the surface of the plate cylinder, the other quarter being

occupied by the curved stereotype plates. The ink is held in a trough; it

stands parallel to the plate cylinder, and is formed by a metal roller revolving

against the edge of a plate of iron ; in its revolution it becomes covered with

a thin film of ink ; this is conveyed to the plate cylinder by an inking-rollcr

vibrating between both. On the plate cylinder the ink becomes distributed,

as before described, and as the plates pass under the inking-rollers theybeconw

charged with colour : as the cylinder continues to revolve, the plates come in

contact with a sheet of paper in the first paper cylinder, whence it is carried, by

means of tapes, to the second paper cylinder, where it receives an impression

on its opposite side from the plates on the second plate cylinder, and thus the

sheet is perfected. These machines are only applicable to stereotype plates, but

they formed the foundation of the future success of Applegath and Cowper'i

printing machinery, by showing the best method of furnishing, distributing, and

applying the ink.

In order to apply this method to a machine capable of printing from type, it was

only necessary to do the same thing in an extended flat surface or table, which

had been done on an extended cylindrical surface ; accordingly Mr. Cowptr

constructed a machine for printing both sides of the sheet from type, securing

by patent the inking apparatus, and the mode of conveying the sheet from one

paper cylinder to the other by means of drums and tapes.

 

Applrgalh and Cowptr'l Single Mmliiur.

 

Appltgalh and Camper't Double Ifackim.

Mr. A. Applegath, who was a joint proprietor with Mr. Cowper in fhen

patents, obtained patents for several improvements. Mr. Cowper had given the

end motion to the distributing rollers by moving the frame to and fro in which

they were placed. Mr. Applegath suggested the placing of these rollers in \\

diagonal position across the table, thereby producing their end motion in a

simpler manner,—a plan of which we subjoin. A is the inking table or flat
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mrfaee, on which the ink lis spread and distributed ; B is the form of types ;

fCC are the rollers for communicating the ink to the types ; D 1) D are the

distributing rollers placed diagonally across the table, their pivots resting in

Jots in the carriages. The table is made to slide backward and forward, causing

by that motion the rollers to revolve, which are nicely adjusted in contact with.

the table, so as to press evenly on the surface of it, those in the oblique position

 

Applrgalh't Patent Inking-Table.

earning the ink upon the surface to be spread out very evenly, so that the

'cllenCCC, which follow in action, become charged very uniformly, and

delirer it to the type in like manner. The diagonal rollers must have an

admirable tendency to spread out the ink in a smooth stratum, by the sliding of

t3? table in a different direction to the lines of revolution ; but there must be

conriderable friction at their axes by the constant tendency of the table to

t-nrost the rollers sideways or endways, which must be provided against, or they

sill soon wear untrue. He also contrived a method of applying two feeders to the

sane printing cylinder ; these latter inventions are more adapted to newspaper

than to book-printing. Numerous machines have been constructed upon the

joint inventions of Messrs. Applegath and Cowper, which are modified in a great

number of waya for the various purposes of printing books, bank-notes, news-

pipers, ke. ; they have, in fact, superseded Mr. Koenig's machines in the office

tf Mr. Beosley (who was the principal proprietor of Koenig's patent), and also

in the office of the Times, as was announced in that journal. No less than forty

shetli were removed from Koenig's machines when Mr. Bensley adopted the

improvements of Messrs. Cowper and Applegath. Having, on the first trial of

tbir machines, discovered the superiority of the inking-roller and table over the

common balls, they immediately applied

item to the common press, and with com

plete success ; the invention, however, was

mmediately infringed throughout the king

dom, and copied in France, Germany, and

America ; and it would have been as

Wdess to have attempted to Stop the

'ir "viiic nt of the patent as it was found

p the case of the kaleidoscope. This

invention has raised the quality of printing

Jtnerally. In almost any old book will be perceived groups of words very

dirk, and other groups very light ; these are technically called " monks and

Mare," which have been reformed altogether. The principal object in a news-

PS*' machine is to obtain a great number of impressions from the same form,

r< one side of the sheet, and not from two forms, or both sides of the sheet, as

n boots.

la the Times machine, which was constructed on the joint invention of

Mturs. Applegath and Cowper, the form passes under four printing cylinders,
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which .are fed with sheets of paper by four lads, and, after the sheets are

printed, they pass into the hands of four other lads ; by this contrivance 4000

sheets per hour are printed on one side.

The annexed engraving affords a general or perspective view of one of

Messrs. Cowper and Applegath's double machines, constructed on the prin

 

ciple of the diagram on page 346. A boy is represented as standing upon »

platform, with a pile of paper A on a table on his left hand, ('nun which be

has taken a sheet of paper B, and is applying it to the machine. It nrsl

goes under the cylinder F, and is there printed on one side, it is lien

conducted over the intermediate cylinders H I, on to the cylinder G, passbg

round this, and underneath ; the sheet of paper is thereby turned with in

opposite side against the type, and receives the second or finishing impres

sion, and is then conducted to the top of the pile of printed sheets, where

a boy at Z is shown sitting on a stool, and receiving the sheets as thej

are presented, and laying them square on the pile before him. The separate

forms of types designed to print both sides of the sheet, are placed at the

requisite distance asunder, - upon one long bed mounted on a carriage,

which is moved backwards and forwards upon a railway, constructed to guide

the carriage, with great accuracy, into contact with the cylinders F and G, to

produce the impression. The reciprocating motion of the carriage is effected

by a pinion fixed upon the end of a vertical Spindle, taking into the teeth of an

endless rack, which is connected by a system of levers with the type carriage,

in such a manner, that when the pinion is turned round, it engages, at alternate

periods, in the teeth formed on the opposite sides of the rack, and consequently

on the opposite circumference of the pinion : thereby a continuous motion of

the pinion communicates a reciprocating motion to the rack and carriage. The

vertical spindle is turned by a couple of bevelled wheels, from the pinion F,

which receives its motion by an intermediate wheel Q from th« toothed whetl

npon i In1 end of the main cylinder G. An inking apparatus is situated at each

cud of the machine. At N one of these is brought into view ; it consists of t

cylindrical metal roller, which has a slow rotatory motion, communicated to it by

• catgut band passing round a Miiull pulley upon the end of the axis of the nuia
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cylinder G. The roller at N is adapted to carry down a thin film of ink upon its

circumference, by turning in contact with a mass of ink disposed upon a hori

zontal plate of metal, the edge of which plate is ground straight, and the dis

tance between the two surfaces is adjusted by screws. Upon an axis turning

at P, is mounted a composition roller, connected by cranked levers with a small

eccentric circle fixed upon the end of the axis of the cylinder </, causing it to

more round the axis P, and remain for a short period in contact with the face

of the ink-roller N, thereby receiving a portion of ink upon its surface : it

then descends and rests with its whole weight upon the surface of the table,

which is affixed to the end of the type carriage, the reciprocating motion of

which causes the ink-table to receive ink upon its surface from the elastic roller

before mentioned. In this situation, when the type-carriage returns, the surface

of the table is made to pass under three elastic rollers ; these rollers are mounted

upon pivots in a frame, in such manner that they have liberty to move some

what up and down, in order that the rollers themselves may bear severally upon

the surface of the table ; and to equalize the ink perfectly over the table, an

end motion is given to the rollers by means of inclined planes, against which

they come into contact ; and by the further motion of the type-carriage, the ink-

table it caused to pass under four other small elastic rollers, which in like manner

bear with their weight upon the surface of the table, and thereby take up the

ink upon their circumferences, which they impart to the types as the form

travels backwards and forwards under them, thus touching every type eight

times. Whilst this operation of inking the types is going on at one end of the

machine, the printing process is performed at the other end on one of the sides

of the sheet from the types last inked, and rice versd.

The improvements in printing machinery, patented by Mr. Wayte, a printer,

of Mount Pleasant, London, in 1829, deserve notice on account of their origi

nality and simplicity. In his specification is described a printing machine, or

pen, having two tables with a form on each, the one to press the first side of

•(sheet, and the other to perfect it, or print the second side. These two

' Ales are placed on a vibrating frame, which is actuated by a crank, and brings

them alternately under a pendent-platten, which is brought down upon them

through the instrumentality of a crank, to give the impression. The frame

which rapports the form-tables consists of a parallelogram jointed at the angles,

and therefore the horizontal position of the forms is preserved, both when they

ire elevated to the platten to receive the impression, and depressed to the

rollers to receive a supply of ink. There is an inking apparatus for each

form, placed at opposite ends of the machine : it consists of a long trough, and

i tractor and supply-roller, of the usual description ; with distributing-rollers,

which traverse the forms, and are kept in their places by guides, with long ver-

I'cal slits to receive their axes. When either of the forms is depressed, its

itaJributing-rollers are carried to the ink-trough to receive ink from the

iipply-roller, which they transfer to the form by passing over its surface as it is

derated.

The paper to be printed is supplied to the machine from a feeding-board,

through the medium of an endless web, passing over rollers, connected by bands

or chains to the main shaft, which communicates, simultaneously, to all parts of

the machine. The sheets of paper being placed on the feeding-board, u hoy

pishes them forward singly, when they are successively caught by the rollers

and endless web, by being pressed down upon them through the medium of a

projecting lever, operaced upon at stated times by the motion of the machinery'

"hen the sheet of paper is brought between the form and the platten, its

nohon, at well as the motion of the form, is stopped while the impression is

wanmimcated to it This stoppage of motion is effected without interfering

•Mi the motion of the main shaft, and other parts of the machinery, by

"moving the teeth from a portion of the circumference of the spur-wheel, which

communicates motion to the web-rollers. After the first impression has been

P*e» to the sheet, it is carried about another roller, which turns its reverse side

towards the platten, while the second or perfecting form is brought, by a vibra

tion of the frame-work, under the paper to print the second side, or to give it
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the perfecting impression, which is effected while the motion of the web-roller

is stopped as before.

The platten is suspended over the centre of the press, and guided perpen

dicularly down by strong frame-work, and the pressure is produced by a vertical

rod, connected with the platten at its upper end, and with a revolving crack at

its lower end ; a lever with a counterpoise is also connected with the lower end

of the vertical rod, which compensates for the weight of the rod and platten.

while the two form-tables balance each other on the vibrating frame ; and thus

jarring irregularities in the motion of the machinery is prevented.

The second improvement consists of a printing press, or machine, with but

one form-table, which is placed upon a frame, and made to vibrate between two

plattens, placed in oblique positions, where impressions are given by each with

such rapidity, that two or more feeding-boards, with the requisite web-rollers,

are required to supply it with paper. This is a single printing machine, and

there the sheet has to pass through it twice before the printing is completed.

It differs, however, materially from the common printing machines ; it having

two plattens, and a form-table placed between them on a vibrating frame, instead

of running forwards and backwards on wheels, as is the case with the printing

machines employed at the Timet' office, and other machines made by Appleg&th

and Cowper.

Mr. Wayte's third improvement consists in a new arrangement of inking-

rollers, by which he is enabled to diminish their number, and to effect a saving

in the ink, by conducting the supply to such places only of the distributing-

rollers as come in contact with the types : this is effected by causing the inking-

rollers to pass over distributing blocks, which are made to correspond with the

types in the form, and supplied with ink by a transferring roller ; by this means

the ink is supplied only to such parts of the rollers a* come in contact with the

types. This inking apparatus is equally applicable to the printing machines

invented by Mr. Wayte, and to those of the usual construction.

Mr. David Napier, of Fitzroy Square, London, a manufacturer of printing

machinery, of great ability and experience, specified a patent in 1831, granted

to him for " certain improvements in printing and pressing machinery, with a

method of economizing power, which is also applicable to other purpose?.

There are four inventions contained in this patent, all having reference to the

printing business, and calculated to increase its facilities ; we therefore subjoin

a brief account of them.

The first is a printing machine, of the kind called a perfecting, or that which

prints both sides of the sheet before it is delivered from the machine. There

are two forms of type placed on the same traversing stage, so far apart that the

distance between them shall be equal to the length of one of the forms. The

sheet of paper to be printed is conveyed to the forms by endless felts and guide

rollers, in the manner usually adopted in the printing machines manufactured

by Cowper and others. On the axes of the two rollers, which give the pressure

to the paper while on the type form, are fixed two wheels, with teeth extending

only half round, each of which takes into racks fixed on the side of the form

stage. The diameter of these wheels is equal, and they are made exactly to

correspond with the diameter of the rollers with which they move ; they are

connected together, and made to turn in different directions by means of • band

passing over equal pulleys on each, and being so adjusted with respect to each

other, that the teethed half of the one shall be upwards while the teethed part

of the other is downwards ; and thus they will take into their respective racks,

and cause the form to traverse backwards and forwards alternately. This

arrangement will be better understood by inspecting the opposite diagram, a *

represents the two cylinders which give the impression, with spur-wheel teeth

on half the circumferences, as shown at 6 6. These teeth take into the racks c e,

which being connected with the form stage dd, communicating to it recipro

cating motion. The sheets of paper to be printed are receiving alternately

from the feeding-tables at ef, and receive the first impression as they pass under

the cylinder a ; whence following the course pointed out by the arrows, they

pass around and receive the second, or completing impression, in returning
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under the cylinder a, and arc finally delivered on the receiving board g. The

endless felts, tapes, and guide rollers, by which the sheets of paper are con

ducted, are not shown in the drawing, as they do not differ materially from those

isually adopted for this purpose, hik and / represent a series of pulleys, by

which the inking apparatus is put into operation.

 

Mi. Napier's second improvement applies to the inking part of the printing

machines. It consists of a series of rods, jointed and connected together in

the manner of the system of rods which constitute the parallel motion of a

steam engine ; and these are applied to produce an alternating rectilinear

motion to a frame carrying a set of inking rollers. This inking apparatus is

suspended from a frame extending over the type forms ; and it is equally

applicable to printing machines on a large or small scale, whether actuated by

-team or any other first mover.

The third improvement consists of a pair of pressure rollers for the purpose

of pressing the sheets of paper after they have been printed, instead of using an

hydraulic or screw-press, to give to printed paper the required degree of smooth

ness. The construction of Mr. Napier's rolling-press does n ot materially differ from

the rolling-press applied to bookbinding a few years ago by Mr. William Burn,

"f Kirby-street, and which has now nearly superseded (in London at least) the

laborious and uncertain processes of beating, formerly practised by bookbinders.

The rollers of the press patented by Mr. Napier are placed horizontally, with

respect to each other, while those of the press introduced by Mr. Burn occupy

a vertical position.

The fourth invention described in this specification consists of a plan for

equalizing the intermittent power of an alternating action, when applied to

produce continuous rotatory motion. The power is to be applied by a lever

rimilar to a pump-handle, which turns freely on a fixed axis or fulcrum ; at one

extremity near this axis is a click or pall, which takes into the teeth of a

small ratchet-wheel attached to the axis of a box containing a coiled spring,

with one end feted to the axis, and the other to the circumference of the con

taining box : to this box is fixed a toothed wheel, which takes into the teeth of

a pinion, or on the axis or shaft, to be put into rotatory motion ; and thus the

altertuting action of the lever, which is only employed in winding up thp
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spring, is rendered efficacious in giving continuous rotatory motion to a pinion

or spur-wheel, and hence to any system of machinery to which it may be

applied.

A patent " for improvements in printing machines" was granted to R, Winch,

of Shoe Lane, London, in 1831, which appear to us to be of importance, w

they effect a considerable diminution of the quality of alternating matter, bjr

which economy of power, and a saving of repairs are likely to result. The type

form is made to rest stationary, while the inking-rollers are made to traverse

forwards and backwards over it, receiving their supply from a ductor roller, and

then passing over a distributing table, on which they have an end as well o i

rotatory motion, that the ink may not accumulate upon them in ridge* , and

they deliver the ink upon the types both in passing forwards and backwards.

The frisket is attached to a slight traversing frame, which is furnished with •

series of tapes, on which the paper is laid, so that the tapes may come in con

tact only with the spaces between the pages. This frisket frame moves upon

an iron railway, and having received a sheet of paper to be printed, it is run in

till it comes over the types and under the platten, being preserved at a little

distance from the types by spring supports ; it is liberated by pieces pro

jecting from the platten, and yields to the pressure of the platten when brought

down to give the impression. The frisket frame is furnished with conical steady

pins, with small apertures in their tops for the reception of other steady pins,

for regulating the register when the sheet of paper is reversed for completing.

The motions of the various parts of this machine are produced in the order in

which they are required through the medium of various levers, wheels, cams, and

pulleys, possessing separately little novelty, but well arranged to effect in com

bination the different and somewhat complicated motions of the machine:

these, however, we have not deemed necessary to detail at length, as different

forms of them may be used without abandoning the principle of the invention.

PRISM, in Geometry, is a solid body, whose two ends are equal, similar,

and parallel planes ; and its sides connecting those ends are parallelograms.

PRISM, in Optics, is a triangular prism of glass, which separates the rayiof

light passing through it in consequence of the different degrees of refrangibiliu

that take place in different parts of the same ray.

PROJECTILES. The laws of projectiles, or bodies projected by any impul

sive force into the atmosphere, are identical with those by which the motions

of bodies falling perpendicularly in free space are governed ; so that when their

relation is understood, a knowledge of the one necessarily leads to an acquaint

ance with the other. It is well known that if a body be under the influence of

a single impulsive force, as a blow with a hammer, or the explosive force of

gunpowder, its velocity will be uniform ; that is, it will pass over equal space

in equal portions of time. It is also well known that a body falling freely in

space falls with an accelerated velocity, so that the spaces fallen through it

successive equal portions of time, con

tinually increase. Now, ifwe apply these

"acts to the case of a body projected

through the air, we shall find the same

laws to be preserved throughout In

the diagram, on the following page, if we

suppose a body a projected horizontally,

that is, in the direction ab, it would,

if not acted upon by the force of gravity,

proceed to describe the equal spaces

a e, ef, fg, and g b, in equal successive

intervals of time. On the other hand,

if we suppose the body simply to fall by

its own weight, it will fall through

spaces equal to e k, ft, g Jc, and b d, in

exactly the same space of time which it

would take to pass over the former

space*. Let ui now suppose the two

J
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motions to be simultaneous, then the body descending as much as t h while

pasting from a to e, would be found at h ; in passing from ef it would descend

as far as i, and so on till it reached the point d. In this process it will be seen

that neither the horizontal nor the vertical velocity is at all affected by the

action of the other. From the spaces eh,fi,gk, and 6 d, being as the squares

of the distances a e, af, ag, ab it is shown that the curve all i k d h a para

bola, which, in all cases, is the kind of curve described by bodies under the

influence of two forces, such as we have been describing. The altitude to

which any projectile would ascend, and the distance it would range In a vacuum

are easily ascertained. Let A B

be the height through which the

projectile would ascend by the

force impressed upon it at its

outset, and A C the direction in

which it is projected. Describe

a semi-circle B D A upon the

line A B, and where the direction

A C cuts the circumference, draw

the line E D perpendicular to

A R, then will E D be one-fourth

"f the horizontal range, and E A

tie altitude to which it will

ascend. If the horizontal range and the projectile velocity be given, the

direction, so as to hit a given object, may be thus found. Take A G equal to

one-fourth of A F, and draw G D perpendicularly to meet the circle, then will

AD be the direction in which the projectile must be cast to strike an object at

F. If the range A F and the direction A C are known, then the velocity that

must be given is found by taking A G, equal to one-fourth of A F, raising the

perpendicular G D, and drawing A B perpendicular to A F, till it meets D B,

drawn perpendicular to A C ; then will A B be the altitude due to the projectile

reloeity. Since there may be two perpendiculars on the semicircle of equal

length, there will be two different elevations that will produce the same range ;

*nd since the radius is the longest line that can be drawn in this way, the

createst range will be when the angle of elevation of the projecting machine is

!^°. or half a right angle, and in tins case it will be just double the altitude due

to the initial velocity. The time which the body would occupy in its flight is

.Stays equal to the time a body would take in falling through four times the

height of the parabola which it describes.

All the foregoing remarks apply only to the motion of bodies in a vacuum,

and would therefore require great correction before they are applied in practice,

"seept in particular cases. When used to regulate the discharge of large

sMli, or other bodies whose initial velocities do not exceed three or four hun

dred feet, they may be considered as tolerably accurate. But in cases of great

projectile velocities, the theory is quite inadequate without several data drawn

tronj many good experiments ; for so great is the effect of the resistance of the

air to projectiles of considerable velocity, that some, which, in the air, range

' "ly between two and three miles at the most, would, in vacuo, range about ten

limes as far, or between twenty and thirty miles.

PROTOXIDE. A term used in chemistry to denote the minimum of

^disement

1'ROTRACTOR. An instrument used for protracting, or laying down on

^•ptr the angles of any figure. The protactor is commonly a small semicircle of

"fast, nicely divided it into 180 degrees; the ends of the arch are connected by

'» traigbt rule, the outside edge of which is the diameter of the circle. It

tt« not only to draw angles on a plane, but likewise to examine those laid

wwn. For this purpose, there is a small point in the centre or middle of the

"dje of the straight rule, which point, being placed upon the vertex of the angle

ind the edge of the rule, so as to coincide with one of the sides of the angle,

* other line of the angle then cuts through the number of degrees marked on

m. il y r
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the protractor, which is its true measurement Protractors are now usually madt

in the form of a parallelogram, and graduated with diverging lines from a

central point upon one edge, to the opposite edge where the degrees are

marked.

Mr. Twitchell's improved protractor is stated in the Franklin Journal to con

sist of a circle, marked with the lines of sines, tangents, secants, semi-tangents,

and chords. To the centre of the circle is annexed a scale of the shape of half

a cross, agreeing with the line of chords on the circle, and marked on each

limb with the line of equal parts. The cross limb of this scale consists of two

parts ; to one of which is annexed a semicircle, marked with the line of chords,

the other port turning on its centre, and agreeing with the line of chords on the

semicircle, serving both as a protractor and scale. To the centre of the whole

circle is annexed a small limb, agreeing with the line of chords on the circle.

and extending over the scale, and serving as a secant to the circle. Thii scale

exhibits the use of chords, sines, secants, and tangents, and the mode of apply

ing them to angles, giving the sides and chords of any triangle, and also its

sine, tangent, and secant ; likewise latitude, departure, course, and distance.

For drafting, this scale is particularly useful ; for in plotting, nothing more is

required, than to turn the scale to the course, and mark the distance. The

correctness of the description thus given of the instrument by Mr. Twitchefl, is

corroborated by the valuable testimony of the learned editor of the Journal,

Dr. Jones, who remarks in a note, that the instrument, " in addition to the

purposes indicated," will be found "particularly useful in teaching trigonometry,

as it renders the relationship of the angles objects of sense."

PUMICE-STONE. A light grey-coloured substance, of a fibrous spongy

texture, supposed to be formed from felspar, in volcanic fires, and thence ejected

in a state of fusion.

PUMPS. Machines for raising water and other fluids; usually consisting of a

tube or tubes, in which valves and pistons, or buckets, are made to operate, to pro

duce the effect Engines differently constructed, and particularly those upon a

larger scale than ordinary pumps, are generally termed HYDRAULIC MACHINES,

which we have already treated of under that head. The ordinary definition of

pump is, " a machine in which water is raised by the pressure of the atmo

sphere," which accords with the prevalent but erroneous notion, that the atmo

sphere does of itself raise water to a height of thirty feet ; notwithstanding it is

known to those who have considered the subject, that it does not, in fact,

contribute in the slightest degree to raise it at all ; and that the aame force is

requisite to raise a pound of water a given height, as to raise a pound of lead,

or of any other substance, through the same space. Of the evident truth of this

fact, the reader, if a novice, will be satisfied upon reading our article on

hydraulics or hydrodynamics, and by attending to the following description of I

Common, or " suction "pump.—This pump consists of two hollow cylinders, «

'' and b d, placed one under the other, and communicating by a valve a, which

opens upwards. The cylinder a b is called the suctiou pipe, and has its low

end immersed in the well, or reservoir, from which the water is to be raised. I

the barrel b d a bucket or piston p is moved, having a valve in it which open

upwards ; this piston should move air-tight in the cylinder. At i is a spout for

the discharge of the water. Supposing the bucket to be at the bottom of the

cylinder bd, and in close contact with the valve u; upon elevating it, th»

piston-rod is kept closed by the atmospheric pressure, and if the valve

were not permitted to n«e, a vacuum would be caused between it and tk

piston, the elevation of which would then require a force equal to aba

15 Ibs. multiplied by as many square inches as are in the section of the pi

ton. But the moment the piston begins to ascend, the elasticity of the air '

the suction-pipe beneath opens the valve «, and the air rushing through,

balances part of the pressure on the piston. Now, if the water at a wi

not permitted to rise, the air between the piston and the surface a would I

rarefied by the ascent of the piston. It would, therefore, press against tl

lower surface of the water with a force less than the atmosphere ; but tl
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nttire force of the atmosphere presses

on the surface of the water in the well;

and the diminished elasticity of the

air in the suction-pipe not heing a coun

terpoise for this, the water is necessarily

pressed up into that pipe. The height

to which the water will rise in the suc

tion pump will be proportioned to the

length of the stroke of the piston p ;

but let us suppose it to have risen to

(he level of the dotted line c, there is

then a compound column of air and

«ater pressing on the level a ; namely,

lie column of water a e and the elastic

force of the air in e b. These two toge

ther balance the atmospheric pressure

on the external surface of the water

in the well. It consequently follows,

that the air in be must be rarefied,

since its elasticity falls short of the

atmospheric pressure by the pressure of

toe column of water a e. As a column

of water about thirty-three feet in height

balances the atmosphere, it follows that

the elasticity of the air in b e is equal to

the pressure of a column of water whose

height is equal to the excess of thirty-

lliree feet above b e.

At the next stroke of the piston,

a further quantity of air is extracted,

and the diminished elasticity under

'he piston causes the water to ascend

lo lie level /, and the succeeding

strokes raise it to the levels 6 and

$• Hitherto, this machine has only

operated as an air pump, but at the

"at descent of the piston, the water

at g passes through the piston-valve, which closes and prevents its return ;

and upon the next ascent of the piston, the pressure of the atmosphere

forces more water through the valve u. The succeeding descents and ascents

sre attended with like effects, until the water has reached to a level with the

spout i, where it is discharged at every succeeding stroke afterwards. The

force necessary to lift the piston is the weight of a column of water, whose

.l.?ight is that of the level of the water in the well, and whose base ia equal to

the section of the piston. This force, therefore, from the commencement of the

process, continually increases, until the level of the water rises to the discharging

^pout i, and thenceforward remains uniform.

As the common, or sucking pump, operates by the production of a vacuum

• ithin the working-barrel, by which the external atmospheric pressure is called

into action, and forces the water of the well up the suction-pipe, it follows,

tiut the piston, at its greatest elevation, should never exceed the height of

tUrty-three feet from the surface of the water in the well.

Notwithstanding the common lifting pump, is incapable of raising water from

""ire than thirty-three feet (in practice but thirty feet) below the place where it

may be fixed, yet it may be made to deliver water at almost any required height

above its piston, by the application of a continued straight pipe into the top of the

•orking-barrel ab of the preceding figure. Thus, if we suppose twenty or thirty

feet more of pipe to be so added to it, since the water once raised cannot

pus downwards again through the piston valve, it must continue to rise with

nth stroke of the pump, until at length it will flow over the top of the pipe, or
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through a spout inserted in any part of its side. In this ease atmospheric

pressure has nothing to do with the elevation of the piston, consequently it mar

be carried to any height that the strength of the pump, or the force employed,

is capable of; but the handle //, or any other contrivance by which the pump u

worked, must be fixed at the top of the additional pipe, and the piston-rod

equally extended, in order that the working-barrel may be kept within the

limits of atmospheric pressure, which makes a pump thus arranged inappli

cable to very great depths, on account of the bending of the piston-rod. Where

cast-iron pipes are used, this may in a great measure be prevented, by placing

small pieces, with projecting arms of sufficient length to touch the inside of (lit

pipe at each joint of the piston-rod, or about ten or twelve feet asunder, when

this pump may be used for considerable depths with advantage. In using

pumps to draw muddy or sandy water, it is always advisable to set the bottom

of the pump in a close wicker basket, or other strainer, because sand and small

stones very soon destroy the leather and working parts of any pump; and

when pumps are used for hot liquors, which is the case in many monufactorirs

thick hempen canvas must be substituted for leather, unless the valves and pis

tons ore made entirely of metal, which is of course preferable.

The forcing pump is generally employed in mines or in situations where it i-

required to draw water from great depths. Pumps of this kind act by con.-

prcssion instead of exhaustion. Although atmo

spheric pressure is not necessary to the construc

tion of forcing pumps, yet it is in most cases

resorted to for raising the water, in the first

instance, into the body of the pump where the

forcing action commences and takes place ; and

when so constructed, such pumps are usually

called lift andforcepumps; and in all the machines

of this description, the water may be raised to

any required height, without any limit, consistent

with the strength of the parts and the power at

command. Forcing pumps do not diner mate

rially in construction from the common pump

already described ; indeed, that pump, by a mere

inversion of its parts, may be made into a forcing

pump ; that is to say, placing the piston below,

and the stop-valve and delivering-pipe above, as

shown in the subjoined figure, where h h shows

the inverted working-barrel, and i the inverted

piston and rod, with a valve opening upwards; k

is the stop-valve placed at the top, instead of the

bottom, and also opening upward: into the rising

pipe //, which may be continued to any required

height ; the lower end of the working-barrel is

quite open, and must stand in, and be covered

with the water it has to raise, so that no suction

or feed-pipe is necessary to this pump; and the

 

piston i may he worked by a frame o o, or in any other convenient

After the description already given of the common lift pump it will be

to say anything of the action of this machine, as it is presumed the figure *3

render it sufficiently obvious. While the lower end of the working barrel A < '

immersed in water, and the piston i moves upwards and downwards, the bnrri

will be filled through the piston-valve at each down-stroke, and at each up

stroke its contents will be expelled through the stop-valve £, into the ascendiiij

pipe //; and whatever the diameter of this pipe may be, still its resistance wu

constantly be equal to the weight of a column of water of the size of the work

ing-barrel, and of a height equal to the perpendicular altitude of the water i

the ascending pipe ; for this pipe may be placed horizontally or obliquely, » s

materially to alter its length : but it is the perpendicular height between thl

surface of the water to be raised, and its point of discharge, which must aloH
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be taken into account in estimating the load upon a pump ; since increase of

length without height in the pipe produces no other resistance than that of fric

tion, which is easily overcome by increasing the capacity of the pipe. It may

appear that the preceding pump is applicable to every purpose and to every situa

tion, such as raising water from mines and the deepest places ; but this is not

the case, owing to the almost imperceptibly small elasticity of water, and the

effects of the via inertia, which belongs to fluids in common with solid matter.

In working the pump shown in the last figure, if we presume the pipe II to be

full of water, that water has not pufficient elasticity to permit the barrel h h to

discharge its contents through the valve k, without putting all the water contained

in II into motion, while, when the piston

descends, that motion will be at an end. 7,

The water in II will therefore be in an alter

nate state of rest and motion ; and if the

column is long, and its quantity great, the

ta inertia will be very considerable ; that

is to say, it will require a considerable exer

tion of force to get it from a state of rest

into motion ; and when it has once begun

to move, it will have no immediate tendency

to return again to rest, but might be con

tinued in its moticn with less force than

that which was originally employed to move

it. The descent of the piston, however,

allows sufficient time for all the motion that

fas communicated to be completely lost ;

and hence, in working this pump, we not

only have the weight of the column to over

come, but the natural inertia to combat with

at every stroke. This may, in a great

measure be removed, by keeping two, or

vhat is still better, three pumps constantly

»t work by a triple or three-throw crank j

md accordingly this expedient is generally

resorted to in all small engines for throwing

»»ler to a great height, for by this means

'he water is never permitted to stand still

in the pipes, but a constant flow or stream

i> maintained. No illustration is necessary

to fiplain to the reader the combination of

taree pumps worked by a triple crank,

ach throw giving the alternating motion

to one pump of the series, at equal dis

tances of time and space throughout the

'evolution ; but a mechanical arrangement,

'herein a triple crank is employed to

»ork one pump, containing three buckets

alternating in the same working barrel,

ind producing the same effect as three

pump?, seems to require the aid of graphic delineation ; accordingly, we annex

1 rot, in which the process of raising water is thus conducted ; it is the inven

tion of Mr. Downton, of Blackwall, and was the subject of a patent granted to

aim in 1826. The figure in the margin may be called a front elevation,

i portion of the working barrel or cylinder being broken away to show the

rackets, &c, a is the uppermost bucket or piston, the rod of which b b is hol

low, and being connected to a bent arm d, it is thereby attached to one of the

limbs of a revolving three-throw crank e. The middle bucket f has also a

hollow rod gg, which, being of smaller dimensions than the former, slides freely

through it, and is connected to the crank e by another bent arm h. The lower-

'•'J'~- bucket i had a solid rod I; k which passes entirely "through the hollow rods
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of the other buckets, and is attached directly to the middle of the crank.

Upon each of the limbs of the crank are placed anti-friction wheels, working

in elliptical slots at the upper end of each rod, by which the attrition of the

rubbing surfaces is considerably reduced.

By this arrangement it will be seen that, on turning the crank by the winches,

the buckets alternately receive and lift the water which has passed upwards

through their valves. On raising the bucket i a vacuum is effected underneath,

and the water rises from the main pipe /, and fills the lower part of the cylin

der ; on the descent of i, the water is received above it through its valve ; while

i descends, / rises, so that the water fills the space between the two ; on the

re-action of the bucket t, more water is received into the barrel from the main,

while the upper bucket a operates upon the middle one f in the same manner

as /has been described to operate upon i; thus, by the simultaneous alternating

motion of the three buckets or pistons, the water is discharged in one contin

uous stream. Although this invention reflects credit upon the ingenuity of the

inventor, we must be permitted to question its superiority over simpler machines.

It will be evident that the patentee's object, (and, if we recollect rightly, it is

stated so in his specification,) is to obviate the employment of an air vessel.

But in doing this he has constructed a machine quite as expensive, and has

incurred a greater waste of power, owing to the friction that must take place in

his concentric tubular piston-rods ; besides a greater liability to derangement by

the multiplicity of parts.

The forcing pump is made in two

forms, suited to the situation and cir

cumstances under which it has to work.

The [simplest construction is shown in

the annexed cut It consists of a truly-

bored cylindrical working-barrel /, the

top of which is quite open to admit the

solid piston, which works it in a per

fectly air and water-tight state, by means

of the lever or handle, or any other

more convenient application of power;

h is the feeding-pipe, dipping into the

water to be raised, as in any other

pump, and this pipe may, of course, be

made of any length under thirty-three

feet ; k is the stop-valve covering the

top of the feed-pipe, and permitting

water to rise into the working-barrel as

the piston ascends, but not permitting

it to return again ; so that whenever

the piston is raised by its handle, the

barrel will be filled with water forced up

the pipe h by atmospheric pressure; and

when the piston descends again, since

there is no valve in it to permit the

water to pass through it, it will be

forced up the lateral pipe I (opening into the bottom of the working-barrel)

and through the valve m, which prevents its returning back again, so that it is

constrained to find its way up the rising pipe p, fixed above the valve m ; and

this pipe may be continued to any required height, without regard to the pres

sure oi the atmosphere, since the ascent of the water does not depend upon its

action, but upon the mechanical force that is applied to the handle to depress

the piston. While the piston rises to fill the working-barrel, the valve si will

be shut, and of course all motion of the fluid in the pipe p will cease, and

hence the use of the air-vessel n ; for it will be seen that the pipe p is not

joined on immediately above the valve m, but that it passes through the top of

un air-tight copper, or other hollow vessel n, and proceeds nearly to the bottom

of it. Air being a lighter fluid than water, will of course occupy the upper part
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of tlm vessel ; and as soon as the action of the pump has filled it with water

up to the line o o, or just above the lower end of the open pipe p, all air that

j- above the water will be confined, and unable to escape. If, now, the working

of the piston be supposed to throw water more rapidly into the air-vessel than

it ran escape by the pipe p, it is evident that such confined air will be con

densed into less compass than it naturally occupies, in order to make room for

the water ; and as the elasticity of air is constant, and increases in power with

its degree of condensation without limitation, so the spring of the air in the

air-vessel will become a counterpoise or equivalent for any height to which the

pipe p may be carried ; and although the water in the pump explained at

page 357, would not admit of condensation so as to permit a fresh quantity of

water to enter the ascending-pipe without putting all its contents into motion,

yet the introduction of the air-vessel obviates this difficulty ; for now the new

quantity of water is not delivered into a former quantity of inelastic water, but

into a vessel rilled with air, which readily allows a change of dimensions ; and

while the piston is rising, and projecting no water, the previously con-

denied air in n has time to re-expand into its former volume, by expelling an

equivalent quantity of water up the pipe pp; and thus, if the air-vessel is

kjje enough, a constant and equable current may be maintained.

The, annexed figure shows another

form of the forcing pump, though this

construction is generally called the lift

and force pump ; its formation is the

same as the last-described figure, except

that the piston is not solid, but is per

forated, and covered by a valve opening

upwards, as in the common iifting-

]>ump ; the piston-rod q likewise moves

in an air-tight manner through a stuff

ing-box, or collar of leather, on the top

of the working-barrel, which, in this

case, is closed ; and the lateral deliver-

ug-pipe, with its air-vessel, proceeds

from the upper instead of the lower part

of the working-barrel. This pump not

only has the stuffing- box, but three

valves, instead of two, as in the last

eiample : it is, consequently, rather

more intricate and expensive in its

construction, with no other advantage

tiaa fhat it is rather more cleanly in its

working ; for if the piston of the former

pump is not quite water-tight, a quan

tity of water may flow over the open

top of its working-barrel, which cannot

W the case in this pump, if well' made.

I heir action is very nearly alike, for

this last pump raises water through the

raction-pipe A, by the elevation of the

piston i ; on depressing the piston, that

water passes through it by its valve, and

itti above it to fill the upper part of the working-barrel ; on the re-ascent of

the piston, the water, being unable to escape at the top of the barrel on account

if the cover and stuffing-box x, is forced up the lateral pipe / into the air-vessel,

«nd from thence passes away by the ascending-pipe k as before. When the

water has risen in the air-vessel to the dotted line p o, so as to cover the lower

fid of this pipe, the air will be confined, and their operations must be alike. The

air-vessel must be suited in its capacity to the magnitude of the pump or pumps

tail deliver water into it (for several pumps are frequently made to open into

one common air- vessel), and ought, in all cases, to contain at least six or eight
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volumes of the pump, in order that the increasing expansive force of the air

may not influence the motion of the piston during a single stroke ; but for this

no precise rule can be given, as the relative dimensions may vary to suit the

circumstances of the case. These forcing pumps with air-vessels are now very

generally adopted in water-works for supplying cities or towns ; and the height

at which the water is at any time delivering, may be very nearly estimated if

the air-vessel is large, and the supply equable, by examining the degree of con

densation of the air within it. This is very conveniently done by a gauge,

consisting of a glass tube with a closed top, applied by a stop-cock to the lower

part of the" air-vessel, or that which is always filled with water; at rt such a

gauge is represented; and as it has an open communication with the air-vessel

when the cock s is open, the air in the top of the tube will suffer the same con

densation as that within the vessel. The height of the spaces occupied by air

within the tube must be measured ; and as the air at its ordinary density will

balance a column of water thirty-three feet, high, so if confined air is loaded

with the weight of such a column, it will shrink, or be condensed into half its

former bulk ; whenever, therefore, the air contained in the tube r is diminished to

half its original length, the condensation within the air-vessel must be equal to

two atmospheres : or, what is the same thing, the water in the pipe p must

stand at the elevation of 33 feet. If the water in p is raised to twice 33 feet,

or 66 feet, then the condensation within the air-vessel must be equal to three

atmospheres ; and the air within it, as well as within the tube, will be diminished

to one-third of its original bulk ; one-fourth of the bulk will indicate four

atmospheres of condensation, and be equal to the elevation of the water column

to 132 feet, and so on, more or less, as the barometer may vary.

That useful machine, the fire-engine, or engine for extinguishing fires, ii

nothing more than two forcing-pumps, of the construction shown at page 358.

working into one common air-vessel placed between them, and from which the

spouting-pipe for directing the water upon the fire proceeds. The handles are

so disposed, that while the piston of one pump is up, the other is down ; and

they are elongated for the purpose of enabling a great number of men to work

them at the same time, for the purpose of throwing a very large quantity of

water, which is rendered a continuous stream by the action of the air-vessel. See

Fire-Enoine.

It is curious that the most ancient pump we are acquainted with, namely, that

of Ctesibius, at least, as it is handed down to us, very closely resembles the

present fire-engine, for it consists of two forcing-pumps, disposed as jus1

described; but instead of discharging their contents into an air- vessel, they

merely deliver them into an intermediate close cistern, from which the water

ascends by a perpendicular pipe, and in which nothing is wanting but the con

densation of air. It must, however, be observed, that both the pumps last

described would be forcing pumps, without their respective air-vessels ; and

though they act much more advantageously with, they are sometimes constructed

without those appendages.

We now proceed to describe a pump with a double action, producing the

same effect in its up as in its down-stroke ; the water being alternately raised

and forced on the opposite sides of the piston ; that is to say, by the up-stroke

of the piston, the water above it is forced out of it into an air-vessel, and, at

the same time, the cylinder is re-charged by the water following the piston

underneath ; then by the return or down-stroke, the water underneath is forced

out, and it flows in above, ready for the repetition of the operation, and so on

continuously. In the diagram on the following page, a represents a solid

piston, its rod working air-tight in a stuffing-box b, fixed at the top of the

pump-barrel c c. The water from the well, supposed to be not more than thirty

feet deep, ascends into the vacuum of the pump by the pipe d, and is conducted

by a branched pipe ef to the top and bottom of the barrel alternately, through

valves g and h, which open inwards. On the opposite side of the working-

barrel are two corresponding apertures, furnished with valves i and j, opening

outwards, and conducting the water by a branch-pipe k I into a single tube ■,

leading into an 'air-vessel o, whence it is discharged by the tube p. In the
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)i. ure, the piston is shown as having

nearly reached the bottom of the

cylinder; by the force thus exerted

it has shut die valve h, and impelled

the water through the valve j, the

branch /, and pipe m, into the air-

vessel o, where the elasticity of the

air, pressing upon the surface of the

water, has forced it up the pipe p.

During this operation there has been

a tendency to the production of a

vacuum above the piston ; conse

quently, the pressure of the air,

acting upon the surface of the water

in the well, has compelled it to

follow the piston in its descent, and

to fill the chamber above ; after

wards, upon the ascent of the piston,

the upward force shuts the valve g,

and opens the valve «', through

which the water is propelled along

the branch k, pipe m, air-vessel o,

and out of the pipe p. During this

ascending stroke, the water from

the well passing along d and /, lias

opened the valve h, shut the valve

;. and re-filled the barrel under the piston ; and thus the process is continued as

long as the pump is worked.

Mr. George Vaughan, of Mile-end Old Town, took out a patent in 1830 for

a double-acting pump, acting in a horizontal direction ; the principle of its

operation may be readily understood after the description of the foregoing, and

by comparing it to a high-pressure steam engine, with such difference only as

to adapt it better to the pumping of water. The working chamber is either

cylindrical or square ; but each end of it is considerably enlarged downward,

where the valves that receive the water from the rising main are situated. The

piston is solid and packed like those for steam ; the piston-rod passes through a

sruffing-box at one end of the chamber, and is attached, at the farthest

extremity, to a cross head, to which is connected two spear-rods. One of these

rods passes on each side of the pump, and beyond the opposite end of it, to a

crank, which is made to revolve in plummer blocks (fixed to a suitable frame),

and is turned either with a winch, by manual labour, or by any other suitable

power. The motion thus described is, of course, nothing but the ordinary

parallel motion. In order that the piston may not, by its weight, wear most on

as under side, the piston-rod is continued on both sides of it ; and beyond the

range of the piston, the rod is supported by an anti-friction wheel ; thence the

rod enters a tubular case, closed at the furthest extremity to prevent the escape

of the water, as it is not packed. The action of the pump is this : suppose, by

the revolution of the crank, the piston to be moving to the right hand, a

vacuum is produced on the opposite side of the piston, which causes the valve

from the rising main to be opened by the pressure of the atmosphere, and the

chamber is thereby filled with water. On reversing the stroke of the piston, or

towards the left, the right-hand valve is opened from the rising main, and that

«nd of the chamber filled with water, while the water which previously

occupied the left end of the chamber is forced out by the piston through

another valve on the upper side ; the succeeding stroke in like manner dis

charges the water in the right chamber, and fills that of the left, and thus the

action is continuous. In the drawing attached to the specification, a large

lemi-cylindrical wheel is shown as fixed to the upper side of the pump, for the

reception of the water delivered through the upper valves, and in the crown of

the arch is a pipe for conducting the witer, if required, to a greater elevation.

vol. n. z z
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It would obviously have been better, had the patentee made the upper part of

this vessel into an air-chamber, by causing the ascending-pipe last mentioned

to dip nearly to the bottom of it.

The annexed engraving is a representation of a pump constructed by Mr.

Clymer, on the plan of the ingenious Benjamin Martin ; but the suction-pipe

and the valves are so disposed as to retain any heavy bodies that may be raised

by the pressure of the atmosphere acting upon the vacuum.

 

The above perspective sketch shows that the rising main leads into a spacious

valve-box, in connexion with two short and wide working-barrels, left open to

the atmosphere. The piston-rods are attached to a lever, vibrating on a central

fulcrum which is mounted upon a standard between the two cylinders ; and to

this lever branching handles are united, to enable many hands to be employed

in working it The large volume of water discharged from the barrels at each

stroke of the pump causes a constant powerful stream up the rising main, so

that any globular substances nearly fitting it, as cannon balls, have no oppor-

'unity to fall down by any intermission of pressure from underneath; theycon-

?quently get lodged in the valve-box, and are ejected by the down-stroke of the

imp. When employed as an engine to discharge water to a great height or

itance, an air vessel is screwed on, as represented, and the nozzle is then

plugged or capped, by which the current is directed through the air vessel.

In drawing water from great depths, the weight of the pump-rods and the

water together are sometimes more than can be easily accomplished by the
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power at command ; in such cases we have occasionally observed, in country

places, a very simple apparatus, similar to that represented in the following cut*

 

 

employed to counterbalance the weight ot the rods. In this case, the pump-

rod and handle is suspended to a wooden spring, of sufficient elasticity to

sustain the weight of the rods, and to require a part of the man's force to

depress the piston or bucket, in return for which the spring assists him in the

poll upwards. Some persons would be apt to imagine that power was thus

gained; but a little consideration will enable them to perceive that it is only

by a different distribution of the same force that the desired effect is produced.

In Dr. Gregory's Mechanics, vol. ii. is the fol

lowing description of a pump, with little friction,

which may be constructed in a variety of ways

by any common carpenter, without the assistance

of a pump-maker or plumber, and which will be s^=

very effective for raising a great quantity of water

to small heights, as in draining marshes, marl-

pits, quarries, &c., or even for the service of a

bouse. It is exhibited in the subjoined diagram,

«here abed is a square trunk of carpenter's

vork, open at both ends, and having a little

cistern and spout at top. Near the bottom there

is a partition made of board, perforated with a

bole e, and covered with a clack ; ffff repre

sent a long cylindrical bag, made of leather or of

doable canvass, with a fold of thin leather, such

5s sheep-skin, between the canvass bags. This

is firmly nailed to the board e, with soft leather

between ; the upper end of this bag is fixed on a

roond board, having also a hole and valve. This

bo*rd may be turned in the lathe with a groove

round its edge, and the bag fastened to it by a

cord bound tight round it. The fork of the piston-

rod is firmly fixed into* this board ; the bag

• kept distended by a number of wooden hoops,

w rings of strong wire ff, ff, ff, &c. put into it,

at a few inches distance from each other. It wiH he proper to connect these .

boont, before putting them in, by three or four cords, from top to bottom, which

rifkeep them at their proper distances ; thus will the bag have the form of a
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barber's bellows or powder-puff. The distance between the hoops should be

about twice the breadth of the rim of the wooden ring to which the upper valve

and piston-rod are fixed. Now let this trunk be immersed in the water. It is

evident, that if the bag be stretched from the compressed form which its own

weight will give it by drawing up the piston-rod, its capacity will be enlarged ;

the top valve will be shut by its own weight ; the air in the bag will be rarefied,

and the atmosphere will press the water into the bags. When the rod is thrust

down again, this water will come out by the top valve and fill part of the trunk.

A repetition of the operation will have a similar effect ; the trunk will be filled,

and the water will be discharged by the spout.

Many attempts have been made to introduce pumps worked by a continuous

rotary motion, and a great deal of ingenuity has been exercised to prevent that

waste of power arising from friction, with which they have all been more or lea

accompanied, but in a greater degree than the best reciprocating pumps. The

reader who is solicitous for information on this point will find numerous descrip

tions of patented inventions of the kind in the Repertory, the Lcndon Journal,

the Register of Arts, &c. ; but as none of them have, in our opinion, been jet

brought to work so well as the reciprocating pump, we shall here add only one

of those contrivances, which possesses as strong claims to notice as any of thero.

It was the subject of a patent granted to Mr. Robert Winch, of Battersea, in

1826, and is delineated in the

subjoined cut, which represents

a vertical section. At a a is a

cylindrical case of metal, the

holes at the circumference being

for the bolts, by which the cir

cular side-plates are secured to

it ; 6 is the rising main pipe

from the well ; kkk the water

way, and c the discharge pipe ;

r/ is a circular box, turned round

upon the hexagonal shaft in the

centre by a winch outside. To

the periphery of this circular

box the flap-pistons g ggg are

fixed by joints, and, as they

revolve, they are successively

closed as they come in contact

with a "circular inclined plane "

ee, the under side of which forms

a stop to the upward course of

the water on that side of the

cylinder. On passing the curved

piece e, the pistons successively

fall open, with their edges

touching the interior surface

of the pump case ; the water

which has passed up from the

main pipe through the valves » »,

and occupied the spaces marked

lc k, is then carried forward by

the pistons as they revolve, and

is discharged in a continuous

uniform stream at c. To pre

vent the pistons from striking

violently against the cylinder,

as they are turned against it by

the resistance of the water, as

'well as to avoid hard rubbing in those parts, catch-hooks hhhfi are employed,

the action of which is too obvious in the drawing to require more explanation
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To facilitate the shutting of the flap-pistons, as they come in contact with the

curved piece e, each of them have a second joint in the middle, which gives

them great flexibility of motion. In another modification of this invention, the

patentee employs a rotary vane for closing the flap-pistons or valves in suc

cession, instead of the curved stop described ; but this arrangement renders it

necessary to have a toothed wheel fixed to the axis of the circular box, to work a

pinion on the axis of the rotary vane, that the motion of the latter may exactly

correspond with that of the pistons. Since it is impossible, when a pump is

well made and is in good order, that the piston can move without displacing the

water that is above or below it, according to the circumstances of its construc

tion, so, in all pumps that consist of cylindrical working-barrels and pistons,

nothing more is necessary to ascertain the quantity of water they will deliver,

than to calculate the solid or cubical contents of that part of the barrel in which

tbe Tacuum is produced, and to reduce it to some standard measure, and then

to multiply this by the number of strokes made in a given time : thus, if a

pump is nine inches diameter, and makes an effective stroke of about eighteen

inches, such a cylinder will be found to contain 1134 cubic inches; and as 277J

cubic inches make an imperial gallon, so four gallons will be equal to 1109

cubic inches ; consequently, such a barrel will contain and throw out rather

more than four gallons at every stroke ; and supposing this pump to make ten

strokes in a minute, it would yield above forty gallons in a minute, or sixty

times that quantity in an hour, and so on. This rule applies in every case,

whether the water is sent to a small or great elevation, because the piston

cannot move without displacing the water in the barrel ; but a small allowance

must be made for leakage, or waste, because some water will.constantly pass

the piston and escape, or be otherwise lost and wasted.

PUNCH, and PUNCHING. A punch is a short, stout piece of steel, or ot

iron steeled, used for stamping out pieces of metal, so as to make perforations

in iron or other plates, for the insertion of rivets, screws, bolts, &c. In punch

ing thick plates of metal, a powerfid machine, consisting of a long and massive

lever, worked by an engine, is generally used in considerable works ; but as

such machines are only in the possession of the comparatively few who require

fork of the kind to be well and expeditiously done, a simple and cheaply-con

structed instrument for the purpose becomes an important appendage to the

workshop ; and such an instument we here present to the reader, which has

 

been long and advantageously employed by Mr. J. It. Hill, of the Westminster

Road. Fig. 1 shows a side view of the machine, fastened on an anvil a, by a

cutter-bolt b. Fig. 2, a bird's-eye view of the same. Bg. 3, a section of the
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punching-hole, showing a part cut out for the pieces to fall out; fp if a plate

to be punched ; the back end of the lower part of b is furnished with a T piect,

each end of which is turned up and tapped for the reception of a centre screv.

On these centre screws hangs the guide-arm c, which is also T shaped ; the

other end of this guide-arm has a hole r, just the size of the point of toe punch

to be used : in order to bring this hole to coincide with the lower one, it is only

necessary to lengthen or shorten the arm, by bending it a little more or Ire,

and turning the screws a little cither way, which must be granted is much

easier than adjusting a punch sliding in square holes, guides, &c. The set

screws are also furnished with a nut each, to set them fast when adjusted. The

reason for making it so long is, that any width of plate may come inside the

holes. It is scarcely necessary to add, that a common rod-punch is used vitb

its point only filed up to iit the hole.

PURLINES. Pieces of timber extending from one end of a roof to the other;

they pass under the middle of the rafters, which they support, and counteract

their tendency to sink in the middle.

PUTTY. A cement used by glaziers for fastening window-glass into the

frames ; it is used also by carpenters and other artizans for stopping holes in

their work : it is made by kneading whiting and linseed oil together into a stiff

paste ; when dry it is very hard and durable.

PUTTY, POWDER OF. An oxide of tin, much used in polishing glass and

other hard substances. When tin is melted in an open vessel, its surface soon

becomes covered with a grey powder, which is the oxide of the metal,

the heat be continued, the grey assumes a yellow tint, which is then called

putty

PUZZOLANA. A kind of earth thrown out of volcanoes ; it is of rough,

dusty, granular texture. It easily melts per te ; but its most important pro

perty consists in its forming a cement, when mixed with one-third of its weight

of lime and water, which hardens very suddenly, and is more durable under

water than any other cements.

PYRITES. Native compounds of metal with sulphur. The principal in

this country are the sulphureta of iron, called martial pyrites, worked for the

sake of the sulphur they contain ; the sulphurets of copper are worked for

both the copper and the sulphur they contain.

PYROLIGNEOUS ACID. See ACID PTROLIONEOUS.

PYROMETER. A machine contrived to measure the expansion of mi1:..'

and other bodies, occasioned by heat. Muschenbropck was the original inven

tor of the pyrometer ; the nature and construction of his instrument may be

understood from the following account.—If we suppose a small bar of metal,

twelve or fifteen inches in length, made fast at one of its extremities, it i-

obvious that if it be dilated by heat it will become lengthened, and its other

extremity will be pushed forwards. If this extremity then be fixed to the end

of a lever, the other end of which is furnished with a pinion adapted to a

wheel, and if this wheel move a second pinion, the latter a third, and so on, it

will be evident that (liy multiplying wheels and pinions in this manner, the la.-!

will have a very sensible motion ; so that the moveable extremity of the small

bar cannot pass over the hundredth or thousandth part of a line, without a point

of the circumference of the last wheel passing over several inches. If this

circumference then have teeth fitted into a pinion, to which an index is attache*!,

this index will make several revolutions, when the dilation of the bar amount!

only to a quantity altogether insensible. The portions of this revolution may

be measured on a dial plate, divided into equal parts ; and by means of the

ratios which the wheels bear to the pinions, the absolute quantity which a cer

tain degree of heat may have expanded the small bar can be ascertained ; or

conversely, by the dilatation of the small bar, the degree of heat which has been

applied to it may be determined. Such is the construction of Muschenbroeck'i

pyrometer. It is necessary to observe, that a small cup is adapted to the machine,

in order to receive the liquid or fused matters subjected to experiment, and in

which the bar to be tried is immersed. When it is required to measure by this

instrument a considerable degiee of heat, such as that of boiling oil or fined
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metal, fill the cup with the matter to be tried, and immerse the bar of iron into

it The dilatation of the bar, indicated by the index, will point out the degree

af heat it has assumed, and which must necessarily be equal to that of the

matter into which it is immersed. This machine evidently serves to determine

the ratio of the dilatation of metals, &c. ; fur by substituting in the room of the

pyrometric bar other metallic bars of the same length, and then exposing them

at an equal degree of heat, the ratios of their dilatation will be shown by the

motion of the index.

The most celebrated instrument for measuring very high temperatures, is that

uiTented by the late Mr. Wedgwood, founded on the principle, that clay pro

gressively contracts in its dimensions, as it is progressively exposed to higher

degrees of heat. He formed white porcelain clay into small cylindrical pieces,

in a mould, which, when they were baked in a dull red heat, just fitted into the

opening of two brass bars, fixed to a brass plate, so as to form a tapering space

1 > tween them. This space is graduated, and the farther the pyrometric guage

can enter the greater heat does it indicate. The limits of the converging scale are

fire-tenths of an inch at the beginning towards the opening, and three-tenths at

the end, or towards the line to which the bars converge. The next thing to be

done, was to ascertain and establish a connexion, between the indications of his

instrument and those of the mercurial thermometer; to accomplish this, he

employed a heated rod of silver, of which he measured the expansion. The

clay piece and the silver rod were heated in a muffle, and as soon as the muffle

indicated a low red heat it was drawn forward towards the door of the oven ;

and its own door being then nimbly opened by an assistant, Mr. Wedgwood

pushed the silver rod as far as it would go. But as the division to which it

reached could not be distinguished in that ignited state, the muffle was steadily and

cautiously lifted out, and left to cool. When the muffle was sufficiently cold to be

eiamined, the degree of expansion at which the silver stood was carefully noted,

and the degree of heat shown by the clay pieces was measured by their own

page; after which, the whole was returned into the oven, and exposed to a

more intense heat, in order to obtain another point of correspondence between

the two scales , the graduated silver rod serving as an intermediate scale, with

which Wedgwood's and Fahrenheit's might be readily compared. The first of

these paints of correspondence was 2J0 of Wedgwood's, to 1370° of Fahren

heit's; the second was 6J° of Wedgwood's, to 1890" of Fahrenheit's. Hence,

Because 6J — 2J = 4, and 1890 — 1370 = 520, it appears, that an interval

"t 1 degrees on Mr. Wedgwood's instrument is equivalent to 520 degrees on

that of Mr. Fahienheit's, and consequently, that 1 degree of the former equals

1 30 of the latter, and the zero (or o) on Wedgwood's scale corresponds with

1077 and a fraction on Fahrenheit's. Hence, we have the means of reducing

the degrees at any point of one scale, to the corresponding degrees on the

other, through the entire range. Mr. Wedgwood's instrument includes an

««mt of about 31,200 of Fahrenheit's, or about 50 times that between the

freezing and boiling points of mercury, by which points the performances of

mercurial thermometers are necessarily limited. Also, if we conceive Mr.

Wedgwood's scale to be extended downwards below his zero, as Fahrenheit's is

wpposed to extend upwards above the boiling point of mercury, the freezing

P«nt of water will fall on 8°.421, or somewhat above 8J° below the zero of

Wedgwood's scale, and that of mercury on 8°.596, or a little below s;." ; so

tint the distance between the freezing points of mercury and water is an inter-

*»1 of .175 of a degree on Wedgwood's scale; 8° and a decimal from the freezing

point of water to complete ignition ; and 160" is the highest point or degree ol

••tit to which our ingenious philosopher was able to extend his observations.

" Since dry air," observes Dr. Ure, " augments in volume three-eighths for

ISO degrees, and since its progressive rate of expansion is probably uniform by

uniform degrees of heat, a pyrometer might easily be constructed on this prin-

°fle:—form a bulb and tube of platinum, of exactly the same form as the

^tonometer, and connect with the extremity of the stem, at right angles, a

gw tube of uniform calibre, filled with mercury, and terminating below in a

"curved bulb, like that of the Italian barometer. Graduate the glass tube into
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a series of spaces equivalent to three-eighths of the total volume of the capa

city of the platina bulb, with three fourths of its stem. The other fourth may

be supposed to be little influenced by the source of heat. On plunging the

bulb and two-thirds of the stem into a furnace, the depression of the mercury

will indicate the degree of heat. As the movement of the column will be very

considerable, it will be scarcely worth while to introduce any correction for the

change of the initial volume by barometric variation ; or the instrument might

be made with the recurved bulb sealed, as in Professor Lcsslie's differential ther

mometers. The glass tube may be joined by fusion to the platina tube. Care

must be taken to let no mercury enter the platinum bulb. Should there be a

mechanical difficulty in making a bulb of this metal, then a hollow cylinder, of

half an inch diameter, with a platinum stem, like that of a tobacco pipe,

screwed into it, will suit equally well.

A very convenient pyrometer for ascertaining the relative expansibility of the

various metals that can be drawn into wire, was contrived by Mr. Gurney,

which he employed in his chemical lectures. It is represented in the subjoined

cut. a represents a wire of the metal to be examined, attached at the lover

end to aipeg fixed upon a piece of board ; on this board is also a series of

little pulley-wheels, turning freely on their axes, and around the peripheriei of

these wheels the wire is carried to the uppermost, whence it is conducted out of

 

the vessel, and over a small central wheel b, of ,a circular graduated scale, and

with a weight c tied to this end of the wire, which keeps it in a state of tension.

Thus prepared, the apparatus is immersed in a vessel of water, or other fluid,

heated to the desired temperature within their capability, which is determined

by a thermometer placed therein. The expansion which then takes place is

accurately denoted by the index e pointing it out upon the graduated circum

ference, the index turning round as the elongation takes place. Upon abstract

ing the heat, the wire contracts and draws back the wheel and index to its

previous position. An instrument of this kind, carefully constructed, and with

a smaller central wheel b, would, without doubt, show the expansibility of the

ductile metals with great exactness, and very satisfactorily, as the wire may be

of great length, be wound round a large number of pulleys, so as to cause an

obvious elongation of an inch or more.

PYROPHORUS. An artificial product, which takes fire.upon exposure to

the air, and hence called air-tinder. It is prepared from alum by the addition

of various inflammable substances. The simplest mode of preparing it is to

mix three parts of alum with one of wheat flour, and calcine them in a phial or

niattrass, until the blue flame disappears , then keep it in the same phial till
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cold, well stopped with a good cork. In this powder be exposed to the atmo

sphere, the sulphuret attracts moisture from the air, and generates sufficient

heat to kindle the carbonaceous matter mingled with it

PYROTECHNY is, properly speaking, the science which teaches the

management and application of fire in various operations ; but in a more limited

sense, and as it is more commonly used, it refers chiefly to the composition,

structure, and use of artificial fireworks. The ingredients are, 1. saltpetre,

purified for the purpose ; 2. sulphur ; and 3. charcoal. Gunpowder is likewise

used in the composition of fire works, being first ground, or, as it is technically

fcrmed, mealed. Camphor and gum benzoin are employed as ingredients in

odoriferous fireworks. The proportions of the material differ very much in

different fireworks, and the utmost care and precaution are necessary in the

working them to a state fit for use, and then in the mixing. In this work wo

cannot enter on the subject with a sufficient degree of minuteness to teach the

method of manufacturing fireworks, and shall therefore content ourselves with a

brief notice of the proportions of the materials in some of the more common

and more interesting articles in use. The charges for sky-rockets are made of

saltpetre, four pounds ; brimstone, one pound ; and charcoal, one pound and a

half; or by another direction—saltpetre, four pounds ; brimstone, one pound and

a half; charcoal, twelve ounces; and mealed powder, two ounces. These pro

portions vary according to the size of the rocket ; in rockets of four ounces,

mealed powder, saltpetre, and charcoal, are used in the proportions of 10, 2,

and 1 ; but in very large rockets, the proportions are saltpetre, 4 ; mealed pow

der and sulphur, 1 each. When stars are wanted, camphor, alcohol, antimony,

and other ingredients are required, according as the stars are to be blue, white,

ic. In some cases gold and silver rain is required ; then brass-dust, steel-dust,

saw-dust, &c. enter into the composition ; hence the varieties may be also inde

finite. With respect to colour, sulphur gives a blue, camphor a white or pale

colour; saltpetre, a clear white yellow; sal-ammoniac, a green; antimony, a

reddish ; resin, a copper colour.

Q.

QUADRANGLE. A figure containing four angles and four sides.

QUADRANT, in Geometry, the quarter or fourth part of a circle, and

therefore containing an angle of 90 degrees.

QUADRANT also denotes a mathematical and optical instrument, of

great use in navigation and astronomy, for taking the altitude of the sun and

stars.

QUADRAT, in Printing, is a piece of metal cast like the type, to fill up

the spaces between words ; they are made of different sizes, called by the space

they occupy, as m quadrats, n quadrats, &c.

QUARRY. A cavity or opening made by miners in rocky ground, from

whith are procured marble, freestone, slate, limestone, or other materials ; one

<& which, in the island of Jersey, is represented in the subjoined cut ; from

•hence is obtained large quantities of stone for the London pavements. It is

of essential importance that such works should be situated close to the sea, or a

nrer, or canal, for the convenient and cheap transport of the heavy product, as

H is the cost of carriage which constitutes its chief cost. The mode of sepa

rating the stone from the rock differs according to its natural formation; but in

granitic and other hard rocks of continued solidity, the process, though appa

rently difficult, is extremely simple, as it consists chiefly in boring holes with

T*rious instruments, (which have been described, as well as the process, under

&e word Blasting ;) then ramming into the hole a charge of gunpowder,

•»jrbg a train to it, firing the train, and retreating to a distance or under an

Terhanging cliff to avoid the stones which are thrown up by the explosion.

vol. II. 3 A
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The holes are made from one to three feet in depth, and generally about 1J

inch diameter; but these, as well as the position and direction of the perforation,

and also the charge of the powder, are subject to the skill and discretion of the

miner. The rules by which he is guided are, to direct the effort of the explo

sion to a part of the rock which is most easily displaced, and to proportion the

charge to the effect required, so as to shake and loosen a larger portion rather

 

than to blow out a less quantity. The danger of beating the tamping bar with

iron tools in hard rock, and the many dreadful accidents that frequently happen

in this operation, have led to the introduction of contrivances to diminish l)**

risk ; but though some of these have been well adapted for the purpose, yet, si

they occasion a little more trouble, they have not been generally adopted by

the miner. The simplest and best precaution against danger, is to have the nail

of copper, instead of iron ; but as the former is not so easily made or repaimi

by the smiths on a mine as the latter, they are not so well liked by the workmen.

Another mode of preventing danger in tamping, is by employing substance*

to confine the gunpowder which require little or no force in beating them into

the hole ; and as dry sand will often serve the purpose if the rock is not Ten

hard, it may be sometimes used; but there are many cases in mines where it

will not succeed, and therefore it is seldom attempted. A better substance to

confine gunpowder in holes, it- good tough, clay, and this will answer in many

cases where sand will fail, particularly in wet ground, or in holes that arc in

clined upwards; it will produce the proper effect in all but very hard rocks, and.

if the men could be induced to use it, would undoubtedly tend to the saving of

many lives.

An instrument, denominated by the inventor, the "Miner'* Safety Puie," wa?

patented in 1831 by Mr. Bickford, of Tucking Mill, Cornwall; which may \K

briefly described aa consisting of a minute cylinder of gunpowder, or other

suitable explosive mixture, enclosed within a hempen cord, which is first twisted

in a peculiar kind of machine, then countered or overlaid to strengthen it, after*

wards varnished with a mixture of tar and resin, to preserve the combustible

matter from the effects of moisture, and finally coated with whitening, or othn

light pulverulent matter, to prevent the varnish from sticking to the fingers, ot

the fuses to one another. These fuses appear, from the specification, to be ver\

judiciously and accurately prepared, and will, we doubt not, be found of great

utility in mining operations.

For facilitating the operation of boring rocks, a patent has lately been taken
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out in the United States of America, which is thus described in the Journal ••;

tie Franklin Institute. " A frame is made, in the centre of which an iron shaft

or tod is caused to rise and fall vertically between friction rollers, so placed as

to keep it in its position. In the lower end of this shaft, a socket is formed, to

receive drills of different sizes. Provision is made for placing the machine

vertically, by sliding pieces upon each of its four legs, which serve to lengthen

them as may be necessary. The apparatus for working the shaft up and down,

is formed as follows: a circular plate of iron, about a foot in diameter, has a

hole in its centre, provided with a socket adapted to the iron rod or shaft, and

capable of being secured at any part of it, so that the plate will stand horizon

tally. At a little distance from the periphery of this plate, an iron spindle

crosses the frame ; upon this spindle arc lifters, which, as it is turned by a
• • iik, come in contact with the lower side of the plate, and raise the shaft ;

friction rollers are contained within the lifters, to cause them to slide easily upon

the plate, and their action is so managed as to produce a small revolution of tha

plate, icd consequently of the drill, at every lift."

The term quarry is likewise given to a variety of neatly formed bricks, tiles,

and stones, with very level surfaces, and of diversified colours ; which are em

ployed in many parts of England, as well as other countries, for making plain

and ornamental flooring. The perforated tiles employed in malt-kilns, some

linds of drying stoves, and for various other uses, receive this denomination.

An improvement in the construction of quarries, applicable to kilns for drying

nialt, wheat, and other grain, was lately patented by Mr. Henry Pratt, (a gentle

man of great skill and knowledge in such subjects,) of Bilston, in Staffordshire ;

ihe peculiarities of which may be thus briefly explained. Instead of the usua.'

cnnicd openings, terminating in small circular apertures in the flooring of grain

kilns, Mr. Pratt forms his quarries for such purposes of cast-iron, in pre

ference to baked clay, having oblong slots or openings at the tops of rectan-

juiar tapering holes, which are designed for the escape of the heated air. He

fists his quarries with strengthening bars projecting from their lower sides, and

lU»e bars form the sides of the tapering channels, as well a? give sufficient

strength with a less quantity of material than is required when the quarries

at made of an uniform thickness.

QUARTAT1ON. An operation by which the quantity of one thing is

nude equal to the fourth part of the quantity of another thing. Thus, when gold

Joyed with silver is to be parted, we are obliged to facilitate the action of the

Wjiiafortis by reducing the quantity of the former of those metals to one-fourth

pat of the whole mass; which is done by sufficiently increasing the quantity

w tie silver, if it be necessary. This operation is called quartation, and is pre-

protory to the parting ; and even many authors extend this name to the opera

tion of parting.

QUARTZ. A mineral of the flint genus, which is divided into five sub-

T*ae» by Professor Jameson ; namely, the amethyst, the rock-crystal, milk

quartz, common quartz, and prase.

QUICKLIME. A hot caustic substance, employed in the composition of

jWHtar for buildings ; by farmers, as a manure ; by bleachers, tanners, sugar-

wkm, soap-boilers, and iron-masters, in the preparation of various manufac

tures; and also in medicine. Quicklime is obtained from chalk, marble, linie-

'to*, oyster-shells, &c. by expelling from them, by means of heat, the carbonic

«ad water with which they are combined. The quantity of quicklime

ed from a ton of limestone, if weighed when hot from the kiln, is on an

•"rage, according to the experiments of Bishop Watson, 11 cwt. 1 qr. 41b. By

op*"* to the air also, a ton of quicklime acquires daily the additional weight

°f >bout one twentieth part of itself, for the first five or six days after it is

™>»n; and therefore, the earlier it is used the better. Quicklime, to be reserved

** chemical or medicinal uses, should be kept in bottles well stopped.

QUICK-MATCH. A combustible preparation, formed of cotton strandi,

*»«n into length, and dipped into a boiling composition of vinegar, saltpetre,

W Bealfd powder. After this immersion, it is taken out hot, and laid in a

""•gk, wl ere tome mealed powder, moistened with spirits of wine, is thoroughly
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incorporated into the twists of the cotton, by rolling it about therein. They are

afterwards taken out separately, drawn through mealed powder, and hung

upon a line to dry. They are then fit for service.

QUICKSILVER. See MEBCURT.

QUILLS. The largest feathers taken from the wings of geese, swans, crown,

and other birds. The different qualities are denominated according to the order

in which they are fixed in t'l e wing ; the second and third quills being the be- s

for writing, as they have the largest and roundest barrels. Crow-quills are

chie&y used for drawing. The goose-quills are those in general use for writing.

These are cleansed and hardened by placing them one by one in a clear fire, so

as to soften them merely, and then drawn under an iron edge, which nearly

flattens them for the instant, but they immediately after return to their cylin

drical figure.

QUININE. A vegetable alkali obtained from cinchona (hark.) It i- pro

cured by the following process : a pound of bruised bark is boiled in about i

gallon of water, containing three fluid drachms of sulphuric acid. A similar

decoction is repeated with about half the quantity of liquid, and so on till all

the soluble matter is extracted. The decoctions are then mixed together and

strained, when powdered slaked lime is added in a proportion somewhat greater

than necessary to saturate the acid ; the precipitate that ensues, a mixture of

quinine and sulphate of lime, is collected, dried, and boiled for some minutes in

strong alcohol, which is then decanted while still hot, and fresh portions succes

sively added for the repetition of the same operation, until it ceases to act on

the residuum, which is then merely sulphate of lime. The different alcoholic

solutions are then put into a vessel, and considerably evaporated; during which,

and especially on cooling, transparent plates of quinine are deposited. It ii

very insoluble in water, and its taste is very bitter. It unites with the acids,

forming crystallizable salts. The sulphate is of a dull white colour, silky and

flexible : it is, like the alkali, soluble in alcohol ; and burns away without leaving

any residuum. M. Pelleticr and Caventon state its component parts to be

Quinine 100

Sulphuric acid 10.9147

The acetate is remarkable for the manner in which it crystallizes. la

crystals are flat needles of a pearly lustre grouped in silky bundles, or in

stars.

R.

RACE. The canal along which the water is conveyed to and from a •

wheeL

RACK. A straight bar, which has teeth or cogs similar to those on a

toothed wheel.

RADICAL. That which is considered as constituting the distinguishing

part of an acid, by its union with the acidifying principle, or oxygen, which is

common to all acids. Thus sulphur is the radical of sulphuric acid.

RADIUS. In Geometry, the semi-diameter of a circle, or a right line drawn

from the centre to the circumference. It is implied in the definition of a cirri* :

and it is apparent, from its construction, that all the radii of the same circle

are equal. The radius is sometimes called, in Trigonometry, the sinus lotut.

or wbole sine.

RAFT. A float formedof an assemblage of pieces of timber fastened togethe

for the convenience of transporting them without dispersion ; or for sustauunc

goods in transport; and sometimes forthe saving ofthe lives ofpersons shipwrecked.

A few years ago, Mr. Harrington took out a patent for a raft for transportisu;

timber; the construction of which is described in the specification to be *»

follows :—The keel, stern-post, and lowest timbers of the ribs, are to be formed
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ludput together according to the usual wmy of eonitrucling an ordinary ship.

(To form the bottom, balk tiaben are to be laid together, side by side, length-

ptavs of the vessel ; and athwart these, others are to be closely laid, catting their

folds to suit the figure, then bracing the npper and lower timbers together. In

Ifcii manner the lover part* of the ressel are to be formed, by packing the

timbers crosswise closely, and connecting them by bolts and screws, leaving

Draper ipaces open for dipping in the masts. In the upper part of this raft,

mitahle berths and cabins are to be provided for the navigators ; the outside is

llo be planked all over, and caulied, pitched, and tarred in the usual manner ;

[tie masts and rigging are also to be of the ordinary kind. This account is

fstdoubtedly descriptive of a method of constructing a good mercantile raft,

fkt the noTelty of the principle of its construction we do not discover.

Much ingenuity has been exercised in the construction of life-rafts in cases

[ of shipwreck, amongst which we may notice that of Mr. Canning, constructed

! viler-barrels and span, so arranged that the parties on board are suspended

a a platform high above the water to a horizontal yard-arm, preserved and

•opported in that position by cross spars, to which are attached the floating

kureJs.

RAFTERS, in Building, are pieces of timber, which, standing in pairs

ro the railing piece, meet in an angle at the top, and form, as it were, the ribs

of the roof.

RAGSTONE. A species of blue stone with a sharp grit, employed for

sharpening knives and coarse instruments upon. It is abundant in Kent, at

Newcastle, in Northumberland, and at Rowley, in Staffordshire.

RAILWAY. The origin of railways it would be difficult to fix any precise

date to. The laving down of wheel-tracks of some more cohesive material than

ordinary earth, seems so obvious and natural as torender it extremely improbable

that wooden ways in peculiar situations (especially in mines) were not brought

into nee before the period assigned to it by writers on the subject. From their

statements it would appear, that the date of their primary existence was in the

J*ar 1670; at which time coal came to be extensively substituted for wood fuel

i i London and other populous districts. At that period the great mart for coal

*a» Newcastle upon Tyne ; and the transport of the mineral from the mines to

'lie ships in the river became of great and increasing difficulty, owing to the

Bearing away of the road, by the constant traffic, of the very numerous waggons,

carte, and horses. Previous to the erection of these railways, it was no un

common thing for the occupiers of the mines, to employ five or six hundred

hones and cart* each, in the same traffic. It therefore became an object of

fast importance to adopt some plan of reducing the very great expense incurred

in the keeping of so many horses and drivers, wear and tear of carts, and the

making and repairing of roads. After giving the subject much consideration,

•ooden rails, consisting of straight pieces of timber, were laid down and

embedded in the road. These were found so advantageous at Newcastle, that

they were speedily copied in other mining districts, and remained in use for a

considerable period of time. The mode of constructing these rude railways was

*» follows. After the ground had been levelled and smoothed, as in the for

mation of an ordinary road, sleepers, composed of large logs of wood, and cut

into lengths corresponding with the breadth of the road, were laid across it at

>bort distances, and firmly bedded into it, for the purpose of supporting and

keeping fast the rails on which the waggon-wheels were to run. The rails were

connected end to end, forming two continued lines, running in a parallel

direction on each side of the road, and crossing the large logs at each of their

extremities, which formed the foundation for them to rest upon, and to which

'hey were nailed, or otherwise secured, to keep them in their places. The rails

vere of course very imperfect, and were rapidly worn away, or broken, by tha

Continued friction of the wheels upon them. In order to repair or reconnect

•hem when their continuity or evenness was destroyed, slips or pieces of timber

if a smaller scantling were laid over the dilapidated portions ; and the strength

ihich the latter thus derived, led to the introduction of double rails throughout
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the line ; and this improvement was distinguished hy the term of a " double-

way," in contradistinction of the former plan, afterwards denominated the

"single-way."

 

In the single-way above delineated, it should be observed that the endi of

the successive rails necessarily met on a sleeper to which they were fastened ;

but owing to the continual concussions they were subjected to, not only by the

loaded waggons, but by the feet of the draught horses, they soon became

loosened, worn out, or otherwise deranged. By fixing another rail above the

former, which might be of any length, and be fastened to it in any part, it not

only much increased the strength of the whole, hut defended the substructure

from wear ; while the upper, or covering rail when worn out might be renewed

without materially disturbing the under. The double-rail also, being more

elevated from the ground, admitted of a greater depth of cinders, or other hard

substance, in order to form a more solid and durable road for the waggons and

horses. The annexed diagram, which is designed to exhibit a cross section of

the road, will make this matter clear. At a is one of the sleepers, which lie

 

about two feet apart across the road, throughout it- entire length : b b show the

ends of the under rails, which are cut of a uniform length, so as to rest upon

three sleepers ; so much constituted the single-way before delineated. At c e

are the upper or covering rails, which may be of the length of the whole balk,

and be fastened wherever convenient to the under rails ; and this addition con

stituted it into a " double-way," which term might reasonably be supposed to

imply a double road, instead of a single one. Railroads of the last described

kind continued in use for many years in the collieries of the north of Eng ani ;

and a horse was found competent to draw three tons of coals upon them. . The

waggons used were nearly of the present construction ; but their wheels of so

small a diameter, as to be generally termed " rollers." At the declivities, signifi

cantly called rum, brakes were employed to retard the progress of the waggons.

To avoid descending from the high banks near the river, high platforms, called

ttaiths, were erected, projecting over the water. On to these staitlis the

waggons were run by a slightly inclined plane, and there discharged through

spouts either directly into the holds of ships moored underneath, or into

capacious intermediate reservoirs conveniently planned for the subsequent

loading of ships.

In most cases the wooden railroads, from the mine to the place of shipment,

were made so as to follow very nearly the undulations of the country over

which they passed ; excepting only here and there at very steep ascents ; and for

» long period of time no attempts were made to counteract the rapid descent of
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the carriages down the declivities, except by means of brakes, which, depending

wholly upon the strength and dexterity of the waggoners, often failed, and

were productive of many sad accidents. When cast-iron wheels were first

introduced, they were only used for the fore-axle, the wooden wheels being

retained on the hind-axle, from the Idea that the brake could only be applied

effectively to the wooden wheels. At length it was contrived, by an extension

of the lever, to apply a brake to the metallic ; and then all the four wheels were

msde of iron. The next improvement was the substitution of iron rails for

wood, which alone enabled the horse to take double his previous load.

The adoption of cast-iron plates to cover and strengthen the wooden fabric,

was the first application of metal to railways ; and this was effected by the

Colebrook-dale Company, at their iron works in Shropshire, in 1767. This in

formation we derive from a published letter of the ingenious Hornblower, the

contemporary of the celebrated Watt ; wherein he says, " Railways have been

in use in this kingdom time out of mind, and they were usually formed of

scantlings of good sound oak, laid on sills or sleepers of the same timber, and

pinned together with the same stuff. But the proprietors of Colebrook-dale

Iron Works, a very respectable and opulent company, eventually determined to

coter these oak rails with cast-iron, not altogether as a necessary expedient of

mprovement, but in part as a well-digested measure of economy in support of

their trade. From some adventitious circumstances, (which I need not take

lime to relate,) the price of pigs became very low, and their works being of

great extent, in order to keep the furnaces on, they thought it would be the best

means of stocking their pigs, to lay them on the wooden railways, as it would

help to pay the interest by reducing the repairs of the rails ; and if iron should

take any sudden rise, there was nothing to do but to take them up, and send

them sway as pigs. But these scantlings of iron (as I may call them) were not

such as those which are now laid in some places ; they were about five feet

long, four inches broad, and one inch and a quarter thick, with three holes, by

which they were fastened to the rails, and very complete it was both in design

and execution. Hence it was not difficult, if two persona on horseback should

meet on this road, for either to turn his horse out of the road, which, on the

railways now introduced, would be attended with some serious doubt as to the

consequences. But it would be impossible on the best railways to afford that

facility of travelling which we now enjoy on a spacious well-managed road." So

able a man as Hornblower would never have hazarded this prediction, had the

plani for locomotion on rails as now developed, been submitted to bim as an

engineer, for his opinion of their feasibility.

The introduction of metallic surfaces to wooden rails was, however, at first pro-

"HictiTe ofserious evils, for the resistance of, or adhesion to the surface in descend-

!ng inclined planes was thereby so much lessened, that the ordinary brake was

«md to be quite ineffective in counteracting the force of gravity. Recourse was

therefore had to the double self-acting inclined planes, by which the surplus

force of pravity of the load descending one plane, was employed to drag up

'he empty waggons on the ascending plane. As the acting principle of

mechanism of this kind is so very simple and obvious, we shall not detain the

reader by describing any of their details in their pristine state, but refer him

Jo the matured plans of more recent times, which will be described hereafter

u their proper place.

We now come to the period 1776, when cast-iron plates were used, not as

coverings to wooden rails, but in the place of the rails themselves ; such plates

having cast to them an upright ledge, to keep the carriage wheels from running

off them. These plates, being used by the waggons called trains, acquired, and

have ever since been distinguished by the term '* tram-plates." They were the

subject of a patent granted to Mr. Carr, of the Sheffield Colliery, and were

undoubtedly an important improvement, as from the date of the patent to the

present time, they nave been in constant requisition to an immense extent, both

"n the surface, and in mines. The form given to them, as used in the above

"■rationed colliery, is delineated in the following trunsverse section, a repre

sents an oaken sleeper ; b b the tram-plates of cast-iron, which are about six
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feet long, and fastened down at each end and in the middle to three parallel

sleepers. In situations where stone is less valuable than timber, blocks of that

material are substituted.

The mode of fastening down tram-plates by bolts or spikes was found to be

attended with several inconveniences, owing to the occasional projection of their

heads, their becoming loose, and hence both the plates and bolts being fre

quently stolen, to the entire stoppage of the traffic upon the road. To remedy

these evils, Mr. Charles le Caan, of Llanelly, in South Wales, contrived a mode

of forming the plates, so that no bolting or nailing was requisite, but each plate

in succession fastened down the previous one. Fig. 1 represents a plan of tie

junction of two plates, placed on a stone sleeper D ; and Fig 2 shows a longi

tudinal section of the same. The plates are joined by a dove-tailed notch ana

tenon,-and an oblique plug is cast on each plate, which is let into the stone

sleeper ; but for the advantage of taking up the plates to repair any defect

there are plates at every thirty yards, with perpendicular plugs ; such p|»t«

are called stop-plates. The diameter of the plug near the shoulder is one inch

and three quarters, at the point one inch, its length two inches and a halt, and

its obliquity, shown in Fig. 2, about eight degrees. A small groove in I"

whole length of the exterior of such plug is made to allow the water in the hole

to expand in freezing ; and it also serves to admit a wire to draw a broken ping

out by it. The holes for the plugs should be cut to the depth of three inches

by a standard gauge of cast-iron, and countersunk so as to allow the end of

the plate to bed firmly on the block which supports'it. Fig. 3 is one of the

Fig. 2.
 

 

ends of a tram-plate, in which H shows the flange or upright edge ; I the flat

part or sole, in which the wheels of the waggon run ; D one of the plugs; aad

K a projection behind, to render the plates firmer upon the blocks. The uiual

length of one plate is three feet; the flanch H is one and a half inch high;

the sole, or bed, three and n half, or four inches broad, and three-fourths of an

inch thick ; but these dimensions are varied according to circumstance*. The

most approved weight has been forty-two pounds for each plate ; the ends from

which the plugs project, under which the tenons and notches are made, should

be a quarter of an inch thicker than the other parts of the plate. The weigh'

of the blocks or sleepers should not be less than about 120 pound) each; and

some kinds of ground will require heavier. In this method the wheels of the

waggons cannot be obstructed by the heads of the nails rising above the surface,

and the blocks are not disturbed by fixing the plates ; and when repairs are

necessary, the plates must be formed for the purpose. When tram-plates are

fixed by spikes to stone sleepers, there is some difficulty in keeping the joint

even and in its place ; but it seems to be successfully obviated by using a

saddle-pin to receive the ends of the nails at the joints, an improvement which

was introduced by Mr. Wilson on the Troon tramroad.

Tramroads are much esteemed in Wales ; and in consequence of using them,

it is found desirable to divide the pressure upon the rails as much aa possible :

hence, small carriages are used, and these lead to small wheels, so that the effect

of a given power is not above half what it ought to be ; and yet the enormous

increase of railroads in Wales renders it evident that some benefit is received

from adopting this system of conveyance. In 1791, there was scarcely a single

-ailway in South Wales; and in 1811, the complete railroads connected with
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cinals, collieries, &c. in Monmouthshire, Glamorganshire, and Cnermarthen-

ibire, amounted to nearly 150 miles in length, exclusive of under-ground ones,

of which one company iu Merthyr Tydvil possessed about thirty miles; since

which period the lines have been extended to, at the least, five hundred

milei.

It now becomes proper to introduce some notice of edge rails, the use of

which ii so generally and justly preferred to the tram plate. Their origin it

would be difficult to trace with any precision ; and it is a question of so little

moment, as to be hardly worth the trouble of investigation. Some of the

wooden rails partook of the usual shape, especially when capped with a plate

of iron : hence a transition to more judicious forms and more permanent

materials was easv.

The earliest complete edge rail which we know of was made of out-iron, in

1789, by Mr. Jessop, at Loughborough, the upper surface of which was flat,

and the under of an elliptical shape. But this appears to have been so little

known to engineers, that we find Mr. Benjamin Wyatt making use of a cast-

iron edge rail in 1800, and imagining himself to be the inventor. The form

of hit rail was indeed quite original, and ought not therefore to be omitted in

this sketch. It is thus described by himself:—

" The rail hitherto made use of in most railways is a flat one, 3 feet in

length, with a rib on one edge, to give it strength, and to prevent the wheels,

which have a flat rim, from running off. Observing that these rails were

frequently obstructed by stones and dirt lodging upon them ; that they were

oUiged to be fastened to single stones or blocks, on account of their not rising

sufficiently above the sills to admit of gravelling the horse path; that the sharp

rib standing up was dangerous for the horses ; that the strength of the rail was

applied the wrong toay ; and that less surface would produce less friction : led

me to consider if some better form of rail could not be applied. The oval

presented itself as the best adapted to correct all the faults of the flat rail,

aid I have the satisfaction to say that it, has completely answered the pur

pose in a railway lately executed for Lord Penrhyn, from his lordship's slate

quarries in Caernarvonshire to Port Penrhyn, the place of shipping. The

wheel made use of on these rails, has a concave rim, so contrived in its form,

and the wheels so fixed upon their axes, as to move with the greatest facility on

the sharpest curve* that can be required." In the annexed section, a represents

the rail, which is 2 inches deep and 11 inch thick horizontally ;

the lower part, l>, is cast to each end of the rail, 3 inches long, to

let into the sills, which have a dove-tailed notch to receive

them. The advantages of this form were said to be, that no dirt

can lodge upon it; that it is strong for its weight, and calculated

to resist both the lateral and perpendicular pressure ; that it must

/ " \ occasion but little friction ; that it may be placed on the sills so as

* to admit a sufficient quantity of gravel to cover them, and present

no danger to the horses. They were cast 4 feet 6 inches long, and weighed

36 pounds each.

The Penrhyn railway it six miles and a quarter in length, divided into five

•tages. It has three-eighths of an inch fall in a yard, with three inclines ; was

began in October 1800, and finished in July 1801. The annexed sketch

US,B

 

»howi the kind of waggons that were used on this railway, twenty-four of which,

containing 24 tons, were drawn by two horses (one stage) six times a day; which

« 144 tons per day, drawn 6J miles per day. This quantity of work was

TOl.II. 3 B
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previously performed by 144 carts, and 400 hones : go that ten horses will by

means of this railway do the work of four hundred !

It was however found that the oval-formed rail bad a tendency to wear the

concave rims of the wheels very fast into hollows, which fitted so tight upon

the rail as to create great friction, and render it necessary to change the wheels

very often. It was accordingly proposed to substitute for them a rail and wheel

 

represented in the annexed cross section : a is the rail, •'• the dovetail, e the

lower ends of the wheels, and e the sills, now made of cast iron.

SECOND ERA.

To Trevithick and Vivian, who were engineers at Camborne, in Cornwall,

belongs we believe the honour of having invented and carried into practice

locemotive engines. This single event forms an era, not only in mechanics!

science, but also in our social relations ; as it is calculated to bring about a

more extensive and beneficial change than almost any other event on the page

of history, by placing the arts, sciences, knowledge, conveniences, comforts,

manufactures, and produce, peculiar to each remote place or district within the

reach of all.

We should not omit to notice, that the possibility of applying the power of

the steam engine was mentioned by several mechanics, soon after it was brought

into a practicable form by Savery, Newcomen, and others, in the early part of

the last century ; and towards the latter part (1 784), the celebrated James Watt

mentioned the subject in his specification of that date, seemingly with the view

of recording Himself as the inventor ; but he never built a steam carriage ; ami

the machine which he suggested under his general patent, was designed for the

common road. " A carriage for two penons, might (he observed) be moved with

a cylinder of seven inches in diameter, whcii the piston had a stroke of one foot,

and made sixty strokes a minute." In a note to a late edition of Dr. Kobinson'»

mechanical Philosophy, Mr. Watt states : " I soon relinquished the idea of

constructing an engine on this principle, from being sensible it would be liable

to some of the objections against Savery's engine, viz. the danger of bursting

the boiler, and also that a great part of the power of the steam would be lost,

because no vacuum was formed to assist the descent of the piston." This

extract affords clear evidence of two important facts. Th; /,Ys/, that Mr. Watt

did not entertain the idea of applying nis crude scheme to railways, although

there were many in active operation in the North of England, and some few iu

Wales. The tecond fact is, that Mr. Watt acknowledged the incompetency of

his own scheme to effect the object designed.

In the formidable qualities which had excited the fear of Watt and othen,

Trevithick and Vivian perceived those very properties which fitted it to become

the actuating principle of their mechanism. Above all other consideration!

which swayed them in the preference of steam of. a high temperature, was the

power it gave of dispensing with the use of the condenser altogether ; a part
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which, from its- cumbrousness, and the difficulty of supplying it with water,

rendered it far inferior even to Newcomen's imperfect apparatus for locomotive

purposes.

Being unprovided with an authentic drawing of Trevithick and Vivian's

locomotive, we will endeavour to explain its arrangements with such diagrams

i- we have in our possession. The annexed, we are informed, is a sectional

sketch from one of their engines, containing the same leading features as their

locomotive.

 

At a a is a cylindrical boiler, with a fire door at b, at one end of the cylinder;

c c is the fire-place, from which proceeds the principal flue, the parts being

shown by dots, as they are supposed to be situated on one side of the vertical

plane, through which our section is made ; the flue, therefore, is turned at the

rircle c, then recurved and continued to the chimney g. This arrangement of

furnace and flue within the boiler has been ever since distinguished by the

Dame of its inventor, Trevithick, and has been more used than any other, on

account of its economy in the consumption of fuel. The lower part of the

working cylinder h is immersed in the boiler, and the upper has a jacket,

around which the fresh hot steam circulates freely, so that no loss of power

can he sustained by the cooling influence of the air upon the cylinder, as was

previously the case. Above '.he cylinder is the four-way cock i, for admitting

and discharging the steam alternately ; in the latter operation the waste steam

»at discharged along a pipe, j, into the chimney, which, by increasing the

•fraught through the fire, augments the production of steam, and gets rid of the

nuisance of'the waste steam, in a manner so desirable as to render it now indis

pensable. The upper end of the piston rod is furnished with a cross head, which

it placed in a direction at right angles to the length of the boiler, and parallel

to each other. To the ends of this cross head are joined two connecting rods,

the lower ends of which work two cranks, fixed in the extremities of the axis

which carries the running wheels, the axis extending across and beneath the

boiler, and immediately under the centre of the steam cylinder. This arrange

ment ia shown in Fig. 1 of the following diagrams, extracted from Mr. Gordon's

Treatise on " Elemental Locomotion," which states it to be an end elevation
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of Trevithick and Vivian's locomotive engine ; and Fig. 2 a side elevation of

the same. • Mr. Gordon has, however, omitted the chimneys, and has shown

the eduction pipe as discharging the steam directly into the atmosphere.

Fig. 2. Fig. 1.
 

The next invention which we have to notice, in accordance with our chrono

logical order, is that of an improved cast-iron rail or plate, which has been

proved in numerous situations to be highly useful ; it was patented by Mr.

J. Woodhouse, of Ashby-de-la-Zouch, in 1803. The specification describes

various modifications of the plan, showing its application to gravelled roads,

paved roads, or streets, and to railways. But the following diagram will suffice

to show its application to the latter object, and its adaptation to the other

objects may be as readily conceived. At a a is the rail or plate, the upper

surface of which is made concave, as shown in the section in /,.'. I. The

  

 

length of these rails or plates is shown at a a in the elevation Fig. 2,

and the mode of supporting and fastening their ends on two bearers or sleepers

666. The bearings may be made of timber, stone, or cast-iron or wood pil«;

and the plates fixed by screw or cotter bulls. The road is to be made even wilh
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proper road materials, and the rails will then, the patentee states, be immovable.

/' was likewise intended to use the said hollow rails or plates as water-conduita

or gutters, to which object they have been frequently and are now applied in

many parts of London and elsewhere. Indeed, the design is so complete, as to

adopt itself, with slight alterations, to many situations and purposes.

The improvements effected on the Penryhn railway before mentioned naturally

led to ameliorations in the structure of similar works elsewhere, which was

 

 

Fig. 3.

"penally observable on the banks of the Tync and Wear. The expense of the

lrannt of coals forms so considerable a proportion of their money cost, that the

owners are always alive to any decided saving that may be effected therein.

In the engravings above. Fig. 1 represents a side view, Fig. 2 a plan, and Fig. 3

» crora-section of a cast-iryn edge-rail, of the form which has been extensively

adopted in the districts above mentioned. The waggons run upon the rounded

edge of the rail, which is smooth, and laid as evenly and regularly as possible.

The length of these rails is usually three feet, with a depth of about four inches

and a half in the middle, and breadth of the top two inches ; but in some

railways the rails are four feet long. The ends of the rails meet in a piece of

cast-iron, called a chair (see Fig. 4), and the chairs are fixed to stone blocks or

sleepers, with a. broad base, and weighing from one and a half to two hundred

"eight These are firmly bedded in the ground, and adjusted to a proper plane

for the road before the chairs are connected to them. The goodness of the

road of course depends much on fixing the sleepers in a sound, firm manner.

In fig. \ the side view of the rail C is shown, supported at the extremities A B

W cast-iron chairs E E, which rest on the stone blocks, or sleepers, D D.

fy. 2, the plan, shows the scarf joints, where the ends of the rails meet in the

iron chairs E E. fig. 3, the cross section of the rail taken at C, in Fig. 1,

*hich is the middle of its length. Fig. 4 is a cross section at B, through the

joint chair and supporting blocks.

l-p to this period in the history of railways, it does not appear that any

other power of draught or propulsion was employed but that of horses, except,

occasionally, of fixed engines at inclined planes.

In the year 1811, a patent was taken out by Mr John Blenkinsop, coal viewer,

of Middleton, in Yorkshire, for " certain mechanical means by which the con

veyance of coals, minerals, and other articles is facilitated, and the expense

Mending the same rendered less than heretofore." The specification of this

Patent informs us that it consists of the application of a rack or toothed rail,

••'•'• down on one side of the roadway from end to end. Into this rack a
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toothed wheel is worked by the steam-engine ; the revolution of which, wheel

produces the necessary motion, without being liable to slip in descending a

steep inclined plane.

The accompanying figure will convey to our readers an idea of Mr. Blenkin-

 

sop s plan. The boiler x is placed on a wooden or cast iron frame y- Through

its interior passes a wrought-iron tube, of sufficient diameter to hold the fire

and grate ; this tube is carried out at the farther end of the boiler, when it *

bent upwards, and continued sufficiently high to form the chimney 5. a a are

two working cylinders fixed in the boiler, and which work in the usual war ;

the piston rods are connected by cross heads to the connecting rods b b. These

connecting rods are brought down on each side of the boiler, and there joined

to the cranks c c, (there being corresponding cranks on the other side of the

machine,) which are placed at right angles to each other ; consequently the two

cranks on the first shaft are horizontal, and at their greatest power, at the Urae

the other two are passing the centre. Upon these shafts are fixed (under the

boiler) two small toothed wheels, which give motion to a larger toothed wheel

fixed upon an intermediate axis. A toothed wheel /is firmly keyed to the end

of the same and revolves with the intermediate wheel. The teeth of/correspond

with, and work into a rack It R, stretched along one side of the railway-

Motion, therefore, is given by the pistons to the wheels d tl, which they com

municate to the cog-wheel/; a progressive movement being given to the

carriage by the teeth of/ taking hold of the rack.

The communication of the pressure of the steam upon the piston through

the connecting rod and cranks, it is said, produced great noise, and in some

parts of the stroke great jerks, each cylinder alternately propelling or becoming

propelled by the other, as the pressure of tlie one upon the wheels become

greater or less than the pressure of the other ; nnd when the teeth became worn,

they produced a rattling noise. Mr. Galloway states that several of these

engines were constantly employed in drawing coal-waggons between Middleton
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Colliery and Leeds ; and with reference to their effectiveness, the following par

ticulars were given by Mr. Blenkinsop in reply to queries put to him by Sir

John Sinclair. He stated that his patent locomotive engine, with two eight-

inch cylinders, weighs five tons; consumes two-thirds of a hundred weight of

coals, and fifty gallons of water per hour ; draws twenty-seven waggons, weigh

ing ninety-four tons, on a dead level, at three and a half miles per hour; or

fifteen tons up an ascent of two inches in the yard ; when lightly " loaded" it

travels ten miles an hour, does the work of sixteen horses in twelve hours, and

costs 400/.

In the following year, 1812, Messrs. William Chapman, of Durham, and

E. W. Chapman, of Wallsend, Northumberland, took out a patent for " a

method or methods of facilitating the means, and reducing the expense of car

riage on railways and other roads ; " which they describe as chiefly consisting in

the use of a chain, or other flexible and continuous substance stretched along

the road to be travelled, properly secured at each end, and at suitable intervals ;

and in the application of this chain round, or partially round a grooved barrel

or wheel, in such manner as not to slip when this grooved wheel, which is fixed

upon, before, or behind a carriage containing the motive power, shall be put in

motion by that power, so that by the revolution of the grooved barrel round its

axis, either one way or the other, it shall necessarily draw the said carriage, and

any others which may be attached to it, within its power of action. As the

carriage containing the motive power, when thus' loaded, may be too heavy in

tone instances for the existing iron or wooden rails, if it rested on four wheels

only, Messrs. Chapman proposed to use six or eight wheels, in order that they

 

night more freely move round curves in the road, and that the weight might be

more diitributed thereon ; the pressure being thus reduced upon each bearing

point, in the inverse proportion of the number of wheels. The means adopted

by the patentees for carrying their invention into effect, are described at consi-

krable length, with explanatory drawings, in their specification ; but as Mr.

Wood informs us that the application of it failed at the Hcaton Colliery, where



384 BRUNTON'S LOCOMOTIVE ENGINE.

it was for a time put into practical operation, and as the details of it would

occupy too large a apace in our pages, if inserted, we shall refer the reader to

the enrolled document for them. The cause of the failure just mentioned i-

stated to have been owing to the waste of power arising from the excessive

friction of the chain. There are one or two incidental ohservations in the

specification which ought not perhaps to pass unnoticed. Allusion is made to

the possibility of employing inflammable got as the motive power, which, most

of our readers are aware, was a few years ago carried into effect by the ingenious

Samuel Brown. We also remark, although it is of little moment, that the spe

cification contains the first proposition we have met with for employing the

common winnowing machine to force a current of air under the fire-place.

The annexed engraving exhibits an elevation of one of the locomotive engines

of Messrs. Chapman, which was employed on the Heaton Colliery. The boiler

consists of a large cylinder, of the Trevi thick kind, with the furnace and a double

or return flue passing through it to the chimney, situate on one side of the fire

door; opposite to which is a chest containing the fuel of supply. The steam

chamber is a large vertical cylinder, from which proceeds laterally a pipe to

conduct the steam to two vertical cylinders, fixed on either side of the boiler.

The motion of the piston rods actuated two vibrating beams, to which wen

appended two connecting rods, whose lower extremities worked two revolving

cranks, carrying on their axis, spur geer, which, through the medium of a train

of toothed wheels, shown, gave simultaneous motion to all the running wheels.

The -weight of this engine, with its water and fuel, we are informed was six

tons ; and it was set to work in December 1812, upon the railway leading from

Mr. J. G. Lambton's collieries to the river Wear. It drew after it 18 loaded

coal waggons, weighing 54 tons, up a gentle ascent rising -fg of an inch to a

yard (or 46 feet in a mile) at the rate of four miles an hour. The power of the

engine was applied to the running wheels as already described ; and it was

iininil Ilia! their resistance to slipping upon the rails was the utmost power it

could exert in drawing waggons after it, which in this instance was carried te

the extreme; for although the friction was equal to the drawing forward tho

train of eighteen waggons, after they werefairly in motion, it did not overcome

their rit inertia until after a considerable flipping of the wheels of the carriage.

We now come to the description of a machine of great singularity, and

which strongly attests the ingenuity of the contriver, Mr. William Brunton,

of the Butterly Iron works, in Derbyshire, and for which he took out patents.

It-consists in a curious combination oflevers, the action of which nearly resembles

that of the legs of a man in walking, whose feet are alternately made to

press against the ground of the road or railway, and in such a manner as to

adapt themselves to the various inclinations or inequalities of the surface. The

following engraving represents this engine, which the inventor called his

" MECHANICAL TRAVELLER." The boiler 19 nearly similar to that which we last

described. The cylinder a is placed on one side of the boiler; the piston rod

is projected out behind horizontally, and is attached to the leg aft at a, and to

the reciprocating jointed bent lever above ; at the lower extremity of the leg

a b feet are attached by a joint at b ; these feet lay a firmer hold on the ground,

being furnished with short prongs, which prevent them from slipping; and are

sufficiently broad to prevent their injuring the road. When the piston rod it

projected out from the cylinder, it will tend to push the end of the lever, or

leg a, from it, in a direction parallel to the line of the cylinder ; but, as the

leg a b is prevented from moving backwards by the end b being firmly fixed

upon the ground, the reaction is thrown upon the carriage, and a progressive

motion given to it, and this will be continued to the end of the stroke. Upon

the first reciprocating lever is fixed at 1 , a rod 1 2 3 sliding horizontally back

wards and forwards upon the top of the boiler; from 2 to 3 it is furnished with

teeth, which work into a cog-wheel, lying horizontally ; on the opposite side of

this cog-wheel a sliding rack is fixed similar to 1 2 3, which, as the cog-wheel

is turned round by the sliding rack 2 3, is also moved backwards and forwards.

The end of this sliding rod is fixed upon the other reciprocating lever of the

leg d e at 4. When, therefore, the sliding rack IB moved forwards in the direc
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tioo 3 2 1, by the progressive motion of the engine, and when the piston rod

is at the farthest extremity of the stroke, the leg d e will be brought close to

the engine ; the piston is then made to return in the opposite direction, .moving

with it the leg a b, and also the sliding rack 12 3; the sliding rack acting on

the tooth wheel causes the other sliding rod to move in the opposite direction,

and with it the leg d e. Whenever, therefore, the piston is at the end of the

■troke, and one of the legs is no longer of use to propel the engine forward, the

 

other, immediately on the motion of the piston being changed, is ready, in its

turn, to act as an abutment for the action of the moving power to secure

the continued progressive motion of the engine. The feet are raised from the

ground during the return of the legs to the engine, by straps of leather or

rope fastened to the legs BXff, passing over friction sheaves, movable in one

direction only, by a ratchet and catch, worked by the motion of the engine.

The boiler was a cylinder of wrought iron, 5 feet 6 inches long, 3 feet in

diameter, and of such strength as to be capable of sustaining a pressure of

upwards of 400 pounds per square inch. The working cylinder was 6 inches

in diameter, and the piston had a stroke of 24 inches, the step of the feet was

26 inches, and the whole machine, including water, weighed about 45 cwt.

When placed upon a railway, Mr. Brunton found that it required to move it

»t the rate of 2J miles per hour, a power equal to the constant pressure of 84

pounds. He then applied a chain to the hinder part of the machine, by

which as the machine moved forward, a weight was raised at the same time

and rate ; and he found that with steam equal to 40 or 451bs. pressure upon

the square inch, the machine was propelled at the rate of 2J miles per hour,

»nd raised 112 lbs. at the same speed ; thus making the whole power 896 lbs ,

«t 2} miles, which, at 150 lbs. the horse power, is equal to about six horses;

tat the machine was only designed to insure 4 horses' power, and to work upon

a railway rising one in thirty-six.

To get rid of the cumbrous wheels and pistons, and avoid the jerks and

concussions consequent upon Mr. Blenkinsop's arrangement, we find Mr. Ralph

Dodd and Mr. George Stephenson taking out a joint patent " for various im

provements in the construction of locomotive engines," which was dated Feb.

-8, 1815. It consisted of the application of a pin upon one of the spokes of

the running wheels that supported the engine ; the lower end of the connect

ing-rod being attached to the pin, and the upper end to the cross-head of

vol. ii. 3 c
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the piston rod, worked up and down by the piston. (The following engraving

serves to explain this invention, although it helongs to the patented improvt-

ments subsequently introduced by Mr. Losh, in conjunction with Mr. Stevenson ;

Mr. Dodd's previous invention being combined therein.) aj> represents the

connecting-rod, the end a attached to the cross-head, and the end b to one of

the spokes of the wheel j in like manner the end d of the other connecting-rod

is attached to the beam of the other piston, and the lower end to a pin fixed in

the spokes of the wheel B. By these means the reciprocating motion of the

piston and connecting-rod is converted, by the pin upon the spokea acting as a

crank, into a rotatory motion, and the continuation of this motion secured by

the one pin or crank being kept at right angles to the other as shown in the

drawing. To effect this, the patentees had two methods;—to crank the axles,

on which each of the wheels were fixed, with a connecting-rod between, to

keep them always at the angle with respect to each other ; or to use a peculiar

 

sort of endless chain, passing over a toothed wheel on each axle. This endless

chain consisted at first of one broad and two narrow links, alternately fastened

together at the ends with bolts ; the two narrow links were always on the outside

of the broad link ; consequently, the distance they were separated laterally would

be equal to the breadth of the broad link, which was generally about two inches,

and their length three inches. The periphery of the wheels fixed upon the

axles of the engine, was furnished with cogs, projecting from the rim of the

wheeU (otherwise perfectly circular and flat) about an inch or an inch and a

half. When the wheel turned round, these projecting cogs entered between

the two narrow links, having a broad link between every two cogs, resting on

the rim of the wheel ; these cogs, or projections, caused the chain to move

round with the wheel, and completely prevented it from slipping round upon

the rim. When, therefore, this chain was laid upon the two toothed wheels,

one wheel could not be moved ruund without the other moving round with
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it, and thus secured the proper anglea to the two cranks. This mode of com

municating the action of the engine from one wheel to another, is shown in the

drawing, the wheels A and B having each projecting cog-wheels, round which

the endless chain passes. When the chain got worn hy frequent use, or was

stretched, so as to become too long, one of the chairs of the axles could be

moved back to tighten it again, until a link could be taken out, when the chair

was moved back again to its former situation. -

In the following year, 1816, a joint patent was obtained by-Messrs. Stevenson

and Losh, of Newcastle, for a variety of improvements in the carriages, wheels,

rails, &c. of a railway. In that part which relates to locomotive engines, the

very singular proposition is made of " sustaining the weight or a part of the

weight of the engine, upon pistons moveable within cylinders, into which the

steam or water of the boiler is allowed

to enter, in order to press upon such

pistons ; and which pistons are, by the

intervention of levers and connecting-

rods, made to bear upon the axles of the

running wheels of the engine." The

annexed section of a locomotive engine,

exhibits the application of the " Steam-

springs," as they were called. At a a

arc the steam-cylinders, containing the

floating pistons b b, connected with rods,

cc, the ends of which rest upon the

brasses of the axles of the wheels del.

" These pistons, pressing equally on all

the axles, cause each of the wheels to

4> press with an equal stress upon the rails,

t and to act upon them with an equal

degree of friction, although the rails

should not all be in the same plane ;

for the bearing brasses have the liberty

of moving in a perpendicular direction

in a groove or slide, and carrying the

axles and wheels along with them, free

the wheels to accommodate themselves

to the inequalties of the railway. The

objects of these floating pistons are, to

prevent the engine from receiving

shocks, and preserve a steadiness of

motion ; the inventors considering, that

by acting on an elastic fluid, they pro

duce the desired effect " with much

more accuracy than could be obtained

by employing the finest springs of steel

to support the engine." A longitudinal

section of this locomotive engine is

given in the preceding figure, in the

description of Dodd and Stephenson's

improvements, which it equally illus

trates.

These locomotive engines were long

in use at Killingsworth Colliery, near

Newcastle, and at lletton Colliery, on

the Wear ; so that their advantages and

defects have been sufficiently submitted

to the test of experiment " The prin

cipal objections (in the opinion of

Mr. Galloway), consist in the diffi

culty of surmounting even the slightest
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ascent ; for it lias been found that a rise of only one-eighth of on inch in

a yard, or 18 feet in a mile, retards the speed of one of these engines in a

very great degree ; so much so, indeed, that it has been considered necessary,

in some parts where they are used, to aid their ascent with their load In

fixed engines, which drag them forward by means of ropes coiling round a

drum. The steam cylinders below the boiler were found very defective, for in

the ascending stroke of the working piston, they were forced inwards by

the connecting-rod pulling at the wheel in turning it round, and in the de

scending stroke the same pistons were forced as much outwards : this motion

or play rendered it necessary to increase the length of the working cylin

der as much as there was play in the lower ones, to avoid the danger of

breaking or seriously injuring the top and bottom of the former by the strik

ing of the piston when it is forced too much up or down. As our meaning

may not be fully comprehended without elucidation, let us imagine the

cylinder of a common beam engine to be set upon springs which have a play

of one foot; the weight of the cylinder, when at rest, depresses the spring six

 

inches; but if the engine be put in motion, then, as the piston ascends

and gives motion to the machinery, the springs below the cylinder, being,

as it were, the abutments upon which the steam acts, are forced downwards

against their seat with precisely the force that the piston exerts in over

coming the resistance of the machinery. In like manner, when the piston



LOSH AND STEPHENSON'S RAILWAY. 389

descends, as much weight or pressure will be taken off these springs by the

tame means : the cylinder would, therefore, vibrate or dance upon the bearing

springs ; and as the motion which it thus obtains is the reverse of the motion

then given to the piston, the length of the cylinder should be greater to allow

for the extreme vibration to which it is liable. A quantity of steam would,

therefore, be lost in filling up this extra length of the cylinder at each stroke.

This would also happen if the cylinder were fixed, as usual, and the carriages

of the crank and fly-wheel supported upon springs ; and this arrangement

would then be exactly the same, in principle and effect, as the parts of the

locomotive engine to which we now allude."

The engraving on the preceding page represents one of the engines made

for the Kirkintilloch and Monk land Colliery Railway, by Messrs. Murdoch and

Aitken of Glasgow. The working of these engines gave, it is said, very high satis

faction to the proprietors, as performing more work than the engineers undertook

they should execute. As there appears to be nothing in the arrangement of the

part) which was not previously known, we can only attribute the high character

these engines attained, to superior workmanship—and the clothing of the engine

in a wooden casing, to prevent the waste of heat. It affords a good example of

the old fashioned locomotives, and shows a peculiar mode of coupling the

•heels. The connecting rod between the two wheels has a ball and socketjoint

at each end, making universal joints. The wheels have a play of about

one inch to allow for turning in the sharp curves of the line. The cylinders

are 10i inches diameter each, and the stroke two feet, pressure of steam 501bs.

The average speed of these engines was 6 miles per hour, which is quite ade

quate for the purposes of a colliery. They were the first locomotive engines

made in Glasgow.

The improvements in the engine or carriage wheels proposed by Messrs.

Stephenson and Losh, in their patent of 1816, consisted in forming the spokes

of malleable iron, and uniting them in the sand by casting the ring and nave to

them. In some cases, they made the " spokes of cast iron, with hoops, tires, or

trodsof malleable iron."

Fig. I ig a side view of the wheels, with wrought-iron arms, a a a show the

arms cast in the nave, and dropped into mortice noles made in the rim, which

Fy. 2. fig. 3.

 

Fig. 7.
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are dovetailed, to suit the dovetailed ends of the arms a a a. The arms are

heated red hot previous to dropping them into the holes, in order to cause them

to extend sufficiently for that purpose, for when cold they are too short, owing

to the property which iron possesses, of expanding on the application of heat,

and of contracting again to its former dimensions on cooling down to the same

temperature from which it was raised ; the arms, therefore, on cooling, are

drawn with a force sufficient to produce a degree of combination between their

dovetailed ends and the mortices of the rim, which prevents the possibility of

their working loose; they are afterwards keyed up; the mortice holes are also

dovetailed, from the tail side of the wheel (a a, Fig. 2.) to the crease side (b in

the same figure).

Fig. 2 is a cross section through the centre of the wheel, with wrougbt-iron

arms.

Fig. 3 is an end view of Fig. 2.

Fig. 4 represents an elevation of the edge railway, showing a rail a con

nected with the two adjoining rails, the ends of which are shown by 6 b, and

resting in the props or pedestals, the bases of which are the metal chain that

are bolted to the stone supports c c. The joints e e are made by the ends of the

rails being applied to each other by what is termed a half lap ; and the pin or

bolt g which fixes them to each other, and to the chair in which they are in

serted, is made to fit exactly a hole which is drilled through the chair and both

ends of the rails, at such a height as to allow both ends of the rails to bear on

the chair, and the bearance being the apex of a curve, they both bear at the

same point. Thus the end of one rail cannot rise above that of the adjoining one ;

for although the chair may move on the pin in the direction of the line of the

road, yet the rails will still rest upon the curved surface of their bearance

without moving. •

Fig. 5 is a cross section of our edge-railway through the middle of one of the

chairs a, and across the ends of the two adjoining rails, which are connected by

a transverse pin ; c is the stone support or sleeper.

Fig. 6 is a cross section of the rail a, at the centre, and shows the support!

at the farther extremity.

Fig. 7 is a plan of the railway described at Fig. 1, showing the half-lap join

ings of the rails e e placed in their carriages d d.

Fig. 8, in the subjoined cut, is a view of the cast-iron wheel with the malle

able iron tire. This wheel is made with curved spokes, as shown at a a a, and

with a slit or aperture in the rim, shown at 6, into which a key is inserted.

The reason of this is, that on the application of the hot tire, the cast metal

Fig. 9. Fig. 8. Fig. 10.

 

expands unequally, and the rim is liable to be cracked, and the rims drawn off,

unless the first is previously slit or opened, and the latter curved, which allow

them to accommodate themselves to the increased diameter of the wheel; by

this formation of the wheel, the tire may be placed on when cold, and keyed

up afterwards.
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Fig. 9 is a cross section of Fig. 8, through the centre, a a show the tire ;

b b the metal rim. This cast metal rim is dovetailed ; so that when the tire,

which is dovetailed to suit it, is put on hot, it contracts, and applies itself to the

rim with a degree of adhesion which . prevents its coming off from the motion

of the wheel on the railway. This wheel is of the form to suit an edge-railway ;

and to make it answer for a plate-rail, it only requires the rim to be flat.

Fig. 10 is an end view of Fig. 8 without the malleable iron tire.

The same patent comprises improvements in " rolleys" or tram-wheels, and

in tram-plates. The first consists in the combination of cast and wrought-iron,

after the same method as already described with respect to the larger or edge-

rail wheels ; and the second consists in some judicious modes of fixing the

ram-plates to the chairs, through the means of tenons and mortices, so that the

ends of the rails are kept firmly in their places.

The transit of coals from the mines to the place of shipment added so much

to their cost, that the owners were naturally solicitous to adopt any improvement

calculated to lessen it. And the great ameliorations introduced by Messrs.

Loah and Stephenson, just described, were of so decided a character, as to

become very generally preferred in the collieries of the north ; where they

continued in use for many years. There was, however, an unquestionable defect

in the material used. Cast-iron, although it offers great facilities in producing

the desired shapes to resist strains ; to economise metal in those parts where

much strength is not required ; and to afford the most convenient adaptations

in fitting together, can naver be entirely depended upon, until certain and

ratify practited means shall be discovered of expelling the air contained in the

moulds. From the casting's being often blown in invisible places, frequent

breakages were unavoidable, from this cause alone ; to which may be added,

the derangements of the substructure of the line, which, however well executed,

is always taking place in different parts, according as they may be subjected to

the various disturbing causes; such as wet, friction, concussions, &c, altogether

producing, in extensive lines, a very serious amount of breakage, and a heavy

expense for repairs ; nevertheless, previous to Messrs. Losh and Stephenson, the

expense of repairs was much greater.

Although the rails in general use were for the most part of cast iron, there

were some of malleable iron, made of the ordinary rectangular figure by rolling;

which latter were liable to be rendered unserviceable by becoming bent. To

remedy this defect in the malleable, and the liability to break in the cast iron,

Mr. John Hawks, of Gateshead, Durham, took out a patent in the year 1817,

"for a new method of making rails," in which the metal in both its states was

combined. The specification states, " Instead of making the rails or bars of

cast or malleable iron, as those now in use are, they are a compound of

malleable and cast iron, so connected as to be stronger than if made of either

kind alone. The surface is formed of cast iron, and the back, or under part,

of malleable iron, joined together and formed when the metal of the former is

in a fluid state ; and they become so inseparable that the cast iron may be

broken at the nearest possible distances ; indeed, even inch by inch, which is

■carcely possible to be occasioned by accident, and the rail will remain sufficient

for the purposes of a railway; at least, till it suits the convenience of the

workmen to replace it, without interruption to the concern in which the rail

way may be used : and as a loss by a broken rail of this invention will be less

than one in common use, the expense, although it may be a little more in the

first instance, will be considerably less in the end, as the malleable iron may

be used again, or as the old iron will be of much more intrinsic value than the

other."

The modes of combining cast and malleable iron together in the rails are

rarious; but that which Mr. Hawks preferred as affording the best security for

their being firmly fixed together, is by running the cast iron, when in a state of

""ion, on the malleable iron ; to effect which the malleable part is to be first

forged, or otherwise prepared in that form and of that strength which the

nature of its intended purpose or appropriation points out as most proper. That

part of the malleable iron which is intended to be combined with the cast iron
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should be rendered rough and uneven byjagging or by perforation, by giving it

a dovetailed form, or by any other means, ao that the cast iron may firmly

adhere thereto, without the liability of becoming loose by the violent action of

the carriages. The malleable part must be clean, perfectly dry and warm, when

laid in the mould to receive the melted iron, which should be poured in as soon

as possible after the mould is ready to receive it, as any damp on the malleable

iron will endanger the soundness of the cast iron part.

It is a remarkable fact in the history of our iron manufacture, that at to

advanced a period as 1817 no attempt had been made to make railway ban of

malleable iron of a judicious form, like those used in the cast metal. It would

seem that the manufacturers of that time imagined that their grandfathers bad

taught them all that it was possible to acquire in their art of rolling ban ; that

it was too wild an attempt to make any other form than cylindrical and rectan

gular, although they might obviously effect the required configuration by the

same tools and machinery, with merely a slight deviation in the form of the

grooves. In consequence the proprietors of the railways and coal-works went

on breaking their cast iron and bending their weakly shaped malleable bars,

incurring for three years afterwards very serious accidents and loss. At length

Mr. John Birkenshaw, of Bedlington, made the notable discovery we have jurt

alluded to, (and which we should have thought would have been obvious to

everybody,) of making the grooves of the shape desired. He look out a patent

for his invention in 1820, and made, it is said, a considerable fortune by it;

his specification we will now make an extract from :—

" My invention consists in the adaptation of wrought or malleable iron bars

or rails of a peculiar form, instead of cast iron rails, as heretofore. From the

brittle nature of cast iron, it has been found, by experience, necessary to uuie

the bars of a railroad sufficiently strong to bear at least six times the weight

intended to be carried along the road, by which the original cost of a railroad

was considerably augmented ; or if light rails were used, the necessity of fre

quently repairing entailed a very heavy expense upon the proprietors. To obviate

these objections, I have invented a bar to be made of wrought, or malleable

iron, the original cost of which will be less than the ordinary cast iron rails ot

bars, and, at the same time, will be found to require little (if any) reparation in

the course of many years. The rails or bars which I have invented are formed

as prisms, though their sides need not of necessity be flat /'.••/*. 1 and 2 shoe

Fig. 1.

 

sections of the bar thus formed ; the upper surface upon which the wheel of

the carriage is to run is slightly convex, in order to reduce the friction ; and

the under part rests in the supporting-blocks, chairs, rests, standards, or

pedestals, which are mounted upon the sleepers. The wedge-form is proposed,

because the strength of the rail is always in proportion to the square of iu

breadth and depth. Hence this form possesses all the strength of a cube equal

to its square, with only half the quantity of metal, and, consequently, half the

cost. Sufficient strength, however, may be still retained, and the weight of

metal further reduced, by forming the bars with concave sides, as shown in

section, by Figt. 3 and 4."

The rolls made use of by Mr. Birkenshaw are exhibited in the annexed

figure, which represents an elevation or side view of a pair of them. It will

be -observed that the circumference of each roll is indented by a series of

grooves ; each groove in the upper roll corresponding in shape with those of

the lower roll, excepting in one case. Consequently the figures described by

the hollow spaces between each roll, represent the furm of the bars to be madr.
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It will therefore be obvious, that when a red-hot bar of iron is applied to the

grooves of such rollers, forced round by a powerful steam-engine with greut

velocity, the iron will be compressed into the same form throughout its length.

\l

A

/T

The form of rail now most approved of, which we shall have occasion hereafter

to describe, is made by the same kind of machinery.

The annexed wood engraving is designed to show Mr. Birkenshaw's railway,

the kind of waggons used, and the nature of the power at that time in general

 

use. The superiority of Mr. Birkenshaw's rail over that in general used pre

viously, which was the joint invention of Messrs. Stephenson and Losh, excited

the rivalry of the latter gentleman ; accordingly we find him taking out another

patent for " certain improvements in the construction of iron rails for railroads,"

which being to us very doubtful, we shall describe it very briefly in his own

words :—" First, in using, placing, and fixing bars of malleable iron on the

upper surface of a line of cast iron rails or malleable iron rails, of whatever

form such rails may be in the longitudinal direction of the rails when laid, so

M to form an uninterrupted line the whole length of the bar, which may be as

long ai it shall be found convenient and economical to use, and of the same

breadth as the upper surface of the rails to which it is fixed, or a "little broader

or narrower. Secondly, in some cases I fix a band or strap of malleable iron

t» the under surface of rails made of cast iron, in order that such band or strap

may, by its power of tension, give support to the cohesion of the parts of the

cart iron rails, and admit of its being made lighter, and thus save expense, while

» adds to security from breakage. Thirdly, I claim as an improvement, a rail

formed by fixing two bars of malleable iron on their sides or edges, and fixing

them in that position by bolts and studs, or by any other convenient method ;

and on their upper edges placing and fixing a flat bar of malleable iron, or one

which it slightly curved or rounded at the edges to diminish friction, so that

toe bar or plate, placed and fixed on the upper edges of the two malleable iron

Ian, shall form the surface upon which the wheels of the waggon or carriage

are to revolve." After this statement, we think the practical reader will not

1* disappointed it we omit the details of construction.

A new species of railway, possessing many advantages peculiar to itself, was

invented and patented in the year 1821 by the late Mr. H. R. Palmer, who was

for some years engineer to the London Dock Company. Instead of two lines

• rail laid upon the ground, as heretofore, Mr. Palmer's railway consists of

only one, which is elevated upon pillars, and carried in a straight line across

the country, however undulating and rugged, over hills, valleys, brooks, and

vol. ii. 3 D
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livers, the pillars being longer or shorter, to suit the height of the rail above

the surface of the ground, so as to preserve the line of the rail aitcayt straight,

whether the plane be horizontal or inclined. The waggons, or receptacles for

the goods, travel in pairs, one of a pair being suspended on one side of the rail,

 

and the other on the opposite side, like panniers from the back of a horse. By

this arrangement only two wheels are employed, instead of eight, to convej a

pair of waggons ; these two wheels are placed one before the other on the rail

and the axle-trees upon which they revolve are made of sufficient length and

strength to form extended arms of support, to which are suspended the waggons

or receptacles on each side of the rail, the centre ofgravity being aitcayt beloa

the surface of the rail. The rods by which the waggons are suspended are

inflexible; hence, although the weights on each side be not equal, they will,

nevertheless, be in equilibrio; as may be observed in a ship, which, being

unequally loaded, assumes such an angle with the surface as preserves the

equilibrium. Although an equal distribution of the load on both sides is

desirable, it is not necessary. A number of carriages are linked together, and

towed along the rail by a horse, as barges on a canal. Owing to tbe undula

tion of the country, the horse will sometimes be much below the rail, in con

sequence of which he is provided with a sufficient length of rope to preserve a

proper angle of draught.

Fig. 1 is an end view of the carriage, with a cross section of the rail, and a

pillar, showing its form, and manner of fixing.

Fig. 2 is a side view of the railway passing over an uneven surface, wiin

three of the supporting pillars of unequal length. Upon the upper surface of tbe

rail are seen the two carriage-wheels, and the manner of suspending the wag

gons or receptacles from the axle-trees, which is, however, better shown by

Fig. 1, letters I I I I.

Fig. 3 is a plan of the same, which exhibits the comparative measurement'.

and the mode by which the receptacles are braced together. The same letters

of reference refer to the same parts in the different figures. A, Fig. 1, repre

sents an upright pillar of cast iron, having, at the shoulder, a flange, which rests

upon the surface of the ground. The pillar is formed with ribs at right angles,
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which converge towards the lower extremity, and are notched in the edges, for

the better securing it firmly in the ground. The hole in which it is to be inserted

is to be previously well rammed, by a kind of pile-driving engine, and the foot

of the pillar surrounded with hard materials, which are also to be rendered

us compact as possible. Three of these pillars are shown fixed in Fig. 2, placed

3bout nine feet apart At the upper extremities of the pillars are long clefts or

openings, to receive the rail B, which is composed of deal planks, set on their

edges, with their upper surface D defended by cast or wrought iron plates, a

little convex on the upper side. When the rail has been some time in use, and

all has taken a bearing, a little adjustment of the line may be requisite before

the rail is bolted to the pillars ; to effect which, a very simple and easy method

is provided. In the cleft of the pillars, and under the rail, two wedges a a are

introduced in opposite directions, whereby its level may be adjusted with the

nicest accuracy. The wheels D D are provided with flanges, to keep them on

the rail, and their peripheries are slightly concave, to adapt their surfaces to that

of the rails. E E are the arms or axles ; H H are the receptacles for the

goods, which are made of plate iron, and are suspended to the arms, as before

mentioned, by the inflexible rods I I I I. To one of the arms a chain K is

hooked, to which a towing-rope may be connected. Any number of carriages

may then be attached together by chains hooked on to the angles.

The annexed Fig. 4 is intended to exhibit a portion of the railway in use,

and the methods by which several of the obstacles which frequently present

themselves are overcome. On the left is seen a jointed rail, or gate, that crosses

the road over which the carriages have just passed, and the gate swung back,

to leave the road open ; the horse and man having just forded, the train of car

riages is proceeding in its course, and following another train, part of which is

seen on the right, crossing a rail bridge, simply constructed for that purpose.

Provision is made for trains of carriages that are proceeding in opposite

directions, by means of " sidings" or passing places. With respect to loading,

if both receptacles be not loaded at the same time, that which is loaded fb>i

most be supported until the second is full. Where there is a permanent loading-

place, the carriage is brought over a step or block ; but when it is loaded pro

miscuously, it is provided with a support connected to it, which is turned up

Fig. A.
 

ffb.en'not in use. From the small height of the carriage, the loading of those

articles asually done by hand becomes less laborious. The unloading may be

done in various ways, according to the substance to be discharged, the recep-

IMM being made to open cither at the bottom, the ends, or the sides. In some

cases it may be desirable to suspend them by their ends, when, turning on their

o»n centre*, they are easily discharged sideways.
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Among the advantages contemplated by the patentee of this railway, may be

mentioned that of enabling the engineer, in most cases, to construct a railway

on that plane which is most effectual, and where the shape of the country would

occasion too great an expenditure on former plans—that of being maintained in

a perfectly straight line, and in the facility with which it may always be

adjusted ; in being unencumbered with extraneous substances lying upon it:

in receiving no interruption from snow, as the little that may lodge on the rail

is cleared off by merely fixing a brush before the first carriage in the train; in

the facility with which the loads may be transferred from the railway on to the

carriages, by merely unhooking the receptacles, without displacing the goods,

or from other carriages to the railway, by the reverse operation ; in the preser

vation of the articles conveyed from being fractured, owing to the more uni

form gliding motion of the carriages; in occupying less land than any other

railway; in requiring no levelling or road-making; in adapting itself to all

situations, as it may be constructed on the side of any public road, on the

waste and irregular margins, on the beach or shingles of the sea-shore,—indeed,

where no other road can be made; in the original cost being much less, anil

the impediments and great expense occasioned by repairs in the ordinary mode,

being in this method almost avoided.

A line of railway on this principle was erected, in 1825, at Cheshunt, in

Hertfordshire, chiefly for conveying bricks from that town, across the marshes,

for shipment in the river Lea. The posts which support the rails are about ten

feet apart, and vary in their height from two to five feet, according to the undu

lations of the surface, and so as to preserve a continuous horizontal line to the

rail. The posts were made of sound pieces of old oak, ship timber, and in the

slots or clefts at the upper ends of the posts, are fixed deal planks twelve inches

by three, set in edgeways, and covering with a thin bar of iron, about four

inches wide, flat on its under side, and very slightly rounded on its upper side ;

the true plane of the rail being regulated or preserved by the action of counter-

wedges between the bottom of the mortices, and that of the planks. By this

rail, on the level, one horse seemed to be capable of drawing at the usual pure

about fourteen tons, including the carriages.

The next invention in the order of time that presents itself to our notice, is

one possessing considerable originality ; and though it has not been carried

into effect, it contains some ingenious suggestions, that have formed the ground

work of subsequent inventions. It is the subject of a patent granted to William

Francis Snowden, of Oxford-street, London, on the 1 8th of December, 1824, for

n " new invented wheel-way and its carriages for the conveyance of passengers,

merchandise, and other things, along roads, rails, and other ways, either on a

level or inclined plane."

The specification describes the invention under two distinct heads ; the firs',

which is the most practical of the two, is explained as consisting of a hollow

trunk with a platform of iron on the top for waggons or other carriages to roll

upon ; inside the trunk is placed a machine, called by the patentee a mechanical

horse, to which is connected a toothed wheel, that is made to revolve in a hori

zontal plane, and to take into the teeth of a horizontal straight rack fixed on

one side of the hollow trunk. The vertical axis of the horizontal toothed wheel

passes through a longitudinal opening in the wheel-way ; above which it is con

nected to a locomotive steam-engine, and is actuated thereby ; through the

medium of bevil gear the motion thus communicated to the latter by the engines

is applied by the vertical axis to the horizontal wheel of the mechanical horse,

inside the hollow trunk ; and as the horizontal wheel is geared into the toothed

rack, which is fixed on one side of the trunk, the mechanical horse of necessity

moves forward with the same velocity as the horizontal wheel is made to revolve

by the power of the engine. This will be understood upon reference to the

annexed figure, which affords a longitudinal section of the mechanical horse,

and the hollow trunk or wheel-way. a is a vibrating cylinder, and 4 the boiler

of a locomotive engine, by which the bevil gear c d is actuated, and through

the medium of the vertical axis e, the horizontal toothed wheel /which takes

into a toothed rack g ; the mechanical horse /< is made to advance in its course,
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tnd to take with it the engine and the train of waggons that may be in con

nexion, tew is the wheel-way, and t t the hollow trunk. As the top of the

wheel-way is supposed to be flat, and the carriages without lateral flanges to

their tires, it ia proposed to guide the carriages by meana of tongues like that at

 

', which enters the longitudinal apeture, and which may be provided with an

antifriction roller to prevent-lateral nibbing. The inventor proposes to adopt a

similar arrangement to the foregoing for the towing of barges, by erecting his

patent wheel-ways by the sides or banks of canals and rivers.

In the preceding pages are given some plans for the employment of toothed

racks to railways, to enable a carriage, provided with a toothed wheel, taking

into the teeth of the rack, to obtain sufficient resistance to ascend steep inclined

planes: but the former were subject to the disadvantage of a strain or twist,

the rack in them being placed on one side of the way. To obviate this defect

appears to have been the object of Mr. Josiah Easton, who took out a patent,

dated the 13th October, 1826, for " certain improvements in locomotive or

Fteun carriages and also in the manner of constructing the roads or ways for

the same to travel on." The following brief description of this invention is

gireii in the London Journal of Arts, Vol. XI. :—" These improvements con

sist, first, in forming a line of road, with a raised part along the middle, upon

which a rack, or toothcJ bar of iron is placed ; and secondly, in adapting a

toolhed wheel to the steam carriage, which shall take into the said rack, and

being actuated by the rotatory power of the steam-engine, shall thereby cause

the carriage to be impelled forward upon the line of railroad, and the trams or

other waggons after it."

In the subjoined cuts, Fig. \ exhibits a transverse section of the railroad, with

Ac end view of a waggon upon it. • Fig. 2 is a side

elevation of the same, showing the manner in which

the carriage is driven ; a a is the road formed of

masonry, the parts b b, on which the running wheels

Iratel, being on a lower plane than the central part

f of the road, whereon the rack d is situated. The

rteam-engine, and other machinery appertaining to

the locomotive, are constructed in the usual way ;

the only novelty in the carriage is the toothed

•heel e, which takes into the rack d, fixed along the

centre of the road ; and this toothed wheel being

nude to turn through the agency of a train of

•heels actuated by the steam-engine, the carriage

" thereby propelled, and the waggons drawn after

it. In order to keep the carriages in their track

upon the road, two guide rollers ff are placed under

<he carriage, which run against the side of the

central rib, and this prevents them from moving

out of their course.

Fig. I.
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To enable locomotive carriages to ascend steeper inclined planes than lis!

heretofore been considered practicable, and likewise to enable the carriages ami

trains to wind round curves in the road, without the severe friction and strain

ing to which they had been previously subjected, was the object of a patent

granted on the 5th of March, 1825, to Mr. W. Henry James, of Birmingham.

This invention has not, we believe, been carried into effect on the great scale ;

but -we have been credibly informed, that the most satisfactory proofs have been

afforded of the ability to effect this, by repeated trials on a railroad more than a

hundred feet in length, laid down for the purpose of experiment, on which it

was found that a train of carriages would ascend inclined planes three inches in

the yard, which is equal to 440 feet in the mile. This important advantage is

gained by applying the power to the axletrees of the wheels of the several car

riages in the train, by means of the rotation of a long horizontal rod (or series

of connected rods), actuated by bevel gear under each carriare.

An ingenious plan has also been proposed by Mr. James for enabling the

carriages on a railway to pass around turns or curves in the road, without addi

tional friction. For this purpose, the horizontal rotatory shafts, which cause

each pair of wheels in the train to revolve, and propel the carriages forward, are

connected together by a novel kind of universal joint, which communicates the

rotatory motion to each successive carriage, even if so placed on the curves of

the roads, that the sides of one carriage shall present to the side of the next an

f.ngle of thirty degrees. To cause the carriage wheels to run round the curves

of the railway, without the usual destructive rubbing of their surfaces, the nils

in those parts are made with several ribs or elevations, and the wheels of the

carriages are consequently formed to correspond with those ribs, by their peri

pheries being grooved in like manner ; so that a wheel, in effect, possesses as

many diameters as there are variations in the surface of its periphery, by which

means it may be made to travel faster or slower, as may be desired.

The following engravings will render these plans intelligible to the reader.

a is the boiler of a steam-engine ; b the engine with two cylinders, the alter

nating motion of the piston in which gives rotation to the crank c above : the

rods e e, attached to the same, being also fixed to the crank of the horizontal shaft

///(which passes under the carriages), causes that to revolve with a similar

speed to the crank of the engine. Two square boxes, g g, are fixed under eaofc

carriage ; through these the axletrees of each pair of wheels pass; the rotatory

shaft/ passes also through the boxes above the axletrees, and at right angles

with them ; each of the boxes g g contains a double-beveled horizontal wheel.
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"hich presents a circle of cops in its upper as well as its lower side, and turns

upon cross bearings: now the shaft/ carrying upon it a vertical beveled pinion

in each box, takes into the upper circle of teeth of the horizontal wheel, while

the under circle of the teeth of the" same actuate a beveled pinion on the axle-

tree underneath, consequently compelling the wheels to revolve ; and the power

Wing thus applied to every pair of wheels simultaneously, sufficient resistance

is obtained, on a smooth surface, to ascend inclined planes of considerable

elevation, u u u u are the universal joints, which communicate rotatory motion

 

*hfn the carriages are not in a straight line j these, and other moving parts, are

'iWnctly shown in Fig. 2, which is upon a larger scale. // is the rotatory

i".aft; gg the two boxes, with the front plates moved, to show the gear inside;

'■ h the beveled pinions upon the shaft in each box ; i i the horizontal double-

tereled wheels. The front box g, under the carriage, is fixed immovably to a

olid block of wood, h ; the other box is fitted to a plate I, turning on a central

point, which passes through another plate m, above, the latter being secured to

■I floor of the carriage by hinge-joints, n n. The construction of the universal

jsintj u u is also more clearly shown in this figure.

We have now to describe the contrivances by which the patentee proposes to

rariate the destructive effects of the rubbing or sliding of the inner wheels of

carriages in making curves or turns in a round.- If the wheels on one side of a

carriage be larger, or of greater diameter than those on the opposite side, such

carriage, when propelled, will necessarily make a curve. On this principle

lie patentee's contrivances are founded. In running along a straight line, the

peripheries of the wheels are of equal elevation ; but when the carriage has to

■-ike a turn, the wheels on one side roll on a greater diameter, or more extended

periphery, while the wheels on the opposite side run on a less extended peri-

?i«y, and the elevations upon the rails on which they run are so adjusted to

tbese variations, that the different peripheries of the wheels change and come
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in contact with the variable parts of the rail, and run round the curves without

any increase of friction.

A patent for a suspension railway was granted to Mr. J. G. Fisher, on the

2d of April, 1825. This gentleman, it will be observed, suspends his carriages

to a double line of rail ; in this respect, however, he was anticipated in idea by

Mr. Palmer, who, in his little interesting book, entitled, Detcription nf a Rail

way upon a New Principle, observes,—" to elevate two lines of rail for the

purpose of supporting a carriage, could not be done »t a sufficiently moderate

expense ; I therefore endeavoured to arrange the form of a carriage in such »

manner that it would travel upon a single line of rail without the possibility of

overturning." Nevertheless, if an inventor can succeed in carrying into bene

ficial operation that which was thought of by another as ineligible to attempt,

he is entitled to respectful consideration.

Mr. Fisher's plan is, however, not without originality, and, with some modi

fications, may be rendered useful in many situations. The chief object is stated

to be the throwing of a railroad across rivers, swamps, &c. ; and the means

proposed of effecting it will be readily perceived upon inspecting the following

diagrams, and referring to the subjoined explanation of them.

l''ii:. 1 is a side view of the proposed rail, attached by vertical roda to a chain

of bars, which form a catenarian curve ; t'iij. 2 is a similar view, but giving

only a portion of Fig. 1 on a larger scale ; fig. 3 is an end or sectional view

of Fig. 2 ; Fig. 4 is also a sectional view, but of another form of rail, which we

shall describe lastly. The letters of reference denote similar parts in each of

the figures, a is the rail, made of stout cast-iron plates, of uniform dimensions,

bolted together, having a horizontal projection, or plate, b b, on each side, far

the wheels of the carriages, d d, to run upon (seen best in Fig. 3) ; f /"shows the

frame of the carriage : the manner of constructing the wheels on either side of

the rail, in pairs, is exhibited in Fig. 3, and the mode of joining the front with

the hind pair of wheels, in Fig. 2. Iron rings, g g, pass through the centres of

the lower parts of the carriage-frame, to which are suspended the boxes ur

 

receptacles for holding the goods or passengers, one of which is shown attseW

at h, Fig. 1. The loops or holes in the upper part of the rail a, Fig. 2, are, of

course, for the convenience of bolting it to the suspension bars, as seen con

nected in Fig. 1 . Each of the bars is to be provided with a wedge or sere*

adjustment, so as to regulate the uniformity of the plane when any part sinks.

To give an idea of the other form of rail, the section Fig. 4 is sufficient. Her!

it will be seen that the rail (if we may so term it) is of the form of a squari

tube or hollow trunk, i i, with an opening or slit on the lower side for the bar/

(which is fixed to the axletree of the carriage) to pass through, for the purp<«

of being connected to a box or receptacle underneath. This square c«st-tro

trunk, or.rail, is to be suspended, as in the previously described rail, to a ch»i'

of iron bars or wires, drawn nearly tight, so as to form a catenarian curve w'

stretched over the place to be crossed.
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The mode of propelling the carriages is, we believe, not stated in the specifi-

• i: mil, but we understand it is to be performed, when the crossing of rivers or

ravines is the object, by elevating that end in which the carriages are placed,

and letting them find their way to the other end by their own gravity. By

such a proposition, it is probable that the patentee does not intend it for any

extensive work, as the means proposed of producing motion are applicable only

to such cases as we have mentioned.

As it is indispensable that carriages which have to run upon edge railways

should be provided with wheels that have lateral flanges upon their peripheries

to prevent them from running off it; and as such projecting flanges render

them inapplicable to carriages on the common road, into which they would

mate deep destructive incisions, if drawn or propelled over them, it necessarily

became of importance to contrive such a wheel, or periphery of a wheel, as

would run without detriment on either road or rail. \Ve think we have noticed

several methods of providing for this object : but that which appertains to our

present chronological position is the subject of a patent granted to R. W.

Brandling, Esq., of Newcastle-upon-Tyne, on the 12th of April, 1825. The

wheels he uses for this purpose have tires, provided, as it were, with two peri

pheries or external circles of different diameters. Thus, upon an edge rail, the

periphery of the smaller diameter of the tire runs upon it, and the larger diameter

becomes the guiding flange to keep the carriage in its course. And when the

same are run upon a. common road, the larger diameter only comes into opera

tion, keeping the smaller diameter clear of the ground, unless the latter should

be in a soft state, when it will tend to keep the wheel from sinking deeper in the

road. This patentee has likewise included in his specification some plans for

making turns or curves in the roads, by means of projecting ribs on the surface

of the rail of different elevations, with wheels designed to correspond thereto ;

but as in these contrivances Mr. Brandling was anticipated a few weeks prior

by Mr. W. II. James (already described), we shall not here enlarge on the

subject.

In the invention patented by Mr. Thomas Hill, Jun., of Ashton-under-Line,

dated the 10th of May, 1825, that gentleman proposes to construct a steam-

carriage equally adapted to run upon edge-rails, tram-plates, and the common

road. For this purpose he makes the guiding flanges removable at pleasure by

the withdrawal of bolts, by which they are connected to the fellies of the wheels.

Another invention consists in making the running wheels of the carnage revolve

loosely upon a fixed axletree, which, when applied to railways, he considers to

be a new and useful invention. This is, however, a mistake, as they have been

to used, but were abandoned on account of their unsteadiness, and other defec

tive action. A third contrivance is to lock the fore-axle to the perch, to prevent

>U turning round when upon a Railway, by means of a square staple entering

ioops or eyes. A fourth invention consists in making the rails of tubes instead

of solid bars, to save metal, mid obtain strength. There are some other trifling

appendages or alterations to steam-carriages and railroads, for the description of

which we must refer the reader, who may require more information, to the

enrolled document.

A suspension railway, combining the characteristic features of Mr. Palmer's

and Mr. Fisher's previously described, was patented by Mr. Maxwell Dick, of

Irving, in Ayrshire, on the 21stof May, 1829; doubtless, in ignorance of those

precedents, as we were personally assured by the latter patentee. The chief

object of this gentleman was, as is stated in the title of his patent, "for the

conveyance of passengers, letters, intelligence, packages, and other goods, with

great velocity. The means which he adopts for this purpose, are designed to

obviate the necessity and enormous expense of cutting and embanking resorted

to on railways of the ordinary kind. The rail is supported, like Mr. Palmer's,

upon vertical pillars, but carrying a double track for the carriages, like Mr.

Fisher's. Mr. Dick has, however, added, what he denominates " safety rails,"

one on each side of the track, against which anti-friction wheels, attached to

the carriages, are made to act, in case of the carriages.receiving from any

cause an impulse upwards. The patent likewise embraces a combination of

VOL. II. 3 E
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wheel-work, for communicating a high velocity to the carriages. A large and

well constructed working model of this invention was publicly exhibited for

several weeks at Charing Cross, London, in 1830, and drew crowds of visitors,

who were surprised and delighted at the velocity with which the carriages

darted along the wire rails across the room, by the application of a small force.

The notoriety of this invention, as well as the capability of its being usefully

applied under many circumstances and situations, for light loads at high

velocities, seems to require from us something more than this brief historical

notice. Accordingly we proceed to give a few, out of the many details and

modifications, which the prolific mind of the inventor has thrown together in

his specification. From this document we learn that the patentee especially

designed his invention for traversing undulating, rugged, and abrupt ground,

the crossing of rivers, mosses, marshes, &c. Pillars are to be erected of brick

or stone with lime, at given distances apart, suppose fifty yards ; between each

of these may be placed four or five cast metal pillars, according to circumstances,

for bestowing the requisite stability and keeping the rail free from undulations.

On the top of each of the pillars is to be fastened a frame, to which the nib

are to be secured, and to the frames are connected grooved friction wheels or

pulleys, between which the drag-line is conducted. The rails are to be made

of the best wrought iron, such as is used for chain cables, and they are to be

duly connected together in great lengths, and secured to the frames in such

manner as to make the top surface smooth, and free from all obstruction to the

motion of the carriages. Between each frame there are to be introduced three

or four cast-iron braces, to prevent vibration and stiffen the structure. The

method proposed for dragging the carriage along the railway, is by fixed or

stationary engines acting with drag-lines or ropes attached to the carriage,

which, if the railway be double, (as in the subjoined illustration) will act in an

endless round ; but if the line of railway be single, then the engine will Ve

nterchangeable and reciprocal.

Fig. 1.

 

Fig. 1 represents a side elevation of one span of a double suspension railway,

supported at the extremities by a pier of masonry, d d, and at equal distance!

by four cast-metal pillars e e e e. a is the upper or " bearing rail ;" b the lower

or " safety rail," which are bound together by intermediate stay braces, better

shown on a larger scale at //in figures 2, 3, and 4.

Fig. 2.
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Fig. 2 shows a front elevation of a frame c c c, for a double line of rail, with

a carriage on one of them at g. The letters of reference in this figure, as in

all the others, designate similar parts;' it therefore need only be said, that the

stay braces //are seen in section between the rails a b.

fig. 3 gives a side elevation of a carriage on a portion of rail ; // // A being

the running wheels, and i i i the anti-friction rollers, which prevent the carriage

from being thrown off the railway. An examination of Fig. 2, which exhibits

the end view of this carriage, will fully explain its form and construction.

Fig. 3. fig. 4.
 

Fig. 4 is a perspective sketch of one of the stay braces on a larger scale.

The expense of one mile of railway on this principle is calculated at 1 3951. 1 Of. ( i .-/.

The advantages contemplated are stated by Mr. Dick as follows : " In the first

place, as you save distance, so do you save time ; which all must admit, that in

a commercial as well as in a political point of view, is of the utmost importance.

The suspension rail takes a straightforward point from one town to another,

without regard to the surface of country over which it has to go, whether rising

or falling, crossing of rivers, or otherwise. All are, by regulating the heights

of the pillars, with the same ease gone over, and by that means saving of

distance, saving of surface ground, saving bends in the formation of the rail ;

which bends, besides the extra expense of originally laying, are always liable to

great derangement from the lateral friction of the waggons coming round

them, compared to that of a straight line of rail. Secondly, the suspension

railway, over that of the ground railway, has another immense advantage;

that is, as far as expense is concerned, which is, in the saving of all embank

ments, excavations, building of bridges, cutting of tunnels, besides the great

breadth of surface ground. Thirdly, and which I think the most important

of all, is the great despatch to be gained by the suspension railway, without, in

the least degree, endangering either persons or property, its height being suffi

cient at all places to allow every agricultural and commercial intercourse to go

under it without interruption : and then the carriages being so completely

lacked within the rail prevents any chance of their escape, whatever may be

their velocity."

We conclude our account of the second era, by a notice of the construction

of the Manchester and Liverpool Railway.

Liverpool is the port whence Manchester receives all her raw materials, and

to which she returns a large portion of manufactured goods for shipment to all

parts of the world. By means of the railroad, the transit of goods is now

effected in about one eighteenth part of the time previously occupied by the

"ater conveyance of fifty miles, besides a saving of fifty per cent, in the cost

per ton of carriage ; and these two great towns are by thirty-one miles of rail-

*»y, as much connected for the purposes of business or pleasure, as the eastern

and western extremities of London. The undertaking was commenced in June,

1826, under the direction of Mr. George Stevenson. It runs in nearly a straight

line. The following are the gradients of the line :—

Tunnel under the Town of Liverpool, from \

Wappmg to Edge-hill J

Level

To the Foot of Winston, or Rainhilt Plane . .

Rainhill inclination

RatnbiU level

Carried forward

Miles. Yds. Planes.

1 240 Rise, 1 in 48.

0 1000

5 220

1 880

1 15 10

Level.

Fall, 1 in 1092

Rise, 1 in 96.

Level.

10 360
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Uilea. Yds. Flues.

10 360

\ 880 Fall, 1 in 96.

2 880 Fall, 1 in 2640.

Ditto 6 880 Fall, 1 in 880.

5 880 Rise, 1 in 1200.

4 ' 880 Level.

Total 30 1240

The Tunnel under Liverpool was constructed in seven or eight separate

lengths, each communicating with the surface by means of perpendicular shaft*.

About half-a-mile from the tunnel the railroad crosses Wavertree-lane ; half-»-

i mil • to the north of Wavertree, at Olive Mount, there is an excavation through

the solid rock, 70 feet below the surface, and two miles in length. The road is

then carried by means of a great embankment, varying from 15 to 45 feet in

height, and from 60 to 135 feet in breadth, at the base, across a valley at Roby,

or Broadgreen, two miles in length. It then crosses the Hayton turnpike

road a little past Roby ; six miles and three quarters from Liverpool, there is a

junction railway for the conveyance of coals from the neighbouring mines on

the right, and at a distance of seven or eight miles from the Liverpool station,

it comes to the Whiston inclined plane, which is one mile and a' half long, and

rises about 1 in 96.

There is stationed here an assistant locomotive to aid the carriages in their

ascent. For nearly two miles the road is then on an exact level. It was on

this port of the road that the contest of locomotive carriages, for the premium

of flOO/., took place in October, 1830, the result of which determined the

directors to make use of locomotive engines instead of stationary ones. About

half a mile from the Whiston plane, at Rainhill, the Liverpool and Manchester

turnpike; road crosses the railway, at an angle of thirty-four degrees. On

leaving the level at Rainhill, the railway crosses the Sutton inclined plane,

which is of the same extent as that at Whiston, and descends in the same pro

portion that the other rises ; there is here another assistant engine.

The next object of interest is Parr Moss, the road over which is formed

principally of the clay and stone dug out of the Sutton inclined plane, and

extends about three quarters of a mile. The moss was originally about twenty

feet deep, and the embankment across it is nearly twenty-five feet high, though

only four or five feet now appear above the surface, the rest having sunk belos

it. The road is then carried over the valley of Sankey, by means of a massive

and handsome viaduct, consisting of nine arches, of fifty feet span each,

the height of the parapet being seventy feet above the Sankey canal in the

valley beneath. The viaduct is built principally of brick, with stone facings,

and the foundations rest on piles of from twenty to thirty feet in length, driven

into the ground. The breadth of the railway between the parapets is twenty-

five feet. The viaduct is approached by a stupendous embankment, formed

principally of the clay dug from the high lands surrounding the valley. A

little to the south of the town of Newton the railway crosses a narrow valley,

by the short but lofty embankment of Sandy Mains, and a handsome bridge of

four arches, each of forty feet span, under one of which passes the Newton and

Warringtou turnpike road. The Wigan and Newton branch here enters the

railway.

A few miles beyond Newton is the great Kenyon excavation, from which

above eight thousand cubic yards of clay and sand were dug out. The Kenyon

and Leigh junction railway here joins the Liverpool and Manchester line, and

as it also joins the Hoi ton and Leigh line, brings into a direct communication

Liverpool and Bolton. The Liverpool and Manchester railway then passes

successively under three handsome bridges; and a little beyond Culcheth, over

the Brosely embankment, which is about a mile and a half in length, and from

eighteen to twenty feet in height. It then passes over Bury-lane, and the

small river Gless or Glazebrook, and a river at Chat Moss. This U a hu^-t
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bog, comprising an area of about twelve square miles, so soft that cattle cannot

walk over it, and in many parts so fluid that an iron rod laid upon the surface

would sink to the bottom by the effects of its own gravity. It is from ten to

thirty-five feet deep, and the bottom is composed of clay and sand. Hurdles

of brushwood and heath arc placed under the wooden sleepers, supporting the

rails over the greatest part of the moss, and the road may be said to float on

the surface. .The most difficult part was on the eastern border, extending

about half a mile, where an embankment of about twenty feet in height

was made, and many thousand cubic feet of earth sank into the moss and

disappeared before the line of road approached the proposed level. At length,

aoirever, it became consolidated; in 1829 one railway was laid over the whole

moss, and on the 1st of January, 1830, the Rocket steam-engine, with a

carriage and passengers, passed over it. The line extends across the moss, a

distance of about four miles and three quarters; and the road is not inferior to

any other part of the railway.

On leaving Chat Moss, the road passes over the lowlands at Barton, extend

ing about a mile between the moss and Worsley canal by means of an

embankment ; it is carried over the canal by a neat stone viaduct of two arches.

It then proceeds through Eccles, and a portion of Salford, under six bridges ;

it ii earned over the Irwell by a handsome stone bridge of sixty-three feet span,

thirty feet from the water; and then over twenty-two brick arches, and a

bridge over Water-street to the company's station in Water-street, Manchester,

a distance of thirty-one miles from the Liverpool station. The railway is there

on a level with the second story of the Company's warehouses.

The following general abstract of the expenditure upon the work, up to 31st

May, 1830, showing the cost of the different branches of the undertaking,

mav be found useful for comparison with the cost of more recent works of the

kind:—

Advertising account £332

Brick-making account 9,724

Bridge account 99,065

Charge for direction 1,911

Charge for fencing 10,202

Cart establishment 461

Chat Moss account * 27,719

Cuttings and embankments f .... .... 199,763

Carrying department, comprising ac

count expended inland and buildings

for stations and depdts, warehouses,

offices, &c, at the Liverpool end . £35,538 0 0

Kxpended at the Manchester station . 6,159 0 0

Side tunnel . 2,485 0 0

Gas-light account, including cost of

pipes, gasometer, &c 1,046 0 0

Engines, coaches, machines, &c. . . 10,991 11 4

56,219 11 4

1 1

4 4

11 9

0 0

1<> 5

0 3

11 10

s 0

Carryforward £405,399 11 3

* TV embankments included under this head consist of about 277,000 cubic yards of raw moss
•arh, in the formation of which, about 677,000 cubic yards of raw moss have been used ; the dif-

wat* in measurement being occasioned by the squeezing out of the superabundant water, and

vWequeut consolidation of the moss. The expenditure on this part of the line has been less than

i.ie syenge expenditure.

^ * Under this head is comprised the earth work on the whole line, exclusive of the Chat Moss

z&txL The cuttings somewhat exceed the erabaukings ; the surplus ia principally deposited

*"*-* the border of the Great Kenyon Cutting. The excavations consist of about 722,000 cubic

*vd*of rock and shole, and about 2.000,000 cubic yards of marl, earth, and sand. This aggregate

■saw has been removed to various distances, from a few furlongs to between three and four miles :

Md »o inconsiderable portion of it has been hoisted up by machinery, from a depth of thirty to

J2 ***> to ** deposited on the surface above, either to remain in permanent spoil banks, or to be

~>nr*rds carried to the next embankment.
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Brought forward £405,399 II 3

Formation of the road* 20,56815 5

Rail account 67,912 0 0

This expenditure comprises the following items :—

Rails for a double way from Liverpool

to Manchester, with occasional lines

of communication, and additional

side-lines at the different depots,

being about 35 miles of double

way — 3,847 tons, at prices ave

raging something less than 12/. 10*.

per ton £48,000 0 0

Cast-iron chairs, 1,428 tons, at an

average of 101. 10» 15,000 0 0

Spikes and keys to fasten the chairs

to the blocks, and the rails to the

chairs 3,830 0 0

Oak plugs for the blocks .... 615 0 0

Sundry freights, cartages, &c. . . 467 0 0

Interest account (balance) 3,629 16 7

Land account 95,305 8 8

Office establishment 4,929 8 5

Parliamentary and law expenditure 28,465 6 11

Stone blocks and sleepers f 20,520 14 5

Surveying account 19,829 8 7

Travelling account 1,423 1 i

Tunnel account 34,791 4 9

Tunnel compensation account 9,997 5 7

Waggons used in the progress of the work 24,185 5 7

Sundry payments for timber, iron, petty disbursements, Src. 2,227 17 3

Total .... £739,185 5 0

About 1 ni i.noii/. more were required to complete the work.

In the formation of. the railway, there have been dug out of the different

excavations upwards of three millions of cubic yards of atone, clay, and soil ;

which is equal to, at least, four millions of tons !

After mature consideration of the reports and calculations of various engineer?.

appointed to consider the most eligible description of power for the Manchester

and Liverpool railroad, they determined in favour of locomotive engines, pro

vided they could be made sufficiently powerful, and at the same time not of so

great a weight as to injure the stability of the rails, and without emitting smoke,

which is one of the provisions of the Railway Act. With the view also to

obtain, if possible, an engine of improved construction, a public reward was

offered by the directors in April 1820, for the best locomotive engine, subject to

certain stipulations and conditions, which may be thus briefly stated : viz. to

consume its own smoke : to be capable of drawing three times its own weight,

at ten miles an hour, and with a pressure not exceeding 501bs. upon the square

inch on the boiler : two safety valves, one locked up : engine and boiler

to be supported on springs, and rest on six wheels if it should exceed 4J tons :

height to top of chimney not more than 15 feet : weight, including water in

boiler, not to exceed 6 tons ; but preferred if of less weight : boiler, &c. proved

to bear three times its working pressure : pressure gauge provided : cost of

machine to be not more than 5501.

* By this ia understood what is termed ballasting the road,—that is, depositing a layer of broken

rock anil sand, about two feet thick ; viz. one foot below the blocks, and one foot distributed M*w»

them, serving to keep them firm in their places. Spiking down the iron chairs to the block* or

sleepers, fastening the rails to the chairs wi a iron keys, and adjusting the railway to the exar:

width, and curve, and level, come under this head of expenditure.

t Out of thirty-one miles, eighteen are laid with stone blocks, and thirteen with wooden sleeper

of larch ; the Utter being laid principally across the embankment and across the two districts

of num.
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On the day appointed, the following engines were entered for trial for the prize ;

and the judges appointed to decide were, Mr. Nicholas Wood, of Killingworth,

(10 whose labours we stand much indebted in this article,) Mr. Rastrick, of Stour-

bridge, and Mr. Kennedy, of Manchester, who made judicious arrangements.

The Rocket Steam locomotive, by .-Mr. Robert Stevenson.

The Novelty ditto., > by Messrs. Braithwaite & Erricson.

The Sam Pareil ditto by Mr. Timothy Hackworth.

The Perseverance ditto by Mr. Burstall of Edinburgh.

The Cydopede Horse locomotive, by Mr. Brandreth of Liverpool.

The trial, as before mentioned, took place on the level at Rainhitl. Several days

were employed in getting them into the best working condition for the contest.

Ton. cwt. qr. Ib.

The Rocket weighed ... 4 5 0 0

Tender, with water and coke . 3 4 0' 2

Two loaded carriages attached 9 10 3 26

Total weight in motion . . 17 0 0 0

The rate of performance of this engine was found by the judges to be 70 miles

b about five hours, or 14 miles per .hour ; with an evaporation of 114 gallons

per hour, and a consumption of coke of 21 71bs. per hour. The greatest velocity

attained was on the last eastward trip, the 1} mile being accomplished in 3' 44 ',

which is at the rate of 2 1 j miles per hour.

On the following day the next engine brought up to the starting post was the

Sou Pareil, but on weighing, it was found to exceed the condition of 4} tons

upon four wheels, therefore could not strictly compete for the prize. Never-

thele«s, it underwent a trial of its powers, in order that the Directors might be

acquainted with its merits.

Ton. cwt. qr. Ib.

The weight of the Sant Pareil . . 4 15 2 0

Tender with water and fuel ... 3 6 3 0

Three loaded carriages attached . 10 19 3 0

Total weight in motion . . . 19 2 0 0

In making the.eighth trip on the running ground, the pump that supplied the

*ater to the boiler became disordered in its action, by which the level of the

«iter in the boiler became reduced below the fire tube, and the leader plug,

employed as a safety valve, was melted, and put an end to the experiment.

But as far as the experiment was conducted, which extended to 27} miles, the

performance was creditable, being 19 J tons conveyed at the rate of 15 miles per

hwir. The greatest velocity attained was in the fifth trip; the 1J mile -being

troeraed in 3' 59", which is at the rate of 22$ miles per hour. The consump

tion of the coke in this engine was enormous, being at the rate of 6921bs. per

hoar, which was found to be owing to the draft through the fire-place being so

powerful, aa to blow red-hot cinders out of the chimney shaft.

The Novelty, which was not tried until the 10th, owing to unavoidable cir

cumstances, carried its own water and fuel ; and, therefore, to place it on the

same footing as the other engines, the same proportion of useful load was

''signed to it when compared to the engine, as the useful loads taken by the

«htr engines have to their weight. The power and its load were accordingly

a follow :—

Ton. cwt. qr. Ib.

Weight of the Novelty, with water in the boiler .3100

Tank, water, and fuel 0 16 0 14

Two loaded carriages attached . . . .. . 617 0 0

Total weight in motion 10 14 0 14

In the early part of the trial with this engine, the water supply-pipe burst,
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and put an end to the experiment for that day. Two or three days afterwards

the trial was renewed, but another unfortunate accident (that of one of the

joints of the boiler giving way) terminated the proceedings, at the desire of

Mr. Erricson, who voluntarily withdrew his carriage from the contest. The

performance of the engine, while it lasted, indicated very excellent results ; the

design, arrangement, and execution of the work, were likewise highly creditable

to the genius and talent of the proprietors.

The Perseverance, after a short trial, was proved unsuited to the railway, and

was immediately withdrawn by the proprietor. The course was thus left clear

for Mr. Stevenson to receive the fairly won prize of 500/., which was awarded

to him by the judges.

The Cyclopede, though included in the foregoing list of rival machines, do:

being propelled by the power mentioned in the " stipulations and conditions,'

it could not be properly considered as entering the lists for the prize therein

proposed; it was, however, an inquiry well worth the investigation, what

degree of power horses could exert in a locomotive machine of the kind, and

thereby determine its comparative economy with that of steam. For the*

reasons a trial of the Cyclopede took place ; but it only attained a speed of

five or six miles an hour, owing, as we believe, to the horses not having suffi

cient power to exert themselves in their stalls, as well as to an injudicious con

struction of some parts.

To discover the cause of the great increase of speed, and the variable quan

tities of fuel consumed by the different locomotive engines, which competed for

the prize at the Manchester and Liverpool railway, Mr. Wood instituted the

comparative view of each, which is exhibited in the following table :—

Area of Area of Cubic feet of
Pounds of

Names Area of
radiant

Surface,

in feet.

communicative Water
Coke require*

of

Engines.

Fire-grate
Surface, evaporated

to evaporate

in feet.
in feet. per hour.

a Cubic Foot

of Water.

Rocket . . .

Sans Pareil .

Novelty. . .

G.

10.

1.8

7.

20.

15.7

9.5

11.5

117.8

74.6

33.

29.75

18.24

24.

11.7

28.8

Old Engines. 15.92 18.34

" In examining the above, we find a very important effect in the economy of

fuel, produced by the Rocket over the old engines, in the proportion of 11.7 to

18.34, supposing the heating powers of coke and coal be equal. The cause of

this is very obvious, and is entirely attributable to the use of the tubes of

small diameter, presenting such an area of surface to the water in the boiler.

These tubes were used at the suggestion of Mr. Booth, treasurer to the Liver

pool and Manchester Railway Company, and nothing, since the introduction of

those engines, has given such an impulse to their improvement

" With a less area of fire-grate than the old engines, the surface exposed to

the radiant heat of the fire is as 20 : 11.5, and the surface exposed to the com

municative power of the heated air and flame, as 117.8 : 29.75, nearly four

times as great.

" Nor is this the only difference ; in the old engines the area of the tube (of

22 inches diameter) for the passage of the flame and heated air to the chimney,

was 380.13 inches; and of this lnrge body of flame and air passing through the

tube, only an extent of surface of C9. 1 1 inches was exposed to the water in the

boiler. In the Rocket engine, the area of heated air and flame in 25 tubes,

3 inches each in diameter, was 176.7 inches, while the surface exposed was

235.6 inches.

" It is not necessary, perhaps, to pursue the comparison further. The economy

of fuel which must result from the exposure of so much greater surface U>

the water, cannot fail to insure a more perfect abstraction of the heat, and thus
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not only save the fuel, but prevent great part of the previous destruction of the

chimney, by the intense heat of the wailed caloric.

, " The same remarks apply lo the Sans Pareil of Mr. Hackworth, as to the old

engine, though in a less ilegree. In the Rocket, the surface exposed to the

radiant heat of the fire, compared with the area of fire-grate, is as 3-J : 1, while

in the Sans Pareil, it is only 1 j : 1 ; the same proportion as in the old engines.

In the Rocket, the surface exposed to the heated air and flame, compared with

the area of fire-grating, is as 19f : 1 ; while, in the Sam Pareil, the proportion

is only 7J : 1. The bulk of air passing through the tube of the latter, will, at

its exit into the chimney, be 176.7 square inches, the exposed surface being

47.12, or -25 : 1, nearly ; while, as before stated, the bulk of air passing through

the tubes of the Rocket, is 176.7 inches, or precisely that of the Sam Pareil,

while the surface exposed, is 235.6 inches, or 1£ : 1. These will sufficiently

account for the great difference -in the economy of fuel between the two engines,

the Racket requiring only 11.7 Ibs. to convert a cubic foot of water into steam,

while the Sam Pareil required 28.8 Ibs."

Having now stated the results of this memorable contest, it becomes neces

sary to give some account of the machines engaged therein.

The Rocket, constructed by Mr. Stevenson, of which an external side elevation

if given in the following figure, possesses many of the characteristics of the

engines previously used ; but the furnace and boiler have considerable claims

to novelty and effectiveness.

The furnace at A is a square box, about 3 feet wide and 2 feet-deep. This fur-

nice hasan external casing, between which and the fire-place there isa space of 3
 

mcnes filled with water, and communicating by a lateral pipe with the boiler.

The heated air, &c. from the furnace passes through twenty-five copper tubes,

3 inches in diameter, arranged longitudinally on the lower half of the boiler, and

iWi enters the chimney C. D represents one of the two steam cylinders,

toi. ». 3 p
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which arc placed in an inclined position on each side of the boiler, and communi

cating by their piston rods, through the media ofconnecting rods E, motion to tic-

running wheels. . F G are safety valves ; E is one of two pipes on each side of the

boiler, by which the eduction steam from the cylinders is thrown into the

chimney, and by the exhaustion thus caused in the latter, producing a rapid

draft of air through the furnace. At M is exhibited part of the tender, which

carries the fuel and water for the supply of the engine.

The Novelty, by Messrs. Braithwaite and Erricson, is exhibited in the oppo

site page, representing a side elevation of the machine.

F is the carriage-frame ; E, one end of a long horizontal cylinder, forming

the principal part of the boiler, which extends to the large vertical vessel A, at

the other end of the carriage, and contains forty-five gallons of water ; L, a

hopper to supply the fuel, (which is carried in small baskets placed on the

carriage,) whence it is conducted by a tube in the centre of the steam-chamber

A, into the furnace S, beneath. At C is a blowing machine, the air from which

is conducted by a pipe under the carriage, and proceeding by the tube K enters

the ash-pit M, under the furnace ; Q is a pipe for the escape of the heated

gases after the combustion, and forms the only chimney used; B is the

water-tank; at D N are two working cylinders with their steam-pipes and

valves ; the cylinders are six inches in diameter, and have a twelve inch stroke ;

O G are connecting-rods, which impart the force of the engines to the running-

wheels. The axletrees are fixed to an iron rod, and slings are introduced to

prevent the side action between the rod and the carriage-frame ; and to prevent

the effect of the springs from counteracting the action of the engine, the

connecting-rods are placed as nearly as possible in a horizontal position, and

the motion is communicated to them by bell-cranks on each side of the carriage,

being connected by the slings to the piston-rods. The pistons used are the

patent metallic of Barton ; and the running-wheels, the patent suspension kind

of Theodore Jones and Co.

The figure below exhibits a section of the boiler introduced by Messrs.

Braithwaite and Erricson, into the Novelty steam-carriage. S is the furnace,

surrounded by water ; and L the tube by which the fuel is supplied to feed the

fire ; M is the ash-pit, through which the air is forced by the pipe K from the

bellows of the engine. The vessel containing the water that surrounds the fur

nace, and the long cylinder that proceeds horizontally from it, constitute the

 

boiler, as shown at E E e. The flames and heated air from the furnace,' after

ascending by the action of the bellows, enter a long tortuous flue, which makes

three turns in the entire length of the horizontal boiler, escaping finally at the

chimney. The fuel in the furnace has, therefore, a direct action upon the water

surrounding it ; and the water in the long cylinder is operated upon by '.'. e
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gases in the flue, which gradually tapers from the furnace to the chimney, and

has a constant inclination downward ; and as the whole of the rurnace and

flue is surrounded by the water of the boiler, there can evidently be very little

of the heat misapplied.

The Saw Pareil of Mr. Hackworth is represented in elevation in the sub

joined cut. The boiler B is cylindrical, of the Trevithick kind, with one of itt

ends convex outwards, and the other flat. The fire-bars were of greater extent

than usual, having an area of ten feet ; and the flue-tube is returned to the front

on one side of the fire-place, where it enters the chimney C. D represents one

of the two working-cylinders ; these were seven inches in diameter, and had

an eighteen-inch stroke. The piston rods, through the medium of the verticil

connecting rods, operated upon the hind pair of wheels ; and the latter being

connected to the fore wheels by the horizontal connecting roils, shown acting in

the manner of cranks, motion was •ommunicated to both pairs of wheels,—an

arrangement which is designed to cause a greater adhesion of the wheels to the

rails, and of enabling the carriage to draw a greater load, than if only one pair

of wheels was operated upon.

The Sans Pared.
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SECTION II.

THE CONSTITUENT PARTS OF RAILWAYS.

Stephenson's and Losh's Ralls and Chairs.—Jessop's Chairs and Pedestals.—Stephenson's patent

Chain and Fastenings.—Scrivenor's patent wrought-iron Chairs.—Reynold's patent continuous

Bearing-rails and Sleepers.—Parkins's patent Vitrified Sleepers.—Permanent way of the Great

Western Railway.—Permanent way of the South Eastern Railway.—Brighton and Hastings

permanent way.—Orsi's patent Chairs and Sleepers.—Switches.—Curtis's patent Switches.—

Turntables.—Hancock's patent Turntable.—Mallett's hydrostatic Turntable.—The broad [and

narrow Gauges.—Parliamentary Commission thereon.—Inconvenience of breaks—as applied to

Passengers—to Merchandize—and to Troops.—Expedient of Telescopic Axles.—Loaded waggons

on Trucks.—Shifting on Wheeled Platforms.—Intermediate Rails.—Policy of uniformity of

Gauge.—Comparative safety ofdifferent.—Accommodation and convenience.—The best adapted

for speed.—Accidents on each.—Economy of each.—Deductions from the evidence.— Recom

mendations to Parliament.—Water Crane.—Cleansing Rails.—Curtis's Screw Jack.—Cost of

various Railways per Mile.

Tat general nature and construction of Railways having been explained and

illustrated in the previous Section, we proceed, in this division of our subject,

to give a more enlarged and precise description of their constituent parts ;

especially as relates to the improvements in such as have been devised since

the opening of the Manchester and Liverpool Railway.

We shall commence with a brief account of the rails, chairs, and sleepers

med by Mr. Stephenson in the formation of the Manchester and Liverpool

Line, which was omitted in our account of that Railway.

The annexed cut shows a transverse section

of the rail r, which has a lateral rib on one

side, fitting into a corresponding cavity

made in the cast-iron chair a. On the

opposite side of each chair another cavity is

cast, to receive an iron key 6, wedge-formed,

which, pressing against the side of the rail,

forces the projecting rib into the cavity on

the opposite side, and locks the bar into its required position.

A form slightly varying from the foregoing

was introduced by Mr. Losh as shown in the

annexed cut. In this the projections are

rolled on both sides of the bar ; one of these

projections enters the cavity in the chair,

like the former. On the other cheek of the

chair is cast a longitudinal notchfor receiving

double key wedges as shown ; which act at

the same time upon the upper part of the

projection on the rail to force it down upon the chair and against the side of

the rail to steady it, and force the projection on the other side of the rail into

the cavity. By this mode of keying it was considered, that if the rcil worked

loose upon the chair, by driving the key, it could be tightened.

Jessop's Patent Chairs and Pedestals.—To obviate the inconvenience

frequently resulting by the sleepers or blocks sinking in the soil or losing their

perpendicularity ; and hence of destroying the level or parallelism of the rails,

Mr. Jessop patented in 1833 a method of framing the chair distinct from the

pedestal ; the latter being fixed firmly to the sleeper, and the chair being

united to the pedestal by a universal joint or hinge. This arrangement permits

the pedestal to adapt itself to any irregular sinking of the block or sleeper on

*hich it rests, and insures a firm and solid bearing upon its base. The patentee

 

 



414 JESSOP'S PATENT CHAIRS AND PEDESTALS.

also effects it by the combined motion of a binge joint, or other means per

mitting motion between the pedestal and the chair, and a moveable joint formed

at the junction of the chair and rail, go as to produce the same effect. The

following drawings represent several methods of constructing the universal

joint, in all of which r r are the rails, e c the chairs, p p the pedestals, and

6 b the blocks or sleepers ; jj are the junction ban of cast or wrought iron,

by which the opposite chairs are connected together, and the rails are thereby

held parallel to each other, and at a proper distance apart, and are also

retained in a suitable position to insure a flat bearing on the surfaces of the

rails for the wheels to travel upon ; s s are cast-iron bed-plates or sleepers,

(which may be used to support the rails where stone is expensive,) so constructed

that the pedestal may he readily adjusted, by the introduction of a wedge or

packing, to a proper level, without disturbing the seats which the bed-plates

may have acquired on the ground ; the same method of construction being

applicable to the pedestals, when Ihey are attached to stone blocks.

Fig. 1 is a side view of its adaptation to the ordinary railway in use in the

north, at the period of the invention.

fig.l.
 

Ftg. 2 shows the plan ; and Kg. 3, the cross section. Two of the stone blocki

b are drawn in an inclined position to show the action of the pedestal.

Kg. 2. Fig.

 

 

IT

 

Figt. 4 and 5 are sections of the pedestal and chair, showing an orbicular

universal joint, by means of which the pedestal adapts itself to any irregular

sinking of the stone block or other sleeper, whilst the connecting or junction

ban retain the rails in their proper gauge, and their opposite surfaces in the

same plane or straight line.

Fig. 5.
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fig$. 6, 7 and 8, are other views of the pedestal and chair.

Fig. 8. Fig. 7. Fig. 6.

 

 Figt. 9, 10 and 11, are a side view, plan, and sec

tion of a cast-iron bed-plate, used as a substitute for

the stone blocks; showing also the method of ad

justing the rails by means of wedges or packings

introduced between the bed-plates and the base of

the pedestal, which is made to fit in the recess

formed in the bed-plate, and secured laterally by

means of a wedge or key. The patentee states his

claim to consist in " constructing railways, to the

tamj of chairs and pedestals, which are capable of

taming or moving on universal or other similar joints,

as above described, whereby the railway will not be

so liable as heretofore to be deranged by the sinking

of the blocks or sleepers, whether of stone, wood,

iron, or other material."

STSFHEXSON'S PATENT CHAIRS AND FASTENINGS.—

Owing to the effects of expansion and contraction,

and the violent shocks and strains to which the fas-

teningsofarailway are subjected, the task ofperfecting

these parts of the mechanism has until recently been found one of difficult

accomplishment. With the view of remedying the defects then existing, Mr.

Robert Stephenson obtained letters patent in 1833 for certain modes of providing

" firm and secure bearings at the bottoms of the notches in the chairs for the

rails to rest upon, these bearings being capable of self-adjustment, in order that

they may adapt themselves correctly to the under parts of the rails ; and the

making of adequate provisions for fastening the iron rails securely downwards,

upon such self-adjusting bearings, as well as for confining the rails laterally

"ithin the notches in the chairs, but in such manner that the self-adjusting

bearings will not be subject to be deranged, nor the fastenings to be loosened,

by the effect ofany such slight tilting or inclination of the chairs in the direction

of the length of the rails, as may result from the partial or unequal subsidence

of the ground beneath the stone blocks or wood sleepers upon which the chairs

are fastened, nor by the effects of any such slight elongations or contractions

in the length of the rails as they are usually liable to from ordinary changes of

temperature."

Mr. Stephonson's mode of effecting this, is by the application of a self-

•dtuiB'ng segmental bearing piece, into a suitably formed concavity made

Mov the level of the bottom of the notch of each chair; the flat or chord side

of the segmental piece being uppermost, and forming the bearing surface at the

bottom of the notch in the chair. Upon that flat bearing surface, the under

tide of the rail is to rest, so that the bearing surface will always accommodate

itself to the under side of the rail, and form an even contact therewith ; in

consequence of the circular side of the gegmental piece adapting itself to the

required position, by turning in its concave cell. Having thus explained the

general arrangement of the parts, it will not be requisite to enter into the

minutia? introduced into the specification, as sufficient knowledge will be

obtained by the insertion of the following illustrated figures, and description of

them:—

Fig. 1 is a perspective view, and Fig. 2 a lateral elevation ; Fig. 3 a transverse

section, and Pig. 4 a horizontal plan of a chair, for supporting and uniting the

extremities of the lengths of iron rails for edge-railways. A A is the flat



416 STEPHENSON'S PATENT CHAIRS AND FASTENINGS.

bottom or base of the chair, which is to be bedded upon the block or sleeper,

and fastened thereto by spikes driven through the holes a a.—B B are the cheeks

of the notch in the chair, that notch being the parallel space which is left

between the cheeks for the reception of the rails C c D d, which may join to

gether with a half lap joint, as shown in perspective at Fig. 1, and in the plan

fig, 4, the overlapping parts c d being of the same size, or nearly of the same

size, as the other parts of the rails, and those parts are included within the

fig. I.

 

Fig. 4. Fig. 5.

 
 

notch of the chair. The bottom of this notch is deeper than is necessary for

receiving the rails, and is depressed into a concavity of a suitable form, for

receiving the segmental bearing-piece which is shown on the next page, at 4 4 4,

in plan, elevation, and perspective : the under edges of the rails rest upon the

uppermost flat surface of this bearing-piece. The small figures 5 and 6 ai e

cylindrical pins, which are fitted into cylindrical sockets, through each of the

cheeks or sides B B ; and 8 and 9 are tapering or wedge-like keys, which are

iiisurtcil through suitable mortices in the cheeks and across the pins 5 and (*,
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for the purpoie of forcing forward those pins, so that their pointed extremities

may press obliquely upon the lower parts of the grooved recesaes in the rails,

with a bearing-down action, to confine the rails.downwards upon the bearing-

piece, and laterally in the chair. The cylindrical pins are shown detached, in

order to explain the manner in which the pointed extremity applies into the

grooved recess in the rails, so as to exert a bearing-down action thereon. Fig. 5

represent* perspective views, and Fig. 6 a transverse section of a chair for

<^ 

supporting the iron rails at intermediate distances between the extremities or

junctions of their several lengths ; it has only one cylindrical pin 5, fitted

through one of its cheeks B, the opposite cheek K being aflat vertical surface,

against which the flat aide of the rail is pressed and held Arm, by the keying

up of the cylindrical pin 5, so as to confine the rail laterally at the same time

that the oblique action of the point of the cylindrical pin 5, in the grooved

recen of the rail, may produce a bearing-down action, which confines the rail

down upon the segmental bearing-piece. The chairs are made of cast iron;

the sockets for the cylindrical pins, the mortices for the wedge-like keys, and the

cells for the segmental bearing-pieces, being formed in the casting, as well as

the holes for the holding-down spikes ; the wedge-like cross keys, the cylindrical

pins, and the segmental bearing-pieces, are made of wrought iron.

Sckivenor's Patent wrought-ikon Chairs.—The extensive destruction of

the ordinary catt-iion chairs about fifteen years since, induced Mr. Scrivenor,

in 1832, to attempt their formation of malleable iron by the rolling and die-

pressing process. The following account we derive from the specification of

the patent.

Fig. 1.

VOL. II.

 

a
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In the preceding Fig. \, a b represent a pair of east-iron reBi designed for

this object, and put in motion by the usual mechanism employed in iron-works.

It will be observed that the series of grooves or indentations in their peripheries

correspond with the several shapes which the metal is intended to take in

its progress through these rollers, until it at length attains the exact shape

required to form the chairs or pedestals. Thus, for example, the grooves at cd

must be adapted to receive an ordinary short thick bar of wrought iron, about

two feet long, and six inches square, properly heated for rolling. The bar is first

passed through the rollers at c d, which causes it to assume the shape shown at

j. It is then passed in succession through the other grooves on the rollers at

1 1, 1 1, m m, n n, whereby it successively takes the form shown at e f g I.

Having thus obtained a long bar of iron of the sectional form shown at n, it a

next cut into lengths for chairs, which is effected by the mill shears shown at

fig. 2, which are worked by the engine. These shears are provided with

steel jaws to receive the chair as shown at v to, in order that in cutting off the

chair it may not be forced out of shape. The opening between the cheeks of

. 2.

 

Kg.3.

the chair for the' reception of the rail arc at

present left parallel ; the next process is there-

fore to give these parts a more suitable form

for holding down the rail. This is effected by

making the chair red hot, and placing inside the

recess a mandril of the required shape, with

which it is again passed through another pair

of rolls shown in the annexed Fig. 3 ; by these

the recess is impressed with the required form

to adapt it for receiving the intended keys.

We have never seen any of the wrought-iron

chairs of the kind Just described in use ; pro

bably from the difficulty of bestowing upon

them that finished form which is requisite, at a

sufficiently low price. Although the brittleness

of cast-iron seems at first sight to render it an

improper substance for chairs, yet a little

reflection on the other hand will show that it

affords such facilities to the judicious engineer

to provide the most effectual remedy to its natural defect, as to render it in cur

opinion even more advantageous than wrought-iron. The immense breakage

of cast-iron chairs a few years since was in a great measure owing to injudicious

forms, and not a little to bad execution in the foundries, rather than to the nature

of the material. This fact is satisfactorily proved by the perfection of form and

superior execution of the cast-iron chairs and fastenings on the South Eastern

and Dover Railway, manufactured we understand by Ransome and May of

Ipswich, which will be described a few pages onward.

REYNOLDS'S CONTINUOUS BCABINOS AND SLEEPERS.—It has been observed

that the deflection of the railway bars, by heavy carriages passing over
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tlicrn, absorbs a considerable portion of the tractive force ; besides pro

ducing, by their vibratory action, an earlier destruction of the stationary,

as well as the locomotive mechanism. To provide a remedy for these ap

parent defects of the ordinary system, Mr. John Reynolds, of Neath, pro

posed to give to the rails, bars, or plates, an equal support in every part of

their length, so that they shall not be susceptible of sensible depression or

deflection ; and this he proposed to effect by two methods, for which he obtained

i patent on the 5th May, 1835. The first is by cast-iron bearers laid and

joined end to end, and in such manner as to be incapable of vertical or lnteral

movement, independently of those next adjoining to it. The rails, bars, or

plates, over which the carriage-wheels are intended to run, may be either cast

on and with the bearers, or they may be separate. The second method is by

Wren formed by blocks of natural or artificial stone, joined end to end, and

bedded in the roadway, and secured in such manner together, that they can

only move in concert. A great variety of forms of rails, founded upon the basis

of construction just mentioned, have been made by Mr. Reynolds : it will only

be in our power to notice here two or three of them. The annexed figure

shows a vertical section of one of the most approved forms, in which the

hullasting that it is imbedded

in, shown at a a, is of less

depth than the bottom of the V\VyY:\rV\\~r'^sefT~*^ 5$?v V-VVVVX'/

stone sleepers generally used, y\'-\'\ A\\ \\\\ vn >r^A'\' VA'X'A'X'i'

and of considerably less depth

than the bottom of the excava

tion and ballasting on the

London and Birmingham rail

way.

The form of the bearing

rail for the carriage wheels is

shown at i, and that of the hollow support and lateral inclined plates at c c.

They are fastened end to end by means of " snugs," or projecting pieces cast

to them, of such forms that, when placed in juxtaposition, a key or wedge

driven into an aperture formed by their union, which holds them firmly

together. The blocks of natural or artificial stone are to be joined by the

various modes known to masons, and

too well understood to need expla

nation. The annexed section repre

sents another of the numerous designs

given by the patentee: u> represents

» wrought-iron rail, resting upon and

fastened to a sill of timber t, enclosed

between the bearing plates g g, which,

together with the fin d, are imbedded

in the ballasting.

The advantages contemplated by

the patentee are—1, a great saving in

excavation and ballasting ; 2, a saving

of the cost of materials and laying

"own ; 3, in maintenance of way or

permanence of work ; 4, saving the

repairs of engines. Some rails on

tbia construction are laid down ex

perimentally on the Liverpool . and

Manchester line, and apparently stand

the test very satisfactorily.

PiRxiNs's Petrified Sleepers.—Mr.Thomas Parkins, of Dudley, took out

a patent for a sirniliar object to the foregoing, in December 1835. . It consists

w forming continous sleepers of vitrified earth (burnt clay), which the patentee

Mates are as hard and durable as granite, and impervious to the weather. The
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following Fig. 1 gives a cross section of Mr. Parking's railway, and Fig. 2 a side

elevation of a portion of it. The vitrified blocks or sleepers are shown at a a a ;

each sleeper is 13 inches at the base, 5 at the top, 12 deep, and 9 long, and

locks into the other, thus forming a continous mass along the whole line of road.

The joining is effected by a projecting tongue b, which fits into a corresponding

recess made in each block, A groove c is moulded longitudinally in the top of the

sleepers, in to which the rib of a wooden bearer d (four inches at the base, four deep,

two wide at the top, and twelve feet or more long) is placed ; and is bedded upon

patent felt ; on this wooden bearer is fixed an iron bar t e, for the wheels of the

carriages to run upon ; this bar or rail being also bedded upon felt.

Fig. 1. Fig. 2.

 

Mr. Parkins gives the preference to the arrangement described; but be

proposes, in certain cases, to dispense with the wooden bearers d d, and to place

iron rails of the ordinary kind at once into the groove c.

Permanent Wat of the Great Western Railwat.—This line of rails is

laid down throughout upon continous bearings, but the method of connecting

the rails to those bearings, and of connecting the latter to the transverse sleepers,

or rather ties, is varied in different parts of the line. There are other variations

which our space will not permit us to enter upou, we have therefore selected

for our illustration that particular modification of the permanent way, to which

we understand Mr. Brunell gives the preference.

 

Fig. 2.
 

Fig. 1 represents a transverse section of the permanent way ; and Fig- 2

a longitudinal view. At a a are the longitudinal bearing timbers having a

scantling of about 15 X 9 and joined continuously through the line. These

timbers are united together at right angles by transverse ties 6 b, at about every

9 feet distance ; these are also of timber, about 6 inches by 9, and fastened by

means of straps and bolts d d. These ties preserve the parallelism of the

continous bearings. On the upper surface of the latter are laid thin boards

of prepared hard wood, and fastened thereto by nails. The width of these

boards is about 8 inches, and on them is laid the continous rail, in lengths of

about 15 feet each, end to end throughout. The form of these rails is that often

denominated the " hog trough " or " bridge " rail ; the shape is however pretty
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veil indicated in Fig. 1, at c c. The same rail is shown in our account of the

Brighton and Hastings permanent way, on a larger scale. -Mr. Brunell was

the inventor of this form of rail, and it is undoubtedly a very efficient one.

WAT or THE SOUTH-EASTERN RAILWAY.—The chairs, fastenings,

and sleepers employed on this line of railway are entitled to the particular

mention of the engineer, on account of the good judgment and skilful execu

tion displayed in the details of the work ; combining, as they appear to do,

durability of structure with economy of material. A description of this

permanent way was furnished to the Institution of Civil Engineers, by

Mr. John Pope, Grad. Inst. C. E. from which we shall make such few extracts

as we have room for.

On either side of the bank of ballast, and below the level of its bed, there is

an open drain, three feet in width, extending throughout the line, which ensures

perfect drainage from beneath the sleepers. The sleepers are placed transversly,

and differ in shape from any hitherto employed. 1 hey are of Baltic fir, and

are formed by a square balk being diagonally divided so as to cut out four

triangular sleepers, which are laid with the right angle c downwards, which form

 

 

i tali divided to form jour ilerptn.

Triangular ileeper ab c, controlled with

half a l,,iik.

(o 4 c) has as much bearing surface as one of twice the cubic content cut out

at a half balk in the usual manner. The advantages arising from this form in

the economy of timber, the facility of packing, and the improved drainage of

the ballast in contact with the sleepers, are obvious. The chairs are of a

peculiar form, designed by Mr. Cubitt to combine lightness with strength ; they

«e cast on a plan invented and patented by Messrs. Ransome & May, of

Ipswich, whereby the inward inclination of

'he rails, instead of being made to depend

merely upon the rail layers, (as is usually the

«*) is effected entirely by the shape of tke

canties, which are all cast- with peculiar

accuracy. The uniformity of inclination

attained by this improvement greatly

diminishes that lateral motion of the carriage

which is commonly observed on other lines

of railway. The chairs are placed hori

zontally on the sleepers, and are fastened

down with treenails of oak, compressed by

tie patent process of Messrs. Ransome & May.

The wedges employed to secure the rails in the chairs are similarly compressed.

The rails are parallel, with their upper and lower tables of equal breadth, the

Kctional form of which is shown in the previous figure.

The subjoined four figures (p. 422,) exhibit the end elevation and plan of a

joint chair, and the end elevation and plan of an intermediate chair, which,

considered in connexion with the preceding side elevation of the chair, will,

it u hoped, render the peculiar form understood.

Mr. Cubitt's object has been to lay a railway entirely upon transverse sleepers,

of luch a form as would expose the largest amount of bearing surface for the

lent portion of timber ; that the bulk of the ballast should be beneath the

"""am of the sleeper, where alone it is useful ; to use only the best foreign

timber; to have the rails rolled uniform and sufficiently heavy ; the chairs
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simple in form, possessing great regularity, and giving the inward inclination

to the rail within the chairs, instead of depending upon the rail layer doing so

Joint Chair. Intermediate Chair.

  

End elctatujn.

 

Plan.

when fixing them on to the sleepers; and that the fastenings shou.J be simple,

but firm, and not liable to breakage, or to be detached by the passage of the

carriages.

With these views he had directed four sleepers to be cut out ofeach «quare

log of foreign timber, giving about 1\ cubic feet to each sleeper: to place them

with the right angle downwards, so that the ballast could alwayi be consolidated
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1>Y ramming, without lifting the sleeper, or digging around it, «s with square,

other forced sleepers; two places are planed to receive the chairs, and one

fastening-hole bored in each sleeper: they are then Kyamsed m close tank,

completely filled with the prepared solution, under a pressure of 80 Ibs. per

uurt inch. When placed upon the ballast, the joint chairs are first put down

15 feet apart, and the intermediate chairs three feet apart; " cramp gauges

embracing tlie inside and outside of the rails, are then fixed between each pair

of sleeper! and the wedges along one side driven up—one treenail being dr.ven

in each chair, the hole for which is previously bored in the sleepers byagauge,

10 insure an equal projection on each side of the rail.

A " guide tube" of an internal bore to fit the spiral auger for boring the reenail

hold, with the external lip tapered to correspond with the hole in the chair lor

the head of the treenail, is then used, and by

ia agency the holes are pierced with great

accuracy, concentric with the hole in the

chair, at the same time protecting the tool

from being injured by the cast-iron. The

intermediate chairs are then fixed in the

same manner, and the operations are repeat

ed for the opposite rails; the ballast is then

consolidated by ramming. In this manner

the work proceeds very rapidly; the ballast

supports the sleepers throughout, and has no

tendency to fall away from them; the water

drains away freely; and the passage of the

ballast waggons (though without springs)

"ver the new made portion of the line was

fuund to be productive of benefit, rather than
Guidt Tube, and Spiral Auntr, in aie.

injury.

The inclination of the rail being given by the shape of the chair, insures so

much accuracy, that after one day's traffic over it, the surface of the rail is

rubbed equally throughout, anJ not alternately on either side, as is commonly

the case.

The uniformity of surface produced is, we think, in a great measure due to

the surpassing excellence of Messrs. Ransome & May's castings, which appear

to be executed in the highest style of the foundry art, presenting externally a

highly finished appearance; and the dye-like accuracy of their internal form is

obtained by the introduction of nicely fitted metallic cores. Mr. Pope describes

the mode adopted by the patentees of casting these chairs to be " by placing an

iron plate on each side of the pattern, ramming them up in sand and using an

iron core, which being sustained in its position by a projecting tongue falling

into a groove in the side pLites, preserves an unifonr :"<-.lination of the rails in

the chairs." Extraordinary precision is thus obtained, and only about 2 per cent.

of waste castings are made, although they are subjected to a rigid test; for if

the bearing points allow the rails to vary 1-1 6th of an inch from the required

inclination, they are broken up. The iron cores do not unduly chill the metal,

and the average strength is retained. The iron used is chiefly " Welsh Cold

Blast."

The peculiarity of the system of the compressed wooden wedges and treenails

a» fastenings to railways consists (as explained by Mr. May) in subjecting the

fibre of the timber to compression equally from the circumference to the centre.

The pieces of wood for the wedges are cut out with parallel sides, and forced

by hydraulic presses in o tapering moulds; whilst in those moulds they are

li.jecttd to the action of heat, applied through the medium of low pressure

•team; after being allowed to cool, they are forced out of the moulds, and so

long a» they are kept dry they retain their compressed form ; but as the operation

.11. ply contracts the dimensions of the sap vessels without crushing the fibre,

he power of capillary attraction is not destroyed, and when the wedge is driven

oto the chair and exposed to moisture they swell so as to become and remain
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perfectly tight. There is this difference between wedges so compressed and all

others; that a true wedge is obtained from a piece of wood cut parallel on all

sides, whilst all former modes produced not wedges but parallel pieces.

The diminution of the bulk of the treenails by this process of compression.

is from 100 to 63, and of the wedges from 100 to 80. It is found that the wood

does not swell until it is placed in a damp situation, as in the sleepers. Even

the most solid woods, such as African ttak, can be compressed without sustain

ing injury. Perfectly seasoned timber will not shrink after compression, but

green wood will shrink after the process. One of the principal advantages of

the compressed treenails is the firmness with which they hold into the sleepers.

Around the iron spikes generally used, a sheath of rust is formed by the damp

sleeper; the shaking of the carriages tends to draw them upwards; and the

elasticity of the fibre around the hole in the sleeper being impaired, it is of no

use to drive them down again in the same place, and the chairs eventually

become loose.

It is proper to add that Mr. Cubitt disclaims the invention of the angular

formed sleeper, as Mr. Reynolds used it before him for his longitudinal bearing

rails; but lie believes transverse sleepers of that form had not been used previously.

Uncompressed treenails for fastening down the chairs to the sleepers were used

in the Hull and Selby railway; in the Dublin and Drogheda and many other

lines; and it is well known that these frequently become loose. Yet the

difference in the cost between these and Messrs. Ilansome & May's must be

so trifling as not to be worth a moment's consideration, when compared with

the advantages of the latter.

Brighton and Hastings Permanent Wat.—The sectional form of railway

bars are now for the most part much alike ; and similar to that previously

described as appertaining to the South-Eastern line : the variations consisting

only in some slight differences in the proportions or curves. The only marked

distinction which has fallen under our observation is the form employed on the

Great Western, the London and Brighton, and a few other lines. This form

may be described as a regular four-sided prism with a flange on two opposite

sides for bolting it down to the sleepers or other supports; an illustration of

which is afforded by the following cut, which is explanatory of the permanent

way of the Brighton and Hastings Railway.

The marginal figure represents

the rail in section ; it is drawn to

a scale of four inches to the foot,

from which it appears by calcula

tion to weigh about 801bs. per

yard: affording that degree of

strength and stability which the

present experience of railway

engineers has dictated the

necessity of. There is consider

able stiffness in this configuration.

Over the flanges it is fully six

inches wide, and affords thereby a very useful bearing surface on the ballast, on

which it is supported, except at the sleepers, which are imbedded in the ballast.

There are no longitudinal bearings to the rails or sleepers, but simply a series

of transverse sleepers b c at the usual distance of three feet apart There are

two sorts of sleepers used, joint sleepers c and intermediate sleepers 6; the

former are Baltic deals 8 feet long, 4J inches thick, and 14 inches wide; the latter

8 feet long, 4{ inches thick, and 9{ wide. On the twojoint sleepers only where the

ends of the rails a a are brought together, there are put what are called chairs

d d, consisting merely of a square piece of thick sheet iron turned up at the

edges thus I I. Into these chairs the ends of the rails are put, and spikes

driven through all three; namely, the flanges of the rail, the "chair," and the

joint sleeper. Between every two joint sleepers there ire usually three

intermediate sleepers b, and to these the rail is fastened by a half-headed spike
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(shown at r)not through holes made in the flanges, but so that the overhanging

half-head shall just clip over the edges of the flanges. How such a structure

can b« expected to last for a month, under the ordinary strains and concussions

of railway traffic, is to us a matter of surprise.

ORSI'S PATENT CHAIRS AND SLEEPERS—Mr. Orsi's patented improvements

in sleepers and blocks for supporting the rails consist in forming the sleepers of

metal, imbedded in cement or other plastic material, so as to defend the metal

from the action of the air and moisture; and afford a large bearing surface. Fig. 1

 

represents pcrspectively a cast-iron chair to which is cast on the under side a

pair of lugs, having a large rectangular aperture in each, through which is

passed a bar, and fastened thereto by the two pins shown. The bar is a

substitute for an ordinary transverse sleeper, and the two chairs are thus fixed

at the required gauge apart with great facility and truth, and possess great

firmness and durability. After the chairs and bars have been thus united they

to be imbedded in a bituminous cement up to the lower side of the chairs.

ID the annexed Fig. 2 one of a pair of chairs is shown so imbedded in cement;

the other chair of the pair being supposed to be connected with it on the left

fig. 2.

 

'• "-r.d tide ; the union being effected by what may be termed a metallic sleeper,

rendered indestructible by its bituminous encasement.

Sleeper* or blocks formed of cement, carrying the chairs so braced together,

ire intended to be placed transversly at suitable distances apart, along the line

of the intended railway; and when they are firmly secured to the ground, the

'" -*:i are to be fixed to the chairs in the ordinary way.

In the following engraving is represented one of Mr. Orsi's chair*, which is

art in one piece with the winged and other projections shown. This is

• -bsequently to be imbedded in asphalte or other cement, so as to form a block

or deeper with a broad incorrodible base. The cement in a fluid state is poured

VOL. II. 3 H
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into a mould containing the metallic chair and its support, and hardens as it

cools into a solid mass. The subjoined figure shows one of the patentee's chairs

imbedded in a block of cement, and of the shape indicated. These example.

 

of Mr. Orsi's invention will suffice to give an idea of the modifications Thick

it is susceptible of when taken in conjunction with the following summary of his

 

claims made in the specification, which are expressed as follow.

" Firstly, constructing the sleepers of bars or rods of metal, which are pass«

through the under part of the railway chairs, and are imbedded in cement. 1 1

as to form blocks, having broad surfaces at bottom; and also the pecnlia'

construction of chair for embracing or holding the bars or rods, as abof

described and shown in the drawing. Secondly, imbedding in cement block"

of wood braced by transverse tension rods, so as to form sleepers, upon wfcW

the ordinary chairs for railways may be fixed by bolts, screws or nails. Tiiriii^

fixing chairs for railways in blocks of cement to form sleepers, by imbeddiii;

projections or wings at the lower parts of such chairs in the plastic materia!

connecting two such blocks or sleepers together by transverse rods, attached la

the metal chairs. And lastly, constructing longitudinal sleepers for raiU»

by means of stout planks of wood, combined with iron bars or rods, plactni

side by side, and imbedded in cement so as to form a continuous block, upcr;

which the rails may be fastened down, without employing chairs."
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Switches.—In order to enable railway trains to pass from one line of rails

to another as becomes necessary on various occasions, at certain parts of the line

small portions of the rail are formed of bars, termed switches, which are

moveable upon a pivot at one end of the bar. Various arrangements of switches

have been proposed, or are in operation, depending partly on the nature of the

service for which they are required, some of which are self-acting, and others

require to be moved by an attendant.

The annexed figure represents a mode of passing carriages from one line of

road to another, adopted by Mr. Stephenson, on the Liverpool & Manchester

Railway, and described in Wood's Treatise on Railways.

JL

T3 I

__

Let ef be the road into which the carriages are to be made to pass, abed

being the main line of road, two rails are made moveable upon the joints a

and c: these two rails are joined together at the other end by an iron rod, which

is extended to one side of the road. This end of the rod is terminated by an

oblong box, as shown in the figure, and within this box an eccentric cam or

wheel is placed with an upright axle, on which is fixed the handle h. The

difference between the radii of this wheel from the centre of motion, is

precisely equal to the distance between the ends of the two rails ; when, there

fore, the eccentric wheel is in the position shown in the figure, the carriages

will pass along the main line: but on turning the handle round to k, and with

it the eccentric wheel, the latter pushes the rod and rails into the position shown

by the dotted lines. This mode of turning the carriages into another road is

quite safe, and can admit of no mistake if the handle be turned sufficiently

" ■.ud, as the eccentric wheel is made to move it the proper distance and no

further.

Ccrtis's Patent Switches.—Mr. W . J. Curtis's improvements in switches

lave come into extensive use on the Great Western, South Western, Midland

Counties, and other railways.

Fig. 1, in page 428, shows a plan of switches for a single crossing. The

'^itches may be formed various ways, but the patentee recommends the

following ; viz. rivetting the bars, whether two or more, to a flat plate c half an

■neb thick, 10 or 12 inches wide, and 15 feet long; the bars having a section to

correspond with the rails, are rivetted to this plate c; one rail being bent to

correspond with the curve or cross line, and the other straight to c irrespond

vita the main line (if straight), or should both be curved then both bars are

curved to correspond with their respective lines : upon the back or underside the

centres r and stud plates o o are rivetted.

The best shape is to make them round, with a flat face or flange, and the

studs welded into them. The bed planks a arc formed of oak planks 3 inches



428 CURTIS'S SWITCHES.

thick, and at regular distances the stud plates i i are let into the oak bed plant-.

rising about l-8th of an inch above the surface, so that the iron plates ride

upon the iron surfaces of the stud plates, with less friction than if they were

 

level with the timber. Towards each extremity of the stud plates studs are raised,

which confine the switches within their limits of motion, and form support?

against which they rest, and thus acquire a certain degree of solidity, whilst

the trains pass over them. The oak planks are then let into the longitudinal
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timbers of the railway, if formed upon that plan, or hotted to timber of

sufficient solidity and united in the usual way with the rails, if the system of

stone blocks and iron chairs be employed. A plate x forms the centre plate for

the centre studs to work in ; a hole is bored in it to suit the pin, and it is then

bolted to the bed planks, and thus the switches are secured at the end. Two

radius bars h h, connect the switches in the usual manner, the longer rod passes

to the lever l, by which the movement of the switch is effected; the lever l

shown in the plan, acts in the manner of a treadle, and the upright bar o, as a

string or holding bar : thus, a man depresses the end of the lever l, by pressing

his foot upon the flat part x, and laying hold by the cross head p, of the upright

bar o, he exerts a force as if lie were lifting « weight, by which means his weight

and muscular force are brought into action at the same time, and he is able to

lift the counterbalance weight m of nearly three hundred weight with great ease:

thus a very heavy counterbalance weight may he employed to keep the switch

open. The upright bar o is flexible, and formed like a spring, witli a notch or

stud which shuts under the lower side of the lever l when the switch is open,

or right for the line, and prevents the possibility of the train opening it as it

passes over it ; the counterbalance weight is enclosed in the usual way, in the

ground box N. d d d d, are the rails of the line, and the cross line at the head

of the switch, and e e the rails at the foot of the switch. The oak bed planks

are made long enough so that about 1 8 inches or two feet of the rails at each end

lie upon it ; thus making the whole steady and secure. A hand lever may be

employed instead of the treadle, or any other suitable means to work the switch ;

also if the crossing be a compound one, or any number of turn-outs take place

from one line, then each plate has rivetted to it as many bars as there are

separate lines, and each bar must be bent or otherwise as before explained.

The safety-guard rail q shown in the figures, is contrived with the view of

preventing an engine or train running off the rails, by the switches being

placed wrong. As has been before observed, the balance weight keeps the

switch right for the line, but whilst right for the line it is wrong for the cross

line ; in this case, if an engine were to pass along the switch of the cross, the

wheel would impinge against the guard rail <j, push the switch over, and make

it right for that line, and when it is passed over, the switch will shut again by

the reaction of the counterbalance, and keep it right for the main line as before

stated.

Fig. 2, in page 430, shows a modification of these switches : the main features

of this arrangement are the same as those of the former one, the bars being

bent to the curves of the respective lines to which they belong, and the same

clearance spaces left ; the principal difference between the two is that in the

latter case the switch has a movement, transversely to the line, and not moving

from a centre as before : the bars are bolted to a cross frame of timber a, held

together by holts passing through the frame, and the transverse movement of

the frame is produced by the levers lil, fixed upon the lying shaft p ; to these

levers are attached the connecting links huh, connected with joints fixed in

the transverse frame ; then by moving the long hand lever l l, either of the bars

of the switches is brought in contact with the main or cross lines at will :

•topping pieces n n n are placed to confine the movement of the switch as in

the case of Fig. 1. m is a cast-iron standard for the lever to work against,

and holes are made in the segment for a pin to be inserted, to confine the lever

in the usual way. d d d' d' are the bars of the switches, d d t> d' the bars of

the line and cross line, and B e the bars of the line at the foot of switch.

Fig. 3, in page 431, represents an adaptation of these switches to points

or crossings. The switches are made in the same way as those pre

viously described, except that they are shorter, the length whatever it may

be being determined by the distance for clearance between the rails which

nay be 'fixed upon by the engineer, and for which 3 inches will be generally

found to he sufficient. The point of contact for the foot of the switch, may

be at the point where the inner edges intersect each other, or at any place

between that point where the outer edges of the rails intersect each other ; then

measure from this point until the rails open 3 inches (or the space required for



430 CURTIS'S SWITCHES.

clearance) which gives the place for the head or centre end of the switch :

stud or joggle pieces are placed as before described, to confine the switches

within their limits of motion. The switches may be either double or single,

and accordingly one is shown as single, and the other as double in the figure,

but in all cases the head or centre of the switch should be placed as shown in

this figure, because whichever way the switch is laid, it is held in its place by

the fixed stud pieces 1 1, so that a train passing over the switches, has a tendency

by its action to push the rails out to keep the switches the more steady.
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h h is the connecting link worked

by the bell crank m, which crank

may be connected with a lever,

cam,crank,or eccentric by means

of the link a : the rod glides

through the guides ffff which

answer the purpose of the

guide boxes and glands : these

guide pieces as well as the

guide boxes are fixed in any

usual, secure, and suitable

manner. By the movement of

the bell crank, the connecting

link h is moved towards the

right hand, and the rods E e

are made to occupy the position

indicated by the dotted lines :

the switches are then thrown

into gear with the other or cross

lines.

Fig. 4, in page 432, re

presents in plan these switches

arranged to form the points of

a double crossing, where m m

shows the main lines, and y y

one pair of cross lines, and n h

another pair of cross lines. The

intersections of the cross lines

is shown by the dotted lines ;

thus the bars d d alternately

make the connexion with t y

and h B : the switches are

formed in the same way as

those before described, and

joggle or stud pieces i i i i, are

provided to limit the motion of

the switches as before described.

s shows the circular case in

which the upright shaft of

the hand crank or lever works.

Upon the lower end of the

upright shaft a three-pronged

crank is formed, and to one of

these cranks or prongs the

connecting link n is united

by a pin joint ; each of these

prongs catches into the latch e,

as it passes over it, so that

when the centre prong is held

in the latch as shown in the

figure, the main line m m is

complete as drawn, but when

the handle is moved to the one

ad* or the other, and the

•»itch made to complete either

ofthe cross lines Tor h, then the

prong c t or c h is held in the

^tch, and retains the switch in

iu position.- The latch v. is

depressed by a man placing
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c y„ ^—^ Fig. 4.
 

 

his foot upon the spring s, which when released raises the latch again : the

rods h h connect the switches together, and the switches are based upon

timber as before described, or are placed in a cast-iron bed-plate, or finished

in any other usual and suitable manner. The centre studs f f work in cast-iron

bed-plates.

Turntables.—In order to transfer an engine or carriage laterally to another

line of rails, at a station or terminus, circular platforms called turntables are

established upon each set of rails, which turn as upon a pivot in the centre of

each line, each contiguous pair of tables being connected by short branch

rails, standing at right angles to the line of rails. ' The engine or carriage

to be transferred is brought to rest wholly upon one table, which is then

turned a quarter round, and the carriage is then wheeled on to the next turn

table, which being likewise turned a quarter round, the engine or carriage Till

then be in a position to proceed on the line to which the second table appertain!.

Turntables are variously constructed ; the annexed figure (p. 433) represents a

section of one which, is in pretty extensive use on several railways ; amongst

others (we believe) the Great Western.

It is the invention of Capt. Handcock of Birmingham, who obtained a

patent for it in 1840. The base plate is formed of cast iron, and consists of a

deep socket a in the centre, from which branch several radiating ribs b b,

which are braced together by two broad flat rings c c; d is a column or

?«destal firmly keyed into the socket in a perfectly vertical position, and

roming the support to the platform of the table ; e e are loose collars of gun-

metal, resting upon shoulders formed on the pedestal, which is accurately

turned at those parts so as to fit the collars without shake or friction ; / is a

cylindrical tube or casing surrounding the pedestal, and collars with recesses

accurately bored to fit the collars ; g is the turning platform, having in the

centre on the under side a steel pivot h, which rests in a steel step k ; in the top

of the pedestal m in are a series of struts or stays, resting upon a stout flancii

at the bottom of the casing/, and supporting the platform at the circumference

To provide for the efficient lubrication of the collars, a flat plate n having
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ff 

metallic rings covered with leather to form a tight joint, is screwed up to the

bottom of the flanch of the casing, and the space between the pedestal and

the interior of the casing is filled with oil. The following cut (page 434) repre

sents a turntable of a different description, which was invented by Mr. Robert

Mallett, of Dublin, C.E. ; from whose able pen an ample description of it

appeared in the Mechanics' Magazine ; we shaft, however, endeavour to explain

the construction in a more concise manner.

From the vertical pressure of the table being supported on a fluid, Mr. Mallet

named it the " Hydrostatic Turntable."

The platform a of this table is much the same as usual, consisting of

four or more interlacing ribs 4, of about 12 inches in depth, at the centre,

connected by a ring at the circumference, and all cast in one piece. The tops

of the ribs carry the crossing rails, and the interspaces are planked, or open

cast-iron trellis gratings are dropped into them and rest upon a rebate. The

central portion of the ribs is secured by bolts to the projecting flenches of the

large vertical pillar or pivot c, upon and with which the whole revolves.

The lower portion of this pivot, as well as a broad collar, or neck d, close under

'he platform, are turned truly cylindrical, while the form of the remainder is

"enerally'conical.

This central pillar, or pivot, is cast hollow, of thickness suitable for sufficient

iirength. At the same level, and concentric with the turned collar d of the

pirot, is placed a cast-iron bored ring e, considerably larger in internal

diameter than the external diameter of the pivot, and which is sustained in its

! .see, and all lateral or other motion thereof prevented, by a number of

'.rsal struts h, and by four vertical bolts /,-, fitted and bolted to the outside

of the ring, or " bearing collar" e, and also to a large concentric ring casting /,

*Wch is built into the side walls of the turntable pit.

The lower part of the main pivot consists of a turned cylinder, like the

plunger or ram of an hydraulic press, and which, also, like the latter, drops

info a strong bored cylinder m, of a few inches in length, prepared at its

upper lip to receive a double leather collar n, upon Bramah's plan, so as to

remain water-tight under considerable pressure; the cylinder has a close

l»Uom, and is provided with a small tube o, opening into one side, and closed by

> «creir-plug valve of simple construction, by which the interior of the cylinder

roay be filled with water. The lower part of the turntable pit consists of an

inverted arch, or rather dome, of brick or stone, resting upon a bed of concrete

*hen requisite, and this small hydraulic cylinder is bedded down upon a cast-

iron ring, forming the centre or crown of the inverted dome, and is secured

and adjusted to the latter by means of bolts passing through a projecting

i -nch cast round it. To counteract the lateral pressure, when an engine is

Busing on to the table, is the object of the upper collar d, and bearing collar e;

VOL. it. 3 I
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between these, into the annular space, left by reason of their different diameters,

is dropped a circular wrought-iron frame/, consisting of two rings of flat bar

iron, carrying six turned cast-iron rollers, revolving horizontally between these

collars, upon wrought-iron pins, which pass through and connect both wrought-

iron rings. The weight of these rollers and rings is sustained by four small

rollers^, which are fixed as to position, and revolve vertically in pairs, cast in

brackets, projecting inwardly from the turned bearing collar.

The Broad and Narrow Gauges.—The inconvenience arising from a diversity

in the breadth of space between the two lines of rails, on one railway compared

•>itli that on another, became the subject of much discussion, and of animad

version upon Mr. Brunei's adoption of the "broad" gauge of 7 feet, on the

Great Western line, in preference to the previous generally adopted "narrow"

gauge of 4 feet 8J inches, between the rails. The inconvenience is especially

felt in the transfer of many kinds of goods, where the "breaks" of gauge

occur, as it necessitates the unloading the waggons on one line, and reloading

•ilicr waggons on the other line; and as they are of very different dimensions,

and require a different plan of loading, injury often results by the shifting and

unpacking of the goods; besides incurring much labour, expense, loss of time,

and not (infrequently pilfering. A great variety of mechanical contrivances

have been, for yean past, suggested to remedy the inconvenience of the change

of gauge, but none that can be regarded as equalling the advantages gained by

an uninterrupted or uniform gauge.

To determine what ought to be done under these difficulties, a government

commission has been appointed to inquire "whether in future acts of

parliament for the construction of railways, provision ought to be made for

securing a uniform gauge, and whether it would be expedient and practicable

to take measures to bring the railways already constructed, or in progress of

construction, in Great Britain, into uniformity of gauge, and to inquire whether

any other mode could be adopted ofobviating or mitigating the evils apprehended

ai likely to arise from the break that will occur in railway communication,

from the want of an uniform gauge." The commission was dated 11 July, 1845,

and consisted of the following members: Sir J. M. Frederick Smith, Lieu

tenant-Colonel Royal Engineers, Professor Airy, Astronomer Royal, and

1'rofessor Barlow ; names in which the public deservedly place the highest

confidence for their intellectual capabilities and perfect integrity.

These gentlemen called before them such persons as they deemed most

competent by their situation, knowledge, or experience, to aiford them correct

information on the subject of their inquiry, and had produced before them such

books and documents from the various railway companies as appeared to be the

best calculated to aid their researches. They personally examined into the

usual course of proceeding on various railways, both at home and abroad,

•specially those which are incident to a break of gauge. Having inspected

several locomotive engines, as welt as various mechanical contrivances, invented

either for the general use of railways, or for obviating the special difficulties

presumed to arise from the break of gauge, and having carried their investi

gation to the utmost useful limits, they drew up a Report, which we shall now

proceed to give the substance of, in a condensed form; as all the material facts

"taring upon the subject seem to have been investigated with scientific

intelligence, and correct judgment, and entirely free from party bias to any of

the great rival companies, whose interests are affected by the decision of the

question propounded; moreover, because many of their deductions from the

evidence elicited, form useful data for the guidance of railway engineers.

The attention of the commissioners was first directed to ascertain whether

the break of gauge could be justly considered so great an inconvenience as

to require the interference of the legislature. This important part of the

inquiry is treated under the following heads; viz. Jirtt, as applying to fast or

express trains; itcondly, as applying to ordinary or mixed trains; thirdly, to

goods trains; and fourthly, to the conveyance of troops.
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1. As applying to Fast or Express Trains ; the commissioners observe, " We

believe that the inconvenience produced by a break of gauge will, in tome

respects, be less felt in these than in other trains, because the passengers

travelling by fast trains are usually of a class who readily submit to many

inconveniences for the sake of increased speed on the jouruey; the inconve

niences of a break of gauge are reduced, in this instance, to the removal of the

passengers and a moderate quantity of luggage."

2. As applying to ordinary or mixed 1'rains.—" In these trains the passenger!

considerably exceed in number those who travel by the fast trains, and they

have generally a much greater quantity of luggage. To such travellers a change

of carriage is really a serious inconvenience, and it is a well-known fact thai

persons travelling by railways in communication with each other, but under

different managements, endeavour to make such arrangements as to admit of

their travelling by those trains which afford them the accommodation of

occupying the same carriage from the beginning to the end of their journey.

"The managers and directors of railways are well aware of this feeling, and

in some instances accommodate the public by enabling travellers to avoid a

change of carriage on the journey.

" It is by the ordinary or mixed trains that private carriages and horses ire

conveyed, and the removal of either from one truck or horse-box to another,

at any part of the journey, would be attended with inconvenience and delsy;

and with regard to the horses, it would involve considerable risk.

" We arrive, therefore, at the conclusion, that the break of gauge wouldinfliet

considerable inconvenience on travellers by the trains now under consideration.

" The change of carriages, horse-boxes, and trucks, and the transference of

luggage °f aI> entire train of much extent, must, even in the day-time, be an

inconvenience of a very serious nature, but at night it would be an intolerable

evil, and we think legislative interference is called for to remove or mitigate

such an evil."

3. As applying to Goods Trains.—" From the statements made to us by

carriers on railways, and from our own observation, we are induced to believe,

that not only a considerable degree of care, jrdgment, and experience is

necessary in the stowage of merchandise in railway waggons, but also, that it

is desirable that when properly packed the nrticles should, generally speaking,

not be disturbed until the journey is completed. We find that in the arrange

ment of merchandise, the heavier goods are placed at the bottom, and the

lighter at the top of the load, and so secured as to prevent friction as far as

practicable from the jolting of the waggons ; and it is considered very desirable

with a view to prevent loss by pilfering, that the sheeting, which is placed over

the load, should not be removed till the completion of the journey. Indeed,

acting upon this principle, carriers find it profitable to send their waggons

partially filled from various stations on the line, thereby increasing their toll to

the railway company, rather than incur the risk of loss by theft, to which they

would be exposed by uncovering the waggons on the journey, to fill up with

intermediate local goods waggons that may have started with light loads from

one of the termini.

" In the conveyance of machinery and articles of a similar class, which are

both heavy and delicate, it is of the utmost consequence that the load should

not be disturbed between the beginning and the end of the journey. The

traffic upon the line of railway between Birmingham and Bristol has been

greatly restricted by the interruption of gauge at Gloucester.

" In respect to the conveyance of minerals, the inconvenience of a break of

gauge would be very serious; the expense of the transfer would be sensibly felt;

moreover, many descriptions of coal are subject to great deterioration by breakage.

" In regard to various articles of agricultural produce, the loss by removal

would be less than on other classes of goods; much inconvenience, however,

would be found in (he transfer of timber ; and the difficulty of shifting cattle,

would be so great as to present an insurmountable obstacle to such an arrangement

from the excited state of the animals after travelling by railway, and the
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resistance they in consequence offer when it is attempted a second time to force

'lii-in into a railway waggon."

4. At applying to the Conveyance of Troops.—" This is another use of railways

which we nave deemed it necessary to consider. Although a break of gauge

on the line of route would produce both delay and confusion, yet, as it is

usually practicable to give notice of the intended movements of a body of

troops, the inconvenience of the break of gauge might be so reduced, as not to

be an evil of great importance; but in the event of operations for defensive

objects, against an enemy, the inconvenience would assume a serious character.

" It would appear, that, for the defence of the coast, the proper course would

be to retain the great mass of troops in the interior of the country, to wait until

the point selected by the enemy for his attack should be ascertained with

certainty, and then to move upon that point such an overwhelming force as

should be adequate to the emergency.

"The troops should be carried with their equipments complete in all their

details, and with their artillery and ammunition ; and it therefore appears in

dispensably necessary, in order to insure the requisite supply of carriages,

where perhaps little or no notice can be previously given, that the whole should

be conveyed in the same vehicles from the beginning to the end of the

journey."

After considering the subject in several other points of view, which it would

be needless to specify, the commissioners came to the conclusion that a break

ofgauge would*!* a very teriout evil.

Expedient of Telescopic A let to apply to all gauget.—Of the various

mechanical contrivances submitted to the investigation of the commissioners,

»as one under the foregoing denomination ; wherein the running wheels of the

carriages are made capable of sliding along the axles when required, per

mitting the wheels to approach nearer to, or separate further from each other,

and thus be applicable to both gauges. By detaching the wheels from one

fixed point, then pushing the carriage along converging, or diverging rails,

until the wheels were brought to fit the change of gauge, and screwing the

wheels to the axles again at another fixed point, the required alteration would

apparently be easily managed, but it is nevertheless liable to serious objections.

It is well known that a very slight degree of unsteadiness of the wheels of a

railway carriage upon the axles, renders it liable to run off the rails. The

safety of an entire train might thus be endangered, by one case of neglect in

rffattening the wheels of a carriage; and when it is considered that the

attendants would have to adjust a great many carriages in succession, some-

tines as many as a hundred in one goods train ; that the adjustments have

also to be made hurriedly ; occasionally in the worst of weather, and at night ;

besides the attention required for loading or unloading of goods ; altogether,

it would become so severe and'anxious a duty to the attendants that it would be

scarcely possible to avoid the occurrence of very serious accidents from over

sight, neglect, or forgetfulness. But the danger attending the plan is not the

only objection. On the ground of expense, the introduction of the plan is

inadmissible.

Expedient of mounting Carriage* vpon Trucks of a different gauge.—

The plan of running loaded waggons from a narrow gauge railway, on to trucks

that work on the broad gauge lines, is of conrse one of facility ; but it is only

applicable for the transmission of goods from the narrow to the broad gauge.

The attempt to carry loaded broad gauge waggons upon trucks on the narrow

poge rails, would be preposterous, as it would necessitate all the broad gauge

lines to be provided not only with their large trucks, but a stock of narrow

gauge waggons, or they would be unable to transfer the goods on to the narrow

?auge rails, except occasionally. But even with regard to the passage from the

IIJITOW to the broad gauge, the system will not bear examination. " If the

trucks are supported on springs, there is practically a difficulty in running the
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waggons upon them ; and if they are not supported on springs, they will

sustain great injury on the journeys. If they are loaded singly, there will be

a great delay ; if they are placed in a row, and the narrow gauge carriage! an

run through the whole series, very great caution will be necessary to secure

each carriage both in front and in rear." For the foregoing as well as otlier

considerations, the commissioners reject the proposal as entirely*inapplicable

to the traffic of railways.

Expedient of shifting the bodies of Carriages from one wheeled platform to

another having a difftrentgauge,—Although the system has been partially adopted

i n France.of shifting the bodies of carriages from the road wheels to those of the

railway, the commissioners regard it as inapplicable to our rapid travelling;

while it deprives the railway system of one of its greatest conveniences, namelr,

" its readiness to receive almost any number of passengers without warning, and

to carry them to any required distance."

Expedient of carrying minerals and merchandise in loose boxes, capable of

being shifted from one Truck to another, in such manner that one may be

carried on a narrow gauge, and two on a broad gauge truck.—The com

missioners state that this plan has been repeatedly tried, and the experience is.

that it has barely succeeded in a temporary trial by one engineer who had the

entire control ; but that it has in most instances failed, owing to the deteriora

tion produced by the shifting of the mineral conveyed ; though no expense

was spared in the erection of proper machinery for effecting the transference

of the loose boxes; and these failures occurred in a traffic which is com

paratively regular, namely, that of coal. In traffic of a more varied character,

the liability to failure would be much increased.

Expedient for a Combination of two gauges on one line, by placing one or

two intermediate raih between those on the broad gauge, so as to enable the

use of the engines and carriages of both gauges, would also be productive of many

difficulties, and the expense be enormous. If two rails were placed between

those of the broad gauge, so as to form a narrow gauge track, the carriages of

each gauge might travel together, without any alteration of their buffers, as the

distance of these from the centre is precisely the same in both. The cost of

such an alteration has been estimated at even more than entire change of

gauge, including engines, and carrying stock. The complication which it would

introduce at the crossings would be attended with increased danger, or a loss

of speed. It would also be difficult to pack and adjust such rails properly.

In the case of a single rail being inserted at 1 ii. Sim. distance from one of

those on the broad gauge, the difficulties just mentioned would be in a certain

degree lessened, but it would introduce another, which seems to have escaped

the attention of the commissioners ; namely, that of causing the double

traffic upon only one of the original broad gauge rails, and the single traffic on

the other broad gauge rail. If we consider the enormous difference between

the operating forces on the rails in a double train, the effect of the concussions

of such an unbalanced force would be rapidly destructive of far more stable

substructures than have hitherto been found necessary. It would at least

render it necessary to make the single rail which1 sustains the double traffic

much stiffer, and the supports more solid ; otherwise a disruption would speedily

ensue, and it would always be dangerous to travel upon. Besides, the narrow

gauge traffic on the broad gauge line would probably continually increase, and

thereby increase the disparity of the resisting powers of each rail, and never

attain that uniformity of vibration and resistance, that appears to be essential

to the stability of the structure.

The commissioners lay it down as the first principle, that intercommunication

of railways throughout the country ought, if possible, to be secured. If, to

obtain the last-mentioned object, it should be necessary to alter or make a

change in any existing railways, they think that it may be left as a matter of
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ulterior consideration for the legislature, whether in these limited instances

the combination of gauges may not be allowed.

After giving to all the plans submitted to them,'the most mature considera-'

tion, the commissioners came to the conclusion, that none of them were

adapted to effect an adequate remedy for the inconveniences incident to a

break of gauge ; and hence they entered upon the following

Consideration* on the general policy «f establishing an uniformity of gauge

throughout the country.—In the earlier period of railway history of this

country, the great trunk-lines were so far separated as to be independent of each

other, and, as it were, isolated in their respective districts, and no diversity of

gauge was then likely to interfere with the personal convenience, or the

commercial objects of the community ; but now that railways are spreading

in all directions, and becoming interlaced with each other in numerous places,

that isolation is removed, that independence has ceased, and the time has

arrived when, if steps cannot be taken to remove the existing evil of the

diversity of gauge, a wider spread of this evil should be prevented. The com-

missioners having arrived at the decision that equalization is desirable, they

proceed to consider what gauge would be the most eligible to adopt, under the

following four heads :—

1. Comparative Safely of the different Gauges.—Experience has shown that

railway accidents arise "from collisions, obstructions on the road, points

wrongly placed, slips in cuttings, subsidence of embankments, a defective state

of the permanent way, loss of gauge, broken or loose chairs, fractures of wheels

or axles, &c., and lastly from engines running off the lines from some other

came. Of these several causes of accidents, all except the last are obviously

independent of the gauge ; and with reference to the last, it does not appear

that either of the gauges possesses more security than the other against such

accidents. Only six accidents of the kind occurred between October 1840, and

May 1815 ; whereas there have been no less than seven during the last seven

months ; and these last are all attributable to excessive speed, the majority

having happened to express trains. Of these 13 acidents, 10 have occurred on

the narrow gauge, and only three on the broad ; but as there are 1901 miles on

the narrow gauge, and only 274 on the broad, therefore the comparison per

mile is in favour of the narrow. Nevertheless, as the speed on the Great Western

much exceeded that on the narrow lines, some allowance is due on that score.

The primary causes of engines getting off the rails appear to be overdriving,

a defective road, a bad 'joint, or a badly balanced engine. If, in consequence

of heavy rains or other unfavourable circumstances, any part of the road

becomes unsound, the engine sinks on one side as it passes along such part of

fie rail, suddenly rises again, and is thus thrown into a rocking and lateral

oscillatory motion, with more or less of violence according to the rate of speed;

"id a very similar effect is produced in passing at high speed, from one curve

to another of different curvature. A succession of strains is thus thrown upon

<ta rails, and if, before the rocking subsides, the wheel meets with a defective

chair or rail, which yields to the impulse, the engine and train are thrown off

21 a necessary 'consequence ; but such casualties, as far as we can see, are

ttjually liable to happen to both gauges.

Several differences in the construction of the broad and narrow gauge engines,

*ith regard to their proportions and adjustments of the weight, have been sup-

p«ed to operate as a cause of their running off the line. These points have been

investigated by the commissioners; but they sum up their remarks on the score

of safety by stating,—" Upon the whole, therefore, after the most careful con

sideration of this part of the subject, we feel bound to report, that as regards

'be safety of the passenger, no preference is due with wett-proportioned engines

lo either gauge, except perhaps at very high velocities, where we think a pre

ference would be due to the broad gauge." The next question entertained was,

2. The relative accommodation and convenience for Passengers and Goods on

fffk Gauge.—The first class carriages of the broad gauge are intended to carr
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eight passengers in each compartment, and the compartments are sometimes

divided by a partition and inside door. On the narrow gauge lines, the first cl >

' carriages are usually constructed to carry only six passengers in each compart

ment; and the same width is allowed for each passenger in both gauges.

Until recently the broad gauge carriages were altogether more commodious than

those on the narrow, but now the first class carriages on the narrow gausre

possess equal commodiousness ; they are both highly so.

In the second class carriages on the broad gauge, six persons sit side by side.

each carriage being capable of holding 72 passengers. On the narrow gauje,

generally, only four persons sit side by side, the total number in each carrias-.'

beinj 32. These last are the most comfortable of the two.

With respect to the ease of the carriage, or the smoothness of motion, the

evidence taken is conflicting, but the experience of the commissioners led tbem

to consider, that at the higher velocities, the motion is usually smoother on tie

broad gauge.

With respect to the conveyance of merchandise, such as manufactured good]

and their raw materials ; mineral products, such as coal, lime, iron and other

ores; agricultural produce, such as corn, hopsvwool, cattle and timber; the

evidence of intelligent persons engaged in the carrying business has been taken,

who expressed a. strong opinion that the smaller is far the most convenient and

economical. Another advantage of the smaller waggons is its economy in

lessening the dead weight, where full loads cannot be obtained at the stations.

Here the dead weight would be greatly increased on the broad gauge, unless

the greater commercial evil were sustained of waiting until full loads were

accumulated. For the foregoing reasons, the commissioners decide that the

narrow gauge is the most convenient for the merchandise of the country.

3. On the gauge best adaptedfor Speed.—To ascertain this, the time tables of

the several companies having fast or express trains were examined, and the

returns furnished by those companies of the actual speeds attained by the

express trains, during 30 successive days from the 15th June to the 15th July

1845. The commissioners also travelled in the express trains, and noted the

speed, mile by mile ; the results of which showed that the average speed of

the Great Western, both by express and ordinary trains, exceeded the highest

speed of similar trains on any of the narrow gauge lines. But gome of tlie

latter have trains which exceed the speed of those on the recently constructed

lines on the broad gauge; owing to the comparatively unfavourable gradienu

and curves. These remarks apply to the Bristol and Gloucester, and the Swindoo

and Gloucester. The inclination and curves on the Great Western between

London and Bristol are particularly favourable for high velocities. And it is

worthy of remark that in some portions of the narrow gauge lines, where the

gradients and curves are very easy, that the speed attained was for a time above

that on the Great Western. The difference of effect, according to the nature

of the gradients, is shown in a very strong light by a comparison of the time

occupied in passing over different portions of the Great Western line. The

speed-from Paddington to Didcot by the express train is 47$ miles per boor;

from Didcot to Swindon it is 41.1 ; from Swindon to Gloucester only 31. ";

from Swindon to Bath 48. 2; but returning only 37. 2 ; from Bristol to Taunton,

the speed is 46. 3 ; and from Taunton to Exeter only 39. 2.

It is stated that the locomotive engines on the Great Western line have not

been altered from the opening of the railway, (which was designed on the

broad gauge in order to obtain higher velocities with equal safety,) while the

recently increased speed on the narrow gauge lines has been acquired by the

introduction of new engines of greater power ; and the commissioners seem to

think that they ore now as powerful as they can probably be made on the narrow

gauge ; but that the broad gauge lines have still the means of augmenting the

power, and hence the velocity of their engines, within the limits of the stability

of roads, to bear such increased weight and motion. Since the introduction of

express trains, the accidents arising from running off the line have been indeed

more numerous within the last seven months, than within the fire preceding
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years; and it is questionable whether this contest for speed ought to be carried

to any greater length.

It is the opinion of several engineers, that it is the stability of the road, and

not the power of the engine, that will prescribe the limits of safe speed.

" On the first introduction of passenger railways, speeds of about 1 2 miles

per hour only were anticipated;" (which is difficult of comprehension, seeing

that steam locomotives on the common road went faster,) the rails then employed

weighed only 35lbs per yard, and the engines 6 or 7 tons. As soon as the

speeds of 20 and 24 miles were attained, they found it expedient to increase

the rails to 50lbs per yard, and the engines to 10 and 12 tons. Since that time

the weights of the rails have been progressively increased from 65 to 851bs per

yard, and the ordinary engines on the broad gauge to 22 tons : while those on

the narrow are only 2 or 3 tons less, and some few more; one even of 30 tons,

on six wheels. This increased weight has been chiefly obtained by lengthen

ing the boiler (augmenting thereby the evaporating surface), and fixing the

engine cylinders on the outside. In such engines as have by this elongation

been made to overhang the fore and hind axles considerably, the position of

the outside cylinders have had, it is said, a tendency to produce an irregular

or rocking motion ; causing them to be less safe at high velocities. Mr. Stephen-

ton admits the existence of this defect in some recent engines, but attributes

it to merely the weight of the piston, which he proposed to counteract by an

equipoise.

The commissioners are, however, of opinion, that this great length of engine

U not essential to the attainment of high velocities on the narrow gauge lines.

They timed the express trains on four different journeys on the South Western

line, in both directions ; that the whole distance was performed very satisfactorily

ia about 1 hour and 52 minutes, including the time of stoppages, being at an

average of 41 miles per hour, on a line which, in one direction, rises for a length

of more than 40 miles on a very prevailing gradient of 1 in 330; and in the

oiher rises for several miles on a gradient of 1 in 250. On each occasion a

iiatance of five miles, on a level part of the road, was passed at the rate of 53

njiles per hour. The length of the engine boiler was only 8 ft. 7 inches, the

driving wheels 6 ft. 6 inches in diameter; the leading wheels had both inside

and outside bearings. The diameter of the cylinder in one case was 15 inches,

in the others 144; inches, both outside, and attached to the smoke box.

In proceeding to compare the locomotive engines, the commissioners remark

that the boilers of the narrow gauge have a smaller power of evaporation than

those on the broad gauge; and that whatever may be the attempts to augment

that power, it is clear that they may, in this respect, be surpassed on the broad

gauge. It is, however, a current opinion that the engines on both gauges have

nearly obtained that speed and power which it would be justifiable to employ,

in reference to the present strength of the rails and the firmness of the

earthworks.

The diameter of the driving wheels of the broad gauge engines exceeds that

of the driving wheels of the narrow gauge engines, which circumstance is

i ^questionably favourable to high speed; because the steam is used to greater

advantage, and because the alternating shocks upon the machinery are less rapid.

-The commissioners think, however, that at the speed of 40 miles an hour, the

difference between the two engines may be trifling, but that at speeds of 50 or

60 miles an bour, it may be worthy of notice. It becomes important then to

inquire what may be the greatest desirable speed to be maintained on railways

fcr ordinary purposes. The wishes of the public will be limited only by con-

'ider&tions of economy and safety. The greater the speed the greater will be

lbs cost; and it is generally believed that it will be difficult to maintain the

present express speed on the great trunk railways. The chief impediments

arc,—. .

1st. The difficulty of entirely protecting the fast trains from interfering with

or coming into collision with the slow trains.

2d. The difficulty of seeing signals, especially in foggy weather in time to

Table the engine drivers to stop the fast trains.

vot. it. 3 K
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4th. The relative Economy ofthe different gauges.—In the first construction of>

railway, the narrower the gauge, the smaller will be the cost of the works.

This applies to tunnels, bridges, viaducts, embankments, cuttings, sheds, work

shops, turntables, transverse sleepers, and ballast, and the purchase of land:

but it does not affect the rails, fences, drains, and station-houses. The eis"

difference, however, must depend in a great degree upon local circumstances.

As to the cost of the maintenance of way, that of the broad gauge must i>

rather the greater of the two.

The cost of the engines and carrying stock is generally more expensive on

the broad than on the narrow gauge. But it is asserted by the advocates of lbs

broad gauge, that as the engines will draw greater loads, the work can be docs

at a less charge per ton ; and that a compensation is thus obtained for t;,

increased outlay. How far this is practically the case is the next subject for

inquiry.

The average weight of a passenger train on the Great Western railusr

(independent of the engine and tender, which weigh 33 tons) appears to be 6;

tons; and the average number of passengers per train for the half-year endin;

the 30th of June, 1845, is only 47.2, whose weight, including their luggage,

may be estimated at about 5 tons.

Mr. Gooch, the locomotive superintendent on the Great Western, estimate

each carriage and its passengers on the broad gauge to weigh about 9$ lorn.

and therefore there would be seven carriages to make up the 67 tons abov;

specified. The most commodious carriages on the narrow gauge lines, such a

those on the South Western, weigh less than 5 tons; seven such carriaj"

would therefore weigh about 34 tons, and being capable of containing 126 firr-

class passengers, weighing, with their luggage, 12} tons, the total load would i-

only 46£ tons. Now we find, that even with a traffic as large as that of tbe

London and Birmingham railway, the average per train would only be S-i."

passengers, weighing about 8 tons; so that, under the supposition uf a u.

of this extent, the load of the seven narrow gauge carriages so occupied wou!--

only be 42 tons.

But Mr. Gooch estimates, from his own experiments, the relative powers oi

traction of the broad gauge engines, and of the narrow gauge engines, of tie

South Western railway, when working at the same speed, as 2,067 to 1,3'A

or as 67 per cent., and the load ofthe broad gauge in tons, to 45 tons, which «'- :

be the corresponding load for the narrow gauge ; so that the narrow gaufr

engine has more power over the 42 tons it would have to draw, than the broad

gauge has over its average load of 67 tons, both exclusive of the weight ol'ife

engine and tender; the narrow gauge carriages in this supposition bein?

supposed to contain 84.9 passengers, and the broad gauge only 47.2.

Jt is obvious, from the foregoing statement, that the narrow gauge ens''

of the class we have been considering, has more power over the seven nam5

fauge carriages, and a load of 126 passengers, than the broad gauge engine

as over the seven broad gauge carriages, and the load of the same number '

passengers ; and that, therefore, if the Great Western had been a narro'

instead of a broad gauge line, the South Western engines would have had >'

same command over the existing passenger traffic of the Great Western, a

own engines now have with the present construction of that railway.

The commissioners conclude their investigation of this question, by de

termining that the work would be performed at about the same expense 1 '

locomotive power.

Mr. Gooch has asserted that the Great Western company work the::

passenger trains at half the expense per ton, at which the London >"■

Birmingham company work their passenger trains. The fact is, however, lbs*

Mr. Gooch's calculations refer to the gross, and not to the net loads; «n«

therefore, the comparison is not applicable, so far as regards the profits o

these companies, and affords no proof of economy in working the passeniK

traffic on the Great Western system.

In the case of "goods traffic," the circumstances are not the same; rail>rJ>

conveyance for merchandise seems only to be required a few times in eui
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Jay, and the trains are generally large. The "through" waggons have for

the moat part a full load, and the disproportion between the grosa and nett

weight is consequently much less than in the passenger trains ; still, however,

it frequently happens on the London and Birmingham railway, that waggons

ire forwarded to a considerable distance to " road side stations " containing

not more than a ton of goods; which must happen on any long line of railway.

The same occurs also in waggons coming in frum branches along the trunk

line, and in all such cases, the heavy large waggon of the broad gauge must be

disadvantageous ; but although the evil is not so great with goods waggons of

the broad gauge as with their passenger carriages ; still the loss by dead weight

is greater with these than by the smaller waggons, and we do not perceive any

advantage in the broad gauge to counterbalance it ; for where speed is not an

object, we believe that engines of nearly the same tractive power are to be

found on many narrow gauge lines, as those in use on the broad gauge.

Thus far the question has been considered with reference to the railways as

they now exist, and composed in a great measure of trunk lines of considerable

traffic; but the railways to be made in future will in some degree be branches,

or lines, in districts having less traffic than is to be provided for in the existing

railways; and hence, if for the greater trunk lines a superiority were due to the

broad gauge system, that superiority would be less for lines yet to be constructed,

of a smaller amount of traffic; and necessarily, if the preference were given to

the narrow gauge for the existing lines, that system would be still more entitled

to the preference for the railways of smaller traffic to which we look forward.

Towards the close of this inquiry Mr. Brunei requested, on the part of the

broad gauge companies, to institute a set of experiments to teit the power of

their engines; and Mr. Bidder, on the part of the narrow gauge companies,

undertook, in consequence of such application, to make corresponding

experiments on the narrow gauge. After sanctioning these trials, and being

present at the performance of them, we may observe, without entering into a

minute detail of the results, that they proved the broad gauge engines to possess

greater capabilities for speed, with equal loads, and generally speaking, of

propelling greater loads with equal speed : and moreover that the working of

«ueh engines is economical where very high speeds are required ; or where the

loads to be conveyed are such as to require the full power of the engine. • • •

" After a full consideration of all the circumstances that have come before us,

and of the deductions we have made from the evidence, we are led to conclude—

" 1st. That as regards the safety, accommodation, and convenience of the

panengers, no decided preference is due to either gauge, but that on the broad

gauge the motion is generally more easy at high velocities.

"3d. That in respect of speed, we consider the advantages are with the broad

}<nyt, but we think the public safety would be endangered in employing the

greater capabilities of the broad gauge much beyond their present use, except

on roads more consolidated and more substantially and perfectly formed tban

those of the existing lines.

"3d. That in the commercial case of the transport of good*, we believe the

farrowgauge to possess the greater convenience, and to be more suited to the

fneral traffic of the country

"4th. That the broad gauge involve! the greater outlay, and that we have not

been able to discover either in the maintenance of way, in the cost of locomotive

power, or in the other annual expenses, any adequate reduction to compensate

for the additional first cost."

The commissioners, esteeming the importance of the highest speed for express

trains as being of far less moment than affording increased convenience to the

general traffic of the country, consider that the narrow gauge should be pre

ferred for general convenience; and if uniformity should be required they

recommend that uniformity to be produced by an alteration of the broad to the

narrow gauge ; especially as the extent of the former is at present only 274

miles, while that of the latter is 1901 miles ; and as the alteration of the former

to the Utter, even if of equal length, would be the leas costly as well as the

ie» difficult operation.
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They wish, however, not to be understood to express an opinion that the gauge

of 4ft. SJin. is in all respects the best suited for the general purposes of the

country. Some engineers have recommended 5 feet as the best dimension;

others have suggested 5ft. 3in., 5ft. 6in., and even 6ft., but none so much as 7 feet,

except those who are interested in the broad gauge lines. Again, some eminent

engineers contend that a 4ft. 8} gauge gives ample space for all the railway

requirements, and recommend no change to be made in the gauge. The Eastern

Counties railway was originally constructed on a gauge of 5 feet, and hassince

been converted into a gauge of 4ft. 8 J in. to avoid a break of gauge; and it has

been stated that some lines in Scotland, originally on the gauge of 5ft. 3in. are

about to he altered to 4ft. 8|in. for the same reason. • • •

Under the present state of things, we see no sufficient reason to recommend

the adoption of any gauge intermediate between the narrow gauge of -1 ft. 8)

and the broad gauge of 7 feet ; and we are particularly struck by the circum

stance, that almost all the continental railways have been formed upon the 4ft

8$ gauge, the greater number having been undertaken after a long experience

of both the broad and the narrow in this country ; nor must the fact be lost

sight of, that some of these railways have been planned and constructed by

English engineers, and amongst that number we find Mr. Brunei, the original

projector of the broad gauge. Mr. Brunei was also the engineer of the Merthrr

Fydoil and Cardiff line, which is on the 4ft. 8} gauge ; and we think that the

motives which led to his adoption of the narrow gauge in that instance would

equally apply to many English linea.

We are sensible of the importance, in ordinary circumstances, of leaving

commercial enterprise, as well as the genius of scientific men, unfettered ; we

therefore feel that the restriction of the gauge is a measure that should not be

lightly entertained ; and we are willing to admit, were it not for the great evil

that must inevitably be experienced when lines of unequal gauges come into

contact, that varying gradients, curves, and traffic, might justify some difference

in the breadth of gauge. This appears to be the view which Mr. Brunei

originally took of the subject; for the Great Western proper is a line of

unusually good gradients, on which a larger passenger traffic was anticipated;

and as it touched but slightly on any mineral district, it embraced all the con

veniences and advantages of the broad gauge system, and was comparatively

free from the influence of those defects on which we have commented ; but

such a breailth of gauge, however applicable it may have been considered toils

particular district, appears ill suited to the requirements of many of our

northern and midland lines.

In reference to the branches already in connexion with the Great Western

railway, we may observe, that the greatest average train on the Oxford branch

for two weeks in July and October was only 48 tons ; on the Cheltenham branch

it did not exceed 46; between Bristol and Exeter 53; and between Swindon and

Bristol it was under 60 tons. With such a limited traffic the power of the

broad gauge engine seems beyond the requirements of those districts.

From an estimate furnished to us, and the general grounds of which we see

no reason to dispute, we find that the expense of altering the existing broad

gauge to narrow gauge lines, including the alteration or substitution of loco

motives, and carrying stock, would not much exceed £1,000,000; yet we neither

feel that we can recommend the legislature to sanction such an expense from

the public monies, nor do we think that the companies to which the broad gauge

railways belong can be called upon to incur such an expense themselves (haviig

made all their works with the authority of Parliament), nor even the more

limited expense of laying down intermediate rails for narrow gauge traffic

Still less can we propose, for any advantage that has been suggested, the

alteration of the whole of the railways of Great Britain, with their carrying

stock and engines, to some intermediate gauge. The outlay in this case would

he vastly more considerable than the sum above mentioned ; and the evil,

inconvenience, and danger to the traveller, and the interruption to the whole

traffic of the country for a considerable period, and almost at one and the same

time, would be such, that this change cannot be seriously entertained. Guided
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by the foregoing considerations, the commissioners submit the following

recommendations to the legislature:—

1st. That the gauge of 4ft. S\in. be declared by the Legislature to be the

gauge to be used in aU public railways now under construction, or hereafter to be

constructed, in Great Britain.

2d. That unless by the consent of the Legislature, it should not be permitted

la the directors of any railway company to alter the gauge of such railway.

3d. That in order to complete the general chain of narrow gauge communi

cation from the north of England to the southern coast, any suitable measure

should be promoted to form a narrow gauge link from Oxford to Reading and

Omce to Basingstoke, or by any shorter route connecting the proposed Rugby

and Oxford line with the South Western railway.

4th. That as anyjunction to beformed with a broad gauge line would involve

a break of gauge, provided our first recommendation be adopted, great commer

cial convenience would be obtained by reducing the gauge of the present broad

gauge lines, to the narrow gauge of 4ft. 8jin. and we therefore think it

desirable that some equitable means should be found of producing such entire

uniformity of gauge, or of adopting such other course as would admit of the

narrow gauge carriages passing, without interruption or danger, along the broad

gauge lines.

Cleansing Rails.—To avoid the impediment that is likely to occur occasion

ally from snow or ice upon railways, Mr. Grime, of Bury, has proposed, under a

patent right, dated the 21st February, 1831, to dissolve the same by making

the rails hollow, and causing hot water, steam, or hot air, to pass through them,

so at to keep them at a temperature above the freezing point. For this purpose

boilers are to be erected by the side of the railroad, at distances of two or three

miles from each other. One of these boilers being supplied with water, and

heat applied, the water is forced, by the pressure of steam on its surface, through

a pipe communicating with the hollow rail, and reaching nearly to the bottom

of the boiler, and along the railway, till it ceases to give out a sufficient quan

tity of heat to melt the snow or ice which may lodge on the rails, wheu the

water is received into another boiler by means of a feeding vessel placed over

it. This feeding vessel is connected with the boiler by two pipes,—the one

descending from its bottom to very nearly the bottom of the boiler, to form a

water communication, and the other from its top to the top of the boiler, to

form a steam communication. Each of these communications is provided with

a stop-cock and levers, both of which, as well as one from a cock on the

pipe which supplies the feeding vessel, are connected with a float in the boiler,

by means of a wire passing through a stuffing-box, in a manner similar to that

tn Eng. Ency. Vol. I. p. 216, where the float descends by the escape of water

through the exit pipe into the rails : the steam and water communication from

the feeding vessel to the boiler are thereby opened, while the supply pipe to the

feeding vessel is closed, when the water contained therein is forced, by the

pressure of steam on its surface, into the boiler, till the float is elevated so as

to close the communication between the feeding vessel and the boiler, and to

open that between it and the hollow rails, for the admission of a fresh supply

of cooled water.

It is stated in the specification, that instead of the hollow rails, hot water

pipes may be laid along the line of road, in contact with rails of the usual con

struction. The lengths of hollow rail are connected together by pieces of

copper pipes fitting accurately into the ends of the pieces of hollow rails, which

they unite, leaving a space between them sufficient to allow of their expansion

hy the increased temperature.

For the purpose of cleansing the rails from snow, grease, or sand, while the

engine is travelling thereon, Mr. Melling applies small jet pipes, which hang

""mediately over the centre of each rail, and through these pipes, by means of

a swivel cock, connected with the boiler, either steam, or hot water and steam,

may be at any time blown, so as to make the rails perfectly clear and dry, which

(in snowy or frosty weather, or at the station ends of the rails, where they are

always greasy) will be found to prevent the slipping effect of the wheels;
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especially when used in combination with the patentee's improved mode of

coupling, described at page 452.

Water Crane.—The mechanism for supplying the tenders of locomotive

engines with water, necessarily differs according to its situation, the position of

the source whence the water is derived, and other circumstances; but the

arrangement usually consists of a cistern elevated about 10 or 12 feet above the

railway, from which the water flows into what is termed a water crane, the head

or neck of which turns on a pivot, and permits the water to be directly

discharged by the opening of a valve or cock, into the reservoir of the tender.

In the following cut. Fig. 1, is given an elevation of a water crane, with an im

proved valve applied thereto by Mr. Underhay, and for which he has taken out

a patent. The external form of this portion of the water crane is shown alt ;

but in order that it may be better explained and understood we have shown

this new " Cam-valve cock " (as the inventor terms it) in section, on a larger

scale by Fig. 2. At a is the valve-box; b the inlet pipe; e the outlet pipe;

 

/ trie valve, g the spindle which works through the stuffing box shown ; A is tlie

handle to the cam, which is cut away on both sides and through to the extent

shown, and an arched piece « is left standing out from the centre (when viewed

endwise), with an open space between it and the body of the cam. The valve

spindle has a cleft made in the upper end of it, the two cheeks of which carry
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a cross pin /. The arched piece i of the cam is inserted in this cleft behind

the cross pin t, so that when the cam handle is brought down into the position

shown, the cam acts upon the spindle and closes the valve with an intensity of

force, insuring the contact of the opposite surfaces by merely the weight of the

leter handle. To open the valve, it is of course only requisite to lift the handle.

The simplicity of construction of this valve apparatus, and the ease and certainty

of its operation, render it a very desirable appendage to railway water cranes.

Curtit't Traveriing Jack.—The accompanying figures represent Curtis's

" Traversing screw jack " for replacing an engine or carriages upon the rail.

The screw jack a is bolted to the plank c ; at the other end of the plank is

luted the rack g, in which the toe of the strut advances as the screw 6 is elevated ;

the strut works in a joint in the follower k; the position of the strut when the

screw is depressed is shown by the dotted liues. The object of this strut is to

 

 

relieve the screw of the violent cross strain, to which the apparatus is subject

»hen the engine or carriage is pulled over by the lever, which strain is entirely

transferred to the strut, and the screw has merely to carry the load.

The operation of traversing the jack is as follows:—by hooking the link i

upon the hook of the lever e, the toe of the lever being inserted into a ratch of the

rack n of the lower plank, a man, bearing down the end of the lever, drags the

apparatus and engine or carriage towards him with great facility : the same lever

U used to turn the screw and to produce the traverse motion. By this appa

ratus an engine of 16 tons weight has been replaced upon the rails in five minutes

by the engineer and stoker alone ; thus those delays which are the subject of

» much annoyance and. loss to railway proprietors and the public need not

happen in future. The apparatus is exceedingly portable and cheap, and no

train ought to be allowed to go out without its being sent along with it : it may

°t carried either upon the tender, or upon some other place which may be

•fleeted for it.

COST OF RAILWAYS PER MILE.

£287,693 The Midland Countlet 35,402Toe London SBlackwall . ,

London & Greenwich . .

Latidon & Croydon

Dublin ft Kingiton . .

London & Brighton . .

Great Western ....

London & Birmingham .

Liverpool & Manchester .

Maneheiter & Leeds . .

Glugov 1 Greenock . .

267,270

80,100

59,122

56,681

56,372

52,882

50,923

47.H24

35,451

Edinburgh & Glasgow

Birmingham & Gloucester

London & South Western

North Union & Bolton & Preston

Grand Junction . . .

York & North Midland .

Glasgow, Kilraamock & Ayr

Dublin & Urogheda 15,652

Dundee & Arbroath 8,570

35,024

29,000

28,004

27,799

22,293

23,066

20,907



SECTION III.

LOCOMOTIVE ENGINES AND CARRIAGES.

Increased efficiency of modem Locomotives.—Similarity in the general features of construction.—

Stephenson's Patent Engines.—Melting's Patent Engines with new Couplings, and Breaks, sad

Slidevalves.—Tayleure and Oo.'s six wheeled Engines.—On the comparative advantages of f«r

and six wheeled Engines.—Bury and Cos defence of four wheeled Engines, with a "Prartfcal

, Engineer's" reply thereto.—Remarks thereon.—Experiments on the Grand Junction, and London

and Birmingham lines.—Wyndes and Ericsson's improvement for ascending Inclined Planes.—

Kollman's LocomotiveGuides.—Prosser's GuideWheels.—Stephenson's compoundAxles.—Los.Vs

Patent Wheels.—Lipscomb's Patent Wheels for preventing Vibration and Noise.—Dirck's Wooden

Feliled Wheels.—Mode of fixing Tubes in Boilers.—Water Gauge.—Water Ash-box.—Berfin •

Buffers.—Mallett's Buffers.—Terminus Buffer.—Curtis's safety Passenger Carriage.—CurtiVi

improved Truck for the conveyance of Carriages.—Booth's Railway Connecters, and mode of

checking Speed.—Hick's Locomotive Engine.—Booth's Patent Axle Grease.

Having explained the various arrangements of the railway and its acccs-

sories, we now proceed to describe the construction of the several kinds of

vehicles which run thereon.

Since the first introduction of railways for passenger traffic by locomotive

engines, that is to say, since the opening of the Liverpool and Manchester

line, the efficiency of the engines has been greatly augmented ; those of the

present day transporting much heavier loads at a greater speed, and at a lets

cost, than the engines of 15 years back. This is owing partly to increased

dimensions of the boilers, and the steam cylinders, and somewhat to that

splendid accuracy of workmanship and solidity of construction which the keen

rivalry of the manufacturing engineers has induced them to put forth : to which

may be added many improvements in the details of the machinery ; some

tending to simplify and reduce friction, others to create new effects and to

increase efficiency. Nevertheless, in the principal combinations, and the general

features of the whole structure, there is a certain similarity, which while it

attests their relationship, distinctly shows the intellectual training to which

they have been submitted by the mechanists of the present day.

The boiler is almost universally composed of a vertical compartment (square

or cylindrical in its horizontal section), containing within it the furnace, (no*

designated the " fire-box,") surrounded by water ; this vertical compartment

opens into a horizontal cylindrical chamber, containing the greater portion of

the water, which is heated by the gases and flames proceeding from the fire,

through an extensive series of small tubes of thin metal, lying horizontally in

parallel straight lines throughout; one end of every tube being open to the

fire, to receive the heated current, and the other end opening into a vertical

" smoke box," at the other extremity of the horizontal cylindrical chamber.

Into this smoke box is discharged all the smoke and gaseous products of the

combustion, which escape in a rapid current, excited by a blast produced by the

escape of the eduction steam into a small chimney, erected immediately over

it. The requisite supply of fuel for the journey, and of water for evaporation,

is carried by a judiciously contrived machine called a tender, which is linked

close to the engine.

The principal diversities in the construction are to be found in the number

and position of the wheels ; in the description of the framing, which sometimes

extends outside the wheels, and sometimes lies within them ; and in the posi

tion of the steam cylinders, and the mode of connecting them with the shaft

of the driving wheels. In some engines the steam cylinders are placed in the

smoke box, and the connecting rods transmit the force to two cranks, forged

at right angles to each other, near the middle of the axle of the driving wheels;

whilst in other engines the steam cylinders are placed outside the frame, the

driving shafts are straight, and the connecting rods are attached to cranks fixed
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on each end of the shaft, or to pins in the bosses of the wheels. In the early

part of the working of the Manchester and Liverpool railway, the locomotive

engines were generally constructed with a double cranked jixis upon the two

main. wheels of the carriage; which wheels were provided with flanges on their

peripheries to keep the engines on the rails. But this mode of construction

was considered by Mr. Stephenson to be defective, owing to the liability of the

crank axis becoming strained or broken by the excessive friction of the flanges

against the rails, especially in making deviations from the straight course. Any

lateral bending of the cranked axle, although short of a fracture, will, it is

evident, by putting the wheels out of square, produce a violent surging motion

'••'• the engine, and render a fracture of the axle, or the running of the engine

off the rails, extremely probable. To provide a remedy for such serious

liabilities, Mr. I;. Stepbenson, under his patent of 1833, divested the tires of

the main impelled wheels of their flanges, and in lieu thereof, employed two

small additional wheels with flanges behind the former. These additional wheels

were applied beneath the fire-place end of the boiler, for keeping the engine

straight on the rails in its progress forward ; and the axles of these wheels being

straight, and consequently stronger than the cranked, are not liable to be broken

or bent, as experience has proved with respect to the axes of the fore wheels,

which remained unaltered.

The engines made by Mr. Stephenson to carry out these improvements we

ihall now proceed to describe with reference to the annexed cuts, designed to

illustrate the same. At K K are main impelled wheels on the cranked axles,

without any projecting flanges on the tires, which run on the edge rails L.

M M are the additional small wheels with flanges, applied beneath the furnace

end of the boiler; and O are the ordinary small wheels with flanges beneath

the chimney end of the boiler, where the working steam cylinders are situated.

The small wheels O and M with flanges, keep the engine straight upon the

rails, and the large impelled wheels K have only to advance the engine, and to

Bear a due proportion of the weight. By this arrangement, therefore, the

Stile Elevation.
 

LJ

cranked axle is liberated from all lateral strain, which is wholly transferred

Ui the small wheels with flanges, which, having straight axles, are capable of

. -.iiiiin? it.

It is often of essential importance to be able to arrest the progress of a

carriage on a railway with great promptitude; and the breaks in ordinary use

•'->'-. II. 3 L
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for this purpose have not always been found sufficiently potent. Ai a remedy

for this inconvenience, Mr. Robert Stephenson, under the same patent, proposes

to employ the force of steam acting upon pistons or plungers in small cylinders;

so that when it is required to stop the train it is only necessary to turn a small

cock, which allows the steam to flow instantaneously through a pipe into the

cylinder, and by its pressure on the piston give motion to a system of levers,

which cause two breaks or clogs to be forced against the peripheries with great

energy, and to arrest the motion of the vehicles very quickly. These clogs or

breaks, and their mode of action, are shown in the side elevation on the pre

ceding page, a is the hollow cylinder into which a plunger is fitted, to act by a

lever y, and an upright rod /, upon the two brakes d d, which are suspended

End Elevation.
 

by pendulous links z from a centre pin or bolt e, fixed to the frame. The breaks

are caused to apply to the circumference of the tires of the wheels K and M,

by means of links, which are interposed between the two breaks, and which

links, when put down into an angle, as shown in the figure, leave the breaks

free of the wheels K and M ; but when, by opening the cock c, the steam from

the boiler is admitted through the pipe b 6, into the hollow cylinder a, it raises

up the plunger therein ; and the latter, by its lever y, and rod /, draws up the

links towards a straight line, and then they force the two breaks apart from

each other, against the wheels K and M, with an increased force beyond that

which the plunger exerts ; that increase of force being in consequence of the

leverage at y, and the oblique direction of the links. When the handle of the

cock c is turned the other way, it allows the steam to issue through an upright

spout, and escape from the cylinders into the open air.

The following letters have reference to the other parts of the engine. . At

h is the fire-box ; > the ash-grate ; j is the boiler, cylindrical in shape through

the lower part of the transverse sectional area of which are passed longitudi

nally a great number of small brass tubes, proceeding from the furnace

chamber, which serve as the hot-air flues, and conduct the same into the

smoke-box I, at the other end, whence the gases resulting from the combus

tion c( the fuel ascend the chimney n; pis the steam-head ; q a safety- valve ;
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Transverse Section.
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r another valve, the extremity of the lever of which is held down by the elastic

force of a spring steel-yard at s ; t is a man hole ; a the working geer ; v v v

the springs ; w w the iron brackets that connect

the machinery to the wooden frame ; x the fire-

door ; y the throttle-cock, provided with a

lever and graduated scale. In the end elevation

it will be observed that the axes of the running

wheels M, like those at O, are straight ;

the form of the axles to the wheels K,

is represented in the annexed cut, and

they are forged with great care from the

toughest quality of iron, and are turned and

centered, as well as the running wheels, in the

lathe.

Locomotive engines, constructed according to the description of the fore

going, Mr. Stephenson says, have the effect of preventing the boilers being

burnt out so soon as usual, by allowing them to be made of greater magnitude

and strength ; the additional wheels supporting the extra weight. The bearing

springs are used for the extra small wheels, the same as is now done for other

wlieeu in ordinary engines; the six springs used causing all the six wheels to

apply and bear fairly on the rails, and ease all jolts and concussions ; the

relative weights, or portions of the whole weight of the engine, which is to be

borne by each of the six wheels, being regulated by the strength and setting of

tbeir respective bearing springs. The main wheels, which are impelled by the

power of the engine, are, in all cases, left loaded with as much of the weight of

the engine as will cause sufficient adhesion of those wheels to the rails, to avoid

slipping thereon. The larger the entire capacity of a boiler is, the more

metallic heating surface it will contain ; and, consequently, render unnecessary

that intensity ofheat which isso prejudicial to the metal. And the jet of eduction

steam which is thrown into the chimney to produce a rapid draught therein,

may be greatly diminished in its velocity, which will permit the eduction steam
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to escape from the working cylinders with greater freedom than could be per

mitted with smaller boilers, wherein a greater heat and a more rapid generation

of steam are indispensable to furnish the requisite power.

The annexed cut exhibits another form of Mr. Stephenson's locomotive engine,

but with the foregoing improvement added thereto. The foremost wheels, at the

chimney end of the boiler, are, in this, however, impelled by means of outside

cranks and connecting rods, as well as the two middle wheels K, which are on

the cranked axle ; in other respects, the improvement is the same as in the

other engine. The breaks, or clogs, are, of course, applicable to this or any

other engine, hut they are left out in this instance, as being unnecessary to our

illustration.

 

Mcliing's Patent Couplings and lireakt.—To obviate the inconvenience and

waste of power by the slipping of the wheels of locomotives on railways,

when they are in a wet or greasy state, Mr. John Melling, of Liverpool (the

manager of the locomotive department of the Manchester and Liverpool rail

way,) has devoted much of his attention. In the specification of his patent

granted in July, 1837, and reported in Newton's Journal for January, 1841,

(whence we derive the following account,) he observes:—

" Myimprovcd method of coupling theengine wheels is effected by the applica

tion of a pair of friction wheels or rollers, of any suitable diameter, placed

between the peripheries of the driving wheels, and the running wheels of the

locomotivecarriage. This assistance is, however, only required in those instance*

where the weight upon all the wheels is not uniform, or sufficient to prevent

some of them slipping upon the rails ; the quantity or degree of friction being

readily accommodated to circumstances, and the connexion or coupling

between any two wheels, whatever their respective diameters may be, produced

or removed at pleasure. This contrivance is very advantageous in comparison

with the ordinary previous mode of coupling, because, if the rails be dry or
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tbc adhesion be sufficient, the anti-friction wheel couplings may be lifted off

and remain unused, while the ordinary system of outside cranks and connecting

tods must always continue working, and thus, at certain times, only act as an

incumbrance. Another important feature in this improved mode of coupling

the wheels, is the smoothness with which the engine works when the cranks are

pissing their centres, instead of being subjected to the sadden blows and jerks

vhich occur to engines coupled in the ordinary manner. This improvement is

effected by transmitting a considerable portion of the weight from the cranked or

driving axle to the straight or independent axle, which entirely prevents the tre

mulous lateral motion ofordinary locomotive engines ; passing over inequalities in

the surface of the road ; and tending greatly to prevent the destruction of the engine

springs, and the beating of the rails, usually attendant upon such occurrences.

In the subjoined engravings Fig. 1 represents a side elevation of a locomotive

:;in', in which the before-mentioned improvements are introduced, and some

others which we shall describe afterwards. To avoid confusion, many of the

ordinary details of a locomotive engine are left out as unnecessary to our

present object.

 

At a is the improved coupling wheel, in its proper position for connecting the

driving wheels upon the crank shaft, with the running wheels upon the fore

ule of the engine. One of these coupling wheels or rollers is placed on each

«de of the engine, and bearing upon the periphery of the driving and running

rteels ; they are suspended in wrought iron levers 4, the fulcra of which are

u the end c, and the other ends of these levers are attached to piston rods d,

•bich work in small steam cylinders e e, which have a steam cock in common,

toadmit the steam from the boiler. Now it will be seen that when it is necessary

to couple the engine wheels, in order to obtain more adhesion upon the rails

and prevent the slipping of the engine, the cock is to be opened, which by

letting iteam into the tops of the cylinders causes their pistons to descend and

depress the levers, which forces the coupling wheel a into contact with the

peripheries of the driving and running wheels of the engine, as long as the

steam is allowed to remain in the cylinder. When the coupling wheel is no longer

required to act upon the engine carriage wheels, it may be dispensed with, by

turning the steam in at the bottom of the small cylinders, which raises the

piston: and levers, and consequently lifts the coupling rollers from off the

peripheries of the driving and running wheels. These coupling wheels are

formed with a groove in their peripheries, wherein the flanges upon the tire of

ihe carriage wheels run, and serves to keep them effectually in gear, and at the

tame time prevent the distance between the wheels ever becoming too narrow
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for the width of the rails, in the event of the wheels loosening upon their axle=.

which occurrence has frequently thrown the engine off the line of railway

Thus it will he seen, that the wheels of the engine may be coupled and uncoupled

at any rate of speed they may be running, and without difficulty or interruptio-,.

without any restriction as to dimensions in the driving, running, or couplir;

wheels. (It is also deserving of remark that this coupling wheel is not confined

in its application to locomotive engines, but may be applied as a medium in

driving all kinds of machinery, in order to dispense with any jerking or uneren-

ness of motion occasioned by toothed gearing, or in order to obviate the

difficulty frequently arising from the teeth of wheels breaking).

In connexion with the hefore-mentioned apparatus and illustrated bythesair.t

figure is an improved drag or break. At //are two small anti-friction roller*.

suspended from the levers 6, their own peripheries being in contact, but hangin::

in guides h h, entirely free from the peripheries of the engine carriage wheels:

and when it is necessary to stop the engine, it may be done with great rapidity

and ease by letting the steam into the bottom of the cylinder e, thus raising the

lever 6 (at the same time releasing the coupling wheel a), and bringing the

peripheries of the two rollers// into close contact with the tires of the engine

carriage wheels, and thus effectually to lock them or impede their progress, by

immediately reversing the direction of the revolution.

The same system of apparatus is applied to the tender, but with a different

mode of putting the same into operation, as the rollers are there drawn into

contact by a vertical screwed rod and suspended links; which construction will

be found most suitable for tenders and carriages used for the transit of passenger:

and merchandize.

The annexed diagram is explanatory of another modification of Mr. Mellinj -

friction couplings, which he considers to be also an improved arrangement W

such engines as are employed to convey heavy trains and merchandize.

 

At a is the main cranked or driving axle, in the centre of the engine; upon

the ends of this axis, two large driving wheels 6 are fixed, so as to run just clear

of the rails ; but so as to bear forcibly upon the fore and hind wheels c e, and

thus transmit the power of the engine througli them, and obtain a perfetf

adhesion upon the rails at all points.

With a view of showing in a strong light the great practical advantages

  

attending the patent coupling wheels, Mr. Melling exhibits two diagrams in 1 '

t-pecificatioii representing the wear upon the tire of a wheel by the use of h'5

coupling, and without it, which we shall herewith add.
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Fig. 3 represents the amount of wear upon the true cone of the tire of wheels

of engines that have run without being coupled, and therefore entirely the effeet

of slipping against the rails. Fig. 4 shows a wheel which has performed the

same number of journeys as the other, but which has been coupled according to

(he patentee's method. In the latter, owing to the entire prevention of slipping,

there is no perceptible wear.

Another improvement effected by Mr. Melling, an'd described in the London

Journal for January 1841, consists in a combination of apparatus for working

the slide-valves of locomotive steam engines, which he states " entirely

dispenses with the imperfect mode of working them by excentrics," as hitherto

practised. The great reduction of friction effected by it is equivalent to a

corresponding increase of power. " A farther improvement, arising from this

mode of working the slide-valves, is, that they are driven from the ordinary con

necting rod instead of being worked by excentrics mounted on the crank shaft, as

heretofore; in which case, if by any accident the crank shaft happened to have be

come bent or broken, it could not effect the opening and closing of the side valves.

Having now given several external views of the more modern form of six-

"heeled locomotive engines, and their principal accessories, we shall proceed

to exhibit the internal construction of the parts, by an enlarged section of an

engine constructed by Messrs. Tayleure and Company, and shown on the follow

ing page.

At a a a is the boiler, consisting of a horizontal cylindrical chamber connected

to a vertical chamber, containing within it the fire box b, which is surrounded

by witer. c c c are a series of horizontal tubes of small diameter, serving as flues-

through which the heat is imparted to the horizontal portion of the boiler, and

opening into the smoke box </, which is surmounted by the funnel or chimney e,

shorn as broken off for want of space. At/ is a bell-mouthed pipe (rising

up within a dome to prevent the water passing over with the steam), which com

municates with the throttle valve g, whence the steam is conducted by branch

pipesito the two cylinders i. At_; is the slide valve, k the eduction aperture

communicating with the blast pipe /: m is the piston rod, n the connecting rod,

o one of the driving cranks formed upon the axle, p one of the excentrics

vhich govern the motion of the slide-valves.

At q is one of the driving wheels, r the feed pipe, the supply of water being

r?gnl»ted by the cock * through the medium of the key t; v is the connecting

link, & the band or starting gear, x x the steel-yard safety valve, // the man hole,

"id 5 the buffer.

It may be observed that the boiler is encased with wood to prevent the loss of

heat from radiation ; and for the same purpose the steam chests, or domes and

manholes, are provided with a thin metallic casing (generally of brass) leaving a

rorrow space of air between them. The top of the chimney is covered by a

age of coarse wire-work to prevent the escape of red-hot cinders, for the want

of which precaution many accidents have occurred.

foar-wheeled and six-wheeled Railway Locomotive Engines.—A difference

'•l opinion has of late years existed amongst Railway engineers as to the rela-

'•!••• t merits of four and six-wheeled engines. Amongst the advocates of each

:> ere are men of talent and experience; and amongst the locomotives made

"•' each plan there are many of a highly efficient character; and all seem

" U constructed with so much solid beauty of workmanship, as to render
•m very imposing examples of mechanical skill. The frabrication of these

splendid machines can only be conducted with due economy in large works,

•here the self-acting machinery is elaborate, powerful, and of the highest

quality. Hence the manufacture of railway locomotive engines is confined to

"roparatively few establishments, amongst whom there is a rivalry for pro-

cucmg the best engines. And when any accident occurs to an engine, it is too

Ren attributed by a rival to a defect in its construction, which may not have

natribnted to it in the slightest degree. To arrive at a correct knowledge of

'> comparative economy and mechanical advantages between the engines of
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riral companies, any ordinary inquirer would meet with insuperable difficulties ;

because, the advocates and parties lie must consult on either side are generally

interested in the result. The only means of attaining certain information,

vmild be by the appointment of a parliamentary commission of able and

independent men, similar to that which recently so admirably investigated,

and decided the question of the rival gauges ; which commission would have

the power of calling for all the evidence that could be obtained, and of

proving experimentally the facts elicited. If we are to believe the statements

of the rival parties who have figured in this paper controversy, it is not merely

a question of science, or of public convenience that has to be determined, but

one wherein life is placed in serious jeopardy ; one party going so far as to

eharge the other with the sacrifice of " more than a hundred lives," by persisting

in their supposed erroneous system of construction !

The chief manufacturers as well as champions of the four-wheeled locomotive

engine, are Messrs. Bury, Curtis, and Kennedy, of the Clarence Foundry,

Liverpool, who make them for the London and Birmingham railway, where

they have been continually and exclusively used, we believe ever since its first

opening. " To show the process of reasoning by which, aided by experience

and the closest observation, they have arrived at the conclusion of preferring

the four-wheeled to the six-wheeled engines," they sent forth a Circular in vin

dication, accompanied with engravings of the " Albert." To this measure they

were induced, they state, because " there have not been wanting those whose

anxiety to feed the public prejudice, and to profit by the effect of it, has led

them to allege many things against four-wheeled engines, which are both

untenable in principle, and untrue in fact," and because " in all the discussions

which have taken place on the subject, none, or scarcely any stress, has been

laid on that which is substantially the main feature of the whole case ; namely,

the different effects of inside and outside bearings." This Circular has be«n

answered in the pages of the Mechanics' Magazine by a rival party, under the

anomynous signature of " A Practical Engineer," who, we are assured by the

Editor of that excellent Periodical, is a gentleman of as high authority on

railway matters, as Messrs. Bury, Curtis, and Kennedy.

We shall now proceed to give the Circular of Messrs. Bury & Co., and place

in juxta-position the answer to it by a " Practical Engineer," to save needless

repetition and space, and for the convenience of our readers.

To render the arguments of Messrs. Bury, Curtis, and Kennedy in favour ot

their four-wheeled locomotives more readily intelligible, we shall first lay before

tbe reader the drawings and description of the " Albert " four-wheeled

locomotive, combining their recent improvements.

Afcurt. Bury, Curlii, and Kennedy's Circular.

1. The Manchester and Liverpool railway was the Brst that ventured upon

the use of steam locomotive power, for the conveyance of passengers at a rapid

rate, and the first engine made for that great and spirited undertaking, in 1828,

Had six wheels. This engine, however, failed to give satisfaction, and a premium

«f £500 was, in the same year, offered by the Directors for the best engine.

After many trials the premium was awarded to a four-wheeled engine.

On the foregoing paragraph 1, the " Practical Engineer " Rtates, that the engine supposed to

he alluded to (The Twin Sisters) was not accepted by the Company, " because it would not

generate steam enough for the speed required, and not because it had six wheels, ot ouliiiti

framing, as the framing was not of that kind."

2. The four-wheeled engines of that day had all of them outside frames,

«nd were used on the Liverpool and Manchester railroad for four or five years,

without other objections than the loss from the breakage of axles, arising from

the defective plan of the frame, viz., in its being placed outside the wheels.

In reply to paragraph 2, the " Practical Engineer" says, " The following engines were the-

fim employed on the Liverpool and Manchester railway after its opening : and all of them

had inridt framings; crank pins in the leading wheels ; with four wheels each; namely,

the Rocket, Meteor, Arrow, Comet, Dart, North Star, Northumbrian, and Majestic." '

TOL. II. 3 U
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3. Experiments were subsequently made, intended to show that economy of

fuel resulted from the use of a large fire-box ; but the consequence R.M. that

this part of the engine became so heavy as to require support behind it, and

hence arose the re-introductiou of a third pair of wheels, which had been pre

viously abandoned as highly objectionable.

" Owing to the frequent occurrence of accident* 'with, and the pitching and nations motion

of the four-wheeled engines, it was resolved to try the effect of six wheels, by putting in

additional pair under two of the Company's old engines, namely, the Atlas, and the Min."

" The result of the experiment gave so much satisfaction, that I believe all the Compun'i

engines which were thought to be worth the expense, were made into six wheelrn ; *nd

the engines which are now (1843) making for that line, are six wheelen. It is altogether

erroneous, therefore, to say that the third pair of wheels was introduced on account of the

use of large Are boxes."

4. The engine makers, generally, of the country had no choice of the form

of engine, but had to conform to tbe plans of the directors or engineer of the

Company, and did not examine minutely the merits of the new plan of con

struction, and engines continued, for some years, to be made ordinarily with

outside frame, large fire-box, and six wheels.

5. It was the good fortune of the conductors of this foundry to originate the

construction of four-wheeled engines, with inside framing, crank axles, and

cylinders, placed in the smoke-box, all the practical and mechanical objec

tions to the six-wheeled engines, and particularly with outside framing, having

been foreseen at the earliest period. The first engine made upon this principle

was manufactured in this foundry, in 1829, prior to the opening of tbe

Liverpool and Manchester railway. As the principle of the four-wheeled

engine thus made gained publicity, great alterations have been introduced,

from time to time, in ordinary six-wheeled engines, and at last we find, which

we may be pardoned for adverting to with some satisfaction, that in the late*

invention of an eminent engineer, the outside framing is now being abandoned,

or at least, that the inside framing has been adopted in that instance, and the

large fire-box dispensed with.

In reply to paragraph 5, the " Practical Engineer" says, " I am not prepared to say that
Messrs, Bury and Co. were not the first who constructed engines of • four wheels, «ith

inside framing, crank axle, and cylinders placed in the smoke-box,' considered as a com

bination of parts; but taking this statement in connexion with other parts of the circular,

it IK calculated to produce a very false impression, and 1 have met with several persons

who have been misled by it." " Every person at all acquainted with railways, must kno»

that outside framing is of comparatively recent date, long subsequent to Messrs. Bury

and Co. becoming engine makers. The reference made in the latter part of this paragraph

to the use of inside framing, by an 'eminent engineer,' is one of the boldest things I

ever saw. It can hardly be possible that persons engaged in the construction of locomotive

engines so long and so extensively as Messrs. Bury and Co. have, can be ignorant of the

fact, that Mr. G. Stevenson made engines with inside framing more than 30 years ago.

Even if they did not know that fact, can any body conceive ft possible that they should so

soon forget that the Rocket, and many other engines subsequently made byMr.R.Stephenion

for the Liverpool and Manchester Railway Company, bad inside, and not ouuidc framing*

You will observe that it is not stated that that 'eminent engineer' is now adopting the

inside framing for the first time, but that the outside framing it now being abandoned.

The object of the authors of this paragraph is obvious enough."

6. The frequent variations in the construction of locomotives serve to prove

that the designers of six-wheeled engines, with outside framing, are convinced

that their plan was not a perfect one : whilst, in this foundry, the same plan

has been continued with which we began, and to which others are now corning

round.

7. This being, in brief, the history of passenger locomotives up to the present

lime, we think it due to ourselves to give the reasons why we have so perse-

veringly adhered to our plan of engine with four wheels only, and inside

frames, and we cannot do better than give the following compiled extract from

a paper published in the transactions of the Society of Civil Engineers, and

read before the society, March 17, 18-10. It contains the statement of our

opinions, of the soundness of which we had then had ample experience, and

which still remain not only unchanged, but strengthened.

8. Next to a good boiler, which governs the economy of furl, the most

important point in the construction of a locomotive engine (inasmuch as it

most materially influences the cost of repairs) is to connect all the parts

firmly together by a strong and well arranged framing, so that they shall
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retain their relative position when the engine is in motion, and that it shall

receive and bear the strain, and the concussions to which every part is subject.

The inside framing possesses a great superiority in this respect over the outside

framing, as it forms a stronger and more direct connexion between the cylinder,

the crank axle, and all the moving parts ; and it bears all the strain of the

engine, without throwing any portion of it on the boiler, as is the case with

the outside framing.

9. These advantages are best described by comparing it with the ordinary

outside framing submitted to the principal strains which it has to resist.

10. The most important is that caused by the whole power of the engine

acting as a direct strain upon the crank as it passes over either centre.

11. With the inside framing the centre line of the connecting rod is only

10 inches distant from the centre line of the frame, and the total distance

between the bearings is 4.3 J inches; but where the framing is outside the

wheels, these dimensions are necessarily 20 inches, and 72 inches respectively;

and the effects of the strain on the crank, in this case, would be, to its effect

with the inside framing, as 14 is to 8.

" We have the very remarkable discovery announced, (says the Commentator,) that the

nearer the points of support are to each other, the steadier the superstructure; and

Messrs. Bury and Co. prefer a base of 434 inches, to one of 72 inches ! The statement of

the ' effects of the strain on the crank is erroneous, as all six-wheeled engines are, I

believe, provided with inside framing to resist the strain of the cylinders."

12. For this reason, when the principal frame is placed outside the wheels,

it becomes necessary to have an additional inside framing, to prevent the

Iracture of the axle. These additional inside frames not only cause an increase

of friction on the bearings of the cranked axle, but also throw a considerable

strain on the boiler, which then becomes the medium of connexion between the

inside and outside frames, the inside frames being fixed at one end to the

bottom of the smoke-box, and at the other end to the fire-box, while the

principal frame is attached, by long brackets, to the body of the boiler.

" This paragraph (12) is strictly in keeping with the whole of the circular. The framing,

both outside and inside of the wheels, in the four and six wheeled engine, is attached to

the smoke-box and the fire-box, and also generally to the boiler. Messrs. Bury and Co.'s

framing is, in my opinion, very defective tn point of durability ; and as a mechanical

arrangement, inferior to any thing of the kind made by those persons who ' are convinced

that their plan was not perfect.'

13. The fact, that the use of four additional inside frames occasions six

bearings on the axle, (that axle being only 6 feet long,; renders the system of

principal outside framings so objectionable, that that circumstance alone should

■iiffice to cause their rejection, for it is well known to practical men, that it is

impossible to key so many bearings perfectly true, and to maintain them so

when the engine is working; and even if this provision were attained, the

aggregate friction on the four inside, and the two outside bearings, would be

much greater than when it is all thrown upon two bearings ; because, in the

first place, all the friction due to the weight of the boiler is borne by the two

outside bearings alone, and that which results from the pressure of the steam,

through the medium of the connecting rod, is thrown upon the four inside

bearings ; the pressure on the outside bearings is vertical, and the mean

pressure on the inside hearings is nearly horizontal. So that, if, instead of acting

separately, these two amounts of pressure were thrown on the same bearings,

th<" friction would only be due to the resultant of the pressures, and would, con

sequently be much reduced. -

This (13) is denounced as a very "uncandid paragraph, if not something worse." "Messrs.

Bury and Co. must be aware that not more than one or two frames at the most have been

put into engines made within the last six years. I do not understand what can be meant

by * it la well known to practical men. that it is impossible to key so many bearings, &c.'

It i . not usual to key bearings. Whatever may have been intended, this paragraph is not

likely to deceive any one in the smallest degree acquainted with the subject."

14. Another important feature is the strain to which locomotive engines are

liable, from the pressing or striking of the flanges of the wheels against the

rails, when travelling on a curve.

15. In engines with the bearings inside the wheels, the weight of the boiler

has a tendency to bend the axle down in the centre, while the pressure of the
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flange against the rail acts upon it in a contrary direction, and thus one itnin

counteracts the effect of the other. If the bearing is outside- the wheel, tbe

weight of the boiler tends to bend the axle upwards, and a strain on the flange

of the wheel acting in the same direction and in addition to it. when the

breakage of an axle takes place, these joint actions tend to force the wheels

under the engine, and there being no flange on the outside of the wheel to

prevent it, the engine is thrown off the rails, which, it is evident, cannot happen

with an engine having inside framing, because the weight of the bearings

presses the flange of the wheel against the rail, and assists the length of tbe

journal in keeping it from falling or being thrown off the rails.*

" The introductory part of this paragraph (15) li not disputed; but Messrs. Burjr k Co., in

adopting inside framing, did no more than copy Mr. Blenkinsop, Mr. StephenBon, ind

many others. As to the concluding part, Messrs. Bury fr Co. may consult the Prussian

Journals of May last" (1842) " and the evidence given at a late Inquest on the London sad

Birmingham Railway."

1 6. Several instances have occurred on the London and Birmingham railway,

when an axle has broken, that not only have the wheels remained on the rsih,

but the driver has been able to proceed with the train to the nearest station.

" This admission is more than might have been expected, seeing that Messrs. Bury and

Co.'s engines are perfect."

1 7. The stiffness of the single inside framing is not only a remedy against

the excessive wear and tear which are consequent on a less perfect union

between the parts of the engine, but its simplicity allows the whole machinery

to be arranged in a more compact form, and constructed with greater solidity,

with this additional advantage, that the engine driver, while standing on tbe

foot-plate, can inspect the whole of the machine, and detect any derangement

requiring his attention.

18. It is evident that the round form of fire-box possesses great advantages

over the square fire-box : first, it is much safer than the square fire-box, being

made nearly in that shape which an excess of pressure beyond its stiffness

would tend to bring it to, if made in any other form ; moreover, the safety of

the boiler with a square fire-box is nearly dependent on the strength, individually,

of each of the stays which is fixed in it, (of which there are a great number,)

whereas the pressure in the round fire-box is borne equally by the whole area

of the plates of which it is composed : again, the corners in the square fire-boi.

in which the combustion is always languid, and consequently injurious, are

avoided in the round fire-box.

19. A lead plug is placed at the culminant point of the round fire-box, and

will therefore melt before any other part is left dry, and, as the top row*

tubes is placed two or three inches below the culminant point, it is almost

certain that the extinction of the fire will prevent the tubes being burnt; but.

in a fire-box with a flat top, the melting of the lead would only occur when tbe

whole surface was dry, and probably injured.

20. It is admitted that a locomotive engine should be as light as is consistent

with great strength, simple in its construction, composed of as few parts as

possible, and that the greatest regard should be had to the diminution of friction ;

it is thence obvious that four wheels must be preferable to six, provided they

carry the engine with the same steadiness.

" The proviso at the end of this paragraph is a very important one, but it is not Mean*

in the four-wheeled engine; for if that has less friction than the sii-wheeled engine*,

why do the engines on the London and Birmingham railway consume more coke per

carriage per mile than those on the Liverpool and Manchester railway f Eighteen months

or two years ago, the difference was rather more than two to ODC, and is. still verj

considerable."

21. The use of six wheels originated, (as we have before shown,) in the

necessity of supporting the large and heavy fire-box, which was not sufficiently

balanced by the smoke-box end ; but no such necessity can exist in the loco

motives made -according to the accompanying plan, as the weight is nearly

equally distributed on the front and hind wheels, and not only would two

additional wheels be useless, but they would be prejudicial and dangerous when

the engines arc travelling upon curves.

• N. B. These elects are subsequently explained by the aid of diagrams.—ED.
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" This paragraph (21) commences with a mtsstatement, which has been already noticed.

The Lomlon and Brighton I'aiUwiy Company can speak to the latter part, at a man from

Messrs. Bury & Co.'s has been two or tbree months putting a third pair of wheels (which

were sent from Liverpool,) to each of the fire or six engines made by the firm for that

line ; one of which engines, previous to the additional pair of wheels being put under it,

caused a great lost of life not long ago."

22. A four-wheeled engine travelling upon a curve is driven, by the direct

application of the moving power, towards the outside of the curve ; but, as the

wheels are rather conical, the large diameter of the cone will ride on the outside

rail, while the smaller diameter of the opposite wheel will bear on the inside rail,

and this difference, (as the outside rail is longer than the inside one,) will allow

the wheels to revolve without slipping or grinding.

" Another notable discovery in mechanics I Hitherto it has been always understood, that

for the conical form of the wheels to produce the effect here described the axles must be

radii."

23. With an engine upon six wheels, if the two leading wheels assumed this

position, the others would necessarily be dragged after them ; but a still more

important point is, that the angle which the centre line of the locomotive forms

with the tangent of the curve in which it is caused to move, ie much greater

with six wheels than with four, so that the flange of the wheel presses more

against the rail with the former than with the latter engine.

24. The pressure against the outside rail, arising from this cause, will be in

direct proportion to the distance between the front and hind axle o£»either

engine, so that it will be as 10 to 6.

" ' Mechauicus' in the Railway Times, has shown the reverse to be the case. That the lateral

motion of the four-wheeled engine will bend the rails, was shown by the accidents on the

Eastern Counties, and the Paris and Versailles Left Bank railways, where the rails were

bent in a straight part of the line. I believe no instance has been known of a six-wheeled

engine bending rails."

25. This pressure and consequent friction is still further increased by the

action of the middle wheel, which tends to ride on the same curve as the front

am] hind wheels, but is prevented from doing so by being in a straight line

between the two, and is thus forced to move laterally between the chord and

the circumference of the curve.

26. The friction arising from this lateral motion further presses the engine

against the outside rail. Thus the four-wheeled locomotive has, in proportion,

a greater weight on the front wheels, it presses less against the outside rail, and

offers much less friction when travelling on curves ; hence, it has less tendency

to be thrown off the rails, it is more simple in its construction, less expensive

in repairs, on account of this simplicity, and the smaller cost of it fully justifies

the directors of the several railways who have given the preference to this

description of engine.

" It ia notoriously untrue that the four-wheeled engine has less tendency to be thrown off

the rails than the six-wheeled engine, as the Liverpool and Manchester, the London and

Brighton, the Paris and Versailles Left Bank, and especially the Eastern Counties Railway

Companies can well attest. Messrs. Bury and Co.'s engines are by no means as simple as

the modern six-wheeled engines, and cannot be kept in order at so small a cost. With

reference to the original cost, if the statement of an Eastern Counties' director, in a letter

published in the Railway Times about eighteen months back, may be depended upon,

Messrs. Bury and Co.'s charge for a four-wheeled engine with an iron fire-box (for I

understand they will make no other) was 50f. more than Messrs. Sharpc, Roberts, & Co.

then charged for a six-wheeled engine of the same size with a copper tire box . The North

Midland Railway Company can give some information concerning iron fire-boxes, as they

have had to put 'copper ones in lieu of the iron ones mode by Messrs. Bury & Co."

27. At the time the above paper was read before the Society, the four-wheeled

engine had but few supporters, arising, no doubt, from the erroneous supposition,

'hat the safety of the engine was in proportion to the number of wheels used.

28. It has, however, been steadily gaining ground in public estimation, and

from the alterations going on in the construction of the six-wheeled engine, the

advocates of them are evidently less confident in their superiority ; and it is

matt gratifying to us that the advantages to be gained by the use of inside

framing, which we then pointed out, are now tacitly admitted y our opponents

of the greatest practical experience, who are gradually abandoning the outside

frame.
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" Messrs. BaTy 'and Co. acknowledge that the four-wheeled engine had but few supporters

in March 1840, hut they Bay that since that time, it has been steadily gaining ground .

they should have said, taring ground. The public, including nearly all the engineers of the

day, many of whom are clear-sighted men on other subjects, are unable to see the meriti of

four-wheeled engines. The way in which Messrs. Bury and Co. here speak of iusids

framing, would lead persons unacquainted with the subject to believe that the outsidr

framing is falling into disuse, but this is by no means the case."

29. As the inside frame becomes more and more general, the third pair of

wheels will disappear, as not only useless, but really tending very materially to

Droauee those accidents which they are supposed to guard against

30. Indisputable proof has been furnished, that an engine with inside framsj

cannot come down by the breakage of an axle; an engine, therefore, is equally

safe on that plan ofconstruction whether on four, six, or eight wheels.

" Since the circular was published, three instances at least have occurred, of four-wheeled

engines having come down after the breaking of the front axle, by which accidents, taken

collectively, it is believed more than one hundred lives have been sacrificed."

21. The advantages of four-wheeled engines, on our plan of construction, we

maintain to he the following : 1st. The engine on four wheels is less costly

than the one on six wheels ; therefore to have the same number of engines, or

the same power, on a line of railway, much less outlay of capital is required.

" The four-wheeled engine ought to be less costly than the six-wheeled engine, but hitherti\

1 believe, that has not been the case. An additional number of inferior engines, of equxl

nominal power, will be required to compensate for the smaller power of each arising frr-cr,

that inferiority, as may be seen on the London and Birmingham and Grand Juneu^

railways. The London and Birmingham Railway Company employ two engines to draw

such trains as are drawn at full as high a speed by one engine on the Grand Junctios

railway, although, on the latter line, the engines are what arc now called small."

32. 2d. It allows the engine to be got into less space, consequently it is

more compact, firmer, less likely to derangement, and much lighter.

" The four-wheeled engine is, on the contrary, generally six inches, and often nine ineha

longer than the six-wheeled engine."

33. 3d. Though the engine is lighter, the adhesion is more perfect, from the

weight on the driving wheels remaining nearly uniform, however unequal or out

of level the rails may be ; but in the engine with six wheels the adhesion is often

imperfect (arising from the impossibility of mathematical precision in maintain

ing rails on the level,) although there may be fully as much weight on the

driving wheels generally; that is, the fore and hind wheels sometimes carry the

greatest part of the engine. When the driving wheels get into an uneven part

of the road, and the constant action of the power of the engine is not resisted

by the adhesion at these points, the driving wheels revolve without properly

advancing the train, as every observant traveller knows; and all weight carried

beyond what is necessary for adhesion on the rails, is an unprofitable load,

There is much less of this in the four-wheeled than the six-wheeled engine,

seeing that there is only one pair of wheels used for adhesion both in the four

and six-wheeled engine, when used for passenger traffic; but, as the four-

wheeled engine is lighter than the six-wheeled engine, there is less power

required to take it up the inclines, and therefore more available power left

applicable to the traction of the train.

" The assumed superiority of four-wheeled enffines would be more readily believed bj

railway proprietors, if Messrs. Bury and Co. would convince them that a greater amouc't

of traffic can be done with the same number of four-wheeled engines and weight of fuel

than can be done with six-wheeled engines."

34. 4th. The engine is safer, as it adapts itself better to the rails, not being

so likely to run off the line at curves or crossings.

" ' At curves or crossings,' but what at the straight parts f The greater liability of four

wheeled engines to run off the line in straight parts, is a fact incontrovertibly established

by the experience of the Eastern Counties, the London and Brighton, and the Paris and

Versailles railways."

35 5th. It is more economical in the working, requiring less fuel, there being

also a less amount of depreciation, as there are fewer parts in motion, con&v-

quently, less friction, or wear and tear, and fewer parts to maintain ; and even

those a.e more easily got at, therefore much less expense is incurred in

those re-pairs which are common to both plai.s.

"Every point in this paragraph is just the reverse of the truth. '
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36. 6th. The buildings, turn-tables, lathes, drills, smithies, and other costly

conveniences necessary for the maintenance and repair of the engines, are not

required on so large and extensive scale, as the engine on four wheels is less in

size than the one on six wheels.

" The whole of this la at variance with facts, except so much as refers to the size of the

turn-tables."

37. 7th. As the engine is more simple in its form and parts, there are fewer

chances of delays, stoppages, and disappointments during the journeys, or the

times of taking the trains.

" Whatever the ' chances' may be, what are the facts ? Not only have the greatest num

ber of accidents happened with four-wheeled engines, but those accidents have been

among the most disastrous that have occurred."

38. Whilst, therefore, those individuals who have advocated the use of the

six-wheeled engines are constantly changing their ideas, at one time adopting

a Urge fire-box with the outside frame, and the addition of a third pair of

wheels behind the heavy box to carry it, then changing to the small fire-box,

with the third pair of wheels placed before it, and, subsequently, by the tardy

adoption of the inside frame ; we have been steadily persevering with our

original plan, of engines on four wheels, which is now brought to a state of

perfection for power and economy far beyond anything we could have expected.

In proof of this, we can confidently refer to the London and Birmingham, the

Eastern Counties, the Midland Counties, the North Union, the Lancaster and

Preston, and the Manchester, Bolton and Bury railways, which are worked

exclusively with the form of engine we have adhered to ; and also to the Edin

burgh and Glasgow, Glasgow and Ayr, and Runcorn Gap and St. Helen's, and

several other lines which nave in part adopted it.

39. In justice to ourselves we have thought it right to lay these remarks

before the public, at the same time that we are quite ready to construct engines

upon six, or any other.number of wheels, freeing ourselves from the responsi

bility of the consequence of any other plan than our own ; and only requesting

that such of our friends and the public as may entrust their orders to us will

permit us at least, for the safety of travellers, and our own credit, to a there to

inside framing.

Bury, Curtis, and Kennedy.

"It appears from this, that the four-wheeled engine 'has been steadily gaining ground,

until Messrs. Bury and Co. have discovered that it would be more profitable to make six-

wheeled engines than—to close their works." February 2, 1843.

We were unwilling to interrupt the continuity of the foregoing controversy

by any remarks of our own, as they would perhaps have caused some confusion

'■■■•■ to their authorship ; but we will now briefly observe, that some parts of the

replies of the " Practical Engineer" are somewhat irrelevant to the subject, and

"''no public interest; which would have been avoided, bad Messrs. Bury and

Co. expressed themselves with more discrimination as to the origin of the par

ticular arrangements of construction they alluded to. For our own parts, we

never for a moment supposed that those gentlemen meant to lay a claim of

invention to four-wheeled engines, or to inside framing ;—because it must have

been notorious to the most superficial observers, that those modes of construc

tion were more extensively adopted than any other, in the early locomotive

engines. But we regarded the observations in their circular, which gave rise to

tlte animadversions of the " Practical Engineer," merely as a defence of those

arrangements which long practical experience in manufacturing for the most

uicceuful line of railway in the kingdom (where they have been undeviatingly

used,) had led them to consider the best : and which circumstance, we may

add, has earned for them a high reputation as practical engineers.

We shall here annex Messrs. Bury and Co.'s diagrams, explanatory of

ili? effecU of inside and outside framings in the case of a broken axle, alluded

to in the preceding circular at page 462.

vet,, it. ;■; n
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Explanation of Figs. 1 and 2. In this Engine

the bearings are Inside the wheels, and

the weight of the engine and boiler is

carried at A A. The tendency of the axle

therefore is to bend downwards In the

centre, whilst the pressure of the flange

against the rails in going round curves

has a contrary tendency. Thus, one strain

counteracts the effects of the other ; and,

if the axle breaks, the wheels can spread

out no farther below than the amount of

allowance for play between the flange of

the wheel and the rail. The wheels there

fore being confined between the rails by

the flange pressing against the inside of

the rails, may proceed with safety to the

next station.

Explanation of Figs. 3 and 4. The gravity of

insistent weight of this Engine with cnt-

side frame, Is carried at B B outside the

wheels. The gravity ofthe entire engia?

and boiler in this case, tends to bend the

axle upwards in the middle, and the

pressure ofthe flange ofthe wheels against

the rails in going round curves, acts in tbe

same direction, and in addition to fc.

This continued bending of' the axle

destroys the fibre of the iron, and ulti

mately it breaks ; and when it is broken,

the tendency of the axle upwards, at

before shown, forces the wheels between

the rails, there being no outside flange to

prevent it, aa ia shown In Fig. 3.

Had we space to go into the subject at large, we could show by reference to

authentic official documents that " A Practical Engineer " has committed

himself on several points, but we have only room to admit a short letter,
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addressed to the Editor of the Mechanics' Magazine, signed J. G. S. (vol.

xxxvii. page 246,) which completely disproves the assertions of the before

mentioned gentleman on some very important points. The letter states,

" Your correspondent, the ' Practical Engineer,' asserts, that the engines of

Messrs. Bury and Co. on the London and Birmingham railway, consume more

coke per mile per carriage, than those on the Liverpool and Manchester.

He also says, that, ou the Grand Junction railway, one engine is employed to

draw a train of equal weight, and at an equal speed, to one which on the

London and Birmingham requires two engines. Now, the annexed tables will

■how the opposite to be the case on the Grand Junction ; and from Time-tables

in Pamhour's Treatise on the Locomotive Engine (pp. 312, 313) I find the

average quantity of coke consumed on the Liverpool and Manchester to be

about the same as on the Birmingham, though in no case does it average so

low as 29lbs. per ton per mile, as in the annexed tables. The ' Practical

Engineer ' says also, that iu bis opinion, Messrs. Bury and Co's. inside frame

is very defective in point of durability. Perhaps he will give his reasons for

thinking so, and show the advantage of the heavy outside framing of wood.

" J. G. S."

EXPERIMENTS ON THE GRAND JUNCTION LINE.

Name of Engine. Date. Gross Load

in Tons.

Mean Speed

in Miles.

Coke per

Mile in lbs.

Coke per

ton per mile.

fMay !0. ...

. | June 1

j 59.2
23.05 37.03 -M

wune 5

(.rune 5

)

- | June 7
[ Si). 7 22.53 34.3 W

1June 11....

. {June 12.... ) St. 8

•-79

PROMETHEUS

(June 13....

22.30 41.9

PUALVIUS

(June 14....

■ {June 15.... \ M.6 22.08 S8.5 -61

(June 16....

30.51

28.53

21.86

31.29 -55

29.82 -41

19.42

EXPERIMENTS ON THE LONDON AND BIRMINGHAM LINE.

Descriptions of En- Gross Load Mean Rates. Coke per

gines. in Tons. ton per mile.

Twelve inch Cylin) 50.15 .'

ders and 5 feet[ 70.95 !

Wheels ,' 81.61

Twelve inch Cylin-i 50.77

Attending of Inclined Planet.—One of the chief difficulties in the application

of locomotive carriages to railways has been to obtain sufficient friction or

adhesion between the driving wheels and the rails to cause them to ascend

planes of considerable inclination, as the wheels are in such cases apt to be

tamed round without advancing the carriage. To prevent this, Messrs. Vignoles

and Ericsson, by their patent of 1830, proposed to introduce a third or friction

rail between the two bearing rails. This friction rail consists of a flat piece of

iron extending along the middle of the road, and securely fixed in a vertical

position, as represented in section in the annexed figure. On each side of this

friction rail, which is made of considerable depth, is placed a horizontal friction

roller, as shown at c, d; the roller c being made considerably larger than d,

and fixed upon its vertical shaft e, while rf is permitted to turn freely on its

vertical shaft /. On the driving axis g is fixed a bevel wheel h, which turns

another bevel wheel i, fixed upon the vertical shaft e of the driving roller c.

The bearings of this driving roller and its shaft are firmly fixed to the under

aide of the locomotive carriage by the block shown at k, and the bearings of

the friction roller d are ninged to the block at /, that it may at pleasure be

pressed against the friction rail a, by the lever m. This lever is wrought by

bringing it within reach of the engineer or his assistant, who, acting upon the
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long nrra of a powerful lever, causes any degree of pressure upon the friction

rail by nipping it between the rollers c, d ; at the same time the driving wheels

n and o of the carriage are released, and permitted to turn independently of

the driving axis g, by shifting the binding rings p, q. When the friction driving

apparatus is in action, the wheels n and o become simply supporting winds

 

and run on the supporting rails r;r- "The -patentees confine their claim to the

driving apparatus which we hare described, though they state that it may be

put in motion through the medium of the driving axis, by the steam engine

employed to actuate the driving wheels of the usual construction, or a separate

cylinder may be employed to give motion to the patent driving apparatus.

The depth of the friction rail a must necessarily be varied to correspond with

the inclination of the steepest plane on which it is to be applied.

There is evidently considerable ingenuity displayed in these arrangement*:

but we doubt whether the patentees have hit upon the readiest way of obtaining

an increase of adhesion by an increase of the surface, and pressure of the

moveable and stationary parts in contact.

Kollman'i Locomotive Guidei.—To prevent locomotives running off their

lines of rails, Mr. G. A. Kollman proposed (by his patent of 1836) to attach a

vertical arm or bracket underneath the carriage, furnished with anti-friction

rollers, that bear laterally against a central rail, to be placed midway between

the ordinary rails. He proposed two modes of effecting this, which differ but

slightly from a variety of suggestions of the same kind, and for the same object,

but as there were strenuous efforts made a short time since to get Mr. Kollman'i

plans adopted on certain lines, we feel it incumbent upon us to give a brief

description of them. The first mode was to form a trench with a metallic case

to it below the surface of the road, and to cause the anti-friction rollers to act

against the sides of the case ; the second was to fix a middle guide rail above

the.ground and cause friction rollers to operate on each side of it.

In the annexed cut fig. 1, is represented at a the vertical arm, extending

from the under part of a rail-road carriage; to which arm, as an axle, an anti
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friction roller b is attached ; c is the metallic case to the. trench ; against the

sides of which the roller is intended to act, as the carriage travels zlocc, the

wheeli of which are restrained from running off the rails, by the flanges Hioot

permitting the carriage to rise.

Fig. 1. Fig. 2. Fig. 3.
 

 

Fig*. 2 and 3 are explanatory of the other mode men

tioned. At a is the vertical arm; b, b the anti

friction rollers acting against the sides of the middle

rail c as the carriage proceeds, the broad top d of the

said rail keeping the rollers in their places and pre

venting the carriage from rising. For the better

guidance of the carriage in its true course, there are

to be two pair of rollers b, b, placed at a short distance one before the other,

and mounted in a frame of the kind delineated in the annexed Fig. 3.

The patentee appears to be aware of the paucity of originality in his scheme,

and confines his claim to invention in the application of the " top flanges, to

prevent the carriage rising."—London Journal, for July, 1841.

Proitcr's Guide Wheels and used in railway.—In 1844 Yr. W. ]',-..-

obtained a patent for " Improvements in the construction of railways and in

carriages to run thereon ;" the latter improvement consisting in the removal

of the guiding flanges from the periphery of the bearing wheels, and substi

tuting for them a peculiar arrangement of guide wheels attached to the frame

of the carriage. These guide wheels were devised chiefly with reference to Mr.

Prosser's improvements in the construction of railways, in which he proposed

to substitute for the iron rails, continuous bearings of solid Kyanised timber.

But as these guide wheels are applicable on railways of the ordinary construc

tion, and as the arrangement appears to exhibit considerable ingenuity, and lo

[K*se*s much practical merit, we subjoin a short description of it. We mav

observe that the idea of employing guide wheels instead of flanges on the bearing

•heels to keep the carriages on the rails is not new; indeed we have in the

course of this treatise noticed several plans for this purpose, but we believe that

by all previous arrangements a third or additional rail was required for the

guides to act upon; whereas in Mr. Prosser's plan no additional rail is requisite-

is the guides act upon the bearing rails, and possess this great advantage

tilt in the event of breaking of an axle they would support the carriage and

enable it to continue its course.

An end view of a locomotive with these guide wheels attached is given in

the following engraving.

a a is the engine frame, b, b the bearing wheels, c, c the wooden longitudinal

Waren before mentioned ; but for which may be substituted the ordinary iron

ra3s: d, d are the guide wheels turning upon pivots in a frame e attached to

the end of the frame of the engine. These wheels are placed at an angle of

4S» with the horizon, and have an angular groove in their periphery, one face

of the groove being horizontal, or parallel to the surface of the rail, and the

other face being vertical or parallel to the side of the rail. The distance between

the guide wheels is a little less than the distance.between the rails, so that when

tie carriage is proceeding in a straight direction the guide wheels do not como

b contact with the rails; but when the carriage deviates to one side, the guide

vhrels on that side are brought immediately into action, and prevent further

deviation.
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Mr. Prosser's rails and wheels have, we believe, been adopted on the Guildford

and some other lines of railway.

 

Stephenson's Compound Axles.—rn the specification of a patent granted to

Mr. Robt. Stephenson in 1831, he informs us that in the carriages previously

used on the Manchester and Liverpool railway, each pair of wheels was fixed

fast on the two opposite ends of a long solid axis, which revolved with the

wheels, and the two extremities of the solid axis, which projected through the

centres of the wheels, were formed into pivots or gudgeons and were received

into suitable sockets, whereon the weight of the carriage was borne by the

concavities of those sockets pressing downwards upon the pivots. In travelling

with great rapidity, the said pivots required a copious supply of oil, and much

of it was wasted, because the concavities of the sockets being inserted, the

oil had a tendency to run down and escape from the places of bearing where

it was wanted. According to the improvement of 1831, Mr. Stephenson's plan

consists in fixing the pair of carriage wheels fast upon the extreme ends of a

long hollow, or tubular axis, within which a solid central axis is inserted,

extending through all the length of the hollow, and projecting out sufficiently

beyond each of the hollow axes to enable the weight of the carriage to be

supported upon the projecting ends of the solid central axis, around which the

hollow axis turns, together with the two wheels, which are both fastened upon

the ends of the hollow axis, to prevent one wheel from advancing either faster

or slower along one rail than the other wheel advances along the other rail.

In the. subjoined figures—Fig. 1 represents a vertical section through the

centre of the wheel to show the novel arrangements of the parts, and Fig. 2 a

side elevation of the same.

At a a a is the solid axis, enlarged at a ; b is the tubular axis, passing through

the central boss c of the wheel d d, and bulled to the same as shown at e e t
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through a circular plate / front. The weight of the carriage is supported aXg g

on the projecting part of the axis a ; which is received into a solid metal socket

h. made in two halves, and screwed together by four bolts t », and two staple

Fig.l. Fig. 2.

 

holtaj _;', which fasten the springs k down across the upper flat sides of the

socket h; thus the two halves of the socket are bound firmly together by the

said screws around the end g of the solid axis, and secures them together. The

outer end of the socket h is fitted into a vertical groove formed in the space

between the prongs of the guide plate /, which is screwed to the horizontal side

'nl n of the carriage, as shown in Fig. 1, and projects downward therefrom.

The oil is supplied at an aperture o, provided with a screw plug, and finds its

say between the rubbing surfaces of the axis, and the portion that escapes past

trie bearings is received into an oil box n of cast iron, made in two halves for

fitting it on to its place.

Loth's Patent Railway WheeU.—Some improvements in the construction of

»Wi for railway carriages were patented on the 31st of August, 1830, by

Mr. Win. Losh, of Bentom House, in Northumberland, a gentleman whose

experience and knowledge in matters of this kind entitles his suggestions to the

attention of th« public.

Fig.l. Fig. 2. Fig. 3.

 

The nature of this invention will be at once understood from inspection of

'.-'. 1 and 2, where a a a a represent the tire and flange of a wrought-iron

railway wheel ; b b b b spokes which are to he made dove-tailed at one end, and

cut into the nave e, as shown in section at c c, Fig. 2. The other end of the
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spoke has a right angular crank bend, as shown at fff, Fig. 1 ; being carried

round the circle to the next spoke ; and thus each spoke and its adjoining

felloe are made of one piece of iron. By means of the crank bend at the end

of the spokes, one felloe is permitted to pass over the end of another, and at

this double part they are securely fixed together by strong screws, as shown by

dotted lines. The tire is formed (in passing finally through the rollers at the

iron works,) with a recess for the felloe, and a flange to keep the carriage

on the railroad, as represented at a a ; and it is to be heated and fitted on the

wheel in the usual manner, that it may contract and firmly grasp the wheel

when it contracts in cooling. The ends of the spokes, too, must be made hot

before the nave is cast upon them, that the junction of the two metals may be

the more perfect It is stated that it may be sometimes found more convenient

to weld several pieces of iron together than to bend one piece twice at right

angles. It is likewise stated that the spoke may be-sometimes with advantage

welded on the middle of a piece extending along a ring constituting the felloes

in both directions.

Lessening the vibration and noise of Railway Wheels.—It is . now generally

understood that the rapid deterioration as regards the strength of railway

wheels and axles, is chiefly caused by the intense vibration to which they are

subjected. This can readily be made evident :—if the journal of an old railway

axle is struck with a smith's hammer, it will in many cases break off with a

single blow; presenting at the fractured part a weak brittle appearance ; whereas

the journal of a new axle will take several hundred blows before breaking,

a tough fibrous appearance being presented at the fractured part.

Mr. Lipscomb s apparatus for preventing the vibration of wheels is very

simple, and we believe efficacious. It has been applied, we understand, to one

of the Royal carriages on the Birmingham and London railway. It consists

of a plate of zinc placed on each side of a wheel, for the purpose of retaining

saw-dust in contact with part of the rim and spokes ; each plate has two woodeo

rings of unequal size permanently fixed to it ; the external diameter of the

smaller ring, and the internal diameter of the larger ring are shown by dotted

circles in the annexed figure, and are likewise flush with the edges of the aim"

plates. The combined depth of the corresponding rings is equal in width to

the tyre; these rings meet and are screwed together, certain parts of the ring?

being cut away to let in the spokes. By a reference to the figure it will be
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seen that the ends of the spokes, adjoining the nave and tyre, are left exposed

for the purpose of noticing any defect which may take place in those pants.

The apparatus may be detached from the wheel, by simply taking out the

screws which hold the corresponding rings together, and is applicable, with

slight modifications, to all existing metal wheels. The cost of the apparatus

ia U. per wheel, and it will last for many years.

Wheels formed of a combination of wood and iron are in partial use upon

some railways for the purpose of decreasing noise and vibration, which still

exist, notwithstanding, to a very considerable extent.

Dircks's Wheels.—At the meeting of the British Association at Glasgow in

1840, Mr. H. Dircks exhibited a wheel of a novel construction, invented by

him, which had been running for several weeks on the St. Helen's railway

with very satisfactory results. The construction of the wheel will be under

stood by imagining an ordinary spoked wheel, but with a deep channelled tyre,

as seen in Fig. 2. In this channel are inserted blocks of African oak,

measuring about 4 in. by 3j in., prepared by filling the pores with unctuous

preparations, to counteract the effects of capillary attraction in regard to any

wet or dampness, by which it becomes impervious to either. There are about

SO of these blocks round each wheel, cut so as to fit very exactly, and with

the grain placed vertically throughout, forming a kind of wooden tyre, each

block being retained in its place by one or two bolts Figs. 3 and 4, the two

sides of channel having corresponding holes drilled through them for this

purpose. The bolts are afterwards all well riveted. After being so fitted,

the wheel is turned in a lathe after the ordinary manner of turning iron tyres,

when it acquires all the appearance of a common railway wheel, but with an

outer wooden rim, and the flange only of iron. Mr. Dircks proposed using

either hard or soft woods, and various chemical preparations to prevent the

admission of water into the pores of the wood ; he also contemplates the using

of compressed woods.

Fig. 1. Fig. 2.

 

The annexed figures represent one of these wheels, Fig. 1 being a front

•leration, (partly in section,) and Fig. 2, a vertical section through the line Z.

voi. ii. 3 0
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a is the boss ; b b the arms ; and c c the rim or felly of the wheel, having

deep fianches d d on each side, forming a circular groove or trough round the

periphery of the wheel. In this groove or trough are inserted the blocks of

wood e e (before mentioned), which are retained in their places by bolts //

passing through them, and riveted outside the flanches. The several advantages

which this wheel possesses, are represented by him to be,—that the wooden

tyre will wear a considerable time without requiring any repair ; that the tyre

can be retaced by turning it up again in the lathe, as practised with worn iron

tyres ; that it can be re-tyred with wood at little expense, and at a far less loss

of time than usual ; and that both in the operations of refacing old tyres, or

putting on new wood, the work can be performed without the usual labour and

cost of unkeying, as the whole can be done while the wheels remain on the axles.

One very important advantage yet remains, and that is, that the rails themselves

will suffer less-wear by using these wheels, and the fastenings, sleepers, and

blocks, not be nearly so much injured.

Mode of fixing tubes in locomotive boilers.—These tubes are made of the best

rolled brass, one thirteenth of an inch thick, the edges of the brass are

properly chamferred, and lapped over each other, and soldered together, the

solder being applied inside ; the tubes are then drawn through a circular

steel die, to make them truly

cylindrical. The holes to receive

them in the tube plates e and n,

are bored quite cylindrical, so as

to fit the tubes exactly, which

are just long enough to come

to the outside of both plates;

the ends of the tubes are then

fixed by driving in a steel

hoop or ferrule made slightly

conical, as shown in Fig. 1,

which is a section full size of

the tube a a, the plate in which

it is inserted, and the ferrules

c c ; the ferrule is a little larger

than the tube, so that when

driven in, it compresses the tube

very forcibly against the sides

of the hole, and makes the joint

completely watertight. The fer

rules are sometimes made of

wrought-iron, but they generally

do not last out the tube in that

case, and require replacing by

new ones before the tubes are

worn out. The steel ferrules are

better, as they last nearly twice as

long. When a tube or ferrule re

quires taking out, the ferrule is to

be cut quite through with a chisel

and then turned inwards, so as to

detach it from the tube, which can

then be driven out.

 

Water Gauge.—In order to show the height of the water in the boiler, two

methods are employed ; the first consisting of a number of gauge cocks fixed

at 2 or 3 inches apart, one over the other, by turning which in succession,

the engineer ascertains whether they are open to water or steam : the other is

by an instrument called the water gauge, which consists of a strong glass tube

a, about three quarters of an inch diameter outside, fitted into a brass socket
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4 4 at top and bottom, the joints being made steam tight by hemp packing

put round the glass, and compressed against it by the glands c c, which are

screwed in round the glass. From each of the socket

pieces b a tube d proceeds with a cock in it, and a

screw on the end, for fixing it into the fire-box, and the

piecef containing another cock is screwed into the lower

piece, and the plug / into the upper piece, affording

the means of putting the glass tube down into its place.

When the two cocks in d d are opened, the water of

the boiler rises in the glass tube to the same height that

it is in the boiler, the upper part of the glass being

filled with steam, and so remains, shewing always

the level of the water in the boiler ; the cocks are

for the purpose of stopping the communication when

required, from the gauge being out of order or other

wise. The cock in the piece e is for the purpose of

clearing out the gauge, by allowing a stream of water

to run through it, and it is often necessary to open it

when examining the gauge, in order to get rid of

the bubbles of steam formed by the rapid ebullition

of the water, which sometimes render it difficult to

ascertain the precise height ofthe water. The difficulty

is also increased by the motion of the engine, pro

ducing oscillation in the water, but the disturbing

effect is much diminished by choking the tube or

inskiDg the communication with the boiler through

the tube d very small, so as to impede the motion of

the water in the tubes. A small plug g is screwed in

apposite each tube d, to afford the means of clearing

out the tubes d, by passing a wire through them

when the plugs g are taken out.

Melting's water cuh-boz.—Instead of the ordinary

thin plate, which is usually suspended below the furnace,

for the purpose of receiving the falling cinders,

Mr. Melting employs a shallow tank containing three or four inches depth of

water, supplied from the tender by means of a pipe and stop-cock. The falling

cinders, and the radiating heat from the furnace, consequently heat the water

in the tank, which, being returned into the tender, raises the temperature of the

water therein, and effects an important saving of fuel. To render this operation

self-acting, the boiler is furnished with a ball valve, loaded with 50lbs. on the

square inch, so that at such pressure the steam will escape and pass into the

water tank, and become condensed. By this arrangement, the boiler may be

always supplied with water at or near the boiling point.

Buffers are strong elastic cushions, placed at each end of the carriage, con

nected with a system of springs, to deaden the effects of concussion. They

are variously constructed.

The following Fig. 1 represents a side elevation of one of the Dublin and

Kingstown railway carriages, with Mr. Bergin's invention applied to the same.

Fig. 2 is a plan of the under part of the same, the body being removed, a a

represents a slight frame, made of two similar plates of iron, screwed to each

other about three inches apart, and resting upon turned bearings in the centres

of the axles. A wrought-iron tube b b, about three inches in diameter, the

entire length of the carriage, and extending about two feet beyond each end,

■ supported on this frame by rollers, which allows the tube to be moved thereon

lengthways with facility. On this tube is placed, at either end, within the frame

of the carriage, about four feet of helical springs e c, of graduated strengths ;

dm end of each of these sets of springs abuts against a strong collar d, fixe I to

ibe tube b, and the other end against a small box of iron attached to the frame,
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and furnished with one of the bearing rollers before mentioned, also with tvo

friction-rollers resting against the inner side of the carriage-frame end. To etch

extremity of the tube 4 A is attached a buffer-head//', by means of a rod of iron

pussing through the tube, and connected to the buffer-heads by screwed nuts

sunken below their surfaces. At the back of each buffer-head is a cross-bar 5,

Fig. 1.

 

Fig. 2.

to which, by chains and hooks, the carriages are attached together. This appa

ratus lies loosely on the axles, and is perfectly independent of the frame-work

of the carriage, which is sustained by springs in the usual manner ; and there

are long vertical slots made in the framing, through which the buffing-tube

passes, which permits the frame to rise or fall, according to the pressure of the

load thereon, without affecting the height of the buffing apparatus above the road.

The action is as follows :—The train being moved in the direction of the

arrow, the locomotive power is applied to the cross-bar g, and draws forward

the central tube 6, thereby compressing the springs c c between the collar d d and

the friction roller box, which rests against the end of the carriage frame, with

out moving the latter, until the elastic force of the compressed springs becomes

sufficient to overcome the resistance presented by the friction ofthecarriageand

load. The carriage then begins to move forward, so slowly as almost' to be imper

ceptible to persons seated within ; the second and each succeeding carriage

in the train is by similar means brought from a state of rest into motion. In

case of one carriage running against another, the resistance is offered by the

furthest end ; the effect being to drive the tube 0 forward, compressing the

springs at the opposite end from which the concussion isgiven, and the carriage

will be but little affected by the blow, until the elasticity communicated to

the springs by compression overpowers the resistance of the carriage, which

then begins to move, actuated by a force just sufficient to start it. The coiled

springs have a range of action of about two feet, beginning to be compressed

by a force equal to about twenty pounds, and presenting a total resistance to

entire compression of upwards of two tons. A spring of this strength,

the patentee states, has been found suitable for carriages weighing, when

loaded, about four tons. It will be observed, that the entire resistance

to the action of the springs is on the ends of the carriage frame : the
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middle of each is armed with a strong plate of iron, about fifteen inches square,

through which pass the tension rods, It h, Fig. 2, to the outer angles of the

opposite ends of the frame ; consequently, the rods receive the entire force of

the springs. The springs at either end of each carriage act totally independent

of those at the other end, and of all the carriages in the train, except that to

which they are attached; each has, therefore, to hear only its own share of the

resistance of the entire train, the sum of which is made up of the separate

resistances of all the springs acted upon.

MalUtt's Buffers.—Robert Mallett, Esq. of Dublin, in a communication to

the Editor of the Mechanic'! Magazine, has described an ingenious and original

plan of buffing, an extract of which we shall proceed to give. Mr. Mallett

observes ;—" The employment of elastic fluids to serve as springs, has been

frequently proposed, and occasionally brought into practice, but never upon a

arge scale, or with very successful results. This has arisen, principally, from

the fact, that it is impossible to make any cylinder and piston, or any rod and

stuffing box, absolutely and permanently air-tight, especially under the effects

of sudden and violent compressions : hence, the air, or other elastic fluid used,

lias always been found gradually to escape from the vessel provided for its

compression, leaving the whole apparatus springless.

"Yet, if this difficulty be once overcome, the advantages accruing from the

use of air (as the most available elastic fluid we have) as a spring, are

very great.

" It remains aspringat all temperatures, and in all climates; and its properties

are such, that the resisting energy of the spring increases with the amount of

the force with which it is compressed or urged, and, by a suitable arrangement,

nay be made to increase according to any assignable law.

"My method of overcoming the one great obstacle to the use of air asaspring

■insists in confining the air to be compressed by a body of water, or other

liquid; and is based on the well known fact, that joints or sliding surfaces can

Fiq. 1.

 

  

Fig. 2.

readily be made water-tight, and kept so, which cannot be made or maintained

air-tight.

" In the month of February, 1836, 1 designed a set ofbuffing apparatus upon

r'iis basis, which was constructed by the firm with which 1 am connected, and

placed on the Dublin and Kingstown railway, attached to one of the open

passenger carriages. Fig. 1 shows a plan of the under carriage, fitted with the

buffing apparatus ; and Fig. 2, a side view of the air cylinder, &o. on a larger
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scale. The system of thorough buffing, as invented by Mr. Bergin, the intelli

gent manager of the railway, is in use upon the Dublin and Kingstown line,

and hence was adopted in the hydro-pneumatic buffer, as then designed, a a.

is a truly bored cylinder of cast-iron, closed at each end by a cover, presided

with a large gland or stuffing-box, through which the buffer rod passes, being

turned truly like a piston rod, which, in fact, it is. The buffer rod, going from

end to end of the carriage, passes right through the cylinder, and carries s

solid piston, packed with leather collars and pressed leather caps, which when

in a state of repose is situated in the middle of the length of the cylinder. At

b b are two air vessels of a cylindrical form, with hemispherical ends cast on

to the cylinder, and standing vertical upon its upper side when m situ. The

capacity of each air vessel is equal to that of half the cylinder, minus the bulk

of the piston and included portion of buffer rod. The diameter of the cylinder

was 6 inches, and that of the buffer rods 2\ inches of solid iron. By means of

a suitably situated screw plug, the whole of the cylinder was filled quite full of

water, leaving the two air-vessels above it full of air, which by a condensing

syringe, was brought to a density of one additional atmosphere, or to about

1 51b8. per square inch, plus pressure.

" in this state of things, it is obvious tlirftany force acting atone end of the

buffer rod would compress the air in one air vessel and rarify that in the other,

by carrying the centra] piston rod towards one end of the cylinder, and thus

driving the water at that end up into the air vessel. It is also plain that, as

the water will always remain at the lowest part of the vessel, it will be constantly

interposed between the air and the only possible places of escape from the

cylinder, namely, the end covers and stuffing boxes. The range of the buffer-

rod was limited to two feet—a limit, however, which it is scarcely possible it

could ever reach by any force, as the air would then be condensed into about

one-fiftieth of its original volume ; but as a further precaution the buffer heads

c c, and the counter buffer-heads (/ d, were so arranged, that, at the extremity

of the range any shock given to the buffer-rod would be visited upon and

distributed through every part of the frame of the carriage. The whole buffir.:

apparatus was secured by bolting to the frame of the under carriage, to which

it became a firm and substantial spine or back-bone, as it were, increasing its

strength, in place of breaking it.

"Thevery first experiment made with this buffer, on the Dublin and Kingstown

railway, consisted in bringing the carriage upon one of the lines, and causing

10 or 12 of the railway porters to run it, as fast as they could, full tilt against

one of the stone walls of the station house, from which it rebounded, uninjured,

like a piece of Indian rubber. The piston was not nearly driven home, or to

its whole range, but had passed through more than four fifths of it, indicating i

blow equal to more than 1500 lbs. The carriage was then connected with a

locomotive engine, and drawn along the line, going at various speeds, stopping

and reversing as suddenly as possible. The results were in every respect

satisfactory."

The before-described buffer continued in use as long as the under carriar;;

lasted. About four years afterwards Mr. Mallett designed two improved forms

of air buffers ; one of them being intended for a great terminus buffer, to be

placed in a station house or other similar situation, where trains require to be

brought up without the possibility of running beyond a given point.

Page 479 is a side elevation of such a buffer. The construction is so simple as

scarcely to need description. A large cast-iron cylinder, having a gland at one

end, and closed at the other, is firmly secured down in a horizontal position to

a mass of masonry, by lateral framing of cast-iron on a bed plate; the gland of

this is filled by a turned cylinder of cast-iron, also hollow, bore of 36 inches

diameter, open at its inner and closed at its outer end, which is armed with .-

large padded leather buffer-head. This cylinder is free to slide in the gland

horizontally. The outer cylinder has at its lower side a large aperture,

communicating with a spherical air vessel o, by a pipe d dipping into it ; this is

enclosed in a cavity of the masonry.

" This cylinder is filled with water, simply by pourinj in at (he top man lid,
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which a then screwed down, and the buffer is ready for use. The air in the

air vessels, which is here of about equal capacity with the cylinder, is of course

permanently compressed with a force equal to a column of water of the

altitude from the surface of the water in the air vessel to the highest part of the

 

I

cylinder; and if any impulse be given to the inner cylinder, which maybe

considered simply as a large plunger or ram, it will be driven forwards into the

outer cylinder, and in doing so will drive an equal bulk of water into the air

vessel, compressing the air therein, the elastic resistance of which will increase

in proportion to the compressing force. .. .

" lit this buffer, if the plunger be driven in half way, the air in the vessel will

have a density of one atmosphere, and the total resistance afforded at this point

voold be 15,270 Ibs. and so on ; and if the plunger were driven in so far that

ten atmospheres was the density of the air, the buffer-head would equilibrate a

blow having a force of about 68 tons. The total range given here to this

buffer is 3\ feet ; but it is obvious that any length of range desirable may be

given to such an instrument, so as to bring up a railway train with any required

Cfjree of gentleness. From the properties of elastic bodies, the plunger when

(truck by an imperfectly elastic system, such as a railway train, and driven in

by it, would again rebound with considerable force, and would be liable to be

driven wholly out of the gland: this is provided for by a turned rod, marked x,

Kcured in the axis of the plunger, and passing through a small stuffing box in

the back end of the outer cylinder, and having a large nut, and a number of

Itaiber collars to deaden the blow upon its extremity : this catches the plunger

on the return stroke. Such is the method I propose for bringing up a train at

i station."

Mr. Mallett next proceeds to describe another modification of his hydro-

poeumatic buffers to railways, for which we must refer the reader to vol.

nxv. page 422 of the Mechanic's Magazine.

Mr. Curtis, who was some time manager of the Locomotive department of the

Greenwich railway, with the view to increase the safety of the carriages by

reducing the height of the centre of gravity, altered several carriages on that

Eat, by suspending the frame of each carriage below the axle, instead of

mpporting it above the axle in the usual way.
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Curlit't Pauenger Carriage.—The carriage of which the following a * comet

drawing was built as a pattern carriage for the Boston and Providence U. &

railway in 1836 : it is made upon the same principle as those of the London and

Greenwich railway company, viz.—It will be perceived upon reference to UK

 

engraving, that it consists of five distinct compartments or coaches, the floor of

three immediately upon the top of the frame, and twelve inches only from the

surface of the rail, so that passengers step in and out with as much facility as

from a sedan chair. The middle compartment has double seats, like a mii!

coach, and the two end bodies single seats like a chariot ; the two bodies crver

the wheels have also single seats, and may be either close bodied or open witi

a leather curtain as drawn : passengers get in or alight by steps similar to thv-

of a barouche ; the spaces over the low bodies may be employed for luggage,

forming a commodious safe depot for that purpose. If it should be desirable to

form the mail coaches upon this principle, the space over the wheels may t»

formed into the holds, or receptacles for the mail bags ; thus placing the heariat

load over the wheels ; also, if desirable, the roof may be adapted for outside

passengers. Mr. Curtis observes that "it is evident from the construction ofthis

coach that it is absolutely safe, by no possible chance can it ever upset ; it does

not cost more than the railway carriages usually adopted, and by placingjoggla

upon the cross pieces of the frame, descending so low as to clear the crossing*

and setting them back from the wheels little more than the breadth of the rail

on each side, in the event of the wheels leaving the rail, the frame locks in with

either the one rail or the other, and thus the carriage is retained to the tail

under all possible circumstances. This is a very valuable point, for when it »

recollected that almost every railway is formed for fully one third of its eitrat

upon embankments without parapets, which renders it very dangerous for aa

engine or carriage to be thrown off the rails upon them, this arrangement

provides a remedy for the case to be met by no other equally simple, cheap, anJ

efficacious means."

The carriages upon the Greenwich railway were altered by Mr. Curtis froa

the old and general plan of those upon the Liverpool, Birmingham and other

lines: this alteration was effected by simply inverting the frames.

The following list of casualties upon the Greenwich line, which happened t •

the low carriages, speak volumes in favour of the absolute safety of the carri»g«-

" June 17, 1839, large open carriage with eight passengers, both axles broke,

was dragged upwards of a mile, without the least injury to passengers.

"Aug. 21.—Axleofcarriagebroke, two passengers in thccoach; draggedacrosi

the Croydon junction, and upwards of three quarters of a mile, without inju'

to passengers.

"Sept. 15.—Breakcarriageaxle broke, with eightpassengers; dragged upward

of a mile without injury to passengers.

"Upon two other occasions like accidents happened, with similar results, K,«

in 1838, and the other in 1840."
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Curia's Railway Tract*.—Mr. Curtis has applied the principle ofconstruction

iost described to trucks for the conveyance of private carriages. Fig. 1 is a

side view, and fig. 2 an end view, and Fig. 3 a plan of the machine : the same

letters refer to the same parts of the machine in each Fig. eo far as the parts

are shown in each. A is the framing of the machine, which is suspended below

the axle in the usual way; B the hind wheels connected with the shifting frame

'•. which frame is held in its place by the bolts o D D D, or by any other usual

and suitable means ; E c are two eccentrics hung upon the cross shaft r, upon

one end of which shaft the ratchet a is hung, and upon the other the head i,

into the holes of which the lever K is inserted, when it is required to turn the

»Wl F round, so as to bring the eccentrics into contact with the rails or other-

vise. L is a windlass placed upon the front bar of the machine, round which A

• ;* coils, so that when a carriage is required to be placed upon the machine,

one end of the rope is made fast to the carriage, and the other end to the wind-

In, then a man turning the windlass round by means of the handle M, the

carriage is drawn upon the machine; the machine is connected to the train by

means of the coupling N in the usual way, and the diagonal bars are placed as

sfenrn, in order that the concussion ofthe train may be transferred to the main

frame of the machine A; o o o o are the wheels of the carriage placed upon the

»OL. ii. • 3p
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machine : the body and carriage are omitted in the drawing, as it is not material

to the explanation of the invention that they should be shown.

The mode of operation is as follows :—when a carriage is required-to be

placed upon the machine, the eccentrics are brought upon the rails, and made

to occupy the position shown by the dotted lines in Fig. 1, the effect of which

is to raise the end of the carriage to which the shifting frame and wheels are

attached, a space equal to that included between the shaded line x and tie

dotted Y, and to support it whilst the frame c and wheels n are withdrawn ; then

the eccentrics are turned back until they occupy the position shown in tie

drawing, when the end. of the machine is lowered to the ground, and occupiw

the position shown by the dotted lines z z. The carriage is then brought to the

machine, the rope from the windlass is made fast to it, the floor of the machine

being formed into an inclined plane ; the carriage is dragged upon the machine

by the windlass with great facility. When placed upon the machine the

eccentrics are again brought into the position shown by the dotted lines, which

raises the end of the machine; the shifting frame c and wheels n are connected

with the machine, and made fast by the bolts D, the eccentrics are then brought

into the position shown in the drawing, riding clear of the rails ; the ratchet o

and pall a are provided to retain the eccentrics in any position they may be

placed in : the best way to effect all these operations, is to place the machine

upon a turn-table, the fore wheels and eccentrics being upon the table, when

the machine can be disengaged from the wheels, and placed to receive the

carriage in a very simple and easy manner ; the same operations apply if the

machine is employed for goods, cattle, or any other purpose.

Railway Carriage Connectors.—The following engraving, fig. 1 , shows the

mode in which railway carriages were at first attached together ; which con-

fig. I.

sisted simply of a chain, the buffers of one carriage not coming in contact with

those of another, but each carriage was allowed, when moving onwards, a

lateral oscillating motion.

In the subjoined engravings, Figures 2 and 3, Mr. Booth's highly improved

method of connecting them is shown. It is a most complete invention for the

purpose, and consequently adopted on almost every railway in the kingdom.

a is the connecting chain attached to the draw-bar of each carriage, and

consists of a double working screw (working within two long links or shackle*),

the sockets of which are spirally threaded to receive the screw bolts, which are

fastened together by a pin and cotter, so that by turning the arm or lever Z rf

the said screws, the connecting apparatus is lengthened or shortened at pleasure,

to the extent of the long links or shackles above alluded to, in which they

work. This screw-chain being placed on the hooks, or turned-up ends of the

carriage draw-bars d, the buffers 6 of each adjoining carriage being first brought

close, or nearly close together, the lever Z is turned round a few times till the

draw-bars d are drawn an inch or two beyond their shoulders, on the face of

the carriage frame e, stretching the draw-springs, to which the draw-bars are

attached, to the extent of a fourth or fifth part of their elasticity ; and by that

degree of force attaching the buffers of the adjoining carriages together, and

giving by this means, Mr. Booth states, " to a train of carriages, a combined

steadiness and smoothness of motion at rapid speeds, which they have not

when the buffers of each carriage are separate from those of the adjoining
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carriage." IP is a weight to keep the lever in a vertical position, and prevent

the unscrewing of the chain when in action.

Fiy. 2.

 

Fig. 3.

Checking the speed, or stopping the Engine.—In the same patent as the

connecting apparatus just descrihed, this very able and original minded inventor

has included a novel method of checking the speed of the engine, or stopping

il altogether. It is effected by introducing a throttle valve, slide, or damper,

into the blast pipe, which is usually placed in the chimney in front of the

engine, and which throttle valve may be most conveniently introduced where

the two exhausting pipes are united into one, below the place where the pipe is

contracted in area for the purpose of producing a blast to the furnace. From

the throttle valve must proceed a rod or long handle extending through the

chimney to the back part of the boiler, so as to lie within convenient reach of

the engine-man, who, by moving the said handle, can close the slide or throttle

ralve, either partially, or altogether, as may be required. And the throttle

Talve need not be altogether steam-tight, but should be made to work freely in

its place. The engine-man, when he wishes to stop or slacken the speed of the

engine, closes or contracts his throttle valve without shutting off the steam in

itt passage from the boiler to the engine. The pistons, by that means, are

speedily, but not suddenly or violently checked, and the driving wheels of the

engine no longer revolving, or revolving very slowly, the engine is soon brought

to a stand.

I Locomotive Engine.—The annexed cut represents a side elevation of

this remarkable engine ; some of the parts, which coald not well be explained

otherwise, ate- shown in section. It was patented by Mr. Benjamin Hick, of

Bolton, in October, 1834.

At a is the ash-pit, b the fire-place, opening above into a dome c of the

hofler d d, and surrounded by water ; the external figure of the boiler is that of

a rertical cylinder ; and as the dome c occupies the centre, the water chamber

ii for the most part of an annular form ; this annulus has passing through it

vertically numerous tubes open at each end, for the smoke and heated gases to

pass from the furnace throughout the body of water, into tlie flue e above, and

thence into the chimney g. The draught through the furnace is increased by

introducing the induction steam pipe k from the engine into the throat of the

chimney, where a jet of steam is thrown upwards, in the way now commonly

practised. / is the steam chamber, enveloped in the heated gases that ascend

from the furnace, which are made to impinge upon it witli greater force by the

introduction of a plate of iron shaped like an inverted funnel ; t is the steam

pipe, which conveys the steam from the chamber / into the valve boxi
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worked by a series of levers at I, that are put in motion by bevel gear, anJ a

crank motion partly introduced. It is now to be clearly understood, that there

are three steam cylinders in, but as they are all in a row, only one can be seen

in our view ; each of these cylinders is provided with suitable valves, ind

working gear, to admit the steam on the top only of each of the pistons, at the

time of the descent of each, and to allow of its escape on their ascent. The

bottom of each of the cylinders is open, and the piston rods n are jointed to

the bottoms of the pistons, the latter being steadied in their motions by small

lateral rods passing through guide holes. The three piston rods act din .

upon a three-throw crank, the equi-distant positions of which in the circle cause

the pistons to continue their reciprocating action, and the crank its rotatht

motion, with uniformity. Fast and slow motions, and clutch boxes for varying

the speed, are provided in the usual way. In our diagram is shown a pinion c.

on the crank axis, driving a wheel on the axis of the running wheels.

The patentee especially claims under his patent the combination of two or

more cylinders, each having its lower end open, so that the steam shall press

only upon the upper surfaces of the pistons, and communicate its power to the

crank shaft, or running wheels, in a downward direction only ; which he con

siders will cause a greater adhesion between the wheels and the rail, and less

vibration to the carriage, than when the power is applied to the wheels in an

upward and downward, or a forward and backward direction, alternately.

The wheels applied to this locomotive also possess some novelty, and are

claimed under the patent right. They may be briefly described to consist of a

cast-iron nave, duly formed and turned, to receive the edges of discs of plate-

iron, in lieu of spokes ; the felloes or external rings being fixed to the discs by

first expanding their circumference by heat, and allowing them afterwards to

contract, so as to receive the edges of the discs in grooves turned to receive

them. The several parts are afterwards secured by bolts, screws, rivets, and

keys, in a manner too well understood to need description.
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Patent Axle Grease.—Every circumstance relating to locomotion on railways

having become of importance, nothing escapes investigation, nor attempts at

amelioration. Amongst the many matters to which attention is necessary to

enable a locomotive machine to work well, is that of the lubricating substance.

The sagacity of Mr. Henry Booth, of Liverpool, has led him to effect an im

provement in this respect, for which he obtained a patent on the 14th of April,

1835 ; which he has denominated " The Patent Axle Grease, and Lubricating

Fluid." These, according- to the specification, are chemical compounds of oil,

tallow, or other grease, and water, effected by means of the admixture of soda

or other alkaline substance, in such proportions that the compounds shall not

be of a caustic or corrosive nature when applied to iron or steel, but of an

unctuous greasy quality, easily fusible with heat, and suitable for greasing the

axle-bearings of carriage wheels, or the axles, spindles, and bearings of

machinery in general. The proportions of the ingredients, and mode of

compounding them, are stated to be as follow :

" For the axletrees of carriage wheels, a solution of the common washing

soda of the shops, in the proportion of half a pound of the salt to a gallon of

pure water. To one gallon of this solution add three pounds of good clean

tallow and six pounds of palm oil; or, instead of the mixture of palm oil and

tallow, add ten pounds of palm oil, or eight pounds of firm tallow. The tallow

and palm oil, or either of them, and the solution as described, must be heated

together in some convenient vessel to about 200° or 210° of Fahr. and then

the whole mass must be well stirred or mixed together, and continually agitated,

until the composition be cooled down to 60° or 70° of Fahr. and have obtained

the consistency of butter, in which state it is ready for use."

The patent"lubricating fluid, for rubbing the parts of machinery in general,

is thus made : to one gallon of the aforesaid solution of soda, in water, add of

rape oil one gallon, and of tallow or palm oil one quarter of a pound. Heat

them together to about 210° of Fahr. and then let the fluid composition be well

stirred about, and agitated without intermission until cooled down to 60° or 70°,

when it will be of the consistence of cream. If it be desired thicker, a little

addition of tallow or palm oil renders it so.
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THAT mode of propulsion which is effected by Pneumatic fjretsure, i»

generally known as the Atmospheric system of railway; from the circumstance

of the elastic medium which we breathe being, in most cases, the impelling

power. The practical introduction of this system is very recent, and our ei-

perience on the subject is consequently very limited. But it has numerous

sanguine advocates and partisans; and is now, under variously modified forms,

occupying the attention and study of different parties, who are devoting their

talents and energies to perfect their several schemes, and bring them into

practical operation. We propose first to describe such of the plans as hare

been carried into effect, and afterwards notice those modifications of the

pneumatic principle of motion, which have been suggested as improvement]

upon the original idea.

The idea of imparting motion to machinery at a distance from the prime

mover by the intervention of air, is by no means of recent date. As far back

as the close of the 17th century, Papin (for whom the French claim the

invention of the steam engine) suggested the plan, and we believe tried it.

both by the compression of air, and by its rarefaction, but completely failed.

Many years afterwards a trial of the plan was made upon a large scale in Wales,

but with no better result, and the plan seems to have fallen into oblivion, when,

in 1810, Mr. Medhurst of Denmark-street, Soho, published an account of a

" new method of conveying goods and letters by air, '" followed in 1812 by »

prospectus of a plan, by which he endeavoured to prove that goods andpassengeri

might be cheaply and safely conveyed at a rate of 50 miles per hour. To effect

this, he proposed to construct an air tight tube of sufficient dimensions to allow

a carriage to run within it, and having a pair of cast-iron wheel tracks securely

laid along the bottom, for the carriage to run upon. The carriage was to be

of nearly the form and dimensions of the tunnel, so as to prevent any con

siderable quantity of air from passing by it ; and the carriage was to be

impelled along the tube by the pressure of air forced into the tube behind the

carriage. Supposing the tube to be six feet in diameter, Mr. Medhurst

calculated that to produce a speed of 50 miles per hour, would require a constant

impelling power of 861 Ibs. moving 73 feet per second, which he reckoned as

equal to the continual power of 180 horses; and taking the consumption of fuel

of a steam engine of that power at 12 bushels of coals per hour, 3 tons of

goods might thus be conveyed 50 miles at a cost of 12 shillings, and at agpeed

of50 miles per hour.

The plan attracted but little attention at the time, and was for a long period

overlooked; but in 1824, Mr. Vallance of Brighton obtained a patent for a

similar invention, with this difference, that he proposed to exhaust the air in the

tube in the front of the carriages, instead of forcing it in behind them as in the
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plan of Mr. Medhurst. Mr. Vallance subsequently constructed a short tube in

his garden at Brighton, to demonstrate the practicability of the plan, and

mention was occasionally made in the public prints of experimental trips which

had taken place ; but the apparatus was not of sufficient extent to show forth

either the difficulties of the plan, or the extent to which they would be overcome;

and this scheme, like the previous one of Mr. Medhurst, was never carried into

effect

The most obvious objection to the plans we have just described, is the

necessity for the passengers to travel within the tube, excluded from daylight,

and this alone would have been sufficient to prevent their ever being acted upon.

This objection was first overcome by Mr. Pinkus, who by thus bringing the plan

within the sphere of feasibility, may be considered as practically the inventor

of the Atmospheric railway. His plans, it is true, have not been adopted in all

their details as originally proposed by him, but, variously modified, they form the

basis of the most promising schemes which have since been brought forward

for propelling by the pressure of the atmosphere. Mr. Pinkus 's first plan, and

for which he obtained a patent in 1834, is fully described in the first part of

the Encyclopedia, under the article " Am;" it will be sufficient therefore in this

place to say that it consisted of a tube laid down between a pair of rails on

which the carriages were to run, and having on the top of it a longitudinal

groove extending throughout its length. Within this tube was a piston,

attached to the leading carriage of the train by an arm passing through the

groove. This groove was closed by a thick cord, saturated with a composition

of wax and tallow, in order to form an air-tight joint throughout the length of

the tube, except at the part where the piston arm projected through the slit,

•here it wa3 raised out of the groove by rollers attached to the arm, so as to

leave an opening for the admission of the air into the tube, at the back of the

piston. The tube in front of the piston was connected with an air pump, and

a partial vacuum being formed in the tube, the pressure of the atmosphere upon

the back of the piston would propel it along the tube, and with it the carriages

connected to it.

In 1836, Mr. Pinkus took out a patent, for his second plan of atmospheric

propulsion, which differs materially from his first, the travelling piston in the

atmospheric main being dispensed with, and the system in some measure

assimilated to the locomotive system. The following is a description of the

plan, nearly as given in the Mechanic's Magazine :—A tube is laid down

between two lines of rail, and communicates with air pumps placed along the

line, which act upon the air in the tube, continually rarefying it as it is thrown

in by the working of the locomotive apparatus. The main has an opening

in the upper surface, two inches wide; on to the edges of this opening are

attached plates, forming what Mr. Pinkus calls a metallic valve, made of an

amalgam nf iron and copper, hard rolled to make it elastic, 1 -8th, of an inch thick

at the lower edge, and l-16th at the upper, (the insides ofwhich are to be polished

smooth,) and four inches high. The annexed cuts will show the thing more

clearly. Fig. 1 is a plan of the valve, and Fig. 2 a cross section of the air main

»itli the valve attached, and the tongue (afterwards described) between the lips

of the valve. In both Figs, a a are the lips of the valve, which it will be seen,

in their undisturbed state, by their elasticity press upon one another, and form

an air-tight joint the whole length of the main. Working between the lips of

this valve, is a hollow metallic tongue (6 Fig. 2), the shape of which is seen in

fig. 1. The sides of this tongue in contact with the lips of the valve are polish

ed, and the tendency of the latter to collapse, by their spring pressing upon

these polished sides as they pass along, makes the joint air tight. This hollow

tongue forms a communication through throttle valves, with a condenser or

vacuum vessel, and this vacuum vessel communicates, through alternating

"penings, (somewhat similar to those used in steam cylinders, and worked by

an eccentric from the crank,) with two cylinders in which work pistons, whose

rods turn cranks which give a rotary motion to the wheels of the locomotive.

Hie mode of action is as follows: the air in the main is kept rarefied by the

sibausting engines at each end; a communication being made between it and
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the rarefied air or vacuum vessel by opening the throttle

valve, and between the vacuum and the cylinder by the

sliding passage, a partial vacuum is formed under the

piston, which the outward atmosphere forces down,

giving half a turn to the crank ; the alternating air

passages are then reversed, the other piston is acted upon

in the same way, and a revolution of the crank and

consequently the carriage wheel is completed. The

cylinder full of air, after having forced down the piston

passes into the vacuum vessel, and through the hollow

tongue into the main, from which it is pumped into the

atmosphere by the stationary engines and air pumps at

each end of the five mile section. » As the tongue passes

forward, it will open a passage for itself between the

lips of the valve, which will immediately close behind it

by the elasticity of the plates. The tongue is prevented

from becoming hot by friction, by the current of cold air

constantly passing through it from the cylinders.

Although this scheme manifests considerable ingenuity

on the part of the inventor, we think it upon the whole

inferior to his first plan. In particular we would notice

that the advance of the train depends upon the adhesion

of the wheels of the propelling carriage to the rails, so

that in unfavourable states of the rails, the wheels would

be liable to slip, and also the power of ascending inclines

would be diminished, as on the present system of traction

by locomotive steam engines, whereas by the first plan,

provided a sufficient pressure could be produced at the

back of the piston to overcome the friction of the load

and the power of gravitation, the traiu must advance

whatever he the state of the rails, or the steepness of the

incline.

Mr. Pinkus endeavoured to form a public company, to

carry his invention into effect, but did not succeed in so

doing. His efforts however had the effect of drawing

public attention to the subject, and provoking discussion ;

and paved the way for Mr. Clegg, who in 1839 took out

a patent in connexion with the subject, and eventually

succeeded in procuring its adoption by a company, and

who may therefore be considered in one sense as the

introducer of the Atmospheric railway. The title which

Mr. Clegg selected for his patent .was chosen very skil

fully, and, although it certainly may be said to cover the

invention, could at that period scarcely be supposed to

refer to railways, and was therefore little likely to meet

with opposition from parties who were directing their

attention to that subject. The title is for a new im

provement in valves, and the combination of them with

machinery ; but it will be seen that the improvements

do not refer to valves in general, but solely to a

continuous valve for the purpose of Atmospheric

railways ; the following is an extract from the specifica

tion :—

" My improvements consist in a method of constructing and working valves

in combination with machinery. These valves work on a hinge of leather, or

other flexible material, which is practically air tight, similar to the valves

commonly used in air pumps ; the extremity or edge of these valves is caused to

fall into a trough, containing a composition of bees'-wax and tallow, orbecs'-wax

and oil, or any substance or composition of substances which if solid at the

temperature of the atmosphere, and becomes fluid when heated a few degrees
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above it. After the valve is closed and its extremity is lying in the trough,

the tallow is heated sufficiently to seal up or cement together the fracture

round the edge or edges of the valve, which the previous opening of the valve

had caused, and then the heat being removed the tallow again becomes hard,

and forms an air tight joint or cement between the extremity of the valve and

the trough. When it is requisite to open the valve, it is done by lifting it out of

the tallow, with or without the application of heat, and the before named

process of sealing it or rendering it air tight is repeated every time it is closed.

This combination of valves with machinery is made in the application of these

valves lo railways, or other purposes of obtaining a direct tractive force, to move

•eights either on the railway or otherwise. This I effect by laying down a

continuous length of pipe, containing a lateral slit or opening its whole length:

a piston is made to travel in this pipe by exhausting or drawing out the air

from the pipe on one side of the piston, and allowing free access to the

atmosphere on the other side of it ; an arm from this piston passes through the

lateral opening, to attach to the carriages on the railway, and draws them along

with it. The whole of this lateral opening is covered by the valve before

described, and that part of it through which the arm passes is lifted to allow it

to pass, and also for the admission of air to the piston by means of an apparatus

connected to the arm. The carriage to which this arm is attached we call the

driving carriage ; to the hinder part of this carriage a long heater is attached,

which is drawn along by it upon the tallow contained in the trough, and reseats

the valve ready for the next train, which repeats the operation above described.

At certain distances, which are regulated by the nature of the road, steam

engines and air pumps or other apparatus are fixed, for exhausting the pipes,

and at a short distance beyond the connextion from the engine to the pipe

valves are placed, closing the end of one length or section of pipe and the

beginning of the next, between which a space is left for stopping the trains if

required; these valves also divide the pipe into suitable lengths, to be exhausted

by each apparatus, or close to the end where it is not required to be continued,

as on acclivities where the carriages will run by their own gravity ; thus every

section of pipe is enclosed at the two ends by these valves, and is exhausted by

its own steam-engine and apparatus. These valves, which I call the separating

valves, are opened by the driving carriage, to allow the piston to pass, and are

closed after the train has passed."

Figs. 1 and 2 represent the construction of the valve, Fig. 1 showing a section

of the valve when closed, and Fig. 2 a section of the valve when open ;

 

 

o is a section of the cast iron vacuum tube or atmospheric main, b is the

continuous valve of leather extending over the whole length of the opening on

the upper side of the tube, and strengthened by short plates of iron c c, attached

vol. it. 3 a
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to the upper and under side of the leather, so as to impart firmness whilst

admitting a sufficient degree of flexibility, d is the composition by which the

edge of the valve is hermetically sealed, e is a protecting cover formed of thin

plates of iron about 5 feet long, hinged with leather for protecting the valve

from rain, snow, &c ; this cover however was, we believe, subsequently dis

pensed with when the invention was brought into actual operation.

An experimental line of railway was subsequently laid down at Wormwood

Scrubbs, by Mr. Clegg and Mr. Samuda, who had an interest in the patent.

The length of the line was about half a mile long, with a rise of 1 in 120 for

about half the way, and 1 in 115 for the remainder; the diameter of the

atmospheric main was 9 inches, and the exhaustion was produced by means

of an air pump, of 37 inches in diameter, and 22 inches stroke, worked by a

condensing engine of 16 horse power. On this line several public experiments

were made, which were attended by many engineers, and other scientific

persons, some of whom formed a highly favourable opinion of the plan, and

the Dublin and Kingstown railway company were induced by the report of

their engineer, Mr. Vignoles, to adopt it in the extension of their line from

the terminus at Kingstown to the village of Oalkey.

The length of this line is 3,050 yards, or nearly 1 mile and J, with a rise

of 71 i feet from the commencement at Kingstown to the termination at Dalkey,

the average rise from the lowest point being 1 in 140, but the last 365 yards hate

a rise of 1 in 57 ; there are also several sharp curves on the line, so that upon

the whole it was well adapted to show the capabilities of the system for over

coming steep ascents, and sharp curves. The line is worked only one way by

the atmospheric apparatus, the return being effected by the force of gravity.

As stated above, the length of the line is 3,050 yards, but the atmospheric

main is only 2,490 yards long, the remainder of the way, 560 yards, being run

by the momentum previously acquired. The diameter of the main is 15 inches,

and near its extremity branches out a pipe of the same diameter, which leads

to the exhausting apparatus, distant nearly 500 yards. Theair pump, which is

double acting, is 66J inches diameter, with a stroke of 66 inches. It is worked

by a high pressure condensing engine, of 34£ inches, and 66 inches stroke,

working expansively, the cut off valve being regulated by a governor, 90 as to

vary with the speed of the engine, from -J at the slowest to $ at the quickest-

Mr. Samuda reckons this engine to be of 100 horse power, but it appears that

he assumes the horse power to be equal to 66,0001bs, raised one foot high, per

minute ; other engineers, calculating by Bolton and Watt's standard, estimate

that on an average it -works up to 180 horse power.

At the entrance end, and some 30 feet from it, is a kind of balance valve,

(corresponding to Pinkus's vertical sliding valve,) very ingeniously contrived to

open by the pressure of the compressed air in front of the piston ; and at the

other or exit end is another valve, opening outwards by means of the com

pression of the rarefied air, after the piston has passed the tube leading from

the main to the air pump.

The continuous valve which covers the slit on the surface, is composed of a

strip of oxhide of the best quality, strengthened above and below by iron

plates, and the leather is double in the part which closes the opening. This

valve is fastened down by one edge, (as described in the extract from Mr. Clegg s

specification,) and when down fits closely over the slit, its edge being covered

by a composition of wax and tallow. From near the centre of the leading

carriage descends an arm, which passes through the aperture of the main to

the middle of the piston rod within the main. Before the point where this arm

is connected to the piston rod are two rollers, (the foremost of which is

smaller than the other,) for the purpose of raising the valve, and behind the

arm are two similar rollers, for the purpose of keeping open the valve at that

part, and thus admitting the atmosphere to press on the back of the piston.

After the arm and wheels have passed, the valve drops by its own gravity,

and is forced down close by a wheel at the end of the first carriage passing

over it; a heater filled with red-hot charcoal was attached to a second carriage,

for the purpose of melting the composition, but we believe has since been laid



MONS. MALLET'S REPORT ON THE DALKEY LINE. 491

aside, as unnecessary or ineffective. The advance of the train as it approaches

the station is retarded and finally arrested by means of a very powerful brake ;

it may likewise be arrested on any part of the line, without stopping the engine,

by means of a valve in the piston, connected to a lever attached to the leading

carriage, by opening which valve the vacuum in front of the piston is destroyed,

and the air before and behind the piston is in equilibrio.

Shortly after the Dalkey line came into operation, the French government

deputed a Mons. Mallet to examine and report upon the operation of the system

as developed on that line. A translation of his report was subsequently

published, from which we select the following extracts, showing the results

obtained by M. Mallet in his experiments.

" In the following experiments the velocity has been quoted with great care.

At each division of the road, forming lengths of 44 yards (40m. 22.) as I have

before stated, the time has been marked by means of an instrument in the

form of a watch, from which by touching a spring a drop of ink falls upon

paper prepared to receive it. This paper takes of course a regular rotatory

motion. From the time thus obtained the velocity is calculated. In my notes

are the velocities of several trains calculated per hour, for each division, and

in order to present their results in the most comprehensible form, I have

arranged them in quarters of miles, and in this manner formed the following

table.

1

EXPERIMENTS ON THE WEIGHT AND VELOCITY

SPEED PER HOUR, EXPRESSED

OF TRAINS. '

IN MILES,

Corresponding to the

si
First Second Third Fourth Fifth Sixth

Quarter of Quarter of Quarter of Quarter of Quarter of Quarter of

a MUe. a MUe. a MUe. a Mile. a Mile. a Mile.

Tom. Miles. Miles. Miles. Miles. Miles. Miles.

30 18.85 26.59 26.47 27.82 32.13 82.62

30 17.95 25.56 26.47 25.10 28.80 30.97

38 18.10 32.20 28.96 32.20 80.00 28.96

70

SO

13 .37 17.25 19.71 19.28 21.37 20.95

VELO 2ITIE8 AT '
[•HE DESCENT PRODTJC

ED BY QRA VITY..

13 .69 20.27 22.24 20.56 21 .20 21.00

" This table only comprehends six quarters of a mile, or 2413m. 50; the

total length of the line being 2787. 70, there remain 374 metres, the velocities

"f whieh are not reckoned in the table. These 374m. are at the terminus of

the line.
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EXPERIMENTS ON THE WEIGHT AND SPEED OF TRAINS.

SPEED PER HOUR, EXPRESSED IN MILES,

Corresponding to the

J*
•wfl o

us « ~

Quarterof Quarterof
o

HI

O

-"Si

Second aMile. Third aMile.

Sri

■SSrS

— a Observations.
«£!

9 0*

Tons.

60 . 40

Miles.

12

Miles.

20

Miles.

22

Miles.

21 . 5

Miles.

21 . 5

Miles.

21

Weight of the Train.

Tom

7 Passenger Wagons...25 . 17

5 Wagons for Goods....27 . It

Iron in Chains 5. OS

GO. 40

70.40

71 .40

11 . 25 18

17

19

18

17 . 6 18.4

16 . fi

16

12. 5

70.40

71.40

12 . 00 15 . 5

" These last experiments give us information on some points not previously

noticed ; viz. the height of the mercury in the barometer during the course

of the train. For the first it stood at 24J inches at starting, and at 23| at

the end of the journey : the second, after having sunk from 24f to 24} it

rose to 24;J" : the third, it sunk from 24£° to 24 inches, and returned to its

former level. In each of these experiments the resistance throughout the

course was within a little on an equilibrium with the power.

Conflicting Opinions on the merits of the Atmospheric System.—The expe

rience of the atmospheric system on the Dalkey line has called forth the most

opposite opinions on its merits from engineers and other scientific characters :

some asserting that the superiority of the atmospheric over the locomotive

system is clearly established by the results obtained, whilst others maintain thai

these results prove not merely that it is inferior to the locomotive system, but

that it is utterly inapplicable in the generality of situations and circumstances

in which railways are called for. Amongst those who have formed a favourable

opinion of the scheme, we may mention Mr. Vignoles, the engineer to the

Dublin and Kingstown railway, at whose recommendation the trial of the system

on the Dalkey line was made, and who has since decided upon adopting it on

a line from Vienna to Schonbrunn. This line, however, is to be a double line,

thereby obviating some of the objections raised against the system on the score

of the difficulty of working the lines with regularity and punctuality—but at

the same time annulling most of the advantages claimed for the system in

point of economy of construction and of working. Mr. Brunei has not only ex

pressed a decidedly favourable opinion of the system, but has adopted it on a

line now constructing by him (the South Devon, if we recollect rightly). Mr.

Cubitt, although expressing a more qualified opinion, has deemed the plan

worthy of trial on a portion of the Croydon line, m contemplation of its
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further application on the line from Croydon to Epsom ; and an atmospheric

line is in progress from the latter place to Portsmouth. The French Govern

ment (in consequence we believe of M. Mallet's report) have likewise shown

that they entertain a favourable opinion of the plan, by ordering it to be applied

on a short line from Arras.

On the adverse side of the question are ranged amongst others the names of

Mr. R.Stephenson, Mr. Bidder, Mr. Nicholson, and Mr. Herapatb.

Stcphenton's Report.—Mr. R. Stephenson, in a most able and impartial report

on the Atmospheric railway, addressed to the directors of the Chester and

Holyhead railway, comes to conclusions extremely unfavourable to the invention.

Mr. Stephenson 's views are founded entirely upon experiments made by himself

and his assistants ; which are so fully and clearly detailed in the report, and

their bearing so clearly but temperately stated, that we regret that our limits

vil! not admit of our giving more than a summary of this valuable document.

The first subject treated of in the report is the amount of leakage. To deter

mine this amount for each part of the apparatus separately when at rest, the

engine was stopped after a certain amount of exhaustion had been effected, and

the rate at which the mercury in the barometer fell was noted, repeating the

process with various lengths of the vacuum tube, and with the pump and

connecting pipe alone. These experiments show that the amount of

leakage per minute may be taken as uniform, and the average of a considerable

number of them gives the leakage, at the density of the external air, as 219

cubic feet per minute for the connecting pipe and air pump, and 252 feet per

minute for the vacuum tube, or 186 cubic feet per minute for a mile in length.

The report then goes on to observe,—" but it is evident that all leakage must

be introduced into the vacuum tube, not at the density of the external atmo

sphere, but expanded according to the degree of rarefaction of the air in the

tube ; and hence the effect of this constant amount of leakage upon the velocity

of the piston in the vacuum tube will be various at the different heights of the

barometer. For example, at Kingstown the leakage of the connecting pipe and

pump is 219 cubic feet per minute, and that of the vacuum tube 252 cubic

feet per minute ; or, 471 cubit feet of air at the density of the atmosphere is

introduced into the vacuum tube in each minute: but if the height of the

barometer in the tube be 15 inches, or the air twice rarefied, the effect of this

leakage will be doubled, and the quantity of air to be extracted from the tube in

each minute will be increased by 942 cubic feet; and if the air in the tube be five

times rarefied, or the barometer stand at 24 inches, it will be increased by 2,355

cubic feet, instead of 471 cubic feet, in each case. As the degree of exhaustion

advances, the retarding influence of the leakage upon the speed becomes more

iod more serious ; for while the velocity of the air pump piston remains con

stant, or very nearly so, and the cubic extent of each stroke is the same what

ever the density of air, the effect of the leakage is increased with the

rarefaction, and the maximum velocity attainable by the train is proportionably

lowered."

Previously to calculating the effect of these conditions upon the velocity, the

report details, in a table of great extent, the experiments made to ascertain the

practical velocities under different circumstances. We have arranged Mr.

-tf phenscm's summary of the results in Table A.

Mr. Stephenson then proceeds to calculate the effect of the leakage

la ascertained with the apparatus in a state of rest) upon the theoretic velocity,

computed from the velocity of the air pump piston, and the ratio between its

area and the area of the piston in the vacuum tube ; and the calculation shows

i \on upon the theoretic velocity of from 7 to 30 per cent, in the apparatus

at Kingstown, and from 12 to 48 per cent, with a vacuum tube of 4 miles-in

length ; the loss varying as the pressure is increased from 3 to 12* 2 Ibs per inch.

But a considerable difference is also found between the practical velocity and

this last calculated, showing a further loss of velocity, increasing from 20 to 41

percent, between the pressures of 9 and 12-2 Ibs per inch, making a total loss

on the theoretical velocity between these pressures varying from 39 to 71 per cent.
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TABLE A.

No. of

Train.

Weight of

Train.

Vacuum at

Starting.

Highest

Vacuum.

Highest

Velocity.

Tons. Inches. Incbei. Miles per hour.

1 23.2 8.3 13 .7 30.0

2 24.7 8.0 16. 7 35.0

3 25.0 9.7 17.5 35.0

4 26.5 8.7 18. 5 34 .7

5 30.8 8. 5 19.0 32. 0

6 31 .3 11. 5 19.1 32.1

»7 34. 7 18. 0 20. 0 29.0

8 36. 8 10.7
1 20.7

23.3

t9
• S8.3

5. 2 21 .0 28. 8

10 42.5 8.6 22. 1 25.7

* This high vacuum at starting was obtained by holding on the brakes.

t This Train started with this vacuum owing to a portion of the train

standing on the downward incline.

The weight of the ten following trains increased gradually to 64.7 tons,

and the height of the barometer to 24.4 inches.

This difference between the calculated velocity and that obtained in practice thorn

that the amount of leakage is greater when the apparatus is in motion ; part of

which Mr. Stephenson supposes to arise at the air pump and at the tube piston.

Upon the subject of the weight drawn, friction, maximum velocity, &c, the

author gives the following table, (B.)

In this table those trains are selected from the twenty experiments before

mentioned which present the most uniform and valuable results : the data fur

calculation are given in the first 7 columns ; the 8th column gives the total

power of the air pump during the whole time the engine was in motion. In each

experiment the mean resistance to the air pump piston is multiplied into the

velocity of the air pump piston, and is increased in the proportion between the

total time the air piston was in motion, and the time required for a train over

the entire distance, at its maximum uniform velocity. The power indicated by

the air pump during the motion of the train, as shown in the 9th column, is found

by multiplying the total resistance to the air pump piston due to the maximum

uniform vacuum into the velocity of the piston, and subtracting the product

from the total power of working the air pump (column 8), the remainder shows

the power absorbed in attaining the vacuum, as given in column 10. Column

1 1 gives the amount of power absorbed by the train at its maximum uniform

velocity on the ascent of 1 in 115 ; and column 13 gives the power indicated

by the friction and gravity of the train, multiplied into the maximum uniform

velocity. It will be observed that this power is in every case less than that

indicated by the maximum velocity of the train ; and the difference between

the two, enormous as it is at the higher velocities, Mr. Stephenson considers

must be ascribed to the resistance of the atmosphere ; and it is accordingly placed

under that head in column 14.

In connexion with this part of the subject Mr. Stephenson observes, " In

referring to this column representing the loss of power from the resistance of

the atmosphere, it will be observed there is a very rapid reduction in the loss

as the speed is diminished; indicating most satisfactorily the excessive expendi

ture of power, and consequent augmentation of expense, in working at high

velocities upon railways." This remark is of course equally applicable to all

railways, whatever may be the motive power employed, and it is here introduced

only for the purpose of showing, that the attainment of speed exceeding that

which is now reached upon some of the existing lines of railway, is a matter of

extreme difficulty, and that the atmospheric system is not exempt from that
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wasteful application of power which high velocities inevitably en nil. We hare

in the experiment No. 4, the effective application of a power of 150 horse?, of

which 78 horse power, or upwards of 50 per cent., is absorbed by the resistance

of the atmosphere at a velocity of about 35 miles per hour.

We would call the reader's attention to the power absorbed in obtaining a

vacuum, as ascertained by a comparison of column 8 with column 9, and tet

forth in column 10. Mr. Stephenson observes, •• It may not be at first clearly

understood why the power of this column (8) exceeds so greatly that given in

the next (9), which is the actual power required to work the air pump; but this

will be apparent when it is remembered, that the positive power has been

here increased in the proportion of the total time the air pump was at work to

the time required for the train to pass over the entire distance at its maximum

velocity, which increase has been made in order that a direct comparison mar

be instituted between this total power and the power required for each of the

various resistances of the train." We think this point has not been sufficiently

kept in view when the power required in the atmospheric railway has been in

question, and that, if not a fatal, it is at least a formidable objection to the

atmospheric system under any arrangement, and that it goes far to neutrali;

one advantage claimed for the system,—that the dead weight of the engine and

tender is got rid of. To illustrate this, let it be supposed that the vacuum in the

main is produced, not by a pump worked by a stationary engine, but bj a

travelling piston in the tube, connected to a locomotive engine, the train being

connected to another piston detached from the former ; and that the dis

tance between the pistons at starting is equal to the length of a section

of the tube—say 2 miles: then, if the resistance of the train be equiva

lent to a pressure of 15 inches of mercury on the area of the piston, or,

in other words, if the air in the tube be rarefied to half the density of the

atmospheric, it is clear that the locomotive piston must travel two miles befu

the train begins to move ; and if we suppose the engine to be provided wr

means of cutting off the steam, so as always to proportion it exactly to the

resistance, still the power employed in producing the vacuum requisite to set tho

train in motion will he nearly that required to propel the train half the lengtl

of the section, or to propel half the load of the train the whole length of the

section. If the resistance of the train required the air in the tube to be rarefitc

to one fourth of the density of the atmosphere, equal to a pressure of 22J inchi

of mercury, the locomotivewould haveto travel over six miles ere the train would

begin to move, and the power thus expended would be equal to that required

for propelling the entire train three-fourths of the length of the section, or :•

propelling three-fourths of the train the entire length of the section : in other

words, the effect is the same as if an addition had been made to the dead weight oi

the train, equal in the first supposed case to half, and in the second to three-

fourths of the weight of the train. Now, by referring to the table it will be seen

that the 18th train, weighing 59 '8 tons, required a vacuum in the tube eqnal

to 23 *6 inches of mercury; the power lost, therefore, in this case, will U

equivalent to an addition of a dead weight to the train of more than three-fourths

of the whole weight, or more than 45 tons. But the weight of the largest engine

with its tender on the Great Western railway we believe does not exceed :

tons, and it is stated that one of these engines would take 156 tons of gross

load at 45 miles per hour ; in this instance, therefore, the dead weight of tic

locomotive is only about five-ninths of that of the atmospheric, and constitutes

only one-sixth of the gross load ; whereas, on the atmospheric line, it is equal to

three-sevenths of the gross load. In the above calculation no account has been

taken of leakage, which would of course increase the amount of power lost.

Having given the results obtained on the Dalkey line, Mr. Stephenson

proceeds to draw a comparison between the working of the Atmospheric and

the other systems. As an example of fixed engines with ropes, he select* t) •

incline on the Birmingham line, between Cnmden Town and Euston Square,

because it presents a case which is similar to that at Kingstown; or, at all event*,

the disparities are not such as will materially interfere with the comparison

The following table exhibits the results of experiments upon this incline, with
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the calculations founded thereon ; observing that the friction of the several trains

is taken (as on the Dalkey line) at 10 Ibs per ton, added to the gravity due to

the average gradient.

TABLE OP EXPERIMENTS AT THE CAMDEN TOWN

STATION.

TRAIN. POWER ABSORBED BY

& & G

|L 1

H

j> &

1

Friction

1

rictionand
ofROJJ

rictionand
ofTrail

it

rain,exclud
pineandR

Is

?
I

m H H H £

Ibs per

Ton of

Train.

Horse

power.

Horse

power.

Ibs per
Horse

power.

Horse

power.

Per

Cenugc

of Total.

Tens. n, 11,3. Ton. of

Train.

as 350 740 24.1 58 13 7.0 71 116 39

40 400 845 21 . 1 67 16 7.0 82 127 36

45 450 951 18.7 75 17 7.0 92 137 33

50 500 1057 16. 8 83 19 7.0 102 147 30

70 700 1479 12.0 116 24 6. 5 140 185 25

60 900 1902 9.3 149 29 6. 0 178 223 20

110 1100 2324 7.7 183 32 5.6 215 260 17

Constant*.—Average gradient 1 in 106: length worked by rope '91 miles;

weight of rope 7 tons; area of both cylinders 2904 square inches ; velocity of

pistons 224 feet per minute; mean pressure on piston 2 -0 Ibs and 3 '0 Ibs per

square inch ; friction of engine 1 3 H. P. ; friction and gravity of rope 45 H. P. ;

velocity of train 20 miles per hour; friction and gravity of train 31 -I Ibs per

tan of train.

Mr. Stephenson then compares the fourth train in the last table with the

eighteenth train in the preceding table, being two cases which present the

closest analogy in the amount of their resistances and velocity. The loss of

power from working the rope, as shown in the table, is 30 per cent of the whole ;

but this must be increased in the proportion of the mean to the maximum

velocity, which in this instance is ascertained, from experiments made, to add

thirty-seven horse power to the loss, making the total loss by the rope on the

Boston incline 45 per cent, whilst on the Dalkey line the loss by the atmospheric

Apparatus is 74 per cent. This result is obtained with what may be regarded

u an average train on the Euston incline ; it is evident therefore that in this

particular instance the rope is considerably more economical than theAtmospheric

system. Assuming other weights of train, as the weight of the train is

diminished the proportionate loss by the atmospheric decreases, and the loss

by the rope augments; whilst by increasing the weight of the trains the

proportionate loss by the atmospheric is augmented, and that by the rope

u diminished. Comparing the atmospheric with the locomotive system, Mr.

Stepbenson admits, with light trains upon steep inclines and at considerable

velocities, the atmospheric system (in common with all systems in which

stationary engines are employed) may possibly exceed the capabilities of

locomotive engines ; but that if the loads he converted into equivalent loads on

a level, then the locomotives have the advantage. Thus, taking the experiment

No. 4 in the table of the Dalkey performances, (which he considers as indis-

• "L. II. 3 B
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putably the most favourable one recorded,) the load was 26 '5 tout taken up

an incline of 1 in 115 at a speed of 34 •/ miles per hour, which he shows robe

equivalent to 44 tons upon a level at the same speed of 34 -7 miles per hour ;

but this in much exceeded daily on many lines of railway, and especially by

the Great Western, and the Northern and Eastern. On along series of steep

gradients, extending over several miles, and where the nature of the traffic is

such that it is essential to aveid intermediate stoppages, the atmospheric system

would be most expedient; but if intermediate stoppages are not objectionable,

as in the cose of the conveyance of heavy goods and mineral trains on the

railways in the neighbourhood of Newcastle-upon-Tyne, the application of the

rope is preferable to the atmospheric system, as is fully established by the

comparison made between the Kingstown and the Euston inclines.

On the questions of expense of construction, and of working a long line of

railway, the report is equally unfavourable to the atmospheric system ; but upon

these points the arguments are necessarily based upon assumptions, as, from the

fact of the system not having yet been brought into operation on an extended

scale, no reference can be made to experience ; and the premises upon whicb

Mr. Stephenson argues #re so widely different from those assumed by the

advocates of the atmospheric system, that we cannot be surprised at the

enormous discrepancy of the conclusions at which they severally arrive.

In computing the cost of construction under the atmospheric system, its

supporters always assume that a single line will be sufficient ; but this Mr.

Stephenson does not admit ; on the contrary, he contends that the only HUM'

by which the atmospheric system can (if at all) meet the various exigencies of

ordinary railway traffic, is to employ a double line of tube : this at once double;

the actual cost of the apparatus, and at the same time disallows those claims la

economy of construction, founded upon the smaller quantity ofland required, and

the diminished size of the bridges and tunnels. We regret that our space will

not allow us to give at length the arguments by which Mr. Stephenson support]

his opinions, and that we must limit ourselves to his calculations of the com

parative cost of the system.

Mr. Samuda, modifying his calculations by his experience on the Dalkey

line, gives the following as his estimate of the cost for the apparatus, a*

applicable to such lines of railway as the London and Birmingham :—

COST PER MILE IN LENOTU.

Vacuum tube 15 inches diameter £1,632

Longitudinal valve, &c 770

Composition for lining, and valve groove 250

Planing, drilling, &c 295

Laying, joining, &c 295

Station valves, and piston apparatus 100

£3.3 IJ

Engine, 100 horse power, with pump, &c : £4,250

Engine house, chimney, &c 450

Total for 3£ miles 4,700

Cost per mile in length 1,345

Total cost per mile .... £4,6M

On this Mr. Stephenson remarks, " It will be observed, that Mr. Samuda

has only estimated for a single line of vacuum tube, and a single series, under

the impression that such an arrangement is adequate to meet every necessity ;

but from what has been said on this part of the subject, I think it is made

evident that such a limitation in the arrangements on any important line of

communication would be very inexpedient, to say the least : I have consequently

revised this estimate, and the following appears to me to be the minimum
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expense at which the atmospheric apparatus could be applied to any extensive

line of railway :—

COST PER MILE IN LENGTH.

Vacuum tube 15 inches diameter £7,000

Two engines, 250 horse power each, at 33,000 Ibs, with

pumps, &c. complete, at £25 per horse power .... 1 2,500

Engine house, chimney, reservoir or well 1,500

Total for 3£ miles H,000

Cost per mile in length 4,000

Total cost per mile . . . £11,000

" This amount exceeds Mr. Samuda's estimate very considerably, but the

cause has been sufficiently explained.

" The power of the engines that I have assumed may at first appear large,

but taking the engine on the Kingstown and Dalkey railway as our guide, it

rill be found, that the power reckoned upon does not exceed that which would

be required to ensure sufficiently high velocities, with only the average passen

ger trains which now travel on the London and Birmingham railway ; and we

must bear in mind that the atmospheric system involves the necessity of

employing very nearly the same power with light as with heavy trains.

" The engine at Kingstown may be taken at nearly 200 horse power, and

capable of moving a train of about 36 tons, upon a gradient of 16 feet per mile,

at 35 miles per hour. If we extend the length of tube to 3j miles, when the

increased leakage is added, the power required to move even such a load (which

is below the average load of the London and Birmingham traffic) at this velocity,

«ill be upwards of the 250 horse power, which I have assumed as requisite

and which makes the gross expense £11,000 per mile. *

" By referring to the half yearly statements of accounts of the London and

Birmingham railway company, it will be seen that the capital invested in

locomotive engines up to 31st December, 1843, was £171,974 17». 6d. For

ibe purpose of arriving at the whole capital actually invested under the head of

power, we must add locomotive engine stations for repairing &c. : this item is

not separately stated in the account, but we shall be safe in taking it at

t'150,000, making the total investment for power, £321,974. It must be

understood that I am not attempting here to comprise all the sums which might

come under this heading, supposing the accounts to be fully dissected, my only ob

ject is to make a comparative estimate, which is done correctly enough without

introducing such items as would be common to both systems. The comparison

of capital expenditure for power upon this basis on the London and Birmingham

railway, would stand thus:—

Locomotive engines and stations £321,974

Atmospheric apparatus for 111 miles, at £11,000 per

mile 1,221,000

making a difference in favour of the locomotive system, as far as capital in

power is concerned, of £899,026. This large disparity in the cost of the two

descriptions of power might, it is urged, be more than saved by a reduction in

the original cost of construction of the railway. This is partially true in the

case of the London and Birmingham railway, but not by any means to the

extent generally imagined.

" I cannot now attempt to enter into the minutiae of this part of the

subject, because it would involve a complete revisio'n of all the original plans,

and numerous considerations which could not now be fairly weighed. For the

purpose, however, of carrying out the comparison regarding capital in this

* Nr. Stephenson takes 33,OOOIbs as the standard of horse power, but Mr. Samuda takes
r-*,000 ; therefore, tbe engine which Mr. Samuda reckons at 100 horse power, Mr. Stephcn&un

^trnsalei AS 200 horse power, so that the actual difference in the estimate of the power required
••» eihiust tbe pipe is only as 100 to 125.
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particular case, we may suppose that a saving of £900,000 might have been

accomplished in the original design, by the application of the atmotpheric

system, still, it would only have been a transfer of expenditure from excava

tions, tunnels, and bridges, to steam engines and pipes; the ultimate capital

would thus hare heen the same.

" If we now take some other lines of railway, with the view of ascertaining

how far their cost could have been diminished by the application of the

atmospheric system, we shall find that as the surface of the country becomes

more favourable, the economy in construction entirely disappears, and when

we arrive at a perfectly plain country, such as exists in the eastern counties of

England, where few provisions are required in the form of excavation!,

tunnels, and bridges, the application of the atmospheric system would

certainly double the original cost where a double line of rails is employed.

The Grand Junction railway is a case where no reduction of original outlay

could have been effected, since the gradients already conform to the natural

surface of the country throughout a very large proportion of the whole line.

The adoption of the atmospheric system in this case would therefore hare

caused a very large augmentation in the capital of the Company, probably as

much as £8,000 per mile, being the difference of cost between the two descrip

tions of power."

Mr. Stephenson next proceeds to give an approximate statement of the cost

of working the two systems, excluding such items as are common to both ; bat

he observes, that " while the cost of the locomotive power is taken from the

accounts of the company,—the principal items, and only those, which may be

taken as certain in the cost of the atmospheric system, are taken into the

account in the comparative statement; in the latter, many minor expenses

in the absence of experience must unavoidably be omitted ; thus giving some

advantage in the comparison to the atmospheric system."

" The expense of locomotive power upon the London and Birmingham

railway for tne year 1843, was as follows :—

Wages of engine drivers and firemen £9,673

Coke 25,541

Oil, hose, pipes, and fire tools, pumping engines and water 4,099

Labourers and cleaners, waste and oil 4,194

Repairs of engines and tenders 12,521

Coals and fire-wood, expenses of stationary engine at

Wolverton, repairs of buildings, gas, and incidental

charges 3,172

Superintendent, clerks, and foremen's salaries, and office

charges 4,634

£63,834

" The expense of working the atmospheric system for one year, I estimate

approximately as follows :—

Wages of engine men 64 at 6». ) c,ne>«

„ stokers 64 at 3,. } *10.512

The same during the night 10,512

Coal, 172 tons per day, at Si 28,332

Oil, hemp, tallow, and repairs at 5 per cent, on cost of

engines 20,000

Superintendence, same as locomotive 4,634

Annual cost £73,990

This statement, in Mr. Stephenson 's opinion, sufficiently establishes the fact

that the cost of working the London and Birmingham railway, or any otbci

line with a similar traffic, by the atmospheric system, would greatly exceed

that by locomotive engines.
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Having concluded his observations upon the question of power, original

outlay, and cost of working, the two latter having reference chiefly to the

London and Birmingham railway, he proceeds : " I will now offer one brief

remark on the application of the atmospheric system to lines where the traffic

is of very moderate extent. The London and Birmingham railway having an

unparalleled traffic, it is one of the best cases, in a general point of view, to

which the atmospheric system could be applied. Let us now conceive it

applied to a case of an opposite character—for example, the Norwich and

Yarmouth railway, which has cost about £10,000 per mile, including stock and

erery appurtenance. This line passes over a country in which the application of

the atmospheric system could have effected no economy whatever in the formation

of the line, which has not exceeded a cost of £8,000 per mile. The applica

tion of a single line of the atmospheric apparatus would, in this instance,

have added at least £5,000 per mile, which upon 20 miles, the length of the

railway, would amount to £100,000. The mere interest of this sum, at

" per cent, is £5,000 per annum ; whereas, the actual working of this line,

including maintenance of way, booking offices, porterage, and all other

constant traffic charges, has been let for £7,000 per annum ; being only £2,000

above the bare interest of the extra capital which would be required to lay

down the atmospheric apparatus, an amount which would be quite inadequate

to meet the wear and tear of the machinery alone, leaving nothing to meet the

current cost of working. Here, therefore, we have a case where the country is

favourable, the original capital small, and the traffic moderate, where the cost

of the atmospheric system would he so burthensome as to render it totally

inapplicable."

Mr. Stephenson sums up in the following manner :—

1st. That the atmospheric system is not an economical mode of transmitting

power, and is inferior in this respect both to locomotive engines and stationary

engines with ropes.

2d. That it is not calculated practically to acquire and maintain higher

velocities than are comprised in the present working of locomotive engines.

3d. That it would not, in the majority of instances, produce economy in the

original construction of railways, and in many would most materially augment

their cost.

4th. That on some short railways, where the traffic is large, admitting of

trains of moderate weight, but requiring high velocities and frequent departures,

and where the face of the country is such as to preclude the use of gradients

tillable for locomotive engines, the atmospheric system would prove the most

eligible.

5th. That on short lines of railway, say four or five miles in length, in the

vicinity of large towns, where frequent and rapid communication is required

between the termini alone, the atmospheric system might be advantageously

applied. '

6th. That on short lines, such as the Blackwall railway, where the traffic is

chiefly derived from intermediate points, requiring frequent stoppages between

the termini, the atmospheric system is inapplicable, being much inferior to the

plan of disconnecting the carriage from a rope, for the accommodation of the

intermediate traffic.

7th. That on long lines of railway, the requisites of a large traffic cannot be

attained by so inflexible a system as the atmospheric, in which the efficient

operation of the whole depends so completely upon the perfect performance of

each individual section of the machinery.

Herapath's Report.—Mr. Herapath published a most able and searching

inalysia of M. Mallet's report ; but, from the great length we have already

devoted to this part of tne subject, we can do little more than notice hia

observations upon the amount of power expended in relation to the mechanical

effect obtained.

He observes that " the relative areas of the air pump, and of the tube, and

tie number of strokes made by the air pump per minute, being known, we
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obtain the length of main that could be exhausted in an hour, which U the rate

the load should travel per hour, if there were no loss from leakage. Again,

having the exhaustion of the main in inches of the barometer, and the

sectional area of the main, we get the tractive power, supposing there was no

frklion in the main. This tractive power multiplied by the velocity, gives the

dynamic effect (or momentum) which the atmospheric railway should have, if

there was no leakage or friction of the piston with its gear : hence, comparing

this with experiment, we get the waste of power employed, or the expenditure

to produce a given effect, independently of knowing the power of the engine*.

" We have shown that the air cylinder would extract 73.154 yards of the

main at every stroke, consequently, there being 22 strokes a minute, we have

73.154X22X60 .. aa. ., ,^r-^r = 54 . 865 miles per hour

for the velocity of a train, if there was no leakage at all. Either up hill, or on

a level, this velocity should be the same if the apparatus was perfect More

over, the sectional area of the main being 176.71 inches, and the pressure of

a column of mercury one inch high being 491bs., we shall have for the

pressure of an exhaustion of 24 . 75 inches—that at which the last experiment

(p. 492) was made,—176.71 X 49 X 24.75 = 2143. libs. But a ton of goods

going up an incline of .00719, gravitates backwards 16. lOlbs, and if the road

friction of the carriages is 81bs. per ton, we have 24. lib. for the tractive force

2143 1
to draw one ton up an incline of .00719. Therefore '.. = 88.923 ton.-.

Hence, the atmospheric should take 88 . 923 tons up the Dalkey incline, at the

rate of 54 . 865 miles per hour, but it only takes 71 . 4 tons at a speed of

15 . 92 miles an hour. Therefore, what the apparatus does do, is to what it

should do, as 71 . 4 X 15 . 92 : 88 . 923 X 54 . 865 : : 1 : 4 . 3. Thatis.

between friction and leakage, the useful effect is not a fourth of what it ought

to be, and this, it will be observed, is on the maximum effect of the plan."

On the subject of the cost of working the line, taking Mr. Bergin's state

ment, that the expense amounts to £1,171 per annum for the whole line, he

observes, that this is equal to £781 per mile, and gives the following comparative

view of the cost of motive power on the atmospheric and the locomotive systems.

Great Western locomotive £357

London and Birmingham ditto 575

Dalkey Atmospheric 781

Again, comparing the working expenses at Dalkey with those of the Camden

station, where fixed engines and ropes are employed, he computes the cost of

fuel and wages at Dalkey by the same scale as these items are charged at the

Camden station, and he makes the cost of the Dalkey line to be £1,950, £l,3u0

per mile. By the statement of Mr. Creed, the secretary to the London and

Birmingham line, it appears that the expenses of the Camden station for the

year 1843, amounted to £1,441, and the line being 1 mile 4 chains in length,

this is equal to £1,372 per mile.

Bergin's Evidence.—Mr. Bergin, the superintendent of the Dalkey line, in

his evidence before the Committee of the House of Commons, on the

Portsmouth atmospheric line, stated that the average consumption of ev

was 37 cwt. per day, and that the expense of working the line was £1,1"!

per annum, which he distributes as follows :

Coals, engine house and men £900

Piston, continuous valve, and men to attend the same . . 271

£1,171

which is equal to £670 per mile per annum. The cost of haulage he calculates

to be lOd. per train per mile.

Pilbrow's Atmospheric Railway.—Although, as we have shown, the result*

obtained on the Dalkey line are not universally regarded as in favour of the
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atmospheric principle, many eminent engineers contending that they decidedly

establish its inferiority to the locomotive system, it is clear, from the many

inventions which have since been brought forward in connexion with the

subject, that the principle of atmospheric, or at least pneumatic propulsion has

numerous partisans, who consider that all that is required to establish its

superiority is either new modes of applying the principle, or improvements in

the details of execution. From the interest excited by the subject we shall

proceed to notice a few of these inventions. We shall commence with Mr.

Pilbrow's atmospheric railway, the distinguishing characteristic of which is, that

the atmospheric main or tube is closed throughout its length ; the connexion

between the leading carriage on the rails ana the travelling piston inside the

lube being effected by a singular and extremely ingenious arrangement. The

apparatus consists of a cylindrical cast iron tube, having a covered rectangular

channel extending along its upper side. Along this channel, at intervals of about

30 feet, are fixed small square boxes, with standards to each to support a pair of

vertical spindles, placed one on each side of the channel. On the lower end of

each spindle, within the boxes, and on a level with the channel, is fixed a pinion

with oblique teeth, and to the upper side of the travelling piston is attached a

bar or rack with similar teeth on each side ; the progress of the piston brings

the rack between the wheels, and turns the spindles round with great velocity.

To the upper ends of the spindles are fixed pinions exactly like those below, and

to the leading carriage is attached a rack similar to the piston rack. This upper

rack lies immediately over the lower or piston rack, and gears into the upper

pinions ; the advance of the piston, therefore, by imparting motion to the upper

pinions, causes a corresponding advance of the carriage. Each rack is of

sufficient length to reach from one pair of pinions to another, and consequently

the racks are always in gear with the pinions on one pair of spindles.

The annexed cuts will help to render the foregoing description more in

telligible.

Fig. 1 . is a cross section of the atmospheric main, Fig. 2, a section at the

boxes, and Fig. 3. a longitudinal section of the main, with the piston and a

portion of the carriage racks ; a is the tube, and 6 the rectangular covered

channel extending along the upper side of the tube ; c c are the spindles, and

dd [he lower, and e e the upper, pinions fixed thereon ; / is a valve to admit the

air to the back of the piston, and g is the key by which it is raised ; A is the

piston, and k the piston rack which moves along the covered channel, and

gearing into the lower pinions gives motion to the spindles ; m is the external

rack which is attached to the leading carriage, and gearing into the upper

pinions, the carriage is impelled with the same velocity as the piston ; this rack

in its passage depresses the key g, which raises the valve /, by which the air is

admitted to the back of the piston.

Fig. 4 is a representation of the leading carriage with the whole of the

apparatus.

It cannot be denied that Mr. Pilbrow's arrangements exhibit great ingenuity

and skill, but experience is wanting to show how far the system is adapted to

meet the various exigences of railway traflic. The point on which failure is

most to be apprehended is precisely that on which the whole system depends,

viz., the mode of connecting the piston with the train. For the perfect working

of the plan each pair of pinions should stand in such position that the teeth of

the piston rack shall, on reaching the pinions, fall into the space between two of

the pinion teeth, instead of encountering the teeth themselves ; should the latter

event happen, the rack and pinions would be liable to become jammed, and a

fracture of some part of the apparatus must ensue ; but even supposing this

objection to be of no practical moment, still, when we consider the momentum

of a heavy train, which, moving with a velocity of 30 miles, comes in contact

vith the pinions, which are at rest, it is to be feared that the teeth of the racks

^nd pinions would soon be destroyed, or at least that a series of shocks would

-ike place, as the racks became engaged with the pinions in succession, which

11 juld prove highly unpleasant to passengers, and tend to check the velocity and

to increase greatly the wear and tear of the carriages. Should these difficulties,
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however, prove to be imaginary, or greatly overrated, we think it will be found

to possess many of the advantages over the Samuda system which Mr. Pilbrov

 

 

haa claimed for it in a pamphlet vrhich he has published. Among the leait

disputable of these advantages are the following:—
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1st As regards facility and economy of construction ; public roada may cross

the line on a level, whereby bridges are rendered unnecessary ; no cranes or

derated rails are required for taking carriages on or off the line, and different

linei of railway may cross each other at any required angle, (one tube passing

below the other tube,) which on Mr. Samuda's plan cannot be done. Mr.

Pilbrow further claims a saving as regard; the cost of his main, and also in the

difference of expense between the continuous valve and his spindles and pinions,

but we think tbia latter item more doubtful.

2d. As regards the loss of power from leakage . the piston valves are less

liable to leak than the continuous valves, as the former are ground into their

Maif, and they expose a less surface at which leakage can take place ; for the

pinion valve or seat is but about nine inches in circumference at the aperture

where the air is admitted, and there are but two of them to every 30 feet of

main=lj feet, whereas in the continuous valve the whole 30 feet is liable to

leakage ; hence, were the piston valves even to leak as much as the long valve,

nrface for surface, the leakage would amount to only one-twentieth of the

leakage of the continuous valve. From this circumstance Mr. Pilbrow assumes

that one engine to every 10 miles will be found sufficient, whereby the number

of engine establishments upon a line would be greatly reduced : but leakage

is not the only source of loss of power in the atmospheric tube ; the resistance

from the friction of the air in the tube is very considerable, increasing rapidly

wilh the length, and Mr. Herapath, from M. Mallet's experiments on the

Dalkey line, calculates that with a main 5J miles long, the engine could not

exhaust the main to one half of that which it would if only 1 .* mile long; and

'contends, therefore, that nothing is gained in applying this system by employing

longer mains than 1J mile, and is of opinion that mains of only a mile would

be more powerful, command greater loads and velocities, and prove on the

whole more economical.

Kerne and Nickels's Pneumatic Railway.—Messrs. Keene and Nickels have

patented a novel system of railway locomotion, which is founded on principles

stated not to have been hitherto applied to the communication of mechanical

motion. It differs from the atmospheric railway in this respect, that It. is

without travelling piston as in Clegg's and Samuda's, and without racks and

pinions as in Pilbrow's inventien : the carriage is propelled by the pressure of

air, with great velocity, and a tractive power is attained superior to that of the

corking models on the same scale of either of the atmospheric railways. The

following are the main details .

There ii laid under ground an air-tight chamber, or cast iron pipe, which

contains the moving power, air condensed by forcing pumps to about three

atmospheres : that is, the air in this chamber is compressed into one third of its

rolnroe under ordinary atmospheric pressure. Midway between the rails are

Uid longitudinally, at certain intervals, standing above the surface, squared

beams of wood, or iron, say from, twenty to thirty feet in length : the two

vertical sides of the beam are a little hollowed, and along these channels

on each side is placed a tube of an elastic air tight material, susceptible of

&tj expansion and collapse. The expansible tubes communicate by inter

mediate pipes, furnished with stop-cocks, with the reservoir of compressed air.

Such ire the fixtures of the apparatus. VThen, on the under side of the carriage

to be moved are two solid drums, fixed on vertical spindles, which run in

supporting collars, and these drums are so placed, that when the carriage

'nuving on its independent wheels upon the rails, passes over the horizontal

)**nM, they embrace the two vertical sides, and closely compress the lateral

elastic tubes, so as to leave no air passage beyond the point of contact. Now

imagine the carriage thus equipped to be stationary over that which we will

'.ill the interior extremity of one of the beams, from which point motion is to

begin. A stop-cock in* the connecting tube is opened, and instantaneously a

portion of the compressed air from the reservoir rushes by its expansive force

into the two lateral flexible tubes, and meeting resistance on the line of com

pression of the two drums, it drive* them, and consequently the carriage,

vot. n. 3 s
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forward, following them with the same propulsive energy to the other extremity

of the beam. By this action the carriage has aquired such a momentum, as to

carry it with the velocity required, onwards to the next beam, where the impulse

is renewed, and thus repeated through the whole length of the line. This is a

brief. description of the modus agendi of the system, which will enable the

general reader to comprehend in what manner compressed air with an acting

pressure of forty pounds to the square inch, admitted through a pipe not mart

than 1 .j inch in diameter, propels a carriage holding four persons with great

velocity.

 

THE CUT REPRESENTS A TRANSVERSE SECTION OP THE APPARATUS.

A A, Iron Flange forming the inside of the valves ; n B, Diaphragms composed of Leather-eanTui

and Gutta percha, forming outrides of valves ; c c, Pinions turning on axles D D ; s, Main pipe

containing compressed air ; r, Spring tube for admitting the compressed air from the main pipe i

to the interior of the va>ves ; o, Skate for depressing the spring tube ; H a. Gear for raising or

depressing skate; i i. Rods for supporting pinioDS.

The Gutta percha above mentioned is a gum lately introduced from Singapore,

it possesses properties which render it superior to caoutchouc ; it is uninjured by

heat or acids, is elastic, but possesses more tenacity; and at 212° Fahrenheit

can be moulded into any form, or two pieces can be kneaded together with

the fingers, and the joint made as strong as the original substance.

Ifallette't Atmospheric Railway.—We shall now briefly describe what ha»

been generally termed " Hallette's system of atmospheric railway ; " although.

strictly speaking, the system is not new, being in fact a combination of Mr.

Pinkus's two plans, and the improvements consisting of modifications pf different

parts of the apparatus, chiefly the continuous valve, the piston, and the mode

of connecting a pneumatic locomotive engine with the pneumatic main, as

proposed by Mr. I 'ink us in his patent of 1836. Mr. Hallette'a improvements

form the subjects of two patents in this country, which were taken in the name

of Mr. W. Newton. In his first patent Mr. Hallette employs a piston, travel
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ting in the air tube as proposed in Mr. Pinkus's first plan ; but the longitudinal

valve is on the principle of that proposed in Mr. Pinkus's second plan, already

described, in which the slit is closed by two elastic plates of metal, extending

the length of the tube; these plates in Mr. Hallette s plan being replaced by

flexible hose, filled with air or water, or a portion of both.

Fig. 1 represents a transverse section of the tube, and of the arm by which

tbe piston is connected with the leading carriage of the train ; Jig. 2 is a

longitudinal section of the tube and piston ; and Jig. 3 is a plan of the tube and

of the piston arm. a is the tube, having a slit or opening for the passage of the

 

piston arm, extending along its upper side, and strengthened below by a rib, 6.

Along each side of the slit extends a semicircular trough or recess c c, cast upon

the tube, and in each recess is lodged an air tight flexible tube or hose d d, filled

with compressed air, and any suitable liquid ; and the two hose lying in close

contact with each other close hermetically the longitudinal slit. The travelling

piston is composed of a short tube e, attached to a forked lever/, which receives

within its fork the hollow arm g, and is jointed thereto by the pin h. The

piston carries at its circumference two cupped leathers secured by rings at > i,

to form an air tight joint with the interior of the atmospheric main, and two

pieces of brass at * k, which fill up the breadth of the slit, and prevent the

passage of the air at that part into the vacuum in front of the piston. The

piston is open at the fore end, but at tbe back it is closed by hinge valves m m,

which are connected by rods to the lever n » (within the hoHow arm), by means

of which they can be raised when it is requisite to destroy the vacuum, in order

to prevent the advance of the train. The piston is fiee to turn upon the pin h,

being counterbalanced by the weight of the lever/, and the latter has several

1 ollars of stout leather, screwed up between two rings at o o, to deaden the
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conclusions which might arise from any irregularities in "the level of the not.

The hollow arm g, is made of wrought iron, and in its horizontal section h-

Uie form of a weaver's shuttle, as is shown in the plan. This arm is connected

to the leading carriage by a hinged clamp p, attached to a stout bar of wood),

secured to the under side of the frame of the carriage. The atmospheric tube

is not attached to the transverse sleepers which carry the rails, but is supported

upon a number of vertical posts s, driven into the ground midway between uie

rails, and having a notch in the upper end to receive the rib of the tube, and ii

it steadied laterally by chairs t, bolted to the sleepers.

Mr. Hallette's second plan resembles in principle that of Mr. Pinkus, in

which a pneumatic locomotive was substituted for a steam locomotive, the pneu

matic engines communicating with the pneumatic main, in which a vacuum

was to be maintained ; but Mr. Hallette proposes, instead of [a vacuum, to cir •

ploy compressed air. Mr. Hallette's chiefimprovements in the details of the pltn

consist, firstly, in the valve or apparatus for closing the longitudinal opening in

the tube; and secondly, an apparatus whereby the locomotives may be supplied

with compressed air, without creating too much friction, and thereby injuring

those parts of the longitudinal valve with which the instrument comes in contact.

The accompanying figure re- ,

presents a transverse section of the W

pneumatic tube, and the connect- c I

iug apparatus a, is the pneumatic

tube, formed of sheet iron, and

supported by chairs b. The lon

gitudinal groove is closed by

means of two long cushions, c, the

surfaces of which, when at rest,

are by their own elasticity main

tained in close contact with each

other, and thereby prevent the

passage of air between them, ex

cept when forced apart for the pur

pose of allowing the compressed

lir to enter the locomotive en-

:ines. These cushions are made

if leather, and filled with a

composition of gelatine and mo

lasses, or any other suitable com

pound ; and the edges of the

tube are pinched between the

doubled-over edge of the tube,

and an iron band, d is a hollow

disc, from 3 to 5 feet in diameter,

and in its transverse section resem

bling a double convex lens. It is

mounted on hollow axles rj, which

work in stuffing boxes, attached

to the locomotive, and form a

communication between the disc and the locomotive engines. Netf Iks

periphery of the disc are a number of small apertures e, closed on the inside by

valves of soft leather /. The tube being filled with compressed air, and ttw

disc being inserted between the cushions, the air will force open the valves /,

and instantly fill the disk with air of the same density, and as the disk revolve*

and finally passes out into the atmosphere, the compressed air within the disc

closes the valves, /, in which it is assisted by a spring. As the engine advance*

along the rails, the disc revolves between the cushions, which recede as it

advances and close upon it behind, so as to preclude the escape of the com

pressed air within the tube, into the atmosphere ; and to reduce the friction

between the disc and the cushions, the latter are lubricated with a mixture of

suet and powdered talc. The pneumatic tube is divided'into lections of about
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140 yards long, and at the end of every section, a yard or two, with its cushions,

is doped down to the revolving disc, to enter and leave the tube more gradually.

We conclude our account of the atmospheric modes of propulsion, by a de

scription of Taylor and Conder's patent electro-magnetic railway. This invention

consists in the application of electro-magnetic power, to connect the piston car

riage of a train with the driving piston within the tube. Fig. 1 is a longi

tudinal section, and Fig. 2 a cross section of an atmospheric railway tube,

Fig. 1. .

 

and piston carriage, showing the 'manner in which the connexion is effected.

' is the tube, in the top of which there is a longitudinal slit or opening as usual,

but much narrower ; c is a continuous air tight cover which is bolted down upon

the longitudinal slit. The tube I is of iron, but the cover c is made of copper,

brass, or some other substance not susceptible of the electro-magnetic influence,

and bolted to the tube by copper bolts ; d is the driving piston, which consists of

two end discs d d, of the same diameter as the interior of- the tube (or nearly

so), connected by a rod r, which carries (as here shown) four upright square

pieces a a a a, called armatures, which project upwards through the top slit in

the tube, and fit into the square space within the cover c. These armatures

are made on the upper part of some substance not susceptible of the electro

magnetic influence, as brass or wood, but capped at the top by pieces of iron,

secured by copper bolts, p is the piston carriage, to the bottom of which there

is attached (instead of the usual piston connecting rod) four electro-magnets

■: si ji m of the peculiar form shown in Fig. 2, each of which presents its two

extremities or poles to the sides of the cover c. The power of the magnets

may be increased by inclosing them in a tube or case of iron, leaving the extre

mities or poles open, g is a galvanic battery placed in the piston carriage, and

which may be of any approved form and of any required power ; w w are

wires by which the battery is connected with the electro-magnets m m m m.

The mode of action is as follows. Motion being given to the piston by exhaus

tion (more or less) from the tube of the air in front of the piston, and the

magnets being at the same time connected with and excited by the battery, the

magnets act by induction on the iron armatures aaaa attached to the piston

rod, as they come within the sphere of their attraction, (the cover c offering no

obstruction to that attraction, as it is of a substance not susceptible of electro

magnetic influence,) whereby the magnets and the armatures become virtually

coupled together, and draw along with them whatever carriages may be at

tuned to the carriage which holds the magnets and battery. When it is desired

to disconnect a train from the piston, this is effected instantaneously, by discon

necting the wires of the battery from the magnets. Instead of using one

electro-magnet for each armature of the form before described, two ordinary

horse-shoe magnets may be employed, care being taken that the positive pole

of tbc one magnet shall be placed opposite the negative pole of the other.
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To allow air to pass through the piston as may occasionally be required, the

discs d d of the piston are provided with valves e v, which are respectively

connected to vertical iron spindles *, which terminate within the cover t

immediately opposite small electro-magnets n n affixed beneath the carriages ;

Fig. 2.

 

so that when it is desired to open either valve, all that is necessary is to excite the

magnet which commands the spindle of the valve (by connecting it to the

galvanic battery), on which the magnet will draw the spindle upwards, aod

thereby open the valve.

Saxton's Differential Pulley.—A very ingenious proposition for making use

of the power of a horse, moving at his slow working pace, to communicate a

high velocity to carriages upon a railway, through the medium of a ne»

arrangement of pulleys and ropes, was invented by Mr. Joseph Saxton, cf

London, for which he obtained a patent, on the 20th June, 1833. The inven

tion consists in the application of pulleys of different diameters, termed

" differential pulleys;" the principle of the action of which will be compre

hended by the following illustration :—

Fig. 1 (in the opposite page) represents a combination of two pulleys, their

diameters being as (j to 7 ; a being the larger pulley, and b the smaller one;

c d is an endless rope, passing over the sheaves e e ; the part c of the endless

rope first takes a turn round the larger pulley a, and the part d also takes a

turn round the smaller pulley b. If then the rope d be moved in the direction

of the upper arrow, it will draw the lower part of the pulley b in the same

direction ; meanwhile, the part c of the endless rope will be moving in the

direction of the lower arrow, and will move the lower part of the pulley a in

the same direction with this part of the rope ; consequently, the two pulleys

a b (which are fixed together) would turn on the mean point /, as a fulcrum:
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g is the centre of the two pulleys. Let it trim be supposed, that the part d

of the endless rope be moved from h to «, it will be evident that the centre

■; of the differential pulleys a b would be moved to the pointy, and, conse

quently, if any object were connected to the centre g of those differential

 

pulleys, it would be propelled from g to j, by the endless rope c d being

moved the much smaller distance of A to t, indicated by the dotted lines ; and

:hese distances will be as 13 to 1.

tig. 2 represents the contrivance applied to an ordinary carriage, having four

wheels, as usual, two of which, k k, are shown, a and b are the differential

pulleys, placed on an axis g (see Fig. 3) ; m is a frame which carries the

Fig. 2.

 

Fig. 3

differential pulleys, and turns in bearings n n, affixed to the carriage. The pro

jecting arm m is forked at the outer end, as shown in Figs. 2 and 3, at o o ;

and the forked ends serve as bearings to the axle g of the

differential pulleys, the pulley a being permanently fixed

•o the axle g, whilst the pulley b is capable of turning

loosely on this axis, when it is not retained by the pin q,

which locks the two pulleys a and 6 together at the times

required. By disconnecting these pulleys, the power will

00 longer tend to drive the carriage. R (Fig. 2) is a lever,

turning on a fulcrum S : the upper end of this lever is

formed into a handle, and placed under the control of a per

son sitting in front of the carriage ; the other end of this

lever receives the flanch of a sliding socket / within it, as

>hown in Fig. 2 ; « is a bent lever, having its fulcrum at v,

on the forked frame o, as shown in Fig. 3. One end of

tWj cranked lever u has a crotch, which receives the flanch I

of the sliding socket ; and the other end of the lever w has

«so a crotch to slide the socket to, on the axis g, backwards and forwards ;

1 is an arm, fixed to the sliding socket w, and carrying the pin q, hy which the

»heel» b are fastened together : a spiral spring is placed on the pin q, to force
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it in, when a part of tne pulley which is cut away comes opposite to the bolt;

there is also a spring to prevent a sudden concussion. In Fig 2, e a is an

endless rope, the part c taking a turn round the pulley a, and the part d taking

a turn round the pulley 6, as described in Fig. 1. This endless rope is sop-

ported, at proper intervals of the road, on sheaves, and passes round a rigger at

each end, to which is attached an apparatus for preserving it sufficiently tight

Now suppose the pin q to be passed through the two pullej s a b, tc retain them

together, and the endless rope d be moved in the direction of the arrow, •

similar action will take place to that described in Fig. 1 ; that is, the carriage

(being attached to the centre g of the differential pulleys a and 4) will be pro

pelled forward on a railway with a much greater velocity than the rope travels;

and the distance so travelled by the carriage, in comparison with that through

which the rope moves, will depend on the differences of the diameters of the

pulleys a b ; and the nearer the respective diameters of the pulleys approach

each other, the greater will be the relative velocity the carriage will travel, to

the velocity with which the rope moves. In order to prevent the twoparts of

the rope rubbing against each other, in leading on and off the differential

pulleys, the axis g of these pulleys is placed at an angle a little varying from a

right angle with the direction of the motion of the carriage.

Fig. 4.

 

Fig. 5.

 

Figs. 4 and 5 show two different applications of the invention from that

shown in Fig. 2 ; for in these instances there is only one pulley, whilst the two

front or two back wheels of the carriage act the part of the other pulley. In

Fig. 4, a is one of the front wheels of the carriage, which also acts as the larger

pulley ; 6 is the smaller pulley, and is the only one around which the rope c i

passes ; the wheels a, and the pulley b, being on the same axis g, which runs

from side to side of the carriage, and turns in bearings affixed to the carriage.

In this arrangement the point /, at which the wheels touch the rail, becomes

the fulcrum on which the wheel a turns ; and it will thus be evident that if the

rope c d be drawn forward in the direction of the arrow, a similar effect will be

produced as described in Fig. 2, and as shown in dotted lines in Fig. 4. Never

theless, if the wheels and pulleys a and b be of the same relative diameters u

those in Fig. 2, the carriage at Fig. 4 would only be propelled at the velocity of

seven to one, owing to the fulcrum, at which the wheels a turn, being removed

from the mean point/. Fig. 2, between the two diameters, and placed at the

extreme end of a radiating line, drawn from the centre of the wheel a to the

point at which it touches the railway. In Fig. 5 the rope is passed around the

pulley a, which is the larger, whilst the carriage-wheels act the part of the

smaller pulley b, the pulley a and the wheels b being on the same axis g. In

order that the pulleys in this arrangement may stand at an angle for clearing
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the rope, the axle g is formed of three parts, connected by universal joints;

and one of the wheels 6 thus travels a little forwarder than the other, and thus

the rope will clear itself. And it should be observed, that in both these ar

rangements, the pulley around which the rope passes it to be made capable of

being disconnected from revolving with the axle as described in Figs. 2 and 3.

In the arrangement, Fig. 5, the fulcrum /, on which the wheels turn, is the

point at which the wheel b touches the rail or road; and the difference in the

arrangements. Figs. 4 and 5, is, that the power in Fig. 4 is applied by the rope

between the fulcrum/, and the centre g, of the wheels or pulley a 6, where the

weight to be drawn is attached : whilst in Fig. 5, the fulcrum is between the

centre of the pulley and wheels a; consequently, the arrangements differ in the

order of leverage, and, in this instance, will be as six to one. In these two last

arrangements, the rope c d may be either an endless rope, as described in Figs.

1 and 2, or the rope may be single, and, taking a turn around the pulley a or 6,

i> to be wound on a drum at each end of the distance which is to be run by

one length of a rope.

Badnall's undulating Railway.—A very singular and interesting proposition

lias been made bv Mr. Richard Radnall, for travelling upon undulating lines

of railway in preference to straight or level lines, with the view of saving

locomotive power, by the application of the natural force of gravity in the

descent, so as to obtain a great momentum in making the succeeding ascent.

ilia plan is best explained by himself in the specification of a patent, dated the

Sth of September, 1832, which he obtained for that object.

"If a plummet suspended by a string, (as in Fig. 1 in the annexed engrav

ing,) from tlie point z, be drawn away from the perpendicular line to the point

u, and there let go, it will fall by its gravity to 6, in the arc a b ; but, in its

Bg. 1.

 

Fig. 2.

filling, it will have acquired so much momentum, as will carry it forward up

to a similar altitude at the point c.

" Let it be supposed that a line of rails, or tram-way for carriages, be so con

structed from the summit of two hills, a9 Fig. 2, across a valley, that the descent

from one hill, as o, to the valley 6, shall subtend a similar angle from the hori

zontal line to the ascent up the other hill from b to c. Now if a train-waggon,

u d, be placed at the summit of the declivity a, it will, by its gravity alone, run

down the descending line of rails, to the lowest point b ; but in so running,

according to the principles of the oscillating pendulum, it should have acquired

a momentum that would carry it forward without any addiiional force up the

wending line to the summit of the hill c, being at the same altitude as the

hill a. It is quite certain that this would really take place if the force acquired

by the momentum was not impeded by the friction of the wheels of the carriage

upon their axles, and upon the rails on which they run. Hence, subtracting

'he amount of friction as a retarding force from the momentum which the car

riage has acquired in descending from a to 4, it will be perceived, that the force

of momentum alone would only impel the carriage part of the way up the

VOL. II. 3 T
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nscent 6 c, say as far as 2. It must now be evident, the carriage d would not

only pass down the descending line of road from a to & by its gravity, but that

the momentum acquired in the descent would also impel it up the second hill

as Car as z, unassisted by any locomotive power. In order, therefore, to raise

the carriage to the top of the second hill, 1 have only to employ such an impel

ling force as would be sufficient to drive it from z to c, the whole expense of

locomotive power for bringing the carriage from a to a being saved. If now I

employ a locomotive power to assist in impelling my carriage from a to i, 1,

by that means, obtain a greater momentum than would result from the descent

of the carriage by gravity alone, and am enabled by that means to surmount

the hill c, having travelled the whole distance from a to c, on the undulating

line of road, with the exertion of much less locomotive power than would have

been requisite to have impelled the carriage the same distance upon a perfectly

horizontal plane." Having thus explained the principle of his invention,

Mr. Badnall claims the formation of tram and railroads, with such undulating

curves as are adapted to his object. This invention has been the subject of

much able controversy in the Mechanics' Magazine, and some other public

journals, of which our limits render it impossible to give any account. The plau

sible arguments which were raised in support of the inventor's theory, led to some

public trials on the Manchester and Liverpool railway ; which, although con

clusive as to its inefficacy in the minds of most persons who doubted before, has

apparently had the effect of continuing the patentee in his prepossessions of its

utility.

Rope traction.—'Blackwall Railway.—On the Blackwall railway the traffic is

carried on by means of ropes worked by stationary engines, erected at each end

of the line. This system has been adopted on account of the number of inter-

mediatestations along the line, the line being only about 3J miles long, and having

five intermediate stations. And had locomotives been employed, the time lost

in stopping and starting the trains would have exceeded that occupied in tra

versing the lines. The line is worked as follows :—supposing the train to be that

which is passing from London to Blackwall; at each of the intermediate stations is

one or more carriages, for the conveyance of the passengers from those stations to

the Blackwall terminus, and at the London terminus is ranged what may be

termed " the train," consisting of one or more carriages for the Blackwall ter

minus, and one or more for each of the intermediate stations ; the Blackwall car

riages being the first in the train, and those for the intermediate stations being

ranged in the order of the proximity of the stations to the Blackwall terminus.

The several carriages being attached to the rope, the engine at the Blackwall end

of the line is put in motion, and the carriages from the intermediate stations

arrive in succession, at intervals, at the Blackwall terminus; the carriages, being

detached from the rope (without stopping the rope) as they successively arrive

within a certain distance of the terminus, and being stopped at the proper point

by a powerful brake attached to each carriage. In like manner the carriages

for the first intermediate station from London (and which carriages will be the

last in the train) will be detached from the rope as they arrive within the

prescribed distance from the station, and so on with the carriages for the

remaining stations, until the leading carriages from London arrive at the Black-

wall terminus, which completes the operation, and the rope is then stopped.

This system of working the line has the advantage of delivering the passengers

at each intermediate station without detention to the other carriages, but it is

attended with this inconvenience, that the intermediate stations have no com

munication one with the other, but only with the termini : for instance, a person

could not proceed from Stepney to Poplar, but would have to go on to the

Blackwall terminus.

The accompanying figure represents the apparatus for attaching the carriager

to the rope, which combines the advantage of a powerful grip with a ready

means of casting off the rope, a is a forked lever turning upon a fulcrim at

6, at the fore end of the carriage, and carrying within the fork the hanging

clutch or nipper c; d is a pinion supported by the lever o, and working in a
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toothed standard e, which is bolted to the frame of the carriage ; by turning this

pinion by means of the handle/, the lever a can be raised to any required

position, and may be retained therein by the pall g, which takes into the teeth

of a ratchet, h, cut on the back of the standard e : i is the traction rope, k a

block of wood attached to the under side of the carriage, against which the rope

 

r  

it firmly jammed when in action ; m, i> a forked cheekpiece attached to the side

of the block to prevent the rope flying off laterally. When the rope is detached,

the apparatus assumes the position indicated by the dotted lines. To attach the

carriage the rope is lifted on to the claw of the nipper, which is then thrown into

a vertical position, and the lever a is wound up until the rope is bound firmly to

the block, and the pall g is put down. To release the rope, the pall is thrown

back, and the lever a falls into a horizontal position, and the nipper being thrown

into the inclined position shown by the dotted lines, the rope is thrown off.

The railway is worked by two pairs of stationary engines, of 400 and of 200

horse-power respectively, at the Minories and Blackwall termini. The ropes

are not worked on the plan of endless ropes, but there are two distinct ropes,

one to each line, extending along the length of the railway, guided by grooved

pulleys, and coiled round drums, twenty-two feet in diameter, situated at each

end of the line, and worked by the engines; the one drum giving out the rope

as fast as the other winds it up, so that each rope is twice the length of tne

railway. The drums are formed like sheaves, or .pulleys, with a very deep

groove, which becomes gradually narrower as it approaches the centre, so that

the rope, when coiled upon the drum, forms numerous layers ; and this tends in

tome measure to equalize the load upon the engines ; for, at starting, when

the number of carriages is greatest, the virtual diameter of the drum is least,

and the advance of the train during a revolution of the drum is, consequently,

least; but, as the train advances and becomes lighter, by a portion of the

carriages being detached as they successively arrive at the intermediate stations,

the virtual diameter of the drum is increased by the additional layers of rope

it has received, and the speed is consequently proportionately increased. The

carnages run each way upon each line; and the signals for starting, and the-

general working of the train line, are given by the electric telegraph. At first,

hempen ropes were employed, but, owing to the inconvenience and delay
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occasioned by their frequent breakage, wire ropes, with swivels at given

distances, have been substituted; and now, in about 2,000 journeys each way

per month, not above two fractures occur. The wire rope now used is formed

of six strands laid round a hempen core, and each strand is composed of six

wires, also laid round a hempen core. In a paper by Mr. A. J. Robertson, read at

the Institution of Civil Engineers, it is stated, that the power to move the rope

alone was about 200 horse power, for a hempen rope, and with the wire rope,

on account of its greater weight, it required about 250 horse power. The

expense of w.irking the engine and rope is stated to be about fourteen-pence

per train per mile, but the author observes that the question of expense must

not be considered abstractedly ; it must be remembered that the traffic could

not be carried on at the requisite speed by locomotive engines if they had

required to stop seven times in 3^ miles,—it was, therefore, a question, whether

the system of rope traction, by which the traffic could be carried at a given

speed, or whether the intermediate traffic, should be abandoned. The latter,

commercially speaking, could not be done, and the rope system is therefore

persevered in.*

Farrell's Patent Archimedean Railway.—This invention' appears to possess

considerable originality as well as ingenuity; but whether it can be made to

work on the great scale, as well as we are told it does in the model, is a question

upon which great doubts will be entertained, until experience shall decide it.

The patentee distinguishes his scheme from all other plans of propulsion on

railways by the term Archimedean ; and he designates his chief movement the

" screw propeller." Both these terms are calculated, in our opinion, to impress

an erroneous idea. We should rather describe it as a helix of uniform obliquity,

not connected solidly to the axis (as screws are), but with a space of about

eight inches between one and the other ; the connexion between the two being

effected by a series of radiating arms, at about three feet distance apart through

out the entire line of railway. The annexed diagrams will make this con

struction quite clear.

Fig. 2. Fig.\.

 

The above Fig. 1 is an end view of the helical propeller, and Fig. 2 is a side

or longitudinal view. In the centre 1 1 is represented the tubular axis; 2, 3,

4, and 5, are the arms of the propeller, and 0 shows the helix, winding round

the axis. These parts are very nearly in their true proportion : it is intended

to make the propeller in twelve feet lengths, and the diagram shows one of

such lengths throughout which the helix makes but a single revolution. Thus

every revolution of the screw is designed to propel the train of carriages twelve

feet along the rails. Having premised thus much to explain the construction of

the "Archimedean screw," we shall avail ourselves of the patentee's specification

in our further description, which has reference to the engravings which follow.

" This invention consists in the use and application of a screw, a b c (.Fig. 3

subjoined), which is called the " screw propeller," for the purpose of locomotion

on railways, nnd by means of which the moving power is communicated to the

trains. This screw is laid down continuously in the middle ofthe track, and is fixed

in the direction of its length, but caused to revolve upon its axis by steam or

any other power communicated to it at proper intervals,—say every three miles

along the line. This screw may be of any given diameter, say from eighteen

to twenty-four inches, formed in lengths of from twelve to fifteen feet each,

and consists of a shaft a of cast or rolled iron tubing, four inches in diameter,

supporting by means of wrought iron arms b b, keyed on to the shaft, a rolled

* Since the above was written, it lias been decided to discontinue the ape of the ropes, as.4 U

substitute locomotive engines for them.
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iron spiral c, which' is holted to the ends of the arms; the construction is such

as to afford perfect confidence in its strength for its intended purpose. The

Fig. 3.

 

lengths of shafting are connected hy couplings, that allow a sufficient play to

meet any accidental irregularity in the line, and also to permit them to be laid
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down on the quickest curves that are allowable on railways, with scarcely any

calculable amount of friction : each length rests on turned bearings, in proper

metal pedestals e, secured to the cross sleepers of the railway. The power is

communicated to the screw a b c by means of spur wheels, fixed on one end of

each line of shafting of one and a half mile in length, which is situated so as to

drive two such lines, that is, one in each direction from it, and the gearing is

so contrived as gradually to bring the screw propeller into motion, and also to

transfer the power from one line to the other without stopping the train.

The motion of the screw propeller is communicated to the trains by means of

a pair of wheels or rollers g g, so attached to the frame-work of the leading

carriage of the train as to bear upon the rim a, spiral rail c,_ that forms the

thread of the screw, one wheel being at either side of the axis of the screw ; the

position and arrangement of these wheels g g is such, that while one is pro

pelled by being borne against by the thread of the screw, and carries the train

forward, the other acts as a check wheel, and prevents the train from moving

with an unequal motion, or running forward by acquiring acceleration ; and

the screw propeller being capable of acting in both directions, when the

motion is reversed, that which before acted as a check wheel becomes the pro

pelling wheel, and vice versa.

These wheels g g, which form the only connexion between the trains and

the propeller, are perfectly under the control of the conductor, who, by turning

the handle h of the vertical screw i, compresses the wheels g g, when he thinks

it necessary, with more power upon the screw propeller, or in a moment dis

engage them from it, and having done so, can instantly apply the break, by

continuing the same movement of the vertical screw i, which causes the nut «

to press the cross beam m upwards, and bring down the break by means of the

suspension rods o o, upon the bearing wheels. Thus, the train may be stopped

at any points, without interfering with the motion of the propellor.

In addition to what has been already

described, there is a provision in this

invention, for dispensing with the flanges

on the bearing wheels, and also for con

veying intelligence or signals from

station to station. This arrangement

is shown in the subjoined diagram, Fig.i;

in this case, the bearing saddles e, are

triangles the full height of the propeller,

and a guide rail k is laid the whole length

over the propeller ; this rail is made of iron

tubing, in lengths equal to the propeller,

and fastened or screwed into sockets cast

on the apex of the triangular bearing

saddle e; against the guide rails, the friction rollers / / run, and the flanges on

the bearing wheels are thus dispensed with ; the rails may then be reduced to

a flat iron bar. It is proposed that signals be conducted through the tube k

from station to station.

The annexed figure is added, to explain

the means of connecting the spiral c to the

arms 6 of the propeller ; the latter has a

flange turning at right angles, through which

a rivet is passed, as well as the spiral r,

when they are both strongly united by

riveting.

The advantage proposed to be derived from

this invention, are, economy in the construc

tion of railways, from the facility it affords for ascending inclined planes of

almost any angle, and the consequent reduction of cuttings, embankments,

bridges, &c. ; also, in.the use of light rails instead of the heavy rails required

for the locomotive system ; and in the use of lighter carriages than those at

present in use, and hence, less useless load.
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Economy of power for locomotion, by the use of fixed engines, or water

power in place of locomotive engines, and the consequent avoidance of the

expense of erection and support of those costly establishments required for the

latter.

Safety to passengers, by collision or the running of the trains off the rails

being rendered impossible.

Before proceeding to give an estimate of the expense of construction, or of

power for locomotion, on this system, it may be well to consider for a moment

the amount of friction due to such a line of shafting as I propose, and also its

power of resistance to tortion.

On the subject of friction, a good deal has been written, and many experi

ments are recorded, but I prefer taking my data from actual observation: I have

therefore made several experiments on different lengths of shafting, some very

favourable in their results, and others the reverse ; the most unfavourable was

one consisting of four different lengths at right angles to each other, and

coupled by bevel-wheels; the result was something less than the -f^thof the load,

or ll'Dibs. to the ton. I take this, being the least favourable, as the standard

from which the following calculations are taken.

The weight of a mile and a half of the screw propeller, including gearing,

will not exceed 80 tons, which at 1201bs. to the ton, leaves 9,600lbs. as the

amount of friction ; the bearings are 3 inches, and the pinion on the end of

the shaft to which the power is applied 18 inches diameter, or as 6 to 1 ; there

fore the power required to turn a line of shafting 80 tons weight, from a state

of rest, applied at the periphery of the 18-inch pinion is l,6001bs., or Jth of

9,600lbs. The shafting is proposed to be formed of iron tubing, 4 inches

diameter, and half an inch in thickness ; the weight found by accurate calcula

tion, and proved by experiment, as sufficient to twist such a shaft if applied to

the periphery of an 18-inch pinion fast on it, is 22,196lbs. ; now, as half the

breaking weight may be applied, without producing any deflection, we have

a shaft to which we may apply ll,1001bs. at the periphery of an 18-inch wheel,

with perfect safety, without producing any tortion whatever. Now the power

required to turn a mile and a half of screw propeller, from a state of rest, is

J,b00lbs., which is about |th ofthe power that may with perfect safety be applied

to the 18-inch pinion, or, in other words, the shafting might be extended to

seven times the length I have proposed without being subject to any tortion

whatever.

With respect to the applicability of this system to curves, let us suppose the

propeller to be laid down on a curve of 1,320 feet, or one quarter mile radius,

and the shafting in lengths of 12 feet, it is evident that each length of shafting

will form the base of an isosceles triangle, whose sides are 1,320 feet and base

12 feet, or as 110 to 1.

On calculating the angles at the base of this triangle, it will he found that

the friction of the couplings, which are 3 inches diameter, will be something

less than ^j-th of an inch, or -r^th part of 3 inches.

Again, although the curve is formed of a series of straight pieces, 12 feet

long each, yet as the versed sine of the arc of which the 12 feet length forms

the chord is but a small fraction more than one quarter of an inch, it will be

seen that so small a deviation from the curve cannot be so much as felt in

practice.

With respect to the power required for this system, it has been shown that

1,600 lbs. applied to the periphery of an 18-inch pinion will be sufficient to

overcome the inertia of a mile and a half of propeller, and set it in motion,

round its axis. Now suppose the pitch of the screw to be 12 feet, then every

revolution it makes on its axis impels the train 12 feet, and 154 revolutions per

minute will impel the train at the rate of 2 1 miles an hour ; to obtain this speed

we require a spur wheel 5-J- times the diameter of the pinion, or 8 feet 3 inches

in diameter, making 28 revolutions in a minute. If this spur wheel is turned

by a 2 feet crank, the radius of wheel being 4 feet lj inch, it follows, that in

order to apply u power equal to 1,600 lbs. at the periphery of the spur wheel,

we must apply twice and one-sixteenth of that power, 3,300 lbs., to the crank ; this
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power would be afforded by a condensing engine, 24-inch cylinder, 4 feet

stroke, and making 28 strokes per minute, or 18 horse power.

The foregoing calculations are made without any reference to the provision

spoken of, for bringing the propeller gradually into motion ; but as such pro

vision is made, and it is known that half the power that is required to set a

machine in motion is sufficient to continue that motion, we may safely cal

culate on one half the power above stated, or 800 lbs., as available for the purpose

of propelling the trains. Now, as the circumference of the pinion is 4 feet 6

inches, and the pitch of the screw 12 feet, the effect will be as 4| to 12, and

taking the friction of the train as 9 lbs. per ton, we have a power equal to tlie

propulsion of 33^ tons, or eight loaded carriages of more than 4 tons each ; but

as one of the great advantages this system possesses over any other, is the

facility it affords for transmitting a succession of trains at very short intervals,

provision may thus be made for the most extensive traffic without increasing

the engine power : for instance, a train capable of carrying 50 tons on the

present system, could he divided into four trains of five or six. carriages each,

at ten minutes intervals, an arrangement by which 900 tons of goods, or 12.9K0

passengers, might be conveyed in a day of twelve hours, and the expense of

locomotion not exceeding six shillings per day, as may be seen by the following

estimate, which includes interest on capital sunk in engines, engine-houses, and

machinery, and the daily expense of locomotion.

Estimate of one mile of screw propeller. £ «. d.

33 tons cast iron shafting, including the bearings and

fitting the coupling joints, at £10 330 0 0

17 tons, wrought and rolled iron, in arms and spiral,"

the arms driven on hot and keyed, and the spiral

secured to the arms with hot rivets, at £17 10*. . . 297 10 0

10 tons of cast iron, in saddles or pedestals, by which

the propeller is supported, at £7 70 0 0

1 ton of wrought iron in screws, pins and keys ... 20 10 0

1,760 yards of screw propeller laid down for fixing,

bushings and sundries, at 1.?. 6d. 132 0 0

£850 0 .0

Estimate of power for locomotion on three miles ot

double line of railway.

1 steam engine, 20 horse power, or two 10 horse

engines, including gearing, at £30 £600 0 0

Engine house and sundries 250 0 0

£850 0 0

Interest on £850, at 5 per cent, per annum .... £42 10 0

Coals for one 20 horse engine, working 12 hours per

day, 365 days at 8». per day 146 0 0

Attendance, wear and tear, and sundries 150 0 0

Apparatus connected with the carriages ..... 50 0 0

13»8 10 0

64 15 0

Interest on £850, the first cost of propeller at 5

percent 42 10 0

Total annual expense of one mile . . £107 5 0

Thus the total expense of locomotion for a single mile for one year is £107

5 j. Od. not quite 6 shillings per day of 12 hours. The foregoing estimates,

show the expense of the system, as applied to any part of the present railways ;
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but in any new railway formed with reference to the application of this system,

the saving on the rails alone will pay more than one half the cost of the

propeller; and the saving in cuttings and embankments, bridges, &c. will

render the formation of railways on this system scarcely, if at all, more expen

sive than a turnpike road.

The following is an estimate of the upper works of the Archimedean system

complete, compared with the locomotive system, omitting those items that are

common to both.

ARCHIMEDEAN SYSTKM.

£ i. d.

Cost of one mile of propeller as before detailed . . . 850 0 0

26 tons of cast iron tubing in guide rails at £10 0 0 260 0 0

10 tons of cast iron in additional weight of bearing

saddles, at 700 70 0 0

13,640 feet lineal of longitudinal and cross sleepers of

Paynizcd wood, including laying, at . . .016 1023 0 0

1,800 screw bolts and nuts, at 002 15 0 0

Cost ofa single mile £2218 0 0

LOCOMOTIVE SYSTEM.

13,640 lineal oflongitudinal and cross sleepers, including

laying, at 014 £909 G 8

Rolled iron rails. SOlbs. per yard, 126 tons, including

laying, the rails, at £10 00 1260 0 0

8,840 screw bolts and nuts, in rails and sleepers 0 02 73 13 4

Cost of a single mile £2243 0 0

From the foregoing it may be seen, that the expense of the Archimedean

system complete, including (Paynized) wooden sleepers, will not exceed the

cost of the upper works of the present locomotive system ; that the expense of

power for locomotion, for 12 hours continuous traffic, will be less than £65 per

mile, per annum ; and if it shall be found advisable to double the engine power

tliat I allow, and thus work three miles of propeller at the same time, instead

of 1J mile, by which means the traffic may also be doubled, the annual cost

will not amount to £100 per mile of single line, or £200 per mile of double

line; while the cost of power on the locomotive system may be taken at an

average of £1000 per mile ; but on short lines, and where there is large traffic,

it far exceeds that sum.

1 would in conclusion observe, that all that has been said in reference to the

Bring that may be effected in cutting embankments, bridges, &c., in the forma

tion of railroads adapted to the atmospheric principle, applies equally to the

Archimedean : that saving will be great on the most favourable lines, and in

many cases it will amount to thousands of pounds per mile.

I'arkin'i H'itulmill Railway.—Amongst the numerous suggestions for new

modes of propulsion, that proposed by Mr. Thomas Parkin is one which the

less informed portion of the public have been led to believe would supersede

the use of locomotive and stationary steam engines. The contempt with which

Mr. Parkin treats these latter is somewhat amusing. Speaking of a locomotive

engine, he says, " it is obnoxious to fearful casualties. Now and then it

breaks axles and wheels, and tears up rails, involving consequences so dreadful

u to render even allusion to them painful ; and it has, on these accounts, too

truly been compared lo the arch-fiend himself in harness. The weight of a

locomotive also constantly injures the road, and subjects it to the necessity of

frequent reconstruction ; and when it is occasionally out of breath, the discovery

U made that it sometimes amuses itself in polishing the rails, instead of making

Ae best of its way home ! For all the purposes of locomotion, an enormous

fire (which now and then sets trains, standing corn, ricks, farm-yards, and

other buildings in a blaze !) is made, and kept up, in order to have a constant
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enormous supply of boiling water, (which now and then scalds men to death!)

the vapour whereof is confined in an iron case, and gives motion (when

unahle to burst the case) to a piston, which turns a crank, and thereby

the ' driving ' wheels of the engine, and this is designated the locomotive lever:

but where is the fulcrum ? Ay, that is the question ! Why, the engineers having

had as much difficulty in finding a fulcrum for this lever, as Archimedes

experienced in finding one to lift the globe, have contented themselves with Uit

weight of the engine for a fulcrum I"

After much similar sneering at the most extensively useful invention of

modern times, our inventor proceeds to describe what he calls the new system

(and we prefer his description to our own, for obvious reasons) : he says—

" Having disposed of locomotives and tenders, and developed a plan fur

existing railways, we are brought to the new system of locomotion, which

dispenses with tunnels, bridges, rails, steam-tenders, and carriages with wheels

and springs, and requires very little land to be bought, and very little earth

work to be done.

" The road is formed of parallel lines of stanchions, mounted with wheels,

on which a platform glides, carriages being built thereon, and ribs underneath

are its guide. A small amount of power only is required to give motion to the

platform, and the saving in the construction of this mode of conveyance is

immense. The road, for the most part, will present a series of inclined planes,

which the trains will ascend by means of windmills, when there is wind, and

 

by counterbalances on parallel lines of road when there is none, or not enough.

The counterbalances will consist of water, stones, gravel. &c. which the wind

will pump and draw up to a height, when not employed to work the platform:

and tens of thousands of tons of these substances may always be kept on

reserve, to be used when there is no wind, as wind costs nothing ; as the above-

mentioned substances cost nothing, and as compressed air, when used, will «"'

nothing either, locomotion (incredible as this at first sight may appear) will in

reality cost next to nothing. The system, however, may of course be worked by

those who would be horror-struck at the idea of getting rid of nil expenditure

at a tangent, by small steam engines. The platform may be of any length,

and will always have a bearing on six or eight wheels in succession, and

may weigh two tons, currying as many passengers as ten railway carriage*

accommodate. The carriages, and truck or baggage waggon, weigh about 45

tons ; consequently here will be a diminution of weight of 43 tons, say 40.

A point is thus gained of inappreciable value, but when we add 15 tons, at

least, for the weight of the locomotive and tender, we have a saving in weight

of 55 tons in each train ; that is, we save the fire necessary to reproduce

steam enough to waft 55 tons through the air at railway speed ! A single

comment upon the advantages here offered to the public would be unnecessary.''

We have been induced to notice this invention, solely from the circumstance

nf its being publicly staled to be under course of trial in France, and net

f.om having the remotest idea of its success.



SECTION V.

TELEGRAPHIC AND SAFETY ARRANGEMENT?.

Pretention of Accidents from Collision.—Curtts's Lamp Signals.—Hawksh&w's Signals and

Switches.—Steam Whistle.—Taylor's Guard's Signals.—Porteout's Mouth Whistle.—Electric

Telegraph—principles upon which its action depends.—Cooke and Whefttstone's two arrange

ments of the Electro- Magnetic Telegraph.—Professor Morse's Apparatus for preventing Collision

between Trains.

Prevention of Accidents on Railways from Collision.—The most numerous

accidents on railways, and at the same time the (generally) most disastrous in

their effects, are those resulting from collision, either between two trains, or

between the carriages composing one train, from an accident to the engine or

leading carriages; and in the present section we propose to notice some of the

means employed to guard against dangers from this cause.

Collisions on railways take place under various circumstances. It may

sometimes happen that two trains, proceeding in opposite directions, are at cer

tain parts of the road obliged to travel on the same line of rails, and should

they at such time come into collision the results must be the most disastrous.

Accidents of this description are however very rare, and unless at sharp curves,

or in very foggy weather, could only arise from extreme heedlessness on the

part of those employed on both trains. Collisions more frequently arise from a

train overtaking another train, proceeding in the same direction, or from atrain

arriving at a station, which is unexpectedly occupied by another train. In all

cases they may be said to arise from some irregularity in the working at some

part of the line, and might be avoided if timely notice were given of such

irregularity; and accordingly various kinds of signals are employed or have

been proposed to effect this, some being produced by sounds, others being ad

dressed to the eye, and in other cases both sound and visible signals being

employed.

The figure (page 524) represents Mr. Curtis's apparatus for giving notice of the

approach of a train to a station, or warning to a train that the station is occupied.

The peculiarity of the plan consists in conveying the signal a mile, or any

convenient distance, from the station, with the object that the engineer may

pass the signal post, and have distance and time sufficient to stop the train,

before reaching the station, or place for stopping. The figure represents the

apparatus for exhibiting a light.

" a is a lamp-post surmounted by a lantern of any peculiar shape, with bulls'

eyes on three sides, or it may be formed of glass like a street lamp, or in any

other manner, c is the lamp with reflectors behind the light in the usual way.

b is a shade supported upon the vertical rods e, passing through the post and

united by a joint at its lower end with the bell-crank f, to which is likewise

suspended the ball or weight m. To the other end of the crank f a joint is at

tached, with which is connected a strong wire o^, which is led like a bell-wire by

proper connexions to the crab h, placed in a room of, or near, the station house.

The wire, or a chain or rope united to its end, is fastened to the barrel « of the

crab h which coils round the barrel. When a man turns the handle k, the barrel

■ is turned round by means of the pinion fixed on the handle shaft, and the

barrel wheel denoted by the circle n ; and the chain or rope or wire is coiled

round the barrel, the wire drawn in, and the crank r made to occupy the place

shown by the dotted line; and thus the vertical rod e and shade b are raised,

and the light concealed. The counterbalance h is employed to keep the con

necting wire g always stretched. In places where gas is employed, a large gas

burner may be substituted for the lamp, and the rod e made to communicate.
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with a stop-cock, so that by raising or depressing

the rod, the gas may be turned off or on; n

small concealed jet of gas may be always burn

ing, so as to inflame the larger jet when the rod

ia raised by the apparatus : thus a powerful light

may be used when needed, and when not

required, the gas may not be wasted. The ap

paratus as drawn is a night signal, or to be used

when the weather is so dark that other signals

cannot be seen ; but for a day signal it is merely

necessary to employ a post, so as to raise a vane

or vanes like a telegraph, a spar, for example,

fixed at the top of the lantern. When it is

required to use the telegraph, a man may make

the necessary and self-evident connexion between

the rod e and the limb of the telegraph, which

limb being made with a bell crank, when the rod

e is raised, may cause the telegraph limb to lie

horizontally, and when the rod e is depressed, it

will stand vertically, or the apparatus may be

formed double, so as to work both telegraph and

lamp at once, whether by day or night.

The best arrangement of this system of signals

will be, to place them at the same distance

asunder as the police are stationed ; and instead

of making a signal by a flag, upon the passage

of a train, they should convey the notice of its

approach to the next policeman in advance ;

which would advise him to look out that

switches, points, and everything besides are right.

 

 

By a self-evident modification of this apparatus, the engine can be mode to

communicate its own approach.
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Mr. Mallett of Dublin described in the Mechanics' Magazine a lamp of his

intention, which he denominates the polyzonal lamp, and of which we extract

the following description.

Mattett't Polyzonal Lamps.—" Brilliancy and space-penetrating power, in

the light of railway signals, is of the highest importance ; and equally, or even

more so, are the signals of steam-boats, &c.

"As the thickness at the centre of the lens of a railway signal lamp depends

upon the distance of the lens from the flame of the lamp, in order that the

divergent rays may be transmitted parallel ; and as this distance is, on account

of the limited size of the lamp, small, so the lens, as usually constructed, is

very thick, generally from 2 to 2£ inches in the centre ; and being generally

coloured red or some other colour the loss of light by absorption is very great.

 

 

" Pile figure represents a mode of obviating this, which I have adopted, by an

application of the polyzonal lens of Fresnel. The lens is cast in two parts,—the

outer or annular lens, and the inner or central one, then ground so as to have

a common focus. The inner lens is fitted to the rebate of the annular one, by

a little Canada balsam or other suitable cement ; and thus the compound lens,

at a small additional expense, has less than half the thickness at the centre of

the common one, and as short a focal length with much greater penetrative

power.

" Weight is also saved in the lens, which is of importance in railway signals,

*hen mounted aloft in stormy weather, and it economises the coloured glass.

" The lenses, to be completely cleaned, must be washed outside to clear out

fast from the sharp re-entering corners of the central lens, but even this

might be avoided by fitting and cementing a circular disc of thin plate glass

over the central space, from a to b in section, to keep out the dust."

Hawkfhaic'i Signals and Switches.—In the generality of cases, there is one

position of the switches, or shunts, which is necessary for the thorough or

principal traffic, and in which direction the trains have to pass at a maximum

velocity, while the change that is given by the other position of the switches is

less frequently required, and is chiefly passed over by trains at a slow rate.

The principal object of Mr. Hawkshaw's invention is, to secure the switches

Wing held or kept in a proper position at all times for the principal or thorough
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traffic; and when there is occasion to transfer the trains or engine, &c. to

another line from that on which the chief traffic passes, it has to be done by

some person holding the switch protector in a proper position for that purpose;

and immediately after such transfer from one line to the other has been effected,

he lets go his hold upon the handle of the apparatus, and it will from its self-

acting construction, instantly and of necessity return to its original position ;

moving at the same time the switches or double rails in connexion therewith

in the right direction for the principal or thorough traffic, and maintain them

in that position, so as to prevent the possibility of the main lines of rails being

left unconnected.

In the subjoined illustration of the invention, Fig. 1. is designed.to show a

front elevation, but with the front plate removed to exhibit the interior

mechanism ; and Fig. 2. is a side elevation at right angles to the former. It

 

will be apparent that by depressing the lever e into the horizontal position, the

bevelled wheel/, on its axis g, will actuate two bevelled pinions A and /, the

lower one h turning on the vertical spindle t, the other end of which carries an

eccentric, </, that turns the switch or double rail placed in connexion therewith,

(but not introduced into the drawing,) in the exact position required for direct

ing a train out of the main into a diverging line : at the same time the upper

pinion I, through the medium of its vertical spindle n, turns a signal disc ointo

the position delineated in Fig. 1., which is at right angles with the direction of

the main line. The depression of the lever e produces a third effect, that of

raising a counter balance weight /.-, which is keyed to the axis g; so that when

the train has passed into the diverging line of rails, the attendant has only to

suffer the weight to operate, which brings the lever e into the vertical position

again, and thereby places the signal disc o in its former edgewise position, indi

cating that the main line is open for the passage of trains. When the continuity

of the main line is broken by the position of the switches, the attendant is

necessarily there attending it, and the signal also shows to the engine-man of

an approaching train that such is the case, in time for the shutting off the

steam, and the application of the drags. But as the reconnecting of the main

line does not depend upon the vigilance of an attendant, hut is forcibly self-

acting, the risk of accident from the erroneous position of the switch mechanism

is reduced almost to an impossibility. To render the signal visible at night, a

lamp is placed in the centre of the disc. [London Journal, October, 1839.]
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Steam Whistle.—The construction of this very powerful means of communi

cating intelligence by sound is shown in the annexed Fig. ; it is all of brass,

and the foot a is cast hollow with a rlanch b at the bottom, to bolt it upon the

lire-box ;-.,it has a cock c placed in it with

the handle d and screw e to keep it tight;

the handle projecting out to allow firm

hold to be taken of it. The cup /is fixed

upon the foot a by screwing the piece g

upon it, and both are turned truly at their

outer edges, leaving a very narrow

passage i i between them all round. The

piece g is hollow, having holes h in its

sides, and a pillar k stands upon its centre,

on which is screwed the bell / I ; the thin

edge of which is brought just over the

opening i, and half an inch above 'it.

When the cock is opened, the steam

enters the cup / through the holes A, and

rushes out at the narrow slit i, striking

the thin edge of the bell /, in a similar

manner to the action in organ pipes, and

producing an exceedingly shrill sound :

some holes m are made in the top of the

belL to allow the steam to pass freely

through, which improves the sound con

siderably. The cock is required to be

steadily opened to adjust the quantity of steam, so as to produce the clearest

sound. The steam whistle is very effective, and its sound can be heard at a

great distance.

Captain Taylor's Railway Guard"* Signals.—Notwithstanding the many plans

which have been proposed for the purpose, there is not yet a single invention

which has been brought into use for effecting the much wanted communication

between the guards and the engineers.

About twelve months ago, Captain Taylor, K. N. submitted to the Admiralty

an instrument for giving signals to steamers and other vessels, which he called

a telephone, the sounds from which could be heard for a distance of three

miles. This instrument was a modification of an invention, patented a year or

two previously, by Mr. C. Hood, F. II. S., which was intended to accomplish the

object above proposed, of effecting a communication between the guards and

engine-men on railways, and also for marking by signals the track of steam

vessels in foggy weather. For both these purposes the invention appears to be

perfectly applicable.

The object is accomplished by means of a whistle, similar to that used on

the locomotive engines, and worked by compressed air instead of steam. Under

the frame of the carriage on which the guard has his seat, is fixed a condensing

air pump, worked by a pinion fixed on the carriage axle. The condensed air

is received into a vessel holding about two cubic feet ; into this vessel the air is

pumped until the pressure is about 50 or GO lbs. on the square inch, when the

guard by a motion of his hand or foot throws.the pump out of gear, to be again

brought into gear by the same means when required. Connected with this

vessel is a pipe, terminating in a whistle, similar to the high pressure steam

whistle, but with all the passages made very much finer and smaller. On the

fineness of these passages much of the efficiency of the instrument depends,

for there being no condensation of steam, as is the case with the steam whistle,

the air passes out with extreme rapidity, and without any obstruction. This

whistle is placed within a tube in the form of a speaking-trumpet, which is

directed towards the engine-man, and by merely turning the handle of the

whistle, a powerful sound is produced, precisely similar to the steam whistle,

and of an intensity which can be increased to any amount, by increasing the
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pressure of the air in the receiver. The advantage of this plan of signals is,

that it does not interfere with any of the other arrangements of the train, and

is not dependent on any connexion with other parts of the train for its efficicut

operation.

The object sought to he obtained by Captain Taylor's proposition may we

think be obtained by the improved Mouth Whistle, lately invented by Mr.

Porteous, of which the annexed cut is a representation. It consists of a com

bination of any number of metallic tubular

whistles, combined under one mouth-piece, and

having their tones so arranged, that by the intro

duction of one discordant note, an extremely shrill

vibrating sound is produced, which is conveyed to

a great distance; its peculiar discordance enabling

it to be distinguished from any other sound.

Electric Telegraph.—Amongst the numerous

inventions to which railways have given rise, or

have aided in bringing to maturity, the Electric

Telegraph stands pre-eminent, transcending as

far all previously known means of transmit

ting intelligence, as the railway exceeds all

previously known methods of transport. The

Semaphore or old telegraph, although capable of

communicating with considerable celerity under

favourable circumstances, might yet be deemed

snail-paced in its action when compared with the

electric telegraph, and from the lengths of the

nights and the state of the atmosphere in this

country, it was inefficient for three-fourths of the

24 hours on an average of the year: the electric

telegraph, on the contrary, in addition to its action

being so rapid as to defy calculation, and there

fore being practically speaking instantaneous, is by night and by day, and

under all circumstances of weather, constantly ready for instant use. Con

sidered in connexion with railways, it affords to the latter advantages at least

equivalent to that which it derives from them ; for if railways from their

security from intrusion afford the most favourable situations for the establish

ment of these telegraphs, the latter, from the instantaneous notice which they

are capable of giving of what is occurring at any point of the line, not only

obviate to a great extent the chances of accident, or facilitate the remedy of

their effects when they do take place, but in many situations, they render it

practicable to employ a single line of rails for a double line, and, by the

economy thus effected, are calculated to add greatly to the extension of railways.

The idea of an electric telegraph is not so recent as is generally supposed,

but it was not until the discovery of the connexion between electricity and

magnetism that it was found reducible to practice, and for this discovery we

are indebted to Professor Oersted, of Copenhagen, who first suspecting it in

180G, at length succeeded in proving it in 1819. The facts upon which the

action of the electro-magnetic telegraph in its various modifications depends,

arc the following :—

1st. If a magnetic needle be brought near a wire, the ends of which are in

contact with the poles of a galvanic battery, the needle will be deflected from

its magnetic position, turning to the right or left, according to the course of the

electric current.

2d. If a wire carrying an electric current be coiled many times round a soft

bar of iron, a powerful magnetism is developed in the iron. This magnetism

however continues only so long as the electric current continues to pus. the

iron becoming instantly demagnetised on the current being interrupted. Thus,

if round a bar of iron a long copper wire be wound, (the wire being coated

throughout its entire length with some non-conducting substance, in order to
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prevent metallic contact between the coil,) upon the ends of the wire being

brought in contact the one with the positive, and the other with the

negative pole of a galvanic battery, the iron becomes powerfully magnetic, at

tracting with great force any pieces of iron presented to it. -On removing the

wire from the battery the iron becomes demagnetised, and so rapidly does this

magnetising and demagnetising process go on, that if the bar of iron be miles

distant from the battery, and the connexion and interruption of the current

be repeated with the utmost activity, a corresponding electric or non-electric

state instantly appears in the distant iron bar.

The third fact (which may be considered as the converse of the second) is,

that if a wire be moved near a magnet, an electric current is induced by the

magnet in the wire, and by using a powerful magnet, and large coils of wire,

very powerful electric currents are produced. We shall now proceed to de-

icribe three modifications of the electric telegraph, based upon the preceding

facts, which have been, or are at present, in use. We commence with one 01

two telegraphic arrangements, invented by Messrs. Cooke and Wheatstone,

employed on the Great Western railway, between the Paddington terminus

ana the station at Slough.

This arrangement comprises two distinct parts, namely, the " Communica

tor," which is stationed at that end of the line from which the message is

transmitted, and the " Indicator," on which the message is read off, which is

iituated at the opposite end of the line, the two being connected by wires ex

tending the whole distance between the two stations. /•';.•/. 1 represents a plan

of the communicator.

a a is & powerful horse

shoe magnet, supported on

blocks of wood b b, secured

to the wooden frame c. d d

are two extensive coils of

copper wire, covered with

silk and varnished. The coils

are supported on a forked bar

of soft iron, attached to a

vertical axis. The axis ii

turned by a pinion/on its end,

which engages with the large

toothed wheel g. The face of

this wheel is divided into 24

compartments, one of which

in marked witli a cross, to in

dicate the starting and finish

ing point, and the remainder

of the divisions are each

marked with a letter of the

alphabet, the letters J U and

X being omitted. The num

ber of teeth in this wheel is

such that there occurs between

• ich letter as many teeth as

there are teeth in the pinion,

to that in moving the wheel

through an arc equal to one

compartment or division, the

pinion performs one revolu

tion ; and as the electric cur

rent produced in the coils when rotating occurs in only one position, (that is,

when the forked bar of soft iron, upon which they are placed, is in contact with

the under side of the magnets,) and in any other position they are non-electric,

at each revolution of the coils a current of electricity through the wires will

U once established and once broken ; and in like manner, in turning the
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wheel through the space of ten letters there would be ten electric currents

through the wires, and ten interruptions.

We must now proceed to the description of the " Indicator," represented in

Figures 2 and 3 ; Fig. 2 being an external elevation, aud Fig. 3 showing the

apparatus divested of the external casing.

fig. 2. Fig. 3.

 
 

This instrument consists, in the first place, of a spring barrel and a train of

wheels /.-, like a clock train, with a detent or escapement m, and having on the

arbor of the last wheel a card M, marked with the letters of the alphabet,

corresponding witli those marked on the face of the communicator. Above the

train, and opposite to an iron lever attached to the detent, is fixed a curved bar

of soft iron, round which is wound a coil of covered wire o, which is connected

by the wire p with the coils d d of the communicator ; so that an electric

current passing through the coils d d, passes at the same instant through the

coil o ; the iron bar then becomes instantly a powerful magnet, and attracting

the lever releases the train, and allows the main arbor, with its card or dul

plate, to revolve through the space of one division each time that the current

passes through the wire. In thefaceof the casing which encloses the apparatus i>cut

an aperture q, (as shown in Fig. 3,) through which may be seen tlieupp. nr, •

letter and numeral on the dial card, and this card is so fixed on the arbor, that

when any letter on the communicator is opposite to the pinion, that letter will

stand uppermost on the dial, and appears through the aperture in the casing.

We will now suppose we wish to spell some word at the indicator, and suppose

the communicator in the position shown in the drawing. Opposite the pinion

of the communicator is the cross + and opposite to the hole in the indicator

will also be the cross •+• . Let the word be " art " :—if we turn the wheel of the

communicator until the letter a is brought opposite the pinion, the coils will

have rotated once, and a current running through the whole length of the wire,

the wheel of the indicator will move through a tooth, and expose the letter a .

we now turn the wheel until the letter r comes opposite the pinion, the coils
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will then be made to rotate as many times as there are letters between a and r,

that is sixteen times, and sixteen currents will have passed through the wires,

and the wheel of the indicator will have turned through sixteen teeth, and the

letter r be exposed. We now want letter /, and the letter r being opposite

the pinion, we have only to move the toothed wheel through the distance of two

letters to bring Mo the aperture in the indicator; by thus moving it, two

currents pass along ihe wires, and tlie indicator wheel passes round through

the distance of two teeth, and the letter t is presented. It is obvioin that in

turning round the wheel of the communicator so as to bring opposite the pinion

a distant letter, all the intermediate letters pass the pinion, and by the number

of currents produced all the intermediate letters have passed before the opening

in the indicator, but they pass so rapidly as not to be distinguishable, and no

letter will rest opposite the hole but the proper one.

The telegraphic arrangement which we havejust described, although perhaps

the most simple in principle, and the most readily comprehensible in its opera

tion, is not that which is most generally employed in this country ; being deemed,

upon the whole, inferior to that arrangement which is basedupon the deflection

of magnetic needles bv the agency of electric currents, and which we shall now

proceed to describe. fly j Ftg 2

  

Fig. 1 and 2 represent the electro-magnetic portion of the apparatus, Fig. 1

being a front view, and Fig. 2 a transverse section, a d are two coils ofcovered

wire wound round a brass frame b b, which is bolted to the bottom of the case

in which the apparatus is concealed ; c c are two magnetic needles fixed upon

an axis d, which turns in bearings fixed to the back and front of the case. One

of ihe needles is placed upon the middle of the axis between the coils of wire,

slits d being formed in the frames b to admit of the vibration ; the other

needle is filed upon the end of the axis, which projects beyond the face of the

instrument. The needles are fixed upon the axis with their respective poles

standing in opposite directions ; that is to say, the north pole of the one needle,

«ud the south pole of the other, points upwards, so as to counteract the effects

°f the dip of the needle. Upon passing an electric current through the coils,

by connecting them with a galvanic battery, they immediately exert a deflec

tive force upon the needles, attracting them to the right or left, according to

ihecour«e of the electric current, which always flows from the positive to the

negative pole of the battery ; thus, if the coil d be connected with the positive

or silver pole of the battery, the upper end of the needle will point to the right ;

but if the coil a be connected with the positive pole, the needle will point to

At left. In the complete apparatus, two needles or pointers with their separate

coils of wire are employed, and the letters of the alphabet, numerals, and a

'ariety of conventional signals, are indicated by the single or combined move

ments of the needle on the face of a dial plate fixed in the front of the case in

*hich the apparatus is enclosed, and which is shown in f'iy. 3.
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The indications of the various movements of the needles are as follows.

The left hand needle moving once to the left indicates the + . which isgivsc

at the end of a word ; twice in the same way, A ; thrice, B ; first right, then left,

Fig. 3.

 

 

c ; the reverse, D ; once direct to the right, E ; twice, r; thrice, a ; and intbe

same order with the other needle for 11, i, K, L, M, N, o, P.

The signals below the centre of the dial are indicated by the parallel move

ments of both needles simultaneously. Both needles moving once to the It-it

indicate B ; twice, s ; thrice, T ; first right than left with both, u ; the revere .

v ; both moving once to the right, w ; twice, x ; thrice, T.

The figures are indicated in the same way as the letters nearest to which

they are respectively placed.

To change from letters to figures, the operator gives H, followed by the +

which the recipient returns to signify that lie understands.
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_f after the above signs (H and +), were given, c, it, H, i, were received,

1815 would be understood.

A change from figures to letters is notified by giving I followed by the +,

which the recipient also returns.

Each word is acknowledged ; if the recipient understands, he gives E, if not

the + , in which case the word is repeated. Stops are placed at z z, to limit

the range of the vibrations of the needles. The connexion between the needles

and the battery is made and broken by means of the handles/./. Within the

case (? is contained an alarum, which is rung to give notice to the person

stationed at the other end of the line, that a communication is about to be

made. This is effected in a similar way to that by which the indicator in the

first described telegraph is set in motion ; opposite the lever of the detent is

filed a horseshoe bar of soft iron, round which is coiled a quantity of wire,

which, when connected with a wire from a battery, becomes a powerful magnet,

and attracting the detent lever releases the spring, and thereby sets the alarum

n motion. A similar warning apparatus is attached to the first described

telegraph.

 

A third arrangement of the electric telegraph is that invented by Professor

Morse, and which is the one adopted in America.

The electro-magnet is the basis upon which this invention wholly rests in its

present construction. The electro-magnet is produced by coiling around a bar

of soft iron made in the form of a horseshoe (Fig. 1.) copper wire previously

carertd, (similar to bonnet wire,) and varnished to prevent metallic contact with
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each other and the iron (Fig. 2). The two terminations of the wire thus

surrounding'the iron in a spiral form, are brought out at each end of the curved

bar, and are connected one with the zinc pole of a galvanic battery, the other

with the platinum pole. The battery being prepared in the usual manner with

its corroding acid, produces galvanic electricity, which starts off from one pole

of the battery, follows the wire around the soft iron, and returns to the other

pole of the battery by the other wire, thus forming a complete circuit. The

galvanic fluid is now passing the whole length of the wire, and while thus

passing, the curved iron becomes a strong magnet. By connecting the t»o

ends of the bent iron with a bar of similar soft iron, it will support many pounds

weight. If while in this condition one of the wires is removed from the battery,

the cross bar falls, and with it its weights, and the curved iron returns instantly

to its original state. It is unmagnetized. Complete the circuit, as at first, and

in an instant it is again a magnet. If the battery is placed 100, or 1000, or

10,000 feet from the iron, yet when the one is connected with the other by inter

veningwires, the effect upon the magnet is the same, making it a magnet when the

circuit is complete, and vice vend when it is broken. In this way power is

produced at a point of considerable distance from the generating agent ; and it is

wholly at the command of the operator at the battery to make or destroy the

power produced with the utmost possible rapidity.

timple form ofthe electro-

purposes, a represents a

f copper wire, standing upon a

platform d; o being an upright arm secured to d, to which the magnet or soft

iron is permanently fastened, by means of the bolt b b passing between the

prongs of the curved iron, and through the board v, and the adjusting screw c.

•• is the projecting prong of the iron after it has passed through the coils, one

only being seen. The other prong is directly behind e. g represents the end of

the iron bar or keeper, extending back so far as to cover both the projecting

ends of the horseshoe-formed magnet. The iron bar, or keeper, is fastened to

the lever h h, which is delicately adjusted so as to rise and fall by a pivot at i;

/ represents a steel spring, supported at one end over the lever h k by the

upright o, and passing through a loop / formed from a brass wire, the lower

part of the brass wire being secured to the lever h by means of a screw at a.

o is a hardened steel point, connected with the lever h h, and directly over the

centre of the metallic roller t, in which a slight groove is made to correspond

with the point of o. r represents the standard in which the axis of the roller f

freely revolves.

The line * represents the paper in form of a riband passing from its coil

between the roller and the point of o ; n and p are the two extremities of the

wire upon the magnet a.

Every part is now described, and from what has preceded the description.

(bearing in mind that the battery, when in action, by forming a complete

circuit with the wires « and/), converts the horseshoe bar into a powerful

magnet,) the mode of writing by the instrument may be easily comprehended

by what follows.

Complete the circuit, and instantly the cross bar g approaches the ends of

the magnet e, until they meet in the direction of the arrow u: Break the

circuit, and -; is carried up in the direction of the arrow x, by means of the

spring k. If to the roller / clock work is attached, to give it a uniform

movement upon its axis, the paper s will move with the same uniform motion

under the point o, then by completing the circuit the point o is brought down

upon the paper, which is indented to such a degree as to make it perfectly

apparent, and the point continues to mark it in that manner so long as tin-

circuit is closed, but, upon breaking the circuit, the marking ceases, and the

point o flies from the paper, which continues passing on.

If the circuit is closed and broken with the utmost rapidity, then n succession

of dots and of spaces upon the paper appears.

If the circuit is successively closed and broken with less rapidity, short lines

and intervening short spaces arc made. If closed for a longer time, and broken
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xi succession, then the marks become longer : go that dots, short lines, long lines,

and short and long spaces, are made according to the time the circuit is closed,

and the rapidity with which the paper moves under the pen.

An arbitrary arrangement of these dots, short and long spaces, and lines, con

stitutes the telegraphic alphabet, by means of which, intelligence to any extent

is communicated. Thus one dot may represent a, two dots o, three dots c,

one dot and a line d, &c. The paper to be imprinted, is fixed upon a revolving

cylinder, and records despatches day and night ; the records of the night may

be examined in the morning. The alphabet is easily learned.

Safeguard against Collisions.—Figures 5 and 6 represent an apparatus in

vented by Mr. Curtis for the prevention of collisions on Railways.

Fig. 5 is a side view of the apparatus, and an engine in contact with it,

attached to the last carriage of a train, and Fig. 6 is a plan of the same.'

The sledge or retarder a is formed like a wedge, with its superior end turned

up ; upon the inner side, flanges are formed, so as to keep it upon the rails ; the

two sides are united together by the cross bar i, the plate k, and the cross

pieces o a, and the sides are set to the same gauge as the rails, so that an

engine may run upon it without difficulty I to the cross bar j, two buffers d d

are fixed, which correspond with other bufFers I, formed upon the front frame

of the engine, so that when the engine comes in contact with the retarder, these

buffers receive the concussion ; the plate k is used in order to unite the sledge

as near to the point as possible, and still to allow a free passage to the flanges

of the wheels. To the cross pieces o o the spring pieces b b are fixed, forming

shafts for the wheels c c, upon which the apparatus is carried when out of gear.

k is a weight to counterpoise the weight of the sledge, so that a man can move

it along the line like a truck with great facility. The coupling f is formed for

the purpose of connecting the sledge with the train in the usual way, by means

of a joint and pin.

The retarder when out of action, and connected with a train, is attached ,

to the last carriage as shown at l; the sledge then rides above the rails,

and is suspended by the spring pieces b b ; hut should an accident happen which

would stop the train, one of the conductors immediately detaches the retarder,

and runs back with it, and places it 500 or 600 yards behind the broken down

train ; then should the engineer of the following train not observe the train be

fore him, and stop his engine, the engine would run into the retarder, and would

become a sledge, and the driving wheels, if not stopped by the great resistance

which would now be opposed to them, would skid round in the retarder and

would have no power to move forwards. No violent concussion would take

place, but the engine would slide along a certain distance in the retarder, when

the train would be brought to a stand-still. A hanging frame x must be formed

from the engine fr;ime, and the bufFers usually placed upon the head board

must be transferred to the lower frames, or other buffers I be placed there.

In the case of a swift train overtaking another train in a fug, or at night, the

swift engine would run into the retarder, and the same effect upon the engine

and train would be produced as before stated ; viz. that it would be brought

to a stand ; and the only effect produced to the slow train behind which the

retarder was travelling, would be, that it would be torn away from its fastenings ;

for the purpose therefore of a.case of this nature it will be advisable to make the

fastenings such that it may be torn away without the last carriage being subjected

to any violent shock ; with this view the pin at r may be of oak or hard wood,

strong enough to drag the retarder. but sufficiently weak to give way in the

case mentioned.
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SECTION VI.

CHRONOLOGICAL AND DESCRIPTIVE LIST OF ALL PATENTS GRANTED FOR

IMPROVEMENTS IN RAILWAYS, AND LOCOMOTION THEREON :

down to the 30l/t June, 1846.

• <.Tr. -Further information respecting these Patents may be obtained at J. Murdoch's British

and Foreign Patent Office, 7, Staple Inn, Holbom, London.

24M March, 1802. R. Trevithick and A. Vivian. For methods of improving

the construction of steam engines, and the application thereof for driving car

riages and for other purposes.—Described at page 379.

28lA Feb. 1803. J. Woodhouse. For a new method of forming a cast iron

rail or plate, which may be used in making iron railroads, or ways for the

working and running of waggons, carts, drays, and other carriages on public

and other roads, and also a new method of fixing, fastening, and securing such

cast iron rail or plate on such roads.

Rails formed as hollow quadrangular blocks of cast iron, concave on their

upper surface.—Described further at page 380.

lOtt April, 1811. J. Blenkinsop. Certain mechanical means by which the con

veyance of coals, minerals, and other articles is facilitated, and the expense

attending the same is rendered less than heretofore.—Described at page 382.

30th Dec. 1812. W.andE. W. Chapman. For a method or methods of facili

tating the means, and reducing the expense, of carriages, on railways and other

roads.—Described at page 384.

224 May, 1813. W. Brunton. A method and machinery for propelling or

drawing carriages upon roads or railways.—Described at page 385.

28M Feb. 1815. R. Dodd and G. Stephenson. For various improvements in

the construction of' locomotive engines.—Described at page 386.

IS/A A'oc. 1815. Jos. Baader. For an improved plan of constructing railroads,

and carriages to be used on such improved railroads ; for the more easy, conve

nient, and expeditious conveyance of all sorts of goods, wares, merchandise,

persons, and all other articles usually, or at any time, removed in carriages of

any construction whatever.

SQ&Sept. 1816. W. Losh and G. Stephenson. For a method or methods of

facilitating the conveyance of carriages, and all manner of goods and materials

along railways and frameways, by certain inventions and improvements in the

construction of the machine carriages, carriage wheels, railways and frameways

employed for that purpose.

Improvements in the construction of edge rails and tram plates, and in the

mode of supporting them and connecting them to each other; also in the employ

ing steam cylinders to support the body of the locomotive, and forming railway

•heels with wrought iron tires and cast iron spokes, or vice vend.—See further

pages 387 and 389.

•ilh Aug. 1817. J. Hawks. For a method of making iron rails, to be used

in the construction of railways.

The upper side of the rail is formed of cast iron, and the lower or under side

of wrought iron, which is inserted into the former during the casting.—See

farther page 39] .

23d Oct. 1820. J. Birkenshaw. Certain improvements in the manufacturing

*>d construction of a wrought or malleable iron railroad or way.

VOL. II. 3 Y
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Making wrought iron rails of a prismatic or wedge form.—See further page

392.

14th Sept. 1821. W. Losh. Certain improvements in the construction of

iron rails for railways.

The improvements consist, first, in fixing bars of malleable iron on the upper

surface of a line of cast iron rails, or wrought iron rails, so as to form an unin

terrupted line the whole length of the bar; Secondly, fixing a strap of wrought

iron to the under side of a cast iron rail ; Thirdly, uniting two wrought iron ribs

or sides to a third plate of wrought iron to form a rail.—See further page 393.

24M Oct. 1821 . B. Thompson. Method of facilitating the conveyance of

carriages along iron and wood railways, tramways, and other roads.

22<j Nov. 1821. H. R. Palmer. Improvements in the construction of railways

and tramroads, and of the carriage or carriages to be used thereon.—Described

at page 394.

19th Feb. 1824. John Vallance. For producing locomotion by stationary

engines.—Described at page 486.

28M Feb. 1824. W. James. Certain improvements in the construction ol

rail and tramroads, or ways, which rail tramroads or ways arc applicable to

other useful purposes.

Railways formed of cast iron tubes, having flat tops for the carriage wheel)

of a train to run upon ; the hollow space within being designed for the convey

ance of water, to supply water to work machinery by its descent. The patentee

also proposed to impel the carriages of a train by these conduits, by causing the

water to act upon drums.

18th Dec. 1824. W. F. Snowden. For a wheel way and its carriage or car

riages, for the conveyance of passengers, merchandize, and other things, along

roads, rails, and other ways, either on a level or inclined plane, and applicable to

other purposes.—Described at page 396.

5th March, 1825. W.H.James. Improvements on railways and in the

construction of carriages to be employed thereon.—Described at page 399.

2d April, 1825. Jacob J.Fisher. New application of railways, and the

machinery to be employed thereon.—Described at page 400.

12th April, 1825. R. W. Brandling. Certain improvements in the con

struction of railroads, and in the construction of carriages to be employed

thereon, and elsewhere.—Described at page 401.

Idth May, 1825. T. Hill. Certain improvements in the conctruction of rail

ways and tramroads, and in carriages to be used thereon, and on other roads.—

Described at page 401.

14/A Aug. 1827. Wm. Chapman. Certain improvement, or certain improve

ments in the construction of waggons that have to travel on railways, or on

tramways.

The construction of framework underneath the body of the waggons, to con

nect the wheels together and allow them more vertical play, and afford a more

equal bearing on the four wheels, in those parts of the railroad where the

inequality of the level might cause them to bear upon three wheels only.

1st May, 1828. Jon. Brownhill. Improved methods of transferring vessels

from a higher to a lower level, or from a lower to a higher level on canals, and

also for the more conveniently raising and lowering of weights, carriages, or

goods on railroads, and for other purposes.

18M Sept. 1828. W. Losh. Certain improvements in the formation of iron

rails for railroads, and of the chains or pedestals, in or upon which the rails

may be placed or fixed.—Described at page 413.

21 tt May, 1829. M. Dick. Improved railroad and method of propelling

carriages thereon by machinery, for the purpose of conveying passengers,

letters, intelligence, packets and other goods with great velocity.—Described at

page 401.

31st Aug. 1830. W. Losh. Improvements in wheels for railway carriages.—

Described at pnge 471.

7th Sept. 1830. C. B. Vignolcs, and J. Ericsson. Certain additions to loco

motive engines.—Described at page 107.
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'-'!>' /'•'". 1831. J. Grime. Certain methods of dissolving snow or ice, on

the trams or railways, in order thai, locomotive engines and carriages and other

carriages may pass over railroads without any obstruction, or impediment,

from such snow or ice.—Described at page 445.

JIM March, 1831. Robert Stephenson. For an improvement in the axles and

parts which form the bearings at the centres of wheels for carriages, which arc

to travel upon railways.—Described at page 470.

30th April, 1831. George Stephenson. For an improved mode of making

wheels for locomotive carriages. The improvement consists in the substitution

of hollow tubes of wrought iron, instead of solid bars, for the spokes of the

wheels; the application of a preparation of borax, as a flux to the ends of such

tubular spokes, previously to placing them in the sand mould ; and then of

running the cast metal around them to fonn the fellies and the nave.

5/A Sept. 1831. George Forrester. For certain improvements in wheels for

carriages and machinery, which improvements are applicable to other pur

poses.

131/j April 1832. K. Roberts. Certain improvement, or certain improvements

in steam engines, and also in the mechanism through which the elastic force

if steam is made to give impulse to, and regulate, the speed of locomotive

carriages.

'-it/i June, 1832. J. Macdonald. Improvements in the construction of

railways.

ISM Sept, 1832. R. Badnall. Improvements in the construction of the trams

or nils or lines of tramroads, upon which locomotive engines shall or may

be worked.—Described at page 513.

6tk Nov. 1832. H. Scrivener. For certain improvements in the construction

of iron railways.—Described at page 417.

'Mh Dec. 1832. Jos. Saxton. Certain improvements in propelling carriages,

and in propelling vessels for inland navigation.—Described at page 510.

26th Jan. 1833. R. Stephenson. Certain improvements in the locomotive

steam engine, now in use for the quick conveyance of goods and passengers

upon edge railroads.

lit June, 1833. Wm. Jessop. Certain improvements in the construction of

railways.—Described at page 414.

10M June, 1833. R. Smith and J. Walkinshaw. Improved rail for railroads.

29th June, 1833. Jos. Gibbs and A. Applegatb. Improvements in the con

struction of railroads, bridges, piers, jetties, and aqueducts, part of which may

he applied to other useful purposes.

Ilk Oct. 1833. R. Stephenson. Certain improvements in the locomotive

steam engine now in use for the quick conveyance of passengers and goods

upon edge railroads.

Forming driving wheels (of six wheeled locomotives) with plain tires, i. . •.

without flanges, and a peculiarly constructed brake, set in action by a small

team engine.—See further page 449.

IMh Dec. 1833. R. Stephenson. Improvements in the mode of supporting

the iron rails for edge railroads.—Described at page 415.

1<< March, 1834. H. Pinkus. Improved method of, or apparatus for, com

municating and transmitting, or extending motive power, by means whereof

carriages or waggons may be propelled on railways, or common roads, and

fesieli may be propelled on canals.—Described at page 487.

8'A Oct. 1834. B. Hick. Certain improvements in the locomotive steam

carriages, parts of which improvements are applicable to ordinary carriages

and to steam engines employed for other uses.—Described at page 483.

20<AA'or. 1834. R. Wliiteside. Certain improvements in the wheels of steam

carriages, and in the machinery for propelling the same, also applicable to

other purposes.

22d Jan. 1835. J. Day. Improvement or improvements in the construc

tion of railways.

16<A Feb. 1835. J. Price. Certain improvements in railways, and in the

means of transporting carriages from one level to another.
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4th March, 1835. T. F. Bergin. Improvement* in railway carriages, which

improvements are applicable to other purposes.—Described at page 475.

5th May, 1835. J.Reynolds. Certain improvements in railways.—Described

at page 419.

10th Aug. 1835. S. W. Nicholl. Certain improvements in rendering steam

engines portable, and applicable as a means of general transport on rail and

other roads.

17th Aug. 1835. H. Pinkus. Improvements in inland transit, which im

provements are applicable to and may be combined with an improved method

of, or combination of methods and apparatus for communicating and trans

mitting or extending motive power, by means whereof carriages or waggons

may be propelled on railways or roads, and vessels may be propelled on canals.

—Described at page 487.

3d Dec. 1835. T. Parkin. Improvements in sleepers or bearers applicable

to railways.—Described at page 420.

167A Dec. 1835. H. Booth. Improved method of attaching railway carriages

together, for the purpose of obtaining steadiness and smoothness of motion.—

Described at page 482.

23d Jan. 1836. H. Booth. Improvements applicable to locomotive steam

engines, and railway carriages.

23d April, 1836. G. A. Kollman. Improvements in railways, and in

locomotive carriages.—Described at page 468.

23d April, 1836. E.J. Massey. Improvements in railway and other loco

motive carriages.

17th May, 1836. H. W. Wood. Certain improvements in certain loco

motive apparatus.

18//; May, 1836. P. B. G. Debac. Improvements in railways.

(ti!i Aug. 1836. T. Binns. Improvements in railways, and in the steam

engines to be used thereon, and for other purposes.

4th Oct. 1836. J. White. Certain improvements on railways.

13th Oct. 1836. J. Ruthven. Improvements in the formation of rails or

rods for making railways, and in the method of fixing or joining them.

8th Nov. 1836. J.E.Smith. Improvements in railways, and in locomotive

carriages to work on such railways.

3d Dec. 1336. II. Booth. Improvements in the construction and arrange

ment of railway tunnels, to be worked by locomotive engines.

'J l It Dec. 1836. J. Yates. Improvements in tramroads or railroads, and in

the wheels, or other parts of carriages to be worked thereon.

15M Dec. 1836. J. Melting. Certain improvements in locomotive steam

engines to be used upon railways or other roads, part or parts of which improve

ments are also applicable to stationary steam engines, and to machinery in general.

25th April, 1837. J. Pirn, and T. F. Bergin. For an improved means or

method of propulsion on railways.

Certain peculiar arrangements for applying manumotive power to propelling

carriages on railways.

4th April, 1837. H. Booth. Improvements in the construction of loco

motive engines, boilers, and furnaces, also to other furnaces.

\3th. May, 1837. P. B. G. Debac. Improvements applicable to railroads.

26M July, 1837. J. Moiling. Improvements in locomotive steam engines,

to be used upon railways, parts of which improvements are applicable to

stationary steam engines, and to machinery in general.—Described at page

425.

25 th Nov. 1837. H. P. Vaile. Improvements in rails for railroads.

19/A Dec. 1837. E.B.Rowley. Certain improvements applicable to loco

motive engines, tenders, and carriages, to be used upon railroads, and which

improvements are also applicable to other useful purposes.

4th Jan. 1838. N. Worsdell. Improvements in apparatus to facilitate the

conveyance of mail bags, and other parcels on railways or roads.

Apparatus for receiving and delivering railway bags and parcels, along a

line of railway, at places intermediate between the stations, without stopping
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the train. The bags to be delivered are suspended by their loop from two

pins in a bar projecting from the carriage, from which bar also projects a

prong or hook, and the bags to be received from the post house are suspended

iruni a similar apparatus, attached to a lamp post. By passage of the carriage

past the lamp post, the hook on the latter passes through the loop of the

carriage bags, and bears them off the pins, and the hook on the carriage in like

manner carries off the post house bags.

Sth Feb. 1838. J. Deville. Certain improvements in railroads, and in the

carriages to be used thereon.

10/A March, 1838. T. Evans. Improved rail for railway purposes, together

with the mode of manufacturing and fastening down the same.

\6tkjunc, 1838. J. White. Certain improvements in the construction of

railroads, bridges, and viaducts.
10(A Aug. 1838. E. de Beuret. • Certain improvements in the construction of

railroads and tramroads, to facilitate the ascent and descent of hills and inclined

planes.

15rt Aug. 1838. C. Fox. Improved arrangement of rails for the purpose of

causing a railroad engine, carriage, or train, to pass from one rail to another.

Kth Aug. 1838. J. C. Hadden. Certain improvements in the construction

of carriages to be used on railways, and in the method of forming the same

into trains.

3lst Aug. 1838. J. Curtis. Certain improved machinery and apparatus, for

facilitation of travelling, and transport on railways, parts of which are applicable

to other purposes.—Described at page 428.

13th Sept. 1838. T. Wilkinson. Certain improvements in the construction

of tram or railways, and in the carriages to be used thereon.

3d Nov. 1838. J. Deville. Improvements in railroads, and in carriages

thereon.-

\lthDec. 1838. J. Hawkshaw. Certain improvements in mechanism, or

apparatus applicable to railways, and also to carriages to be used thereon.—

Described at page 525.

lid May, 1839. T. Harper. Certain improvements in railways or tram-

roads.

nth Aug. 1839. G. A. Kollman. Improvements in railways, and in loco

motive and other carriages. Described at page 468

Zltt Nov. ] 839. J. Faram. Certain improvements in tiie mode of constructing,

applying, and using railway switches, for connecting different lines of railway,

or two distant railways, and for pausing locomotive steam and other engines,

and railway carriages and waggons, from the one to the other of such railways,

and for certain apparatus connected therewith.

4<A Dee. 1839. C. Nickels. Improvements in propelling carriages.

4(A Dec. 1839. J. Nasmyth. Certain improvements applicable to railway

carriages.

Employing the momentum of the train to bring the train to rest by connecting

the spindles, or stems of the buffers, to the brake levers, which are brought down

by the buffers being forced in.

3d March, 1840. J. Rangeley. Improvements in the construction of railways,

and in the means of applying power to propel carriages, and machinery.

12M May, 1840. H. Dircks. Certain improvements in the construction of

locomotive steam engines, and in wheels to be used on rail and other ways,

parts of which improvements are applicable to steam engines generally.

1 Consumption of smoke in locomotives where coal is used for fuel.

2. Forming wheels of iron with a channel in the periphery, rilled up with

''Kirks of wood placed with the grain standing radially.—See further page 473.

28/4 May, 1840. D. Gooch. Certain improvements in wheels and loco

motive engines to be used on railways.

28M May, 1840. W. H. Smith. Improvement or improvements in the

mode of resisting shocks to railway carriages and trains, and also in the mode

of connecting and disconnecting railway carriages ; also in the application of

Brings to carriages.
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30/A May, 1840. \V. Pettit. For a communicating apparatus, to be applied

to railroad carriages.

9th June, 1840. J. G. Shuttleworth. Certain improvements in railway and

other propulsion. A mode of propelling by hydraulic pressure.

7th Aug. 1840. A. Smith. Certain improvements in carriages, rails, aid

chairs'for railways.

The tires of the wheelB are formed with a rectangular groove on the periphery,

instead of a flange on the side. The rails are square bars of iron, let into grooves

cut in wooden sleepers, with one of the angles upwards, and the chairs clip the

sides of the rails in a dove-tail form.

\0th Sept. 1840. Henry Houldsworth. Improvements in carriages, and for

the conveyance of passengers on railways, and an improved seat applicable to

such carriages and other purposes.

Application of wire gauze to carriages, to exclude dust, &c, and to break the

violence of the current of air in rapid travelling, without materially obstructing

the view of external objects, alsoseat3 which fold up of themselveswhen not

in use.

'12d Sept. 1840. T. Paine. For a plan by means of which carriages may be

propelled by atmospheric pressure, only without the assistance of any other

power, being an improvement on the atmospheric railways now in use.

15/A Oct. 1840. R. Pettit. Improvements in railroads, and in the carriage

and wheels used thereon.

1. Forming the wheels without flanges, and retaining them on the rails by

means of horizontal wheels pressing against the inner side of the bearing rail,

or against a centre rail.

2. An improved brake to be worked by hand.

3. A self-acting apparatus to be attached to railway engines, which shall cut

off the steam, sound the alarm, and bring down the brake.

2d Nov. 1840. E. Galloway. Improvements in propelling railroad carriage.-.

2d Nov. 1840. J. Boydell. Improvements in working railways and other

carriages, in order to stop them, and also to prevent them running off the lines

or rails.

A brake lined with wood clips the roil, to stop the carriages, and bars

extended below the carriages from opposite corners, to retain the carriages on

the rail.

12M Not: 1840. E. Birch. Improvements applicable to railroads, and to

the engine and carriages to be wonted thereon.

Self-acting brake, whistle, and signal apparatus.

24th Nov. 1840. F. Pope. Improvements in detaching locomotive and

other carriages.

The shafts in common carriages, and the drag link in locomotives, are

connected to a tongue held down by a spring catch, to which a lever is affixed:

on pulling the lever, the catch is disengaged, the tongue flies over, and the

horse or locomotive is released.

2\lh Nov. 1840. J. Haughton. Improvements in the means employed in

preventing railway accidents, resulting from one train overtaking another.

A mode of employing a time-keeper, suitably acted upon by each passing

train, to show the time which has expired between the passing of one train and

the coming up of another, and also to register the time of each train passing.

16lh Dec. 1840. J. Beathie. Certain improvements in locomotive engines,

and in chairs and wheels for use upon railways, and certain machinery for use in

the construction of parts of such inventions.

Apparatus for increasing the adhesion ; improved bluffing apparatus ; brake

with whistle attached, and coupling chain ; improved railway chair ; elastic

wheels for railway carriages.

18/A Dec. 1840. A. A. Lindo. Improvements to be applied to railways and

carriages; thereon, to prevent accidents, and to lessen the injurious effects of

accidents to passengers, goods, and railway trains.

A self-acting whistle and governor ; an apparatus for clearing the rails of

obstructions ; another for lifting men or animals off the rails ; an apparatus to
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prevent carriages running off the rails, and to support them in the event of a

i". heel breaking ; an improved buffer, and an improved mode of transmitting

signals.

ISM Dect 1840. E. It. Handcock. - Certain improvements in mechanism

applicable to turn-tables for changing the position of carriages upon railroads,

for furniture, and. other purposes.

The turn-table is supported on a vertical spindle, round the upper and lower

end of which are placed two loose collars, or anti- friction rollers, to diminish

the lateral thrust of the socket, which is attached to the under side of the table.

—See further page 433.

23oJ. Dec. 1840. G. Thornton. Certain improvements applicable to railways,

locomotive engines, and carriages.

These improvements are : a medium gauge of about 6 feet ; a self-acting steam

governor and water governor ; preparatory heating of water in a case surround

ing the smoke box ; turning the waste steam into the chimney ; cleaning out the

fire tubes by a jet of steam and hot water ; a self-acting brake for the wheels of

the engine, and brakes to the carriages, which are raised by a drag rope from

the engine, and descend upon the rope becoming slack.

7thMay,,1810. II. .M. Grover. • Improved method of retarding and stopping

railway carriages, and trains.

2\thSept. 1840. Henry Pinkus. Improvements in the "methods of applying

motive power to the impelling of machinery, applicable amongst other things

to impelling carriages on railways, on common roads or ways, and through

fields, and vessels afloat, and in the method of constructing the roads or ways

on which carriages may be impelled or propelled.

Propelling by exploding gas, by electricity, and by what the patentee terms

the gaso-pneumatic power.

6th Jan. 1841. Henry Bessemer. New mode of checking the speed of, or

stopping, railway carriages under certain circumstances.

A self-acting brake, which is brought into immediate action upon any dimi

nution of the regulated distance between the locomotive engine and the train

of carriages, by the operation of compressed air.

Hl.'ijan. 1841. W.Hancock. Certain improved means of preventing

accidents on railways.

Brakes set in action by the pressure of steam in the boiler, self-acting

switches, and a mode o signalizing accidents, and the exact time of their

occurrence.

I'JthJan. 1841. R.B.Curtis. Method or methods of making signals by

wlf-acting apparatus, to be used on railways, for the purpose of obviating

collisions between successive trains.

A pointer upon a signal post is raised, and maintained at a certain height by

strain of wheels, actuated by a weight, which* is wound up once in 24 hours.

The engine in passing detaches the pointer from the wheel work, and the

pointer descends to the lowest point, but when the train is past, the wheel work

again slowly elevates the pointer, and by the position of the pointer, the driver

of the succeeding train can judge how far the preceding train is ahead of him.

28tkJan. 1841. W. Gall. Certain improvements in the construction of

locomotive engines, and of" the carriages used on railways, applicable in part to

carriages used on common roads.

28<A Jan. 1841. W. C. Harrison. Improved turning table for railway

purposes.

An arrangement of anti-friction rollers round the central post which supports

the table.

Ut Feb. 1841. W.W.Taylor. Improvements in buffing apparatus for rail-

*ay purposes.

Applying a series of layers of felt to the ordinary buffer head, or to a

taard extending across the whole breadth of the end of the carriage frame, and

covering the felt with leather or other water-proof material.

3d Feb. 1841. J.Bunnett. Certain improvements in locomotive engines and

carriages.
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An improved steam regulator, five different sorts of brakes, and an uxle-

guard, which allows a compensating movement when the wheels are traversing

curves.

8th Feb. 1841. E. Oldham. Certain improvements in the construction of

turning tables, to be used on railways.

The table or platform is supported on a pivot at its centre, and assisted by

stationary anti-friction rollers at the circumference.

8th Feb. 1841. J. Scott. Improvements in constructing railways,and in pro

polling carriages thereon, which improvements are applicable to raising and

lowering weights.

A series of cog wheels placed at short intervals along the centre of the

railway, and driven by stationary engines, give motion to the carriages by means

of a rack attached to the under side of the carriages.

liith Feb. 1841. J. Ransom and C. May. Improvements in the manufacture

of railway chains, railway or other pins or bolts, and in wood fastenings and

handrails.

Casting railway chairs by means of metal side plates and metal cores in

sand moulds. Forming wooden pins and wedges, by forcing them into metal

moulds, and heating them whilst under compression, till the elasticity of the

wood is sufficiently overcome. See further at page 421.

22d March, 1841. Thomas Wright. Certain improvements applicable to rail

way and other carriages.

Improvements in brakes, axle-trees and boxes, carriage springs, safety flanges

on the outer edge of the ordinary flange on railway wheels, hollow steel spokes,

and an elastic plate to serve as a brake, a sledge and a buffer.

llth April, 1841. P. Kendall. Improved method or methods of connecting

and disconnecting locomotive engines and railway carriages.

The connecting link from the tender is received between two elastic meul

plates, and a stud projecting from each side of the link, passes through holes in

the ends of the plates, and so long as the pull is in a direct liue, the link i<

firmly retained by the plates, but if the strain should become oblique to the

elastic plates, the link is released.

llth May, 1841. E.Taylor. Certain improvements in the construction of

carriages used on railroads.

Constructing the roofs and pannels of railway carriages of papier mache ;

affixing to one wheel a solid axle, which revolves In a hollow axle affixed to the

opposite wheel, and forming wheels with segments of wood or of papier mache

within the tire.

20th May, 1841. John Carr. Improvements in apparatus for retarding and

stopping railway carriages.

Brakes moved by a screw acting upon an arrangement of levers.

22d May, 1841. Joseph Woods. Certain improvements in locomotive engines;

and also for certain improvements in the machinery for the production of rota

tory motion for obtaining mechanical power, which improvements in machinery

are also applicable for raising or impelling fluids.

Employing loose wheels on locomotives, in order to traverse curves more

easily; improved lubricator; improved reversing gear; connecting a whistle

to the blast pipe to give a constant intermittent whistle in a fog ; improved swivel

joints to the water pipe of the tender, and a rotatory disc engine.

ath June, 1841. J. Gibbs. Improvements in roads and in railways, and in the

means of propelling carriages thereon.

A mode of propelling railway carriages by fixed engines.

23d June, 1841. R. Stephenson. Certain improvements in the arrangement

and combination of the parts of steam engines, of the sort commonly called

locomotive engines.

1. Lengthening the cylindrical portion of the boiler, so as to admit the

three axles of six-wheeled engines to be placed beneath the cylindrical part of

the boiler, and between the front of the fire-box and the back of the smoke-

box.

2. Improvements in the slide valve and reversing the gear; and
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3. Working the feed pumps by means of the eccentrics which are cm-

ployed to cause the engine to run backwards along the rails.

28ih July, 1841. A. B. Von Rathen. New method or methods, called by the

inventor " The united stationary and locomotive system," of propelling locomo

tive carriages on railways and common roads, and vessels on rivers and canals,

by the application of a power produced or obtained by means of machinery

and apparatus unconnected with the carriages and vessels to be propelled.

9th Dec. 1841. J. Edwards. Improvements in giving signal on railways.

1. The using of a series of lamps for night signals, and by the different

combinations of the lamps when exposed, or when closed, to communicate from

t train of carriages to a station, or from a station to a train, or from one train

to another.

2. The giving signals by day, by combining the use of a series of thin plates,

presenting some edgeways and others flatways, and in combining in various ways.

\6A Dee. 1841. C.E.Austin. Apparatus for what is commonly called chang

ing the line of railways.

ISA Dec. 1841. W. Prowett. Improvements in giving signals on railways.

A mode of communicating by signals to a passing train, of the time since

the previous train passed ; the apparatus by which this information is given

being set in motion by each successive train as it passes by it, thus avoiding

the probability of one train running into the preceding one, at night, or in

foggy weather.

21rf Dee. 1841. T.Wright and A. Bain. Improvements in applying electricity

to control railway engines and carriages, to mark time, to give signals, and

print intelligence, at distant places.

\'<t't Feb. 1842. T. R. Crampton and J. C. Hadden. Improvements in engines

and railway carriages.

6M ,ii>r<i, 1842. J. G. S. Clarke. Improvements in supplying and regulating

air to the furnaces of locomotive engines.

23d May, 1842. John Bishop. Improved construction of brake apparatus,

ipplicable to railway carriages.

-U/ June, 1842. John Dickinson. Improvements in rotatory engines and

boilers in stopping railway carriages, and in machinery for propelling vessels,

part of which improvements are applicable to propelling air and gases.

16tA July, 1842. R. Benton. Certain improvements in propelling, retarding,

and stopping carriages on railroads.

3<j Aug. 1842. John Lee. Improvements in wheels and axletrees, to he used

on railways and in machinery, for stopping on, or preventing such carriages

from running off railways, which improvements may also be applied to other

carriages and machinery.

31rf Aug. 1842. C. F. Giutard. Certain improvements in the construction of

railways.

\6tk Sept. 1842. W. H. James. Certain improvements in railways, and in

carriage ways, railway and other carriages, and in the mode of propelling the

raid carriages, parts of which improvements are applicable to the reduction of

friction in other machines.

25M Nov. 1842. P.T. Ralli. Improvements in the construction of railway

and other carriages, and in apparatus connected therewith.

3d Dec. 1842. C. H. Wild. Improved switch for railway purposes. Causing

the moveable rails to move through certain different degrees of space (although

actuated by one lever), so as to be perfectly in gauge, when opened for diverging

unes, and quite safe.

22d Dec. 1842. James Morris. Improvements in locomotive and other steam

•""'zincs. .

Expansive slide valve.

29t& Dec. 1842. Baron V. de Wydriff. Improvements in the construction of

railways, and in wheels to run on railways, and in apparatus for clearing rails,

lltt/on. 1843. C. Bailey. Certain unproved constructions of rails for tram-

•»y» and railways.

2&tkJm. 1843. F. M. Getrick and M. B.Tennant. Improvement in appara-

TOL. II. 3 Z
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tus for preventing the engines and carriages from going off the line of railway?,

and for removing obstructions on railways.

2lst Feb. 1843. L. H. Potts. Improved method or methods of conveying

goods, passengers, or intelligence.

7th April, 1843. R. and W. Hawthorne. Certain improvements imocomotiYe

engines, part of which are applicable to other steam engines.

Improved apparatus, denominated " an auxiliary expansion slide frame," fo:

working locomotive engines expansively

20th April, 1843. J. G. Bodmer. Certain improvements in locomotive engines

and carriages, to be used upon railways, in marine engines and vessels, and iu

the apparatus for propelling the same, and also in stationary engines, and in

apparatus connected therewith, for pumping water, raising bodies, and for

blowing or exhausting air.

22d June, 1843. L. la Paige. Certain improved method or methods for

preventing accidents on railways.

'~2.il .In. m , 1843. Samuel Ellis. Improvements in weighing machines, and in

turn-tables to be used on, or in connexion with, railways, and in weighing

machines, to be used in other situations.

\7th Aug. 1843. F. Lipscombe. For an hydrostatic engine, parts whereof are

applicable as improvements to other engines, and other purposes, and alio

improvements in railway carriages.—Described at page 472.

8th Feb. 1844. W. Newton. Improvements in propelling on railways.—

Described at page 507

2-Wt Feb. 1844. John Aitkcn. Improvements in atmospheric railways.

Producing a vacuum in the traction pipe, by filling it with water, and carrying

off such water by eduction pipes descending about 35 feet below the traction

pipes, with their ends immersed in water also ; in rendering the longitudinal

valve of the traction pipe air tight, by keeping it covered with water.

6th March, 1844. VV. H. Barlow. Improvements in the construction of keys,

wedges, and fastenings for engineering purposes.

The keys are of metal and are made hollow, as affording elasticity, lightnes,

and strength.

19/A March, 1844. H. Inglis. Improvements upon locomotive steam engines

whereby a saving of fuel will be effected, which improvements are applicable

to steam vessels, and other purposes, and to the increasing the adhesion of the

wheels of railway engines, carriages, and tenders upon the lines of railways.

30th April, 1844. J. Suuntda, and J. A. Samuda. Certain improvements in

the manufacturing, and arrangement of parts and apparatus, for the construction

and working of atmospheric railways.

30lh April, 1844. John Melville. Improvements in the construction and

modes of working railways.

17r7j May, 1844. J. Pilbrow. Certain improvements in the machinery for, or a

new method of propelling carriages on railways and common roads, and vessels

on rivers and canals.—Described at page 503.

29th Aug. 1844. W. Newton, Improvements in the means of preventing

shocks, or accidents, on railways, or in lessening the dangerous effects arising

therefrom. .

22d Oct. 1844. J. Nasmyth and C. May. Improvements in working atmos

pheric railways, and in machinery for constructing the apparatus employed

therein.

9th Nov. 1844. W. Prosser. Improvements in the construction of roads, and

in carriages to run thereon.—Described at page 469.

The atmospheric main is connected with two cylindrical vessels, placed

vertically, and which communicate alternately, with a steam boiler, and with a

condenser, in which a jet of water is maintained ; whereby a vacuum is

produced in each cylinder in succession, (as in Savery's steam engine,) and the

air rushing from the atmospheric main into the cylinders ; becomes rarefied

until the vacuum in the main is equal to that in the cylinders.

Another improvement consists in forcing down the brakes by pneumatic

pressure.
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MM A'or. 1844. J. Farrell. Certain improvements in machinery, whereby

carriages may be impelled on railways, and tramways, by means of stationary

engines or other power, including certain apparatus connected with the carriages

to run on same.—Described at page 516.

ISM Dec. 1844. W. Prosser. and J. Baptiste. Improvements in working

atmospheric railways.

\6lhJan. 1845. H. A. Dubern. Improvements in atmospheric railways.

\6th Jan. 1845, H. Lacey and G. \V. Buck. New method for manufacture

of, and method for sustaining, the rails of railways.

Application of wrought iron to sustain the rails of railways, in lieu of the

wooden sleepers, or of the stone blocks at present employed. ,

IQtA Feb. 1845. It. B. Longridge. Improved locomotive engine.

10M /-'(A. 1845. F. H. 'Maberly. Certain improvements in machinery, or the

apparatus for stopping or retarding railway or other carriages, applicable also

for these purposes in regard to other engines or wheels.

I'M It March, 1845. Thomas Dunn. Certain improvements in, or applicable

to, turn-tables, to be used on or in connexion with railways.

Jtk April, 1845. E. Bury. Certain improvements in locomotive engines,

carriages, or waggons running upon railways, or common roads, for the preven

tion of accidents.

IQth April, 1845. E. Galloway. Improvements in propelling railway carriages.

Modification of Saxton's differential pullies, with a view to prevent the

chafing of the rope—employment of wire rope, and an improved mode of

attaching the drag carriage.

141A April, 1845 J. C. Hadden. Improvement in preparing sleepers, chairs,

and spikes, and constructing wheels for railways.

10/A May, 1845. VV. Prosser and J. Brett. Improvements in railways, and in

propelling railway carriage!).

10<A Mai/, 1845. J. M. Chapman. Improvements in the manufacture of rails

and other parts of railways.

\"th May, 1845. A. Mac Dougall. Improvements in the method of working

atmospheric railways.

5(A June, 1845. Palmer. Improvements in working atmospheric railways, and

in lubricating railway and other machinery.

23d June, 1845. Thomas Clarke, and John Varley. Improvement on the

atmospheric system of .propulsion, which is also applicable to other motive

purposes.

23d June, 1845. R. Griffiths, H. G. Bovill, and G. Hennet. Improvements

in the construction of parts of apparatus used for propelling carriages and

Tench by the atmosphere ; and improvements in propelling carriages and

vessels by atmospheric pressure.

25/A June, 1845. J Zambaux. improvements in atmospheric railways.

25/A June, 1845. W. S. Ward. Improvements in exhausting air from tubes

or veuels, for the purpose of working atmospheric railways.

3d July, 1845. John Hopkins. Certain improvements on rails, and trains for

railroads, and tramways.

3d July, 1845. F. Walker and G. Mills. Certain improvements in

springs and elastic power, as applicable to railway carriages and other

"chicles, and to other articles and purposes in which springs, or elastic power,

are now used.

Employment of -air confined in bags to serve as springs to carriages, and

employing ammoniacal gas as a motive power.

3d July, 1845. W. Newton. Certain improvements in railways, and in the

means of propelling carriages.—Described at page 507.

Bth July, 1845. Jacob Brett. Improvements in propelling carriages on

railways and other roads and ways.

A hollow flat rail placed edgeways, extends the whole length of the line

twtween the rails for the carriage wheels, and communicates by branch pipes at

•uitable distances with the pneumatic main, in which the air is highly com

pressed by means of air pumps, worked by stationary engines. The flat rail is



548 LIST OF RAILWAY PATENTS.

enveloped in an air-tight bag, and the compressed air in the rail distending the

bag, causes it to press upon two rollers attached to the leading carriage, and

thus impels the train.—See Keene and Nickel's invention, page 505.

A second improvement consists of a suspension railway worked by the same

means.

12th July, 1845. J. S. Templeton. Impelling carriages on railways. A

modification of one of Mr. Pinkus's plans, in which locomotive engines are

worked by communication with a pneumatic main, in which the air is either

rarefied or highly compressed by means of air pumps worked by stitkmaT}

engines.

\'2lh July, 1845. J. Malcomson. Improvements in apparatus used for propel

ling carriages on roads, and vessels on inland waters, when employing atmo

spheric pressure.

A close tube is laid along a line of railway, and a vacuum is maintained in

it throughout its entire length, by the simultaneous action of all the staticaan

engines fixed along the line : the close tube communicates with the severs! sec

tions of the valved atmospheric main, by means of branch pipes, famished with

valves, by opening which in succession a vacuum is created in advance of the

piston, as it enters the different sections of the main.

21st July, 1845. J. Brett.Imp ovements in atmospheric propulsion, and in

the manufacture of tubes for atmospheric railways and other purposes.

A series of hollow pistons, communicating with a pneumatic main, are placed

midway between the rails at stated distances throughout the line, and attached

to the train is a tube (named the locomotive tube), having on the under side

a slit running the whole length of the tube, and at each end of the tube is >

hinged valve. In the passage of the train, the tube receives within it the fixed

pistons in succession, and the compressed air rushing through die pistons and

impinging on the hanging valve at the end of the tube impels the train.

29m July, 1 845. G. Beadon. Improvements in propelling vessels and laid

carriages in raising and drawing off water for driving machinery, which meirs

of raising and drawing off water are applicable to other useful purposes.

Improvements in screw propellors, and applying a combination of oblique

and direct propulsion to carriages, also a new .pump and a mode of increasiiu

the adhesion of bands to driving wheels.

30th July, 1845. E. Coleman. Improvements applicable to the moving ef

locomotive engines on inclined planes of railway.

Ascending inclines by means of an archimedean screw, attached to the loco

motive, and working into a line of rollers, laid down midway between the raik

The screw is driven by bevelled geer, fixed on the shaft of the driving wbeek

and on the axis of the screw.

31.«/ July, 1845. J. Quick and H. Austin. Improvements in the construction

and working of atmospheric railways.

1. Forming the tubes composing the atmospheric main of two or more

longitudinal pieces, connected together by elastic joints, so as to allow the pipf

to expand for the passage of the piston arm, and to close afterwards by the

pressure of the atmosphere.

2. Working lines with numerous intermediate stations (as the Blackvall

railway) by means of a close tube in which a vacuum is constantly maintained

by the engines, and which communicates with the atmospheric mains by branch

pipes fitted with valves.

3. An arrangement for making a smaller number of fixed engines suffice.

4. An expanding piston to suit enlargements of main, where greater power

is required.

1th Aug. 1845. H. Smith. Improvements in the manufacture of wheels for

railways, and in springs for railways and other carriages, and in axle-guards for

railway carriages.

The principle of these improvements consists in a method of welding, form

ing, and fixing the tyres of wheels ; and of making naves of wrought iron ; of

bending the plates of springs to the required shape, and in sawing the axk-

guards out of plates of iron, brought to a red heat
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ItkAug. 1845. Emanuel Henry. Improvements in atmospheric railways.

The slit in the atmospheric tube is formed in the side of the tube, and the

longitudinal valve is closed by the pressure of a long bag or hose, inflated with

air and protected by a shield of wrought iron bolted to the tube.

The vacuum iu the tube is produced by first filling with water large close

reservoirs, connected with the tube by pipes and valves, and the opening the

communication between the two, and allowing the water to run off.

2d Oct. 1S45. J. R. Hill. Certain improvements in atmospheric propulsion

applicable to water as well as land carriages.

6th Oct. 1845. M. Poole. Improvements in rails for railways.

HOt Oct. 1845. T. R. Crampton. Improvements in locomotive engines and

railways.

10th Oct. 1845. F. Harlow. Improvements in atmospheric railways.

I <>tk Oct. 1 845. S. Reed. Certain improvements in railway rails and chairs.

23<f Oct. 1 845. T. Worsdell. Certain improvements in apparatus to be attached

to, and employed in connexion with, railway carriages.

23d Oct 1845. J. Orsi. Improvements in sleepers or blocks for supporting

railways.—Described at page 425.

23dOct. 1845. Fuller. Improvements in the construction of railway

carriages.

31i( Oct 1845. R. W. Brandling. Improvements in railways and railway

carriages, for the security and convenience of the public.

31«( Oct. 1845. C. H.Collins. Improvements in atmospheric railways.

•iist Oct. 1845. D. Crawford. Improved means of, or machinery for, arrest

ing the progress of railway carriages and trains.

31rf Oct. 1845. J. Forsyth. Certain improvements in signals, or in the

method of giving signals, which are applicable to the working of railways, and

which are also applicable to maritime purposes, and for certain improve

ments in working of railways.

11/A Nov. 1845. B. Donkin. Improvements on wheels, as applicable to rail-

»ay carriages, and on the mechanical contrivances by which railway carriages

are made to cross from one line to another line, or on to what are generally

called " sidings."

II (A Nov. 1845. G. H. Dutton. Certain improvements in conveying intelli

gence from one part of a railway train to another.

18(/» Nov. 1845. J. O. Ward and W. Hillis. Improvements in the construction

•if railway, and in machinery and apparatus for working carriages.

18/A Nov. 1845. C. Vaux. Improvements in apparatus or machinery for

preventing accidents to carriages and passengers on railways, part of which

improvements are applicable to save lives and property in other places.

18(A Nov. 1845. E. B. Wilson. Improved apparatus applicable to swivel

bridges and turn-tables.

ISthNov. 1845. H.B.Powell. For certain improvements in carriages to be

used on rail and other roads.

20(4 Nov. 1845. Ernest Edge. For certain improvements applicable to the

■Heels and axles of engines, tenders, carriages, and waggons, to be used upon

railways.

ithDec. 1845. Robert Rettie. For an improved method of signalizing or

'legrsphing on sea or land, preventing collision at sea, and giving signals of

''stress, by improved burners with glasses coloured and signal cards, applicable

<o railways in all the various departments, as well as preventing of accidents,

*hen the train is at full speed; also the diurnal for railways, towns, villages, &c.

6.'A Dec. 1845. J. R. Johnson. For improvements in the materials employed

in constructing and working atmospheric railways.

20th Dec. 1845. Taylor and Conder. Improvements in propelling on rail

ways—Described at page 509.

30(4 Dec. 1845. T. Swinburne. For improvements in railways, and in the

means of propelling and carrying thereon.

MhJan. 1846. C. H. Greenhow. For improvement in the construction of

'iilways and railway carriages.
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(tilt Jan. 1846. J. R. Bozek. For improvements in the construction and ap

plication of railroad carriage wheels.

• 13th Jan. 1846. R. B. Longridge. For an improved locomotive engine.

20th Jan. 1846. R. A. Brooman. For certain improvements in railway and

common road carriages.

'1'ldJan. 1846. C.Wheeler. Certain improvements in the construction and

working of railways.

22d Jan. 1846. F. W. Campin. Certain improvements in obtaining and

applying motive power.

:S 1 st Jan. 1S4(>. M. Rimington. Certain improvements in obtaining and

applying motive power.

31 st Jan. 1846. A. Etienne. Improvements in the construction of railways,

railway carriages, and in the means of preventing accidents on railways.

3d Feb. 1846. E. Chesshire. Improvements in apparatus to be applied to rail

way carriages, to reduce the prejudicial effects of collisions to passengers in

railway carriages.

3d Feb. 1846 S.Brown. Improvements in gas engines, and propelling

carriages.

11th Feb. 1846. Clark, Freeman, and another. Improvements in obtaining

and applying motive power.

lllh Feb. 1846. G. Stephenson. An improvement in locomotive steam engines.

IGUi Feb. 1846. Nasmyth. Improvements in engines, or machines for

obtaining and applying motive power.

19th Feb. 1846. R. Nisbet. Improvements in locomotive engines.

-7th Ftb. 1840. J. S. Templeton. Improvements in propelling carriages on

railways, and improvements in propelling vessels.

11th March, 1846. W. Nairae. For a new mode or new modes of propelling

carriages along railways.

1 lth March, 1846. H.Austin. Improvements ill the construction of railway!

and railway carriages.

11th March, 184G. H. Bovill and another. Improvements in apparatus appli

cable to the working of atmospheric and other railways, canals and mines, and

improvements in transmitting gas for the purpose of -lighting railways.

lliA March, 1846. J. Banfield. Improvements in making signals and com

munications on railways and between railways, engines, carriages, and trail

which are also applicable to other localities.

23d March, 1846. J. H. Gandell and another. Improvements in the con

struction of, and in the mode of opening and closing of, moveable bridges or

arches, for the purpose of carrying railways, tramways, or other roads, aero*

canals, locks, docks or other open cuttings.

25th March, 1846. T. Pope. Improvements in apparatus for moving railway

carriages on to railways, and in machinery for lifting or moving heavy bodies

18th April, 1846. E. Galloway. Improvements in locomotive engines.

7th April, 1 846. T. Melling. Improvements in marine stationary and loco

motive engines.

28th April, 1846. C. de Bergue. Improvements in atmospheric railways.

22d May, 1846. II. Ci. I Inline. Improvements in the construction of rail

ways, and in the carriages to be used thereon.

26th May, 1846. J. Montgomery. Improvements in the construction of steam

boilers and steam engines, and in steam vessels, and in the machinery for pro

pelling the same.

26th May, 1846. E. A. Cowper. Improvements in the manufacture of nil-

way chairs.

4th June, 1846. J.C.Robertson. Improvements in railways and railway

carriages.

17» June, 1846. W.Cormack. Improvements in obtaining motive power.

10/A Dec. 1846. T. V. Allier. For improvements in brakes or machinery lor

■topping or retarding carriages.



REFLECTION. 551

RAISINS. Grapes, prepared by suffering them to remain on the vine till

they are perfectly npe, and then drying them in the sun, or by the heat of an

oven. The former are esteemed as much the best

RANCIDITY. That sensible change which first takes place in oils, wlicn

exposed for some time to the air ; supposed by chemists to be analogous to the

oxidation of metals. For it appears that the processes employed to counteract

rancidity, depend upon the combination of oxygen with the extractive principle,

with which the oily principle is naturally combined.

RAREFACTION. The act whereby a body is brought to occupy more

space, or expand into a larger bulk, without the apparent accession of any new

matter. This is commonly regarded as the effect of heat, or the matter of

caloric, repelling the particles of the body rarefied farther from the centre of

aggregation.

RASP. A species of file, on which the cutting prominences are distinct, being

raised by punching with a point, instead of cutting with a chisel.

RATAFIA. An alcoholic liquor prepared from the kernels of various kinds

of fruits, particularly those of cherries and apricots.

RATAN. A kind of cane much employed in the useful arts. They grow

in profusion along the banks of rivers in parts of Asia and the neighbouring

! lads. Certain species furnish cables, cords, and withes, of exceeding strength ;

others are split into strips for making the seats and backs of chairs, baskets, and

other light and elegant articles of furniture ; those which are larger and firmer,

and whose joints are more distant, afford elegant walking-sticks.

RATCH. A bar containing angular teeth, into which a pall drops, to pre

vent machines from running back. A circular ratch is called a ratchet wheel.

RECTIFICATION. A careful repetition of distillation, by which the results

are purified. See ALCOHOL.

REED. That part of a loom resembling the teeth of a comb, between which

the threads of the warp are separated.

REELS. Rotatory cylinders, or frames, on which lines, threads, &c. are wound.

REEMING. The opening of the seams between the planks of vessels, by

caulking irons, for the purpose of caulking or re-caulking them with oakum.

REFINING, in general, is the art of purifying any thing; but the term is

commonly understood to apply to the purification of metals, particularly gold

and «ilver, from the alloys with which they may be mixed. As gold and silver

alone can resist (he combined action of air and fire, there is a possibility of puri

fying gold and silver from all alloy of the other metals merely by the action of fire

and air, only keeping them fused till all the alloy be destroyed ; but this purifi

cation would be very tedious and expensive, from the great consumption of fuel.

Silver alloyed with copper has been exposed above sixty hours to a glass-house

fire, without being perfectly refined : the reason is, that when a small quantity

only of other metals remains united with gold and silver, it is protected from

the action of the air, which is necessary for combustion. This refining of

gold and silver merely by the action of fire, which was the only method

anciently known, was very tedious, difficult, imperfect, and expensive ; but a

ouch shorter and more advantageous method has been long practised. This

tnmuls in adding to the alloyed gold and silver a certain quantity of lead, and

j" exposing this mixture to the action of fire. The vessel in which the refining

" performed, is hollow, but shallow, that the matter which it contains may pre-

*nt to the air the greatest surface possible. This form resembles a cup, and

nence it is called a cupel. The furnace ought to be vaulted, that the heat may

* applied to the surface of the metal during the whole time of the operation.

' 'Pon this surface a dark-coloured crust or pellicle is always forming ; but when

;Ji the other metals are dissipated, the surface of the gold and silver is seen clear

'oil brilliant ; which indicates that the metal is free from alloy.

REFLECTION, in Mechanici, is the return or regressive motion of a move

able body, arising from the reaction of another body on which it impinges. The

^flection of bodies after impact, is attributable to their elasticity; and the more

perfectly they possess this property, the greater will be their reflection, all other

circumstances being the same.
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REFRACTION, ia Mechanics, is the deviation of a body in motion from in

original course, arising from the different densities of the several parts of the

medium through which it passes.

REFRIGERATORY, in Chem'utry and Distillation, is a vessel for cooling

liquids, or condensing vapour into liquids, by the application of cold water. The

common worm-tub is a specimen ; but refrigeratories are of numerous forms.

See ALCOHOL, CONDENSER, &c.

REGISTER. An aperture or valve placed in a chimney, ctove, or furnace,

for regulating the quantity of air to be admitted.

REGULUS. A term that was given to metallic matters when separated

from their ores by fusion.

RELIEVO, or RELIEF, are terms applied to that mode of working in sculp

ture by which figures are made to project from the ground or body on which

they are formed, and to which they remain attached. The same term is raed,

whether the figure is cut with the chisel, modelled in clay, or cut in metal or

other substance. There are three kinds of relievo :—First, alto-relievo, (or MeH

relief,) when the figures are so prominent from the ground, that merely a small

part of them remains attached to it. Mezzo-relievo, (or half relief,) when one

half of the figure rises from the ground, in such manner that the figure teoM

divided by it. Basso-relievo, (or low relief,) when the work is raised but little

from the ground, as in medals, and generally in friezes, and other ornamented

parts of buildings. Low-relief, or bas-relief, is the comprehensive term by

which all works in relievo are usually indiscriminately denominated.

RENNET. The coagulum prepared from the stomach of a calf, employed in

making cheese.

REPULSION, in Physics, that property in bodies, whereby if they are placed

just beyond the sphere of each other's attraction of cohesion, they materially

recede and fly off.

RESIN. A solid inflammable substance of a vegetable origin, and sohiUe

in alcohol ; it resembles gum in appearance, but differs from it chiefly in to in

solubility in water ; in which gum is soluble, and not in alcohol. Resins appear

to have been volatile oils rendered concrete by the absorption of oxygen. Tas

exposure of these to the open air, and the decomposition of acids applied !••

them, evidently prove this conclusion. What is most generally known by th?

name of resin, or rosin, is the residuum left after distilling the essential oil from

turpentine, and which is run or ladled out of the still into casks cut in half, f°>

sale. In commerce, this product is called brown rosin. The yellow rosin i'

made by ladling out the brown rosin from the still into a vessel of hot viler;

a violent effervescence ensues, and the rosin absorbs one-eighth of its weight in

water. It is more friable than the brown rosin, but the lighter colour of the

yellow adapts it better to some purposes.

RESISTANCE, in Fluids, is that opposition to the motion of a body which

arises from the inertia, tenacity, and friction of the parts of the fluid in which

it moves. If any body move through a fluid with a given velocity, it will

evidently displace a certain ' number of particles with a given velocity ; but in

thus giving motion to the particles of fluid, it must lose a part of its own, whieh

loss of motion is the effect of resistance. When a body changes its velocity, tH*

resistance is not changed in the same proportion ; for if a body move with

double .its former speed, it will manifestly set in motion twice as many par

ticles, and each of these particles will be moved with double its former velocity.

In the same way, if the velocity be tripled, three times the number of particle*

must be put into motion with a triple velocity. Thus it appears that a double

velocity produces a fourfold resistance, a triple velocity a ninefold resistance;

that is, the resistance increases proportionally to the square of the velocity

The resistance is also increased in the same proportion as the area of the plan*

immersed ; it is also increased as the density of the fluid medium. If the plane

does not move with its face perpendicular to the direction of its motion, the

resistance will be diminished, both on account of a less surface being exposed,

and the oblique action of the particles on the plane. From these two causes

the resistance will be diminished as the cube of the sine of the angle that the
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plane makes with the direction of its motion. The resistance is the same,

whether the body move in the fluid, or the fluid move against the body. The

absolute resistance to a given plane, by a fluid acting with a certain velocity

perpendicularly to its face, is equal to the weight of a column of fluid, whose

base ii the plane and height equal to that through which a heavy body must

fall to acquire the given velocity: a consideration of the law of resistance, a

limit to our speed in navigation, which soon becomes insuperable.

RESOLUTION OF FORCES, orreiolution of motion, n the act of dividing

any single force or motion into two or more others, in different directions ; or

of finding the quantities of two or more forces or motions, which, taken

together, shall produce the same quantity of force or motion with the given one,

and in the «ame direction. This is the reverse of COMPOSITION OF FORCES or

MOTION ; which see.

RETARDATION. The act of checking or diminishing' the velocity of a

body in motion. The two grand causes of the retardation of moving bodies

«ie, the resistance of the medium through which the body moves, and the action

of gravity.

RETORT. A vessel used in distillatory processes, usually of a pear shape,

with a long beak ; but they are modified in a great variety of ways. See GAS.

REVERBERATORY. A furnace or oven, wherein the flame, or current of

heated gases from the fuel, is caused to reverberate, or be reflected down upon

the substance under operation, before passing into the chimney : such rever-

beratories are therefore usually made with dome tops, against which the flames

i'c. first impinge, and then curve downwards upon the bed of the furnace.

RHODIUM. A new metal, discovered by Sir H. Davy amongst crude

plau'na; specific gravity, 11.. It unites easily with every metal with which it

has been tried, except mercury : with gold or silver it forms a very malleable

alloy, not oxidated by a high degree of heat, but becomes encrusted withablack

oxide when slowly cooled ; one-sixth of it does not perceptibly alter the colour

of gold, but renders it much less fusible.

RICE. A hard, white, farinaceous, and very nutritive grain, which grows

in the East and West Indies, and other warm climates ; it grows to the height

of about 2^ feet, with a stalk not unlike that of wheat, but fuller of joints, and

with leaves resembling those of the leek. It branches out into several stems,

at the top of which the grain grows in clusters, and each of them is terminated

with an ear or beard, enclosed in a yellow rough husk. When stripped of this

rough coat and a thin under-skin, the grain is shown to be of an oval form, and

of a beautiful white colour. The native mode of shelling rice (or paddy, as it

a called in the rough state) in India, is by placing it in a large hollow stone

or mortar, and striking the loose grain with a conical stone or pestle, by which

it if constantly forcibly pressed and disturbed ; and thus, by persevering efforts,

the husks are rubbed off. This process is, however, a very tedious and laborious

one, and to remedy it, a variety of inventions have been successfully introduced

and improved upon. The general practice, of late years, has been to employ

millstones for depriving the paddy of the outer shell, the stones being set at

wch a distance apart as will detach the shell, without crushing the interior

grain. The stones are covered by a hoop or case, which entirely encloses them,

S'aving a space all round between the stone and the hoop of about two inches.

In one side of this hoop is a hole, through which the husked rice runs out upon

• fine sieve, kept agitated by the mills ; in passing over this, the dust and sand

are wparated ; it then falls into the winnowing machine, which separates the

hoik from the rice. There is one of these machines to each pair of stones, to

separate the rice from the husk, in its passage from the stones to the bin.

The rice in this stage of the operation is more or less red, nothing more

being done than the separation of the husk ; after this, it is taken to the

•hitening machine, where the inside cuticle, or red skin, is detached. This

•• "-hiiie consists of a stone of coarse grit, fixed on a spindle like a grinding-

t'me; the stone is. enclosed in a case made nearly to fit, leaving a space all

roond of about an inch between the stone and the inside of the case : this case

i> made of plate iron, and punched full of small holes, like a grater, with the

V'!.. 11. 4 A
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rough side inwards; it is so contrived, that the case may go round with the

stone, or it may remain still while the stone is turning. The rice is put in

between the case and the stone at a sliding door, or opening in the rim ; the

space is about two thirds filled ; the stone is then put in very rapid motion,

making at least 250 revolutions a minute, by a strap. The case is allowed to

turn very slowly ; this changes the position of the rice, and every grain in

succession comes into contact with the stone, and, rubbing hard against each

other, an accumulation of heat (which produces an enlargement of the groin,

and consequently splits the red skin) is produced, which serves to loosen the

skin ; and this, forming a red dust, finds its way out of the holes in the case,

and leaves the rice perfectly white.

The cleansing of rice in this country is of modern introduction, and, from its

apparently growing importance, we shall add some account of the processes

recently patented for that purpose.

Mr. Ewbank's patent of 1819 informs us that the paddy is] first cleansed

from foreign matter by passing it over a screen, which, detaining the rice,

allow the impurities to pass through. The paddy in this state is taken to mill

stones, set at a proper distance apart to rub off the external shells or husks;

the husks are next blown away by a fanning machine; the rice, thus partially

cleaned, is then deposited in mortars, where it is beaten and triturated for

depriving it of the thin red skin ; and when the trituration has been carried

far enough, the contents of the mortars are sifted upon a " sloping and re

volving screen," which is composed of three distinct wire-cloths, of different

degrees of fineness. The finest under cloth allows the dust or flour to pass

through, but detains the broken rice ; the second or middle cloth separates the

broken, and detains the whole rice, while the coarsest upper cloth allows only

the whole rice, or husked grains to pass through, and detains the unhusked, which

is taken back to the millstones to be operated upon again. The rice, still but

imperfectly clean, is afterwards taken to the polishing and whitening machine,

which consists of two cylinders placed concentrically ; the exterior cylinder is

fixed or stationary, and the interior one, which is made to revolve, is covered

with sheep-skins with the wool on the outside. Between these two cylinders

the rice is put, and the inner cylinder being made to revolve, the rice is brushed

by the constant friction of the wool, and thereby polished and whitened.

A second patent granted in May, 1827, to Messrs. Lucas and Ewbank.

relates to an improved method of treating the rice, that is, after it has beer,

husked. For the purpose of depriving or getting rid of the red pellicle, which

is united to the rice by a gummy substance, they employed in succession two

or more sets of mortars. When, by the trituration of the pestles, the gummy

or glutinous matter begins to disengage itself (which is immediately manifested

by the rice moving sluggishly under the pestles), it is to be taken out of the

first set of mortars, and carried to a second set, wherein is to be mixed with

the rice a quantity of the external liusks well dried, in the proportion of one

fourth or two-fifths in bulk to that of the rice. The triturating and beatinj

process is then renewed upon this mixture, the dry busks greatly assisting in

cleaning and whitening the grain. After this the mass is to be fanned ami

screened, to separate the refuse; when the rice is taken to the polishing

machine, as before described, which terminates the process.

In the month following the date last mentioned, Mr. Melvil Wilson, a mer

chant of London, took out a patent for an improvement in husking rice, in

which the operation was conducted simply by the collision of the grains of

paddy against each other.

The apparatus consists of a long hollow cylinder, around the interior surface

of which are fixed a series of angular bars, projecting towards the axis of

the cylinder ; this cylinder revolves loosely on a central shaft, which passes

through it, and is provided with a similar number of bars, pointing radiali)

from the centre to the circumference, and passing alternately between the bar*

in the cylinder, so as to leave an inch free space between them. Thus disposed

the cylinder is placed in an inclined position ; the rice is allowed to enter hat

the top, while the cylinder is made to revolve with a " slow motion" m one
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direction, the axis moving at the same time at " a high speed," and in a con

trary direction; consequently, as the rice passes through the cylinder, it will

be considerably agitated and turned about; and the husk will, it is said, be

rubbed off before passing at the lower end of the cylinder.

To render the construction of the interior of the cylinder perfectly under

stood, the annexed diagrams will be sufficient.

Fig. I represents a plan of the cap of the cylinder, not

fixed thereto, nor to the axis, which passes through it, but

to the framing which supports the hopper ; it serves to

guide the grain into the cylinder, and to keep out adven

titious substances.

fig. 2 is called, in the specification, "a socket wheel;"

it is fixed directly under the cap to the cylinder, and the

axis passes through the socket, which' serves, therefore, as

a bearing for both the axis and the cylinder, permitting

them to revolve freely in contrary directions. For the

convenience of removal, this wheel is made to divide into

two parts, which are bolted together when in use.

Fig. 3 gives a transverse section of the cylinder and

axis, each of which being shown as provided with four

ban, that number being fixed in each parallel circle, and

alternately as respects those on the cylinder, and those on

the axis. This section likewise shows the cylinder to be

composed of eight distinct pieces or segments ; on each of

the eight segments is fixed a longitudinal row of similar

bars, though only four (the number in one circle) are

brought into view, to prevent confusion.

Fig. 4 is a transverse section of one of the before-men

tioned bars, showing that they are of the figure of a quad

rangular prism, that shape being preferred by the patentee

for the purpose in question.

Fig. 5 is a plan of the bottom of the cylinder ; it is

formed in part like the socket wheel, described in Fiy. 2,

but the spaces between the spokes are closed ; in each of

these compartments a large aperture is made for the

egression of the grain, which is regulated at pleasure, by sliding doors to each,

as represented.

Mr. Wilson took out a second patent in 1 830 for "an improved method of

preparing and cleansing paddy or rough rice," which may bfe briefly described

as consisting of a series of mortars with solid bottom and sieve sides; the latter

being made of wire gauze, or perforated metal plates, strengthened by ribs of

strong wire. These mortars are placed in a row, and their contents operated upon

by a series of pestles suspended to a revolving crank shaft above, the pestle rods

being guided in their action by a suitable frame underneath, sliding between

upright standards which support the crank shaft. The intention of the " sieve

adej" to the mortars is, that the rice may pass through as soon as it is cleaned,

» M not to be heated by the subsequent operation of the pestles.

We shall mention one more patent, which was recently granted to Mr.

Shiels, of Liverpool, for the same object. Instead of a pair of millstones for

the first operation of shelling, the specification of this patentee directs the em

ployment of one mill-stone, and what we will take leave to call one m\\\-teood

'of precisely similar figure to the stone), and between these two substances the

paddy is to be milled in the same manner as between two stones. The second

operation of taking off the thin pellicle is to he performed by rubbing the

grain between the flat surfaces of two wooden runners, which are covered with

sheep-skin with the wool on. But Mr. Shiel's mode of applying the sheepskin

ii different to Mr. Ewbank's before described ; the wool being placed by Mr.

Shiel next to the surface of the runners, so that the rice is operated upon by

'he flesh sides of the ekins.and owing to the springiness of the wool underneath,

M grain receives an elastic pressure.
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RIFLE. The name given to a fire-arm from the peculiar construction of its

barrel, which is cut internally into long spiral grooves, that usually make but

one revolution through its length.

RIGGliR. A cylindrical pulley; known also by the term drum, in

machinery.

RIGGING. A general name given to all the ropes employed to support the ,

masts, and to extend or reduce the sails, or arrange them to the disposition of

the wind.

ROADS. The subject of this article opens to us so vast a field of inquiry,

that it is impossible to do justice to its importance within the limits prescribed

to us. To the curious explorer of ancient records, a search into the history of

roads, from the earliest ages of antiquity, would repay his utmost labour. While

to the philosopher it offers ample scope for meditation and reflection; the

theorist may speculate on the influence, moral and political, exercised by facility

of communication between distant members of the same body politic; and the

sound rcasoner find, in the opening of good roads alone, data on which to bate

a true estimate of the progress of society.

Roads may be described as both the cause and effect of civilization ; the

formation of roads invariably tending to improve the most barbarous district,

to evolve its resources, and civilize its people; while, on the other hand, the

internal communications of a country afford the surest proof of her prosperity;

and her roads, the infallible signs, because the certain consequences, of her

civilization. " Let us travel," says the Abb£ flaynal, " over all the countries

of the earth, and wherever we find no facility of travelling from a city to a

town, or from a village to a hamlet, we may pronounce the people to be bar

barians." "The making of roads," observes Sir Henry Pamell, in his

admirable Treatiie, " in point of fact, is fundamentally essential to bring about

the first change that every rude country must undergo, in emerging from •

condition of poverty and barbarism."

The wise policy of the Romans taught them to lay open the countries the;

subdued, which might afford an easy transport of their ammunition and sup

plies. In Britain, some remains of the Roman roads are yet visible. At

Chester, remnants of the old Roman pavement, called the Castrum, are fre

quently discovered on removing the superincumbent soil; in Scotland, a portion ot

Roman causeway, leading from Musselburgh Bay to Abercorn ; in the neigh

bourhood of St. Albans on the road to London—and in many other places. Aii

the roads discovered ran nearly in direct lines. Natural obstructions were

removed or overcome by the efforts of labour and art, whether they consisted

of marshes, lakes, rivers or mountains. In flat districts the middle part of the

road was raised into a terrace. In mountainous districts the roads were alter

nately cut through mountains and raised above the valleys, so as to preserve

either a level line, or a uniform inclination. They founded the road on piles

where the ground was not solid, and raised.it by strong side walls, or by arches

and piers, where it was necessary to gain elevation. The paved part of the

great military roads was 16 Roman feet wide, with two side ways, each 8 feet

wide, separated from the middle way by two raised paths, 2 feet each. At

every mile columns were erected, to mark the distance from place to place ;

blocks of stone for foot travellers to rest upon, or for horsemen to mount their

steeds with ; temples, triumphal arches, and mausoleums adorned them, and

military stations defended and commanded. By the formation of these great

highways, an impulse was given in Britaiti to the national industry. The genius

of the British people, essentially commercial, hastened to avail itself of the

facilities (limited as they were) for intercourse and traffic; and we may fairlv

attribute to the conquest of Britain by the Romans her present commercial

superiority.

A road should combine tbe qualities of hardness, smoothness, and strength cr

solidity. To obtain these requisites, it appears to us indispensable that great

care should be taken to prepare the foundation for the materials ; but on this

point much diversity of opinion exists; Mr. M'Adam maintaining that the

elasticity of the subsoil is rather a benefit than an injury, in contradiction to
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the opinion of Mr. Tredgold, and other eminent engineers, that on a substratum

of a spongy nature, as bog-land, or morasses, it is imperative to render the

foundation firm.

Drainage.—In properly conducting this part of the business of road-making,

great care is necessary. The utmost judgment of the skilful surveyor will be

called into action to enable him to make the best use of the natural facilities of

the country, and to overcome the obstructions that he will sometimes meet with.

In passing over flat land, open main drains, cut on the field side of the fences,

must communicate with the natural watercourses of the country ; they should

be three feet deep below the level of the bed of the road, one foot wide at

bottom, and five feet wide at top. If springs rise in the site of the road, or in

the slopes of deep cuttings, stone or tile drains should be made into them. In

cutting, small drains, technically called mitre drains, should be formed ; the

angle, depending on the inclination of the road, should not exceed 1 inch in

100. They should be 9 inches wide at bottom, 12 inches at top, and 10 inches

deep. According to the inclinations of a road, and the form and wetness of the

country, cross-drains of good masonry should be built under the road, having

their extremities carried under the road fences. One of these should be built

wherever water would lie ; and when the road passes along the slope of a hill,

great numbers are necessary to carry off the water that collects in the channel

of the road on the side next the high ground. Various descriptions of drains

are made in every situation where necessary, and the preservation of the

surface of the road secured by giving it a proper convexity in its cross section,

as shown in the annexed section, designed for the regulation of the surfaces

sad wastes between (lie fences of the Holyhead road.

 

The proper convex form is particularly essential on hills, in order that the

water may have a tendency to fall from the centre to the sides. The side

channels, and all the road drains, should be repaired at the approach and at the

end of the winter, and daily attention given to their being free from obstruction.

If roads, by a proper system of drainage, be kept dry, they will be maintained

in s good state, and at proportionally less expense.

Materials, ((<:.—The breadth of roads should vary according to circumstances.

In the vicinity of large towns, where the traffic is considerable, the road should

t* not less than 60 feet between the fences. Where Miere is less traffic, fifty

feet will be sufficient. The whole breadth should, in these cases, be metalled,

or laid with broken stones. Near London, and the capitals of Edinburgh and

Dublin, perhaps 70 feet is not too great a width, and a footpath should be pro

vided on each side. " The road," says Mr. Telford, in a specification for th?

Holyhead read, " is to be 30 feet wide, exclusive of footpaths, with a fall of 6

inches from the centre to the side channels." The bed of the new road bein ,'

prepared for the reception of the materials, should, if of a wet or spongy natnr •!

W well ' rammed ' with chips of stone ; in some situations it is advisable to lav

a stratum of hand-laid stones, of from 5 to 7 inches in depth, with their broad

est ends placed downwards, and the whole built compactly together. On th.H

is to be laid the ' metal,' or broken stones, to the depth' of at least 8 inches

broken of a uniform size, so as to form a solid and compact body. To insur •

uniformity in the size of the broken stones, various tests have been suggested ;

perhaps the most simple is, that every piece shall pass through a ring of 2\

inches diameter. On this bo Iv of metal, no binding or gravel should be use 1 ;
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the angular sides of the metal soon lock into each other, and form a smooth

surface. In the selection of road-metal, we prefer the several varieties ot green

stone. The best kinds of these are less friable than granite, when broken into

small pieces. It is, however, often necessary, for want of better materials, to

use smidstonc, common limestone, and chalk, even in districts where there u a

great deal of traffic ; in some instances, where coal is abundant, sandstone is

reduced to a vitreous mass in kilns erected by the road side.

" Well-made roads, formed of clean, hard, broken stone," observes Mi.

Macneill, " placed on a solid foundation, are very little affected by changes ot

atmosphere ; weak roads, or those that are imperfectly formed with gravel,

flint, or round pebbles, without a bottoming, or foundation of stone pavement

or concrete, are, on the contrary, much affected by changes of the weather.

In the formation of such roads, and before they become bound or firm, a con

siderable portion of the sub-soil mixes with the stone or gravel, in consequence

of the necessity of putting the gravel on in thin layers : this mixture of earth

or clay, in dry, warm seasons, expands by the heat,-ami makes the road loose

and open ; the consequence is, that the stones are thrown out, and many of

them are crushed and ground into dust, producing considerable wear and dimi

nution of the materials. In wet weather, also, the clay or earth mixed with

the stones absorbs moisture, becomes soft, and allows the stones to move and

rub against each other, when acted upon by the feet of horses or wheels of

carriages. This attrition of the stones against each other wears them out sur

prisingly fast, and produces large quantities of mud, which tend to keep the

road damp, and by that means increases the injury."

The immense traffic in the streets of London, and other large cities, and the

inconveniences resulting from a frequent derangement of the pavement, haTc

long rendered the establishment of a firm, durable, and smooth city road, a

great desideratum. The alternate dust and mud on broken stone roads hare

proved them unfit for crowded thoroughfares. They have been tried, but

failed. Stone paving of various kinds, and even cast-iron plates, in the form of

fig. 1. (Plan.)
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a causeway, have been suggested. Of the two kinds of stone pavement with

which London, Dublin, and Edinburgh, are paved, the one is termed rubble cause

way, the other aisler causeway. In the former the stones are very slightly

hammer-dressed ; in the latter they vary from 5 to 7 inches in thickness, from

8 to 12 in length, and about a foot in depth. The Commercial Road of London

is a fine specimen of the aisler causeway. It leads from Whitechapel to the

extensive establishments of the East and West India Docks, at Blackwal! and

Poplar. It is 2 miles long, and 70 feet wide. The footpaths are laid with

Yorkshire flags, and the stoneway of granite. The tramway is composed of

large stone blocks, 18 inches wide by 12 inches deep, and from 2J to 10 feet

long. They are laid in rows four feet apart, on a hard gravel bottom, or a

concrete foundation, and have their ends closely and firmly jointed to each
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other, so as to prevent movement, either lateral or longitudinal. On this tram

way a waggon weighing, with its load, 10 tons, was drawn by one horse from

the West India Docks, a distance of 2 miles, rising 1 in 274, at the rate of

nearly 4 miles per hour. The works were executed under the direction of Mr.

James Walker, the engineer, by whom the plans were furnished, and whose

report to the trustees of the rond contains much useful information.

Mr. Stephenson, the engineer, describes in the Edinburgh Encyclopediaamode

of constructing a smooth and durable city road, which is both economical and

ingenious.—" A street or highway, supposed to measure about thirty feet in

3EPSE£

Fig. 2. (Section.)

breadth, is laid out in five compartments, independently of foot-paths. Two of

these are laid with the aisler causeway tracks, five feet apart, the horse-paths

of rabble causeway, or broken stones, in the usual way. A B C D (fig. 1) point

out a compartment of the road, laid partly with broken stones, in which E E

and F F are the aisler causeway tracks, A B being a paved open drain, on the

side of the road. I N shows the limits of a road, also laid with tracks of

abler causeway, as marked at L L and M M ; but here the compartments

between and on each side are paved with rubble, or inferior causeway stones.

Fig. 2 is a section of the plan described under Fig. 1, and shows the particular

form of the aisler causeway tracks ; a is a paved drain, b one of the sides,

made with broken atones, c c two of the aisler causeway tracks, and d the horse

path between them.

In the year 1 825, Mr. Thomas Parkins obtained a patent for an improved

mode of paving. The patentee proposed to lay on common roads continuous

lines of granite blocks, on which the wheels of carriages are to run ; the upper

surfaces are to be level with the road, the under surface flat, and the stones are

fitted together by " bird's-mouth joints." Each stone is thus supported by the

stones on each side of it, and prevented from partial depression. Whatever

Ftg.3.

 

merit may be due to Mr. Parkins for the methods he has suggested, so many

and so various are the improvements in pavements since the date of his patent,

that it is unnecessary to describe more minutely the several modes by which he

proposes to connect the blocks of stone together.

In the same year, a patent was granted to Mr. John Lindsay, of the Island

of Herm, near Guernsey, for certain improvements in paving ; it is described

'n VoL XI. No. 64, of the London Journal. Fig. 3 is a cross section of the

street ; D D is a properly-prepared foundation ; b and c c are blocks of smooth

granite, placed longitudinally, and parallel to each other, for the carriage
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wheels ; d d are also stone blocks, with trenches in their upper surfaces, to serve

as drains for surface moisture or rain. The intermediate spaces e eeexte filled

up by common paving stones, with their broadest surfaces downwards, the

interstices to be filled with granite chips or cement. The central line of granite

blocks £ is to be sufficiently broad to allow two carriages to pass ; and the side

blocks c c are only required to be wide enough for one wheel to run on. Upon

the kerbs, carriages with heavy loads will pass with ease, and comparative];

little labour to the horses. Mr. Lindsay's plan of preparing the foundation for

the reception of the blocks, it is unnecessary to detail ; and we believe the

method of fastening the blocks by cramps or bars of iron, has been long

known, and, in many cases, acted upon. Though we conceive his invention to

possess but little novelty, the patentee deserves credit for attempting to improve

our street pavement ; so valuable, as we have before observed, in a smooth

and solid roadway, that every suggestion for its attainment is entitled to

respect.

Mr. H. T. Cassell of Mill Wall, Poplar, has obtained a patent for a bitu

minous composition, called by him " lava stone." The patentee describes the

merits of the invention to consist in the discovery of a mode of combining

certain materials to form a species of stone uniting the advantages of metal

with those of stone. The properties of this stone are durability and toughness.

It does not absorb water, and is a non-conductor of heat. Each of these pro

perties can, in the process of combination, be increased or diminished, to suit

the purposes for which the stone is intended. In paving a street, the following

method is pursued :—Instead of disturbing the bottom, it is to be consolidated

by picking, raking, and rolling. A coating of bituminous lava is then run

over, and the whole rendered impervious to water. This coating is then to be

paved over with granite stones of the usual description, and the interstices are

to be filled in with hot bituminous lava.

ROOF. The top covering to a house or other building ; in which sense it com

prises the timber work, slate, tile, lead, with whatever else is necessary to form

and complete the whole. Roofs are of various forms. First, the pointed roof,

in which the ridge, or the angle formed by two rafters at the point at top where

they meet, is an acute angle. Secondly, the square roof, in which the angle at

the ridge, formed as above, is a right angle. Thirdly, the flat roof, or rather

 

pediment roof, which has the angle at the ridge more or less obtuse. There are

various other forms, as the hip-roof, the valley-roof, the hopper-roof, the salt-

box roof, the round roof; and when the covering of a building is flat, it is deno

minated a platform, technically, and not a roof. For a full and exact description

of every kind of roof, we must refer the render to Nicholson's Practice!

Builder, contenting ourselves by presenting to him a very elegant and
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economical arrangement for a pediment roof, recently designed by A. H.

Houldsworth, Esq., for the presentation of a model of which to the Society of

Arts, Sec, that gentleman was awarded an honorary medal. It is represented

in the cut.

The advantages which this method affords, are, the saving of a considerable

proportion of the timber usually employed, and the gaining for useful purposes

the whole space that is contained within the roof. Mr. Houldsworth constructed

a roof of this kind over the dwelling-house of a friend of his, and notwith

standing his walls were only six feet above his upper floor, he has obtained, in

consequence, good lofty rooms, whilst the outside of his house appears very

low; his barns, hay-lofts, &c, are built upon the same plan. A A represent

the walls of the house, and B one of the timbers of the uppermost floor, resting

on the sleepers//, which are let into the wall; over two other sleepers, laid in

the top of the wall, are fitted two pieces of wood, D I). The principal rafters

C C, forming each pair, are then secured at the bottom into the pieces D D, and

are fastened to each other at the top by iron pins. Each pair of the principal

rafters C C is supported by two arch pieces E E ; these pieces are in theirgrain,

and are formed on the plan recommended by Mr. Hookey, of the King's Yard,

at Woolwich, to whom the country is so much indebted lor this mode of con

verting the timber. They are cut lengthways, by a Baw, into three pieces, to

within two feet of one end ; are then placed in a steam-kiln, and boiled until

they will bend" freely, when they are fixed to a mould and left to cool ; after

which a few pins of wood are driven through them, to keep the pieces so cut

from again flying open. The arch pieces will get a little out of shape when

taken from the mould, but will be easily brought back, and when secured under

'lie principal rafters, will fit the more firmly. The lower ends of these arch

pieces are inserted in the beam B of the floor, and therein firmly pinned, while

at the top they cross one another, and each butts against its opposite rafter.

They are further secured by iron straps to the short pieces D D, on which the

principal rafters rest, thus preventing the latter from sinking, and thrusting out

the walls, and making the whole a stiff and complete framing, on which the

longitudinal rafters and transverse pieces are fastened in the usual manner.

The roofs of barns or other buildings that have only a ground floor, may be

constructed in the same way, care being always taken to bring the feet of the

arch pieces so far down the wall as to give them a firm bearing.

Mr. Houldsworth, having already constructed several roofs of great widths on

the plati described, expresses his entire confidence of being able to apply the

same principle to a roof of any given span, for which timber of sufficient length

could be procured. This elegant improvement, which does away with all those

inconvenient timbers in roofs of the ordinary construction, called king-posts,

queen-posts, braces, &c. &c, consequently leaves the whole space (as before

observed), which is usually employed to no useful purpose, for the making of

good lofty rooms, besides effecting a considerable saving on timber. Numerous

examples of the modes of trussing girders for roofs are given under the article

Beau.

ROPE-MAKING. The art of forming fibrous, flexible, and tenacious sub-'

stances into cordage. The principal aim of the ropemaker is to unite the

strength of a great number of fibres. This would be done most effectually,

«ere the fibres long enough, by laying them parallel to each other, and fastening

the bundle at each end. They must therefore be combined together in such a

manner that the strength of any single fibre shall be insufficient to overcome

the resistance of the friction occasioned by the entanglement, but rather break :

and this effect is found to be produced most easily by twisting them together, so

that they shall mutually compress each other. On the other hand, a skein may be

twisted so hard, that any attempt at farther twisting will break it ; such a

skein can have no strength to support a weight, each fibre being already loaded

as much as it can hear, and therefore any weight added would break it; What

ever force is actually exerted by a twisted fibre, in order that it may sufficiently

tompress the rest to hinder them from being drawn out, must be considered as

a weight banging on that fibre, and must be deducted from its absolute strength

VOL. H. 4 a
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of cohesion before the strength of the skein can be estimated. The strength of

the skein is evidently the remainder of the absolute strength of the fibres after

the force exerted in twisting them has been deducted. Hence arises that fun

damental principle in rope-making, namely, that all twisting beyond what is

necessary for preventing the fibres from being drawn out without breaking,

diminishes the strength of the cordage, and is, therefore, to be avoided. Thus ,

it is necessary to twist the fibres of hemp together, in order to make a strand ;

but twisting is not all : something must be done to prevent the skein from

igain untwisting as soon as it is let loose from the hand ; some method mutt be

adopted to make the tendency to untwist in one part, act against and counter

balance the like tendency to untwist in another; in the properly accomplishing

this, consists one of the principal difficulties of rope-making. The following

observations, for distinctness' sake, apply chiefly to the larger cordage, such si

forms the standing and running rigging of a ship ; but they are easily extended,

with proper modifications, to the smaller kinds.

The first part of the rope-making process consists in twisting the hemp ; that

is, making rope-yarns. These are spun in various ways, according to the nature

of the machinery employed, and the cordage to be made. A slip cf level

ground is enclosed, of about 600 feet long, of a breadth sufficient to contain

the number of machines employed, and either covered with a slight roof, or left

open at top. A spinning-wheel is set up at the upper end of this walk. The

band of this wheel goes over several rollers called whirls, turning on pivots in

brass holes. The pivots at one end come through the frame, and terminate in

little hooks. The wheel being turned by a winch, gives motion to all these

whirls. The spinner has a bundle of dressed hemp round his waist, laid in the

same way that women spread the flax on the distaff. He draws out a proper

number of fibres, twists them with his fingers, and affixes them to the hook of

a whirl. The wheel is now turned, the skein is twisted, becoming what ii

called a rope-yarn, and the spinner walks backwards down the rope-walk. The

spinner supports the yarn in one hand (protected by a wetted piece of coarse

cloth or flannel), while with the other he regulates the quantity of fibres drawn

from the bundle of hemp by the motion of the twisting yarn. The greatest

fault that can be committed, is to allow a small thread to be twisted off* from

one side of the hemp, and then to cover this with hemp supplied from the other

side ; for it is evident that the fibres of the central thread make very long

spirals, while the skein of the fibres which covers it must be much more oblique.

This covering has but little connexion with what is below it, and will easily be

detached. But even while it remains, the yarn cannot be strong, for on pulling

it, the middle part, which lies the straightest, must bear all the strain. This

defect will always happen if the hemp be supplied in a considerable body to >

yarn that is then spinning small. Into whatever part of the yarn it is made

to enter, it becomes a sort of loosely connected wrapper. A good spinner,

therefore, endeavours always to supply the hemp in the form of a thin, flat skein.

The degree of twist depends on the rate of the wheel's motion, combined with

the retrograde walk of the spinner. We may suppose him arrived at the lower

end of the walk, or as far as necessary for the length of the yarn ; he calls out,

and another spinner immediately detaches the yarn from the hook of the whirl,

gives it to another, who carries it aside to the reel, and this second spinner

attaches his own hemp to the whirl-hook. In the mean time, the first spinner

keeps fast hold of the end of his yarn ; for the hemp, being dry, is very elastic,

and if he were to let it go out of his hand, it would instantly untwist. He

waits, therefore, till the reeler begins to turn the reel, and then walks slowly up

the walk, keeping the yarn of an equal tightness all the way.

Rope-yarns, for large rigging, are from a quarter of an inch to somewhat

more than the third of an inch in circumference; or of such a size, that 160

fathoms of white yarn weigh from •' \ to 4 pounds. The number of yams in a

strand of cordage varies from sixteen to twenty-five. The yarns are made into

cords of any length, by laying them ; and that we may have a rope of any

degree of strength, many yarns are united into one strand, for the same reason

that many fibres are united into one yarn.
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The process fur laying or closing large cordage, is as follows :—At the upper

end of the walk is fixed a tackle-board. This consists of a strong oaken plank,

called a breast-board, having several holes in it, fitted with brass or iron plates.

Into these are put iron cranks called heavers, which have forelocks and keys,

on the ends of their spindles. This breast-board is fixed to the top of strong

pouts, and well secured by struts or braces. At the lower end of the rope-walk

is a similar breast-board fixed to a movable sledge, which may be loaded with

weights when necessary. A top, which is a truncated cone, having scores in

its sides for the strands, a long staff, and supported on a sledge or carriage, is

placed between the strands, and, when necessary, gently forced into the angle

furmed by their separation. A piece of soft rope, called a strap, is attached to

the handle of the top, by the middle, and its two ends are brought back,

wrapped several times tight round the rope, and bound down. The yarns are

formed into strands, each of which is knotted apart at both ends. The knots at

their upper ends are made fast to the hooks of the cranks in the tackle-board ;

and those at the lower end, to the cranks on the sledge. The sledge itself is

kept in its place by a tackle, and a proper weight laid on it till the strands are

"stretched in their places. The tackle is now cast off, the cranks turned at both

ends, and as the strands contract by the operation, the sledge is dragged up the

walk. When the strands are sufficiently hardened, they are taken off the

cranks, the cranks taken out, and a very strong crank put in the centre hole of

the tackle-board. To this all the strands are now attached; the top is placed

between the strands, as before described, and the heavers at the tackle-board

and sledge continue to turn as before. By the motion of the sledge-crank, the

top is forced away from the knot, and the rope begins to close. As this advances,

the rope shortens, and the sledge is dragged up the walk. The top moves

faster, and at last reaches the upper end of the walk, the rope being now laid.

Such is the general and essential process of rope-making ; and in the course of

this process, it is in our power to give the rope a solidity and hardness which

makes it less penetrable by water. Some of these purposes are inconsistent

with others ; and the skill of a rope-maker lies in making the best compensation,

so that the rope may, on the whole, be the best in point of strength, pliancy,

and duration, that the quantity of hemp in it can produce.

The following rule for judging of the weight which a rope will bear, is not

far from the truth. Multiply the circumference in inches by itself,' and the

fifth of the product will express the number of tons which the rope will carry.

Thus, it the rope have 6 incites circumference, 6 X 6 = 36, the fifth of which

is "i tons; apply this to the rope of 3£ inches, on which Sir Charles Knowles

made his experiments, 3|X3J= 10.25 ; one-fifth of which is 2.05 tons, or

4,592 pounds. It broke with 4,550. This may suffice for a general account of

the mechanical part of the manufacture : but we have taken no notice of the

operation of tarring, because it would be no easy task to enumerate all the

various methods employed in different rope-works. It is evidently proper to

tar in the state of twine or yarn, this being the only way in which the hemp

can be uniformly penetrated The yarn is made to wind off one reel, and

having passed through a vessel containing hot tar, it is wound upon another

reel, and the superfluous tar is taken off, by passing through a hole surrounded

with spongy oakum ; or it is tarred in skeins or hauls, which are drawn by a

capstern, through the tar kettle.

Tarred cordage, when new, is weaker than white, and the difference increases

by keeping. The following experiments were made by M. Du Hamel, at

Rocbefort, in 1743, on cordage of three inches (French) in circumference, made

of the best Riga hemp.

Made August 8, 1741.

White. Tarred.

Broke with 4,500 pounds .... 3,400 pounds

, , 4,900 3,300 , ,

, , 4,800 3,250 , ,
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White. Tarred.

Made jlpril 25, 1 7 13.

Broke wit)) 4,600 pounds. . . . 3,500 pounds

, , 5,000 3,400 , ,

Made September 3, 1746.

, , 3.800 3.000 , ,

, , 4,000 2.700 , ,

, , 4,200 2,800 , ,

M. Du Hamel says, that it is decided by experience, 1st. That white cordage

in continual service is one-third more durable than tarred. 2d. That it retains

its force much longer while kept in store. 3d. That it resists the ordinary

injuries of the weather one-fourth longer. Why, then, should cordage be tarred?

The answer is, That tarring preserves cables and ground tackle, which are

greatly exposed to the alternate action of water and air ; for white cordage, ■

exposed to be alternately very wet and dry, is found to be weaker than

tarred cordage ; and that cordage which is superficially tarred is al»»j ■

stronger than what is tarred throughout, and resists better the alternatives of

wet and dry.,

RULE. An instrument with lines, divisions, and numerals marked upon it,

of the greatest utility in mensuration. There are, of course, numerous kinds

adapted to their peculiar objects. The most extensively useful is unquestion

ably the carpenter's rule, for taking lineal measurements, which is therefore

divided into feet, inches, and various parts, scales of proportion, &c. There are

various sliding rules, for performing computations ; others furnished with tables

adapted to the use of all kinds of trades and manufactures, as well as pro

fessional persons. For rules especially designed for drawing parallel lines, see

Parallel Rule.

SACCHAROMETER. An instrument for ascertaining the strength of

worts, in the preparation of malt liquor for beer or distilling spirit ; its name,

however, simply implies a measurer of saccharine matter or sweetness. See

Distillation.

SADDLE. A seat placed upon a horse's back, for the convenience of the

rider. Among the recent patents having this object in view, we shall mention

the leading features of two or three of them.

To give increased elasticity to the seats of saddles, Mr. Marsh employs fine

wire springs, in lieu of the wool and other materials generally used in stuffing

them, which are apt, by the compression of the rider, to become hard. The

springs are of the kind used in garters and elastic braces. They are extended

in rows from the front to the back of the saddle, upon the ordinary packing,

and secured by sewing their ends to a web which is attached to the saddle.

When this is done, the usual coating of cloth is put over the wire springs,

and fastened down upon the covering of the packing below, by stitching in

lines at small distances apart, crosswise of the saddle, by which means the

rows of wire will be kept alongside of each other, and preventing from over

lapping. The external covering forming the seat being now placed over the

springs, and finished in the usual way, an elastic seat is produced, which, it is

said, is much superior to any kind of packing before used.

Mr. Henry Calvert, of Lincoln, had a patent in 1830, the object of which

was to avoid the inconvenience and danger occasioned by saddles slipping
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forward. Tbe annexed cut represents one of

Mr. Calvert's, with the exterior cover and flap

removed to show the construction. The im

provement mainly consists in attaching to the

fore part of the saddle-tree an elastic plate of

metal extending in a sloping direction towards

the front of the saddle; it is confined by two

loops, which receive the girth strap ; the proper

shape of the sweat-flap is also shown. The small

buckle which is fixed to the loose end of the girth

a drawn up to the small strap alter the horse is

girthed. The front girth of course is strapped

first, and the second not quite so tight By this

arrangement it will be seen that the saddle is kept

in its place by the elasticity of the metal plate, and

that it cannot move forward upon the horse without

tie girth being lengthened.

Messrs. Laurence and Rudder had a patent in the succeeding year for " an

improvement in saddles and girths by an apparatus fixed to either of them ; "

the object of which was to give to saddle-girths an elasticity to preserve

sufficient tension under the varying dimensions of the animals to which they

may be applied. Saddle-girths, for instance, that have been put on immediately

after the horse has been fed, must either be made inconveniently tight at first,

or else they will become inconveniently loose as the size of the animal

diminishes by the digestion of his food. The patentees denominate their girths

the coiutrictor girths, and they are made by attaching to the saddle-tree by a

pair of hinges a small shallow brass case containing a series of grasshopper

springs, and behind the springs is a movable plate, to which the girth-straps

are attached in such manner that when the movable plate is pulled down by

•lie girth-straps the springs are collapsed, or brought into a position to exert

their elasticity in preserving the tightness of the girth.

SAFFRON. The stigmata of the crocus officinalis, dried on a kiln, and

pressed irito cakes. The best saffron has the broadest blades,—this being the

mark by which English saffron is distinguished from the foreign ; it ought to

be of an orange or fiery-red colour, and to yield a dark yellow tincture ; it

(hould be chosen fresh, not above a year old, in close cakes, neither dry nor yet

my moist, tough and firm in tearing, of the same colour within as without, and

of a strong, acrid, diffusive smell. This drug has been reckoned a very elegant

and useful aromatic ; it imparts the whole of its virtue and colour to rectified

•uirit, proof spirit, wine, vinegar, and water. A tincture drawn with vinegar

'uses greatly of its colour in keeping ; the watery and vinous tinctures are apt

io grow sour, and then lose their colour also ; that made in pure spirit keeps in

perfection for many years.

SAGO. A nutritive substance, brought from the East Indies, of considerable

u<e in diet as a restorative. Sago is procured from a tree called landau, growing

in the Moluccas : this tree is a species of the palm, which grows naturally in

Japan, and upon rocky, dry mountains in Malabar, and its production is an

universal article of food among the inhabitants of Amboyna, Ceram, Celebes,

and the surrounding islands east of Celebes, and also in Borneo. The progress

of its vegetation, in the early stages, is very slow : at first, it is a mere shrub,

thick set with thorns, which make it difficult to come near it ; but as soon as

its stem is once formed, it rises in a short time to the height of thirty feet, is

about six feet in circumference, and imperceptibly loses its thorns. Its ligneous

bark is about an inch in thickness, and covers a multitude of long fibres, which,

being interwoven one with another, envelope a mass of a gummy kind ofmeal.

As soon as this tree is ripe, a whitish dust, which transpires through the pores

of the leaves, and adheres to their extremities, proclaims its maturity. The

Malays then cut them down near the root, divide them into several sections,

which they split into quarters ; they then scoop out the mass of mealy sub

stance, which is enveloped by, and adheres to, the fibres ; they dilute it in pure
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water, and then pass it through a straining bag of fine cloth, in order to separate

it from the fibres. When this paste has lost part of its moisture by evaporation,

the Malays throw it into a kind of earthen vessels, of different shapes, when

they allow it to dry and harden. This paste is a wholesome, nourishing food,

and may be preserved for many years ; the Indians eat it diluted with water,

and sometimes baked or boiled : a jelly is sometimes made of it, which is white

and of a delicious flavour. The finest part of the meal is mixed with water, and

the paste is rubbed into little round grains like small shot, and dried. This is

the sago of the shops.

SAL. "The Latin name for salt, commonly adopted in chemical language

as in the following examples, which require explanations:—

Sal-alembroth, a compound muriate of mercury and ammonia.

Sal-ammoniac, muriate of ammonia.

Sal-ammoniac, secret, sulphate of ammonia.

Sal de Duobus, sulphate of potash.

Sal-gem, native muriate of soda.

Sal-martis, green sulphate of iron.

Sal-prunella, nitrate of potash.]

SALIFIABLE BASES. Those metallic, earthy, or alkaline substances,

which have the power of neutralizing acidity entirely or in part, and producing

salts.

SALT. A term commonly used in chemistry to denote a compound in

definite proportions, formed by the union of an acid with an alkaline, earthr,

or metallic base. We have already given a brief enumeration of some of the

most remarkable, under the article Chemistry. In consequence, however, of

the progressive discoveries which for the last half century have been continually

made, and are still making, in chemistry, many deductions, which, at the time

they were made, were considered as conclusive facts, have since been either

wholly abandoned, or subjected to considerable modifications. A salt hu

usually been denominated by chemists a neutral salt, when the proportions of

the constituents are so adjusted, that the resulting substance does not affect the

colour of infusion of litmus or red cabbage. When the predominancy of acid

is evinced by the reddening of these infusions, the salt is said to be acidulous,

and the prefix super, or bi, is used to indicate the excess of acid : thus we call

one particular salt super-tartrate of potash, and another, bi-sulphate of lime,

where the acid exists in excess. Rut when, on the contrary, the acid matter it

in too small a quantity to completely neutralize the alkalinity of the base, the

salt is said to be with an excess of base, and the prefix sub is attached to it*

name : thus we have the sub-phosphate of bismuth, &c.

The commercial name of a salt differs from that by which it is known to

chemists : it may therefore be proper to show what kinds of salt are to be under

stood by the popular names winch they bear in the shops.

Ammoniacal Mixed Salt, muriate of lime.

Ammoniacal Secret Salt of Glauber, sulphate of ammonia.

Arsenical Neutral Salt of Macquer, super-arseniate of potash.

Bitter Cathartic Salt, sulphate of magnesia.

Common Table Salt, muriate of soda.

Digestive Salt of Sylvius, or Diuretic Salt, acetate of potash.

Epsom Salt, sulphate of magnesia.

Febrifuge Salt of Sylvius, muriate of potash.

Fuiible Salt, phosphate of ammonia.

Fusible Salt of Urine, triple-phosphate of soda and ammonia.

Glauber's Salt, sulphate of soda.

Marine Salt, muriate of soda.

Marine Argillaceous Salt, muriate of alumina.

Microcosmic Salt, triple-phosphate ofsoda and ammonia.

Nitrous Ammoniacal Salt, nitrate of ammonia.

Salt of Amber, succinic acid.

Salt of Benzoin, benzoic acid.

Salt of Canal, sulphate of magnesia.
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Salt of Colcothar, sulphate of iron.

Saltof Egra, sulphate of magnesia.

Eaential Salt of Lemont, super-oxalate of potasli.

Salt of Saturn, acetate of lead.

•fait of Seidlitz, sulphate of magnesia.

Salt of Seignette, triple-tartrate of potash and soda.

Salt of Soda, sub-carbonate of soda.

Salt of Sorrel, super-oxalate of potash.

Salt of Tartar, sub-carbonate of potash.

Salt of Vitriol, purified sulphate of zinc.

Salt of Wisdom, a compound-muriate of mercury and ammonia.

Perlate Salt, phosphate of soda.

Polychrat Salt of Glauber, sulphate of potash.

Stdative Salt, boracic acid.

Spirit of Salt, muriatic acid.

Sulphureous Salt of Slahl, sulphate of potash.

Wonderful Salt, sulphate of soda.

Honderjul Perlate Salt, phosphate of soda. '

SALT, Culinary; is in chemical language the muriate of soda: but according

to recent discoveries, a chloride of sodium, being a compound of chlorine, with

the metallic base of soda. This salt is obtained by a variety of methods. It is

either dug out of the earth in a solid form, and dissolved, purified, and evapo

rated for use ; or sea-water is evaporated, either by natural or artificial means,

and salt is obtained from the purified residuum. The most abundant supply of

rock-salt in this country is obtained from the mines in Cheshire, where the

brine is pumped up from the brine-pits, saturated with rock-salt, and then

bailed. One hundred tons of the saturated solution of rock-salt in sea-water

will be found to yield about twenty-three tons of salt.

The celebrated mines of Poland, whence the rock-salt has been continually

abstracted in immense quantities for a period of upwards of five hundred years,

where, at times, they have 20,000 tons ready for sale, is, however, not so pro

ductive as those in Cheshire. At Cordova, in Spain, there JB a mountain of

pure rock-salt, from 400 to 500 feet high, and a league in circuit; the depth

below the surface of the ground is unknown. In Louisiana, near the river

Missouri, there is said to be a mountain of pure rock-salt of the best quality,

which is 80 miles long, 45 miles wide, and of an immense height.

The waters of the ocean every where abound with common salt, though in

different proportions : the average has been calculated to be about one-thirtieth

of its weight. In the cold climates, the quantity of salt in the sea-water does

not appear to be nearly so great as between the tropics. In Russia, and other

northern countries, the salt is usually obtained from the sea-water, hy freezing

the latter ; the ice, which is nearly fresh, being then removed, the remaining

brine is very strong, and is subsequently evaporated hy boiling. In the southern

parts of Europe, and other warm countries, the usual mode of obtaining the

salt is by spontaneous evaporation. A flat piece of ground near the sea is

chosen, and banked round, to prevent its being overflowed at high water. The

space within the banks is divided by low walls into several compartments,

which successively communicate with each other. At flood tide, the first of

these is filled with sea-water ; which, by remaining a certain time, deposits its

impurities, and loses part of its aqueous fluid. The residue is then suffered to

run into the next compartment, and the former is filled again as before. From

the second compartment, after a due time, the water is transferred into a third,

which is lined with clay, well rammed and levelled. At this period, the evapo

ration is usually brought to that degree, that a crust of salt is formed on the

«urf»ce of the water, which the workmen break, and it immediately falls to the

bottom. They continue to do this until the quantity is sufficient to be raked

uut and dried in heaps : this is called bay-talt.

In several parts of France, and on the coast of China, the sands of the sea

shore are washed, and the brine thus obtained is subsequently evaporated in

hoilers. In various places of Germany and France, the salt waters are pumped
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up to the top of very extensive sheds, filled with brushwood, over which it ii

duly distributed by means of gutters, whence, falling in drops from sprig to

sprig, a rapid evaporation takes place over an immense surface ; the same

water is pumped up many times before it is sufficiently concentrated to be

drawn on into boilers, which complete the operation. See an account of severe!

works of this kind in Dr. Ure's Dictionnry of Chemistry.

Under the article EVAPORATION, we have given several ingenious illustrations

of the process of " Salt-making." In this place we shall add a notice of two

or three more recent inventions.

Messrs. Jump and Coart's patent method consists in concentrating the nit

water, by a simple arrangement, previous to its entering the pans. For thii

purpose, the reservoir of salt water is elevated above the pans, and the pipe

which supplies them with the brine first passes through all the furnaces beneath,

which bnngs the liquid quickly to a boiling temperature, in which state it is

discharged, by means of a curved pipe, into the pans above, thereby greatly

facilitating and abridging the process of concentration. A stop-cock is placed

in the supply-pipe, so that, as often as it is desired to replenish the pan, tbU

cock is opened, and the superincumbent pressure of the water in the reservoir

forces out the boiling brine from the pipe into the pan, the pipe receiving, in

lieu thereof, the cold liquid from the reservoir.

Mr. Johnson, of Droitwich, according to his patent of 1827, employs steam

of different degrees of heat to produce the evaporation in pans closed from the

atmosphere, so that the vapour arising from the first pan, where tlic /?'«> ultb

produced, is employed in heating the second, where the broad tail is formed :

and the vapour arising from the latter is employed in like manner, to produce

in the third pan British bay-salt.

A sketch of the steam boiler is represented in the annexed drawing, divided

into three portions, a, 4, and c ; and steam is generated in one or more of

 

these divisions, according to the supply required. When the steam in fl i«

raised to a pressure of twenty-five pounds on the square inch, that in b will be

twelve, and that in c five pounds. When only one of the divisions, a, of a

steam-boiler about seventeen feet by ten is employed, it will heat pans to the

extent of 2,400 square feet up to 164« Fahr. : and when the three divisions, '.

b, and c, are used together, an extent of 4)300 square feet will be heated to the

same temperature.

The steam is conveyed in a pipe from the boiler to a steam-vessel e, under

the fine salt-pan /. This pan is made steam-tight, and the steam ariiing

therein is conveyed by a pipe to a similar vessel under the broad salt-pan i-

Over the broad salt-pan /.- is placed the bay salt-pan m, and the spare between

them is enclosed by thin boards, or other light material, to confine the vapour

arising from k, in order to produce the required heat in the pan m. This pan

is made lowest in the middle, as represented in the drawing, so that water con

densed on its lowest surface may be collected in one place, where it is received

and carried off in a spout, to prevent its return into the brine in the lower

pan le.

The patentee considers it of great importance to keep the bottom of the psni
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dear of salt ; and for that purpose employs rakes, which are kept constantly in

motion by a steam engine. These rakes deposit the salt in receptacles at the

Bides of the pans. The rods by which the rakes are moved pass through stuffing

boxes in the pans, to prevent the escape of steam.

Mr. Furnival, a spirited manufacturer of salt on an extensive scale, has

taken out several patents for improvements in the mechanical arrangements of

the process. His last patent, which embodies the leading characteristics of his

pierious plans, may be explained with reference to the annexed diagram, which

 

represents a vertical section of the apparatus, with two tiers of pans, a a a a

are four furnaces, the flues from which are extended under a considerable range

or surface of the pans, which are of the shape represented at 6 c, the deep part

c being made to receive the salt thrown over by the ebullition, and also such

portion as may be scraped from the surface of b, by means of the instruments

«hown at d d. The deep chambers being removed from the direct action of the

lire, prevent the salt deposited therein from becoming burned ; and these recep

tacles, being at the sides, the salt is conveniently scooped out. The steam

raised from the lower range of pans is then employed to heat an upper range

* t of less area, supported upon suitable framing, lined interiorly, to confine

the steam, with boards. In order that the water resulting from the condensation

of the steam against the bottoms of the upper pans, may not fall back into the

lower pans, two inclined planes are formed, which receive the condensed water,

and conduct it into a pipe, whence it is carried off by a gutter underneath. In

these inclined planes suitable apertures are made for the passage of the ascend

ing «tcain from the lower to the upper boilers.

The patentee also proposes t > heat a third set of pans above the second ; for

this purpose there is a central aperture to conduct the steam to them ; this

aperture is covered with a cap.

SAPPHIRE. A precious stone, of which there are several varieties; next

to diamond, it is considered the most valuable of gems. The white and pale

Mue varieties, by exposure to heat, become snow white, and, when cut, exhibit

10 high a degree of lustre, that they are used in place of diamond. The most

highly prized varieties are the crimson and carmine red; these are the oriental

r*iy of the jeweller; the next is sapphire; and last, the yellow, or oriental

tofMa. The asterias, or star stone, is a very beautiful variety, of which the

colour is generally violet-red, and the form a rhomboid, with truncated apices,

which exhibit an opalescent lustre. A sapphire of ten carats' weight is con

sidered to be worth fifty guineas. An oriental ruby of thirty carats, without

" i'*s, and of a perfect colour, is considered almost as valuable as a diamond of

tht tame weight.

VOL. 11. 4 c



570 SAWS AND SAW-MI Lf.S.

SARDONYX. A precious stone, consisting of a mixture of chalcedony and

cornelian, sometimes in strata, but at other times blended together. It it (ami,

first, striped with white and red strata, which may be cut in cameo as well as

the onyx. Second ; white, with red dentritical figures, much resembling the

mocha-stone, excepting that the figures in the latter are of a black colour, in

stead of a red. There is no real difference, except in the circumstance of

hardness, between the onyx, cornelian, chalcedony, sardonyx, and agate, not

withstanding the different names bestowed upon them. This stone was formerly

much employed for the sculpture of cameos.

SARSAPARILLA. A medicinal root, obtained from Peru: it consult of a

great number of long strings, hanging from one head; they are given in decoc

tion, as a diet drink.

SASSAFRAS. The wood of an American tree, of the laurel kind, imported

in large straight blocks ; it is said to be " warm, aperient, and corroborant,"

and to be often successfully employed in purifying the blood, for which purpose

an infusion, in the way of tea, is a very pleasant drink ; its oil is fragrant, and

possesses most of the virtues of the wood.

SATIN. A kind of silken stuff, very smooth and shining. The woof >

coarse, and hidden underneath the warp, which is fine, and stands out, and on

this depends its gloss and beauty.

SATURATION. The act of imbibing till no more can be received. A

fluid that holds in solution as much of any substance as it can dissolve, is said

to be saturated with it. But saturation with one substance does not deprive

the fluid of its power of acting on, and dissolving some other bodies, and in

many cases it increases this power. For example, water saturated with common

salt will dissolve sugar ; and water saturated with carbonic acid will dissolve

iron, though without this addition its action on this metal is scarcely perceptible.

The word saturation is likewise used in another sense by chemists : the union

of two principles produces a body, the properties of which differ from those of

its component parts, but resemble those of the predominating principle. When

the principles are in such proportion that neither predominates, they are aid

to be saturated with each other; but, if otherwise, the more predominant

principle is said to be sub-saturated, or under-saturated, and the other super

saturated, or over-saturated.

SAWS, AND^SAW-MILLS. A saw is a cutting instrument, with a «r-

rated edge; a saw-mill, a machine or building, wherein several or many of these

instruments are actuated by horse, wind, steam, water, or other power.

It was not until the seventeenth century that saw-mills were introduced into

England, attended with the most violent opposition from the sawyers, who

apprehended they would be the means of depriving them of their subsistence.

Some that were undertaken were abandoned at the outset, and others were

destroyed by the populace.

The saw-mills of the present day are of two distinct kinds ; the rirrafa'

those that cut by a continuous rotatory motion, and the rrciprocating, which

operate as the common pit or frame-saw. The circular tau>-millt are for the

most part used for cutting up timber of small dimensions ; and the reciproratixi

for large timber, in forming beams, rafters, planks, &c., out of large timber.

The most important machinery of the kind was erected by Mr. Brunei, »t

Portsmouth, to whom the mechanical world is indebted for many importer:

inventions and improvements.

Saws are made of a great variety of forms and sizes, to adapt them to the

materials on which they are designed to operate. The most common are those

used by carpenters, who require in ordinary no less than ten different caws

namely, a croa-cut saw, for dividing a tree or log transversely, by means of

two workmen, one on each side, who alternately pull the saw towards them, the

teeth being made to cut equally in each direction; a pit-taw, for sawing the

logs up into planks or scantlings, the operation being performed in a pit by

a vertical motion of the saw, and usually by a class of workmen called tawjen;

a large frame-taw, which is a saw-plate five, six, or seven feet long, stretched

in a frame, and used to cut timber longitudinally with greater nicety than the
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pit-late; a ripping-saw, which is a hand-saw, with a blade twenty-eight or

thirty inches long, and having large teeth for ripping, or cutting out stuff

coarsely and quickly; a hand-sate (peculiarly so denominated), usually provided

with a twenty-six inch blade, and angular teeth, five to the inch ; a panel-saw

is the same as the hand-saw, but with finer teeth, (seven or eight to the inch,)

for cutting stuff very clean, and for the more delicate or exact species of work.

Saws with very fine teeth, and very thin blades, stiffened with stout pieces of

iron or brass, riveted to the hack edge, are also used, of several kinds, which

are distinguished by the several terms, dovetail, sash, carcase, and tenon, indi

cative of their uses, and also of their sizes, which vary from six to twenty inches

in length; several very narrow saws, indifferently called lock, compass, key-hole,

and turning saws, for cutting out small pieces, and rounding work: (mail

frame-taw*, six or eight inches long, are sometimes required by the carpenter

for cutting both wood and iron ; the teeth of the latter being smaller and more

obtuse than the former. There are many saws used by other mechanics, which

differ from the carpenter's, the details of which would be uninteresting ; we

nail therefore proceed to take a brief notice of the process of manufacturing

saws, as practised at Sheffield, from whence three-fourths of the inhabitants of

the globe are supplied.

The very commonest kind of saws are made of iron plates, hammer-har

dened, and planished upon an anvil, to give them some degree of stiffness and

elasticity. Such instruments are, of course, spurned by the workmen ; never

theless, as their cost is but trifling, they are purchased in great quantities by

those who consider any saw to be better than no saw at all.

The more useful saws which workmen employ are made, nominally, of either

shtar or cast steel; but the quality of these materials may differ, as well as the

saws made of them, in every possible degree. The common test of a good saw,

that of bending it into a bow, and letting it spring again into a straight line, is

coniidered by some persons as a fallacious and unnecessary test, and that it

sometimes spoils a saw, possessing in other respects all the properties of a

valuable tool. A dispute has been raised on this point, and ably advocated on

both sides. For our own parts, we would simply observe, that such process of

springing infallibly proves two of the essential properties of a good saw, namely,

uniformity of thickness in the blade, and perfect elasticity.

Experience has shown that cast steel is the best material for making saws, as

well as most other tools, on account of the greater uniformity of its structure,

which is not lost by the subsequent operations of rendering it malleable and

elastic. To prepare this material, the liquid metal is poured into a. cast-irun

mould, out of which the casting, when cooled, is taken, in the form of a small

slab about 1J inch thick. This slab is next laminated between rollers until it

i' extended to the required dimensions. If intended for the larger kind of

UTS, ai mill or pit-saws, the whole piece may be required, in which case it is

clipped by shears to the required shape ; but if for smaller articles, it is cut up

into suitable pieces; the edges are next perfected by filing, and holding the flat

side of the plates against large grindstones, which process prepares them for the

cutting of the teeth. This operation is usually performed by a die-cutter in a

%-press, the motion of the saw-plate being duly regulated, so that the teeth

shall be uniform; the large teeth being cut one at a time; and the smaller, two,

three, or more at a time, according to circumstances. The wire edges left on

'he teeth of the plates by the cutting-out press, are next removed by filing.

The operations of hardening and tempering succeed, which require considerable

are and attention on the part of the operator. A variety of fatty compositions

have been recommended for this purpose, as possessing peculiar efficacy in

hardening, amongst which we may instance that recommended by Mr. Gill,

who appears to have had considerable experience in matters of the kind, and to

be somewhat acquainted with chemical science ; we should, otherwise, have

••tu an exception to the variety of similar ingredients in his caldron. He

desires us to melt together 3lbs. of black rosin and lib. of pitch, and to these

(»hen melted) one gallon of neatsfoot oil, 201bs. of beef suet, rendered, and

twentj gallons of olive oil. All these arc to be heated _ together in an iron
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vessel until the aqueous vapour is driven off, and the composition will take fire

by the application of flame to the surface, which is then to be extinguished by

placing on the cover of the vessel. The saw-plates being now heated in a rever

berating or other suitable furnace to a cherry red, are precipitated edgewise into

the liquid mixture just mentioned, contained in a vessel of a proper figure for

that purpose, and when sufficiently cooled therein to be handled, they are taken

out and are found to be extremely hard and brittle. The unctuous matter which

adheres to the plates being next partially removed, they are taken up succes

sively by a pair of tongs, and passed backwards and forwards over a clear

charcoal fire, so as to cause the unctuous matter to inflame, or " blaze off," u

it is termed, which reduces the saws to the desired temper; and whilst the saw-

plates remain hot, any warping they may have acquired in the process is removed

by smart blows from a hammer, over an anvil strewed with sand, to prevent

the article from slipping about.

The next operation is planishing by hammers, which renders them more even

and equally elastic ; and the dexterity and care with which this operation (so

difficult and tedious to ordinary smiths) is performed, is a remarkable instance

of what human art is capable of by long practice.

The saws are now ready for the grinder, who applies them to the circular face

of a large grindstone, by an interposing board, against which he presses with all

his force, so as to grind it as evenly as possible. Standing on tip-toes, he

stretches himself over a large grindstone, which is revolving with great rapidity;

his hands, arms, breast, and knees, being all brought into operation to produce

the effect, while he becomes covered with ochrous sludge, formed by the attri

tion against the stone ; an operation apparently so dangerous and disagreeable,

as to give pain to the spectator, and make him wish to see a machine supplying

the place of the operator.

The grinding of the saw-plates materially impairs their previous flatness and

elasticity ; they are, therefore, submitted to a second hammering by the planish-

ers, and are afterwards heated over a coke fire until they attain a faint straw

colour, which restores to them their elasticity. The surfaces are next lightly

passed over a grindstone, to remove the appearances of the hammer, and nest

over a fine hard stone, to remove the scratches of the last, and give it the kind

of polish required in the market for which the saws are intended. For

which purpose the glazing wheel of buff leather and emery, or the " hard head,'

which is a wheel of hard wood, worked bare, are also used, as occasion may

require. To correct any defects that the saws may have acquired during the

processes described, they are next " blocked," that is, struck upon a post of

hard wood, by means of a small polished hammer, by which the truth of the

work is presumed to be perfected.

The saws are next " cleaned off" by women, by means of fine emery rubbed

over them lengthways by a piece of cork-wood, which gives them an agTeeable,

even, white tint, and a very level appearance. They are next handed to the

setter, who places each alternate tooth over the edge of a little anvil, in an

angular direction, and strikes them so as to bend each uniformly into the

required deviation from the plane of the saw ; then turning over the saw, the

setter strikes, in like manner, the alternate teeth, which he left untouched on

the other side; in this manner each successive tooth is placed in opposite

directions, at the desired set, to allow the blade of the saw to pass through the

wood without resistance, while its breadth acts as a guide, and serves to give

stability and effect to the operation of sawing. The teeth of the saw are again

touched up with a file, to finish their sharpening; for which purpose they are

fixed between two plates of lead, contained in the chaps of a vice; after which

their handles are fixed by nuts and screws, cleaned off, oiled, and packed in

brown paper, for sale.

The form or mode of construction of the saws we have described, has been

generally found so efficient and useful, as to have needed no material improve

ments; we shall, therefore, simply notice, in a brief manner, two or three

matters of a subordinate character, connected with the subject, which may prove

of service to the workman.
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 A frame-saw, it is well known, can be

made thinner than a common pit-saw ;

and as it works in a smaller kerf, it would

effect a considerable saving of timber if it

could be employed in lieu of the pit-saw

in cutting logs up into thin hoards. To

effect this object, an ingenious shipwright

of Rotherhithe contrived the arrangement

represented in the subjoined cut. a is the

lower end of a frame-saw; b a section of

the lower bar of the frame; c the holdfast;

.' d the two pins ; e the lever; / a double

arch, pierced with holes, the lever work

ing between the two parts of the arch ;

the saw can be held to any degree of

lightness by a small peg, fastened by a

chain to the end of the lever. To shift

this saw, press the lever, take out the peg,

lift up the lever, take out the two pins d d.

and the saw being lifted, and swung back,

can be put in the next cut, and again

fastened.

In operating with a common frame-saw, it would be necessary, at every

successive cut, to shift all the transoms behind the saw to the end of the piece,

or it would be necessary to take the saw out of the frame, when a difficulty

would arise of fixing it again tightly. Both these objections are obviated by

the plan we have described; and by which, long deals, planks, and boards, may

be cut with an important saving of material.

An expanding wedge for the use of

sawyers, represented in the subjoined

sketch, was invented by Mr. T. Griffiths,

of the Royal Institution, and was deemed

worthy of an honorary medal from the

Society of Arts, a is the handle or cen

tre-piece, to which is connected two springs

t e, joined together at b ; the handle also

carries a cross piece (/. This instrument is

intended to save the time and trouble of

shifting the common wedges, while sawing

up balks of fir into deals. When the saw

has cut two or three feet, the loose ends of the springs c c are to be brought by

hand as near to the centre piece a as their elasticity will admit; the end b is

ihen to be introduced into the cut, and the wedge is to be thrust up to the

end of the spring, the cross piece (/resting on the upper surface of the balk.

The elasticity of the springs will then be continually opening the cut as the

saw proceeds, to the length of about twelve feet; and the wedge, when at its

utmost expansion, will be prevented, by the cross piece, from falling into the pit.

In the ordinary saw-mill, the saws are stretched in a wooden frame, which

slides up and down within another frame, in a similar manner to a window

sash: the motion is given to it by a crank, attached to a fly-wheel upon the

main axis, made to revolve by a water-wheel, or other power, and connected

by gear that will give four or five revolutions of the crank to one of the water

wheel. The timber is fastened upon a carriage, which is a horizontal frame,

sliding or rolling between guides on the floor of the mill, and of such dimensions

as to pass between the vertical frame, proceeding by a regulated motion, and

constantly presenting the timber to the action of the saws. The saws are so

fitted in the frame that they can be removed in a few minutes, and replaced by

another set of sharpened saws.

Considerable improvements have been made upon saw-mills by Mr. Brunei,

Mr. Maudslay, and many other engineers, who have, of late years, been
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engaged in their construction. The introduction of circular saws, which act by

a continual rotary motion, formed an important era in sawing machinery, from

the great facility, precision, and rapidity of its operation. A saw-mill of this

kind has been employed for many years at the manufactory of the ingenious

Mr. George Smart, near Westminster Bridge. In this, motion is imparted to a

horizontal shaft, on which is a spur-wheel that turns a pinion on another hori

zontal shaft ; on this second shaft, the bearings of the gudgeons of which arc

supported on the joists of the floor above, is a band-wheel, which communicate!

motion, by an endless strap, to a pulley fixed on the spindle of the circular sa*.

and causes the latter to revolve with great rapidity. The ends of the spindle

are conically pointed, and the end nearest to the saw turns in a cavity made in

the end of a screw, whose nut is fixed, and has a firm bearing in a stout bench ;

the other end turns in a similar screw, passed through a cross beam, mortised

between two vertical beams, extending from the floor to the ceiling ; one of the

beams can be raised or lowered in its mortises by wedges put both above and

below its tenons. In order to adjust the plane of the saw to the plane of the

bench, there is a long parallel ruler, which can be set at any distance from the

saw, and fixed by means of screws going through circular grooves cut through

the bench. In using the machine, the ruler is to be set the proper distance

from the saw, according to the piece of wood to be cut ; and as the saw turns

round, a workman slides the end of a piece of wood to it, keeping its edge

against the guide or ruler, that it may cut straight. The operation is, of course,

very expeditious and accurate. Lathes are now frequently fitted up with

circular saws.

Some improvements in mechanism of the latter kind were patented by

Messrs. Sayner and Greenwood, in 1824, which we shall here describe. The

first improvement mentioned in the specification relates to the adaptation of

two circular saws operating together, instead of one, to cut through a piece of

timber. By the usual process, it requires a circular saw of five feet in diameter,

to cut through a log of two feet in diameter, in consequence of the obstruction

ofthe axis and supporting shoulders ; but by the application of two saws of

little more than half the diameter of the single large saw, one above the log

and the other under, each making an incision rather more than half way

through, the division is effected with a considerable saving of power, and of

the cost of saws. The annexed diagram is designed to explain the mechanic,1

 

arrangement, a a is the bed of the saw-mill ; b b the lug of limber under

operation ; c e the two circular saws, the depths of their respective cuts being

expressed by two right lines forming tangents to their peripheries ; these sawi

have pulleys upon their axes, and are driven by endless bands embracing them

and the drum-wheel d, to which motion is given by a water-wheel, or other

adequate mechanical agency. The timber rests nnd moves upon horizontal
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rollers e e, and is accurately guided to the saws by vertical rollers, not intro

duced into the figure, as they are common to other saw-mills. The axes of the

saws run in fixed bearings, and the timber is forced against them by the revo

lution of the propelling roller g, put in motion by another band from the drum-

wheel d, the axis of the roller being confined by an upright frame g It ; in the

upper part of which frame turns the pressing roller A, which being connected

to the vertical bar »', is pressed upon by the weighted lever k ; the rollerg there

fore gives the motion, and the roller h a steady firmness to the advancing posi

tion of the log.

If the timber is to be cut into planks, a number of circular saws are placed

together on the axes c c, with flanges between them of the thickness of the

required planks, and then bolted

together ; by these means the

whole log is at one operation

formed into boards ; and if it be

required to cut the logs into scant

lings or laths, a series of horizontal

saws I, placed in like manner upon a

vertical axis m, and driven by a

pulley », cuts the whole at once

into those small divisions. This

mode of applying the saws to work

in a horizontal plane so as to oper

ate simultaneously with those act

ing in a vertical direction, forms

the second improvement claimed

under the patent right.

A third improvement claimed,

is for uniting the plates of a series

of circular saws closely together,

sd as to make one compact body of

saws, without any interstices

between them, for the purpose of

reducing dye-woods entirely to

«aw-dust or powder, instead of the *■} gj^

usual method of chipping or

rasping them for dyeing or other

purposes.

A few years ago (about 1824),

Mr. Robert Eastman, of Bruns

wick Maine, U. S., invented some

improvements in the construction

of circular saws, and in the mode

of sawing " lumber " (timber),

which obtained extensive adoption

in America ; and as we think them

extremely interesting, and thattheir

adoption in this country would

tend to beneficial results, we shall

here annex the description, and

the intelligent inventor's remarks

upon the .subject. Instead of a

continued series of teeth all round

the periphery of the plate, like

other circular saws, Mr. Eastman's

hat only eight, or rather it may

be said to have only four cu ting

instruments, each containing two

teeth, which are placed at equal

diilances on the circumference,
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and projecting from it ; these instruments are called " section teetb." The

saving of labour in consequence of this form of saw is calculated at full

three-fourths ; and the surface of the timber is much smoother than when

cut by the full-teethed saw. On the saw-plate are also fixed instrument-

called " sappers, " which, being placed nearer to the centre, do not enter

the wood so deeply as the saw, and are adjusted so as merely to cut off

the extraneous sap part, rendering the edges of the planks uniformly

straight, and all the cuts of equal dimensions. To understand which, it is.

perhaps, necessary here to explain to the reader that the logs are, by tliji

machinery, cut up lengthwise, not through the fog, but from the circumference,

or exterior, to the centre, as the radii of a circle, it having been ascertained

that planks, stares of casks, &c., cut out in this manner, possess much

more durability, strength, and elasticity, than by the common method

Fig. 1 represents a side view of the machine, with a log in it ready for

working. Fig. 2 is an end view of the same, exhibiting the log partly cu:

into sections. Fig. 3 is the saw, with its section teeth L L L L, and its

sappers M M. Fig. 4 shows the shape of the sapper, with a groove, or

slit, to admit of its being set according to the intended width of the plank.

A, Fig. 1, is a strong frame of timber, about twenty-four feet long, by fit*

broad, the ends of which are seen at A A, Fig. 2. B, Fig. 1, is the carriage,

about twelve feet long, and four broad, the ends of which are seen at B B.

Fig. 2; it travels upon iron truck-wheels, grooved on their circumferences, an-1

run upon iron slides, as shown at KK, Fig. 2. C. Figs. 1 and 2, gives two

views of the log under operation.

The log is fixed into the carriage by means of iron centres, upon which i:

also revolves, after each succeeding cut. At D D, Figs. 1 and 2, is seen part of

the saw. At E E, Figt. 1 and 2, arc situated the feed pulley, and shifting gear

F, regulating pulleys. G is an index for regulating the dimensions of the cuts.

H, revolving levers and pins. I, the pin and fulcrum of the levers. J J, the

stirrup screws and pins.

Nearly in the middle of the frame is fixed the main shaft, of cast iron, which

runs upon friction rollers, supported by stands on the floor. On this shaft i<

the saw, with its sappers and section-teeth. The motion is given by a band

passing round the main pulley, and round a drum that runs under it ; which

may be driven by horse, steam,* or water power. The method by which the

saw is fed with the wood to be cut, and the return of the carriage for the suc

ceeding cut, is too similar to our own to need a particular description. Iu

various arrangements are ingeniously contrived, and it may be justly termed s

self-acting machine, for when once set in motion, no other aid than the power

which drives it is requisite to its cutting a whole series of boards, of uniform

dimensions, all round the log, having their thin-edged sides attached to the

centre-piece. These boards being removed, a second series of boards may be

cut in like manner to the former, provided the log is big enough.

" This machine," Mr. Eastman says, " furnishes a new method of manufac

turing lumber for various useful purposes. Though the circular saw hud pre

viously been in operation in this country, and in Europe, for cutting small stuff,

it had not, with the knowledge of the writer, been successfully applied to solid*

ofgreat depth ; to effect which, the use of section-teeth are almost indispensable.

" In my first attempts to employ the circular saw, for the purpose of manu

facturing clap boards, I used one nearly full of teeth, for cutting five or sii

in depth, into fine logs. The operation required a degree of power almost im

possible to he obtained with the use of a band ; the heat caused the plate to

expand, and the saw to warp, or, as it is termed, ' get out of true.' To obviate

these difficulties, I had recourse to the use of section-teeth, and the improvement

completely succeeded. The power required to perform a given quantity of

work by the former method, was by this diminished at least three quarters.

The work, formerly performed by seventy or eighty teeth, was, by the last

method, performed by eight teeth ; the saw-dust, wnich before had been reduced

to the fineness of meal, was coarser, but the surface of the lumber much

smoother than when cut with the full-teethed saw. The teeth are made in the
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form of a hawk's bill, and cut the log up, or from the circumference to the

centre. The saw may be carried by an eight-inch band, and when driven a

proper speed (which is from ten to twelve hundred times per minute) will cut

nine or ten inches in depth into the hardest white oak timber with the greatest

ease. The sappers, at the same time, cut off from one to two inches of the sap,

and straighten the thick edges of the lumber.

" The facility with which this saw will cut into such hard materials, may be

supposed to result from the well-established principle, that where two substances

in motion come in contact, their respective action on each other is in direct

proportion to their respective velocities ; thus, a circular plate of iron put into a

quick rotary motion, will, with great ease, penetrate hardened steel, or cut

through a file when applied to its circumference ; and the same principle is

applicable to a saw for cutting wood. The requisite degree of velocity is

obtained by the continuous motion of the circular saw, by which also it has

greatly the advantage of one that has but a slow motion, on account of dulling;

as the teeth are but little affected, and being only eight in number, but a few

moments' labour is required to sharpen them. If the velocity of the saw were

slackened to a speed of but forty or fifty per minute, it would require at least

four such bands to carry it through a log as above described.

One machine will cut from eighteen to twenty hundred of square feet ofpine

Umber per day, and two of them may be driven by a common tub-wheel, seven

or eight feet in diameter, having six or seven feet head of water, with a cog-

vheel and trundle-head, so highly geared as to give a quick motion to the

drums, which should be about four feet in diameter. The machine is so con

structed, as to manufacture lumber from four to ten feet in length, and from

two to ten inches in width, and of any thickness. It has been introduced into

most of the New England states, and has given perfect satisfaction. The supe

riority of the lumber has, for three years past, been sufficiently proved in this

town, (Brunswick Maine,) where there have been annually erected from fifteen

to twenty wooden buildings, and for covering the walls of which this kind has

been almost universally used. The principal cause of its superiority to mill-

sawed lumber, is in the manner in which it is manufactured, viz., in being cut

towards the centre of the log, like the radii of a circle ; this leaves the lumber

featber-edged in the exact shape in which it should be, to set close on a build

ing, and is the only way of the grain in which weather-boards of any kind can

be manufactured to withstand the influence of the weather, without shrinking,

•welling, or warping off the building. Staves, and heading also, must be rived

the same way of the grain, in order to pass inspection. The mill-sawed lumber,

which, I believe, is now universally used in the middle and southern states,

«nd in the West Indies, for covering the walls of wooden buildings, is partly

cut in a wrong direction of the grain, which is the cause of its cracking and

warping off, and of the early decay of the buildings, by the admission of mois

ture. That such is the operation, may be inferred, by examining a stick of

Umber, which has been exposed to the weather ; the cracks caused by its

shrinking all tend towards the heart or centre, which proves that the shrinking

is directly the other way of the grain. It follows, that lumber, cut through or

across the cracks, would not stand the weather in a sound state, in any degree

to he compared with that which is cut in the same direction with them. I have

no hesitation in stating that one-balf the quantity of lumber manufactured in

this way, will cover, and keep tight and sound, the same number of buildings

for a hundred years, that is now used and consumed in fifty years. Add to

this, the reduction of expense in transportation, and of labour in putting it on,

and I think every one must be convinced that the lumber manufactured in this

improved way is entitled to the preference.

" In manufacturing staves and heading, a great saving is made in the timber,

particularly as to heading, of which at least double the quantity may be obtained

by this mode of sawing to what can be procured in the old method of riving

it ; nor is the straight grained or good rift indispensable for the saw, as it is for

the purpose of being rived. The heading, when sawed, is in the form it should

be, before it is rounded and dowelled together, all the dressing required being

VOL. it. 4 o
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merely to smooth off the ouUides with a plane. Timber for stares oognt to be

straight, in order to truss, but may be manufactured so exact in size, as to

require but little labour to fit them for setting up. Both articles are much

lighter for transportation, being nearly divested of superfluous timber, and ma?

be cut to any thickness required, for either pipes, hogsheads, or flour barrels."

Mr. Alexander Craig, of St. Bernard's, in the county of Mid-Lothian, ob

tained a patent, in 1831, for " certain improvements in machines or machinery

for cutting timber into veneers or other useful forms." In one of these

improvements, Mr. Craig employs a circular saw, which he makes to traverse

the whole length of the veneer to be cut, while it revolves on its axil in the

usual way. It is made to traverse by means of a crank, having a radios equal

to half the length of the intended veneer, and a connecting-rod, of length suf

ficient to prevent too much obliquity of action. A uniform tension is preserved

on the band which communicates motion to the saw while it approaches to, and

recedes from, the source of motion, by carrying the band round a pulley

stationed at a small distance beyond the greatest distance of the saw from its

driving drum. Though we have mentioned but one saw, there are a series of

them attached to the same frame, and put in motion by the same band, which

is pressed down by an adjusting pulley between each pair of saws, that it may

turn them with more certainty, by embracing a larger portion of the circum

ference of the riggers fixed on their axes. The log of wood from which the

veneer is to be cut is suspended between centres, similar to those of a turning-

lathe, and made to rotate in contact witli the saws, so that it may be cut into

one continuous spiral veneer. It is evident, that to produce a uniform motion

in that part of the log in contact with the saws, is necessary to its perfect

action ; and this the patentee has effected in a very ingenious manner : he

puts into slow motion, by a species of gearing known by the name of the endlea

screw, a shaft, having on its extremity a metallic cylinder, with a surface

roughed in a manner similar to the surface of a rasp ; and this cylinder, beraf

pressed against the circumference of the log, will cause it to revolve at the

same speed, whatever be its diameter. The specification is concluded by a

description of an arrangement by which the saws are made to cut beyond their

centres in a stationary log. This is effected by attaching them on axes which

do not project beyond the surfaces next the log. To the frame carrying thew

saws, a descending as well as an alternating motion is given ; and the veneer

being, by a guide-plate, made to fold back under the saws, it is clear that thry

will with facility cut to any required depth, without reference to their diameters.

See the article VENEEB.

The sawing of stone, as our readers cannot fail to have noticed, is an ei-

tremely slow operation, and no improvement of importance has been effected

in the process for many centuries ; the ancient mode (if causing a plate of iron

stretched out in a frame, to reciprocate horizontally by the two hands of the

sawyer, seated before it, is still generally practised. In dividing very soft

stone, the saw itself acts witli efficacy upon the stone, by means of its small

rude teeth, or notches, which the sawyer makes in its edge by striking it with

a coarse tool : but the chief utility of these notches is to collect and apply the

particles of sharp sand that are carried by a small current of water down into

the incision, and under the saw. In hard stone, almost the whole effect of

cutting is produced by the attrition of the sand, aided by the pressure of the

weight of the saw.

In 1825, a patent was taken out by Mr. James Till lock, for " improved

machinery for sawing stone," in which, however, the same principle of rutting

is still adhered to ; but the general arrangements of his stone-sawing-mill arc

judicious for the application of power ; we therefore annex a description, with

an illustrative cut

A block of stone is shown at a, supposed to be under the operation of a

number of saws b, fixed parallel to each other in a frame. The ends of this

frame are formed on the under side into inclined planes, which run upon two

anti-friction rollers at c c ; so that when motion is given to the *aws, each end

of the frame will be alternately lifted up, and allow the sand and water (supplied
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by a small cistern represented) to descend- into "the fissure. The anti-friction

rollers are attached to two slides, placed in grooves, in the two upright posts dd,

and are suspended by two chairs >• e, wound round the barrels / /, on the

 

shaft y : this shaft turns in the bearings shown, and carries a third barrel k

and a large pulley A ; to the latter is suspended a weight which partly counter

balances the weight of the saws and frame ; and a chain, passing round the

barrel t, a attached at the other end to a sliding piece, on a vibrating beam /.

The gear represented on the right hand of the engraving is for giving motion

to the saw-frame. The power of a first mover being applied to the toothed

wheel m, it actuates the two smaller wheels n n, to the shafts of which are fixed

crania, which as they revolve give motion, by means of the connecting-rods o o,

to the vibrating beam /, and the latter gives the alternating motion to the saw-

frame b. The several pulleys to which the frame is suspended admit of its

regular descent, and with a uniform pressure. The weight of the saws should

of course always predominate over the counterbalance, that they may act

effectively upon the stone.

It appears from the specification, that the patentee applies this mechanism in

the forming of grooves, mouldings, cornices, pilasters, &c., of marble and other

stone, by means of properly-indented instruments, which are to traverse the

face of the stone, suspended in a suitable frame. By suspending the saws or

tools in the manner described, it is considered that a great advantage is gained,

» they may thereby be kept in a perfectly horizontal line, so that the face of

tie stone may be acted upon uniformly in all its parts, and the hardest parts be

reduced equally with the softest.

SCALE. A mathematical instrument, consisting of various lines drawn on

wood, ivory, brass, &c., and variously divided, according to the purposes it is

intended to serve ; whence it acquires various denominations, as the plain scale,

diagonal scale, plotting scale, Gunter's scale, &c. Scales of equal parts, marked

upon plans, drawings, &c., are explanatory of the real dimensions of the objects

delineated, instead of their actual dimensions on the paper.

SCALES. A term commonly applied to the ordinary balance or weighing

machine, which see. The term scales, however, is often applied to the boards

or dishes only, in which the goods and the weights are placed.

SCALES OF FISH consist of alternate layers of membrane and phosphate

of lime ; they are employed in the arts in the fabrication of artificial pearls.

S*e PEARLS.
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SCREW. The screw is one of the most powerful and useful of the staple

machines or mechanic powers. It is a modification of the inclined plane, u

will easily appear to any one who reflects a little on its construction. If a

triangular piece of paper he rolled round a cylinder, it will form a spiral

inclined line round it, which will be not an inapt representation of the nature

of the screw. The screw with the projecting thread moves within a com-are

spiral groove cut in the interior of a hollow cylinder, which is termed the

female screw or nut. The screw is

generally turned by means of a a

lever, as represented in the annexed

cut at a b ; and the power obtained

by the instrument is calculated by

dividing the circumference of the

circle described by a ft by the dis

tance between two successive threads

of the screw. Thus, if the lever a b

be thirty inches long, and the dis

tance between two threads of the

screw be half an inch, the circum

ference described will be 94 inches;

which, divided by half an inch, gives 118 as the increase of power obtained by

this machine. In this case, a man who could exert a force of lOOlbs. would be

enabled to produce a pressure equal to that of 18,800 lbs. From tleee

remarks it will be seen that there are two ways of increasing the power of this

machine ; viz, by lengthening the lever a ft, or by diminishing the distance

between the threads. The former would be limited by the unwieldiness

thereby given to the machine ; and the latter, by the circumstance that the

threads become weaker in proportion as they are diminished, and hence a slight

resistance would tear them from the cylinder. These inconveniences are

obviated in a contrivance of Mr. Hunter's, in which the required strength and

compactness may be carried to any extent. This contrivance consists in the

use of two screws, the threads of which may have any given strength, bat

which differ slightly in breadth. While the working point is urged forward by

that screw whose threads have the greater breadth, it is drawn back by that

whose threads have the less ; so that, during each revolution of the sere*,

instead of being advanced through a space equal to the breadth of either of the

threads, it moves through a space equal to their difference. The power of such

a screw will be equal to that of a single screw, the distance between whose

threads is equal to the difference of the distances between the threads just

mentioned.

The .great power and compactness of the screw, as a mechanical engine.

render it highly useful in the formation of presses, in which a great pressure

is required. The screw is therefore usually employed in the expression of

juices from solid bodies, in coining, and in reducing the bulk of light and son

bodies, so as to render them convenient for exportation. (See Pitts*.)

The screw is also used very efficiently in the measurement of very minute

motions and spaces. Thus, suppose the screw to have one hundred threads in

the length of an inch, each revolution of the screw will advance the point one

hundredth of an inch. Now, if the head of the screw be a circle one inch in

diameter, the circumference of the headwill be somewhat more than three inchei;

this may be easily divided into a hundred equal parts, each distinctly visible. If

a fixed index be used, the hundredth part of the revolution of the screw may

be observed, and this will advance the point of the screw one ten-thousandth

of an inch. To observe the motion of the point of the screw, a fine wire n

attached to it, which is carried across the field of view of a powerful microscope!

by which its motion is made distinctly perceptible. Such a screw is called a

micrometer screw, and is much used in graduated instruments, for astronomicil

observations. Hunter's screw may be also conveniently usedfor the same purpose-

The most common kind of screws are those used by carpenters and other

mechanics, for fastening wood, or wood and metal together, and are therefore
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usually termed in this country wood-screws, though the Scotch name of icrno-

nailt is somewhat more appropriate, as distinguishing them from other kinds of

screws.

The blanks for wood-screws are forged by the same class of workmen as make

nails; they in fact closely resemble the counter-sunk clout nails, with the

exception of their ends not being pointed. An improvement upon this method

has been adopted by some screw manufacturers, which consists in making the

blanks out of round rolled iron, cut into the requisite lengths, and then pinching

these pieces, when red hot, between a pair ofclams or dies, in the chaps of a vice,

and forming the heads by a hammer, or the stamp of a fly-press. To form the

threads, files were used in the infancy of screw-making, but this process has been

long superseded by the modern practice of cutting and tapping. The forged

blanks being well annealed, their small ends are successively placed into a

jointed chuck, at the end of a steel mandril, where they are griped fast and

made to revolve, while a file is held against them, to brighten their stems and

the countersinks of their heads. The blanks are then released, their' heads

filed flat, and the nick for the screw-driver made by a circular saw. The blanks

are now ready for tapping, by a small apparatus similar to the common lathe,

as represented in the following cut. At a is a steel cylindrical mandril, about
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twelve inches long, revolving in collars in the puppets b b by the motion of a

itrap passing round the pulley e ; d is a loose pulley to carry the strap when

taken off < . At . is an iron box made to open and firmly fix by screws the end of

the reguiating-tcrew f, of which there are as many provided as there are varieties

in the threads of the screws to he cut; they are usually five or six inches long;

3 i* the chuck in which the screw is fixed, by means of a kind of hasp or shackle

bolt, with its end projecting as seen at h ; whence it is projected by therevolution

of the regulating screw, between a pair of cutters or dies at i, of the same

degree of fineness as the regulator screw used. The shape of the thread or worm

itself depends, however, upon the form of the operating edges of the cutters.

The patent screws manufactured by Mr. Nettlefold, of Holborn, are made

with great attention to the perfection of the worm; the upper side, as intended

to be represented in the following Fig. \, u very flat, or inclined but very

little from a plane, passing through its diameter, which causes a great resistance

in its being forcibly pulled out of the wood; and the under side of the worm

is considerably inclined, which greatly facilitates its entrance into the wood,

rendering it unnecessary, in soft elastic woods, to bore any hole for its recep

tion; the form is best seen in the sectional representation of a portion of the

screw in Fig. 2, the black space being the screw, and the tinted parts on either

•ide, a portion of the wood; also exhibiting the facility of entrance, and the

difficulty of drawing out. The greater part of the common wood screws sold

h> the shops, are, however, very wretchedly constructed, in this as well as other

respects, fig. 3 shows a section of their shallow, rough, and imperfect warms,

the heads, stems and nicks in which are fit accompaniments to articles so fabri

cated. The chief defects of common wood screws, besides bad threads, are

tilt having, at the termination of the worm, a projecting burr, which is apt to
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tear away the wood before it, and leave little or no solid matter for the

to hold by; the nicks in the heads being too shallow, or highest in the middle,

preventing the screw-driver from taking an efficient hold to turn them in ind

Fig- I

 

 

 

out. These defects are carefully obviated in Mr. Ncttlefold's screws, and they

are made with extraordinary truth and beauty, notwithstanding the very low

prices at which they are manufactured.

The machinery by which wood screws are made vary considerably in the

different manufactories, and numerous patents have been successively taken oat

for improved processes; in several of which, attempts have been made, with

partial success, to fabricate them without the intervention of human hands,

farther than furnishing the raw material to the machines. Several persons

have succeeded in catting screws,—an operation of a very curious, and, appa

rently, difficult nature. A Staffordshire manufacturer of the name of Maullin,

had a patent for an ingenious process of this kind, which is described in the

13th volume of the Repertory of Arts.

Immense quantities of screws, of the smaller kind, are made from wire, in

the neighbourhood of Birmingham and Wolverhampton. They are chiefly

made in the houses or cottages of the workpeople, wherein the children mate

rially assist; the screwing being effected by turning a winch handle fixed to

the end of a cylindrical mandril, the other end of which is furnished with a

chuck to contain the screw blank, which is thrust forward and turned round

between steel dies fixed in a puppet head, the action being regulated by ascre»

thread on the mandril, taking into a hollow screw fixed in an intermediate

puppet head.

In the 41st volume of the Transactions of the Society of Ark, is described a

very convenient and simple tap (invented hy Mr. Siebe, of the Strand) for

cutting hollow screws in wood, by which workmen are enabled with the same

tool to form either right or left, single, double, or treble hollow screws of the

same diameter. The screws capable of being made by this implement, are,

however, far from being mathematically accurate, but will be found to be quite

as good as the hollow screws made in the usual way, and adapted to the use of

various wooden articles of domestic furniture, and to some common kinds of

machinery.

The tap is a thin quadrilateral piece of steel, of the length and breadth of

the required screw, having its longitudinal edges cut into saw teeth; the teeth

in one row being opposite to the intervals in the other, and therefore represent

ing a section of a screw, the teeth being sections of the threads. A cylinder

of hard wood is turned, so as to correspond with the dimensions of the intended

screw, and a longitudinal piece being sawn out from the middle, representing *

section through the axis, the serrated plate is to be inserted and firmly rivetteil

in its place. The cylinder terminates in a flat head, for the purpose of receiving

a key or lever, which enables the woikman to overcome the friction experienced

in cutting the screw.

In order to use this tool, a cylindrical hole, equal in diameter to the cylin

drical stem, is to be bored in a piece of wood, and the serrated cylinder being
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then introduced, giving it a circular or spiral motion, will form a right or left-

handed screw, according to the direction in which it is turned ; and by entering

two or three threads at once with a common V tool, the same tap will give a

double or treble-threaded screw.

The hard wood being first made into a screw, the blade isrivetted in, and the

teeth are made by a file to fit the wooden threads ; the blade is then removed,

the threads in the wooden cylinder are turned off", leaving it smooth; the blade

it then tapered at the point, so that the first teeth are no bigger than the

cylinder; it is then rivetted again in its place, and the instrument is complete,

as represented in the subjoined Fig. I. Fig. 2 is an end view of the same,

which is exhibited to show that the cylinder is cut away a little where the teeth

Fig. 2. Fig. 1.

 

are inserted, to make room for the shavings. As the cylinder tits the hole, and

the blade is taper, a gradual and steady cut is secured, which may either be to

the right or left hand.

Mr. Siebe also proposes steel taps for metal screws to be made in the same

manner, by filing away a solid screw of metal, so as to present two cutting

edges, similar to those attached to the wooden cylinder.

SEWER. A subterraneous channel or canal, formed in towns and other

places, for draining and purifying them. They are made of such materials

and forms as suit the circumstances of the locality, and come too often under

the observation of the public to need our explanation. But in connexion with

this subject we may mention the scheme of Subways, proposed by Mr. John

Williams, of Cornhill, for which he took out a patent in 1 822, and strove

arduously to get adopted in the city of London. The title of the patent

explains its object, viz., " a method to prevent the frequent removal of the

pavement and carriage paths for laying down and taking up pipes, and for other

purposes, in streets, roads, and public highways."

 

The nature of Mr. Williams's plan will be fully understood on inspection

»f the annexed drawing, representing a transverse section of the street.
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rr represents the paved road-way;/, the foot-pavement; 6, a section of the front

wall of the basement story of a house, with a pipe p to supply water from one

of the mains o, contained in the sub-way. The opposite side of the diagram it

incomplete, having been cut off for want of room; the pipe p there shown i'

for the supply of the house on that side, with either gas or water; the upper

pipes, which may be supposed to belong to different companies, are suspended

to the crown of the arch by iron straps. The lower pipes are supported upon

the floor; m m shows the outline of the masonry; s, the common sewer, which

has, at stated distances, openings into the sub-ways, but secured by air-tigbt

doors, to prevent the escape of effluvia; I, one of the holes covered with i

grating, for the admission of light and the circulation of air. The patentee

proposes to build his "sub-ways," (as he terms them) when practicable, over

the sewers, with drainage from them into the sewers; the dimensions are about

7 feet high and 4 feet wide, but these may be varied according to circumstances.

Openings are to be made on the tops of the sub-ways, or tunnel, at ererj

hundred feet, for the purpose of admitting air and light ; and passages are to

be made in the sides, to admit inspectors and workmen. Along each side of

these tunnels are to be arranged pipes, to supply the inhabitants of the streets

under which they are built with water and gas.

Amongst the advantages enumerated by the patentee to be derived from the

introduction of sub-ways, may be noticed the facility with which a line of pipes

may be deposited along a street, without breaking up the pavement, and the

consequent annoyance to the inhabitants, obstruction to the passengers, and

detriment to the stability of the roads; the immediate access at all times to

inspect the pipes, effect the requisite repairs, or obtain an additional supply of

water in cases of fire, and better opportunities of repairing and clearing the

common sewer, whether it be situated underneath or alongside of the sub-way.

SHEATHING, in Naval Architecture, a sort of covering nailed all over the

outside of a ship's bottom, to protect the planks from the ravages of worms.

Formerly, this sheathing consisted only of boards tarred and payed over; hut

now copper is resorted to, not merely as a substitute, but as an additions!

covering, and it has become almost universal, where the expense can be sus

tained; it is of especial utility in vessels making long voyages and into warm

climates. The rapid corrosion of copper, by the action of sea water, renders

the frequent renewal of it a very serious item of expense to the ship-owner. In

a patent which Mr. Robert Mushet took out a few years ago, " for certain

means or processes for improving the quality of copper and alloyed Qopper, to

as to render it more durable when employed as sheathing to ships bottoms," he

states, that, owing to some defect in the manufacture of the copper, the shelv

ing upon a ship is sometimes worn away by oxidation in a much shorter period

than usual. The cause of this Mr. Mushet considers to arise not simply from

the impurity of the metal, but from the undue proportion of the alloy with

which it may be mixed. He also states, that he has found that the purest

copper, exposed to the action of sea-water, is not so tenacious as when alloyed

in the manner he proposes in his specification, and on which he founds his

patent. He directs, that to lOOlbs. of copper is to be added 2 oz. of the

regulus of zinc, or 4 oz. of the regulus of antimony, or 8 oz. of the regului of

arsenic, or 2 oz. of grain tin. Instead of these alloys separately, they may be

employed in conjunction in the following proportions: viz. to lOOIba. of the

copper add half an ounce each of the zinc and tin, 1 oz. of the antimony, and

2 oz. of the arsenic.

Mr. Christopher Pope, of Bristol, took out a patent, in 1824, for the manu

facture of metallic sheathing in which copper is altogether discarded. These

plates are composed of tin and zinc, or of tin, lead, and zinc. Mr. Pope say?,

in his specification,—" To unite tin and zinc, I take a certain quantity of zinc,

and melt it in an iron pot, and when melted, I add an equal quantity of tin;

and having stirred them together in a fluid state, I cast cakes of it in moulds of

ribnut 8 inches broad, 10 inches long, and I of an inch thick, which cakes are

nfii rw.irds hammered or rolled out into sheathing To unite tin, lead,

and zinc, I melt a certain quantity of lead, and add to it twice the quantity of
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tin. This composition I cast into small lumps, and having melted three times

as much zinc as I had previously melted of lead, I then add the small lumps of

tin and lead, and melt the whole together; which method I find to be the best."

This mixture he casts into cakes of the size before mentioned, and then rolls

them into sheets; and he particularly enjoins, that no more heat be used than

is just sufficient to compound the alloy, as the metal becomes hardened by an

excess of heat; and that it is advisable, in rolling out the cakes, to heat them

to the temperature of boiling water, by which he says that "they will roll or

hammer softer than when cold." This metallic sheathing has, we are informed,

been more extensively employed for covering of the tops of houses, than the

bottoms of ships.

A few years ago, some very favourable accounts were published of the patent

Indian rubber sheathing, consisting of a coarse fabric of fibrous material,

saturated with a solution of the elastic resin, together with pitch and tar. The

price of the sheathing was ten pence per sheet, of the size of 34 inches by 20.

It was found to be a complete protection against the worm, and must, at the

least, we think, form an improved substitute for the felt in general use.

It was for some time supposed that Sir H. Davy had discovered a remedy

against the rapid oxidation of the copper. Regarding the action of the sea'

water upon copper as of a galvanic nature, that great chemist considered that,

by the addition of small pieces of tin and zinc, the copper would be rendered

negatively electrical, and oxidation prevented. Ships were sheathed on this

principle, and sent to sea; but they proved such bad sailers, from the foulness

of their bottoms, that a negative was soon put upon the scheme. It is true that

the copper was thus protected by the zinc and tin, but the barnacles (shell-fish)

attached themselves so much to the protectors, as to introduce a greater evil

than they were calculated to remedy. Sanguine hopes were entertained of the

success of this plan, and the disappointment consequent upon failure was, of

course, extensively felt. Founded upon the same theory of the galvanic influ

ence, a patent was, a few years ago, obtained by Professor Pattison, for making

use of iron plates, protected by zinc, which, it was asserted, entirely prevented

the oxidation of the iron : and that a ship sheathed with iron and little bits of

zinc had been two years at sea, and returned home with a clean and bright sur

face. The specification of the patent states that the iron plates may be of the

usual dimensions of the copper plates, and for each area of 100 inches in the

iron, a plate of zinc of from one eighth to one fourth of an inch thick, equal to

fire inches in area, is attached to the lower extremity of the sheet, so that in

sheathing the vessel from the upper part downwards, each succeeding sheet of

iron shall be in contact, by lapping over, with the zinc plate of the sheet

immediately above it. Plates of zinc must also be attached to the inside of the

sheet of iron, bearing a proportion in area to those on the outside, of 3 to 5.

The spikes and bolts by which the sheathing is fastened to the vessel are each

to be furnished with a disc, or washer, of zinc, fitting closely to the head; and

it is recommended that they be driven well home, to insure perfect contact.

The nails employed are to be made concave under the head, and the cavity is

to be filled with melted zinc. The proportion of five square inches of zinc to

one hundred of the iron, is not insisted on; any greater proportion will be

equally effectual, and the zinc may be alloyed with copper, tin, or lead, in the

proportion of from 3 to 10 per cent. By this mode of sheathing vessels, it is

asserted, in the specification, that the corrosion or oxidation of the metal will

be nearly, if not entirely, prevented.

SHIP. The general name for any large vessel fitted with one or more

masU and sails, for the purpose of navigating on the sea. The name ship is,

however, more strictly and properly applied to a vessel with three masts and a

bowsprit ; each mast consisting at least of two, and most frequently of three

component parts ; namely, lower-mast, top-mast, and top-gallant-mast, each

of them having its corresponding yard carrying a square-sail rigged aloft,

the bowsprit also being fixed, and furnished with sprit-sail-yard, jib-boom,

&c. The distinguishing features of sea-going vessels of other descriptions

are noticed under their respective heads ; and as it will not accord with the

VOL. II. 4 E
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prescribed limits of this work to enter at large into the subject of naval

architecture, we shall in this place introduce to the attention of the reader

some interesting improvements and suggestions, which have recently been

made by ingenious and scientific men.

A few years since, Mr. David Kedmund, an engineer of the City-road,

Loudon, (who was originally a shipwright,) took out a patent for improve

ments in the mode of constructing the hulls of ships and other vessels, the

main objects of which were the obtaining of a more effectual security again-t

Bhipwreck, and facilitating the general adoption of steam navigation. The

fltfl
 

 

annexed description, together with the observations upon it, we extract froir.

the specification of the ingenious patentee.

" The present mode of framing the hulls of vessels leaves a vacancy

between the ribs and frames, which said ribs or frames are not firmly

connected together, so as to unite their strength, until the planking is affixed

to them ; so that, previous to planking, the hull has no strength whatever.

Now as this is, I conceive, the foundation of the structure, I respectfully submi:

that, when in that state ready for planking, the vessel should be, if possible, of
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sufficient strength to resist all such shocks or concussions as vessels are liable to

meet with ; so that when planked, she should acquire the full portion of

additional strcng'h which can be imparted to her construction by that process,

and that the shocks or concussions to which all vessels are liable, should not

be received on, or affect, the tree-nails, or bolts, which secure the planking to

the frame of the vessel. Now, as the present vessels, previous to planking

are not, by their constructions, capable of supporting themselves, and only

acquire strength by their planking being secured to the frame or timbers, by

wooden tree-nails or bolts, I presume it is evident that the greatest portion of

every violent strain, shock, or concussion that the vessel is subject to, must, in

a great measure, be received and sustained, in some direction or other, by the

aforesaid wooden tree-nails or bolts, which have first given strength to the fabric

by securing the frames and planking together. The ribs or timbers not

being united close together, there seems to be nothing to prevent the

greatest portion of the shocks being received by the tree-nails or bolts ; the

repetition of the shocks soon works the tree-nails loose in their holes, and

the vessels then become crazy and leaky ; which shows clearly how very

inadequate they must be for the purpose of sustaining any lengthened

continuation of such strains and concussions as all vessels are liable to. In

my construction of vessels I have no vacancy between my ribs or timbers j but

I begin at the middle of the ship, and bolt each rib or frame firmly to its

fellow, inserting the bolts in each that are to receive the next, as shown in Fig. 3,

which shows six of the first ribs connected together, with the heading joints

always crossed, and the bolts standing out to receive the next rib ; so 1 work

right and left to the head and stern, as shown in Fig. 1, which is a longitudinal

section of all the ribs or timbers, showing the bolts let in at the heads to admit

of each rib being bolted close to its fellow, each requiring to have holes made in

them, to receive the nut of the bolts of the previous one, as is seen in Fig. I.

My heading joints are each grooved a little way in, and a tongue or tenon of

metal driven in after it is in its place, which will serve as a stop to the caulking,

and give steadiness to the ends; and the tongue or tenon should enterabout an

inch or more into the ribs on each side. It will be requisite to have as large

washers or plates under the heads of the bolts, and also under the nuts, as the

size of the timbers will admit of, only the edge of the plates should not come

within three quarters or half an inch of the face of the timbers; so that,

when caulked inside and out, both bolts and plates are secured from air and

water. The holes for the bolts should be about one-fourth of the thickness, or

a little more, from each edge ; so that, if the timber were eight inches, the

centre of the hole should be about two inches and a quarter, or two inches and

a half from each edge. It may be found proper in some light constructed

vessels to have the bolts in the centre of the timbers ; in such cases the vessels

will be exceedingly strong, but will not be so stiff as the other way. It will be

seen by Fig. 1, that all my timbers are made smaller at the upper end, and

larger at the lower part next the keel ; and, as every good practical ship-builder

is acquainted with the prevailing methods of striking out the timbers to stand

at any angle or inclination, I need only remark, that the angle of inclination

at which I have shown the timbers, appears to me to be the best. But if the

test of experience should suggest any alteration, it is easily done by making the

timbers more or less of the wedge form, as may be found best.

" The section No. 1 also shows the timbers are of various dimensions, as it is

not absolutely necessary they should be all of one size, only they should be

tapered in proportion, so as to keep the proper angle ; but they should

be all of the same dimensions the other way, so as to produce an even

surface for the planking, as at present ; and I should always keep my timbers

to their fullest dimensions from outside to inside, as the more I increase the

surface of my abutments, the greater the stability of the vessel,—always bearing

in mind that I am constructing an arch, to be self-abutted in every direction. I

can reduce the thickness of the planking, and increase the thickness of the

timbers, and, by so doing, greatly increase the strength of the vessel ; and as

strength and stability are the principal objects I propose to obtain by my im
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provements, in those parts of the vessel at or near the head or stem, where the

ribs form a sharper or more acute angle at the keel, as shown by Fins. 7 and S,

I would keep the line of the timbers more to the circle, to admit of the timbers

which cross the keel being cut out of trees of moderate dimensions, without the

grain running too much across, and to fill out the shape with what is technically

termed dead wood or chocks, as shown by Figs. 7 and 8, which should be

secured to the rib, and bolted to its fellow piece; which, by increasing the

surface of the abutments, adds stability to the arch, and proportionate strength

to the vessel.

"If any objection should be made about the quantity of dead wood or chocks

accumulating, by adhering strictly to the rule laiddown as relativeto Figa. 7and8,

I would wish it to be understood, that if the ribs were prepared for those parts as

they are at present, only to diminish them from the top to the bottom, as before

Btated, and bolt them firmly together, and to the keel, as at present, the vessel

would be infinitely stronger than by the ordinary mode, hut would not, in my

opinion, be of equal strength and durability as if executed agreeably to the rule

laid down in Figs. 7 and 8 ; as, on my plan, if the whole of the keel, stern-post,

and the dead wood, were all carried away, the frame of the vessel would remain

firm and secure, and would only have lost the trifling portion of strength she

had acquired from her keel and dead wood being affixed to her frame. It may

be proper here to remark, that on my improved mode of ship-building, every

additional piece of timber affixed to it from the first rib or frame to the last

plank, all and every additional piece so affixed brings with it its proportionate

addition of strength and stability to the vessel, beyond its own weight. Even

what is technically termed dead wood, on my principle, brings its proportionate

addition of strength and stability to the vessel, if it is put on, and secured to

each rib, and bolted to its fellow as directed.

"The beams on which the decks lay should be secured to the sides of the

vessel in the usual manner; but as room is considered a great object between

decks, and the present decks, beams, and planking take up from 10 arid 11 to

14, 16, and 18 inches, according to the size of the vessel, and the number of

decks, &c, I propose cutting oak scantling to the size or thickness of the decks.—

say about 6 or 8 inches square, according to the width of the vessel,— keeping

the curve of the deck as much as possible,—say about 7 or 8 inches in the width,

of about 28 or 30 feet, and the scantling about 6 or 8 inches, taking about the

same quantity of timber as at present used in beams and planking. These I

bolt firmly together (see Fig. 5,) after the same manner as the ribs of the hulls,

with about three-quarter or seven-eight bolts, according to the rate or tonnage

of the vessel. The scantling should he all the length across the vessel, and

being bolted together as above, would be found of great strength ; but to increase

the strength as might he required, I would truss two together at about 6 or 8 feel

apart, a9 in middle-deck Fig. 5 ; or a truss, constructed as /fy. 14, might be inserted

into each scantling ; or a rule joint self-abutted chain, as Fig. 13, might be let

into the edge of the scantling, for the same purpose : and they should continue

through the sides of the vessel, having a stout nut-screw and plate, to enable

them to secure the sides firmly to the deck,—thus answering a double purpose;

and by having fewer or more of them, the decks may be made of any additional

strength required, with an even surface underneath, yet will not take up half

the space occupied by the present decks. I merely name these methods, if

additional strength should be required; but it is my opinion there will be

sufficient strength without them. In vessels where expenses or first cost were

not an object, the timbers might be prepared with a circular groove in the

centre, (see Fig. 10,) in which groove a strongly twisted rope of oakum might

be put, which, being left rather large, would, when screwed up tight, form a strong:

and tough tongue or key, and also a stop for the caulking. The decks, if

required, could be done in the same way, and they might be caulked on both

sides, if requisite, and if any objection should arise about the joints of the

decks running across the ship, they might board it the other way with thin

boards (as see Fig. 5), or the scantlings might run from head to stern, kept to

the curve, and bolted together the same as the others; in which case it would
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form an arch, the abutments of which were secured, but would not be so strong

as the other way. Fig. 4 shows how the timbers come to a finish at the head

and circular stern of the vessel. The keel or stern-post is not shown, as it is -

only to show how the timbers finish, and also what very short pieces may be

occasionally used; as the strength of the arch does not so much depend on the

length of the pieces, as on the increased surface and effectual security of the

abutments. It will be understood that spaces for port holes in ships of war

can be left without materially diminishing the strength of the vessel.

" It is supposed in this description, that the keel is first laid down, as usually

done, only its internal edge will be formed to the curve of the under part of the

hull, exclusive of the filling out pieces or chocks alluded to in Figs. 7 and 8.

My improved ship now having her decks in and firmly secured to the beams

on which they rest, and also to the sides, head, and stern of the vessel, after the

methods before described, I now proceed to caulk all her joints, inside and out,

and her decks also; which being done, she then presents the novel sight of a

ship of great strength, previous to planking; presenting, in every assailable

direction, the strength and resistance of an arch, self-supported and self-abutted

in every direction,—no bolt or pin, but those which secure the decks to the

frame, being visible throughout her whole frame, to convey to the beholder the

slightest idea of the mode by which her abutments are secured; and her frame

so firmly united together, her invisible endless chains of bolts being perfectly

secured from air and water by the caulking inside and out, the vessel itself

being, of course, water-tight every where, and of incredible strength, ns the

force of every shock is received on and divided amongst her numerous abut

ments. In this state, previous to planking, let the comparison be drawn between

my improved ship, and one of the present day, previous to their being planked—

one of great strength, the other of no strength at all—not being capable of sup

porting itself until planked. I would now remark, that as the process of

planking imparts such a great degree of strength to all modern-built vessels, it

will, of course, appear to any person, that my vessel must derive a considerable

additional increase of strength and stability by that process, as the tree-nails

which secure the planks to the frame cannot be disturbed by any shocks or

strains the vessel may receive, the force of all outward shocks being received

on and divided among her numerous abutments—and of all strains from weight

or cargo, on her abutments and bolts, which must be drawn apart before the

tree-nails can be affected, which cannot occur if they are in proportion to the

tonnage of the vessel. I now plank her; and of course my vessel would admit

of a considerable reduction in the thickness of the planks of ships of war, which

may be added to the timbers,—how much, I must leave to the discretion of the

builders, who will act according to circumstances.

"The planking would be fastened, as usual, with tree-nails, as I know nothing

better; and as the force of any shock will not now be felt by them, but received

on the abutments, they, of course, will now be fully effective. Each alternate

rib should be bolted to the keel, and the keelson bolted through each of the

others, and through the keel also. The thickness of the bolts will be regu

lated by the weight and tonnage of the vessel. A vessel of 500 tons should

have the six upper bolts within six or eight feet of the top, in the first sixteen

or eighteen central ribs, that is, six on each side of the vessel to each rib ; and

each bolt should require a force at least equal to 18 or 20 tons to draw it apart.

The decks should not have less than three-quarter bolts. The whole of the bolts

would be best to have strong-threaded screws, with adequate thick nuts and

plates as large as the timber will admit of, and in those of the decks also; should

the iron be thought to affect the compass, a great number of these might be

copper bolts, of equal or of adequate strength. It must be understood, I

merely mention about the number and strength of bolts that should be put in to

make a firm and substantial vessel, with timbers the same size as at present,

even before it is planked; but it is obvious that ship-builders will exercise their

own discretion on that head, more or less, according to circumstances; so that

some vessels will be so incredibly strong, that a storm, or being driven on shore,

would have no effect on them, being equally secure and safe on land and water;



590 SHIP.

others would not, perhaps, build them so strong; but it is certain, that with the

same quantity of timber, and a sufficiency of bolts, agreeably to the scale afore

said, vessels may be constructed on this principle, of such strength and stability,

that to hear of the wreck of one of them would be quite a novelty. With

timber and bolts proportionate, there need be no limits to the dimensions or

strength of vessels constructed on this plan,—which is what is most wanting in

steam navigation, the desideratum being larger and much stronger vessels.

" It will be seen that very strong vessels may be constructed on my princi

ples, with the timbers running horizontally or longitudinally from head to

stern, and connected together as before described. But I have described them

vertically, as used at present, which I think to be the best, strongest, and sim

plest method of carrying my improvements into effect; as it is so trifling a

variation from the present mode, being simply improvements on the present

methods of arranging and connecting their timbers, which, if strictly adhered

to, and generally adopted, will put an effectual stop to the appalling annual lois

of lives, treasure, and time, to which we have been so long subjected ; substi

tuting safety, certainty, and punctuality, in all the future naval and mercantile

affairs of this wonderful and enterprising nation,—thus keeping our own proper

position in the new era of enterprise opening to our view, in the general adop

tion of steam navigation for all naval and commercial purposes."

The quantity of timber consumed in the construction of a hull of this kind,

is much the same as in one of the ordinary kind—the quantity of bolts about

double; but as a great quantity of iron and other work is superseded by Mr.

Redmund's plan, the total cost would not be more.

Mr. Annersley's patent plan of building ships and boats is exactly the oppo

site of Mr. Redmund's, just described; instead of depending upon the rib

timbers for the main support of the hull of a vessel, he dispenses with them

entirely, and derives the requisite strength from successive courses of planks

crossing each other. The following account of the invention, derived from t

periodical journal, will be found sufficiently explanatory.

The mode of proceeding is first to form a model of the required dimen

sions, and regulate the symmetry of the subordinate arrangements accordingly;

this done, the model is cut across, by which the form and proportions for the

mould arc exactly obtained, as shown in the annexed Fig. 1. The moulds are

 
 

(Centre Mould.) (Section of Model.)

then set up on the building blocks, in much the same manner as in other

vessels; the moulds are of slender materials, merely strong enough to retain

 

(Perspective View of Mould* set up.)

together the perfect shape of the intended vessel : they are shown in Fig. 2.

A longitudinal layer or course of planks is then fastened to the moulds all
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rmrnd; namely, bottom, sides, and deck; sheets of tarred paper are then laid

on, and a Becond course of planks is put upon the course, athwart, all round

the first course, as shown in the subjoined figure, which crosses the grain of the

wood, and most essentially contributes to the strength of the fabric; each course

of planks is tree-nailed together, and the courses continued in alternate direc-

Jb. 3.

 

(The alternatefore and aft and crou planking.)

tions till a sufficient substance is acquired for the strength of the vessel. The

keel, stem, and stem-posts, are put on with the last course, as shown in Fig. 4,

and then the whole are tree-nailed through and through, each tree-nail being

driven hard in, then split at the end and wedged. The dead wood fore and aft

Fig. 4.

 

(Profile of the Vessel complete.)

a formed by cross planking, to fill up the space between the body of the vessel

and the stern and stem-posts. To save the bottom, strengthen it, and keep the

vessel upright when aground, two bilge keels are tree-nailed or bolted through

into bilge planks in the inside of the vessel; stanchions, with brackets, are fixed

to the sides and deck, and the bulwarks are formed prior to the last course of

planking; the last course is then laid to finish the deck: the hatchway and

companions are then cut out of the solid deck, and the comyns introduced.

This system of building is said to require much less timber, being without knees,

beams, and ribs, and is, therefore, more buoyant—causes no loss of time in

building, for seasoning the timber—avoids the dry rot, from air and moisture

being excluded from the inner courses—the resistance more elastic, and pre

senting, in every direction, an arch to sustain external shocks; and, it is added,

that in case of warfare, the destructive effects arising from splinters will

be entirely avoided.

Mr. E. Carey, of Bristol, who has had much experience in ship-building, and

has suggested a variety of improvements, recommends the following method of

fastening a ship's side, with his newly-invented iron knees, as explained by

the subjoined figures. Fig. 1. is a horizontal section of a portion of a ship's side

and beams; A A shows the ship's side; B B the timbers; C C the thickness of

the outside planking, D D a plank, 3^ inches thick, which goes all round the

ship, inside the timbers, against which the iron knees are fixed, and bolted

through the side; e e an horizontal clamp, 10 inches wide and 6 inches thick,

F F the iron knees, 4 inches wide and 2 inches thick, which are bolted througk.
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the beams and ship's side, as at G G. Fig. 2 is a section of the same parts n

Fig. 1. H is the plank sheer; I the water way; J J the ends of the planks;

K a bolt that goes through the ship's side, through the edge of the water way,

and six streaks of the deck below the beam, and is clenched on an iron plate

 

a Fig. 2.

on the inner plank; L the arm of the knee; M the ship's timber and side; D

is an edge-view of th«* inner plank, as shown at D, Fig. 1. These iron koe«

and water ways are let down upon the beam 3 inches, and also six of the deck

plankB, and bolted through also; under the beam a plank, 3£ inches thick, is

first brought on, inside the ship, against which the ends of the beam are fixed.

The horizontal clamp, 10 inches wide and 6 inches thick, is then brought cm

under the edge of the plank, and bolted through the side. On this clamp die

beam is dovetailed in, one inch down, and bolted through the end of the beam.

A ship fastened in this way, Mr. Carey says, will render it impossible fur uic

side to move; that no wet can possibly get down, and that the ship will thus

be kept perfectly dry and sound.

Under the head Docx have been described the usual mechanical arrangements

and process for building and repairing ships. In this place we shall add a very

ingenious and improved method of bringing up ships upon the ways for the

operations of the ship builder. A Committee of Inventions appointed in the

year 1827, by the Franklin Institute of Philadelphia, to whom the subject was

referred, drew up the following report thereon, which seems to have been

dictated by sound judgment and impartiality. "The Committee of Inventions, to

whom have been submitted a model, drawings, and descriptions of the

' Radiating Railways for the repairing of Vessels,' invented by Edward Clark,

of New York, civil engineer, report, that they have carefully examined the

proposed improvement, and consider the plan as offering great facilities, when

it is desirable to have several vessels under repair upon the ways at the same

time. Morton's patent slip, which is in use in Scotland, is of sufficient length

to contain two or three vessels ; but it is evident that whichever was the last

hauled up, must be the first launched ; and they must, therefore, be frequently

repaired in haste, without being allowed that time to dry, which is, in many

cases, a point of great importance. To obviate this difficulty is the end proposed

in the plan under consideration. It does not appear, from any thing which has

been presented to the Committee, that Mr. Clark proposes anything novel in

the construction of the lower part of the railway, or of the carriage upon which

the vessel is to be drawn up ; its distinguishing feature being the means

Srovided for removing vessels out of the direct line of the main railway, and ul

epositing them upon sub-ways, for the purpose of being repaired. To
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accomplish this purpose the upper part of the railway, for a length sufficient

to receive a vessel, is detached from the lower part, and is made capable ot

revolving upon a firm horizontal platform, a perpendicular shaft from which

passes through the upper end of the detached part of the railway. This plat

form is the segment of a circle, hut it may, if necessary, present a complete

circle. At the periphery of this segment, the fixed part of the railway terminates,

and the detached revolving commences ; this is supported upon the platform by

a sufficient number of strong iron rollers, placed transversely ou the lower part

of the framework of which it is formed. The upright shaft, around winch the

fig. 2. 

£

Fig. 3.

 

o H H ii i i i

detached railway is capable of revolving, is also the shaft of the windlass, by

which the vessels are to be drawn up ; this detached way may therefore be con

sidered as a radius to the circle, of which the platform is a segment. When a

ship ii drawn up and has arrived upon the movable part of the railway, a power

may be applied to carry this with its load to the requisite distance round the

circular platform, until it arrives at a sub-way, several of which are erected

round the platform, forming produced radii to the circle. These are precisely

similar to the main railway, with the exception of their not being continued to

the water, but only of such a length as to admit of the carriage with its load

being lowerfd, and deposited upon them until the intended repairs are made.

VOL. ii. 4 p
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In the drawingwhich accompanies this report there are represented six sub- way?.

and of course upon such a structure seven vessels might be placed at a time.

The main expense attending the erection of marine railways, is in constructing

that part which is under water, where nearly the whole of the labour mu«t be

performed in the diving-bell. In the mode proposed by Mr. Clark, one marine

railway would be sufficient in those parts where many vessels may be required

to be hauled up ; a considerable number of sub-ways, with their appurtenances,

might undoubtedly be provided at an expense far below that which would attend

the original structure. After maturely considering the subject, the Committee

are fully convinced of the practicability of the plan, and also of its economy, in

those situations where more than a single railway would be desirable. When

once constructed, it possesses the advantage of being capable of extension in

the number of its sub-ways, whenever it may be required." Annexed are

engravings from the drawings referred to. Fig. 1 is a bird's eye view of the

platform and railways. A, revolving section of the railway, which may at

pleasure be made to coincide and connect with the radiating or sub-ways B B B,

or with the main railway C, extending into the water. D is the shaft or pirot

upon which the section A revolves. Fig, 2 represents the revolving section,

with its centre, as in Fig. 1, together with the circular iron railways, upon

which the cast-iron rollers are to run. Fig. 3 is an elevation or side view of the

revolving and permanent railways, supporting a ship's carriage ; A being tbe

revolving section ; B or C, section of the main, or the sub-railway ; D shaft for

communicating to the windlass the power which is generated at the levers rf;

this shaft is also the pivot around which the section A is made to revolve;

e e e e, &c, are iron rollers connected to and supporting the revolving section

in the circular railways ; G, ship's carriage resting on the inclined railways ;H,

windlass or other machinery for elevating vessels ; t, chain by which the carriage

is drawn up ; k, palls to prevent the carriage from running back ; /, friction-

rollers, lying between the movable and fixed ways. Fig. 4, ground view of a

ship's carriage. Fig. 5, transverse view on a larger scale of a ship's carriage on

the railways ; a a cuneiform blocks, movable on rollers, in appropriate grooves,

to prevent lateral motion ; b b, bilge blocks moving on pivots, and resting on

rollers adapted to a a ; c c, ropes by which the cuneiform or wedge blocks are

drawn up, and the bilge blocks forced against, and adapted to, the bottoms of

vessels.—Franklin Journal. For a variety of information of the constituent

parts of ships, with their recent ameliorations, see the separate heads, as Masts,

Rudders, Capstan, Windlass, Blocks, Anchors, Fids, Boats, &c. &c.

SHINGLES, in Building, small boards, nearly resembling, in shape and

size, the staves of a common pail, but tapering regularly thinner and thinner

from the broad to the narrow end. They were formerly used instead of til**,

for the covering of roofs, and are well adapted to those that are of a nigs

pitch, but not so well for the modern low roofs. The steeples of many of our

country churches are covered with shingles. The method of covering a building

with shingles is extremely simple; at equal distances from the thin end there

are inserted two stout wooden pegs, projecting on the inner side about twe

inches : by these pegs the shingles hang on pantile laths, nailed horizontally

across the rafters, and at such distances, as to allow each row of shingles to lap

over the next lower row by about half the length of a shingle. Sometimes,

however, the roof is previously covered with boards, on which the shingles art-

nailed; but this method has the disadvantage of being far too expensive

lor common practice, especially in a country like ours, where oak is by n^

means plentiful, and what we have is wanted for purposes of greater national

importance.

SHOT. A missive weapon discharged by the force of ignited powder from

a fire-arm in warfare : of these there are various kinds, as round shot, or bul

lets, a ball or sphere of iron whoso weight is in proportion to the bore of the

cannon. Double-headed, or bar-shot, are formed of a bar of iron with a ball

at each end, which fits the muzzle of the cannon. The middle is sometimes

filled with composition, and the whole covered with linen dipped in brimstone;

so that the cannon, in firing, it. is said, thus inflames the coinbustil"le« or
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position, which sets fire to the sails of the enemy. One of the heads of this ball

has a hole to receive a fusee, which, communicating with the charge of the

cannon, sets fire to the bullet.

Chain shot consist of two balls chained together, being principally designed

to annoy the enemy by cutting her sails, rigging, &c. Grape shot is a combi

nation of balls strongly corded in canvass upon an iron bottom, so as to form a

cylindrical figure, whose diameter is equal to that of a ball which is adapted

tn the cannon. Case shot, or cannister shot, are composed of a great number

of email bullets, put into a cylindrical tin box. They are principally used when

very near, to clear the decks of the enemy. Besides these, there are others of

a more pernicious kind, such as langrage shot, star shot, fire arrows, &c,

employed also when not at a great distance from the enemy.

Cannon shot that are cast in moulds, usually possess, in a greater or less

degree, the three following defects :—first, being imperfect in their spherical

figures, which is owing to the expansion and alteration of form made in the

moulds, from frequently heating them ; second, containing air cavities, owing

to the air being caught in the moulds when the fluid metal runs in too quickly

for it to escape ; third, their having usually an indentation where the metal is

poured in. To obviate these defects, Mr. Boothby, of Chesterfield Iron Works,

manufactures his cannon balls in the following manner, for which he has taken

out a patent. A solid ball of hard wood or metal is turned to a true sphere

(according to the size or weight of shot required), and then cut in halves.

These halves are moulded in sand boxes, in the usual manner of other castings,

taking care that the sand be well rammed ; then taken out, and the hollow

moulds thinly coated with powdered charcoal mixed with water. The boxes

containing the moulds are next dried in the stove, preparatory to receiving the

fluid metal. The shot thus cast are said to be perfectly sound and spherical,

owing to the air escaping through the sand, and the mould being unaltered in

its figure by heating.

SHROUDS. A range of large ropes, extended from the mast heads to the

right and left sides of a ship, to support the masts, and enable them to carry

sail. The shrouds, as well as the sails, &c, are denominated from the masts to

which they belong ; thus thsre are the main, fore, and mizzen shrouds ; the

main top-mast, fore top-mast, and mizzen top-mast shrouds ; and the main

top-gallant, fore top-gallant, and mizzen top-gallant shrouds. See Ship.

SHUTTLE. The instrument employed in weaving, by which the crossing

of the threads is mainly effected. See Weaviho.

SICKLE. An instrument for cutting down corn. It is simply a curved

blade or hook of steel, with the edge, in the interior of the curve, serrated, so

as to make a cut like a saw. The subjoined engraving, which represents the

native instrument used by the Singalese, shows that the sickles employed by the

 

semi-barbarous nations of the East differ in no essential respect from those

med in this country.

SIEVE. An instrument for separating the smaller particles of substances

from the grosser ; they are made of various forms and sizes, to suit the article

to be sifted. In its most usual form it consists of a hoop, from 2 to 6 inches in

oepth, forming a flat cylinder, and having its bottom constituted of coarse or

fine hair, canvass, muslin, lawn, net-work, or wire, stretched tightly over,

according to the use intended.
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There is a kind of sieve in extensive use amongst druggists, drysaltery and

confectioners, termed a drum-sieve, owing to its form, and is used for sifting

very fine powders. It consists of three parts or sections ; the top and bottom

sections of which are covered with parchment or leather, and fit over and under

a sieve of the usual form, which is placed between them. Being thus closed

in, the operator is not annoyed by the clouds of powder which would otherwise

be produced by the agitation, and the material under operation is thus sated

from waste.

SILEX, silica, silicium, or silicious earth, is one of the most abundant sub

stances in nature, constituting the entire mass of many mountains, and probably

of a large portion of the globe itself. It is the chief component of sand, sand

stone, flint, granite, quartz, porphyry, rock-crystal, agate, and many precioiu

stones ; it is the chief substance of which glass is made ; also an ingredient, in a

pulverised state, in the manufacture of " stoneware, " and it is essential in the

preparation of tenacious mortar. Silex, when pure, is a fine powder, hard,

insipid, and inodorous ; rough to the touch, scratches and wears away glass. It

does not form an adhesive mass with water, but falls to the bottom, leaving the

water clear : however, if the silex be very minutely powdered, a small portion of

it will be dissolved by the water. Silex may be obtained in a pure state by

igniting powdered quartz with three parts of pure potash in a silver crucible, and

adding to the solution a quantity of acid sufficient to saturate the alkali ; then by

evaporating to dryness, there will remain a gritty powder, which, when washed

with water, will be pure silex.

SILK. A very soft, fine, bright thread, the production of different species

>f caterpillars ; but the bombyx mori, or silk-worm, is chiefly cultivated fortius

purpose ; it is a native of China, and the culture of silk in ancient times vas

entirely confined to that country.

The natural history of the silk-worm forms a subject highly interesting and

curious ; but the extraordinary changes which the animal undergoes, as veil as

its manner of spinning its ball or cocoon, having probably fallen under the

actual observation of most of our readers, we shall pass over this part of out

subject, and proceed to the business of winding, throwing, and weaving.

In those countries where Bilk forms an important article of commerce, the

cultivators, or those who rear the insects, do not wind off the silk themselves,

but sell them to others, who make the operation of reeling a distinct business.

The single filament, or thread of silk, as produced by the worm, is of such

extreme tenuity as to be totally unfit for the purposes of the manufacturer.

Therefore, in winding it off, several of the cocoons are immersed in warm

water, to soften the gum with which the silk is naturally connected ; their

several ends are then joined nnd reeled off together; and, by the adhesiveness

of the gum, are thus formed into one smooth even thread. When the thread

of any cocoon breaks, or comes to an end, its place is supplied by a new one.

which is simply laid on the main thread, to which it adheres by its gum; ai.

owing to its extreme fineness, it does not occasion the least perceptible uneven-

ness in the place where it is united. In this manner of joining the separate

filaments, a thread may be made of any length.

The apparatus for reeling consists merely of an open kettle of water, under

which is a fire to keep it warm ; and the reel is of the common construction.

However simple the operation, great care and attention are neivvsary in reeling,

to preserve the thread of an equal thickness, and of a round form, and that

the several rounds upon the reel should not get glued together. When the

skein is quite dry, it is taken off the reel, and being made up into banks, it

forms the article called, in commerce, raw silk, of which such vast quantities

are annually imported into this country from Bengal, China, Italy, anJ

Turkey.

In preparing raw silk for dyeing, the thread is slightly twisted, in order to

enable it to bear the action of the hot liquor without the fibres separating cr

furring up. The silk yarn employed by the weavers for the woof or weft ofthf

stuffs which they fabricate, is composed of two or more threads of the raw «iU

slightly twisted by the aid of. machinery; and the thread employed by the
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stocking weaver is of the same kind, but composed of a number of .threads

corresponding with the strength or quality of the work he is executing.

The first operation it undergoes is winding ; that is, drawing it off from the

skeins in which it is imported, and winding it upon wooden bobbins, from

whence it is taken off for subsequent operations. -In the ordinary method of

winding off silk, the reel or swift, upon which the skein is placed, is made to

revolve by the pulling of the thread, as it is drawn off and wound upon the

bobbin. The great delicacy of the filaments of silk often, however, render this

operation difficult, owing to the breaking of the threads; in the winding of

Turkish silk, in particular, the process is, from the circumstance just mentioned,

extremely tedious, as the thread breaks at almost every turn of the reel ; this

is owing to the great size of the Turkish skeins, which frequently exceed

twenty-four feet in circumference; thus requiring a reel of equal dimensions,

that has to be turned round by a single thread; and this thread, being of an

uneven thickness, frequently gets entangled in the skein, and unavoidably

breaks. To obviate so great an inconvenience and detriment to the material

(by an infinity of knots in the thread), the attention of Mr. II. K. Fanshaw was

directed, and by means the most simple and ingenious he accomplished his

object in the most happy and perfect manner; this invention, for' which he took

out a patent in 1827, we shall here describe.

 

Instead of the reel being turned round by the filament, it remains stationary,

but is suspended loosely upon its axis ; a light arm or flyer is then made to

revolve around the external circumference of the reel, which lifts out the thread

from the skein more smoothly and delicately than it could be performed by the

finger, conducts it to the centre of motion, and from thence to the bobbin on

which it is wound. By this contrivance the thread requires but little more
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strength than is sufficient to sustain itself, instead of having to drag round a

great machine; and it follows that a much finer thread may be wound off by

such apparatus than by those of the common construction. Our limits do not

permit us to give all the details of this machinery ; we shall therefore confine

ourselves chiefly to explaining the principal or most important parts, as

represented by the annexed diagram. Fig. 1 gives a side elevation, and Fig. 2

a front elevation of a portion of Fig. 1 ; the same letters in each referring to

similar parts, a 6 is a frame, containing a swift, &c, of which there may be

conceived to be a hundred or more in a row, one behind the other, as viewed

in Fig. 1, all turned by the same shaft ; the diameter of the swift may be con

sidered as eight feet fur Turkey silk, but the arms c c are made to elongate or

shorten by the slides shown in the middle, so that the swift may be expanded

or contracted at pleasure to suit the size of the skein ; each of these radiating

arms is fixed into a central block or nave d; through this nave a spindle passes,

on which the swift loosely rests, as best seen in Fig. 2; e is a pulley, which

revolves on the same spindle, and receives its motion by an endless band from

another pulley at o. To the pulley e is affixed the revolving arm f, which is

furnished at its extremity with a bent wire, coiled up into two spiral eyes;

through that at g the filament of silk t t passes as it-is lifted by it out of tbe

skein h ; from g it passes through the eye i ; from hence it is drawn througb

another eye », to the central eye k, (Fig. 2,) and through the last-mentioned on

to a bobbin fixed on the same shaft as the pulley o. The situation of the eye

k opposite the centre of the axis of the swift, it will be observed, is indispen

sable to the winding off the thread; it is fixed to the end of a movable rod,

which has a joint at /, that permits it at pleasure to be drawn forward beyond

the range of the swift, for the girl in attendance to repair the thread, should it

be broken. The latter circumstance, however, rarely occurs, by these improved

arrangements, and the trembling motion of the bent wire at the extremity of

the revolving flyer greatly assists in relieving the silk from entanglement

The revolving flyer is the principal feature in Mr. Fanshaw's machine, and

Is in itself a very beautiful and no less useful invention : there are many subor

dinate contrivances of great ingenuity, which we have left out of the diagram

to prevent confusion.

After silk has been reeled and wound, the next operations are spinning and

throwing, which may be performed separately, or at the same time. The art of

throwing silk was first introduced into this country in 171 9, by Mr.John Lombe,

who, with considerable ingenuity, and at the risk of his life, succeeded in

taking a plan of a throwing machine in Sardinia, and, on his return, established

a mill at Derby for conducting that operation, which had, prior to the above

date, been kept a profound secret by the foreign manufacturers. From the

great expense incurred in establishing the mill at Derby, application was made

to Parliament to extend the term of the patent granted to Mr. Lombe, but tbe

Legislature wisely granted him the sum of 14,000/., in lieu of the extension of

the patent right, and upon condition that he deposited in the Tower of London

a complete working model of the machine, where it now remains. Since that

period many improvements have been successively made, but amongst tbe

most complete and efficient are those introduced by Mr. Fanshaw, and

patented by him a short time prior to the winding machinery already des

cribed. To avoid that confusion which would be created by the representation

of the vast multiplication of pulleys, wheels, bobbins, flyers, &c, which a

throwing-mill embraces, we shall confine our description to the acting parts of

a single operation, leaving the reader to imagine an extensive series of them.

The engravings on the following page are explanatory of these improved ar

rangements. Fig. 1 is an end view of the throwing machine; A A is the top of

the frame ; B the bobbin ; C the top spindle ; D the board which supports the

spindle; E the pulley which gives motion to the set of spindles; F is the flyer

•to the top spindle; G tbe lever, which throws the pulley in and out of gear;

H the lever pin or centre, on which it works; I the flyer of the bottom spindles

J ; K is a flutted roller, which propels the drawing roller L, and gives out the

thread to be thrown by the spindle C. The silk, after being wound on the
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bobbins P, is twisted by the revolving spindles J, which are driven by the

band M; the threads g g pass separately through the eyes v, and being united at

.', go over the glass rod n, round the roller L, through the eye h, and are then

r"!„ 

received upon the bobbin B, the twist being effected by the revolving spindle C,

which is driven by the band F. Fig. 2 is a bird's-eye view of the machine;

the same letters referring to similar parts ; It is a tooth-wheel (not shown

in Fig. 1) which drives the shaft Q, and gives motion to the rollers K; and at

the other end to the bevel gear N, which is connected by a rod to the motion

hoard that draws the bobbin backward and forward, to spread the thread

uniformly over its surface. Fig. 3 is a front view of the machine for making

three-thread organzine or sewings, the parts having been already described above,

except the bobbins o o, which are shown in dotted lines, and are to be used in

case tram is required to be made, instead of organzine. T is a catch to retain
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the lever G (Fig. 1) in its place when the bobbins are thrown in or oat of gear.

Fig. 5 represents the end of the bobbin b, whicli is kept in its place by the

small lever w, which lever is fastened on to the motion board a. Fig. 6 is s

sectional view of Fig. 5. Fig. 7 is the spindle J, as seen in Figs. 1 and 3, I

being a fixed flyer. Fig. 8 is a view of the opposite side of the pulley E, to

that shown in Fig. 1. Fig. 9 is an edge view of the pulley E and lever G, u

described in Fig. 1.

The advantages of this machine are said to be, 1st, The throwing of organ-

ziue by one process, instead of the three separate processes, as at present

practised; the spinning by one machine, doubling the threads by another, and

throwing by a third. 2dly. In the very great increase of speed which can be

obtained. 3dly. In the easy manner in which the machine can be altered to

singles, tram, organzine, sewings, or any other description of silk. Ithlv. In

the saving of labour, from the great quantity of spindles that can be attended

to by one hand. 5thly. In the little experience required to enable " a hand"

to attend the work, thereby obviating the greatest expense in throwing " null

hands."

SILVER, is the whitest of metals, and next to gold the most malleable and

ductile. Under the hammer, the continuity of its parts is not destroyed until

its leaves are not more than the one hundred and sixty thousandth part of an

inch thick; in this state it does not transmit light. Its specific gravity is 10.474.

It continues melted at 28° of Wedgewood, but a greater heat is requisite to

bring it into fusion. Its tenacity is such, that a wire of one-tenth of an inch in

diameter will sustain a weight of 270lbs. without breaking. Silver has neither

smell nor taste; these properties, together with its brilliant whiteness, hardness

and tenacity, eminently adapt it to the uses of the table ; and when to these

qualities is added its intrinsic value, its advantages as coin become obvious.

SILVERING. The art or act of covering certain substances, as metal,

wood, paper, leather, parchment, &c. with silver, so as to give them the appear

ance of that metal. Silver leaf is laid on much in the same way as gold leaf,

for which see Gilding.

The method of silvering copper is as follows: take of tartar and common

salt, each two drachms, half a drachm of alum, fifteen or twenty grains of

silver, precipitated from nitric acid by copper; mix these well together, and

with the mixture rub the surface of the copper, and it will have the appearance

of silver ; after the loose powder is brushed off, the surface may be polished

with a piece of leather. Pins are silvered by boiling them with tin-filings and

tartar. The buckles, studs, plates, &c. of harness are silvered by the following

cheap and easy process: take half an ounce of silver that has been precipitated

from aqua-fortis by copper; muriate of ammonia and common salt, of each

two ounces, and one drachm of corrosive muriate of mercury ; triturate these

together, and form them into a paste with water. After boiling the substances

to be silvered with tartar and alum, they are to be rubbed with the above pre

paration, then to be made red hot, and afterwards polished. This silvering mar

be effected by using the argentine precipitate above mentioned, with borax and

mercury, and causing it to adhere by fusion. To silver the dial-plates of clocks,

the scales of barometers, thermometers, &c, and all other metallic plates of

similar description, rub upon them a mixture of muriate of silver, tartar, and

sea-salt, and afterwards wash off the saline matter with water. This silvering

is not durable, but it may be improved by heating the article, and repeating!

the operation once or oftener, if it be thought necessary. The following

amalgam is used for silvering the interior surface of hollow glass globes : fuse

together two parts by weight of bismuth, one part of lead, and one of pure tin;

when this is nearly cold, add four parts of mercury, and fuse the whole over a

gentle heat. The glass globe being thoroughly clean, introduce into it a paper

funnel, which reaches to the bottom, and pour in the liquid amalgam. At a

proper temperature it will adhere to the glass, which, by being turned and

shaken, will thus have its interior surface completely covered, and any remain

der of the amalgam may be poured out when the operation is completed.

SIZE. A kind of weak glue, used in many trades ; it is made of the shred;
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and parings of leather, parchment, or vellum, hoiled in water, and strained.

Common size is made of leather, boiled in water till it becomes of a viscid con

sistence. If it is wanted in painting for nicer purposes, it should be prepared

by taking any quantity of the shreds or cuttings of glovers' leather, and putting

to each pound a gallon of water ; let these be boiled for six or eight hours,

supplying water, so that it may not diminish to less than two quarts ; then

strain the hot fluid through a flannel, and afterwards evaporate it, till it is of

the consistence of a jelly when cold. The size used in burnish gilding, and

made of cuttings of parchment, is prepared much after the same manner.

SLOOP. A small vessel furnished with one mast, the main sail of which is

attached to a gaff above, to the mast on its foremost edge, and to a boom below.

It differs from a cutter by having a fixed steeving bowsprit, and a jib-stay; the

sails are also less in proportion to thfl size of the vessel.

SLUICE. A frame of timber, stone, or other matter, serving to retain and

raise the water of a river, &c., and, on occasion, to let it pass. Such is the

sluice of a mill, which stops and collects the water of a rivulet, &c., to let it fall,

at length, in the greater plenty upon the mill wheel ; such also ere those used

as vents, ordrains,todischarge water off land. SeeTiDE-MiLL, WATER-WHEEL, &c.

SMACK. A small vessel, commonly rigged as a sloop or hoy; used chiefly

in the coasting and fishing trade.

SMALT. A combination of glass with the oxide of cobalt, in the state of a

very fine blue powder. See ZAFFRE and COBALT.

SMELTING. The operation of fusing ores, in order to separate the metals

from the other minerals by which they may be combined. See IRON.

SMUT, in dgriculiure, a disease to which wheat is peculiarly liable, by which

it becomes contaminated with a sooty looking powder, which sometimes destroys

the whole substance of the grain. Many contrivances called -smut-machines,

have been at different times invented to cleanse wheat, before grinding, from

this serious defect ; but they have proved only partially successful in their

operation, owing, we conceive, to the process simply consisting of violent agita

tion, which cannot be effective in removing the hollow damaged grain from the

mass, although it may drive off much of the loose or external foulness.

SNATCH-BLOCK. A block having an opening in one of its sides, wherein

U> fix the bight of a rope occasionally. This is by some termed a rouse-about

block. See BLOCKS.

SNOW. The frozen vapours of the atmosphere ; its whiteness is owing to

the small particles into which it is divided, for ice, when pounded, becomes

equally white.

SNOW. A vessel equipped with two masts, resembling the main and fore

masts of a ship, and a third mast just abaft the main-mast, carrying a

small sail similar to a ship's mizzen.

SNOW-PLOUGH. A simple machine operating like a plough, but upon a

larger scale, for clearing away the snow from roads. It usually consists of

boards framed together, forming an angular figure, the point of which enters

the snow, which is thrown by the boards to the sides of the road, leaving a fur

row similar to those in a ploughed field.

SNUFF. A scented powder, the use of which is well known. The stalks

••' tobacco leaves, ground small, are the basis of all snuffs ; and the various

Unds derive their names from the whims of the manufacturers, who combine

with them those odoriferous substances by which they are distinguished.

SOAP. A name given to those bodies which are compounds of the alkalies

with fat and the fixed oils. The earths, and the other metallic oxides also, com

bine with fat and oils, forming neutral compounds. The former have been ca'led

earthy, and the latter metallic soapa The soaps formed by the alkalies have

the distinguishing character of being soluble in water and alcohol. The earthy

soaps are perfectly insoluble : and since any of the earths have a stronger attrac

tion for oil than the alkalies, the alkaline soaps are nlways decomposed by the

earth§. This occasions the curdy appearance when soap is used with water con

taining any earthy or metallic salt: it is from this quality that waters are said

to be hard.

VOL. it. 4 a
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The soaps used in the manufactures and domestic economy, are made with the

fixed alkalies, combined with different kinds of fat and oil. These, in the manu

facture of soap, are divided into two principal varieties, viz. hard and soft. The

alkali employed for hard soap is soda, generally obtained from the different sea

vegetables, and called by different names, according to the name of the plant,

in different countries. Most of the alga?, but particularly the fucus and saUola.

afford soda by burning. The vegetables are first dried, and then burnt in pin

formed with loose stones. The earthy matter, and the soda, with some neutral

salts, fuse into a cru le mass, in which state it is sold. This substance is fur

nished in great abundance from the Highlands of Scotland, under the name of

kelp, and from Alicant, in Spain, under the name of barilla. In France it U

known by the name ofvarec; this being the name of the plant from which it

is generally produced there. It is commonly, however, in this state that it

conies to the soap-maker, varying frequently in its value, and often occasioning

much uncertainty in its employment. It should be the first business, therefore,

of the manufacturer to assay the substance from which he gets his alkali, even

before he purchases it. When the exact value of the alkali is known, it is then

to be treated ns follows, to prepare it for mixing with the fat. The kelp, or

barilla, is first to be pounded, and then mixed with one-fifth its weight of quick

lime, in a large vat. These vats are generally three or four in number to each

boiler. Besides these vats for the infusion of crude alkali, each of them has a

cavity made under it. The bottom of each vat is even with the ground, the

under cavity being sunk below, and is intended to receive the liquor which rum

from a plug-hole in the upper vat, when the infusion has gone on to a certain

extent. One of these vats, with its under reservoir, is sufficient for one boilins,

but they are generally all at work, in order to give time for the solution of the

alkali from the crude mass. In charging a vat, the barilla, kelp, or potash, and

sometimes mixtures of these, are first coarsely powdered and mixed with quick

lime, also coarsely powdered ; some water isthenthrownupon these, to slake the

lime. In the side of the vat some straw is first placed about the plug-hole, to

prevent bits from passing through. The vat is now charged, and water poured

upon the materials till it stands considerably above the solid mass; after stand

ing several hours the plug is withdrawn, to let out the solution into the lower

reservoir. The plug is now returned, and fresh water poured upon the mstt-

rials. Some, or all of the first ley is now removed into one of the other lower

reservoirs before the second infusion is drawn off. This is done that the soap

boiler may always have at command two leys of different degrees of strength,

as, in the course of every boiling, he finds it necessary to use sometimes the

weak, and, at other times, the strong. The number of waters to be added to

the materials, depends upon the judgment of the workman, who, by his tsite,

can tell when the water has dissolved the whole of the alkali. The ley beir;

ready to lade out of the reservoir, which is near to the boiler, the tallow or oil,

first weighed, is put in. When it is sufficiently melted, the workman begins by

adding the ley and stirring the mixture. The alkali and the oil soon begin to

unite, forming a milky fluid. As more ley is added, and the stirring continued,

the liquid thickens. This is continued generally for thirty hours, and frequendy

more, till small portions of the soap, taken out from time to time, assume a

proper consistence, which the workman, by constant experience, understands.

He now adds a quantity of common salt, which has the cfiect of separating the

watery part from the soap, which contains a portion of neutral salts, that existed

in the crude alkali, especially when more than enough has been added. The

fire has nsw to be withdrawn, and the mass left to cool. The watery part will

be found at the bottom, and requires to be drawn out by a pump, which is a

fixture on the side of the boiler. When this has been removed the fire ii re

kindled, and if the mass does not melt freely, a little water is added. As soon

as the whole becomes liquid, and is made uniform by agitation with wooden

poles, the fire is again withdrawn, and the mass allowed to assume a proper

consistence for lading. It is laded into square moulds; these are composed

of a number of strata lying one upon another, so that when thesoap has become

solid, each layer of frame-work can be removed, beginning at the top, and the
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soap is cut into cakes with a small piece of brass wire at every interval ; these

cakes are afterwards cut into square prismatic pieces, in which state they are

cold. Yellow hard so»p is formed of similar proportions of soda and tallow

with the last ; but it also contains resin, and sometimes palm oil. In boiling

the yellow soap, the resin, oil, and tallow, are put into the boiler first. The ley

is prepared in a similar vat, and managed, in other respects, like the white

soap.

Soft soap differs in its composition from hard, in containing no alkali, bat

potash. Scft soap made with colourless fat, such as tallow, is a white unctuous

substance, about the consistency oflard. If the fat be coloured, the soap par

takes of the same. In France, and other parts of the continent, it is generally

coloured, sometimes with metallic oxides. Those made with yellow oil are some-

limes coloured with indigo, which gives them a green colour. The oils employed

are seldom olive oil, but the cheaper oils, such as rape-oil, the oil of hempseed,

linseed, and others. In Holland it was made with whale-oil. This oil was

forbidden on some parts of the continent, on account of its disagreeable smell.

In this country, however, all the soft soaps are made with whale-oil, which

gives a transparent mass of a yellow colour. In commerce, however, we do

not find it uniform in its colour; besides the yellow part, it appears interspersed

with white spots, giving the whole a strong resemblance to the inside of a

dried fig.

SOAP-STONE. A species of steatite. It imparts to the touch a peculiar

unctuous feeling, like fine white soap. The soap-stone of this country is chiefly

obtained from the Lizard, in Cornwall, where it is found in connexion with ser

pentine, to which it is nearly allied. It is much used in the manufacture of

porcelain ; also for polishing marble and other stone. It is the basis of various

cosmetics, and is combined with carmine to form rouge ; it is also found very

useful in taking grease spots out of silks, stuffs, Src.

SODA. One of the fixed alkalies : it is generally procured from the asbe*

of marine plants ; indeed, its great repository is the ocean, soda being the basis

of sea salt. Combined with carbonic acid, soda is found in a mineral state in

•. where it abounds under the name of natron ; whence it is frequently

ed mineral alkali.

SODA-WATER. See AERATED WATER.

SODIUM. The metallic basis of soda, according to Sir II. Dary. See

CHEMISTRY.

SOLDER. A metallic cement for joining separate pieces of metal together

by fusion. It is a general rule, with respect to solder, that it should fuse at a

lower temperature than the metal to be soldered. The solders of the plumber

are composed of tin and lead, on account of their ready fusion. (See those

metals. J The coppersmith's solder is an alloy of copper and zinc. See those

metals.) In general, the solder is harder or softer, in proportion to the quan

tity of" copper that is in it ; the greater the quantity of copper it contains,

the harder and more difficult effusion it becomes. Solders of different degrees

cf fusibility are often required, particularly in cases where several joining*

hare to be made near to near other. The least fusible solder is employed in

ilie first place, and the others in succession, according to their order of fusibility,

to the subsequent joinings. If this precaution were not adopted, it would often

Happen that in soldering one joint, the heat communicated to the next thereby

irould cause it to become unsoldered. Before soldering, the surfaces are ren-

j- red bright and clean, by scraping or filing them over; as a thin coat of oxide,

>r any foreign matter intervening, would prevent the union.

The solders used for brass are usually of two kinds, denominated hard and

toft. The hard is composed of brass and zinc, varied in the proportion! of

VOID six teen to two parts of brass to one of zinc. The soft solder i« composed of

iix parta brass, one of zinc, and one of tin. The brass is first melted, then tho

in. and lastly the zinc (previously well heated) is added. The mixture ii then

teiiated to divide it into grains as it cools.

SPECIFIC GRAVITY. The weight of any body, or substance, compared

rith the weight of some other body which is assumed to be a standard. The
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standard of comparison, by common consent and practice, is rain aster, on

account of its being less subject to variation, in different circumstances of time

and place, than any other body, whether fluid or solid. A cubic foot of rain

water weighs 1000 ounces avoirdupois ; therefore, assuming this to be the spe

cific gravity of rain-water, and comparing all other bodies with it, the same

numbers which express the specific gravities of bodies, denote, at the same

time, their weight per cubic foot, in avoirdupois ounces. Hence, by reference

to the tables, we are enabled to find the magnitude of any solid which is too

irregular to admit of the common rules of mensuration, and also the weight of

any body of known magnitude which is too ponderous to be submitted to tie

operation of the steel-yard or balance.

Example.—Required the quantity of material in an irregular shaped block cf

marble, weighing 4J tons.

Reduce the weight to ounces, and divide by the specific gravity of marble.

Hence 4J tons X 16 oz. -*- 2.838 = 56.8 cubic feet

Required the quantity of material in a statue of white Parian marble, weigh

ing 800 pounds.

800 X 16 = 12800 -H 2.838 = A\ cubic feet.

Again.—Required the weight of a block of Aberdeen granite, measuring 43

feet in length, 8 feet in breadth and thickness.

43 X 8 X 8 = 2752.

Then, as 1 : : 2752 : : 2.625 : 7224000 = 201 tons 11 cwt 1 qr.

The properties of specific gravity are as follows :—

1. A body immersed in a fluid will sink if its specific gravity be greater thin

that of the fluid ; if it be less, the body will rise to the top, and be only panlv

immersed ; and if the specific gravity of the solid and fluid be equal, it mil

remain at rest in any part of the fluid in which it may be placed.

2. When a body is heavier than a fluid, it loses as much of its weight, wbra

immersed, as is equal to a quantity of fluid of the same magnitude.

3. If the specific gravity of the fluid be greater than that of the body, thfr:

the quantity of fluid displaced by the part immersed is equal to the weight o:

the whole body. Hence, as the specific gravity of the fluid is to that of tic

body, so is the whole magnitude of the body to the part immersed.

Specific Gravities cf Metals.

Sp. Grav.

Antimony, in a metallic state,

fused 6.624

Bismuth, cast 9.823

native 9.822

Brass, common cast. . . . 7.824

cast, not hammered . 8.396

wire-drawn .... 8.544

Copper, cast 8.788

wire-drawn . . . 8.878

Gold, pure, cast 19.258

the same hammered . 19.362

22 carats, fine, standard 17.486

Iron, cast 7.207

bars 7.788

Lead, cast- 11.352

litharge 6.300

Mercury, solid, 40° below 0

Fahr 15.632

at 32° of heat . . 13.619

at 60" 13.580

at 212° 13.375

Nickel, cast 7.807

Sp. Grr.

. 15.602

. 19.50!

20.33;

22.05?

2i.i>;:

10.474

10.511

10.04?

10534

Platina, crude, in grains . .

purified

the same hammered .

„ rolled . . .

„ wire-drawn .

Silver, cast, pure ....

„ „ hammered .

French coin ....

shilling (George III.) .

Steel, soft 7.833

hardened, but not tem

pered 7.840

tempered, but not har

dened 7.816

tempered and hardened 7.81S

Tin, pure Cornish .... 7.251

Malacca, fused . . . 7.296

Tungsten 6.06«

Uranium 6.440

Wolfram 7.119

Zinc, in its usual state . . . 6.86!

pure and compressed . 7.191
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Specific Gravities of Woods.

Sp. Grav.

Alder . . . : 800

Ash 845

Beech 852

Box, Dutch 912

Campechy 913

Cedar, American 561

Indian 1.315

Palestine 613

Cherry-tree 715

Citron 726

Cork 240

Cypress 644

Ebony, Indian 1.209

Elder 695

Elm 671

Filbert 600

Fir, yellow 657

white 569

Hazel 600

Juniper 556

Lemon-tree 703

Sp. Gr>T.

Lignum-vitaa 1.333

Lime-tree 604

Logwood 913

Mahogany 1.063

Maple 750

Mulberry 897

Oak, heart of, 60 years old . 1.170

Olive-tree 927

Orange-tree 705

Pear-tree 661

Pomegranate-tree .... 1.354

Poplar 383

Plum-tree 755

Quince-tree 705

Sassafras 482

Vine 1.327

Walnut 071

Willow 585

Yew, Spanish 807

Dutch 788

Specific Gravities of Stones, Earths, fyc.

Alabaster, yellow .... 2.699

Ambergris 926

Amianthus, long 909

short .... 2.313

Asbestos, ripe 2.578

starry 3.073

Borax 1-714

Brick 2.000

Chalk, British 2.784

Coal, Cannel ...... 1-270

Newcastle 1.270

Staffordshire .... 1.240

Scotch 1300

Cutler's stone 2.111

Emery 4.000

Flint, black 2.582

white 2.594

Glass, flint 2.933

bottle 2.732

green 2.642

Leith, crystal . . . 3.189

Granite, Aberdeen, blue kind 2.625

Cornish 2.662

Egyptian, red . . . 2.654

beautiful red . . . 2.761

Girardinor .... 2.716

violet, of Gyromagny 2.685

Dauphiny, red . . 2.643

„ green . . 2.684

„ radiated . 2.668

Semur, red . . . . 2.038

Bretagne, grey . . 2.738

Granite, Bretagne, yellowish . 2.619

Grindstone 2.113

Gypsum, opaque . . . . 2.1 OS

semi-transparent . 2.306

Hone, white, razor . . . 2.876

Jet, a bituminous substance . 1.259

Lime-stone, green .... 3.182

white fluor . . 3.156

compact . . . 2.720

Manganese 7.000

Marble, Biscayan, black . . 2.695

Brocatelle .... 2 650

Carrara, white . . 2.717

Egyptian, green . . 2.608

Italian, violet . . . 2.858

red 2.724

Porcelain, China 2.385

Porphyry, red 2.705

green 2.076

Salt 2.130

Serpentine, opaque, green,

Italian 2.430

Slate, common 2.072

Stalactite, opaque .... 2 478

Stone, Bristol 2.510

Portland 2.570

Pumice 915

Purbeck 2.601

rag 2.470

Sulphur, native 2.033

melted 1.991

Talc, Muscovy 2.792



GOO SPECIFIC GRAVITY.

Specific Gravities of Liquids.

Sp. Grav.

Acetic acid 1.007

Alcohol, commercial . . . .837

highly rectified . . .829

Ammonia, liquid 897

muriate of . . . 1.453

Beer, pale 1.023

brown 1.034

Benzoic acid 1.018

Cyder 1.018

Ether, acetic 800

muriatic 730

nitric 909

sulphuric 739

Fluoric acid 1.500

Formic acid 991

Milk of Cows 1.032

Muriatic acid 1.194

Nitric acid 1.271

highly concentrated 1.583

Oil of almonds, sweet . . . .917

cloves, essential . . 1.030

cinnamon, essential . 1.044

filberts 916

hemp-seed 926

lavender, essential . . .894

Sp.GrtT.

Oil of linseed 540

olives 915

poppies 92!

rape-seed 919

turpentine, essential . .870

whales 92:;

Spirits of wine, commercial . .S-17

highly rectified .829

Sulphuric acid 1.811

highly concen

trated . . 2.123

Turpentine, liquid 991

Vinegar, distilled .... 1.010

Water, rain 1.000

distilled 1.000

sea J.02li

Wine, Burgundy 992

Bordeaux 994

Champaigne, while . .998

Canary 1.033

Constance .... 1.0S2

Madeira 1.038

Malaga 1.022

Port 997

Tokav 1.044

Specific Gravities of Resins, Gums, Animal Substances, Sfc.

Aloes, socotrine 1.380

Ambergris 920

Assafoetida 1.328

Bark, Peruvian 785

Butter 942

Camphor 989

Copal, Chinese 1.063

Fat, beef 923

mutton 924

veal 934

hog's • . .967

Galbanum 1.212

Gamboge 1.222

Gum Ammoniac 1.207

Arabic 1.452

Scammony of Aleppo . 1.235

„ of Smyrna . 1.274

tragacanth 1.310

Gunpowder, in a loose heap . .836

shaken 932

solid .... 1.745

Honey 1.450

Indigo 769

Ivory : 1.826

Lard 94S

Madder-root 765

Mastic 1.074

Myrrh 1360

Olibanum 1.173

Opium 1.336

Spermaceti 943

Sugar, white 1.80S

Tallow .941

Wax of bees, white 969

yellow . . . .P6'i

Shoemakers' . . . .897

Gases.

In the following Table, the specific gravities of the principal gases will be

given as they correspond with the specific gravity of atmospheric air, which is

supposed to be about 1.000.

Atmospheric, or common air . 1.000 Carbonic acid 1.520

Ammoniacal gas 500 oxide .960

Arsenical hydrogen gas . . .529 Carburetted hydrogen . . . .491

Azote 909 Chlorine 470
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8p. Grav.

Chloro-carbonic gas .... 3.389

Chloro-cyanic vapour . . . 2.111

Cydrogen 1.806

Euchlorine 2.409

I'luoboracic 2.371

Fluosilicic acid gas .... 3.574

Hydrogen 074

Hydriodic acid gas .... 4.443

Hydrocyanic vapour . . . .948

Muriatic acid gas .... 1.278

Nitrous gas 1.094

acid gas 2.427

oxide . 1.614

Sp. Crav.

Oxygen, mean 1.044

I'iio ilium •!! i'il hydrogen . . .870

Steam 690

Sulphuretted hydrogen . . 1.777

Sulphurous acid 2.193

Vapour of Alcohol . . . . 2.100

absolute alcohol . 1.613

hydriotic ether . 5.475

iodine .... 8.620

muriatic ether . . 2.219

oil of turpentine . 5.013

gulphuret of carbon 2.645

sulphuric ether . 2.586

In concluding, it may be necessary to remark, that all bodies expand by heat

and contract by cooling; but the contraction and expansion, by the same

change of temperature, is very different in different bodies. Water, when

heated from CO to 100 degrees, increases its volume nearly one sixty-seventh of

its bulk; mercury, one two-hundred and forty-third part ; and many substances

much less. It is therefore proper, in ascertaining the specific gravities of bodies,

to note particularly the temperature.

SPECTACLES. An optical instrument consisting of two lenses set in a light

frame, the extremities of which are made elastic, so as to retain, by a slight

pressure against the sides of the head, the instrument in its place, which is

supported upon the nose of the wearer. The use of spectacles is to counteract

some defects in the organs of vision ; and as these differ in their nature,

tlie lenses vary in their properties. Those with convex lenses serve to counter

act the effects arising from the too great flatness of the eye, by giving the rays

of light a degree of convergency sufficient to make them meet exactly at the

retina, and are, therefore, generally proper for elderly persons. On the contrary,

short-lighted people use concave lenses, to prevent the rays from converging so

suddenly,—because the eyes of such persons being too round and protuberant,

give too great a convergency to the rays, and cause them to meet before they

reach the retina, which defect is remedied by glass of a suitable concavity.

SPERMACETI. A substance obtained from the oil found in the head of

several species of whale, but chiefly from the physeler macrocephalus. Though

analogous to fat and wax, it differs from them in several properties. It is of a

flaky texture—soft, white, and brilliant; melts at 113° ; and by raising the heat

may be volatilized with little change, though by repeated distillation it is

decomposed. It burns with a clear flame. A property distinguishing it from

fat is that of solubility in alcohol and ether, though it is but sparingly soluble

ia the former. It dissolves more rapidly and abundantly in warm ether, from

which it precipitates when cool: oil of turpentine acts upon it in n similar

manner. Spermaceti is found in a large triangular trunk, four or five feet deep,

and ten or twelve long, filling almost the whole cavity of the head, and seeming

t'.> be entirely different from the proper brain of the animal. The oil is separated

from it by dripping. In this state it has a yellow, unctuous appearance, and is

brought to England in barrels. An ordinary sized whale, it is said, will yield

1 p wards of twelve large barrels of crude spermaceti. The mode of purifying

•t in the large way is as follows :—the mass is put into hair or woollen bags,

and pressed between plates of iron, in a screw-press, until it becomes hard and

brittle. It is then broken into pieces, and thrown into boiling water, where it

melto; and the impurities which rise to the surface, or sink to the bottom, are

skimmed off or separated from it. After being cooled, and separated from the

water, it is put into fresh water in a large boiler, and a weak ley of the potash

'A commerce added to it by degrees. This part of the process is thrice repeated,

ift*r which the whole is poured into coolers, when the spermaceti concretes into

» »hite semi-transparent mass, which, on being cut into small pieces, assumes
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the flaky appearance which it lias in the shops. Some adulterate it with wax;

but the deceit is discovered, either by the smell of the wax, or by the duhiess of

the colour. Some also sell a preparation of oil taken from the tail of the whale,

instead of that from the brain ; but this kind turns yellow as soon as exposed

to the air. Indeed, it is apt, in general, to grow yellowish, and to contract a

rancid, fishy smell, if not carefully secured from the air. The more perfectly it

lias been purified at first, the less susceptible it is of these alterations: and

after it has been changed, it may be rendered white and sweet again by

steeping it afresh in a ley of alkaline salt and quicklime. It melts in a small

degree of heat, and congeals again as it cools.

The great use of spermaceti is for making candles, and it is also employed in

medicine. Spermaceti candles are of modern manufacture: they are made

smooth, with a fine gloss, free from rings and scars, superior to the finest wax

candles in colour and lustre; and, when genuine, leave no spot or stain on the

finest silk, cloth, or linen.

SPHERE. A solid contained under one uniform round surface, such as

would be formed by the revolution of a circle about the diameter thereof.

SPHEROID. A solid body approaching the figure of a sphere, though no:

exactly round, but having one of its diameters longer than the oiher.

SPINDLE. A term synonymous with axis. In machinery where several

axes occur, it is usual to denominate the subordinate or smaller axes spindles

as in cotton-spinning, &c.

SPINET. A musical instrument of the piano-forte kind. The latter, by its

improved tones and construction, has superseded the manufacture, and almoit

wholly banished the use of the former. See Piano-forte.

SPINNING. The art of combining animal or vegetable fibres into threads,

by twisting them together, as in cotton, silk, wool, flax, hemp, &c. See lho«

articles.

SPONGE. A marine production of a remarkably porous and absorbent

nature. Its property of readily imbibing almost as great a volume of water as

its own bulk, and as readily parting with it by compression, renders it of great

utility. The best is of a light colour, free from stones and other impurities, very

soft and elastic, and the pores or holes small. It is chiefly obtained from the

Mediterranean, about the shores of Turkey and the Archipelago, where it gro»»

upon the rocks at considerable depths under water. To bleach sponge anl

render it white, it is soaked repeatedly in fresh water, changing the fluid several

times a day; and at the end of five or six days it will be ready for bleaching.

If the sponge contains pieces of shells, chalk, Sec, which cannot be extracted

without tearing it, the sponge must be soaked for twenty-four hours in muriatic

acid, diluted in twenty times as much water, which will cause an effervescence

to take place, and carbonic acid to be liberated, when the shells and chalk will

be dissolved. After this the sponge must be carefully washed in fresh water,

and then immersed for seven or eight days in a weak solution of sulphuric acid

(specific gravity 1.024), occasionally pressing it out dry. After it has again bet-n

perfectly washed and cleaned, it may be sprinkled with a little rose-water, to

give it a pleasant smell.

STARCH. A well-known substance extracted from wheaten flour, by

washing it in water. All farinaceous seeds afford this substance in a greater or

less degree; but it is most easily obtained from the flour of wheat, by moistening

any quantity with a little water, and kneading it with the hand into a tough

paste; this being washed with water, by letting fall upon it a very slender

stream, the water will be rendered turbid as it runs off,' in consequence of the

fecula or starch which it extracts from the flour, and which will subside when

the water is allowed to stand at rest. The starch so obtained, when dried in the

sun, or by a stove, is usually concreted into small masses, which have a fine

white colour, scarcely any smell, and very little taste. If kept dry, starch in

this state continues a long time uninjured, although exposed to the air. The

inferior and refuse wheat is usually employed for manufacturing common

starch; but when the finest starch is required, good grain must be used. This,

being well cleaned, and sometimes coarsely bruised, is put into wooden vessels
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full of water, to ferment: to assist the fermentation, the vessels are exposed to

the greatest heat of the sun, and the water is changed twice a day, during eight

or twelve days, according to the season. When the grain bursts easily under

the finger, and gives out a milky white liquor when squeezed, it is judged to be

sufficiently softened and fermented. In this state the grains are taken out of

the water by a sieve, and put into a canvass sack, and the husks are separated

and rubbed olf by beating and rubbing the sack upon a plank: the sack is then

put into a tub filled with cold water, and trodden or beaten till the water

becomes milky and turbid, from the starch which it takes up from the grain.

A scum sometimes swims upon the surface of the water, which must be care

fully removed; the water is then run off through a fine sieve into a settling

vessel, and fresh water is poured upon the grains, two or three times, till it will

not extract any more starch, or become coloured by the grain. The water in

the settling vessels, being left at rest, precipitates the starch, which is held sus

pended; and to get rid of the saccharine matter, which was also dissolved by

the water, the vessels are exposed to the sun, which soon produces the acetous

fermentation, and takes up such matter as renders the starch more pure and

white. When the water becomes completely sour, it is poured gently off from

the starch, which is washed several times afterwards with clean water, and at

last is placed to drain upon linen cloths, supported by hurdles, and the water

drips through, leaving the starch upon the cloths, in which it is pressed and

wrung, to extract as much as possible of the water; and the remainder is

evaporated by cutting the starch into pieces, which are laid up in airy places,

upon a floor of plaster, or of slightly burnt bricks, until it becomes completely

dried from all moisture, partly from the access of warm air, and partly by the

floor imbibing the moisture. In winter time, the heat of a stove must be

employed to effect the drying. Lastly, the pieces of starch are scraped to

remove the outside crust, which makes inferior starch, and these pieces are

broken into smaller pieces for sale.

STEAM. The term generally employed to designate water in its elastic form,

at or above the temperature of 212". It is at present applied to many economical

purposes, as well as in various manufactures, independent of its important

office in the steam-engine. In order to make water boil, the fire must be

applied to the bottom or sides of the vessel which contains it: if the heat be

applied at the surface of the water, it will waste away without boiling, because

the superficial particles, by imbibing the beat necessary to render them elastic,

fly off" without agitating the rest; but when applied to the lower surface of the

water, the bubbles which are formed at the bottom rise, and give off their heat

to the incumbent mass, and then disappear by collapsing: the distances which

they reach before collapsing increase as the water continues to warm further

up the mass, till it breaks out into boiling on the surface. If the handle of a

tea-kettle be grasped with the hand, a tremor will be felt for some little time

hefore boiling, arising from the little succussions which are produced by the

'■ollapsing of the bubbles of vapour. This is much more violent, and is really

a remarkable phenomenon, if we suddenly plunge a lump of red hot iron into

a vessel of cold water, when, if the hand be applied to the side of the vessel, a

most violent tremor is felt, and sometimes strong thumps ; these arise from the

collapsing of very large bubbles. The great resemblance of this tremor to the

feeling experienced during the shock of an earthquake has led many to suppose

that these last are produced in the same way ; and the hypothesis is by no means

unfeasible.

The following propositions have been generally assumed by certain authorities

m correct data :—

1. A cubic inch of water forms a cubic foot of steam, when its elasticity is

equal to 30 inches of mercury.

2. One pound of Newcastle coal will convert seven pounds of boiling water

into steam.

3. The time required to convert a given quantity of boiling water into steam

is lix times that required to raise it from the freezing to the boiling point, or

from 32° to 212", supposing the supply of heal to be uniform.

VOL II. 4 H
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4. When a quantity of water is exposed to a given temperature, the quantity

of steam formed in a given time will be as the surface, all other things being

equal. The quantity will also be jointly as the force of vapour answering to

each degree of heat, and the surface. The depth of water evaporated in a given

time will be as thj force of vapour, whatever the surface, if the mass be uni

formly of the same temperature. When the force of vapour is 30 inches, and

the temperature at 212° , this degree being just preserved only, the depth

evaporated is 1.3 inch in one hour.

5. When a quantity of water is raised to the boiling point, or 212", it require

as much heat to give it the elastic form as would raise the same water 900°

higher if its volume were not changed by the heat; that is, if it could be

prevented from expanding, its temperature would become 1112° with the same

quantity of caloric; thus, agreeably to fact 3, the heat required to convert water

of 212° in to steam is six times that required to raise the temperature from 32

to 212°. See also Steam-Engine, power of.

STEAM CARRIAGES.—Under this designation is to be understood all

kinds of locomotive vehicles, propelled on the common roads, by other than

animal force.

In the case of steam carriages used upon rail- roads, the structure of one is

so dependent upon the other, that the former may be regarded as the morn;,

and the latter the stationary part, of the same machine. Whether the distinction

thus attempted to be drawn is not in some degree applicable to both classes of

locomotives, might be disputed ; but there are other marked differences between

them, which have induced us to treat them separately. The common road

locomotives require to perfect them a higher degree of mechanical still than

those on the rail ; because they have not, like the latter, a level and unyielding

surface to roll upon, but one that is full of asperities, and easily penetrable

hence increasing in a great degree the difficulties of construction. The former,

likewise, now belong to a history of the past ; while the latter form the

glories of the present day. We therefore refer the reader to the Article

Railway, for all locomotives that are designed for that species of way.

The merit of the first suggestion of steam carriages has been attributed to

various individuals ; but the probability is, that the idea of applying the steam

engine for the purpose of locomotion is coeval almost with its first invention.

Thus Savery from having considered its possibility, and Dr. Robison for

having suggested it to Watt, have by some been regarded as the inventors.

Mr. Watt, however, never built a steam engine ; and it is said that he retained

up to the period of his death, the most rooted prejudices against the use of

high steam. Indeed, he says himself, " I soon relinquished the idea of con

structing an engine on this principle, from being sensible it would be liable to

some of the objections against Savery 's engines, viz. the danger of bursting the

boiler, and that a great part of the power of the steam would be lost, because

no vacuum was formed to assist the descent of the piston." It was, however,

the sagacity of two Cornish engineers, Trcvithick and Vivian, which enabled

them to perceive in the excessive force exerted by high steam, (and which

alarmed Watt,) that very power which was indispensable to the propulsion of

locomotive carriages ; as it dispensed with the use of a condenser, and all its

cumbrous appendages.

Previous to the year 1 802, animal power was the only one known or in me

for the moving of carriages ; at that period, the above mentioned engineers

obtained a patent for an improved steam engine, which was the first of the high

pressure kind, and is thus characterized by the eloquent Mickleham. " II

exhibits in construction the most beautiful simplicity of parts, the most saga

cious selection of appropriate forms, their most convenient and effective

arrangement and connexion; uniting strength with elegance; the necessary

solidity with the greatest portability ; possessing unlimited power with a

wonderful pliancy to accommodate it to a varying resistance : it may indeed be

called "The Steam Engine." The specification of the patent, after describing

this engine, proceeds to show its application, "to give motion to wheel carriages

of every description," by suitable drawings and explanations. From a copy >'f
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that document we derive the following account of the first steam carriage which

\rai constructed.

fl

 

Trbvithick and Vivian's Stlaii Cikhiaoe.—Patfnt 1802.

 

Fig. 1, is a vertical section, and Fig. 2, a plan, showing theprincipal arrange

ments of the first steam carriage. " At B b, is the case, having therein the

boiler, with its fire place and flues. At p q, is the piston rod, forked to admit

the end of the crank r ; the said rod drives a cross piece at a hackward and

forward between guides; and this cross-piece, by means of the bar Q R, gives

motion to the crank with its fly f, and to two wheels t t upon the crank axis,

which lock into two correspondent wheels u upon the naves of the large wheels

of the carriage itself. The wheels t are fixed upon round sockets, and receive

their motion from a striking box or bar s x, which acts upon a pin in each

wheel ; s t are two handles, by means of which either of the striking boxes s x

can be thrown out of gear, and the correspondent wheel w by that means dis
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connected with the first mover, for the purpose of turning short, or admitting a

backward motion of that wheel when required; but either of the wheels w, n

cote of turning, can be allowed considerably to overrun the other without thramg

six out of gear, because the pin can go very nearly round in the forward motion

before it will meet with any obstruction. The wheels u are most commonly

fixed upon the naves of the carriage-wheels w, by which means a revolution o'

the axis itself becomes unnecessary, and the outer ends of the said axismiv

consequently be set to any obliquity, and the other part fixed or bended, as the

objects of taste or utility may demand. The fore-wheels are applied to direr!

the carriage by means of a lever h ; and there is a check lever which can tn

applied to the fy, in order to moderate the velocity of progression when goo}

down hill. In the vertical section is- shown a springing lever, having a ten

dency to fly forward. Two levers of this kind are duly and similarly placed

near the middle of the carriage, and each of them is alternately thrown tuck

by a short bearing lever upon the crank axis, which sends it home into a catch

at the end, and afterwards releases it when the bearing lever comes to press

upon v, in which case the springing lever.flies back. A cross bar, or double

handle is fixed upon the upright axis of the cock, from each end of which

said cross bar proceeds a rod p q, which is attached to a stud q, that form! part

of the spring lever. This stud has a certain length of play, by means ofi

long hole or groove in the bar, so that when the springing lever is pressed

up, the stud slides in the groove without giving motion to p. When the other

springing lever is disengaged, it draws the opposite end of the handle, and causes

p to draw the long hole at q up to its hearing against the stud, ready for the

letting off of that first-mentioned springing lever. When this last mentioned

lever comes to be disengaged, it suddenly draws p back, and turns the cock one

quarter turn, and performs the like office of placing the horizontal rod of the

other extremity of the handle ready for action by its own springing-lever. Tkts

alternations perform the opening and shutting of the cock, and to one of the spring

ing levers is fixed a smallforce-pump w, which draws hot waterfrom the catth)

the quick back-itroke, andforces it into the boiler by the stronger and more ero-

dual pressure of a lever on the crank axis. It is also to be noticed that in certm

cases we make the external periphery of the wheels w uneven, by projecting head)

of nails or bolts, or cross grooves, or fittings to railroads, when required ; and

that in cases of hard pull we cause a lever, holt, or claw, to project through the

rim of one or both of the said wheels, so as to take hold of the ground ; but

that in general the ordinary structure or figure of the external surface of tktu

wheels will be found to answer the intendtd purpose. And, moreover, we do

observe and declare, that the power of the engine, with regard toils convenient

application to the carriage, may be varied, by changing the relative velocity of

rotation of the wheels w compared with that of the axis s, by shifting the

gears or toothed wheels for others of different sizes, properly adapted to each

other in various ways, which will readily be adopted by any person of competer.:

skill in machinery. The body of the carriage u may be made of any conve

nient size or figure, according to its intended uses. And, lastly, we do occa

sionally use bellows to excite the fire, and the said bellows are worked by the

piston-rod or crank, and may be fixed in any situation or part of the several

engines herein described, as may be found most convenient."

A carriage was built soon after the grant according to the construction above

given, and exercised before the public for a considerable time in the neighbour

hood of the present site of Euston Square, London. Succeeding patentees, K

will be observed, have availed themselves of the judicious arrangement of the**

ingenious projectors.

Such was the indifference of the public to inventions of the kind, that nine

teen •years elapsed before another steam carriage for the common road was

brought out, which was the subject of a patent granted to Mr. Julius Griffith

in 1821 ; and this carriage, we are informed, was chiefly designed by foreigners.

At a is the furnace, supplied with fuel from a receptacle 6. At c are two

handles, one to open the feeding door, and the other to operate upon a damper.

The boiler is at d in a double case packed with non-conducting materials. Tie
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boiler consists of tiers of horizontal tubes. Connected by bolts and straps to the

frame of the carriage, is a reservoir of water e, which is drawn out by a force-

pump at/, and by the return stroke injected into a pipe g at the bottom of the

 

Griffith's Steam Carriage.—Patent 1821.

boiler, whence it is distributed into the lowermost range of tubes, and from

these to the next above, the uppermost row being employed as steam reservoirs,

and receiving the waste heat as it passes to the chimney, so as to increase the

elastic force of the vapour before it proceeds along the steam pipe h to the

engines, whence, after having given motion to the pistons, it is conducted by a

pipe into the condenser i, which consists of a number of flattened thin metal

tubes, exposed to the cooling influence of the air. The power of the engines is

communicated from the piston rods to the running wheels of the carriage

through the means of sweep-rods, (one of which is brought into view aXj,) the

lower ends of which are provided with driving pinions and detents, which

operate upon toothed gear fixed to the hind carriage wheel axle. The object of

this mechanism, (which i9 of foreign invention, and denominated an Artzberger,)

is to keep the driving pinions always in gear with the toothed wheels, however

the engine and other machinery may vibrate, or the wheels be jolted upon

uneven ground. In order that the engines and steam apparatus may not suffer

from the concussions of the latter, they are suspended by slings at A to a strong

iron framing 1 1, and to give the suspending chains some degree of elasticity,

stout helical springs are introduced between them, as shown at m.

The guiding of the carriage is effected by means of levers which turn round

the axles of the fore wheels, so as to present the latter in the line of direction

required. The axles are supported in a vertical frame, which is made to turn

horizontally, by means of a guide wheel, on the top of a spindle, the lower

.-.ireinity of which carries a pinion that takes into an internal toothed wheel

at p.

We are not aware that Mr. Griffith's carriage ever made any public demon

strations of its working powers ; but Mr. A. Gordon states that the chief

difficulty which Mr. Griffith had to contend with, was the liability of having all

the water blown out of the tubes, by the pressure of the steam on the lower part ;

no provision having been made for allowing the water to return, or for main

taining an equilibrium of pressure. Notwithstanding the failure of this attempt,
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BURITALL A*D HILL'S STEAM CARRIAGE.—PATEHT 1824.

" A i* the pi ice for fuel, and a a a are parts of the flue, as seen in section, tb*

top beini; formed into a number of shallow receptacles for water in a state of

lining converted into steam. B is the chimney ; at Dare two cylinders, o»e

behind the other, which are fitted up with pistons and valves in the usual wij,

for ihc alternate action of steam above and below the pistons. The boiler »

*ii«l>"inlfi| on springs; and the steam is conveyed from it to the engines, throosii

tin- helical pipe e, which has that form given to it to allow the vibration of tl*

boiler, without injury to the steam joints. E is the cistern containing mMte

line "lii^e, nay .10 to 80 gallons, and made to sustain a pressure of »boatfl>

iimimli to tin- "(|n IK- inch. At e are one or more nir-pumps, which areworkfJ

by (hi- liciiint K K of the engine!!, and arc used to force air into the water rend,

that its premmrc may drive out, by a convenient pipe, the water into the baD«

IK it miiy I"1 riMjuiri'd. The two beams are connected at one end with tin

tiinton iml-., niul ut the oilier with the rocking standards H H ; g g are connfd-

di); rmli nltnrhcd to two cranks, giving a continued rotatory motion to tl»

wlii'i-N, without the necessity of a fly-wheel. The four coach wheels •*

iiiinc'iivl to tho axles nearly as in common coaches, except that there »•

rntiihrt wheel fonned upon the back part of the nave, with a box wedgtd "W

c, containing a spring pall, causing the wheels to be impelled when thfo'1'
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revolves, and at the same time allowing the outer wheel, when the carriage

describes a curve, to travel faster than the inner one, and still be ready to

receive the impulse of the engine as soon as it comes to a straight course.

" The patentees have another method of performing the same operation, with

the further advantage of backing the coach when the engines are backed. In

this plan, the naves are cast with a recess in the middle, in which is a double

bevelled clutch, the inside of the nave being formed to correspond. The clutches

are simultaneously acted upon by connecting levers, and springs, and which,

according as they are forced to the right or left, will enable the carriage to be

moved forward or backward. To the fore nave are fixed two cylindrical metal

rings, round which are two friction bands, to be tightened by a lever convenient

for the foot of the conductor, and which will readily retard or stop the coach

when descending hills. K is the seat of the conductor, with the steering wheel

L in the front, which is fastened on the small upright shaft 1, and turns the two

bevel pinions 2, and the shaft 3, with its small pinion 4, which, working into a

segmental rack on the fore carriage, places the two axles at any required angle,

the centre of motion being the perch-pin I."

The patentees built a steam carriage upon the foregoing plan, but with

numerous alterations and modifications. Their success in demonstration was

but partial. Like other locomotionists who followed them, something was always

requiring to be altered, to overcome new difficulties introduced by previous

improvements ; but they had the good sense to retire from the undertaking

without very heavy pecuniary loss, and with undiminished reputation as

machinists ; the problem not having been solved, latisfactorily, by any succeed

ing inventors.

Mr. W. H. James, of Birmingham, gave the subject of steam carriages much

studious attention for several years, in the course of which, and through the aid

of Sir James C. Anderson, he constructed several in succession. The first of

them acted as well, or nearly so, as those which followed.

Mr. James caused the engines and their frame-work to vibrate altogether

upon the crank shafts as a centre, and connected these engines to the boiler

«nd exit passages, by means of hollow axles moving in stuffing boxes, which,

together with the body of the carriage, were suspended upon springs bolted to

the axletrees.

Fig. 1, in the following cut, exhibits a plan of the machinery of a carriage, as

applied to the hind wheels. At a is the boiler ; which consisted of a series of

annular tubes of equal capacity and diameter, placed side by side, and bolted

together, so as to form by their union a long cylindrical boiler, as shown in the

figure. A full description of this generating apparatus having been already

given under the article BOILER, we shall not here enlarge upon it. The frame

o has four vertical supports e e e e connected to it, and from these beams are

extended over the boiler, which is suspended to them ; and they also carry by

suitable bearings the body of the vehicle, which it is unnecessary to explain.

The axles of the running wheels// are connected in one piece with each of

Ae crank shafts g g, by which one wheel is made to revolve independently of

ibe other. Each of these engines has two cylinders h h, which operate by tlieir

piston rods upon the cranks ; to these separate engines steam is applied from

ine boiler a a, by means of the pipe k, which enters at the stop-cock / into the

steam-box m ; from this box the steam passes into the pipes n n, which move

steam-tight through stuffing-boxes; from thence the steam proceeds through

»ie pipes o o o to the slide boxes p p p, the slides being worked by eccentrics

797, on the crank shafts, in the usual manner, and thence to the cylinders.

Hie exhaustion pipes r r lead into hollow axles n n, in which there are par-

uions , ti to separate the steam from the exit pas-sages, which pass through the

said hollow axles to the boxes / /, from which there are pipes u u leading to the

chimney c, where it is thrown offto increase thedraughc, and combustion ofthe fuel,

iherods * x are attached to the fore axle of the running wheels, and also to the

"> handles of thecock I, so that the fore axle and the cock move simultaneously,

a»d parallel to each other; z z represent part of the frame-work extended, for
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tying the engine together by means of a bolt, and s<> as to allow the body of

the carriage to have a slight lateral motion upon itssprings, independently of the

engines, by means of the hollow axles sliding longitudinally through the stuffing-

boxes.

 

W. II. James's Steam Carriage.—Patent 1824.

In 1832 Mr. James took out another patent, the chief features in which

were a high pressure boiler of a novel description ; being formed of •

horizontal tier of cast-iron plates ingeniously cast with tubular cavities in the

body of the metal, and throughout its area. These cavities hold the water tobe

vaporized, which is constantly made to flow throughout the tier, by a hydraulic

apparatus, which the inventor denominates a " heart-pump." The fire operate*

upon the entire bottom surface of each water-plate, and the steam is collected

in the highest plate, to which, in addition to the usual appendages of a steam

carriage, is a steam pipe leading to a trumpet, which is sounded by the motion

of a lever operating upon a valve at the induction orifice.

The performances of Messrs. James & Co.'s carriages were not much

dissimilar to those of other locomotionists of like extent of experience.

The practicability of the scheme in a mechanical point of view, we had many

demonstrations of; and on one occasion we were propelled at the rate of

fifteen miles an hour for several miles together. But the undertaking was

(commercially speaking) unsuccessful, and was therefore discontinued.

In 1824 the late Mr. David Gordon obtained a patent for steam carriages

to run on common roads.

Mr. David Gordon's carriage ran upon three wheels ; one in front to steer

by, and two behind to bear the chief weight. Each of the wheels had a separate
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axle, the ends of which had their bearings upon parallel bars, the wheels rolling

iu a perpendicular position.

In the fore part of the carriage were placed the steam engines, consisting of

two brass cylinders, in a horizontal position, but vibrating upon trunnions : the

piston rods of these engines gave motion to an eight-throw crank, two in the

middle for the cylinders, and three on each side, to which were attached the

propellers ; by the revolution of the crank, these propellers or legs were succes

sively forced outwards, with the feet of each against the ground in a backward

direction, and were immediately afterwards lifted from the ground by the

revolution of another crank, parallel to the former, and situated at a proper dis

tance from it on the same frame. To the lower ends of these propelling rods

were attached the feet, of the form of segments of circles, and made on their

under side like a short and very stiff brush of whale-bone, supported by inter

mixed iron teeth. These feet pressed against the ground in regular succession,

by a kind of rolling, circular motion, without digging it up. The guide had

the power of lifting these legs off the ground at pleasure, so that, in going down

hill, when the gravity was sufficient for propulsion, nothing but a brake was put

' into requisition to retard the motion, if necessary. If the carriage was proceeding

upon a level, the lifting of the propellers was equivalent to the subtraction of

the power, and soon brought it to a stoppage ; and in making turns in a road,

the guide had only to lift the propellers on one side of the carriage, and allow

tin- others to operate alone, until the curve was traversed.

 

DAVID GORDON'S STEAM CARRIAGE.—PATENT 1824.

The above engraving represents a. side elevation of the machine ; the front of

the carriage being cut off as useless to our object, and as occupying valuable

•pace. At a is the end of the boiler ; b the flue ; c an apartment for the

VuL. II. 4 I
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engineer to attend the fire and regulate the machinery, which apartment contains

a store of water, coke, &c. ; d external connecting rod ( one on each side of the

carriage), by which the driving cranks of the propellers actuate the small lifting

cranks within tiie carriage ; e being the axis of the driving cranks, and / the

axis of the lifting cranks ; p p are the propellers ; * s straps by which the

propellers are lifted from the ground by the alternations of the crank.

It was in the year 1825, that Mr. Goldsworthy Gurney, a medical gentleman

of London, commenced his career in locomotion; and being liberally supported

by capitalists, he built a number of steam carriages; which during several

years were occasionally brought out of the factory, and experimented with on

the public roads ; but without attaining that degree of success, in an economical

point of view, which the public were at first led to believe had been effected.

The first attempt made by Mr. Gurney was, properly, that of producing a steam

generator of superior efficacy, which our readers will find fully described and

illustrated in the Boiler. The specification of his patent is thus reported in

the London Journal of Arts and Sciences.

" The mode of propelling carriages on roads and railways, proposed by the

patentee, is by the agency of moving legs, or crutches, striking outunder thecal- '

riage, the lower ends of which legs are intended to bear against the ground as a

resistance, and, being forced backwards by the power of machinery, cause the

carriage to move forward in the opposite direction. Similar contrivances to

this have been repeatedly suggested. The patentee, therefore, is to be consi

dered as merely adopting this plan as one that he considers most convenient ;

and claims as his invention simply the guttle rollers attached to the legs,

upon which the carriage moves forward. The annexed figure represents the

side of the carriage running upon ordinary wheels, with the steam-engine bt

which its propelling legs and other mechanism are to be moved ; a a is the perch

or main beam of the carriage ; 6 the working cylinder of the steam-engine,

which in this instance lies nearly horizontal, and is supported in standards upon

pivots ; c is the piston rod of the engine, with a small guide roller running

upon the stationary block d. The piston rod is attached by a joint to the vibra

ting lever e, from which lever a chain extends over small pullies, let iuto the
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Goldsworthy Gurney's Steam Carriage.—First Patemt 1825.

blocks d, and its ends are made fast to the other vibrating lever/; consequently,

these two levers acquire reciprocating motions from the action of the piston

rod. At the extremity of the crane's neck g, the two oscillating levers A A are

suspended, and these being respectively attached by connecting rods i i to the

levers e and/, move simultaneously with the last-mentioned levers as the piston

of the engine works to and fro. The lower ends of the levers h A are attached
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by joints to the horizontal rods kl, and these rods are connected to the sliding

biocks-which move the legs or crutches m n. The horizontal rods It I, and also

the blocks which carry the legs, slide along in rebated grooves, formed in the

under side of the perch a, which grooves are represented by dots, and a portion

of the side of the perch is removed in the figure, to show one of the blocks o with

its rollers within. The block o has small vertical wheels, or anti-friction rollers,

by which it is enabled to run freely along the rebate or ledge of the groove ; it

has also small horizontal rollers, to prevent the block from rubbing against the

side* of the groove. In tin: under side of each of the blocks a pin /; is fixed,

which is intended to pass through the top of the legsm or n, and a small helical

spring is placed upon the pin, and secured by a screw nut, for the purpose of

keeping up the top of the leg against the under side of the perch, but yet

affording it some degree of play. By the action of the steam engine, and the

other mechanism connected thereto, the blocks o are made to slide reciprocally

to and fro along the grooves of the perch, in the manner above described ; and

supposing one of the legs or crutches to be brought into the situation of »/, the

foot will take hold of the ground, and remain stationary, while the force of the

machinery pressing against it will cause the carriage to slide forward, and the

leg m to assume the situation of «, while n will be advanced into the situation

of m; and vice versd. Thus, by the reciprocating movements of the machinery,

the carriage will be progressively impelled forward by the crutches or legs. In

order to turn the carriage round corners or angles in the road, the axle of the

hinder wheels is made to move round horizontally, upon a central pin, by means

of a strap or other contrivance applied at q. By this strap and a suitable bundle

or lever, the conductor guides the course of the carriage in a straight or curved

direction.

No pretensions are made by Mr. Gurney in his specification of having

invented any part of the machinery described therein but the " guide rollers"

to the crutches, as the crutches themselves were suggested by previous patentees ;
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and it will be wen that these crutches and rollers were abandoned as useless by

Mr. Gurney himself. Were we to describe minutely the numerous contrivances

and alterations made by the patentee and his assistant, it would occupy as much

•pace as the whole of this article, and be at the same time a very uninteresting

and profitless history of errors and failures, which few men having a knowledge

of steam and machinery would have committed.



620 STEAM CARRIAGES.

The preceding carriage represents oneof the latest productions of Mr. Gumey,

who built three upon the same model for Sir Charles Dance, which ran regularly

from Cheltenham to Gloucester during a period of three or four months. These

carriages were employed as drags, to draw after them the passengers contained

in a light carriage of the omnibus kind. Only one of the drags was, we belie»e,

in use at a time, the others being kept in dock to supply a fresh one, whenever

repairs became necessary to the one in use.

An arrangement for a locomotive carriage was patented in December, 1826,

by Mr. Frederick Andrews, of Stamford Rivers, in Essex j the peculiarity in

which consist, first, in employing a single steering wheel in front of the car

riage, the axis of which revolves in two lateral bars of a framing that connectt

it to the axletree of the four wheels, and thereby turns the latter with it To

give effect to this steering wheel, the framing is designed to carry luggage. «

other sufficiently heavy articles. Another arrangement of the inventor i con

sisted in employing a pair of engines working upon pivots or trunnions, sothit

by their vibrations the piston rods might be directly connected to the throwiot

the crank, and adapt their inclinations to the varied motion of the latter. Toe

other arrangements will be easiest understood by reference to the annexed cut.

a shows a vertical section of a

cylindrical boiler; c is the

furnace, the heated matters

from which pass longitudinally

under the boiler, and then re

turn to the front through a

central flue b, before it enters

the chimney, not shown.

Transversely through the cen

tre of the boiler there is a

tubular passage, open at each

end, through which the axis

of the wheels g g passes, suf

ficient space being made in

that tube for the cranked por

tions //of the axis also to

pass through. The piston rods
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ANDREWS'S STEAM CARRIAGE.—PATENT 1826.

being connected to the throws

of the crank, it of course

causes them to revolve, and

with them the wheels by

which the carriage is propelled. The boiler is suspended by gtout iron ann» to

a frame above, which forms a part of the general frame, and is supported upon

springs ; the furnace c is suspended to the boiler by straps, the side* of which

are lined by a series of horizontal tubes, in connexion with the boiler, which

serve the double purpose of intercepting lateral radiation, and of assisting in

the generation of vapour.

Mr. Neville, of Shad Thames, London, took out a patent for steam locomotion

in 1827, the chief object of which appears from the specification to have been

to prevent the wheels of a locomotive carriage from slipping round. To

effect this he proposed the application of points and plates to the peripheries

of the wheels. But as these contrivances were worse than useless, and the

arrangements of the steam carriage contained nothing worthy of particulsr

remark, we abstain from all detail.

Amongst the singular propositions for producing a locomotive action, wss

that invented by Mr. T. S. Holland, for which he took out a patent, in 1827.

The invention consists in the application of an arrangement of levers, similsr

to that commonly known by the name of lazy-tongt, for the purpose of pro

pelling carriages. The objects appear to be, to derive from the reciprocating

motion of a short lever a considerable degree of speed, and to obtain an abut

ment, against which the propellers should act horizontally, in the direction of

the motion of the carriage, instead of obliquely to that motion, as U the case
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when carriages are impelled by levers striking the earth. The drawings

attached to the specification seem designed rather to explain the principle than

to represent what the patentee would deem an eligible form of its application :

and as such an application is not likely to be ever considered eligible, on

account of the excessive waste of power from friction, we must content our

selves by referring the reader who may require more information on the

subject, to the inrolled document.

Two days after the before mentioned grant, Dr. Harland, of Scarborough,

received the great seal for supposed improvements, which we doubt not proved

inefficacious ; we shall therefore give but a brief sketch of the nature of them.

On a phaeton-like frame at the back of the carriage, are situated the boiler

(composed of two double cylinders), the fire-grate, ash-pit, chimney steam

chamber, water reservoir, and working cylinder, &c. After the steam has passed

through the latter, it is conducted to a series of tubes, underneath, and in front

of the carriage, for the purpose of condensation by the cooling influence of the

atmosphere. The fruitlessness of such attempts, which has been long before de

termined (owing to the slow conductivity of the air), together with the defects

of construction, renders it needless to enter into details.

Mr. Walter Hancock, in the year

1827, took out B patent for a high

pressure boiler, for locomotive pur

poses. In the annexed engraving is

represented an elevation of the first

modification of this boiler, with a part 5 I L U Y~~

of the casing removed to show the

interior structure. At B is the fire

place; D the stoke-hole ; E E are a

series of flat parallel chambers to hold

the water, made of the toughest sheet

iron, and placed side by side, at a

sufficient distance apart for the flames

and heated air to pass up between

them, as shown at H H. Each of j( ) M IF

these flat vessels extends across the

furnace chamber, so as to fill its whole

area in a vertical plane ; and they are

all connected at the bottom, for keep

ing the water in each at a uniform

level; and at the top of each of the

chambers there is a steam-pipe that

leads into another larger steam-pipe,

common to them all, and by which the

engines are supplied. To keep the

individual water chambers E E at uniform distances apart, and confer, at the

same time, adequate strength to them, a series of vertical bars or fillets are

fixed between each pair. Therefore, instead of the flames ascending between

each pair of plates in one unbroken sheet, it is subdivided, and made to pass

through a number of rectangular channels, representing in their outline so many

.square tube;. This combination of water chambers and alternate flues is bound

together by a system of very massive bolts externally, proved to be capable of

sustaining a vastly greater pressure than the boiler is ever subjected to ; and it

it unquestionably a great merit in this boiler, that the thinness of metal, and

consequent weakness of the individual water chambers, constitutes each, in

effect, a safety valve. An increased efficiency was afterwards obtained by

"embossing" the plates; by pressing them between dies, so as to cause a series

of hemispherical bosses, of nearly the shape and size of watch-glasses, to be

projected all over their external surfaces ; so that when the chambers are brought

together, the tops of these come into contact, and thus a series of spaces are

fnrmed between them, through which the heated gases ascend in a devious

course, impinging successively upon each boss in their passage.
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Mr. Hancock being satisfied that he had obtained in tbis boiler the requiihe

means of generating adequate power, turned his attention to the various ar

rangements of the carriage and propelling machinery. His first carriage wu

constructed upon three wheels, and the power was applied through the medium

of two vibrating engines fixed upon the crank axle of the fore wheel. Finding

this mode of applying the power direct to the crank axle practically ineligible,

Mr. Hancock next placed the engine quite behind; new difficulties occurred in

this arrangement, and a third carriage was built, and called in reference to the

infancy of the undertaking, the " Infant."

 

HAKCOCK'S STEAM CARRIAGE " INFANT."—1830.

At a is the fire-place, b the ash-pit, and g n blower. The tire place and

ash-pit are made close, that is, admitting only of a current upwards. The ire-

man, who sits on a small seat behind the boiler, views the state of the fire

through eyeholes, and supplies coke through a feeding hopper at q. Steam is

supplied to the engines d, of which there are two, through a pipe r, regulated

by a valve at ». At t is the parallel motion, converted into rotary by the con

necting rod v, actuating a crank e in the axis of a pair of chain wheels. There

are two other chain wheels on the axis of the running wheels ; and two endless

chains communicate the force and motion to the latter. The engines are fixed

securely upon springs, also the cranks and pumps. Several subordinate con

trivances we have not room to describe. This carriage was the first that nn

on a common road for hire, which it did for several weeks together, between

Stratford and London. Mr. Hancock built several carriages subsequently to

the INFANT, which were at different periods on the public roads for hire, for

months together. But they did not meet with that patronage that «.:-

expected.

The next locomotionist who received the great seal, was Mr. Nathan Gough,

of Salford, some of whose arrangements possess originality, and are not desti

tute of merit. The form of the vehicle for the reception of the passengers u

similar to that of an ordinary stage coach, having a great boot behind, and

another in front, for containing the principal parts of the propelling machinery.

Under the back seat of the carriage, extending its entire length, and about a

foot more in depth, is an iron case, which encloses four vibrating engines on

trunnions, working as many throws of a crank, radiating from their common

axis at uniform angles of 90" with respect to each other. This cranked axis i*

lengthened out beyond the range of the engines about one foot on each lidr,

whereon are placed two pitch chain wheels ; around these pass two endles*
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pitched chains, which also go round two similar chain wheels, fixed to the run

ning wheels of the carriage. The chain wheels are made so as to run loose

upon the cranked shaft, and are fixable thereto at pleasure, by means of

coupling boxes, placed under the control of the guide or steersman, so that he

may slide them into or out of gear according to circumstances, by simple pres-

•ure with his feet upon two " foot levers," one for each foot, so that by pressing

on the right, the chain wheels are locked to the axis, and, by pressure on the

left, the wheels are unlocked by sliding back upon the axis, when they run

loose ; that is, the rotation of the axis by the force of the engines does not

impart motion to it. By another movement the chain wheels are brought into

action, with contiguous gear for producing a slow motion, as in ascending a

hill; but when the work becomes lighter, the steersman, by his foot, shifts back

the chain wheels to the quick motion, or he may entirely disengage the con

necting parts, and thereby stop the progress of the carriage.

The front wheels of the carriage have separate independent axles, which turn

horizontally upon a perpendicular column affixed to the fore framing. To guide

the carriage, the steersman sitting in front turns a vertical spindle, the lower

extremity of which carries two arms, that, by connecting rods attached to the

separate frames of the two fore wheels, places them in the oblique direction

required according to the curve of the road. Each of the fore wheels being

thus made to turn on its own centre, renders the action of guiding exceedingly

easy.

The boiler is situated quite at the back of the carriage, and it is judiciously

formed of a large cylinder, with a series of small tubes passing through it for

the furnace flues. The lower part of the boiler is divided by perpendicular par

titions, to prevent the water from leaving it uncovered during the ascent or

descent of hills or inclined planes, or from the effects of other disturbing causes.

To regulate the admission of the steam to the cylinders, and its exit therefrom,

a species of three-way cock is employed; this is placed under the control of the

guide, so that he may diminish or increase the quantity, and by a further turn,

should it be desired to stop the carriage suddenly, allow the steam to blow off.

The steam from the last-mentioned cock next passes through a " distributing

cock," and then enters each cylinder through passages on its trunnions, regu

lated by a cock fixed on each, which admits the vapour alternately on each side

of the pistons, as the cylinders vibrate on their centres. The steam which is

forced out of the working cylinders by the back stroke of the pistons, is con

ducted through a pipe into a chamber, which the patentee calls the heating

chest; wherein is also received the steam that blows off from the safety valve.

There is a vessel connected with the boiler, containing a float, by means of

which the amount of water forced into the boiler is regulated. This pump is

worked by a lever, acted upon by a cam, that revolves upon the crank shaft.

The water for the supply of the boiler is forced by the pump through a long

winding tube in the heating chest, by which the temperature of the fluid becomes

considerably heated before it enters the boiler. There is also a float in the boiler

connected with the water way of the pump, which, as the water rises in the

boiler, closes the supply valve, so that if the pump continues in action, no more

water can be injected, but it will be returned through the cold water pipe.

There are two water tanks, one on each side of the carriage, next to the hind

or propelling wheels, and between these tanks is the coal-hole.

In the year 1830, Messrs. Summers and Ogle obtained a patent for a

steam carriage- The principal feature in it was the steam generating

apparatus, which is already described in the article BOILER. The arrange

ment for communicating the force of the steam to the carriage wheels, consisted

in forming the axis of the latter into a three-throw crank ; each throw being

equidistant, or at 120° apart from each other, for converting the rectilineal

motion into rotary with the greatest uniformity of force ;• which motion was

derived from three cylinders, vibrating on trunnions. Very flattering reports

of the operation of this carriage were published, and others of a contrary

character, but private interest probably influenced both sides of the question.

In the same year as the last mentioned invention, Messrs. Boase and Kawe
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brought out a patent locomotive carriage, the annexed illustration of which will

assist in the comprehension of it. The engines were situated in a caw urnier-

neath the body of the carriage, as shown at a, and by the piston rod »ud
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connecting rod 4, gave motion to the cranked axles of the running «hff!s

d of the carriage. The boiler e was bolted to a strong framing, and ww con

tained in a double case, the space between being packed with non-cw-

ducting substances. The boiler consisted of 12 tubes of small diameter, e»eh

b«nt into a spiral curve of three convolutions, of the same pitch and height

but of uniformly varying diameters ; so that when each successive spiral »«

placed side by side (the smaller inside the next larger in diameter) they formed

by their concentric junction a continuous spiral sheet of tubes ; with a steim

chamber in the centre. Underneath the whole was the furnace of the entire

area of the boiler, that is, about 4 feet 6 inches in diameter.

Messrs. W. G. and R. Ileaton, of Birmingham, built several steam carriagM

under a patent-right dated 1830 ; but their mechanism was too complicated

In; understood without the aid of drawings, which our space will not admit :

and as the patentees had the remarkable candour to acknowledge publicly the

failure of their scheme, a very brief notice is all that we are called upon t

give : and for this further reason ; because the Messrs. Heaton did not pretend

to have invented any of the separate or distinct parts of their machine, tat

merely the general combination of the entire structure, which is a claim o:

scarcely any value to the most successful inventor; the identical combination

being so easily destroyed. Their boiler was of the tubular kind, with «

cylindrical arrangement, like James's ; their steering apparatus was also like that

of the same person ; their engines after some other locomotionist, and to on

throughout most of the parts. In the annexed condensed extract from the sp?-

cification, descriptive of their mode of applying the steam power to the

vehicle, they have availed themselves of the plans of the renowned progeniM

of steam coaches, Trevithick.

Motion is communicated to the driving wheels by a double set of spuf

wheel gear, arranged to give difl'erent powers or velocities, by having both *

large and a small wheel fixed on the driving as well as the driven axis. By

shifting the large wheel on the driving axis into gear with the small wheel on

the driven axis, speed is obtained; and by shifting their relative position till the

small wheel on the driving axis comes into gear with the large wheel on the

driven axis, power is obtained at the expense of speed. These two axes ire

kept at the same distance from each other by means of connecting rods



STEAM CARRIAGES. C25

notwithstanding the relative position may be changed by the motion of ihe

carriage on rough roads.

Messrs. Napier describe their improvements in steam carriages to consist :—

First, in communicating the power of the engines for propelling the carriage

to the wheels, by means of a belt, strap, or band, which works upon two pulleys,

the one fixed upon a shaft connected with the engine or engines, the other fixed

upon, or connected with, the axle or wheels of the carriage. This will be

belter understood by reference to the annexed cut. a is a horizontal steam

boiler, with an hemispherical end ; at 6 are the two cylinders of the engines

working horizontally, and fastened upon the boilers; e c is the framing of

engines, which is also fastened to the boilers and engine cylinders ; d connecting

rod of engine; e the crank shaft of engines, upon which is fixed the pulley or

drum/, from which pulley the strap g communicates the power of the engine

io the pulley or drum h, which in the present case is fixed on the middle of the
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"heel axle, t ; k k the hind wheels of carriage ; I fore wheel of carriage, which

'urns on a circular plate for the purpose of guiding the carriage on the common

rcadi. The boilers and engines being firmly fastened together, thus form one

entire piece, which is suspended by springs n n n, from a frame work o o, resting

upon the wheel axles of the carriage, and having no connexion with the said

carriage or frame-work, but by belts, straps, or bands, which are designed to

free it from jolts and concussions.

A patent, for a variety of improvements in locomotion, was granted to Mr.

W. H. Palmer in 1831 ; but the specification is so extensive and elaborate, that

»e can do no more than state his claims to invention, and refer the reader to

the Inrolment Offices for the details. These are as follow :—

First, The self-regulating blast apparatus, by which the quantity of fuel to he

ignited in a given time is governed, in order to insure the generation of a volume

of steam, suited precisely to all the variable speeds and powers of the engine.

Secondly, The steam calorific self-adjusting apparatus, which acts in conjunc

tion with the blast regulator, and is so contrived as to lift the weight from the

lever of the safety valve, and permit the steam to escape from the boiler should

the aforesaid apparatus fail of instantly checking its evolution.

Thirdly, The self-acting safety apparatus, by which the security of the boiler

ii insured, should the apparatus for supplying it with water fail in its effect, so

TOt. II. 4 C
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that in the event of the water in the boiler being reduced below a determined

level, the process of combustion will be instantly suspended, and the bailer pro

tected from injury.

Fourthly, Making the products of combustion evolved from the furnace

escape into the atmosphere below the level of the furnace bars, which will mo-:

effectually prevent the admission of atmospheric air into the furnace, excepting

that portion which the blast and calorific regulating apparatus permits the

blowers to project upon the fuel undergoing combustion.

Fifthly, The pipes leading from the opposite ends of the horizontal put of

the boiler are designed to convey the water (which must be distilled) most

remote from the direct action of the furnace, to replace that portion wbicb mar

be carried to the upper part of the boiler by the great volume of steam gene

rated between the two concentric cylinders.

Sixthly, To insure a length of stroke in high pressure engines, and that

without increasing the diameter of the piston rods beyond that which is required

to withstand the alternate tug and thrust ; and without resorting to the rerj

objectionable short stroke and piston rod of so large a diameter.

Seventhly, The slide valves, with their various modifications, requiring neither

casings nor stuffing-boxes, the patentee claims as perfectly novel ; the action of

these being seen, admit of mathematical adjustment, and enables the engineer

instantly to reverse or stop the engine at pleasure.

Eighthly, For a modification of the crank and beam intended to supersede

the use of a beam of the usual weight and dimensions, parallel motion, croa

heads, and costly fittings and bearings connected therewith. This mode of con

verting the reciprocating into the rotative motion, the patentee says, "accom

plishes the grand desideratum of making one cylinder produce a more regular

and equalized motion than can be accomplished by two cylinders when used to

give motion to locomotive engines or paddle wheels."

Ninthly, The condensation by which highly elastic steam of any temperature

may be converted into water, without the application of injection, or by the

extension of surface by making the cubic contents of the condensing chamber

equal to the number of cubic inches of steam discharged.

We have now to notice the labours of Mr. Joseph Gibbs, late of the Kent Road,

and Mr. Augustus Applegath, of Crayford in Kent, who had a joint patent.

dated 29th March, 1833, for "certain improvements in steam-carriages." To

give an intelligible description of the many contrivances contained in their

elaborate specification, our space is inadequate ; we must therefore be content

with giving an idea of the nature of the subjects, and refer the inquiring reader

to the enrolled parchments.

The first described improvement relates to the general arrangement of a

steam-carriage. The boiler is of a novel description, and consists of a sen«

of double cones arranged one over the other, the external angles or space-

between which are receptacles for water, which is circumscribed externally by

a cylindrical casing. The fire is in the centre of the seriesof cones, and operate»

upon their extensive surfaces ; and the flue is so arranged as to repeat the heat

ing operation by a descending current. There is also a curious combination of

shafts, wheels, couplers and springs for varying the speed, &c.

The locomotive carriage, contrived by Dr. W. H. Church, being patented in

1832, next comes under our observation. The principal novelties claimed by

him, consist ; first, in making the frame of the carnage of a combination of

wood of small scantling combined with angle iron, to give it the requisite strength.

A framework of this kind, well trussed and braced, incloses a space between a

hind and fore-body of the carriage, and of the same height as the latter, and i»

to contain the engines, boiler, &c. The boiler consists of a series of vertical

tubes, into each of which is introduced a pipe that passes through, and is

secured at the bottom of the boiler tube. The interior pipes constitute the

flues, each of which, after passing through the boiler tube, is bent syphon -wise,

and passed down till it reaches as low or lower than the bottom of the fire-place,

whence it passes off into a general flue in communication with an exhausting

apparatus. Some other complications of tubes form a part of the arrangement,
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which OUT limits forbid us to describe. Two fans are employed, one to blow in

air, and the other to draw it out ; they are worked as usual, by straps from the

crank shaft. The wheels of the carriage are constructed with the view of

rendering them to a certain degree elastic, in two different ways : first, the

felloes are made of several successive layers of broad wooden hoops, and these

are covered with a thin iron tire, having lateral straps to bind the hoops

together; second, these binding-straps are connected by hinge joints, to a kind

of flat steel springs, somewhat curved, which form the spokes of the wheels.

These spring spokes are intended to obviate the necessity, in a great measure,

of the ordinary springs, and the elasticity of the periphery is designed that the

yielding of the circle shall prevent the wheel from turning without propelling !

Dr. Church, however, proposes, in addition to spring felloes, spring spokes, and

the ordinary springs, to employ air springs, and for that purpose provides two

or more cylinders, made fast to the body of the carriage, in a vertical position,

closed at top, and furnished with a piston, with packing similar to the cap-leather

packing of the hydraulic press : this piston is kept covered with oil, to preserve

it in good order, and a piston-rod connects it with the supporting frame

of the carriage. Motion is communicated by two oscillating steam cylinders,

which are suspended on the ends of the eduction and induction pipes over

the crank shaft. The crank shaft and driving-wheel axle are connected together

by means of chains passing about pitched pulleys ; and there are two pairs of

these pulleys, of different sizes with respect to each other, by which the power

may be varied, by shifting the motion from one pair to the other, by means of

clutch boxes.

In October, 1832, Mr. Redmund.oftheCityRoad, patentedaboiler, especially

designed for locomotive uses. It consists of a series of parallel vertical

chambers with corrugated sides, for the purpose of extending the heating

surface, and accelerating the production of steam in a compact apparatus. The

principal difference between it and Mr. Hancock's, is in the circumstance of the

corrugation. Mr. Redmund, shortly after the grant of his patent, constructed a

steam carriage, which is represented in the subjoined cut. The wheels are

 

entirely metallic ; the spokes are cast hollow or tubular, and of an ornamental

deiigu. The arrangement and position of the chief part of the propelling

mechanism is the same as Hancock's. The guiding is effected by reins in a

similar manner to those of horses, each rein operating separately through the

medium of levers in turning the fore wheels ot the carriage to the right or left;

and to facilitate this motion, each wheel revolt s on a distinct axle supported in

a frame that turns horizontally upon a pivot, after the manner of Ackerman's

putentof 1S16.

A tubular boiler for locomotive purposes, was patented jointly by Mr. John

Squire and Colonel Maceroni, on the 18th July, 1833. It consists of nine rows
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of upright cylindrical tubes, each row containing nine tubes. In the middle of

these the fire-place is situated ; and to obtain the requisite space for it and the

fuel under combustion, a portion of the interior ranges of tubes are propor-

tionably shortened, as well as three of the front tubes, to form a fire-door. All

the vertical tubes are connected by means of small horizontal tubes at the top

and at the bottom ; the upper being a steam communication, and the lower a

water communication ; but as they are all open to each other, and the appli

cation of the heat cannot be precisely uniform in every part, a circulation of

the fluid necessarily ensues. The fire-bars are formed of hollow tubes, filled

with water, and communicating with the vertical tubes. The steam is conducted

from the latter tubes by means of small pipes entering the otherwise close topi

of each, into a central recipient, from which the engine is supplied. The engine

 

are placed horizontally underneath the carriage body; the boiler is at the back,

and a blast is employed to excite the combustion of the fuel, the supply of

which is regulated by an engine man, who has a seat at the back for attendinj

to it. The passengers are placed in the open carriage body, and their seats

are formed upon the tops of the water tanks. There are two working cylinders

7 j inches diameter, and 15J inches length of stroke. The steam-ways are 2J

and 2J inches diameter.

The last experimentalist in the department of common road locomotion

whose labours we shall notice, is Mr. F. Hills, of Deptford. Mr. Hills devoted

much time and went to great expense in his endeavours to construct a compact

and efficient boiler, and to bring the weight and dimensions of the machinery

within moderate and practical limits ; and at length so fully mastered the

practical difficulties of his task, that a company was formed for building and

running carriages constructed according to his plan, and an act of incorporation

was applied for ; but failing to obtain the clause for limiting the responsibility

of the shareholders to the proportion of their shares, and the railway mania

beginning to manifest itself at the same time, the company was dissolved, and

Mr. Hills retired from the field. In the course of his experiments, Mr. Hills

constructed several carriages with which he performed numerous journeji on

the public roads; selecting those which, from the peculiar difficulties they

presented, were most likely to point out every variety of provision that required

to be made, or circumstances to be guarded against. The Windsor, Brighton,

i tastings, and similar roads were traversed by him with uniform success; and
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amongst other performances, we may state, that the journey to Hastings (6-1

miles) and back was performed in one day, each journey being accomplished

in one half the time occupied by the coaches. One of the improvements

comprehended in the last of Mr. Hills' patents, from its originality, extreme

ingenuity, and the perfect manner in which it attains the object in view, calls

for particular notice. One of the difficulties attending the construction of

locomotive carriages, is the connexion of the driving wheels with the machinery,

so as to obtain the full adhesion of the wheels, and at the same time to allow

facility in turning sharp curves. Mr. James, as we have already noticed in one

of his earliest attempts, fixed each of the driving wheels upon a short and

separate axle, and applied two steam cylinders (at right angles to each other)

to drive each wheel, but this added greatly to the complexity of the apparatus ;

another inventor employed only three wheels in his carriage, and applied the

power to a single wheel, which ran in advance of and between the tracks of

the other two. The plan, however, most commonly resorted to, was to fix one

wbeel to the axle and to connect the other to the axle by a sliding clutch ; but

as it w«a impossible for the steersman to lock and unlock the wheels at every

sudden turn the carriage might be required to make, and great friction would

hare been created by the skidding of the wheels had both been fixed, the

practice was to drive generally with only one wheel fixed, and to lock the 6ther

in ascending hills, where the whole amount of adhesion might be required. By

Mr. Hills' arrangement, the objections to which all previous plans were liable

are completely obviated ; the adhesion of both wheels is constantly exerted to

propel the carriage, and without the slightest attention on the part of the driver,

the power exerted by the engines is exactly proportioned to the space each

wheel passes through in describing the sharpest curves.

The engraving represents Mr. Hills' arrangement for connecting the driving

wheels with the axle and the engines, a a are the driving wheels, which are

 

fixed upon two tube* or boxes; b b through which the ax'e or driving shaft e

passes, as shewn by the dotted lines, the tubes being loose upon the shaft ; d d

are two bevelled wheels which turn upon two pins e e, fixed upon the centre of

•he shaft, and which work into two similar wheels//, fixed upon the tubes b b,
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the four wheels being all geared together; g g are the cranks fixed upon the

ends of the shaft at right angles to each other, and to which the connecting

rods are attached. Upon examining the figure it will be seen, that so long as

the wheels continue to run in a straight line, the tubes b b do not revolve upon

the axle, but turn round with it, and carry round the wheels as if the)- were

fixed to the axle ; but upon any deviation from a straight line, the wheels, at

the same time that they advance with the axle, revolve more or less (according

to the sharpness of the curve) upon the axle in contrary directions, the outer

wheel having a forward, and the inner wheel having a backward movement;

so that the actual advance of the outer wheel exceeds that of the inner wheel,

as much as the length of the outside curve exceeds that of the inside curve,

and thus no skidding takes place.

STEAM ENGINE—A machine wrought by the force obtained from the

expansion and contraction of the steam of boiling water, and employed u a

first moving power ,to other machines.

Before proceeding to describe the construction and arrangement of the engine,

it will be proper to give a brief exposition of the principles upon which the

action of it depends.

The mechanical power exerted is the effect of the physical changes produced

in waiter, by great and sudden alterations of its temperature. By an addition

of heat, it is changed from a dense incompressible liquid, into an invisible,

highly elastic fluid, the bulk of which exceeds, by many hundred times, that of

the water of which it is formed. This change of state, however, is not per

manent; an abstraction of the heat from the steam reducing it again to water.

These changes, either separately or combined, are the cause of motion in evert

modification of the steam engine.

The effects of heat upon water are of two kinds ; it first raises the tempera

ture until it reaches a certain point, when it becomes stationary ; and the

continued action of heat then converts the water into steam ; the temperature

of which remains the same as that of the water from which it is formed. Bat

although the intensity of the heat of steam, as indicated by the thermometer, is

the same as that of the boiling water ; the quantity of heat in a given weight of

steam, exceeds considerably the quantity of heat in the same weight of boiling

water. This heat is that which is necessary to maintain the water in the state

of vapour ; and if any portion of it be withdrawn, a corresponding portion of

steam is rendered liquid. From the heat not being apparent by the thermometer,

it is termed latent heat. The quantity of latent heat combined with steam, is

variously given by different authors ; the best experiments appear to fix it »;

about 1000, or about 5^ times the heat of boiling water; it being found thai

lib of water converted into steam, will raise 5-ilbs of water from 32° to 213°

Fahr. From various experiments it likewise appears, that the latent heat is

nearly the same, whatever be its temperature as indicated by the thermometer.

The temperature at which water boils or is converted into steam depend*

upon the pressure upon the surface of the water. Exposed simply to the com

mon pressure of the atmosphere, water boils at 212° Fahr.; but upon the toj>

of lofty mountains, where the mercury in the barometer indicates a much smaller

pressure, the temperature of the boiling point is proportionately lower; and o.

the other hand, if water be confined in a vessel from which there is no escapt

for the steam until it attains a certain pressure, the temperature of the boiluu

point will be proportionately raised.

In like manner the pressure of the steam varies with and is proportional to

the temperature at which it is formed. The determination of the elastic forci

of steam of different degrees of temperature, is of the greatest importance to the

practical engineer, and the subject has consequently undergone much investiga

tion. The experiments of Watt, Dalton, Robins, Southern, Ure, Arsberger,

and Philip Taylor have all been of great service in determining this question.

The two tables given for greater perspicuity in the next page—the first being

the result of a series of experiments made by Dr. Dalton, the second supplied

by the Royal Academy of France, in their report upon the comparative degree

of safety between high and low pressure engines—are inserted as being not only

essentia'
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TABLE

Of the Expansive Force of Steam when contained in a close Vessel, taken at every

10° of Temperature from 212° Fahrenheit, (the Boiling Point,) up to 320°.

f
Pressure of Steam, or the Force which

it will exert to enter into a vacuou9

Space.

Pressure of the Steam against the

Atmosphere, when the Barometer is

at 30 Inches, or the Force it will ex

ert to escape from the closed Vessel

into the open Air.
Temp.

Fihr.
Column Column Pressure Column Column. Pressure

1
of

Mercury.

of

Water.

per

Squorelnch.

of

Mercury.

of

Water.

per

Square Inch.1

|
Inches. Ft. In. Lbs. Oz. Indus. Ft. In. Lb: Ox.

1 212 30. 33 11 14 11 TheSteain equal to the atmosph.

220 35. 39 6 17 1 5. 5 7 2 7

1 230 41.75 47 2 20 7 11.75 13 4 5 13

: 2-10 49.67 56 1 24 4 19.67 22 3 9 10

1 250
58.21 65 9 28 8 28.21 31 11 13 14

260 67.73 76 6 33 2 37.73 42 8 18 8

270 77.85 87 11 38 1 47.85 54 1 23 7

280 88.75 100 3 43 7 58.75 66 5 28 13

290 100.12 113 1 49 0 70.12 79 3 34 6

300 111.81 126 4 54 12 81.81 92 6 40 2

310 123.53 139 6 GO 8 93.53 105 8 45 14

320 135. 152 6 66 1 105. 116 5 51 7

Elasticity Height of Mercury Temperature Pressure

per Square Inch, in

lbs. Avoirdupois.

in in of

FahrenheitAtmosphere. Inches.

1 29.92 212. 14.61

n 44.88 234. 21.92

2 59.84 251.6 29.23

3 89.76 275. 43.84

4 119.69 293.4 58.46

5 149.61 309.2 73.07

6 179.53 322.7 81.69

7 209.4S 334.4 102.30

8 239.37 343.4 116.92
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essential to the practical engineer, but of the greatest interest to the scientific

engineer. They differ in no very material point from other calculations thst

have been made, and are quite near enough to be adopted as a standard for

guidance in mechanical operations.

The volume of steam into which a given quantity of water expands, depend!

upon the pressure of the steam. At the temperature of 212° , one volume of

water furnishes nearly 1,800 volumes of steam, of a pressure equal to that of the

atmospheric, or about 151bs on the square inch. With an increased presort

its bulk is diminished, but in what ratio is not quite settled. From the experi

ments of Mr. Southern and also those of MM. Clements and Desonne,»il

conducted with great care, the same law appears to hold good with respect to

steam, as with other teriform fluids, that the density is directly as the pressure,

or the volume inversely as the pressure. Thus, if at the pressure of tit

atmosphere or ISlbs per square inch 1 volume of water will furnish 1,800

volumes of steam ; at the pressure of 2 atmospheres or 301bs, it will give 900

volumes ; at4 atmospheres 450 volumes, &c. and this is the theory most generally

adopted.

The motion of steam engines is derived from the following causes, namely:—

First, From the direct pressure of steam upon the piston. Second, From the

condensation of steam on one side of a piston, and by the vacuum thus effected

obtaining the pressure of the atmosphere on the other side. Third, From tht

combined action of the pressure of steam on one side of a piston, and of a

vacuum on the other side effected by condensation. To these may oe added i

fourth, which, for want of a more appropriate term, has been called the "reaction'

of steam. The theory of the action in each case we will now briefly explain.

It has already been observed that water when converted intostcam is increisfti

in its bulk about 1800 times, at atmospheric pressure. It follows that a cubi:

inch of water will furnish a cubic foot of steam. Let us suppose a cylinder

whose area is equal to one square foot, to contain a cubic inch of water; on tb<

surface of which rests a steam tight piston, but which is free to move without

friction, and that the weight of the piston is counterbalanced by a weight ap

pended from a line running over a pulley. If heat be now applied to the

bottom of the cylinder, and the water be thereby converted into steam, tbt

piston will be raised one foot high in the cylinder. In this case, however, no

mechanical power is obtained, as the steam has merely overcome the pressure

of the atmosphere. But let us suppose that in addition to the pressure of tht

atmosphere upon the piston, a load equal to ISlbs upon each square inch ofits area,

be placed upon it ; the pressure of the steam will in this case be doubled, and will

consequently raise the piston six inches in the cylinder ; and the mechanic*!

effect willbe, 144 times l.'ilhs raised through the space of 6 inches. If the load

upon the piston be increased to 30lbs, making with the pressure of the atmo

sphere 451bs, the pressure of the steam will be trebled, the piston will be raiwd

4 inches in the cylinder, and the effect will be 144 X 15 through the space of

4 inches, exceeding the former effect in the ratio of 120 to 90 : had the load

been increased to 451bs, exclusive of the atmosphere, the piston would h»ve

been raised through 3 inches, and the effects would have been as 135 to 90.

The cause of this increase of mechanical effect, by an increased pressure of

steam, is, that in each Instance, in addition to the mechanical load to be mored.

there is the pressure of the atmosphere to be overcome, which in the first case

amounted to one half the whole load, but in the last case to only one fourth of

the whole load; the greater the pressure therefore of the steam, the greater the

mechanical effect, or rather the smaller the loss of effect. But consideration*

of safety, and other circumstances, prevent this principle from being carried to

a great extent in practice.

To illustrate the principle upon which the condensation of steam tends to

produce a mechanical power ; let us suppose that in the before described cylin

der, the cubic inch of water has formed a cubic foot of steam, the pressure of

which just balances the pressure of the atmosphere upon the piston, which will

then be raised one foot nigh in the cylinder; if by any meant the steam b«

suddenly condensed and reduced to one cubic inch of water, a vacuum will bt
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formed beneath the piston, and the pressure of the atmosphere upon its surface,

being no longer balanced by that of the steam beneath, will carry the piston to

the bottom of the cylinder, with a force of 151bs upon each square inch of its

surface, or 2,160lbs in the whole. And if a weight of 2,1601bs be supposed to

be attached to the line to which the counterbalance is hung, it will, by the

descent of the piston in the cylinder, be raised one foot high ; the mechanical

effect therefore in this case is 2,1601bs raised 1 foot high. The above may be

taken as an illustration of the principle of the atmospheric engine, as it is

termed, which is the first form of the steam engine, in which the force of the

steam was transmitted through a piston.

As respects the third mentioned cause of motion in steam engines, viz. the

force produced by its pressure, combined with thatresulting from its condensation;

—the pressure of the steam is substituted for the pressure of the atmosphere,

to impel the piston into the vacuum formed within the cylinder by the conden

sation of the steam. In this case the reader must suppose the cylinder before

described to be fitted with a steam-tight cover, through a hole in which a rod

attached to the piston works steam-tight, and that upon this rod is placed the

load to be raised. If a vacuum be formed above the piston, and the cubic inch

of water below the piston be converted into steam, the piston will be raised

through a space which will be inversely as the amount of the load ; thus, if the

load be equal to 151bs upon the square inch, it will be raised 1 foot high ; i

JlOlbs per square inch, it will be raised only 6 inches ; and so on, the product of

the weight, multiplied by the space through which it is raised, being equal in all

cases. Theoretically considered, therefore, the mechanical effect of a given

quantity of water, converted into steam, is the same whatever the pressure of

the steam may be; and is equal to that produced by the effect of the pressure

of the atmosphere against a vacuum. But it is advantageous on many accounts,

in practice, both to substitute the pressure of the steam for that of the atmo

sphere to impel the piston, and also to increase its elastic force beyond that of

the atmosphere.

With respect to the fourth cause of motion in engines;—if steam be made to

flowfrom a centre along a hollow arm, and to issue in a jet, near the extremity,

in a direction at right angles to such arm, it will impart a rotary motion to the

arm in an opposite direction to that of the jet. This motion is attributed by

many to the " re-action" of the steam against the atmosphere, which is supposed

to form the abutment to the steam. But this explanation is clearly incorrect,

unce engines constructed upon this principle of action will revolve in a close

cuing in which a vacuum it maintained.

Another, and, as it appears to us, the true theory, is that it results from a dif

ference of pressure on the opposite side of the arms ; which may be illustrated

thus. Let a a in the diagram be supposed to represent two hollow arms, capable

of motion upon a hollow axis b, through which steam is admitted to the arms.

If these arms have no outlet, the pressure of the steam will be the same in

very part of their surface ; and there being no issue of steam, no motion will

Uke place. But if a small aperture be made in each arm at c c, the steam will

null out through them, and the pressure upon that side of the arms will be

amoved; whilst it will continue to be exerted upon the opposite points of the

irmj at d d, and the arms will therefore revolve in the direction of the arrows.

Having now explained the theory of the several causes of motion in the steam

engine, we shall proceed to show tlie practical application of them, by the

»OL. n. 4 L
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description of a scries of different engines, that are actuated by those several

causes of motion ; in doing which we shall introduce them in the order of their

discovery, our space not admitting of a historical detail of the successive step

by which the steam engine became the powerful and elaborate machine which

it now exhibits.

The earliest contrivance of which we have any account, for making use of

the force of steam, is of unknown date. It is generally called Hero's enginr.

and though posterity is really not indebted to him for the invention, it is still

more beholden to him for the bequest of his description, than if he had been

the inventor and omitted to describe it.

Hero, the elder, was the son of a Greek, settled at Alexandria, who flourished

about 130 years before the Christian era. In his work entitled Spiritalia, he

describes, among other ingenious machines, three modes in which steam might

be employed as a mechanical power ; to raise water by its elasticity, to elevau

a weight by its expansive force, and to produce a rotary motion by its rearlhi

on the atmosphere. Although these contrivances only took the shape of pluV

sophic toys, we have in them the undoubted germs of the vast power which m

present modification permits. Hero in the introduction to his work profess^

to have made himself acquainted with the works of his predecessors and con

temporaries ; and, unwilling that they should perish or be overlooked, described

them, that they might be better and more generally understood ; so that it b

probable the properties of expansion and contraction of steam were known

long prior to the time in which he flourished.

The following is a brief description of the

machine described by Hero for producing a

rotary motion; the leading features of which

have been the subject of several patents,

taken out by uninformed persons ; and there

are several machines now in use on the same

principle.

Hero's engine consisted of a hollow globe,

having tubular arms, extending from it ra

dially in opposite directions; and each of

these tubes had a small opening on one of its

sides near the extremity. The globe was

suspended upon horizontal centres, one of

which was hollow, and admitted steam, from

a caldron situated beneath, with a fire un

der, into the hollow globe, which passing

through the radiating tubular arms, issued

laterally againstthe atmosphere, and produced

a rotary motion, in the same manner as water ■

produces that of Barker's mill.

At a is a caldron of water with a fire

underneath it. The caldron is closed at the top, except at the pipe J, which >>

bent horizontally at c, and forms one of the two centres ; the other is not visible,

as it is behind b <•; (I is the hollow globe, e e the hollow arms, btnt at / into

right angles, for the emission of the steam in that direction.

The next proposal for the useful application of steam as a motive power, is

to be found in a work by Solomon De Caus, an eminent French mathematicUr.

and engineer, published in 1615, entitled, " Les liaisons des Forces mouvantes,

avec divers Desseins de Fontaines." The following description will explain

the principle of his invention, a is a spherical vessel placed over a fire, it i«

furnished with two pipes o e. The pipe * is open at the top and reaches down to

the bottom of the vessel a: the pipe 6 is furnished with a cock d and funnel <■:

the vessel being filled with water, and fire applied, steam is speedily generated

on the surface of the water, and having no other way to escape, (the cock d being

ahut,) presses on the surface and so forces the water up the tube e into

the air, causing a jet, which varies in proportion to the elasticity of the steam

within. It is upon the strength of the above invention, that De Caus has b>
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many been regarded as the inventor of the steam engine; and although we

cannot quite concur in this opinion, we certainly regard him as entitled to

great credit; for although the arrangement was such as could not be beneficially

applied in practice, we have here the

distinct announcement of one of the

principles upon which Savery, nearly

a century afterwards, constructed his

engine, which is the first effective one

on record.

In 1663 the Marquis of Worcester

published a small tract entitled, " A Cen

tury of the Names and Scantlings of

such Inventions as he had tried and per

fected." In the 68th article of this

Century he gives an inflated, boastful

account of his " fire water-work," and in

so obscure and contradictory a manner,

that every commentator and writer on

the steam engine, who has attempted

to make out something reasonable from

the pretended description, has been com

pelled to contrive and arrange what

probably never entered into the imagina

tion of the Marquis. Nevertheless, by

many writers, implicit credit seems to

be given to his assertions, and be is

regarded as the inventor of the steam

engine!

As far as the principle of his apparatus

can be understood from his account, it

appears to be the same as that which

had been discovered, and much more

clearly described, by De Caus fifty years before.

Although various expositions of the properties of steam, and suggestions lor

their application to move machinery, continued to be made from time to time

by various persons, it is to Thomas Savery that we are indebted for the practical

introduction of the steam engine as a moving power.

The following figure and description, nearly in Savery 's own words, will illus

trate the nature of his engine.

The first thing is, to fix the engine in a good double furnace, so contrived that

the flame of your fire may circulate round and encompass your boilers, as you do

coppers for brewing. Before you make any fire, unscrew G and N, being the

two small gauge pipes and cocks belonging to the two boilers; and at the holes

fill L, the large boiler, two-thirds full of water, and L), the small boiler, quite

full. Then screw on the said pipes again, as fast and as tight as possible. Then

light the fire at b, and when the water in L boils, open the cock of the first ves

sel P, (shown in section,) which makes all the steam rising from the water in L

pass with irresistible force through O into P, pushing out all the air before it

through the clack K; and when all is gone out, the bottom of the vessel P will

be very hot; then shut the cock of the pipe of this vessel, and open the cock of

the other vessel P, until that vessel has discharged its air through the clack R

up the force-pipe S. In the mean time, a stream of cold water [supplied by a

pipe connected with the discharging pipe, but not shown in the cut,] has been

made to pass over the outside of the vessel P, which, by condensing the steam

within, a vacuum or emptiness is created; so that the water from the well must

and will necessarily rise up through the sucking-pipe, (cut off below M,) lifting

up the clack M, and filling the vessel P.

The first vessel P being thus emptied of its air, open the cock again, and the

force of steam from the boiler presses upon the surface of the water with an

clastic quality like air, still increasing in elasticity or spring, till it counterpoises
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or rather exceeds the weight of water ascending in the pipe S, out of which the

contained water will be immediately discharged when once gotten to the top,

which takes up some time to recover that power ; but having once got it, ud

being in work, it is easy for one that never saw the engine, after half an hoar'i

experience, to keep a constant stream running out the full bore of the pipe. On
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the outside of the vessel you may see how the water goes out, as well as if the

vessel were transparent; for as far as the steam continues within the vessel, »

far is the vessel dry without, and so very hot as scarcely to endure the least touch

of the hand. But as far as the water is, the said vessel will be cold and wet where

any water has fallen on it, which cold and moisture vanish as fast as the steam,

i is descent, takes place of the water; but if you force all the water out, the steam,

or a small part thereof, going through P, will rattle the clack, so as to pirc

sufficient notice to change the cocks, and the steam will then begin to force upon

the other vessel, without the least alteration in the stream; only sometimes the

stream of water will be somewhat stronger than before, if you change thecoct*

before any considerable quantity of steam be gone up the clack K : but it U

better to let none of the steam go off, for that is losing so much strength, snJ

is easily prevented by altering the cocks some little time before the vessel t=

emptied.

The wood-cut represents two reservoirs, P P, designed for alternate action; the

tube E conveys water from the discharging pipe, to replenish the boiler L, when

tin/ water in it is almost consumed ; and this is done by keeping D supplied

with water, and (lighting the fire at B) generating a sufficiency of steam li

press the water into L, through the pipe K. This will convey a tolerably

correct idea of Savery's engine, and the mode of its operation, lie gives no

proportions of its parts, nor perhaps had he established any rule of action. He

appears to have considered the strength of his machine to be the only limit to

be observed; " for," says he, " I will raise you water 500 or 1,000 feet high,

could you find us a way to procure strength enough for such an immense

weight as a pillar of water of that height. But my engine at 60, 70, or 80 feet,

raises a full bore of water with much ease."

Such was the machine which first solved the problem, which bad so lorn:

occupied the attention of many ingenious and talented men, of employing the

power of steam as an auxiliary to, or substitute for, the other source* of

mechanical power then known. In simplicity of construction and of action.
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and in its perfect freedom from friction, the machine has never perhaps been

exceeded, although it was subsequently superseded by Newcomen's engine, when

it was required as a machine to raise water from great depths ; yet from the

fewness of its parts, and from its little liability to derangement, it was

occasionally employed, until a very recent period, in cases where great power

was not required.

Various contrivances were supplied by different persons, by which it was

rendered self-acting. In 1819 Mr. Pontifex of Shoe Lane, London, obtained a

Patent for improvements in this description, and erected an engine upon this

principle at the City Gas Works, which we shall subsequently notice.

Although Savery's invention proved of. considerable utility, yet it possessed

certain inherent defects which greatly4 limited its sphere of action. The

principal of these defects were, first, the great strain to which the boilers and

cteam vessels were subjected; for the force of the steam being exerted directly

upon the surface of the water to be raised, the pressure of the steam was re

quired in all cases to exceed that of the ascending column of water. The

second, and perhaps even greater, defect was the enormous consumption offuel

occasioned by the steam vessel at each successive discharge, being alternately

raised to the temperature of the steam, and cooled down to the temperature of

the water.

Scarcely had Savery's engine been brought sufficiently into operation to call

attention to the defects we have noticed, when by a different application of

one of the principles, a machine of a totally different character was produced

by which the first of these defects was completely obviated. This was the

atmospheric engine invented by Thomas Newcomen andJohn Cawley, the formera

blacksmith, and the latter a glazier, in the town of Dartmouth, in Devonshire.

Instead of applying the pressure of the steam directly upon the surface of the

water, they employed the steam to produce by its condensation a vacuum

beneath a piston, moving in a cylinder and exposed to the atmosphere, and the

power thus acquired they applied to work pumps through the intervention of

a beam. By this arrangement, the pressure of the steam was not in any case

required to exceed that of the atmosphere, as by assigning suitable proportions

to the steam cylinder and the pumps, or to the arms of the beam, they could

raise the water to any required height.

The figure on the following page (from an old engraving), will perhaps assist

the reader's comprehension.

a represents the boiler; b the safety-valve ; c the cylinder, open at the top,

but closed at the bottom, in which there are three holes, d e f; e the passage

for steam from the boiler; d admits a jet of cold water from the reservoir g, for

the condensation of the steam; f the exit passage for condensed steam and

water; h the piston, working air-tight in the cylinder, by packing; i the beam

or loggerhead, for the purpose of transmitting the motion, of the piston to the

pumps in the mine.

A sufficient quantity of steam being first formed in the boiler, the attendant

pushes the handle or lever which he holds down to j, which, by the wheels and

band, opens the cock /.:. and allows the steam to enter tiie cylinder. The steam

being only sufficient to equal the pressure of the atmosphere, will not of itself

lift the piston and loggerhead ; jt is therefore necessary that some means should

be adopted to aid its ascent. This is done by means of the weight or counter

poise/; so that by the force of the steam and gravity of the counterpoise, the piston

is elevated to the top of the cylinder, and forces down the pump-rod m into the

pump below. When this is effected, the attendant returns the handle to its

original position (shown in the cut), which prevents the admission of more steam

from the boiler, and, at the same time, opens the cock n, so as to admit a small

quantity of cold water from the reservoir g into the cylinder; this, by dispersing

itself among the steam, almost instantly condenses it, so that a void is at once

obtained; and the pressure of the atmosphere meeting no longer with resist

ance, presses upon the external surface of the piston, and, by its descent to the

bottom of the cylinder, raises the pump bucket in the mine. The handle is

again depressed toj, which allows fresh steam to enter the cylinder and elevate
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the piston as before. To prevent the accumulation of water in the cylinder,

the eduction pipe o is of such length that the weight of a column of water
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within it exceeds that of a column of the atmosphere; so that it runs off byte

own gravity.

Froc; the superiority of the principle of Newcomen's engine over Savery'i it

soon superseded the latter, and it came gradually into very general use for

draining mines, receiving from time to time various important improvements,

in the mechanical details of the arrangement, from various ingenious person*

particularly the celebrated Smeaton. Our limits will not allow us to noticf

each of these as they occurred, we shall therefore proceed at once to tht

inventions of the great Watt, which completely altered the character of the

engine, rendering it almost universally applicable, as a prime mover cl

machinery.

Prior to the introduction of Mr. Watt's improvements, the condensation of

the steam in even the most improved arrangement of the atmospheric engine

took place in the cylinder in which the steam operated, as it had done in iu

predecessor Savery's engine. The waste of fuel from this cause we have

already pointed out, but in addition to this evil there was also a direct loss w

power, owing to the vapour which was given out by the injection water, and

which materially affected the vacuum. The attention of Mr. Watt was drawn

to the subject about the year 17G3. He was at that time a young man recently

established in business at Glasgow, as an optician, and holding likewise lW
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appointment of mathematical instrument maker to the University of Glasgow,

and, having to repair a small model of a steam engine belonging to the

Institution, upon setting the machine to work after completing the repairs, he

was struck by the great quantity of steam consumed by the engine : upon re

flection lie perceived that this was owing to the heat abstracted from the

cylinder and piston at each stroke, during the formation of the vacuum. This

led him to institute a series of experiments, in the course of which he became

acquainted with the leading facts upon which the theory of latent heat w

founded, and at length, after much patient investigation, he hit upon the grand

idea which forms the basis of his fame—the separate condenser, whereby he

was enabled to produce the desideratum he had been in search of, viz., a

perfect vacuum with a hot cyh'nder.

The detached condenser consisted of a close vessel, in which a jet of water

could be produced, and connected with the bottom of the cylinder by a pipe

closed by a valve. During the ascent of the piston by the operation of the

counterpoise, this valve remained closed, and the steam was admitted to flow

through a valve from the boiler to the cylinder below the piston. When the

piston had attained its highest point, the communication with the boiler was

closed, and that with the condenser opened, and the steam rushing into the

condenser was quickly condensed by a jet of cold water, and a vacuum esta

blished in the condenser and cylinder, causing the piston to descend by the pres

sure of the atmosphere. The air and injection water which collected in the con

denser at each stroke were removed by an air-pump worked by the engine beam.

The success of this improvement realised his most sanguine expectations,

and confirmed his opinion of the importance of maintaining the temperature of

the cylinder as high as possible. With the view therefore of preventing the

loss of heat from the exposure of the interior of the cylinder to the air, his

next improvement was to exclude the air from the cylinder, by an air-tight

cover, having an aperture for the passage of the piston rod, which worked in an

air-tight manner, by means of a contrivance which he called the "stuffing box. "

In this arrangement, the upper side of the piston was continually exposed to the

pressure of the steam during the working of the engine, and a valve called the

" equilibrium" valve, was introduced, by which the steam could be admitted to

the under side of the piston. During the ascent of the piston, the eduction

valve was closed, and the equilibrium valve was kept open, and the pressure

upon each side of the piston being thereby rendered equal, the piston was

raised to the top of the cylinder by the action of the counterpoise. The equi

librium valve was then closed, and a vacuum being established within the

cylinder by opening the passage to the condenser, the pressure of the steam

upon the upper side of the piston carried the latter to the bottom of the cylinder.

By this arrangement the engine became, in the strictest sense of the term, a

" steam engine," depending 'in no way upon the pressure of the atmosphere,

and constituting in fact, in its leading features, the pumping engine employed to

this day in the mining districts.

The last grand improvement was the rendering the engine double acting, by

causing the pressure of the steam to operate during the ascent as well as the

descent of the piston ; and to obtain a rotatory motion from the rectilinear

movement of the piston. This may be considered the crowning improvement;

from being limited almost exclusively to the purpose of lifting water, the engine

became universally applicable as a prime mover, and its utility was increased a

hundred-fold.

But it was not merely to the principles upon which the action of the engines

depended that Mr. Watt confined his care ; every part of the engine occupied

His attention, and received improvement at his hands.

To give a detailed account of all these improvements as they rapidly

succeeded each other, would far exceed our limits, we therefore refer the reader

to the accompanying cut, which represents the engine in its matured state, with

most of the material improvements embodied.

a the cylinder : c the stuffing-box, through which the piston rod passes. The

stuffing-box consists of a short tube, caat upon the cylinder cover with a flani'li
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and screw-holes round its upper edge ; the interior is supplied with some uft

substance (hemp or cotton) to surround the piston rod ; and upon the carer of

the box is formed a ring or gland which fits into the box, and being screwed

down upon the stuffing, presses it closely round the piston rod, and thereby

prevents the escape of the steam from the cylinder. -• is the working

beam, resting upon its centre <•, and connected at one end to the piston rod,

at the other to the bar/. To the cylinder a (which, in this modification, hi-

no external jacket) is attached a tube, through which the steam is allowed to

pass above and below the piston, through the pipe Z, connected with the

boiler; in this tube are placed valves, one above and one below the point

of junction with Z, which are moved by external levers. Now, supposing

the blowing-valve to have been opened, and the vacuum formed in tht

condenser in the manner before described, the steam rushing through the

upper elbow of the tube upon the piston, forces it to descend to the bottom

of the cylinder ; by this action the lever 1 is turned downwards, by mean)

of tappets placed on the pump rod 4, and shuts that valve ; whilst 2, on a

pipe behind that which we see, opens a passage to the condenser. The lent

3 is at the same time opened, admitting steam under the piston, which con

sequently ascends. 5 is a rod connected with the discharging-pump attached to

the condenser ; 6 a small pump, which supplies the boiler with heated water

from the condenser.

The vertical descent of the piston rod (through the stuffing box) by its attach

ments to the beam, is explained in the article PARALLEL MOTION, and need not

here be repeated.

Mr. Watt had employed the fly-wheel, in order to equalize the motion of the

piston in the cylinder (see article FLY) ; but as it became an important object

to convert the alternate motion into a rotary pne, he applied himself to the

discovery of a ready means of effecting it. The crank (see article CRANK) could

have been appropriated to this purpose ; but a patent was at that time in force

for the exclusive adaptation of it by another ; and as some dispute had arisen

upon the subject, Watt was compelled to resort to some other mode, by which

a similar effect might be achieved, without the invasion of another's privilege.

This ended in the construction of what is now known by the name of the SM-

and-Planet wheels, the action of which ia as follows :—the bar f (an inflexible

rod) is attached at one end to the working beam, and at the other to 4, a toothed

wheel that can revolve upon its axis ; o is likewise a toothed wheelfixed to the

fly. As the beam rises the planet wheel h is drawn up on the circumference of

the sun wheel, and turns it round, causing the sun wheel to make two revolution;

while the planet wheel travels once over its circumference ; the momentum of

the fly being sufficiently powerful to preserve the tendency of the machinery to

revolve in the same direction during the change of motion in the piston, and to

urge the planet wheel over the inactive points in its circuit, the continued rotary

motion becomes at once effected, and with this advantage, that as the fly makes

twice the number of revolutions it would make by the common crank, a lighter

body of material composing the fly is required. There are, however, several

disadvantages attending this mode of converting an alternate into a rotary

motion, such as being more complex, expensive, and liable to derangement

One of the last improvements made by Watt upon his engines was the

application of a fine piece of mechanism which had been previously used fef

other objects—the governor or regulator. The invention has been ascribed, but

improperly, to Watt ; and although it is said that the notion of applying it to

steam engines was first suggested by a Mr. Clarke of Manchester, it does not

appear that he ever carried it into practice. The governor i is composed of two

balls, fixed each to a lever attached to other and shorter levers, u u, above the

point ofjunction, the latter being fixed by a moveable joint toa slider, Amoving

freely on the vertical rod ». The horizontal lever to H has a fulcrum, and raises

or lowers another lever H Z, which is attached to a valve inside the steam-pipe

at Z. On the pulley is a cord q proceeding from the fly-wheel ; by this meant

a rotary motion is given to the vertical rod, and the balls by their centrifugal

force (vide article) rising outwards, draw downwards the slider; which movement
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raises the opposite end of the horizontal lever H, which acting on the lever

couuected to it, opens or abuts (as it may be adjusted) the valve Z inside the

 

•team pipe, and diminishes or enlarges the area by which the steam flows into

the cylinder. The fall of the balls when the motion decreases, reverses all
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these movements, of course ; and by thus enlarging or contracting the steam-

way, and admitting more or less steam into the cylinder, the impulse of the

piston is rendered much more uniform. The valve in this part of the steam-

pipe is now called the throttle valve, and the regulating pendulum the governor

An important improvement of Mr. Watt's was carried into practice in 177S.

It consists in shutting off the steam from the cylinder, some time before the

piston has completed its stroke, so that the remainder may be performed by the

expansion of the steam already contained in the cylinder. This serves a» a

method of regulating the acting force of the engine, because, as the steam can

be shut off at. any part of the ascending or descending stroke, so much steam

may be admitted as barely to carry the piston through its required motion, and

by the adjustment of the valve gear, the quantity of steam admitted may

at all times be varied in an instant. If this were the only advantage, it is a

great one ; but it will be seen that a great saving of fuel will likewise be

effected by this method.

We shall endeavour to explain -this more clearly by the aid of a diagram.

The pressure of steam, as ascertained by numerous and carefully conducted

experiments, is so nearly in direct proportion to its density, that for practical

purposes it may be assumed to be in that ratio ; and its density is of course

inversely as the space occupied by it. Having premised thus much, let a 1 el

represent a cylinder into which the steam flows during the

whole period of the stroke ; at the end of which, or when

the piston arrives at 1 c, the steam is discharged from the

cylinder ; then the effect being as the pressure of the steam

multiplied by the space through which it acts, which

pressure is in this case the same throughout the stroke, if

the line a h represents the pressure, and a 1 the space through

which it acts, the area of the rectangle a 1 c h will represent

the effect.

Now let ab fh represent another cylinder of the same

diameter as the former, but four times as long, and let it be

supposed that only the same quantity of steam is admitted

as before, the steam being cut off when the piston has

reached to the position c 1 , which is only J of the stroke in

the cylinder a b ; the piston will in this case continue to

descend, but the pressure upon it will gradually decrease; and when the piston has

made half its stroke, as the original volume of steam a 1 will then be expanded

into double its bulk, or occupy the space a 2; its density, and consequently

its pressure, will only be half as great as at the moment at which it was cut oil.

or when the piston was in the position c 1 ; therefore if the line c 1 represent

the full pressure of the steam, the line d 2 will represent its pressure at the

position 2. At the end of the stroke, or when the piston arrives at/i, the

steam will be expanded into four times its original volume ; consequently its

pressure will then be only one fourth of its original pressure, and will be

represented by the line b e.

In this case thetotaleffectof thesteam will be represented by the area hce 61 «

which exceeds the effect of the steam in the first supposed case, by the area

e d e b 1, which therefore represents the increase of power due to the expansive

action of the steam.

The curve e d e represents the ratio in which the pressure of the stesm

decreases as the piston descends in the cylinder, and if we deduct the area

included by the points c defc, from the area of the rectangle c 1 b f, we shall

obtain the area of the figure ceil, which represents the effect of the expansive

action. Now, as the curve c d e differs but little from a parabola, the mean

pressure may be readily computed by the following rule. It is only an

approximation, but it is sufficiently near the truth for all practical purposes, so

long as the steam does not expand to more than four times its original volume,

and within those limits gives a result rather below the true one.

Rule.—To the pressure of the steam, above the pressure of the atmosphere,

add 15 lbs per square inch for the atmospheric pressure, and call the sum the

A a

c 9

A—i
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total pressure of Hie steam ; square the fraction of the stroke during which the

steam acts expansively, and deduct ^ of the product from unity, and the

remainder, multiplied by the total pressure, will be the mean pressure, after

deducting 15 Ibs for the pressure of the atmosphere in the case of non-con

densing engines.

Example in a non-condensing engine ; suppose the pressure of the steam, at

the commencement of the stroke, to be 45!bs per square inch above the

atmosphere, and that the steam is cut off at i of the stroke: required, the mean

pressure of the steam.

First Full pressure 45 lbs

Atmosphere 15 ..

Total pressure 60 lbs

Then. Steam cut off at J ;..... -25 ..

Expands throughout J -75 ..

Which is to be squared '75 ..

375

526

•5625

Deduct -ft '7

•39375

From unity : . • • 1.

• 60625

Multiply by total pressure ........ 60 Ihs

36-37500

Deduct for atmospheric pressure 15

Mean pressure 2T375 lbs

The mechanical effect being as the pressure of the steam, and the space

through which such pressure is exerted, the effect of the steam whilst acting at

full pressure in the above example, will be as 45lbs through a space 1 = 45,

but the total effect will be as 21-3751bs through a space 4, which is equal to

85-5, or nearly double the former, and shows the great advantage to be derived

from using steam expansively. There are, however, in practice certain limitations

to the extent to which steam may be allowed to expand, for independently of

the inconvenience of the great size of the cylinder when the expansion is

carried to an extreme, the pressure of the steam upon the piston should

never be less than the resistance from the friction, &c. added to the pressure of

the atmosphere in non-condensing engines, or the pressure of the non-condensed

steam in condensing engines; hut in the preceding example, the pressure

at the end of the stroke is merely equal to that of the atmosphere. Mr.

Tredgold gives the following rule for ascertaining the point at which the steam

should be cut off, so as to produce the greatest effect :—

Divide the amount of the friction, &c. added to the pressure of the atmosphere,

in non-condensing engines, or of the non-condensed steam of condensing

engines, by the pressure of the steam in the boiler, and the quotient will give

the proportion of the stroke at which the steam should be cut off.

Example.—The pressure of steam in the boiler being equal to 120 inches of

mercury, the loss from friction. &c. (reckoned as £ of the whole) is 48, which

added to 30 inches for the pressure of the atmosphere is 78, and this divided
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by 120 gives -fif^ as the part of the stroke at which the steam should be

cut off.

The principle of expansion was subsequently adopted by Hornblower, who

in 1781 obtained a patent for an expansion engine, arranged as exhibited in

the accompanying cut, of which the following is a description extracted from

the Enfijcloptrdiii Britunnica.

 

Let A and B represent two cylinders, of which A is the largest ; a piston

moves in each, having their rods C and D moving through collars at E and F.

These cylinders may be supplied with steam from the boiler by means of the

square pipe G, which has a flange to connect it with the rest of the steam-pip*.

This square part is represented as branching oft to both cylinders ; c and d are

two cocks which have handles and tumblers asnsual, worked by the plug-beam W.

On the fore side of the cylinders is represented another communicating pipe,

whose section is also square, or rectangular, having also two cocks, a i. The

pipe Y immediately under the cock b establishes a communication between th*

upper and lower parts of the cylinder B, by opening the cock 6. There is a

similar pipe on the ether side of the cylinder A, immediately under the cock a.

When the cocks c and a are open, and the cocks b and d are shut, the steam

from the boiler has free admission into the upper part of the small cylinder B,

and the steam from the' lower part of B has tree admission into the upper p»rt

of the great cylinder A ; but the upper part of each cylinder has no communi

cation with its lower part. From the bottom of the great cylinder proceeds the

eduction pipe K, having a valve at its opening into the cylinder ; it then bend*
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downwards, and is connected with the condenser. Lastly, the pump-rods cause

the outer end of the heam to preponderate, so that the quiescent position of the

br&m is that represented in the figure, the pistons being at the top of the

cylinder. Suppose all the cocks open, and steam coming in copiously from the

boiler, and no condensation going on in L, the steam must drive out all the air,

and at last follow it through the valve Q. Now shut the cocks b and d, and

open the escape-valve of the condenser; the condensation will immediately

commence, ana draw off the steam from the lower part of the great cylinder.

There is now no pressure on the under side of the piston of the great cylinder A,

and it immediately descends. The communication Y between the lower part of

the cylinder B, and the upper part of the great cylinder A being open, the

steam will go from the lower part of B into the space left by the descent of the

piston A. It must therefore expand, and Its elasticity must diminish, and will

no longer balance the pressure of the steam coming from the boiler, and pressing

above the piston of B. This piston, therefore, if not withheld by the beam

would descend till it came in equilibrio, from having steam of equal density

above and below it. But it cannot descend so fast, for the cylinder A is larger

than B, and the arch of the beam, at which the great piston is suspended, is no

longer than the arm which supports the piston of B; therefore, when the piston of

B has descended as far as the beam will permit it, the steam between the two pistons

occupies a larger space than it did when both pistons were at the top of their cylin

ders, and its density diminishes as its bulk increases. The steam beneath the small

piston is, therefore, not a balance for the steam on the upper side of the same, and

the piston B will act to depress the beam with all the difference of these pressures.

The slightest view of the subject must show, that as the piston descends, the

steam that is between them will grow continually rarer and less elastic, and

that both pirtons will draw the beam downwards. Suppose, now, that each one

had reached the bottom of its cylinder : shut the cock a, and the eduction

valve at the bottom of A, and open the cocks ''• and d. The communication

being now established between the upper and lower part of each cylinder, their

pistons will be pressed equally on the upper and lower surfaces; in this situation,

therefore, nothing hinders the counter-weight from raising the pistons to the

top. Suppose them arrived at the top : the cylinder B is at this time filled with

steam of the ordinary density, and the cylinder A, with an equal absolute

quantity of steam, but expanded into a larger space. Shut the cocks 4 and d,

and open the cock a, and the eduction valve at the bottom of A, the condensation

will again operate, and cause the pistons to descend ; and thus the operation may

be repeated as long as steam is supplied; and one measure full of the cylinder

B of ordinary steam is expended during each working stroke.

Professor Robison gave a seriesof elaborate and highly interesting calculations,

by which, unluckily for the ingenious inventor, it was demonstrated, that the

same effect only is produced in this, as in Mr. Watt's expansion engine ; and

these calculations were confirmed by the practice of those which Hornblower

erected. Although he made an unsuccessful application to Parliament for an

extension of the term of his patent, it does not appear that his engine obtained

public patronage or approbation.

After the expiration of Watt's patent, the condensing engine, under the hands

of different manufacturers, assumed a variety of forms. The accompanying cut

represents a portable engine of 12 horse-power, as constructed by Messrs.

Rothwell, Hick, & Rothwell, of Bolton.

This engine consists, in the first place, of a large cast-iron plate, firmly bolted

to stone or brick-work, on which the whole of the materials are fixed. The

beam with all its appendages is by this means supported, without being at all

connected with the building, by a double diagonal frame, one half surmounted

by an entablature plate, to which the bearers or spring beams are attached, that

receive the studs or centres of the radius rod of the parallel motion, the

extreme ends of which are supported by a pillar resting on a bracket projecting

from the back of the cylinder. The pedestals in which the gudgeon of the beam

works, rest on the entablature plate, and are firmly secured by bolts passing

through the whole. The side walls on which the foundation plate acts are so
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far asunder as to allow a sufficiently wide recess to receive the condensing cittern,

with its air-pump3 and condenser, hot and cold water pumps, ax well as to (fiord

room for getting down to secure the ends of the bolts. The governor a sup

ported by a standard placed directly over the crank shaft, and is turned by i

single pair of bevel wheels. The upper part of it is hollow, to receive a mull

 

rod, that is attached by 8 cross pin to a brass sliding socket, which is connected

with the governor arms by two small links, and partakes of the motion commu

nicated to them by the movement of the balls. The small rod has a communica

tion with the throttle-valves, by means of the levers fixed to the ceiling of th*

engine-house.

The kind of boiler attached to this engine is of the waggon-shaped kind, a full

description of which has already been given at page 198 of the first volume of

this work.

The steam cylinder and its casing are cast together in one piece; the spare

betwixt them is constantly filled with steam, which prevents any condensation

taking place within the cylinder, and serves also as a conducting-pipe for the

steam to the boxes E, containing the sliding valves, (which are generally called

D valves, from their resemblance in form to that letter,) through two separate

openings for that purpose, iu each of which is placed a throttle-valve, and on
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tneir spindles are levers, communicating by a rod with the governor, for regu

lating the speed of the engine.

The gliding-valves are packed on their circular sides with a soft substance of

hemp or flax, and in consequence of the steam being admitted to the under side

of the top valve, and the upper side of the bottom valve, they of course

require no more force to move them than what is necessary to overcome

the friction of the packing, and the surface over which they slide. The

weight of the valves and their rods are accurately counterbalanced by a

movable weight or a lever under the cylinder, and are moved by an ec

centric circle, on the fly-wheel shaft. By the arrangement of having two

throttle valves, the least difference in weight between those parts of the en

gine that are attached to the opposite ends of the working beam can be regu

lated, by allowing a little more steam to pass in the same time through either of

the valves, as may be found necessary,—thereby equalising, as much as possible,

the action of the engine. One pipe, G, only is required in front of the cylinder,

and that for the purpose of conducting the steam from the upper side of the

piston to the condenser. H, a vessel in which the condensation of the steam is

effected after its escape from the cylinder, by admitting a quantity of cold water

out of the condensing cistern I, through an injection cock, the opening of which

i« regulated by hand. The condensing cistern is supplied with water by the

cold water pump K. L is the hot water pump, used for raising water to supply

the boiler; which water passes through a small valve, and down the same pipe

that contains the damper-float. This valve is connected with a lever, having one

of its ends connected by a rod passing through a pipe with a stone float, that

rises and falls with the sur

face of the water in the boiler,

and thereby admittinga small

er or larger quantity of water,

as may be requisite. This pipe,

for the rod to pass through,

has several advantagesoverthe

method of passing it through

a stuffing-box on the boiler top ;

as, in case the hot water pump

by any accident should cease to

act, and the water get low in

the boiler, the steam would

make its escape before any

serious injury could happen,—

showing instantly that such

was the fact, the moment it

got below the end of the pipe.

The friction between the rod

and the water being so tri

fling, insures an almost uni

form regularity of action. N,

a small cistern, containing the

blow-valve, for the purpose

of allowing the air to escape

from the cylinder, &c., previous

to the enginebeingsettowork.

We shall now give an ex

ample of a common arrange

ment of the high pressure en

gine ; in which, as no airpump

is required, the beam is dis

pensed with.

h, the steam-pipe leading

from the boiler, in which is

the throttle-valve i ; j, the
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fide-pipe, in which work the slide-valves k Ic, moved by the rod I, attached

to the eccentric m, on the shaft of the fly-wheel n. o o o are brass stuffing-boxes;

p, the upper steam entrance to the cylinder; q r, the piston-rod worfcing

through the bridge s, and communicating with the crank t by the side-

rods « k,—forming a very simple parallel motion ; v v, pedestals support

ing the main shaft, the revolution of which gives motion to a pair of

bevel wheels, and thereby to the governor w, the expanding or contract

ing of the arms of which raises or depresses the collar z, and acts on the

valve i through the medium of the lever 1 and handle 2 ; 4 is the pump for

supplying the boiler through a feed-pipe (not shown) worked by the rod 5, and

eccentric 6 ; 7 7 are the metal cheeks of the frame ; 8, the metal foundation

plate, under which is a small cistern, (not shown,) containing a day's consumption

for the boiler. At the bottom of the side-pipe is an eduction-pipe, (not shown,)

from which the steam is discharged into the cistern, to heat the water for sup

plying the boiler after the steam has performed its office in the cylinder. The

periphery of the fly-wheel is round in its transverse section, and of cast iron; the

arms or radii are of wrought iron, and are inserted into the former while casting.

The subjoined figure represents an arrangement which is frequently adopted

for engines of small power; the cylinder is suspended upon axes or gudgeoni,

and vibrates to and fro during the revolution of the crank, and hence these

engines are commonly called vibrating engines. The gudgeons are hollow,

and form the steam and eduction pipes; a is the steam cylinder, b the hollow

gudgeon at which the steam enters, and whence it passes by the channel c to

the slide case d ; and a

channel similar to c con

nects the eduction passage

with the other gudgeon,

which opens into the con

denser. The gudgeons pro

ject beyond the bearings in

which they work ; and their

extremities pass through

stuffing-boxes in the steam

pipe and condensers; no

connecting rod is required,

but the piston rod is con

nected directly with the

crank pin, and during the

revolution of the crank

the cylinder vibrates upon

its gudgeons through an

arc proportioned to the

length of the crank. To

the head of the piston rod

is fixed a cap e e, which

works between the guides

//, which are bolted to the

cylinder cover, and thus

take the strain off the piston

rod in the oblique positions

of the cylinder, and as the

cylinder can be nearly

counterbalanced on its axes

in all positions, the strain

upon the piston rod is

never considerable.

This arrangement is, we believe, the invention of Mr. Witty of Hull, wko

obtained a patent for it June 5th 1813.

Partly from the erroneous notion that is extensively entertained, that there

is a loss of power in the employment of the crank to transmit the power given
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out by the piston, and partly from the advantages which would in certain pur

poses result from a circular motion of the piston upon which the steam

impinges. A rotatory engine I has long been regarded as a desideratum by

numerous theoretical and practical mechanics, and many plans have been devised

and some brought into partial operation for that purpose : from amongst these,

we select a few of the most remarkable.

Ericsson s Disc Engine. The accompanyingfigure represents a rotatory engine

invented by Captain Ericsson, which, although difficult to describe, so as to convey

a clear idea of the way in which it operates, is alike remarkable for the fewness

of its parts and the simplicity of its actions. It has no valves, the action of

the piston upon the driving shaft is at all times direct, and the engine can be

started or reversed at any position of the piston, a a is a spherical chamber formed

 

in two parts, which are joined together by flanges, and bolted to an end plate or

cover b, which is cast in one with the bed plate; c is the engine shaft, which

passes through the cover i, and has an obtuse cone d firmly fixed upon its end.

e e are two sectors or fans, fixed on to the cone on opposite radii, and fitted

with metallic packing fin their curved side: the cone d likewise has metallic

packing i round its circumference. The sectors t e pass through slits r in a

disc or circular plate g, the lower side of which is forced into close contact with

the lower side of the cone, by means of a brass bearing /, which presses

against its axis h. The disc is retained securely in its position by a spherical

nob on the end of the engine shaft, which works in a corresponding cup or

socket in the centre of the disc ; and the revolution of the shaft causes the

disc to revolve with it by the pressure of the sectors on the sides of the slits,

the lower side of the disc remaining throughout the revolution in close contact

with the lower side of the cone. > The slits in the disc gradually widen upwards

to accommodate the continually varying angle which the sectors form with the

disc during their revolution together, and to prevent the escape of steam past

their edges they are lined with a metallic packing r; the disc is strengthened

by thin flat arms s s, and has a metallic packing k round its periphery; the

upper end of its axis works in a conical bearing m, governed by a set screw

The engine shaft works in conical bearings at n n governed by set screws o o.

Fig. 2. is an end section which will serve to show more clearly the manner

in which the engine operates.

The steam passes through the neck t into the spherical chamber, through an

opening v cut through its side : this opening is of a triangular shape, and made

as wide at the top as the circular plane is there distant from the base of the

cone, and gradually tapering off downwards; w is the opening through which

the steam escapes into the atmosphere, or into the condenser (as the case

may be), through the neck y. The dotted lines shows where the cone and the

circular plane come in contact.

VOL. II. 4 N
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Steam being admitted into the spherical chamber by the neck 1 tad

opening v, and being there prevented from passing the line x by the pressure of

the disc against the cone

at that place, it presses

against the upper leaf e,

which, together with the

cone and disc, is thereby

carried round in the direc

tion of the arrow. When

the leaf has passed the

upper part of the opening

w , the steam that has been

acting upon it escapes into

the condenser, or into the

atmosphere ; but at the same

time the opposite leaf has

passed the top of the steam

opening w, which iscarried

round in a similar manner,

and thus the motion is con

tinued.

J
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If it be requisite that the engine should be capable of working with a re-

Terse motion, this may be effected by reversing the inlet and outlet passages of

the steam, by means of a four way cock, or a common slide valve.

Corder !; Locke's Breast-wheel Steam Engine.—This machine is extremely

simple in its construction, having neither piston nor valves, nor, in fact, any

rubbing parts save the axle in its stuffing-boxes and hearings. According to

the statement of Mr. Josiah Parkes, C. E., who was appointed to examine and

report upon the performances of the engine, it is fully equal in effect to cylinder

condensing engines consuming the same quantity of fuel. Mr. Parkes further

states, that if applied as an auxiliary to a condensing cylinder engine, by

causing the eduction steam from the latter to pass through the rotatory engine

before it arrives at the condenser, that an additional power equal to one third

of the power of the cylinder engine is obtained without any additional cost in

fuel, or increase of the air pump or condenser.

This engine consists principally of a wheel, revolving in an air-tight case, in

open communication with a condenser, and provided with air pumps, for keeping

up an exhaustion within the case.

The wheel is somewhat like an overshot water-wheel, and does not touch any

part of the case. It is turned by a jet of steam issuing from the steam-pipe of

the boiler, into the exhausted case, through a tube, which is inclined in the

direction of a tangent to the circumference of the wheel, so that the steam

impinges against the buckets of the wheel and turns it round with great rapidity.

The shaft of the wheel passes through stuffing-boxes at the centre of the circular

case, and is supported externally by bearings.

The motion for the air-pumps is obtained from a small double-acting steam

cylinder, independently of the rotatory engine.

Fig. 1 is an end view of the wheel, and a transverse section of the case, and

fig. 2 is a side view of the wheel, with the case in section ; a is the engine shaft,

b the revolving wheel, c the air-tight steam cases, d the steam pipe, e the throttle

valve,/ the exhausting passage, opening into g the condenser, A the injection

cock, s the cold water cistern. The exhausting apparatus is not shown.

Galloway's Rotatory Engine.—Theannexed Fig. represents a transverse section

of the engine, divested of such parts as are not required to explain its con

struction and mode of action.

a a is a cylinder, which is supported upon a frame (not shown in the figure),

and closed at each end by a cover 6, the internal surface of which is faced so

as to be a true plane ; x is a smaller concentric cylinder, into which is keyed

the shaft e, and which therefore revolves with the shaft ; c is a rectangular

piston firmly connected to the smaller cylinder x, and furnished round its sides

with metallic packing ; g g are two sliders moving in steam tight cases t, and in

rebates formed in the cylinder covers ; they form the steam abutments, and are

drawn alternately within the slide cases, to allow the piston to pass by means

of a cam on the shaft, which operates on cross heads attached to the slide rods,

which latter work in stuffing-boxes. After the passages of the piston the upper

slider descends, and is brought to rest upon the revolving cylinder b by its

own weight ; the lower is pressed against the cylinder 6, by a counterpoise :

6, 7, 13, and 14, are the passages by which the steam enters the cylinder, and

passes off to the condenser, or the atmosphere, as the case may be. These

passages are connected with a steam chest, attached to the frame of the engine,

and furnished with a common slide valve, for the purpose of reversing the

engine, as will be hereafter explained.

In order to put this engine in motion, we will suppose that the slide in the

steam chest is so arranged that the valves 6 and 7 are the induction valves, and

13 and 14 the eduction valves. The piston being in the position shown, the

valve 14 is then open to the condenser, and the valve 7 to the boiler, and the

steam rushing in between the upper slider, (which then forms the abutment)

and the piston, forces round the latter in the direction of the arrow. As soon as

the piston has passed the lower slider, the cam on the piston shaft recedes from

the cross head of the lower slider, and the slider is gradually forced up by its
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counterpoise until it comes in contact with the shaft; the piston will then beat

G and both sliders shut, and only the two valves 7 and 14 open. A> the piston

continues to revolve, the cams gradually open the upper slider and the valve 13,

and gradually close the valve 14, so that when the piston reaches the valve 13,

the former is completely shut, and the latter completely open, and when the
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piston reaches the upper slider, it is completely withdrawn from the cylinder,

and thereby allows the piston to pass it. At this point, the steam is entering

through 6, and escaping through 13, the lower slider being then the abutment

upon which the steam acts. After the piston has passed the upper slider, tho

cam allows the piston gradually to return to its place in the cylinder, and aft"

the piston has passed the valve 6, that valve begins gradually to open, and thf

valve 7 to close. Therefore when the piston has reached the pipe, the upper

slider is in its seat in the cylinder, the valves 7 and 14 are quite shut, and 6

and 13 quite open : the cam 4 then begins to give motion to the lower slider a*

before described, and the cam 10 to the valves, so that a constant rotation ■

the axis is kept up.
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To reverse the motion of this engine, the sliding valve in the steam chest is

mored in its face, so that the valves 6 and 7 become the eduction valves, and

13 and 14 the induction valves.

Bemutt's Steam and Smoke Engine.—Oliver Evans, the celebrated American

mechanic, projected an engine, which he termed a volcanic engine, wherein he

proposed to combine the expansive force of the heated gases and other

products of combustion with that of steam. Subsequently the idea has been

embodied in several patents in this country : we select one of the most recent

for illustration. The patent was taken out in the name of Mr. Hawkins, the

patentee's agent in this country.

The annexed figure represents a section of the boiler, a a is a vertical cylinder

constituting the shell of the boiler,

i 6 a smaller cylinder placed

within the former, and forming

the furnace and ash pit: this is

entirely surrounded with water.

c is a tube connected with a blow

ing machine, and having two

branches d and e, the former of

which admits a portion of aii *bove

the fuel, and the latter a portion

into theash-pit, below the fire-bars:

two throttle valves or dampers//

are provided to regulate the draft

through each branch, g is a short

cylindrical neck, through which

the smoke and heated air pass into

the steam-chamber, where they

mix with the steam, and with it

pass to the working cylinders.

The neck g is covered with a valve

h, opening upwards, the sides of

which are turned down, to cause

the heated air to pass through the

water, and thereby give out a por

tion of its heat to the water : i

the safety valve, k valve by which

the pipe that conveys the steam

to the engine can be closed when

required, I the pipe by which the

water is conveyed to the boiler,

from the feed pump ; the end of

this pipe enters the boiler, and

delivers the water on to the top

of the valve h ; this is with a view to prevent the valve getting excessively heated

by the action of the fire, m, is the chimney, or rather passage by which the

fuel i. introduced into the furnace ; on it is bolted a hopper n n, having at its

upper end a flat plate or sliding valve o, and another valve p at its lower end ;

the* valves slide in grooves, and are moved by means of a rack and pinion ,

they are ground on their seats so as to form an air-tight joint, and during the

»hole time the engine is in operation, the chimney is kept closed by one or

other of these valves. To kindle the fire before starting, the valves o and p are

both opened, and a quantity of lighted fuel put in first through the hopper, and

fresh fuel heaped upon it, and when the whole is thoroughly ignited the valve

f is closed, and the blowers set in operation. When the engine is set to work,

it forces a quantity of air into the furnace both above and below the fuel at

each stroke, which having no vent to escape but the valve h, accumulates in the

furnace until its pressure somewhat exceeds that of the steam upon the valve h,

»hon it lifts the valve, and rising up through the water mixes with the steam,
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and passes along with it to the engines, t is a elider, by opening winch the uLci

from the furnace can be withdrawn ; when thisis requisite the dampers//nrait be

first closed, o is the blow-off cock by which the water can be discharged from t'nt

boiler when required, and u> is a hole covered by a door, for removing any mud, &e-

which may have accumulated : at z is a glass gauge to show the height of the

water in the boiler, and at ?/ is a glass eyepiece, through which the state of the

fire can be ascertained, and 2 is the man-hole by which admission is obtained

into the boiler.

STEAM NAVIGATION, the navigating or propelling vessels by steam.-

In treating this subject we have, for the sake of perspicuity, and for eue of

reference, divided it into the following sections :—

SECTION I.—Historical Outline of the Rise and Progress of Steam N«i-

gation.

SECTION II.—The construction and arrangement of Steam Vessels.

SECTION III.—The construction and arrangement of Marine Engines.

Boilers, Condensers, &c.

SECTION IV.—The construction and arrangement of the PropellingMachinery.

SECTION V.—On the Prevention of Accidents from Explosion, Collision

Fire, Foundering, &c.; with the Legislative Enactments on the subject

SECTION I.

HISTORICAL OUTLINE OF THE RISE AND PROGRESS OF STEAM

NAVIGATION.

Early writers and projectors ; Dr. Allen.—Hulls.—Fitch.—Rumsey.—MQler.—Symington—ha

first Boat—his second, the " Charlotte Dundni."—Fulton.—Livingstone.—Fulton's tost. UV

" Clennont."—First voyage by steam.—Fulton not the inventor of Steam Navigation, bat tbe

first whoestablished it.—Ordinary arrangement of Scotch steam boats.—David Napier's ttrsai

packet.—The " Enterprise's" voyage by steam to Calcutta.—Auxiliary Steamers.—Helvittt1*
auxiliary propellers applied to the " Maria," " Emerald," " Sarah Sands," •• Amphinn." si'.

" Arrogant" steam frigates. Table of dimensions of some of the largest steam vessels jet

constructed.

FROM the immense importance of the application of the power of steam to

the purposes of navigation, the honour of originating it has been as keenly

contested as the invention of the steam engine itself, and it is as difficult in

the one case, as in the other, to fix upon the individual to whom the palm can

be justly awarded. In fact, both the steam engine, and this application of it.

must each be considered as the result of successive discoveries, to which enn

unsuccessful attempts contributed something, by the experience acquired, and

various phenomena they brought to light. We shall not, however, attempt to

notice every obscure hint and crude suggestion on which claims to the merit

of the invention hare been advanced HI favour of various individuals, but

shall briefly advert to some of the leading facts in the rise and progress of

this most important invention.

The first clear and distinct announcement of a practical plan for propelling

vessels by steam of which we are aware, is contained in a work entitled.

" Specimina Ichnographica, or a brief narrative of several new invention*,"

which was published by a Dr. John Allen in 1730. The first chapter

describes various plans for economising fuel, by placing the furnace and flue*

within the boiler, so that they should be surrounded by water, as in tne

boilers of steam vessels of the present day. The second chapter contains a

plan for moving ships in a calm. The Doctor notices several inventions which

had previously been proposed for the purpose, and observes that in them

" the motion was communicated by machinery working tcithout the ship,

something analogous to oars or paddles, or by the revolution of wheels turn

by a capstan, placed within the ship ; " on the contrary, no part of the Doctor's
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was placed outside of the vessel. His method was to form a tunnel or pipe,

open at the stern of the vessel, and, by means of a pump, to force water or air

through it into the sea ; and by the reaction which this would occasion, the

ship would be driven forward ; thereby accurately " imitating what the

Author of nature has shown us in the manner of swimming of fishes,

who proceed in their progressive motion not by any vibration of their fins as

oars, but by protrusion of their tails ; and water-fowls swim forward by

paddling with their feet behind their bodies." The Doctor carried his scheme

into practice on a canal, with a boat of considerable dimensions, and worked

his pumps by manual labour, but suggested the employment of a steam engine

for that purpose, and its application to a vessel of 1500 tons burthen. This

project has been subsequently repeatedly proposed, and has even formed the

subject of several patents, owing to the ignorance of the parties soliciting

them.

We repeat that, in our opinion, this may be regarded as the first distinct

announcement of a plan by which vessels would be propelled by steam.

Papin had proposed a plan, but it could not be carried into effect in the im

perfect state of the engine described by him; and Savery, who also suggested

the application of steam to move vessels, pointed out no method in which the

power of steam was to be applied. But Dr. Allen's plan only required the

application of machines already known and used for other purposes, for it could

have been carried into effect by either Savery's or Newcomen s engines. The

mode of propelling too is extremely ingenious ; and although it may not be so

efficient as that at present employed, we think that in the imperfect and rude

state of mechanical knowledge at that time, it would have proved in practice as

effectual as any which could be suggested. It had this advantage, that it did

not require the conversion of a rectilinear motion into a rotatory one ; most of

the modes of effecting which, then known, were extremely inconvenient. It

had also this further advantage, that the machinery was not exposed to the

force of the waves or wind, and would not retard the vessel when sails alone

where employed.

A few yean after the publication of Dr. Allen's pamphlet, Jonathan Hulls

devised a different mode for applying the power of a steam engine to navigate

a vessel, and obtained a patent for the same in 1737. The letters patent, and

a description of his plan, were published in a tract by Hulls, in the same year,

under the following title, " A description and draught of a new invented

machine for carrying vessels, or ships, out of, or into any harbour, port, or river,

against wind or tide, or in a calm.' His plan was to impart a rotatory move

ment to a paddle wheel (placed at the stern of the boat) by means of an

atmospheric engine. Mr. Galloway, in his History of the Steam Engine, says

that Hulls proposed to obtain a rotatory action of the wheel, from the alter

nating action of the engine, by means of a crank ; but this is a mistake, as will

be seen from the annexed sketch of his plan, which, although extremely

ingenious, was certainly not so simple as the crank movement. In order to

show the parts more clearly, we have drawn those wheels which are placed on

the same axis of different sizes, although, in the original, they are all shown of

equal size.

a 6 c are three wheels firmly fixed on an axis d, and « and/ are two loose

•heels, on another axis ;/ ,• the wheels <• and f have ratchets h, to that they

move the axis // only when they move in a forward direction ; k is an atmo

spheric engine, the piston of which is suspended from the wheel b ; from the

wheel a, a rope / proceeds to the wheel e, and a rope m proceeds in a reverse

direction from the wheel c round the wheel/, and another rope attached to the

wheel/, coming over the pulley n, has a weight o attached to the end of it;

this weight should be a counterpoize to about one half the effective pressure

upon the piston of the engine. Upon the axis g are fixed a number of arms

PP, to the extremities of which are attached paddles or float boards. The

descent of the pitton carries round the wheels a o c in a forward direction, and

the rope / drags the wheel e round in the same direction, and with it (by means

uf the ratchet) the axis of the paddle wheel. In the mean time the rope m haa
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dragged the wheel / round in a reverse direction, and has raised the weight o.

At the termination of the stroke of the piston, the weight o descends, and COB-

t mill's the rotation of the paddle wheel, and at the same time, raises the pUtoa

 

to the top of the cylinder. Thus a continuous rotation of the wheels, with an

equable force, is obtained from the rectilinear and intermitting action of the

engine.

Both Allen's and Hulls' plans were sufficiently clear and explicit, and hid

they been judiciously carried into execution, even with the means then at com

mand, must have been attended with a moderate share of success, but neither

were acted upon, and for nearly half a century, the subject of steam navigation

seems to have remained in abeyance. But during this interval, Watt had

introduced his stupendous improvements in the steam engine—by which he no!

merely augmented its effectiveness, but also, infinitely enlarged the sphere o:

its applicability, by showing that its utility was not limited to the draining of

mines, to which purpose alone it had been hitherto confined, but that it wts

universally applicable as a prime mover of machinery.

As men became acquainted with the powers of the engine in its improved

form, it was gradually called into requisition for various purposes, and attempts

to apply it to propel vessels seem to have been instituted at nearly the UK'

period in various countries.

About the year 1783, Mr. John Fitch, an American, appears to b»«

succeeded in moving a boat on the Delaware by paddles worked by a steam-

engine ; and he subsequently constructed another vessel of larger size ; btt

ultimately the scheme was abandoned.

Contemporaneously with Fitch, a Mr. Rumsey of Virginia appears to bare

been occupied with the idea of navigating by steam. In 1787 he made some

short trips upon the Potomac, in a vessel about fifty feet long, which wt*

propelled by pumps worked by a Bteam engine—the plan (as we have just

seen) originally proposed by Doctor Allen. The experiment being eventually

given up, he came to England, where he found parties to advance the funds for

another experiment; and although he unfortunately died before the whole of

the arrangements were completed, the vessel was got afloat early in the year

1793, and made several trial voyages on the Thames, realising, it is said, i

speed of four knots an hour against wind and tide. If this were really the fact,

it seems inconceivable that the attempt should have been relinquished (ai it

unfortunately was), for such a performance could scarcely be deemed a failure

at that period, especially if considered as a first attempt.

It has been stated, that the earliest attempts to propel vessels by steam po*fr

in this country were made by Mr. Miller, at Dalswinton, in Scotland. But
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there is some ground for believing that Mr. Miller's agency was rather in the

character ofa patron, than that of an inventor. It seems that Mr. Miller, in 1787,

published a description of a triple boat moved by wheels, with which he had

been experimenting, to ascertain the comparative velocity with those moved by

ordinary oars ; and in this pamphlet he observed that the power of steam

might be employed to give them a quicker motion. A similar suggestion has

been attributed to Mr. Taylor, who was a tutor in the house at Dalswinton, and

for which he has been regarded, by some writers, as the inventor of steam

i v, billion. Under the impression that such was the fact, Lord Brougham

advocated the claims of the widow of the late Mr. Taylor, and succeeded in

obtaining a small pension for her, in consideration of her husband's public

services. A third claimant, however, having a better title to the honour of

originating this important invention, appears in the person of Mr. Symington,

who was introduced to Mr. Miller in the early part of his experiments on the

comparative merits of oars and paddle wheels; and by which of these three

gentlemen the idea of applying steam power to move the paddles originated,

is quite immaterial. But it is not questioned that Symington actually applied

hit steam engine to turn Miller's paddle wheels, attached to a twin boat, lying

in a lake near Dulswinton-huuse. Symington had previously obtained a patent

for his steam engine, and shown its application in a small model of a steam

carriage. The transition of turning the wheels of a boat, instead of those of a

carriage, was so easy and obvious, that Symington did it out of hand, and made

several trials of it in 1788, which proved so satisfactory, and so delighted Mr.

Miller and his numerous visitors, tlmt he immediately determined to commence

another boat on a greater scale than the first. The machinery required for this

purpose was constructed at the Carron works, under the direction of Symington,

and was applied to a double boat sixty feet long, which had been used for

Miller's previous experiments. A trial of this vessel was made on the Forth and

Clyde canal, in October 1789, and was found so efficacious, that she glided

through the water at the rate of nearly six miles per hour. The mechanical

arrangement of this vessel was precisely the same as the former, the only

alteration being its increased dimensions, affording strong presumptive evidence

of practical success, and hence rendering a description of its construction of

the deepest interest in a scientific point of view ; which we shall now proceed

to give, with reference to the annexed sketch, which represents a longitudinal

section of the vessel and its machinery.

 

At a a are the cylinders of the engines, which are a modification of the

atmospheric engine as patented by Mr. Symington ; 6 6 are the nozzles ; c the

plug beam for working the valves ; dd the air pump rods; ee connecting chains;

//direction pulleys ; gg the paddle wheels, situated and wrought in a trough,

extending from the stem to the stern of the boat, and allowing free ingress

and egress to the water; h h ratchet wheels, for communicating motion to the

paddle wheels. The level of the water is expressed by the horizontal line

atrfrf; the boiler is at k.

VOL. ii. 4 o
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To avoid trenching upon the sweeping

claims set up by Mr. Watt in the specifica

tions of his patents, Mr. Symington was

compelled to resort to several peculiar con

trivances; which we shall proceed to exhibit

by the annexed enlarged section of the

engine only, taken from Mr. Symington,

Junior's, account intheMechanic'sMagazine.

It had two cylinders open to the atmosphere

at the top, and each cylinder had two pistons,

the lower ones acting as air pumps : a and i,

are the cylinders j a being in the act of

receiving, and b of condensing the steam;

c the steam pipe; dd atmospheric pistons,

producing, by their alternate action on the

ratchet wheels, a rotatory motion; ccare

the exhausting pistons; //steam valves; J J

exhausting valves; A A foot valves; ii dis

charge valves; //injecting pipes; m the beam.

Notwithstanding the decided success

the experiment, Mr. Miller, most unfor

tunately, suddenly abandoned the scheme,

and Mr. Symington, not having the necessary

funds himself, was unable at that time to

follow it up. In 1801, however, he com

menced a series of experiments on the Forth

and Clyde canal, under the auspices of Loid

I)undas,of Kerse, with theview of substituting

the power of steam for that of horses

in towing vessels on canals. These experi

ments were highly successful, but the proprietors of the canal, apprehending

that the undulation created in the water by the paddle wheels would injure the

banks, would not adopt the plan, and to crown Mr. Symington's disappointment,

the Duke of Bridgewater, who was in treaty with Mr. Symington for the con

struction of eight tug vessels for the use of his canals, died about the same time,

Mr. Symington receiving the news of his death on the same day that the decision

of the canal proprietors was notified to him. These accumulated disappoint

ments appear to have been too much for his spirit, and he retired from the

pursuit in despair.
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The cut above represents a partial section of the Charlotte Duna\u, one of

the vessels constructed by Mr. Symington for Lord Dundas, and which in tn«
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month of March, 1803, towed two laden boats, of 70 tons each, a distance of

1 'i j miles along the summit level of the canal, at the rate of '••'. miles per hour,

with a strong breeze right a-head. The vessel was fitted with a cylinder of 22

inches diameter, and 4 feet stroke.

At a is the cylinder, placed horizontally ; b friction rollers supporting the

cross head of the piston rod ; from the underside of the cross head short arms

'• project, to which are attached side rods d, giving motion to the bell crank

lever, which works the air pump rod, as also the plug frame e, which regulates

the valves to the boiler; // the steam pipe; hh the steam valves; ii eduction

valves; k eduction pipe; I the condenser, which, with the air pump m, is

placed in the cistern 11 ; o is the man-hole ; p the safety valve; q the paddle

wheel, situated in a cavity in the centre of the stern of the vessel, which was

open below and behind to the water ; r the crank ; * the connecting rod. The

boat was steered by two rudders connected by iron rods, and wrought in the

fore part of the vessel by the steering wheel, /.

About the time that Symington retired heart-broken from the field, a new

adventurer appeared upon it. who was destined to achieve for steam navigation

a station from which it never after receded, but on the contrary, has progressed

rapidly to the present time. This was the celebrated Fulton, who, by his

energy and perseverance, finally overcame the difficulties of all kinds which

opposed him in the undertaking, and is generally, and in one point of view

perhaps not unjustly, considered the inventor of steam navigation.

Fulton, who was born in Pennsylvania, came over in 1786 to England, where

he continued to reside many years, during which time he became known to the

Uuke of Bridgewater, F.arl Stanhope, Dr. Cartwright, and other individuals

occupied with, or taking an interest in, steam navigation, with some of whom he

corresponded upon the subject. In 1796 he proceeded to Paris, where he

became acquainted with Mr. Livingstone, then minister from the United States

to the French government. Mr. Livingstone had been engaged in some expe

riments in steam navigation in America, and, impressed with the importance of

steam-boats to his native country, he advised Fulton to turn his mind to the

subject. It was agreed between them to embark in the enterprise, and imme

diately to make such experiments as would enable them to determine how far,

in spite of former failures, the object was attainable, and to Fulton was left the

principal direction of these experiments. In the course of these experiments,

which were principally made with small models, he tried many of the modes of

propulsion which .had been at various times proposed, as pumps, endless chains

with floats, &c. He likewise appears to have returned to England for a short

time, and to have visited Mr. Symington, whilst the latter was engaged in his

experiments on the Forth and Clyde canal ; and it is stated that Mr. Symington,

to oblige him, got up the steam on board the vessel, (the Charlotte Dtmdat,)

and proceeded, with Mr. Fulton on board, about 4 miles and back, and that he

furnished, or allowed Mr. Fulton to take, notes and sketches of the boat and

apparatus. Mr. Fulton finally decided in favour of paddle wheels, and pro

ceeded to construct an experimental vessel on the Seine. The length of the

veuel was 66 feet, and her width 8 feet, and in the autumn of 1803 he made

a trial of her, from which he acquired such confidence, that orders were trans

mitted to Boulton and Watt to prepare a steam engine to be sent to New York,

and Fulton returned to England to watch its progress. In 1806 he returned to

America to construct the vessel, and in the spring of the year 1807, she was

launched ; and the engine was fixed in her by Boulton and Watt's men. This

vessel, whose renown will outlive that of the Argo, was named the Ctermont; she

waa 133 feet long, 7 feet deep, 18 feet wide, and 160 tons burthen. The sieum

cylinder was 2 feet diameter, with a 4 feet stroke; the paddle wheels were

15 feet in diameter, the floats were 4 feet wide, and dipped in the water 2 feet.

Early in the autumn the vessel started on her first trip, which was to Albany,

distant about 150 miles; which distance she accomplished in 32 hours. The

voyage back was performed in about the same time, and both in going and

returning, the wind (a light breeze) being ahead, t:ie whole was performed by

ilie engine.



660 SCOTCH STEAM BOATS.

This triumphant experiment established Fulton's reputation ; and soon after,

this fine vessel plied between New York and Albany as a passage boat Her

success was such, that a new vessel of larger dimensions, and of greater pro

portionate power, was commenced during the same year. From that date (team

navigation was firmly established in America, and went on extending with

astonishing rapidity. Fulton in consequence realized large sums, but ttii

prosperity was not without alloy, and he was doomed to experience the lot of

most mechanical inventors, who are too frequently exposed to mortification, as

well by the success as by the failure of their schemes. No sooner had he esta

blished the practicability of his plans, than attempts were commenced to

infringe upon or evade his patent; and he was from that time continually

engaged in a series of lawsuits, to protect his hard-earned privileges. In con

sequence of the expense attending these proceedings, and that of the experi

ments he was constantly engaged in, although he lived without ostentation or

extravagance, his affairs after his death (which happened in February, ISIS)

were found to be excessively involved ; and it is to be feared that his family

reaped but little benefit from his meritorious labours, which have been pro

ductive of such signal benefit, not only to his own country, but to the world at

large.

Although we have said that in one sense Fulton may be considered the

inventor of steam navigation, we feel that this is not exactly the position which

he occupies in relation to this invention, and we use the term for want of one

as compendious, and at the same time more accurate. Strictly speaking, Ful

ton cannot be said to have contributed anything to the invention. As regard)

the mere idea of moving vessels by steam, Dr. Allen and Hulls had each

invented and published practicable plans, by which it might be effected, more

than 70 years prior; neither was he the first to attempt torealize those schemet,

either here or in his own country ; and if it be said that he was the first who at

tained complete success, we reply that both Symington and Rumsay had folly

triumphed over the mechanical dirficuliies of the task, and the invention was

completed before he took it in hand. And yet, notwithstanding that tins is («e

think) undeniably trne, it is in our opinion equally true that to him we owe

the gift of steam navigation, with the various blessings which it has bestowed.

Although the invention had been completed by others, it might be considered

as lost to society, which did not appreciate its value, until Fulton by his

untiring energy and perseverance, practically demonstrated its transcendant

importance, and forced conviction upon his ignorant and incredulous contempo

raries. In corroboration of this view of the subject, we would add, that

notwithstanding Symington's successful labours, it was not until nearly ten

years after their termination that the first steam boat was established in Great

Britain, and then principally in consequence of the notices which from time

to time appeared of the progress of steam navigation in America.

On the next page are given engravings of the arrangements of a Scotch

steam boat, which is common on the rirer Clyde. Fig. 1 represent! a longitudinal

and vertical section, from stem to stern; and fig. 2 a plan of the same, showing

the deck removed. Similar letters in each figure refer to corresponding part*.

At a a arc the boilers; 6 the chimney, leading from the flues of both the fires;

c is the steam pipe, which receives the steam from both the boilers, and con

veys it by a cross tube to the two cylinders d d, through the valve boxes at//.

The air pumps e e are worked by the main-beam, and the eccentric, for giving

motion to the valves, is shown at g, h h paddle wheels ; i one of the paddle

boxes in section. At j is the fore cabin, k the after cabin, o o the staircases,

II I the framing of timber, which supports a platform or deck, (commonly called

the gangway,) which nearly surrounds the hull of the vessel.

No attempts were made, we believe, to perform sea voyages by steam boats,

until the year 1818; when they were established by Mr. David Napier.

Shortly afterwards, the Irish mails were conveyed between Dublin and Holy-

head by regular steam packeti.

At length the longest voyages were attempted by steam. In the year 1825,

the Enterprise, a vessel of 470 tons burthen, and 120 horses, power, sailed for
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fig.1. Fig. 2.
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India. She left the land on the 16th of August, and reached Calcutta, Dec. 7,

1825 ; heing 113 days from the land to Diamond Harbour. She used boh

sails and steam. The greatest run by sail in 24 hours was 211 miles; the least

39 miles. The greatest run by steam, assisted by sail, was 225 miles; the

least 80 miles. She steamed 04 days, and the rest of the time was under sail.

The consumption of coal was 580 chaldrons, or about 9 chaldrons per day.

She rendered essential services to our arms during the Burmese war.

A recent application of the power of steam, which is calculated to be of signal

benefit to the commercial marine of this country, is the employment of it on a

limited scale as an auxiliary to shipping during calms and light airs One of

the first vessels in which steam was so applied was the Maria, of 460 tons

register, which sailed to Bombay. She was fitted with a propelling apparatus,

the invention of Mr. J. Melville, and designed principally for the purpose of

propelling sailing vessels in calms, to which purpose, it appears to us to be

extremely well adapted. The annexed figure shows an elevation of 'he

apparatus as applied to the Maria, a is the engine shaft, situated between the

two propelling shafts, b and c. These three shafts are caused to revoke

together with equal velocities, by means of three spur wheels, of equal diameter,

fixed one upon each shaft within the vessel ; and therefore shown by dotted

lilies. Upon the outer ends of the shafts b and c are fixed the cranks d and t,

in diametrically opposite directions, so that they remain constantly parallel to

each other ; but whilst one crank is ascending, the other is descending ; /andj

are the propelling levers, or stems, to the lower ends of which the float'! m and »

are attached. These levers turn upon the pin of the propelling cranks d and i,

and are guided in their motions by the radius rods h and i, connected to their

 

upper ends. The radius rods are connected to a cast iron frame, Jr, which is

supported on two brackets, / /, attached to the side of the vessel. The principal

dimensions of the apparatus are as follows :—

Diameter of cylinder 0

Length of stroke 2

Diameter of the spur wheels at the pitch linei . . 4

In

10}

0

10
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Feet In.

Diameter of the paddle cranks 3 0

Breadth of paddles 2 0

Depth of ditto 2 0

Subsequently to the instance of the Maria, numerous vessels have been

fitted with auxiliary steam power ; and " auxiliary steamers " are now employed

on several trading lines. These being built expressly for the purpose, have, in

most cases, screw propellers. Amongst the largest of these vessels is the

Anttlope, of 600 tons, and the Emerald, of 700 tons, and 50 horse power,

trading between London and Belfast; and the Sarah Sands, of 1000 tons,

trading between Liverpool and Rio Janeiro.

The government likewise appear to appreciate the advantages which may

accrue to the navy from the application of steam as an auxiliary. In addition

to several guardships at the different ports so equipped, the AmpUon, 36 gun

frigate, of about 1500 tons burthen, has been fitted with a screw propeller,

driven by engines of 300 horse power. By means of this steam power, she

can, it is staled, command a speed, under ordinary circumstances, of nearly

7 knots per hour under steam alone ; and with steam and sail combined, a

speed which in all cases shall render her superior to every other mere sailing

chip she may meet with. Another " auxiliary " frigate, the Arrogant, of 1850

toils and 360 horse power, with a screw propeller, is building.

Thefollowing Table contain* some of the dimensions of the hull and machinery qf

some of the largest steam vessels yet built.

DIMENSIONS.
Great

Western.

Terrible,

Steam

Frigate.

British

Queen.
President.

Great

Britain.

236 322 feet

Ditto, under Deck 212 245

Ditto, Keel

Breadth within the Paddle Boxes 35.4 42.8 40 41 51 B

Ditto, including ditto .... 59.8 — 64 64 —
„

Depth of Hold at Midships . . 232 27.4 27.6 23.0 36 ,,

6794 1053 1000

Tonnage of Engine Room . . 641}  963
 

1321 3443

450

Diameter of Cylinder! .... 73  HI 80 4 of 88 inchet.

7 6

Diameter of Paddle Wheels . . 28.9  80.6 31

Total weight of Engines, Boilers!

and Water . ./
480 _ 500 500 740 tons.

Total weight of Coals, 20 daysl
600 750 750 1MO

Total weight of Cargo .... 290  rso 750

-
»

Draught of water with the above)

weight of Stores . . . . j
18.8 18.9 16.7 17 10 feet.
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SECTION II.

THE CONSTRUCTION AND ARRANGEMENT OF STEAM VESSELS.

Differences between Steam and Sailing Vessels.—Form and Proportions.—Resistance.—Beaciby1!

Experiments.—Itusaeli's Experiments.—Remarkable deviations from the assumed law of

Telocity.—" The solitary wave of progression " not dependent upon form or velocity, but inns

the depth of the fluid.—Mr. Houston's accidental discovery of a diminution of resistance at

certain increased velocities' of motion.—Form of vessel of least resistance.—The " Wave"—

lines of. — Sir J. Robison's Experiments.—Mr. Oldham's suggestion for improved experi

mental apparatus.—Tables showing results of experiments.—Proportion of power to toasjat

or admeasurement.—Velocity of the great American steam raft.—Approximate Tables of

tonnage, power, and consumption of fuel.—Mr. Morgan's assignment of due proportion of power

to tonnage.—Dimensions of several Government steam packets.—Specification for constructicg

;i 600 ton steam packet.—Diagrams of.—Separate water-tight iron bulkheads.—Mr. Loatrt

method of Diagonal Planking.—Iron vessels—advantages of.—Dimensions of the iron stem

boat " Alburkah."—Construction and dimensions of the hull and machinery of the great im

steam ship, " Great Britain."—Twin boats.—The great American steam raft—Snwigriwi

twin boats.—Gemmel's twin boats.

In proceeding to describe the form and construction of steam boats, we shall

commence by noticing the points in which they most differ from sailing Teasels.

As the wind is generally more or less oblique to a vessel's course, or directed

against the side of the vessel, and as the centre of effort of the sails in a ship

is at a considerable height above the longitudinal axis of rotation, the wind

acts with considerable leverage upon the sails and masts, to cause the ship to

heel, or incline over to one side : to counteract this, and impart sufficient

lateral stability, or stiffness, the breadth of sailing vessels requires to bear »

greater proportion to the length than is necessary in steam vessels : the whole

of the impelling force in the latter being exerted in the line of the vessels

course. Sailing vessels likewise require to be of greater comparative depth

than steamers, to prevent their being driven laterally out of their course, (or

to leeward, as it is termed,) when the wind is contrary ; steamers being capable

of proceeding directly head to wind, the point to be chiefly attended to is, that

the form of the hull be such as to oppose the least resistance to its direct progress;

and as the resistance depends chiefly upon the area of the immersed transverse

section, their breadth and depth are generally considerably less than that of

sailing vessels of the same tonnage , and the requisite capacity is obtained by

a proportionate increase of length ; thus, whilst in sailing vessels the breadth

is rarely less than one-fourth of the length, in steam vessels it is frequently

only one-seventh. Other advantages likewise result from this change in Uw

proportions : steam vessels being employed chiefly as coasters, their light

draught of water enables them to enter harbours which would otherwise be

inaccessible to them. Their increased length also assists in preserving their

parallelism, upon which their velocity greatly depends ; and, as they do not

pitch so suddenly nor so deeply in heavy seas, they hold their way better, and

the hull and machinery are less strained. Their increased length likewise

affords greater accommodation for passengers, which is a very great advantage.

Resistance of Floating Bodies.—The question as to the best form for vessels,

is one which has long excited much attention in this and foreign countries.

Many attempts have been made to determine, both by mathematical deduction

and by experiments, the amount of the resistance of water to bodies of different

forms, and the form of least resistance. But, since the application of steam to

the purpose of navigation, the question becomes still more interesting; as,

from the great expense of steam compared with wind, as a propelling power
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for vessels, and the space occupied by the machinery, which tends greatly to

limit the room that can be allotted for fuel, and, consequently, the time which

steamers can keep at sea, it becomes of the utmost importance to economise

the power, by reducing the resistance as far as possible. The question also

admits of nearer approaches to accuracy in the solution in the case of steamers

than in that of sailing vessels, as experiments may be conducted so as to

assimilate more to practice in the former case, than in the latter. The pro

pulsive action of steam is likewise more direct than that of wind, and its force

more constant and easily computed than that of the wind, which is constantly

varying, and cannot be accurately estimated.

Beaufoy's Experiments.—The most extensive sets of experiments upon the

resistance of fluids to floating bodies, are those instituted in Sweden, under

the sanction, and at the expense, of the Society of Iron Masters of Stockholm,

and the experiments which were commenced in this country by the Society for

the Improvement of Naval Architecture, but which were subsequently carried

on solely by the late Colonel Beaufoy, who devoted upwards of twelve years to

the experiments, and to the calculations founded thereon, and expended several

thousands of pounds in the prosecution of his researches. The results of his

labours have, since his death, been given to the world by bis son, H. Beaufoy,

Esq., of Lambeth ; who published the experiments in a thick extra quarto

volume, and, with a zeal in the cause of science, and a generosity, congenial

with his father's, has printed 1,500 copies "for the honour of gratuitoui dis

tribution."

This work contains most laborious investigations of the resistance of water

to bodies of great diversity of forms, and at greatly varying velocities ; un

fortunately, however, the conditions exclude circumstances which materially

influence the result in all practical cases, and the conclusions, therefore, must

be considered rather as abstract truths, than as pointing out the results to be

expected in practice, unless modified by allowances for the actual circumstances

of each case.

Mr. Russell's Experiments.—In order to render the deductions of theory

more consonant with the results obtained in practice, J. S. Russell, Esq., of

Edinburgh, conducted a series of experiments in the years 1834 and 1835,

upon the Forth and Clyde canal, under circumstances more analogous to the

cases of actual practice than those of previous experimenters. He has since

given an account of these experiments in Vol. XIV. of the Transactions of

the Royal Society of Edinburgh, of which we shall avail ourselves for a few

extracts. The account is highly interesting, and likely to prove of great

practical utility ; Mr. Russell having ascertained the existence of certain phe

nomena not before adverted to, as well as the laws which regulate them ;

which throw great light on many intricate and perplexing points, and go far to

account for the discrepancies which most accounts of extensive series of expe

riments exhibit.

Mr. Russell observes, that the law which connects the resistance of the fluid

with the second power of the velocity, agrees very nearly with the motion of

bodies that are wholly immersed, and with the motion of floating bodies that

have certain velocities, and are placed in certain circumstances ; but it is

widely erroneous in its direct application to the motion of floating bodies at

higher velocities and under different circumstances. In every large collection

of experiments, examples are to be met, where the resistance, instead of follow

ing the law of the squares of the velocities directly, has been found to vary,

not only with every different power of the velocities, from the first to the fourth

power, but also in the inverse ratio of some of these powers. Two very

Uriking illustrations of this are given in the following experiments by Mr. Russell ;

the one showing an increase of resistance, corresponding with a very high

power of the velocity, and the other exhibiting a decrease of resistance, with an

increase of velocity greater than the former. They were made October 18,

1834, with a floating body weighing 12,579 Ibs. :—

VOL. II. 4 P
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Space described.

Experiment 1. 1,000 ft.

2. 1,000 „

PXAMTLE I.

Time. Velocity in feet per Second. Resistance is la.

117-5 8-51 233

93-5 1069 425

EXAMPLE II.

Experiment 3. 2,640 ft. 302' 876 261

„ 4. 500 „ 35- 14-28 251

In the first two experiments it will be seen that the resistance increase! in i

greater ratio than the squares of the velocities, by nearly 15 per cent; white

in the last two, in which the velocity increases from 8.76 to 14.28, the resistance

actually becomes less, amounting to scarcely J- of what the law of the squaresof

the velocities would indicate.

The result of Mr. Russell's investigations appears to establish the following

conclusions :—

That the resistance does not follow the ratio of the squares of the velocities:

except in those cases where the velocity is low, and the depth of the fluid con

siderable. That the increments arc greater than those due to the squires of

the velocities, as the velocity approaches a certain quantity, which is determined

by the depth of the fluid. That at this point the resistance attains a first

maximum ; and that here, by certain elements of the form of the body, and of

the dimensions of the fluid, they may become infinite. That immediately iftet

this, there occurs a point of minimum, where the resistance becomes much leu

than that due to the square of the velocity ; after which it continues to reeeive

increments of which the ratio is less than that due to the square of the velocity.

That according to the law of progression which has been established, tie

resistance will reach a second point of maximum when a velocity shall be

obtained of 29 miles per hour, after which it will be rapidly diminished with

every increase of velocity.

These singular deviations of the law of resistance from a uniformly progressive

ratio arise principally from two causes, but slightly (if at all) adverted to by

former experimenters. The first of these is an emersion of the floating body

from the fluid, due to the velocity of the motion of the body, and by which tie

dynamic immersion is rendered less than the statical immersion of the body is

the fluid. The second is the generation of waves by the floating body in the

direction of its motion, which affect the form and surface of the fluid, the

position of the floating body, and of the resistance. The velocity of these wsva

(which Mr. Russell calls the wave, or the solitary wave of progression) depend]

neither upon the form of the floating body, nor the velocity of its motion, but

solely upon the depth of the fluid.

The first of these phenomena had been slightly noticed by some prevkes

observers, but the fact was questioned by many writers. Mr. Russell, however,

has established the fact experimentally, and has laid down the theory by which

it is to be accounted for. To ascertain the fact of emersion, the following

experiments were made. A slight skiff was fitted with 12 glass tubes, accurately

graduated, which passed through holes in the bottom of the vessel, and were

open at both ends, so as to allow the water to rise within the tubes to the level

of the water outside the boat. The boat thus fitted was drawn along the canal

at different velocities, and the height at which the water stood in the tubes was

carefully noted by an observer seated in the boat. The immersion of the boss

when at rest being 2.7 inches, the dynamic immersions were as under :—

MILES PER HOUR.

Velocities. 0 8 i 6.16 6.43 7M

Dynamic Immersions- 2.7 2.C 2.5 3.2 1.9
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Having thus clearly established the fact by experiment, Mr. Russell gives

the following proposition in explanation of it, viz., that the pressure downwards

upon a fluid, by a body in motion at a given velocity, is diminished by a quantity

equal to the pressure of a column of the fluid, having the height due to the

velocity of the motion. The form of the floating body is no element in the

formula of emersion, the law being a general one, and having for its foundation

this simple principle, that gravity acting on a solid body during a given unit of

time is a constant quantity, and that the displacement of the fluid by the weight

of the body, being a quantity that increases both with the velocity and with

the quantity of that displacement, must ultimately be equal in quantity, as it is

opposite in direction, to the pressure of the solid downwards by gravity. When,

however, the depth of the fluid is small, the results will be modified by the wave,

and other elements of resistance.

With regard to the second and chief cause by which the resistance is in

fluenced—the wave—Mr. Russell concludes, from his investigations, that the

restoration of the equilibrium amongst the particles of the fluid which has been

disturbed by the motion of a floating body, is effected not so much by the

generation of currents in the fluid, as has been hitherto generally assumed, as

by the generation of waves, which form elevations in front of the moving body.

These waves travel to a great distance, with a velocity which i3 nearly uniform,

and which depends solely upon the depth of the fluid ; and in channels of

rectangular section does not differ sensibly from that which is acquired by a

heavy body falling freely by gravity, through a space equal to half the depth of

the fluid. In a channel 5.5 feet deep, the velocity of the wave is about 8 miles

per hour.

The resistance will chiefly depend upon the relative velocities of the wave

and of the vessel ; the resistance increases rapidly as the velocity of the vessel

approaches that of the wave.

When the vessel moves slower than the wave, the elements of increased

resistance are :—

I.—Increased immersion of the bow in the anterior wave.

2.—Inclination of the longitudinal axis of the floating body, so as to change

the form of the displacing body.

3.—Increased vertical section opposed to resistance=the sineof the inclination

4.—Increased velocity of the lateral current.

The following table shows the rapid increase of resistance in approaching the

velocity of the wave. It is extracted from the experiments of 1838.

EXFEUIMENT I. EXPERIMENT II.

Miles per Hour. Resis. lbs. Miles per Hour. Resis. lbs.

5.05

5.45

6.49

7.57

7.568

52.25

78.5

5.05

6.19

6.49

6.81

7.

9".

152

111. 312

255. , 386

330. 392

Velocity of Wave, 8 Miles. Velocity of Wave, 8 Miles.

Let it now be supposed that the vessel had created a wave by its motion, and

suppose it possible to lift the vessel entirely out of the water, and place its

centre on the top of the wave, the stem being anterior to the wave, and its stem

behind it, and suppose the vessel to be of such form as to remain in a state of

equilibrium on the surface of the fluid having the form of the wave, and that

the velocity of the vessel be such as to keep it in the same relative position to

'he wave, the following results would be obtained:—

1.—The vessel would recover its horizontal position, and would present the

minimum transverse section of resistance.
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2.—The immersion of the vessel being increased by the height of the crest of

the wave around its centre of gravity, the head and stern displacements wouU

be diminished (the total immersion being a constant quantity) by the amount

of excess of central displacement.

3.—The velocity of the vessel being now increased beyond that of the wart,

the waves of displaced fluid continually falling behind the points where thej

were raised, would form a series of great central waves, bearing the vessel on

their summit.

When the velocity is greater than the wave, it might be expected that the

wave would be left behind ; but, in this case, it should be observed that a net

wave is formed at every instant by the motion of the vessel through the water,

whatever be its velocity; for the displaced fluid thrown aside at the bow

generates a series of waves, which move with a less velocity than the vessel,

and fall back behind the bow.

It is always found that the commotion produced in the fluid at velocities leu

than the wave is greater than at velocities exceeding that of the wave. The

stem of the vessel in the latter case enters water which is perfectly smooth and

undisturbed, because no wave has previously passed before the vessel to product

any anterior derangement.

It is to the diminished anterior section of displacement produced by raising a

vessel with a sudden impulse to the summit of the progressive wave, that a

very great improvement recently introduced into canal transport owes iti

existence. The isolated fact was discovered accidentally on the Glasgow and

Ardrossan canal, which is a canal of small dimensions. A spirited horse, in

the boat of Mr. William Houston, took fright, and ran off, dragging the

boat with it, and it was then observed, to Mr. Houston's astonishment, thit

the foaming stern surge, which used to devastate the banks, had ceased ; and

tlie vessel was carried on through water comparatively smooth, with a

diminished resistance. Mr. Houston, perceiving the mercantile value of this

fact, devoted himself to introducing on that canal vessels moving with this high

velocity. The result of this improvement has been to bring from the conveyance

of passengers at a high velocity a large increase of revenue to the canal pro

prietors. The passengers and luggage are conveyed in light boats about 60

feet long, and six feet wide, made of thin sheet iron, and drawn by a pair

of horses. The boat starts at a slow velocity behind the wave, and at a given

signal, it is, by a sudden jerk of the horses, drawn up on the top of a wave,

where it moves with diminished resistance, at the rate of 7, 8, or 9 miles per

hour.

It appears, from the experiments of 1 835, that a vessel has conveyed on a

canal given weights with the following forces :—

Moving Force. Weight Moved. Velocity.

71.5 Ibs.

86.

112.

246.

264.

331.

19.222 Ibs.

19.222 ,

19.222 ,

8022 ,

9262 ,

10.262 ,

4 MilesperHour.

4.5

5.2

11.3

13.6 ,

15.1

In these experiments the vessel which experienced the least resistance w«s

one designed by Mr. Russell, and to which he gave the name of Tkt \Votr-

This vessel was of very peculiar form, which suggested itself to Mr. Russell

as a form of least resistance, and which even surpassed the expectations he h*d

formed of the facility of her motion. The lines of entrance are parabolic

tangent arcs, having a point of contrary flexure between the maximum transverse

section and the stem. The run is formed of elliptical arches, and is by no

means so fine as runs usually are. Mr. Russell was led to devise this form,

from an opinion, confirmed by long observations, that the maximum resistance
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to a vessel of ordinary form is experienced in the immediate vicinity of the

stem ; that the water there is thrown aside with a velocity much greater than

i» requisite to remove the particles from the space to he passed over by the

succeeding points of the bow. This head of water at the bow, instead of being

merely thrown aside, is also thrown upwards and forwards, so as very much to

increase the resistance beyond what appears necessary for the transit of the

vessel. It occurred to him, that a form might, perhaps, be obtained which

would not, at any given velocity, raise a head of water above the level, but

merely give to the particles displaced the minimum of lateral motion required

to permit the transit of the vessel. From his investigations he obtained a curve

which appeared to him to be a curve of least resistance, and the vessel named

The Wave was built conformably thereto ; and the truth of his theory, being

tested by experiment, was fully confirmed. This vessel, when deeply laden,

and moving with a velocity of seventeen miles an hour, causes no spray, foam,

surge, nor head-water at the bow, but the water is parted smoothly and evenly

asunder, and quietly unites after the passage of the vessel ; adhesion, alone, to

the vessel drags forward a film of adjacent fluid ; all else remains quiet and

smooth.

The form of The Wave has been followed, as nearly as circumstances

would admit, in some steamers recently constructed, and the results have been

highly satisfactory.

Sir J. Hubison's Experiments.—Prior \o the experiments of Mr. Russell,

J. Robison, Esq., afterwards Sir J. Robison, had instituted a series of experi

ments on the Forth and Clyde canal, with the view of ascertaining the best

form of canal boats. Of these experiments (to which those of Mr. Russell

may be considered as a sequel, as they were, we believe, undertaken at the

suggestion, and made chiefly at the expense, of Mr. Robison) he has furnished

an interesting account, in a communication to the Society of Arts, which

appeared in the Transactions of the Society for 1833, from which we make

the following extract :—

" Four models were prepared of the following dimensions—

Ft. In. FL Ft In.

No. 1 was 8 3 Long, 2 Wide, and 1 0 Deep

„ 2 „ 8 3 „ 2 „ 16 „

ii 3 ii 8 3 „ 2 „ 16 „

„ 4 „ 9 1 each part 1 foot wide 10 „

And the weight of each 187| lbs.

" No. 1 was quite flat on the floor, rounded at the bilges, and perpendicular in

the sides at the midships section, but with a fine entrance and run.

" No. 2 was made in the proportions of an ordinary coasting trader.

" No. 3 in the proportions of a sharp built schooner.

"No. 4 was a twin-boat, similar in its dimensions to No. 1, only that the

breadth of each portion was half of the other breadth : the depth was the same.

" The weight of all the models being alike, their displacement of water was

equal, although their draft or depth of immersion was necessarily different

" The usual way of trying the resistance of floating bodies is by drawing

them across a dock or basin by a cord, running over delicately hung pullies,

"n a high mast, and with certain weights attached ; the time is accurately

noted which each form requires to move through a certain space, and the com

parative resistances are calculated from these elements. This method presents

many difficulties and disadvantages. I was enabled, however, by a suggestion

from an ingenious friend (Mr. Oldham, of the Bank of Ireland), to adopt a

much more summary and satisfactory way of determining the comparative

resistance of the different models; and, as it was the comparative resistance

alone which required investigation, I had no occasion to go through the more

tedious process of trying the resistance only, and of incurring the risk of error



670 ROBISON'S EXPERIMENTS.

from mistake in reading off the indications of the dynamometer. I prepared,

accordingly, a spar, or yoke, sixteen feet eight inches long, which was divided

into 100 parts of two inches each : a small eye-bolt was fixed at each extremity,

and a shifting hasp was fitted to the middle part. With this yoke all the expe

riments were made, by the two following processes:—First, a model was

attached, by a slender tow-line, to each eye-bolt, and the hasp was fixed

exactly in the middle of the yoke, and linked to an outrigger on the steam

vessel, which was then set in motion at the required speed. If it was found

that one of the models preceded the other in consequence of its offering lea

resistance, the hasp was shifted along the spar towards the sluggUh one, until

the resistances were balanced, and the two models ran abreast of one another.

The relative lengths of the arms of the yoke then gave an inverse measure of

the comparative resistances of the models at that rate of speed; this being

noted down, the hasp was brought again to the middle of the yoke, and the

model which showed least resistance was, by degrees, loaded with weighs,

until it again exactly balanced the other, and swam abreast of it ; the amount

of the added weights being likewise noted, afforded a second measure of the

difference of the resistance of the two models.

" Each of these forms of the experiment was gone through with different

pairs of the models, and was frequently repeated through long spaces of the

canal, as it was found that various circumstances interfered to render the

resistances inconstant, such as approaching nearer to the one or other side of

the canal, passing a loaded vessel, or making a turn round a projecting part

of the bank. It was first attempted to conduct the experiments by towing the

models astern ; but it was immediately found that the ripple of the wake of

the steamer disturbed the uniformity of the resistance of the models. Various

modifications were then tried, with more satisfactory results, and finally the

arrangement was made as follows :—A spar like a bowsprit, about twenty feet in

length, was run out a little above the level of the water from the bow of the

steamer, the hasp of the yoke being attached by a link to the point of the spar,

the models were in this way kept ahead of the steamer in smooth water, end

were altogether undisturbed by any ripple or wave."

The accompanying tables contain the results of these trials, from which the

important inference may be drawn, that there is no form which will present a

minimum resistance in all circumstances; and that the form which is easiest

drawn through the canal at a low velocity, does not possess the same advan

tages at a higher rate of speed.

By looking into the table A, experiment 1st, we see that, although the

resistance of No. 1 be to that of No. 2 as 13 to 12 when the velocity is three

miles per hour, yet, when the speed is increased to six miles, the advantage

which No. 2 had over the flatter vessel entirely disappears.

Again, in Table B, we see that in one experiment No. 2 carries two-ninths

more weight than No. 1 with equal resistance when the velocity is three miles

per hour ; but that, when the rate is raised to six miles, the loads required u

be the same in both, in order to equalize the resistance.

It appears, from numerous experiments made at intermediate speeds, that

this change in the relative resistance is progressive : there is reason, therefore.

to conclude, that if circumstances bad admitted of carrying on the experiments

at a higher velocity than six miles per hour, the flatter formed vessel would

have attained a superiority over the sharper ones. This conclusion is cor

roborated by the fact that the swiftest going steam vessels which have been

built in this country, are those which are nearly quite flat in the floor for i

great proportion of their whole length.

The first practical inference which may be drawn from these experiments U,

that all vessels which are intended to be tracked, or impelled by machinery

through canals, at low velocities, should be built as sharp in their bottoms as

circumstances will admit of, although this must necessarily increase their

draught of water ; the second inference is, that whenever vessels are intended

to move in canals with a higher rate of speed than six miles per hour, the

general form of the bottom should be quite flat.
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TABLE B.

Experiments with equal arms of the Yoke at 3 miles per how.

Models Compared.

Depth of

Immer

sion in

Inches.

Weight of

Vessels

with their

Loads.

Differ

ence.

Flat Vessel. No. 1 4.81 256 Ibs.]

32 Ibs. No. 2 carries J more than So. 1.

Coaster. No. 2 8.5 288 „ J

l

No. 1 6.083
320 „ j

No. 2 10.083 392 „ J

72 Ibs. S~o. 2 carries f more than So. 1.

Flat Vessel. No. 1 4.17 192 „ I

Schooner. No. 3 8.41 234 „ j

42 Ibs. !fo. 3 carries f more than No. 1.

No. 1 6.75 320 „

42 Ibs. So. 3 carries -& more than So. 1.

No. 3 16.25 882 „ .

Flat Vessel. No. 1 4.17
256 „ i

0 So dificrence at this rate ofspeed

Twin Vessel. No. 4 4. 256 „

N.B. The depth of immersion entered above is that observed when the resseU

were at rest, and which did not appear to alter when in motion.

TABLE C.

Experiments with equal arms of the Tote at 6 miles per hour.

Depth of

Immer

sion in

Inches.

Weight o

Vessels

with their

Loads.

Models Compared.
Differ

ence.

Flat Vessel. No. 1 4* 192 Ibs.

Coaster. No. 2 6 A 192 „ The draught of water noted in

No. 1 4ti
256 „

the column of immersions *u

that observed when the models

No. 2
8 TV 256 „ j were at rest previous to the

Flat Vessel. No. 1

Schooner. No. 3

4& 192 „

192 „

commencement of each experi

ment; the actual immersion

during the experiment vti7 A

No. 1

No. 3

*Ti
256 „

256 „ .

considerably less, especially in

the flatter vessels; but then

were no means of ascertaining9 A

Flat Vessel. No. 1 5^ 320 „ ' it precisely.

Twin Boat. No. 4 5 TV 320 „
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Proportion of Power to Size of Vessels.—The proportion which the power ot

tiie engines should bear to the size of the vessel depends greatly upon the

nature of the service for whicli the vessels are intended. Post-office packets,

and vessels depending chiefly upon passengers, for instance, require and will

admit of engines of larger power than vessels employed principally in the

transport of goods; in which latter, less space can be afforded for the machinery

and fuel, on account of the room required for the cargo. The proportional

power must likewise depend partly upon the size of the vessel, for, as the resist

ance to a vessel's progress depends principally upon the area of the transverse

section immersed, which area does not increase in the same proportion as the

capacity of the vessel, larger vessels require less power in proportion than

smaller ones. For instance, if two vessels be built upon the same model, but

one of them of double the tonnage of the other, their proportional linear

dimensions will be as 126 to 100, and their sectional areas as 158 to 100;

therefore, to obtain the same velocity, the power will only require to be increased

in the same ratio as the sectional area, or as 158 to 100 ; if the power in each

vessel were in the direct ratio of the tonnAge, or as 200 to 100, the ratio of the

power to their sectional areas would be 200 to 158.

Viewed solely as a question of economy without regard to speed, it might at

first sight be concluded that vessels must be worked at less cost with engines

of small power than with large ones, for the resistance to a vessel's motion

through the water increases more rapidly than in the ratio of the velocities.

The resistance of a fluid to a body moving therein is generally stated to be as

the square of the velocities ; a double speed occasioning a fourfold resistance,

so that if it required 100 horse power to propel a vessel at the rate of 5 miles an

hour, it would require -100 horse power to produce a speed of 10 miles per hour.

This ratio, however, applies only to the resistance of the particles of the fluid

in a quiescent state, and also assumes 'hat the area of the immersed section is

the same at all velocities ; hut the progress af vessels is influenced by various

other causes, besides the inertia of the water, as tides or currents, and the

force of the wind and sea ; resistance from these causes has little or no relation

to the speed of the vessels, and will require a certain amount of power to over-

tome them, independent of that which is required to overcome the inertia of

the water ; and the greater the amount of the resistance from the former causes

in proportion to that from the latter, the more will the result vary from the

theoretical calculation. In some circumstances, therefore, the consumption of

fuel may be even less in going a given distance with large engines than with

small ones. Let us suppose that a vessel, fitted with engines of 100 horse

power, will go 10 miles an hour in still water, and that another vessel with 50

horse power will in the same circumstances go 7 miles per hour; if these

vessels have to stem a current of A\ miles per hour, the effective speed of the

first will be reduced to 5£ miles per hour, and that of the second to 2^ miles

per hour; the former, therefore, would perform a. distance of 100 miles in 18

hours, and the latter in 40 hours; and as the large engine would only consume

twice as much fuel per hour as the small one, it would consume in 18 hours

only as much fuel as the smaller would in 36 hours, and, consequently, the con

sumption would be as 36 to 40 in favour of the larger power. But indepen

dently of these casual resistances, the resistance from the inertia of the water

is found not to increase as rapidly as the square of the velocity ; from the circum

stance that with a considerable increase of speed, the vessel has a tendency to

rise from the water, or diminish her draught, so that the area of the immersed

section becomes less, and the head wave also decreases. This circumstance may

appear paradoxical, but it seems to be well ascertained by a careful observation

■if facts, both in this country and in America. The Great American Steam Raft

is stated frequently to have attained a speed of 20 miles per hour, at which

time her draught of water was 7 inches less than when still, and there was

no head wave. The same facts have been elicited by numerous experiments in

this country with boats upon canals and drawn by horses, and will be found to

be noticed in the experiments of Sir J. Robinson and Mr. Russell, of which we

have already given extracts.

VOL. II. 4 Q
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Prom the foregoing considerations, which have been confirmed by experience,

the proportion of the power to the tonnage in seagoing steamers has been

gradually augmented ; vessels recently built having generally engines of greater

power than old vessels of the same tonnage. Small engines are also frequently

removed from vessels, and others of greater power substituted for them, with

decided advantage, not only as to speed, but also with respect to the economy

of fuel ; their consumption per voyage, or for the same distance, being less

with the large engines than it had previously been with the smaller ones.

The measured tonnage of a vessel, however, affords rather an uncertain

criterion of the comparative amount of power required, as, from the improper

mode of estimating the sizes of vessels or measuring them still in practice, a

small vessel may be made to measure a great deal, and a large vessel may be

made to measure very little. In all steamers, the vessel displaces considerably

more than the measured tonnage.

Mr. Morgan, who has had considerable experience in this matter, and who

has paid great attention to this subject, in his evidence before the committee on

steam communication with India, assumes the displacement of the vessel as a

better standard, and for vessels going long sea voyages deems 1 horse power to

4 or 4$ tons displacement a good proportion. He, however, advocates building

the vessels of a~sharper form than is generally done, so as to make the measure

ment and displacement nearly accord. We select from this gentleman's evidence

the dimensions of some of the government steam packets, which will show the

great discrepancy between the measurement and displacement.

The Flamer.—156 feet in length ; 26 feet 8 inches beam ; depth, 15 feet

3 inches; measured tonnage, 496£$ tons; nominal power, 120 horses.

TONS.

Her hull weighs . . . . 300 \ /With this displacement, saearam

Her engines 120 /j. Nil feet 5 inches aft, and 10 feet

Provisions, stores, masts, > ^gn° '\'0 inches forward, in sea-water,

anchors, &c 30 1 'J and the area of her midship sec-

Coals 140 J ( tion, immersed, is about 225 feet.

Her cylinders are 42 inches in diameter, with a 4-feet stroke. Her wheel]

(Morgan's) are 18 feet in diameter, and 5 feet 6 inches wide.

m,, . i • j . , , ( from 14 to 20 times per minute in
en the vessel is deep, her wbeels I , .• jr „, ..

I r' J heavy weather, and 25 times in

e \ light weather.

When the vessel is light, 'their speed f from ,18 t0 22 evolutions per minute

6 ^ • v I in heavy weather, and irom 26 to

increases ^ 26i revolutions in lignt weather.

The Columbia.—129 feet in length ; 24 feet 6 inches beam ; and 15 feet in

depth; measured tonnage, 360 tons; nominal power, 100 horses.

TONS.

Her bull weighs . . . . 250^ / With this displacement, she draws

Her engines 101 I ... I 12 feet 6 inches aft, 11 feet 4

Provisions, Rtores, masts, > 404' < inches forward, in sea-water, and

anchors, &c 30 I 1 the area of her midship section,

Coals 110/ v immersed, is about 213 feet.

Her cylinders are 39 inches in diameter, with a 3 feet 6 inch stroke. Her

wheels are 17 feet in diameter, and 5 feet 2 inches wide.

~, . , . , , 1 1 f from 14 to 20 times per minute in
When the vessel is deep, her wheels he(jvy weather( and ^ 2Q |Q M

revolve ( times in light weather.

„-, ' , . . .. ,. ., . , ( from 16 to 22 times per minute in
When the vessel 1. light, their speed heavy wea(her> ^ ^^ tfl ,8

ncrcases ... , . 1^ ^Qr m;nU(e jn jjgjjj weather.
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The Firefly.— \IQ feet in length; 28 feet 2 inches beam; depth, 17 feet;

measuied tonnage, 560 ; nominal power, 1 10 horses.

TOWS.

Her hull weighs . . . . 330 \ / With this displacement, she draws

Her engines 150 I T J 12 feet aft, and 1 1 feet 4 inches

Provisions, stores, masts, > J?"8' < forward, in sea-water, and the

anchors, &c 35 I ) area of her midship section,

Coals 200 / \ immersed, is about 270 feet.

Her cylinders are 44 inches in diameter, with a 4 feet 6 inch stroke.

Her wheels are 18 feet in diameter, and 9 feet 2 inches wide.

When the vessel is deen her wheels f from 17 to ,9 times Per minute in

1 P' 8mooth water. and from 6 t0 12 PerV minute in heavy weather.

„,, ., , . « « . .■ . ,f from 20 to 21 revolutions per minute
When the vessel u l.ght, their speed m fine weather_ ^ ^ g ^ u

mcreascs I in heavy weather.

The displacement certainly offers a better standard than the measured tonnage

for estimating the power required in steam vessels ; but we think the area of

the immersed transverse section is the best basis of calculation ; for, upon this

the resistance chiefly depends. Thus, a steam-boat which has been lengthened

generally sails faster with the same engines than before ; because, although her

measured tonnage is thereby increased, yet, from drawing less water, the area

of the immersed transverse section is diminished.

In the three examples just given, the sectional area is to the horse power as

follows :

Flumer 1 '9 feet area to 1 horse-power.

Columbia .... 2'13 ,, „ „

Firefly 16 „ „ „

A fair proportion seems to be from 1J foot to 2 feet section per horse-power,

according to the nature of the service for which the vessel is intended.

Construction.—In regard to the mode of constructing and fastening steamers,

much diversity of practice exists ; but, generally speaking, strength and

durability are not sufficiently studied ; and, although improvements are taking

place in this respect, much remains to be done. In order to give a general

notion of this branch of the subject, we shall insert some extracts from the

specification of a steamer of 600 tons burthen, built for the City of Dublin

Steam Packet Company. It was furnished by C. W. Williams, Esq., the

managing director of the Company ; and the improvements recommended are

those which, from the long experience of the Company, will admit of no doubt

of their efficacy.

Mr. Williams recommends generally—

1. That the hull be divided into at least five separate compartments, by four

iron-plate water-tight bulkheads, or partitions, so as to confine the water or

fire to the compartments in which either may have originated.

2. The substituting of copper or composition bolts, with nuts and screws, in

the fastening of the planking, and other parts, in place of tree-nails, the use

of which should be entirely exploded.

3. The addition of hanging iron knees, properly constructed, with stays under

the main and middle deck beams, wrought and fitted with care, according to

prepared drawings ; also, a continuous connexion of iron staple knees, by which

the entire series of deck beams are firmly bound together, and to the sides of

the vessel.

4. The adoption of an improved garboard strake, cut from a solid baulk, and

fitted to the rabbet of the keel. Mr. Lang has lately done much towards

introducing this valuable improvement.

5. The attaching the sister kelsons and sleepers, on which the engines and

boilers are placed, firmly to the bottom of the vessel, by a proper system of
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bolts, passed through the flooring and bottom planking, and by lateral staying!;

these sister kelsons passing the entire length of the vessel. This mode of

strengthening a steamer is very little in use.

6. The introduction of powerful longitudinal wrought-iron stay-bolts, four at

least, and from TJ- to 2J inches diameter, running the entire length of the

main-deck, and through all the main-deck beams, properly secured to each

with washers and cotters on the fore and after side of each beam ; so that each

deck-beam be not only thus tied together, but that each Bhall bear its due pro

portion of any strain of the vessel endways in a heavy sea. These iron

longitudinal bolt stays have been introduced with great advantage into several

steamers, which had previously worked considerably in a sea-way.

7. The introduction of an inner lining of sheet lead under the lining of sheet

iron, and next to the skin of the vessel, to prevent the desiccation and charring

of the timber bottom and sides, which the excessive heat and the decomposition

of the line powder of the coal in the neighbourhood of the engines and boilers

frequently occasion. This under-sheeting of lead has been found an effectual

remedy.

8. The use of iron in the various hatchways, ceilings, and scuttles, instead of

timber, which latter weakens the deck of a vessel, whereas the former

strengthens it.

9. The introduction of longitudinal cast-iron beams in lieu of wood, the

entire length of the boiler hatchways, and to which is attached a wrought-iron

deck-plate, the full size of the boiler hatchway. These iron beams secure thai

vulnerable part of the deck from contraction, sinking, or fire. The wood beams

and deck usually adopted over the boilers contract instantly, and thus admit

water to the top of the boiler.

10. The preparing the entire timbering, planking, decks, &c. on Kyan's or

other anti-dry-rot principle, thus securing the greatest durability to the hull.

This steeping process is effected in the builder's yard, and under the especial

iuperintendence of a competent individual on the part of the owners.
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Fig. 1 exhibits a plan of the solid floor, timber, and futtocks, with cogues and

bolts; the black parts denote spaces which are to be filled in solid, Bud the

dotted lines denote the bolts.

Fig. 2 is a section of the keel and garboard shake with bolts.
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The following engraving is a horizontal section of a portion of the frame at

the main deck, with staple knees, and longitudinal iron stay bolts.

 

a a are the deck beams; b b, an iron stay bolt, 2J inches diameter, run

ning the whole length of the vessel ; there are four of these bolts ; they pass

through every beam, and are raised up on each side of the beam, and the beams

being laid close enough to support the decks, carl ings are not required ; e c, the

horizontal staple knees, secured to the sides and beams with screw bolts and

nuts.

Subioined is shown a vertical section of the hanging knee and stay, which

supports the outer end of the main deck beam.

 

a is the main deck beam; 4, the longitudinal stay bolt; c, the staple knee; d,

the hangin" knee bolted by screw bolls to the side and to the main deck beam;

f, the diagonal stay to the knee; /, the shelf piece ; g, the inner planking.

Sitbdieuion of HM—The subdivision of the hull into separate water

tight compartments by means of plate iron bulkheads calls for particular

notice. The following observations by Mr. Williams will show the importance

of this improvement, and an effectual method of carrying it into practice.

" The casualties to which ships (especially steam vessc-ls) are liable arise, for

the most part, first from striking against or coming in forcible contact with

rocks, or such solid bodies as would injure tlie frame-work of the vessel; and,
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secondly, from accidental collision with other vessels, by which some part of

one, or both, becomes so damaged as to admit the water to such an extent a

to overcome the power of the crew to pump it out.

" That any expedient shall be discovered which will prevent the irruption of

the water to an extent beyond what may be within the power of men and

pumps to expel, is hopeless. Even in the event of running on an anchor, or

other body, which should break any part of the ship's bottom or side, or of i

single plank starting, the extent of the injury would most likely be such as to

render it impossible to keep the vessel afloat by human power. It occurred to

me, that the only practicable expedient for preventing the sinking or actual

submersion of the entire vessel would be by confining the effect of the injury

sustained to that portion or section of the vessel in which the injury occurred;

and this is the basis of the plan I am now to submit. The plan of dividing

the vessel's hull into sections, each of which should be completely water-tight,

has, we are told, been practised by the Chinese in their trade barges. This

mode of giving security first occurred to me on building the iron steamer

Garryowen (now plying on the Shannon at Limerick), and the trade barges

which the Dublin Company's steamers tow on that river. Where the hull vai

of iron, as in the Garn/owen, the introduction of iron plate bulkheads was easy

and effective; and, independently of the great strength afforded by this internal

and sectional bridging (as it may be called), these sections were as susceptible of

being made water-tight as the hull itself.

" Experience has proved that it is impossible to make a timber partition or

bulkhead water-tight, or, at least, that it should continue so. The heat of the

vessel is sufficient to cause such a shrinking in a partition of timber planking

as to render it wholly useless in preventing water from passing. Iron plate

partitions, however, possess all the requisites for this effectual division of the

vessel into so many water-tight compartments. Their introduction, then, into

timber vessels appeared an important desideratum. The only parts where

water could find its way from any one section when filled to another section not

so filled, would be, not through the iron partitions, but at the sides and bottom

of the vessel, where they come in connexion with the frame and planking of

the vessel. The preventing the water from passing in this direction is effected

by very simple means, viz. by making this part of the vessel solid, that

is, without tnose rooms or spaces which intervene between the frames of the

vessel; this solid framing should extend 18 inches before and abaft each parti

tion. The mode of effecting this is familiar to all shipbuilders. The intro

duction of hair-felt between this solid framing and the planking on the outside

and the ceiling on the inside completes the operation ; the plate iron forming

the partition having proper diagonal stays to give it strength, and being con

nected at the sides and bottom with angle iron, accurately fitted to the shape

of the vessel, particularly in passing over the kelsons."

With regard to the number of these bulkheads, Mr. Williams is of opinion

that four bulkheads, dividing the vessel into five compartments, afford the most

eligible arrangement. The centre section will then be occupied by the engine,

boiler, and coal bunkers. The section next to the centre will form the fore and

after holds ; or in the case of passenger vessels, the fore and after cabins ; and

the two remaining sections at the bow and stern need not be so high ai the

main deck, as the water never could rise within several feet of the same.

To prove the efficiency of these bulkheads, Mr. Williams tested the plan ex

perimentally, under the inspection of the members of the British Association, in

ft new vessel, the Royal Adelaide. The vessel was first bored in the bow section,

and the water allowed to flow freely in. When so filled that the water remained

at the same height, outside and inside the section, it depressed the vessel at the

bow six inches, and raised the stern about two inches. The water was then

pumped out, and the adjoining section filled; this depressed the bow 12 inches

without perceptibly raising the stern.

Iron Bulkheads.—Here, then, we have an effectual remedy against the

casualties attending on a vessel coming into collision with another. Unless tlie
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water break into the vessel in all the sections at the same time (which is almost

impossible), there can be no danger of submersion. These bulkheads afford,

also, a protection against fire. The circumstance of any part of an ordinary

vessel taking fire is followed by the rapid spreading of it through all pans of the

vessel. An instance of this calamity occurred recently to the steamer, the

Medway, on the river Thames, where the only resource that remained to the

numerous passengers was the confining themselves to that part of the deck

most distant from the fire until the vessel was run on shore. These iron bulk

heads, being air-tight, effectually prevent the i.itroduction of any draught

or current of air, so much to be dreaded. Again, in extinguishing the fire in

the section in which it originated, the crew would be enabled to work in

comparative security. The fire, being prevented spreading laterally, can only

make progress upwards towards the deck, and which will be considerably

retarded, if not altogether checked, by the absence of all current of air from

either end of the vessel. Indeed, it is questionable whether the mere closing

down the hatches over the section would not entirely extinguish it. These

bulkheads have been adopted in many vessels belonging to the City of Dublin

Company, and other parties have since followed their example,,although the plan

is far from being so extensively adopted as it deserves to be. With regard to

the additional weight and expense, they are trifling in comparison with their

importance and the security which they afford. Mr. Williams states that the

bulkheads in the Royal William and Athlone cost £290 each vessel ; and the

additional timber in the solid framing must be trifling.

Mr. Lang's Si/item.—The following plan of building steamers has been in

troduced with great success by Mr. O. Lang, of H. M. Dockyard, Woolwich.

Upon the keel being laid (say for a vessel of 300 tons), !£• inch oak plank is

passed diagonally, at an angle of 45°, from one side under the keel up to the

plank shore on the other side. At the fore and after ends, from the rise of

the floor, the planks cannot be passed under, and are rebated into the keel.

The first planking is caulked and payed ; then a second range of planking,

1 J inch thick, at an angje of 45°, is laid on the first, with patent felt between,

crossing the direction of' the angle, and this second planking is again caulked

and payed. Then the third row, 1^ inch thick, is put on longitudinally,

wi;h felt between, like the ordinary planking of a vessel, and caulked and

payed \ inch through ; bolts are used, and clenched upon ruffs such as boat-

builders use. Bent timbers are then placed inside, at every four feet apart,

with small floor ti inhere for carrying the sleepers. The following vessels, now

running upon the Thames, are built upon this plan,—Ruby, Gem, Diamond,

Duchess of Kent, Topaz, Prince George, Fairy, Naiad, Ariel, and Nymph.

Iron feaelt.—Owing to the many advantages attending the construction of

vessels made entirely of wrought iron, excepting the decks, a decided preference

u now given to them, and they are fast becoming almost universal. Amongst

the numerous advantages may be mentioned,—

1. An iron vessel does not weigh half so much as a wooden one of similar

dimensions ; consequently draws much less water.

2. An iron vessel affords much more room for stowage, owing to the de

creased thickness of its sides; those of the latter not exceeding four inches,

including the angle iron ribs to which the plates are fastened ; while those of a

wooden vessel of the same dimensions are not less than twelve inches thick.

Thus a wooden vessel, of 24 feet beam outside, would be only 22 feet inside ;

whilst an iron one would be 23 feet 4 in. ; making a difference of 16 inches

all round; which difference, in a vessel measuring 150 feet long, 24 feet beam,

and 16 feet deep, affords room for the stowage of 80 tons more of cargo than

the wooden vessel.

3. Owing to the diminished draught, or the necessity of displacing a less

weight of water, an engine of equal power to that on board a wooden one will

propel it much faster, or one ot less power equally fast. In the latter case,

there is effected a proportionate saving of fuel; in the former, a saving of both

time and fuel.
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4. Iron vessels are much cooler, owing to the metal being a rapid conductor

of heat.

5. The air in the holds of iron vessels is much purer, not being contaminated

with foul bilge-water, as is the case with wooden ones.

6. They are less liable to leak ; and the leak, when made, more eanly

stopped, the fracture or hole being generally much smaller, and capable,

usually, of being beaten back into its former position.

7. Iron vessels do not, like wood, become heavier by saturation.

8. Iron vessels are not subject to be affected by lightning, that fluid Heir*

conducted into the water by the metal.

9. Owing to the greater tenacity of the metal, iron vessels may be constructed

of greater dimensions-thai! wood.

The first iron steam vessel built for sea was the Alburkah, constructed by

Mr. Laird to take part in the expedition to the Niger, conducted by Mr Laird.

Her dimensions were,—length. 70 feet ; breadth, 13 feet ; depth, 6 feet 6 in. The

plates in her bottom were only \ inch thick, and those in the sides only an

eighth. When launched, she drew but 9 inches of water ; with her engine*,

boiler, and various fitting*, about 3 feet 4 inches. Her weight, including

the decks, was 15 tons. The engine, of 15 horse power, and boiler, added

about 15 tons more.

The foregoing exhibits an example of one of the smallest iron vessels, and

the following affords a magnificent specimen of the largest iron vessels hitherto

constructed.

The Great Britain, having a tonnage of 3 143, by the old measurement, wa

built at Bristol by the same Company which brought out the Great \Vetttn,

the largest wooden steam vessel previously produced. The Great Britain wu

chiefly constructed under the direction and management of Mr. Thomas Gappy,

with whom was connected Mr. Isamberd Brunei, as consulting engineer. The

length of the keel of this noble vessel is 289 feet; total length, 322 feet. Her

beam or breadth is 51 feet; depth, 32 feet 6 inches. Her draught of water

when loaded, 16 feet. Displacement, 2981 tons. The ribs are of angle iron,

6 inches by :;'.. \ and TT, thick. Distance of ribs from centre to centre amid

ships, 14 inches, increasing to 21 inches at the ends.

Ten iron sleepers run from the engine-room, (gradually diminishing in number

to the fore end of the ship,) and under the boilers, the platform of which they

support. In midships they are 3 feet 3 inches in depth, supported by angle

irons in the form of inverted arches, a short distance from each other.

She has five water-tight partitions ; stows 1200 tons of coal ; has a space for

1000 tons of measurement goads. The engines weigh 340 tons, the boilen

200 tons, and they hold 200 tons of water.

The main shaft is 28 inches in diameter in the centre, and 24 inches in the

bearings; in the rough, before it was turned, it weighed 16 tons: it **>

lightened by a hole of 10 inches diameter, bored throughout. A stream of

cold water is caused to flow through this hole and the cranks while the engines

are at work.

The screw shaft consists of one long, and two short, or coupling parts. The

part next the engine is solid, 28 feet long, by 16 inches in diameter. The

hollow intermediate shaft is 65 feet long, and 32 inches in diameter. The screw

part is 25 feet 6 inches long, and 16 inches in diameter. The total length of

this shaft is 130 feet, ana weighs 38 tons. The screw has six arms, 15 feet

6 inches in diameter, and weighs 4 tons.

The main drum is 18 feet diameter, and drives 4 chains, weighing 7 tons

The screw shaft drum is 6 feet diameter, and the weight with the pull when

working is equal to 85 tons on the bearings of the main shaft.

The steam cylinders are four in number, 88 incites in diameter, and with •

stroke of C feet. The condensers are of wrought iron, 12 feet by 8, and 5 feet

deep. Under the whole space occupied by the engines up to the top, the angle

irons are doubled.

The upper main and saloon decks are of wood, the two cargo decks are of

iron. Tne officers and seamen are all accommodated on two decks under tlie
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forecastle. She has six masts fitted with iron rigging. Five of the masts are

hinged for lowering during contrary gales. She is provided with seven life-boats,

capable of carrying 400 people. She is built with lapped joints in preference

tu flush, the former having been proved, to the satisfaction of the Company, to

be one-fifth stronger than the latter mode.

In each of the five compartments, the engine pumps, by means of pipes and

cocks, can be applied. The water-tight divisions of each compartment add

greatly to the strength of the ship, either as struts or ties.

We shall conclude this section by a notice of what are called TWIN BOATS, of

which there have been several constructed both in this country and America.

These vessels arc composed of two floating bodies placed side by side, but some

distance asunder, and connected together by a deck extending over both, and

the paddle-wheel is ordinarily single, and placed in the middle. The chief

object proposed in this construction is to obtain great speed by employing

vessels of very great length and comparatively small transverse section, and,

therefore, calculated to experience but little resistance from the water, and at

the same time to obtain increased lateral stability. The plan, however, has not,

upon the whole, been found to succeed : one objection we understand to be,

that the water, not being able to escape laterally, accumulates in the space or

channel between the vessels, and materially increases the resistance. Twin

steam boats were employed for several years on the Tay ferries, but have since

been superseded by vessels of the ordinary construction. The largest twin

steam vessel ever built was the Great American Steam Raft, which was formed

of two separate hollow trunks, or spindles, with a deck laid over them. These

trunks were 300 feet long, and in the centre, or thickest part, were 8 feet in

diameter, tapering in a regular parabolic curve to a point at each end. The

paddle-wheel, which was 30 feet in diameter, worked in the space between the

trunks. We do not know what was the power of her engines. The marginal

figure is a cross section of one of the

trunks, a a a are the staves, 26 in number,

and Sj inches thick, to each of which is

attached an iron bolt, b b, 26 inches long,

passing through the staves,and countersunk

on the outside of them. These bolts pass

through an iron ring, < , on the inside

of which they are screwed up by nuts, dd

so that the staves are brought into very

close contact ; sufficient room is left in the

centre for a man to enter and pass fore

and aft, and turn the nuts, if necessary.

The annexed figure shows the plan of

the beams connecting these two spindles,

or trunks, upon which the decks are built:

a a the trunks or spindles ; b the paddle-

wheel ; ccclhe boiler; dd the beams

which connect it with the outside guard; ee,ff, the braces. This vessel

was built at New York ; was destined to ply between that city and Troy,

 

 

distant about ICO miles up the Hudson. It is said, that on her first trip she

ran 21 nuies in 61 minutes, and that her average speed was about 20 miles per

VOL. n. 4 R.
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hour j the greatest authenticated speed at sea was, however, only 14 miles per

hour. At anchor her draught of water was 24 inches, but when running at

her greatest speed it was stated to have decreased to 17 inches. After making

a few voyages she was unfortunately lost by running upon a bank off the city

of New York, where she speedily went to pieces. In 1837, Mr. Neil Snodgrass,

of Glasgow, obtained a patent in this country for an invention similar to that of

the American Steam Raft, but with improvements in the details. His plan is to

form the buoyant vessels, which support the superstructure in which is contained

the cabins and machinery, of sheet iron, the form of the buoyant vessel to be

cylindrical at the middle portion of the length, and at about one-third of the

length from each end to taper off conically. To prevent the loss of buoyancy

which might arise from leakage, each of these vessels i9 divided transversely

into separate compartments, of about four feet each irt length, made air and

water-tight, by forming them at first in separate lengths, and riveting them

together on hoops of angle iron. To stiffen the entire vessel, four malleable

iron bars are riveted thereto equidistantly and longitudinally their whole length,

and along the upper side of each vessel is a beam of wood, which extends the

whole length of the lower deck, and to which the whole of the joisting and

beams for supporting the decks and machinery are bolted. The paddle-wheel

to be placed in the channel between the floating vessels, and at about five feet

before the centre of the vessels' length. In order to give a clearer idea of the

minor details, we extract the marginal figure from his specification : it is a phra

of the vessel on the lower deck :—

At a a are the conical vessels ; bb, the lower decks

laid upon transverse joisting; c is the chief cabin;

d the second ; ee promenade surrounding the cabins;

//four cylindrical boilers, which are all connected

to one Bteam pipe, which is provided with a large

safety valve at g, from whence there is a large tube

to convey the waste steam into the water reservoir

below. At the lower part of each boiler is a pipe

provided with a two-way cock, either to feed or to

blow off each boiler ; and in the general steam pipe

above are four valve--, through which the steam

passes from short vertical pipes, leading from each

boiler; by shutting any one of these valves, and the

feedcock beneath, appertaining thereto, such boiler

may be detached, if required; A is the steam engine,

placed horizontally, and connected by the rod, i, to

the crank, m, on the end of the shaft of the paddle-

wheel ; n o the funnel ; pp rudders hung to the stern

of each of the floating vessels. On the head of each

rudder is fitted a yoke or crosshead, from which a

rod or chain proceeds forward along the under lide

of the lower deck, where it is connected by anj

suitable means to the pilot's steering wheel, fitted od

the upper decks, and in front of the boat. The

annexed figure shows an

end view of the boat, aa

the floating cylinders;

b b the lower deck, sup

ported upon joists, cross

ing the sleepers, cc, and

also by the diagonal

slays d d, proceiding

from the cylinders, a a ;

c, the cabins ; / the <

paddle-wheel ; i) the

upper deck, surrounded $

by a railing; A the funnel.

 

 



GEMMELL'S TWIN-BOATS. 683

A small vessel on Mr. Snodgrass's plan, nearly resembling that Bhown in

the figure, was constructed at Glasgow. We do not know whether she

was. finally successful, but we believe the first trials did not altogether realize

the expectations which were formed of her performances. This might, in part,

arise from the floating cylinder not being of sufficient dimensions to carry the

upper works, for with merely the machinery

on board, the cylinders were fully one half

immersed.

About the same time Mr. Gemmell, cf

Glasgow, obtained a patent for improve

ments in steam vessels, part of which refer

to the arrangements of the machinery on

twin or double boats. Vessels of this

description are generally propelled by a

single wheel placed between the two boats,

but Mr. Gemmell considered, that, owing to

the rapidity of the current through this

channel when the vessel is in motion, the

paddles do not obtain sufficient reaction or

resistance from the water to propel the

vessel ; he therefore proposed to employ two

wheels, placing one at the outer side of each

boat. The annexed figure is a plan of the

boat and machinery:—a a are the twin hulls

or boats, which are firmly united together by

the beams bb, and the trusses c c. To avoid

theliability.towhichtwin-boatsare peculiarly

subject, of having other vessels or objects

running between the hulls, or of otherwise

becoming entangled together, from the bows

of the two boats is projected a guard, dd,

which also serves greatly to strengthen the

parts therein included, e e are the boilers ;

// the engines; and g g the paddle-wheel.

We are not aware that any vessel has

been constructed on Mr. GemmeH's plan,

nor can we discover in it anything to recom

mend it. By placing the wheels on the

outside of the vessel instead of the central

channel, the extreme breadth of the vessel

is augmented by the amount of the breadth

of the channel, which, in the case of vessels

plying on rivers, is a serious objection ;

and further, the paddle-wheels are no

longer protected from collision with other

vessels, but form the same dangerous and

I unsightly projections as in steamers of the

' ordinary construction.

It is somewhat singular that the first

vessel propelled by steam in this countiy

was a twin-boat, Mr. Miller's experiments

being made in vessels of this description,

which he had previously constructed with

out reference to the employment of steam

as the propelling power.
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SECTION III.

THE CONSTRUCTION AND ARRANGEMENT OF MARINE ENGINES,

BOILERS, CONDENSERS, &c.

Peculiar construction of Marine Steam Engine! generally.—Beam Engine.—Lever Engine.—

Napier's Direct Action Engine.— Seaward's Gorgon Engine.—Penu's Direct Action Engine.—

Steeple Engine.—Galloway's Inverted Cylinder Engine.—Humphrey's Trunk Engine.—Parkyn'i

Slidmg-covcr Engine.—Maudslay's Concentric Cylinder Engine.—Maudslay and Field's Double

Cylinder Engine.—Hick's Inverted Double Cylinder Engine.—Maudslay and Field's Direct

Action Screw Propeller Engine.—Brunei's Inclined Cylinder Engine.—Penn's Oscillating

Engine.—Borric's Rotatory Engine.—Condensation of Steam.—Seaward's Salt-water Gauge.—

Maudslay and Field's Pumps.—Brunei's Condenser.—Napier's Condenser in the " Kilmun."—

Howard's Condenser.—Dr. Church's Condenser.—S. Hall's Condenser in the " Wilnerforce."—

S. Hall's Salt-water Still.—Parallel Motion.—Reversing Motion.—Seaward's Slide Valves.—

Morgan's Balance Valves.—Piston-slide Valves.—Expansion Valves.—SnodgrasVs Expansion

Valves.—Bourne's Slide Expansion Valves.—Ordinary Steam-boat Boiler.—Separate Elliptical

Boilers.—Boilers of the " Syrius."—" United Kingdom" Boilers.—D. Napier's Tubular Marine

Boilers.—Safety Valves.

Marine engines, in general, differ in their construction from those used on

land in several points. As the weight of the machinery of steam-vessels, and

the space which it occupies, necessarily excludes a portion of the cargo, it

becomes an object of the greatest importance to diminish that weight and space

to the utmost degree compatible with the requisite stability and means of

working. These essential qualifications should be sought for by the adoption

of the most judicious forms for obtaining the greatest strength and solidity with

the least quantity of material. Marine engines should also be as simple as

possible, consistently with their efficient performance : as they are exposed to

severer trials than any other class of engines, they are consequently more liable

to derangement ; and the delays and expense attending repairs become serioui

evils, as the profitable employment of the vessel is thereby suspended.

An important consideration is, the position of the centre of gravity, which

should be placed as low as possible, in order to obtain the greatest degree of

stability for the vessel ; as a very slight heel or lateral inclination of the vessel

materially increases the load upon the engines, and detracts from the speed.

From these and other considerations, the arrangements and proportions

commonly observed in land engines require to he modified for marine pur

poses. The length of the stroke is much shorter in proportion to the diameter

of the cylinder than is usual in land engines ; the length of the stroke seldom

exceeding the diameter of the cylinder by more than a sixth, and frequenUy

being even less than the diameter. The beam likewise is shorter, being gene

rally rather less than three times the length of the stroke ; and instead of hav

ing only a single beam, the centre of which is placed considerably higher than

the centre of the shaft, there are two beams working outside the side frames,

and the centres are placed as low down as the vibration of the beam will admit,

the connecting rod working upwards instead of downwards. This arrangement

originated in Scotland, and, we believe, with Mr. David Napier, of Glasgow.

The shaft is considerably higher than the top of the cylinder, and the frame

which carries it is braced to the cylinder by a strong diagonal truss. As an

unlimited supply of injection-water can he obtained without the use of a pump,

the cold-water pump is dispensed with, and also the cold-water cistern, which,

in land engines, usually surrounds the condenser. The motion of the vessel

precludes the ordinary mode of feeding the boiler by means of a feed-head

and a regulating float; the water is therefore conveyed direct from the feed

pump to the boiler, and the supply is regulated by hand, by means of regu-

luting valves or cocks.

Owing to the rapidly corrosive action of sea-water upon iron, whether mal

leable or cast, it is found necessary to construct all the moving parts of the

engine whicb are exposed to it of copper or gun-metal ; the air-pumps are
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therefore lined, and the air-pump rods sheathed, with copper or gun-metal, and

all the valves and cocks, and the plungers of the feed and bilge pumps, are

made of brass or gun-metal.

Marine engines are generally of the class known as Beam Engines, in which

the action of the piston is transmitted to the crank by a beam, whose fulcrum

is in the centre of its length ; we shall therefore commence our description

with one of this class.

Seam Engine.—The annexed figure represents a longitudinal section. At

a is the foundation-plate, on which the engines are erected ; it is supported

 

upon two deep sleepers of wood, which cross the floor-timbers of the vessel, to

which they are firmly bolted. A portion of the bed-plate is formed into a

channel, nearly as deep as the sleepers, part of which channel forms the bottom

of the condenser, and another part receives the foot of the air-pump; 6 the

cylinder; c the slide-case, which is formed of three vertical compartments,
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connected at top and bottom by the apertures dd; the middle compartment

forms the steam-chamber, and the side compartments are the eduction passages;

e is the steam inlet ; / the slide-valve, formed of two short slides, connected by

a rod, which is found preferable to a single long slide for large engines, u tbe

latter is liable to warp ; the slides, which on the back form about one-third of

a circle, are pressed up to the seats by screws at the back, acting upon a block

of metal, faced with a thick sort of mat, made for the purpose; J the valve

lever, working upon the shaft of the parallel motion as a fulcrum ; the motion

of the eccentric is communicated by the intermediate lever y ; h the parallel

bar ; j the condenser, cast in one piece, with k the hot-well, and bolted to tbe

foundation-plate ; i the injection pipe. A tube, or cylindrical passage, is cat!

in the condenser, through which pass the gudgeons / of the working beam ;

these gudgeons are very securely wedged into bosses, cast on the sides of the

condenser, and the brass bearings are fixed in a boss in the centre of tbe

beam ; m the air-pump ; n the foot-valve ; o the blow-through valve, through

which the air and water are blown out of the condenser at starting the engine;

p the delivery valve, through which the water passes into the hot-well ; q tbe

passage leading to the feed-pump ; r the connexion with the relief valve ; t tbe

passage by which the waste water is carried off into the sea; / an air-vessel ; tithe

beam ; w the connecting rod ; y the crank ; z the blow-through cock, connect

ing the steam-chamber of the slide-case with the eduction passage ; this cock is

opened previously to starting the engines, for the purpose of expelling the air

frum the engines, or, as it is termed, blowing through.

The feed-pump and bilge-pump are worked from the cross-head of the air-

pump, and could not be shown in the sketch. The annexed figure represents,

on a larger scale, a sec

tion of the feed-pump,

with its valves, a is

the plunger, attached

to the cross-head b,

and working through

a stuffing-box in the

pump-barrel c ; d

the valve-box attached

to the side of the hot-

well ; e is the suction- =\Tp, L^TffL

valve, through which Uu r"^'—

the water is drawn

from the hot-well into

the pump by the rise

of the plunger. On

the descent of the

plunger the water is

driven out at the valve

/, along the feed-pipe 17

to the boiler, unless

the regulating valves

or cocks on the boiler

should be quite closed,

when it raises the load

ed valve A, and re

turns to the hot-well

by the aperture k.

The load per square

inch on the valve h

must somewhat exceed

the pressure per square

inch of the steam in the boiler.

In addition to the bolts, by which the cylinder, condenser, and side-frames

are screwed down to the foundation-plate, there are twelve strong bolts, called
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holding-down bolts, which are passed from the outside through the floof-

tiinbcrs, sleepers, foundation-plate, and bosses on the cylinders, condensers and

side-frames, and screwed aa firmly as possible by strong nuts. These bolts are

of copper, or iron tinned, in order to resist the corrosion of the sea-water.

The arrangement of the Beam Engine is, perhaps, that which is best adapted

for general use in steam-vessels, as all the parts admit of easy access ; the

weight of the moving parts on each side of the beam nearly counterbalance each

other, and the requisite pumps are easily attached ; but their weight and the

space they occupy have, in the progress of the improvements which marine

engines have undergone, been deemed very serious drawbacks ; and, at present,

opinion seems to be setting in favour of what are termed " direct-action "

engines, mest of the leading engineers having adopted each some particular

arrangement for dispensing with the side-beams. Several of these deviations

from the common form we shall now proceed to describe, commencing with one

which may be considered as intermediate between the Beam and the Direct-

action Engines; it is commonly termed a " Lever Engine," the action of the

pisten being transmitted to the crank by a lever, whose fulcrum is at the

extremity.

Lever Engine.—The accompanying figure represents in section an engine

of this class, a is the cylinder ; b the slide-case ; c the steam-pipe ; . ; the slide,

of the sort commonly known as the long side, which is hollow, and forms the

eductiou passage ; / the way-shaft, by which the valve is worked ; g is the con

 

denser, cast in one with the bed-plate, and forming a pedestal to the cylinder ;

h the injection- pipe; A the foot-valve; / the air-pump, inserted in a chamber

formed in the bed-plate ; m the blow-through valve ; n the delivery valve ;

o the hot-well ; p the waste-water passage. The feed-pumps may be supposed

to be arranged as in the engine first described, q and r being the passages con

nected with the pump ; t is the beam gudgeon ; v the beam ; to the connecting
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rod ; x the crank ; y the side-frame, firmly secured to the bed-plate, and to strong

flanges cast on the cylinder ; z the guides in which the cross-head moves.

This arrangement appears to us to be inferior to the preceding one, and to

possess few recommendations. Very little space is gained, or weight sated;

and as no longer cylinder can be employed than with a Beam Engine, the

crank of course must be shorter. In the Beam Engine, likewise, the parts

acting on each half of the beam nearly counterbalance each other ; but in the

Lever Engine the weight of the steam and air-pump pistons, side-rods, and

connecting-rod, acts all on one side of the fulcrum, and therefore requires to be

counterbalanced, which is sometimes done by having, one of the paddles of the

wheel formed of cast iron, of the requisite thickness. Lever Engines are very

common in boats on the Humber.

Napier's Direct-action Engine.—The annexed figure represents a Direet-

action Engine, which in appearance greatly resembles the preceding, the small

side-beams being retained ; but solely for the purpose of working the pumps.

It was applied by Mr. David Napier, of Glasgow, to the " United Kingdom"

steam-vessel, at a period when it was considered as of great dimensions.

In the annexed engravings, Fig. 1 represents an end view of the two engines,

and Fig. 2 a side view of one of them.

The cylinders a a are of cast iron, and fixed to a framing, which is bolted to

the bottom of the boat. The piston-rods b b are keyed at the upper ends to the

cross-heads c c ; to the exterior ends of which are attached the connecting-

rods d d. The lower ends of these connecting-rods are inserted in the fort

ends of the beams e e, which vibrate upon a shaft/, the bearancesof which rest

upon the top of the condenser g. In the same forks are inserted the ends of

other connecting-rods h h, which are keyed at their upper ends to cross-heads ii

In the centre of these cross-heads are bosses large enough to receive the

rods/;, which extend to the crank pins of the cranks k k. These cranks are

fixed to the main shaft, which rests upon the bearances //, upon the arches m,

which are bolted to the cross-beam, as at n. The shafts are shown as broken

off at the outer ends, but they extend to the outside of the paddle-wheel.

The side beams e e are not straight, but have two bends, represented by tie

lighter parts of the shading; the ends near the cylinder being therefore much

farther apart than the opposite ends, so that they may take up as little room is

possible, by lying close to the respective parts of the machinery. They are

also forked at the end nearest the air-pump o, so as to admit the insertion of

the pump-rods ^>, which are connected at their upper ends to the cross-head q,

in a bush, in the centre of which is keyed the air-pump rod r. Connecting-

rods s are attached at t to the side-beams e, and at their upper ends to crots-

heads, which are connected, as at u u, (Fig. 1,) to two rods, which work the

plungers of two feed-pumps v, for supplying the boiler, j is the apparatus for

blowing through, previous to starting the engine. It consists of a cock, which

opens or closes a communication between the steam-chest and condensers, by

turning the handle. The rod and lever x are for the purpose of regulating the

quantity of injection water which enters into the condenser, by a pipe from the

outside of the vessel, and can be increased and lessened in quantity by turning

a cock to which the rod x is attached ; y is the hot-well, into which the con

densing water is discharged from the air-pump. The feed-pumps are sup

plied with water from this hot-well, through the medium of a pipe, IB*

overplus being discharged through the side of the vessel by another pipe which

is not seen.

Seawards Gorgon Engine.—The annexed engraving represents an arrange

ment for a Direct-action Engine, devised by Messrs. Seaward, and commonly

known as the " Gorgon Engine," from having been first employed in a govern

ment steamer of that name, a is the steam cylinder, and 6 the piston-rod,

which is connected to the crank c by the connecting rod d. The head of the

piston-rod is guided vertically by the parallel motion as follows :—e is a rocking

standard, carrying at its upper end the fulcrum upon which the beam /turns.
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This beam is jointed at g to the cross-head of the piston-rod, and at A to the

radius bar », which turns upon k as a centre. The outer end m of the beam

serves to work the air-pump n. The slide-valves are of a peculiar construction,

patented by Mr. Seaward, and which will be described in the latter part of this

 

article, o is the steam-pipe, by which the steam enters the slide-case p of the

induction slides ; and q is the slide-case of the eduction slides, which is con

nected with the condenser r, the upper portion of which forms the hot-well.

Messrs. Seaward have constructed several pairs of engines of this description,

of large dimensions, for the government, which may be considered a proof of

the efficiency of the plan.

Penn'a Direct-action Engine.—This arrangement of marine engines, shown

in the opposite engraving, originated, we believe, with Mr. Penn, of Green

wich, who has applied it to some steam-boats on the Thames. At a is the

cylinder ; 6 the piston-rod, carrying the cross-head c c ; this cross-head consists

of four arms, branching diagonally from the centre. On each side two side-

rods d d are suspended from the extremities of the arms c c of the cross-head,

and arc attached at the lower end to a bar e. In the centre of this bar is a

pin /, to which the forked end g of the connecting-rod h is coupled ; a i are two

guide-rods, upon which the bar e slides, the rods passing through brass bushet

attached to the side of the bar ; k is the crank, and m the side-frame ; a the

slide-case, and/) the steam-pipe.

When only one engine is employed, instead of a forked"connecting-rod the

rods g are sometimes connected directly to the crank, the pin of which is eqi

: 1 1 length to the distance between the two connecting rods g. By this means a I

longer stroke may be obtained in the same height, and the connecting rod u |

somewhat lighter.
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The Steeple Engine.—This arrangement is extensively adopted on the Clyde,

with some variations in the minor details, according to the views of different

makers. At a is the condenser, constituting the base of the cylinder // . the cross-

head c of the piston-rod, instead of being parallel to the shaft, as is usual, stands

at right angles to it ; and from the ends of the cross-head rise two rods d d, which

are connected at top, forming with the cross-head a triangle. Through the

apex of this triangle passes a pin, the ends of which work in guides e, to cause

the piston-rod to preserve a parallel motion. The connecting-rod f is sus

pended from the central part of the pin, and the lower extremity ia connected

to the crank g, which revolves within the triangle. The frame h, which carries

the shaft, is supported upon four short colums, which rest on the cylinder; and

the vertical guides e are braced to this frame by the rods /,•/•; /is the slide-

valve ; m a bonnet over the foot-valve : n the air-pump ; o the hot-well on the

top of it : p the waste pipe. The air-pump is worked by the beam q, which is

supported at one end by the rocking standard r, and at the other is connected

to the apex of the triangle. The feed-pump t, and the bilge-pump on the

other side of the air-pump, are worked from the cross-head of the air-pump.

We believe Mr. David Napier introduced the plan of suspending the con

necting rod above the crank in steam vessels, but Trevithick employed a similar

arrangement iu his steam-carriage in 1802.

The motion for the air-pump, shown in the sketch, (p.692) is not that which is

commonly employed, but is the best which we have noticed. Sometimes the air-

pump is worked from one end of the cross-head of the piston-rod, and the

bilge-pump and feed-pump from the opposite end ; and in some vessels the

slide-valve is at the side of the cylinder, and two air-pumps, of small diameter,

are worked from the extremities of the cross-head.
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Tins arrangement, like that of the Oscillating Engine, admits of a long

stroke, without carrying the shaft very high ; and the parts in motion being

few, the friction is proportionately small. It has, however, some serious dis

advantages; a considerable weight lies at a great height above the centre of

gravity ; the oblique thrust of the connecting-rod acts with some leverage

against the upper framing; and the engine-house requires to be carried above

the deck.

 

Galloway's Inverted Cylinder Engine. — The engraving on the opposite

page exhibits an arrangement for marine engines for which Mr. Elijih

Galloway obtained a patent; and which has, we believe, been adopted in one

or two vessels plying on the Ilumber. At a is the cylinder, supported upon

the frame or platform bb ; c is the air-pump, placed beneath the cylinder, and

concentric with it : the piston-rod d, of the air-pump, passes through a stuffing-

box, in the cover of the air-pump, and through another stuffing-box in tb»
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bottom of the cylinder, and is attached to the steam piston. Two piston-rods,

e e, pass down through stuffing-boxes in the bottom of the cylinder, and are

keyed into a cross-head, /, which is curved so as to encompass one half of the

air-pump, as shown in the plan separately given of it; •/// are two connecting

rods proceeding from the bearings of the arms of the cross-head to the crank

 
 

A A; iiii are the plummer blocks, which carry the paddle shaft; two of these

are supported by the cover of the cylinder, and the other two by the side

frames k k ; m is the neck in which is placed the foot valve, connecting the

pump with the condensers; II are the guides in which the cross-head/works.

Humphtry't Trunk Engine. - Mr. Francis Humphery obtained a patent in

1835 for an arrangement in w ich not merely the side beams, but likewise the

piston-rod was dispensed with : the power of the engine being transmitted

direct from the piston to the crank by the connecting rod. To this novel form

of engine he gave the distinguishing name of the Trunk Engine : it is remark

able alike for originality, simplicity, and ingenuity. The annexed cut (p. 694)

represents a vertical section of the engine, a is the cylinder ; 6 the piston ; c the

connecting rod, the upper end of which is connected to the crank d, and the

lower end passes through an aperture in the piston, and carries a pin, c,

the ends of which work in bearings attached to the under side of the piston ;

f is a bonnet enclosing the bearings and end of the connecting rod. The con

necting rod works within a case or trough, g, which is bolted at bottom to the

top of the piston, and which slides in a stuffing-box, A, on the cylinder cover.

The sides of the trough are straight, and parallel to each other ; and the ends

are semicircular ; the width is just sufficient to receive the connecting rod

without rubbing, and the distance between the semicircular ends is such as to

allow the vibration of the connecting rod during the revolution of the crank.

£ i i the slide valve, and m m the columns supporting the entablature n, which
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carries the plummer blocks, in which the shaft revolves; p bonnet, covering

the manhole in the cylinder bottom. A pair of engines of this description,

90 horse-power, were constructed by Messrs. J. & E. Hall, for a packet named

the Dartford.

 

Parkyn't Sliding-Cover Engine.—The adjoining cut is explanatory of s

direct-action engine invented by Mr. Parkyn, which resembles the preceding

in the circumstance of the piston-rod serving also as the connecting rod, but

by a somewhat different disposition, a is the rod which serves at once the pur

pose of the ordinary piston rod and connecting rod, being attached at the lower

end to the piston 6, and at the upper to the crank pin c ; d is a recess in the

piston 6, for the reception of the lower end of the rod a ; e a cross pin passed

through the body of the piston 6, and the eye-hole /, in the lower end of the

rod a, turning freely upon the pin. The motion of the crank and connecting

rod a being angular and variable, while the piston 6 moves uniformly in one

vertical plane, in order to bring the two motions into harmony with each other,

the following arrangement is adopted. In the centre of the cylinder cover;,

and in a line parallel with the crank, there is an elongated slit, h ; and

immediately over this there is a supplementary steam-tight cover i, which

moves backwards and forwards at right angles to the main shaft, in conformity

with the varying positions of the crank and connecting rod a, much in the

same way as in a lathe the tool carriage of a slide-rest moves on its bed. The

under portion of the stuffing-box has two arms or pins, which turn in suitable

bearings in the upper or supplementary cover i, whereby the stuffing-box is

enabled to adapt itself to the line of the piston and connecting rod throughout

the entire revolution of the crank.
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PARKYN'S ENGINE.

Fig. I.

 

,*T'S ANNULAR CYLINDER
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Maudslay's Annular Cylinder Engine.—This is a new arrangement, patented

by Mr. Joseph Maudslay, in 1841. We understand that several engines hate

been constructed on this plan by the firm of Maudslay, Sons, and Field. Its

distinguishing feature is the annular form of the working cylinders. Fig. 1 (p. 695)

is a sectional elevation, and Fig. 2 a plan. At a is the exterior steam cylinder ;

b a smaller cylinder, fixed in the centre of the steam cylinder; c c the piston,

of an annular form, and working in the space between the two cylinders; ii

the piston-rods ; e the cross-head ; ff rods uniting the cross-head with the guide

block g, which moves in the cylinder o. From a pin in the guide block,

the connecting rod k is connected with the crank. The air-pump and other

parts may be attached to the engine in various convenient ways.

Maudslay and Field's Double Cylinder Engine.—The peculiarity of this

engine consists in there being two steam cylinders, each of half the area

necessary for the intended power, combined so as to form one engine, ami

placed so far apart, as to leave a space between them for the connecting rod,

and the lower end of a T-shaped cross-head, to which the connecting rod

attached, to work in ; the piston-rods being attached to the horizontal extremi

ties of the T cross-head, and moving up and down simultaneously with it and

with each other, whereby the combined action of both pistons is applied to one

crank of the paddle shaft. In the accompanying drawings Fig. 1 exhibits

longitudinal elevation of one of the engines, consisting of two steam cylinders

Fig. I

 

worked by one slide valve, as shown at Ic in the plan Fig. 2. Fig. 3 exhibits

a transverse section of a portion of the vessel, with one of the engines ■

elevation. At a a, Fig. 1, are the two connected working cylinders; bb their

piston-rods, the upper ends of which rods are aQixed by keys to the crosa-la'aJ
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Kg. 3.

cce; at the lower end of the cross-head there is a slider d, working between

ribs te, fixed on the outer surfaces of the cylinders; to this slider d one end

of a connecting rod /is attached, the other end of that rod being attached to

the crank g of the propelling shaft. 6

From this arrangement it will be perceived, that by the simultaneous ascent

and descent of the two pistons in their working cylinders a a, the rods b b will

cause the cross-head c c to

move perpendicularly up

and down between its

guide bars e e, and in so

doing to raise and depress

the slider d with the con

necting rod/, which rod

will by that means be

made to give a rotatory

motion to the crank g,

and thereby cause the

paddle-wheel shaft to

revolve. The air-pump, and the feed and

bilge -pumps are worked by the lever m,

which is connected to the slider d by the

rods n.

The mode of adapting the steam valve to

the combined cylinders is shown in Kg. 2.

The steam is admitted to, and withdrawn

from, these cylinders by one slide valve k

common to both, through a pipe, in the

ordinary way; the steam passing through

the curved passages or tubes 11 into both

cylinders. There is also a narrow passage of

communication always open, by which the

steam is allowed to pass from one cylinder

to the other, for the purpose of keeping the

pressure equal at all times in both cylinders.

The advantages stated to be realized by this

arrangement are : 1. Simplification of con

struction ; 2. More direct action on the crank ;

3. Saving of space and weight of material ;

and 4. Obtaining the greatest length of stroke

and connecting rod in a given height, with

out any lateral pressure on the pistons or

piston-rods.

Hick's Inverted Double-cylinder Engine.—

This arrangement resembles the preceding

one by Messrs. Maudslay and Field in the

circumstance of each engine being composed

of two cylinders, but in all other respects it is

different. The cylinders in this engine are

inverted, and the four cylinders composing

the pair of engines are ranged in a line

across the vessel. The engraving shows

a transverse section of a portion of one

, . »ide of the vessel, with an end view of

the engines. At a a are the cylinders, standing upon four strong wrought-

lron columns, only one of which is shown, in order to bring the piston-

rods into view. The columns rest on, and are secured to, the foundation

plate c ; and passing through suitable bosses on the sides of the cylinders

support the entablature plate d, and the crank pedestals above. The cylinders

are placed at a sufficient height from the bottom of the vessel, to allow the

piston-rods to work downwards. The two piston-rods // are connected

vo/.. n. 4 T
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together by a cross-head g ; the stuffing-boxes e e are ofdouble form, or in other

words they hare a space for packing botli at top and bottom, being furnished

with self-acting oil cups for lubricating the rods. The power is transmitted

directly from the main cross-head g below to the cranks h It above the cylinders,

by the connecting rod i; the two piston-rods// and the connecting cross-head

 

g, are further secured and made to work uniformly together by means of a

strong vibrating frame k of cast iron, forming part of the parallel motion ; and

which, with the side levers /, serves also to work the air-pump as well as the

feed, bilge, and brine-pumps. Each cylinder is furnished with a separate slide

valve, the two being connected together by a cross-head, worked by one

eccentric motion. The object of thus dividing the valve is to shorten the lengths

of the steam ports ; the valves being brought much closer tip to the face of their

respective cylinders than would be the case if one only were used for both.

The condenser is placed immediately underneath the slide valve ca«e, and the

air-pump, foot, and discharge-valves, arc similar in construction to those of

ordinary engines. The air-pump and condenser are connected together by a
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passage underneath the foundation plate. The waste water is discharged from

liie hot-well by an overflow-pipe through the side of the vessel.

Maudtlay and Field's Direct-action Screw Propeller Engine.—This engine is

chiefly designed for dispensing with the multiplying wheels, or chains and

drums, hitherto employed, between the engine crank and the shaft of the

screw propeller, in order to produce a suitable speed in the latter.

The annexed figure represents a transverse vertical section of the engines ;

they are ranged side by side in a line coincident with the line of the propeller

shaft, and immediately over the engine shaft, which is concentric with the pro

peller shaft, and is connected thereto by a coupling, which admits of the shafts

being readily disconnected, when the vessel is required to be propelled by the

sails alone. In order to obtain the requisite speed, the engines are constructed

 

_.
.

to work with a very short stroke, and a new kind of slide valve is employed,

which facilitates the rapid exhaustion of the cylinder. At a a is the cylinder,

supported on the upper part of the condenser 4, and on a projecting flange on

the air-pump c ; d is the engine shaft ; and e one of the engine cranks keyed

thereon, to which the force of the piston is transmitted from the cross-head/ of

the piston rod, by the connecting rod g. The slide valve is composed of a

hollow segmental plate h, working in the cylindrical steam case k ; the space

above the slide plate being occupied by the steam, and the cavity on the under

side of the plate communicating with the condenser by the passage m. The

valve works on its axis with a vibratory motion, and thus brings each side of

the piston into communication alternately with the steam and the condenser.

The foot of the air-pump is inserted in a flat prolongation of the condenser ;

and the foot valve n is situated in the bottom of the pump. The delivery valves

o and p in the bucket and pump cover are composed of annular plates, which

rise and fall vertically between guides, and admit of the escape of the air and

water, both at the periphery, and at the central aperture of the annular plate.

The upper portion q of the air-pump forms the hot well, from which the supply

for the boilers is drawn by the feed pumps ; and the surplus passes oil' by the

waste water-pipe, which is connected to the aperture r. The air-pump is

worked from the parallel motion in the following manner : s is the parallel bar,
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which is connected at the end t to the cross-head f; and at the point v to the

radius rod w, the centre of motion of which is at x. The parallel barii

extended beyond its centre of motion to y, from which the cross-head of the

air-pump is suspended by links, or a connecting rod «. The feed and bilge-

pumps are connected to the cross-head of the air-pump.

Brunei's Inclined Cylinder Engine.—This arrangement was patented by Mr.

Marc Brunei in 1822, and he employed an engine on this plan for pumping

in the great subterraneous work of the Tunnel under the Thames. It an

likewise been adapted in several steam boats. The chief improvement consiiu

of an arrangement of the working cylinders, by which the connecting rodi of

two engines are made to give motion to the same crank. The annexed figure,

which represents an elevation of the engine, will afford a correct idea of it

At a a is a strong triangular frame of cast-iron : within are fixed the t»o

cylinders b b. These cylinders are inclined towards each other, so as to form

an angle of 102°, which angle Mr. Brunei considers to be preferable to any

other for imparting a rotatory motion to the crank by the alternating action of

the piston-rods ; cc are the piston-rods; d d the connecting rods attached to

the crank e, which gives motion to the paddle shaft. The piston-rods ire

 

supported upon rollers, running upon guide plates to preserve their parallel

motion during the stroke. The steam is received from the boilers into the

small cylinders g g, and by the action of the pistons therein is alternately

admitted into one end of the working cylinders, and a passage opened for its

escape at the other. The action of the piston is regulated by the eccentric*

placed on the paddle shaft, as shown in Fig. 2. These eccentrics give motion

to the rods h h, which, by the intermediate levers i i, operate upon the piston;

in the small cylinder. This arrangement, it will be seen, is better suited to

high-pressure engines than to condensing ones, as it affords no convenient mode

of working the air-pump. In a French Post-office packet, on the Dover

Station, the engines were somewhat similarly arranged ; the two engines

impelling one crank : but the cylinders were on the oscillating principle.

Penn's Oscillating Engine.—But of all the arrangements of direct action

engines, that which admits of the greatest length of stroke in the smallest com

pass, and which, perhaps, is also the simplest, is the Oscillating Engine, invented,

as we have already mentioned, by Mr. Witty. The very extensive adoption of

this form of engine for steam vessels, is mainly owing to the example of Messrs.

Penn and Son, of Greenwich, who for some years past have employed it in

preference to all others ; and, by their judicious mode of construction, added to

the exquisite style of workmanship, have attracted such notice to the arrange

ment that most of the leading engineers have to some extent adopted it ; and

it bids fair to supersede most other forms.
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The annexed cut represents an arrangement of this description of engine

adopted by Messrs. Penn in a vessel on the Thames, which differs slightly from

their ordinary management. The foundation or bed plate of the engine is

composed of a strong cast-iron frame, extending across the vessel, and divided

into three compartments ; the two side ones being occupied by the cylinders, and

the central one a forming the condenser ; 6 is one of the cylinders, which is sus

pended upon hollow axes or gudgeons, working in bearings attached to the

bed-plate; cc are wrought-iron pillars, supporting the top frame d, that

carries the bearing of the main shaft, which is formed into three cranks, to one

of which, e, the piston-rodf of the steam cylinder i is connected, whilst the

central one, g, works the air-pump h by the medium, of the connecting rod i.

The steam from the boiler enters by the gudgeon which is nearest the vessel's

 

side, and arrives at the slide-case k by the hollow passage or belt m. By the

slide valve the steam is admitted to the cylinder, and discharged from the same,

and passing off by the midship gudgeon n, which forms the eduction passage,

it enters the condenser ; o is the hot well, and p the waste water-pipe.

The principal difference between the arrangement described and Mr. Penn's

ordinary arrangement, is that in the latter the air-pump stands vertically

between the two engines, and that the slide valve case is placed at the

back of the engine, that is to say, midway between the two gudgeons. We

shall conclude our account of the varieties in the form of marine engines

adopted by different engineers, by a description of a rotatory engine recently

invented by Mr. Peter Borrie, and which, we believe, has been applied to

several vessels.

Borrie't Rotatory Engine.—The accompanying engraving is a transverse sec

tion of this engine through the centre of the cylinder. At a is the foundation

plate, to which all the parts of the engine are directly or indirectly attached ;

' is an external cylinder fixed to the foundation plate ; e is a small cylinder, re

volving within the external one, on a shaft (/, whose centre is placed'So far above

that of the external cylinder, that their circumferences may touch one another



702 BORRIE'S ROTATORY ENGINE.

iit the upper point A1; and the space between them thus gradually increase! from

/»' to the lower point h2. The shaft d passes through steam-tight 6tuffing-boirs

in the cylinder ends, and revolves in bearings in the frames, which are

firmly bolted to the foundation plate, and stayed to the cylinder; ee are two

sliding pistons, consisting each of two arms, connected together by four rods

passing over the shaft. Their breadth is equal to that of the outer cylinder,

and their joint length over their extremities is necessarily somewhat less than

 

its diameter, owing to the eccentricity of the revolving cylinder. These uaim-

slide freely at right angles to one another, through passages made in the cir

cumference of the revolving cylinder, their sliding motion being caused by tb«

pressure of one of their extremities on the ascending side of the outer cylinder

(whichever side that may be); and the eccentricity of the revolving cylinder,

through which they slide. As their length is always slightly varying during

the course of a revolution, the difference is made up by metallic packing placed
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between the two thicknesses of plates, of which the arms of the pistons arc

composed. This packing is pressed by springs towards the sidesandcircumference

of the outer cylinder, as will be readily understood by reference to the figure.

In the passages in the inner cylinder, through which the piston slides, there are

also metallic packings, which are pressed on the flat surfaces of the pistons by

springs, and prevent the steam passing to the interior. There are, besides, two

steel rollers at the inside of the packings, which arc pressed up to the flat sides of

the pistons by screws, for the purpose of diminishing the friction of theirsliding

motion ; but theie rollers are not necessary, except in large engines. The rim

of the inner cylinder is made to project into metallic packing-boxes in the

cylinder ends, whereby the steam is entirely prevented from passing into the

interior of the inner cylinder. A packing-box is also placed at the point of

contact to prevent the steam passing to either side. From what has been

stated, it will be perfectly understood, that the steam only acts on the projecting

part of the sliding pistons between the inner and outer cylinders. The steam,

in coining from the boiler through the steam pipe/, has first to pass the slide g,

w'lich is worked by the handle //. After passing that slide, it enters the steam-

tight jacket,;, the bottom of which is the slide face, having the four cylinder

ports tlm and n, and the eduction port g on it. A slide o, worked by a handle

p, puses over these ports for the purpose of reversing the motion of the engine ;

on this slide there are two ports, ol and o2. In the position in which the slide

is shown in the engraving, the port o' is open to the steam port £, the port n is

closed, and the two ports m and A are open to the eduction port g ; so that when

the slide is in this position, the engine will necessarily move in the direction

indicated by the arrows. Now, by moving the slide along until the port o1 is

above the-steam port k, then the port m will be closed, and m and / open to the

eduction, so that the steam will act at the opposite side of the cylinder, and

consequently the motion be reversed. It will here be observed that the lower

cylinder ports m and n are never used for admitting'steam, but only for leading

offthe used steam. The object in placing them so low in the cylinder is to allow

the vacuum to act upon the pistons sooner. It must be kept in mind, therefore,

that in whatever direction the shaft revolves, the steam is always admitted at

one of the upper ports k or /, and the used steam let off at its opposite lower

ports. All tin- ports where they lead into the cylinder are divided by bridges

placed diagonally across them, so that the pistons may pass freely over them.

From the relative position of the two cylinders, and the distance between their

circumferences gradually increasing from contact at the upper point A1 to the

greatest distance at the lower point h1 (which in this case is £ of the diameter

of the external cylinder, but may be varied according to circumstances), it

follows that in whatever direction the engine revolves, the area of that part of

the pistons which is acted on by steam and vacuum gradually increases, so

that the principle of expansion is carried out to its full extent without the aid of

expansion valves and gear. The steam passing through the eduction passage

g is conducted by the eduction pipe r to the condenser » ; t is the injection

slide placed at the lower end of the eduction pipe, and conducting the water up

the pipe, so as to act fully on the steam in passing downwards ; it is worked by

a lever and rod, connected to the handle u, which is placed in proximity with

the other starting handles h and p. The air-pump is a double-acting one. It

has a metallic packed piston, which is worked from the main shaft by a crank

and connecting rod ; and the piston-rod is kept parallel by two slide guides

bolted on the air-pump cover. The pumps are worked from the main shaft by

an eccentric, connected by a rod and lever to a rocking shaft d, on which are

keyed two levers, which are connected by rods to the bilge and feed-pumps.

The latter has its valve chettj bolted on the hot well

Condensation.—The means adopted for the condensation of the steam is

almost universally by the injection of cold water into the condenser, as in land

engines. Bat for the purposes of steam navigation, this method is attended

by several serious evils, which we shall briefly notice. In the first place, the

water being generally strongly impregnated with earthy or saline matter, imd
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tlie steam consisting of pure water only, this extraneous matter coutinues to

accumulate in the boilers, and at length to form incrustations, which if not

removed, would eventually fill the boiler. To prevent this occurring, several

methods are resorted to (some of which we shall notice), but none are com

pletely successful, and all are attended with some objection. Another evil

attendant upon this system of condensation when applied to marine engines,

is that, as the supply of water to the boilers cannot be regulated by self-adjuit-

ing means, as in land engines, but must depend upon the care of the attend

ants, the fire-box and flues are liable to be burnt through in the event of the

smallest inattention. Great care also is required in regulating the injection

flow of water, for the vacuum causes the water to enter the condenser as fist,

when the engines are moving slowly, as when going at a great speed ; and u

it is exceedingly difficult to regulate the injection exactly to the irregularities

in the speed of the engine, there is the risk of diminishing the power of the

engines by admitting too small a quantity of water, or of choking the condenser

and air-pump by an excess, which is frequently the occasion of serious

accidents. The plan most commonly resorted to for preventing the deposition

of earthy matter in the boiler, is to discharge a portion of the water from time

to time (technically called " blowing out"), replacing it with water from the

hot-well, with the view to prevent the water becoming saturated. Mr. Seaward

has contrived an ingenious and extremely simple plan to guide the men in the

performance of this operation. In the glass gauges, attached to the boiler to

show the height of the water, are two glass bulbs of different specific gravities ;

when the water in the boiler approaches within a certain distance of the point

of saturation, the heaviest bulb rises to the surface, whereupon the engineer

should blow out water from the boiler, replacing it with water from the hot

well, until the lightest bulb sinks. This contrivance is doubtless of greit

■ ^^v utility, as it enables the engineer to conduct the

Jyfl " blowing out " process with much greater precision

Iv l^^^m pf? than he could otherwise do. Mr. Seawards app»-

VS f^^^xy"^ ratus for this purpose is shown in the annexed cut.

At a is the glass gauge, chiefly inclosed in its

metallic case 6, and connected by the pipes andcocfa

c c with the boiler d. At e and / are screwed plus?

having vertical steins proceeding from them, which

enter the ends of the glass tube ; g and h represent

the two glass balls, the lower one of which, berns:

the heaviest, is shown as resting upon the top of the

lower stem, while the upper one floats on the liquid.

The process is, however, still dependent upon the

attention of the engineer, and, therefore, liable to be

neglected. To obviate this Messrs. Maudslay and

Field, instead of periodically blowing out the water,

maintain a constant stream of water through the

boilers, by means of a small pump, worked by the

engines, and so proportioned as to draw from the

owest part of the boiler, at each stroke, as much salt as is deposited in thf

boiler by the steam consumed in that stroke. But the operation of blowing

off, in whatever way it is effected, is seldom completely effectual. It also

causes a great waste of fuel by expelling from the boilers such a large quantity

of water at the boiling point.

These and some minor objections to the system of condensing by injection,

becoming more sensibly felt as steam navigation advanced, have caused

numerous attempts to condense the steam without injection, by bringing it in

contact with metallic surfaces, surrounded by cold water ; and the system has

at length been brought to such perfection, as scarcely to admit of further

improvement. Some of the arrangements for this purpose, which have been

put in practice, we shall now proceed to notice.

In 1822 Mr. M. I. Brunei obtained a patent for various improvements in

marine engines j one of which improvements consisted in a-methoa of condensing
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the steam without injection ; with the view of keeping the water in the boiler

constantly fresh, and thus preventing the corrosion and incrustation which the

use of sea water occasions. The condenser consisted of a peculiar combination

of pipes as represented by Fig. 1, which is a vertical section of the apparatus.

ana are a horizontal row of pipes, which the inventor calls " mains ; ' each of

these mains has on the upper side a row of sockets, and from each socket rises

a cluster of copper pipes b b, of small diameter. These pipes are closed at the

upper ends, but open at the lower, which are inserted in holes in a sort of

cups, fitted to the sockets on the mains, and secured thereto by a long screw-

holt c ; which passes down the centre pipe of each cluster, and is screwed into

the main, as shown in Fig. 2, which is a section of one of the clusters on a

larger scale. The mains and small pipes are placed in a cistern, through which

Fig. I.

 

 

 

a current of cold water is maintained by a pump or other suitable means. The

iteam from the engines enters the mains a by the pipe d, and ascending the

•mail pipes b b, is condensed and restored to the form of water, which fulling to

the bottom of the mains, is withdrawn by a small force pump e, and returned to

the boiler. We are not aware that this apparatus haa been tried, but we think,

that from the want of an air-pump, and from there being no thorough draft

through the small pipes, it would be difficult to discharge the air from

them ; which would, therefore, prevent a good vacuum being obtained, and

materially obstruct the condensation of the steam.

ingst the first to put in practice this system ofcondensation in steam vessels

r. D. Napier, of Glasgow, who

Among

was Mr. D. Napier, of Glasgow, who made trial of various arrangements of cool

ing surfaces, and if he did not completely succeed in removing the evils com

plained of, he at least greatly reduced the amount of them. The arrangement

which he adopted in a small iron vessel, called the Kilmun, deserves notice from its

extreme simplicity. The condensers consisted ofa shallow iron casing, on each side

of the engine-room, built upon the internal surface of the vessel, which thus con-

•tituted the outer side of the condenser. The inner side was covered by an iron

casing', which communicated with the water outside by two large apertures in the

vessel ; one at the fore part of the condenser, and the' other at the after pnvt.

The space between the condenser and the casing being sufficient (o allow a free

circulation of the water, the condenser was exposed on each side to a current of

vol.. u. 4 u
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cold water whenever the vessel was in motion. The annexed diagram, repre

senting a horizontal section of the condenser, will more fully explain the con

struction of this ingenious apparatus, a a represents a portion of the side of the

vessel, constituting the outer side of the condenser ; 4 the inner side ; cashest

iron casing, which encloses the condenser on the inner side ; d the aperture by

which the water is admitted between the condenser and casing; e the out'r;

aperture. The dark space represents the interior of the condenser, to which

 

the steam is conveyed from the slide case by the pipe/, attached to the top;

and g is a pipe leading from the bottom of the condenser to the air-pump, by

which the water and uncoudensed vapour are withdrawn. Mr. Howard, of the

King and Queen Iron-works, Rotherhithe, endeavoured to combine condensa

tion by injection with surface condensation. The condenser consisted of a

cylinder of copper, communicating with the eduction passage, and enclosed

within another vessel, through which a current of cold water was maintained by

means of pumps worked by the engine. Within the annular space between the

two vessels was placed a worm of thin copper, the upper end of which was con

nected to a rose head within the condenser, and the lower end of which was

connected to a small force-pump, which drew from the lower part of the con

denser. The worm being filled with fresh water previous to setting the engine

to work, at each stroke of the engine a portion of this water was injected into

the condenser amidst the eduction steam, which thereby became condensed;

and a portion of the water resulting therefrom was returned to the refrigerating

worm by the force-pump, and the remainder forced into the boiler by the feed

pump. This plan of condensation was tried on board a government vessel, a

also in two other vessels constructed by Mr. Howard, and, we believe, with

satisfactory results : but as it formed only an accessory to Mr. Howard's " Vapour

Engine," which proved a failure, it shared the rejection of the latter.

Some years subsequently, Dr. Church obtained a patent for a method of

condensation, which was the same in principle, although the arrangements were

somewhat different. The opposite figure represents a section of the apparatus.

a I) c is a vessel called the refrigerator. It is divided into three compartment*,

placed over the condenser e, the upper one a being connected with the lower

one 6 by a series of pipes of small diameter, which occupy the middle portion

or cold water cistern c. During the operation of the engine a constant stream

of cold water is maintained through this cistern. The chambers a and b being

previously filled with distilled water, upon the admission of the steam from the

engines into the condenser e by the pipe (/, the injection- cock/ is opened, and

the injection water is distributed in a shower amidst the steam by the rose c.

by which the steam is instantly condensed, and the water resulting from the

condensation, together with the injection water, is drawn off by the air-pump,

and delivered into the compartment a, to be cooled down again by descending

through the refrigerating pipes c. On the top of the chamber a is a small open

pipe for the escape of any air given out by the water.

But no person has contributed so much to the introduction of this system of

condensation as Mr. S. Hall of Basford, by bis various contrivances to meet ail

the exigencies of the case, by his improvements in the construction of the

apparatus, and by his unwearied exertions to demonstrate the superiority of the

system, and to procure its general adoption. The following description will

serve to give a general idea of his arrangements. The condenser consists of '

cast-iron vessel, divided into three compartments by two horizontal pl»ie«.

Into these plates are secured the ends of a vast number of copper tube* >>f small

diameter, which form a communication between the upper and lower chambers,
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n*.

 

or compartments, of tlie condenser. Through the middle compartment, or

cold water cistern, a stream of cold water is maintained by a double-acting

pump. The upper chamber communicates with the eduction passage, and the

lower with the air-pump. The steam from the eduction pipe entering the

upper chamber, is instantly dispersed through the condensing tubes ; and by

its contact with their cold surfaces, is reduced into water, and falls in a shower

to the lower compartment; from which it is drawn, together with the air and

nncondensed vapour, by the air-pump. The air-pump delivers the water into

a hot well, which is closed at top, so that the upper part constitutes an air

vessel, and the elasticity of the compressed air forces the water into the boiler,

through a pipe proceeding from the lower part of the hot well to the feed valves

or cocks on the face of the boiler. On the top of the hot well is placed a snift

valve, to maintain the water in the hot well at a certain height, so as to prevent

the air from entering the boiler along with the water. The whole of the steam

from the cylinder is condensed, the water returned to the boiler ; but there is

always a loss of water to a greater or less extent by leakage of the boilers, and

the escape of steam at the joints, and at the safety valve ; the water in the

boilers would, therefore, in time, be reduced below the proper level, unless

means were taken to replace the quantity of water so lost. To meet this diffi

culty, a small vessel, called a " still," is inserted in the top of the boiler, and

connected by a pipe and cock with the upper chamber of the condenser. This

still is charged with sea water, and when it is perceived that the water has

become lower in the boiler, the cock is opened ; and a communication being

thus established with the condenser, a partial vacuum is formed in the still.

ThU causes the water to boil rapidly at a much lower temperature than it would

otherwise ; and the steam rushing into the condenser, is condensed along with

the steam from the cylinder. The additional water thus obtained is delivered

to the boiler by the action of the air-pump.

The annexed engraving represents, with some slight alterations, the arrange

ment adopted in a pair ofengines constructed by Messrs. Hall, of Dartfotd, for the

\Vilberforee steam packet. We select it as the most perfect which we have seen,

and because all the paits are distinctly shown. At a is the steam cylinder ; 4 the



;ey HALL'S (OF DAKTFOItD) CONDENSER.

steam pipe; c a belt or channel surrounding thecylinder, and conveying the steam

to the slide valve chest d ; f'u the upper chamber of the condenser ; g the cold

water cistern, in which the condensing tubes e e are situated ; h the lower chamber

of the condenser ; k the foot valve ; / the air pump ; m the hot well, cast in dm

 

with the air-pump; n the snift valve, attached to the float o ; p the fe«d pip*.

leading to the boiler ; q is the cold water pump, placed between the slide cw

and the condenser; r the cold water supply pipe ; the water is conveyed from

the pump to the condenser by a channel cast on the frwwrtaltan nl»ti> of the
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engine and enters the condenser by the apertures it ; 1 1 are outlet passages

by which it is discharged into the sea ; v is the throttle valve, and w the blow-

through valve ; x in the upper chamber of the condenser, is the distributing

plate ; and y the pipe leading to the distilling vessel. The axis of the side

levers is not carried through the condenser, as is usual ; but each lever plays

upon a stout pin, firmly keyed into a massive block, or pedestal, cast on the

foundation plate.

The figure in the margin shows the mode of c r-

fastening the condensing tubes ; a is a portion

of the upper plateof the condenser, madeof brass

or cast iron, and having holes formed in it to re

ceive the ends of the tubes, a portion of one of

which 6 is shown of the full size. These holes

are to the depth of about half an inch, made

of a rather greater diameter than the tubes,

and are tapped to receive a screwed ring or

ferule c ; the end of the tube being inserted in

the hole, a ring of soft tape is slipped over the

end of the tube and screwed firmly down into

the hole in the plate, so as to press it into close

contact with the surface of the tube; by which

means a joint is formed perfectly steam and

water-tight; and which yet allows for the ex

pansion and contraction of the metal.

The annexed figure represents the distilling apparatus. At a is a cast-iron

vessel bolted down over an aperture in the top of the boiler, and having a

vessel b connected to it by rods c c. A series of brass or copper tubes d d

connects the interior of the two vessels. The lower chamber, the tubes d d,

and a portion of the upper

chamber, contain sea water,

which enters by the pipe h,

connected with the cold water

chamber of the condenser; k

is a valve governed by a float /,

by which the water is main

tained at the proper level. Fro»

the upper part of the vessel a,

a pipe m, furnished with a stop

cock n, proceeds to the upper

chamber of the condenser.

When the attendant perceives

the water in the boiler begin

ning to fall, he opens the cock

it, and the steam from the water

;n the still rushes into the upper

chamber, and is condensed

along with the steam from the

engines ; and the water re

sulting is forced into the boilers

by the air-pump. When the

water in the boiler is by this

means restored to its proper

level, the cock n is shut, and

the operation ceases. When,

from the water becoming satu

rated, it is required to " blow,

out" the still, the cock n, and a cock i, on the pipe h, are shut; and steam is

admitted from the boiler into the upper vessel, by opening the cock o and

the cock p, which connects the }cwer part of the still with a discharge-pipe
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paring through the ship's side, and the water and sediment are driven out: after

which, hy reversing the position of all the cocks, the still is recharged witk

water from the cold water chamber of the condenser.

Mr. Hall's invention has been extensively adopted by the Admiralty, fa

East India Company, and various other companies; as well as private indi

viduals. The Sirius of 320 horse-power, fitted with Mr. Hall's condenser, was

the first steam vessel which crossed the Atlantic from this country.

Parallel Motion.—The parallel motion commonly employed in marine

engines, working with side beams, is exactly similar in principle to tint

employed in land engines ; but owing to the parts being inverted, it appears

different. It is represented in the annexed cut.

 

":M

The radius shaft is usually worked by a single link, or side rod, which is at

tached to that radius bar and side beam which is next the vessel's side, ii

order to leave more space between the two engines for working the hand gwr.

In constructing marine engines, it is occasionally required, that the centred

the radius rod shall be placed in some particular point; and it then becomes

necessary to determine the length of the radius bar and of the parallel bir.

This is usually ascertained hy repeated trials with rods of different lengths, tot

want of a correct rule for readily determining it : we therefore give the fol

lowing, which, we believe, has not before been published.

Let a b represent the beam at its horizontal position, c the centre of tltf

cross head of the piston-rod, and c b the side rod by which it is connected H

the end b of the beam a b ; and let it be required that the centre of the radius

bar shall be in the point d; then as the parallel bar is always parallel to 0*

beam, and as at the horizontal position of the beam the parallel bar and radius

bar will coincide or lie in the same horizontal plane, draw the line d e parallel

to a b, and it will represent the position of the parallel bar and radius bar *'•

this position of the beam ; and e will be the point at which the parallel bar '»

attached to the side rod; and e d will be the difference between the length m

the parallel bar, and that of the radius bar. Then through the point c draw

the vertical line cf, to represent the path of the piston-rod, and draw a o in the

highest position of the beam, making a g equal to a b ; then from g with the

length 6 c intersect the line cf'mf, and draw the line f g, upon which lay off

the distance b e from g to h, then draw A i of an indefinite length and paralM

to a g, and on it lay off /< k equal to d e, the difference between the length °t

the radius bar and parallel bar; then, as the remaining portion of the paralM

bar will be equal to the radius bar, and the two bars are connected at their ei-

tremity ; if we draw the line * d, they will form with it an isosceUi triangk
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the apex of which will be at the point of junction of the two bars ; therefore,

to find the apex, upon k and d as centres, with any distance in the compasses

describe arcs cutting in o o, through which points draw o p, cutting h i in p ;

 

then draw dp and it will be the length of the radius bar ; and h p will be the

length of the parallel bar. Then upon g a set off g r=h p and draw p r, and

it will represent the back link, and r the point at which it is attached to the

beam.

Reversing Motion.—In steam vessels it frequently becomes necessary to

reverse the engines suddenly, and sometimes to run a considerable distance by

the reversed motion. It therefore becomes indispensable that the engine should

!>e so arranged as to be completely self-acting whilst running in either

direction.

Iu the case of engines fitted with valves worked by a plug-rod and tappets,

it is only necessary to reverse the position of the valves by hand, and when the

crank has returned past the line of centres, the plug-rod will continue to work

the valves, as before.

But this plan of working the valves is chiefly confined to pumping engines.

In marine engines the valves are almost universally moved by a cam or eccen

tric, fixed upon the shaft; whereby the motion is rendered much smoother,

and freer from concussion ; but as the motion of the eccentric is reversed with

the reverse motion of the shaft, the reversed action of the eccentric would

cause the valve to move in the wrong direction unless some provision were

made to the contrary, as will be more clearly seen in the following diagram.

The eccentric may be considered as a crank whose length is equal to the

eccentricity of the eccentric disk; let a b represent the position of the eccen

tric, when the piston is commencing its ascending stroke, at which time we

will suppose that the valve lever e f should be depressed, or movo in the

direction/ g ■ if the eccentric be carried round by the shaft in the direction

o c, the eccentric rod b A, acting upon the lever e h, will depress the lever e f
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ns required. But if the motion of the shaft be reversed, the eccentric, morinf

in the direction b d, will thrust the lever e A towards k and raise the ferae;

to the position //. Some arrangement it will therefore be seen is necesBij,

n> cause the eccentric always to move the valves in the same direction, at hit

 

given position of the piston ; whether the shaft be revolving forwardj or

backwards.

One of the methods employed for effecting this, is to fix two eccentrics upon

the shaft, one adapted to the forward and the other to the backward motion of

the shaft, each of which can be thrown into gear whilst the other is thron

out by the action of a lever. This method has the advantage of admitting the

eccentric to be firmly keyed or staked to the shaft ; it is however more eip»-

sive, and has the appearance of greater complexity, than the following method:

which is therefore more generally practised. The eccentric a is not keyed to &t

shaft o, but is hung loose upon it with liberty of motion. On the side of the

eccentric is cast a quadrantal piece c, and a similar piece d is fixed on 0"

shaft, forming a species of clutch, the eccentric being carried round by tb«

the piece d pressing on the piece c. Now supposing the shaft to be revolra;

in the direction a e, and it be required to reverse the motion ; the eccentric rod

is thrown out of gear, and the position of the valves reversed by band ; thb

causes the shaft to revolve in the direction of af, and the piece d receding ftw

 

ix

 

the piece c, the eccentric remains stationary until the shaft has made bill •

revolution, when the position of the eccentric is directly opposite to wn*j

would have been had it travelled round with the shaft, and it will now be ur»«

round in the direction a f by the piece d acting upon the other end of iht

piece c, and the eccentric rod being thrown into gear, will be pulled in IK

direction g a. If the motion of the shaft had not been reversed, the eccentric

would have been in the position 4 h, revolving in the direction of the h *t***

the eccentric rod g h would be pulled in the direction g h ; the action therefon

of the eccentric rod in both cases is to move the valve lever g /in the direction

g m, and to depress the valve by the lever In.

Another plan which is sometimes adopted, is, instead of reversing the position

of the eccentric upon the shaft, to fix a double ended lever upon the valve shst'.

and to connect the eccentric rod with the upper or lower end of the lever, se

conding to the direction in which the paddle shaft is to revolve.
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The " long slide," invented by Mr. Murdoch, of the firm of Boulton and

Watt, is generally employed iu marine engines. The annexed figure is a

section of one of these slides. At a a

is a portion of the steam cylinder ; b the

upper steam passage ; c the lower steam

passage ; d a steam channel, cast upon

the cylinder, between the necks b and c,

to which is attached, by a flange, the

slide case e/g, which is divided into

three parts by the packing boxes h h,

the middle part // communicating

with the steam channel d; and the

upper part e, and the lower part g,

communicating with each other by

means of the hollow slide k : this slide

is in its horizontal section of a semi-

cylindrical figure ; the flat part of the

slide, and the face of the steam passage,

are planed, and ground upon each other,

so as to be steam-tight when in contact;

and the slide is pressed against the face

of the steam passage by semicircular

blocks m n, which are faced with a

broad soft gasket, and are pressed

forward by screws at the back of them ;

o is the opening to which the steam

pipe is attached, and p a channel, cast

in the bed plate, and connecting the

lower division g of the steam-chest, with

the condenser ; q a portion ofthe piston.

In the sketch the piston is shown at

the bottom of the cylinder, as having

completed the downward stroke ; and

both the steam passages are closed by

the slide k. That part of the cylinder

which is above the piston, is filled with the steam which has depressed the

piston; and the middle part //of the steam-chest is in free communication

with the boiler, and is, therefore, filled with steam. In this state of things, if

the slide be depressed a distance equal to the depth of the steam passage b or c,

the steam from the middle part of the steam-chest will rush through the passage

r, to the under side of the piston ; and the steam above the piston will pass out

through the passage b, and down through the central part of the slide k, and

along the channel p into the condenser. In this speces of slide valve it will be

seen, that the slide is surrounded by steam, which, therefore, exerts no more

pressure upon it in one direction than another ; and the only friction is that

caused by the packing at the back of the slide. The steam passages also are

much shorter than with the D slide, so that there is much less loss of steam

than in the latter. The slide is usually either faced with gun-metal, or wholly

composed of it ; and for engines of large dimensions, instead of one long slide,

with a central tube, there are two short slides, which are connected together

by stiff rods ; and the upper and lower divisions or vacuum spaces of the slide

case are connected by side pipes instead of the central tube.

Slide valves, although very generally used in marine engines, are, how

ever, liable to serious objections, from the necessity of using hemp packing at

the back of the slide to keep it on the face. This packing requires to be

frequently and carefully adjusted ; and should it be neglected, or ineffectually

performed, there will be a great loss in the active power of the engine. The

packed slide iB, however, but seldom perfectly steam-tight, because if the

packing be screwed down so close as to prevent the escape of steam past it,

the friction becomes excessive : it therefore becomes necessary, for the easy
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working of the valve, to admit of this escape, and consequent loss of po»er,

rather than contend with the very great friction which results when the vain

is packed quite tight. Again, the quantity of hemp for packing, as well at of

tallow required to lubricate the same, is very great ; and the slides are subject

to considerable wear and tear, owing to the force with which they are presses

against the faces.

Seaivard's Slide Valvei.—The annexed engraving represents these valves at

applied to a marine engine, a a is the steam cylinder, and 6 and c are two

nozzles, either cast upon the cylinder, or firmly bolted to it ; b is the steam

nozzle, connected to the steam pipe by the neck d; and c is the eduction

nozzle, communicating with the condenser by the neck or opening/; jyare

the steam passages into the cylinder, and h h the eduction passages. In each

nozzle are chambers to receive the cast-iron blocks m m and n n, which are

ground to a perfectly plane surface on the face. The blocks m m ha«

apertures, coinciding with the steam passages gg in the cylinder, and are firmly

keyed against the cylinder by the keys oh ; pp are the steam valves, which are

flat plates of cast-iron ; they are attached to the valve rods by a hinge joint,

the object of which is to allow the valve to swing off the face of the valve seats

or blocks mm, to allow any water to escape which may find its way into the

 

cylinder. The rods by which the valves are moved are connected, so as to

cause the valves to move together. The blocks n n have apertures correspond-

ing to the passages in the eduction nozzle, against which they are firmly keyed

by the keys g q. The eduction valves r r are flat plates of cast-iron, similar to

the steam valves : but as they are never required to leave the valve seat, they

are fastened to the valve rod without a hinge-joint. Upon examination of the

above arrangement, it will be seen that the steam valves are pressed to their

seats by the steam in the steam nozzle, and the eduction valves are pressed

against their seats by the steam in the cylinder. The lever by which tb«

steam valves are moved is connected by a rod to that which works the eduction

valves, so that the one set counterbalances the other.

Morgan's Conical Vahet.—Mr. W. Morgan obtained a patent for an " im

proved Construction of Conical Valves," which remedies the objection of ths
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great pressure to which they are subject, when large, in a very simple and

ingenious manner. The eduction valves are so placed, that the steam in the

cylinder acts upon their under surfaces, whilst the steam from the boiler presses

upon the upper surfaces of the steam valves ; and the upper steam valve being

connected with the lower eduction valve, and the lower steam valve with the

upper eduction valve, the pressure upon the under surfaces of the eduction

valves nearly neutralizes the pressure upon the upper surface of the steam

valves ; the pressure being merely equal to the difference between the areas of

the two surfaces ; so that it requires but little force to move the largest valves.

The annexed sketch will help to convey an idea of

these valves, a is the upper steam valve ; b the

lower steam valve, and c the steam pipe ; d is the

upper eduction valve, and/the eduction pipe. The

lower compartment g of the upper valve box

communicates with the upper steam passage of the

cylinder; and the lower compartment A of the

lower valve box communicates with the lower

steam passage of the cylinder; the tail or spindle

of the steam valve a passes through a stuffing box

in the lower compartments of the upper valve box,

^^y J—* V '—[I n]~' and is connected by a coupling nut k with the

c,5 A L 5 spindle of the eduction valve e. The tail of the

eduction valve d, in like manner, passes through

the stuffing-box in the lower compartment of the

upper valve box, and is connected by the cou

pling nut / with the lower steam valve b. The

lifting rods m and n pass through stuffing-boxes in

the covers of the valve boxes, and are wrought by

means of two revolving cams, on a way shaft. By

this arrangement the motion of each steam valve

and its corresponding eduction valve is rendered

simultaneous ; and the pressure downwards upon

the surface of the steam valves, is nearly counter

balanced by the upward pressure upon the eduction

valves : a slight preponderance being given to the

former, in order to keep the latter firmly to their

seats when closed.

Piston Slide Valva.—Instead of the common

semi- cylindrical slide valve, cylindrical, or piston

slides are sometimes made use of, and possess this

advantage over the former, that the packing being

metallic, requires no attention, and that the friction

is much less. The annexed cut shows a valve of this description, a is the

cylinder, with c the slide case ; d d eduction passages ; // the slide pistons,

which are fitted with metallic packings. That portion of each end of the slide

 

 

case in which these pistons work, is bored out very truly ; and in order to

allow the segments of the packings to pass over the passages into the steam

cylinder, bridges are cast in the passages, which prevent the segments from

Hying out of their places.
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Expansion Valves.—Within these few yean th e application of the expanse;

action of steam has been gradually coining into use in marine engines, and

with considerable advantage ; but many circumstances tend to oppose its general

adoption in this class of engines, and to prevent the realization of its advan

tages to their full extent. Foremost amongst these obstacles ii the dread which

is generally entertained of the use of high-pressure steam, on account of UK

supposed greater danger; and so long as the general opinion on this subject

remains unchanged, steam-boat proprietors will fear to employ high-pressure

steam, however much they may be convinced of its superior mechanical advan

tage. By cutting off the steam at a quarter of the stroke, the effect is near!;

doubled, but to do this requires that the pressure of the steam should be nearly

four times greater than for a non-expansive engine. Larger cylinders are like

wise requisite, whilst in steam vessels it is an object to reduce the bulk and

weight of the machinery as far as possible. The comparatively short length of

stroke in marine engines is another obstacle, as scarcely allowing sufficient time

for the admission of the steam; nor is the construction of the ordinary slide

valve very well adapted to working expansively. In the Cornish engines,

which are mostly pumping engines, and single acting, the valves are of the

conical kind, and are each moved separately by an exceedingly Jngeniocs

apparatus, but which is not at all adapted to the use of steam vessels. In

marine engines the kind of valve which is generally employed, is, as already

elated, the long slide valve; the slide is moved by an eccentric, with an alter

nately accelerated and retarded motion, but is never absolutely at rest Some

arrangement therefore is necessary to close the steam passage, and still keep

the eduction passage open. The most common plan for effecting this is, to

make the blank part of the slide, or that which covers the passages, longer than

the passages themselves, and to give the slide a proportionably longer stroke :

but the motion of the eccentric shuts off the steam too slowly, and the two

passages cannot be opened exactly at the same time, at the reversal of the

stroke, so that either the eduction passage is opened too soon, or the steam

passage too late. Cams of various shapes have been substituted for the eccen

tric, with the view of opening and closing the passage more rapidly, and of

allowing the slide to be at rest at certain points of the stroke; but they seldom

work smoothly, and are generally soon destroyed by the violent concussion

they experience in bringing the slide so quickly into motion from a state of rest

Some of these cams have also the defect of not being adapted to the reverse

motion of the engines.

Another plan which is sometimes adopted is to construct the slide as for

non-expansive engines, and to attach a separate valve between the steam pip.1

and the slide case. This valve is of a construction to move with little ftictiun,

and consequently requires but little force to put it in motion. It is worked by

a separate cam on the paddle shaft, which can be so arranged as to close the

valve at any part of the stroke, within certain limits. Although rather more

complex, this plan is decidedly superior to the others, in the precision of its

action, and in the circumstances that the expansion can be varied, or the

engine made to work at full pressure at pleasure.

Snodgrau'i JExpanrion Apparatus.—The annexed cut represents Mr.

Snodgrass's method of working expansively, with the ordinary slide valve

Upon the paddle shaft, and at the back of the crank, is fixed a spur wheel »•

which gives motion to another wheel />, of similar dimensions; and which

revolves upon a stout pivot or stud. This latter wheel corresponds to the

ordinary eccentric, and has on its face a pin, to which is connected the eccen

tric rod c, which moves the valve shaft. On the face of the wheel a are tro

pins, which carry the antifriction rollers d rl, that act alternately against the

perpendicular lever c, to the top of which is jointed a rod f, that is connected

to the governor valve g, placed in the pipe which conveys the steam to the

slide case; A is a spring acting on the back of the lever, to force the lever

forwards as the rollers d on the wheel a retire ; and thus by the altrrnate

action of the spring, and of the rollers d d, the governor valve is opened and
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closed twice during each revolution of the crank. The rod/ may be elongated

or contracted at pleasure, by turning the nut, attached to the fork which

 

connects it to the lever /•, and by this means the steam may be cut off at any

portion of the stroke, and the remainder of the stroke be performed by its ex

pansion ; k is a throttle valve to be regulated by hand ; it is connected by a rod

to a lever under the command of the pilot.

When conical valves are employed in lieu of slide valves, and receive their

motion from an eccentric on the paddle shaft, a separate valve, moved by a

separate cam, is necessary to work the steam expansively. This additional valve

and cam may, however, be dispensed with, if, instead of the rocking shaft, a

revolving shaft be substituted, carrying a separate cam for each valve ; which

can thus be made to open and close at that period of the stroke which is

required to produce the best effect. The revolving shaft is put in motion by

the paddle shaft, by means of suitable gearing. By this mode of working the

valves, the action is rendered as rapid as if raised by tappets, and the concussions

of the latter mode are avoided.

Bourne'i Expansion Valves.—This is an arrangement for cutting off the steam

at any portion of the stroke, and for varying the quantity of steam admitted to

the cylinder, without stopping the engine; for which in connexion with other

improvements, Mr. Bourne of Dublin obtained a patent in 1838.

a a represents a section of a portion of the steam cylinder ; b the upper,

and c the lower steam passages ; d the steam jacket or belt, < < the slide case

connected at bottom with the condenser, and /a long D slide, by which the

passages b and c are opened and closed in the usual way. That portion of the

slide by which the steam is admitted to the passages, is divided into two parts

by a partition g, which is faced and ground upon the face of the steam belt.

The steam is admitted to the slide from the belt, by the apertures h h, to which

are admitted the sliding valves ii ; these valves are moved by a rod ft, which

passes through the rod of the D slide (made hollow for that purpose), and

through a stulfing-box in the division g of the D slide. Upon this rod are cut

two icrews, one above and the other below the stuffing-box, which screws work

in nuts on the back of the slides i )', and being one a right-handed, and the

other a left-handed screw, upon turning the rod by means of the handle m,

fixed on to its upper end, the valves are made to approach or recede from each

other, according to the direction in which the rod is turned. The 1) slide is

worked by the eccentric in the usual way, and opens and closes the two pas

sages 4 and c at exactly the same time, but the rod h by which the slides i i arc

worked is connected to an arm n fixed on the shaft of the radius bar o, which

governs the parallel motion of the engine, so that the D slide and the slides i «

move independently of each other, and whilst the steam passages into the

cylinder (6 and c) remain open throughout the stroke, the steam passages into

the slide (A A) can be closed at any portion of the stroke which may be decided



718 BOILERS.

on. This is effected as follows : the depth of the apertures h h is equal the length

of the stroke of the arm n, but the slides i i are so arranged upon the rod i, u

to contract them in proportion to the degree of expansion at which the steam

is to be worked; thus if it be required to cut on the steam at half stroke,

allowing it to expand through the remaining half, the slides i i are so set upon

the rod k that each aperture alternately shall be but half open at the commence

ment of the stroke, and as the slides begin to close with the commencement

of the stroke, the passages, A A, will be closed when the slides have made half

 

the stroke, as is the figure, and no more steam will be admitted to the cylinder,

and the remainder of the stroke will be performed by the expansion of the

steam already admitted. If the steam is to be cut off at \ of the stroke, the

passages h h must open only i, and if it is desired to work at full pressure

throughout the stroke, the slides must be so arranged that the passages shall

be fully open at the commencement of the stroke.

Boilers.—It having been found desirable in steam vessels to economise tothe

utmost the space occupied by the apparatus, a material difference in the con

struction of the boilers becomes necessary from those used in land-engines,

in order to the economical combustion of the fuel ; and in consequence of the

different arrangements, marine boilers are more complex, heavy, and costlr,

than land-boilers of similar power. In general, marine boilers are composed

of an external shell or casing, with rectangular sides, stayed together by tie-

bars ; and within the shell are contained the fireplaces or furnaces, and the flues

for the passage of the flame and smoke, the flues being deep rectangular

channels, which, after making various turnings, unite in one common chimney

or funnel ; the furnace, ash-pit, and flues, being entirely surrounded by water.

In order to maintain a considerable depth of water over the flues and furnace*.
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and at the same time afford sufficient space for the accumulation of atpnm, an

elevated compartment, called the " steam-chest," is formed for the purpose

upon the top of the hoiler, aud the bulk of the boiler is occupied with water.

Fig.\.

 

Fig. 2.

In boners of large power, and especially in sea-going vessels, in order to

prevent the water from accumulating on the lee side of the boiler, and leaving
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the weathermostfluesuncovered by water, the boiler isformedin two or three longi

tudinal compartments, with a free steam communication between each ; or oce

or two divisions of plate-iron are formed within it, running from front to back,

and extending from the bottom upwards, higher than the water line in the boiler.

At the bottom of the boiler are pipes, passing through the vessel's sides, and

furnished with stop-cocks, or valves, lor " blowing off" the water from time to

time, as it becomes saturated with salt ; and there are apertures called mud-

holes, closed by doors, for the purpose of raking out the mud or other deposit!.

We proceed to give a few of the forms of boilers which are employed iu

steam vessels.

The engravings on the opposite page represent a boiler of 1 80 horse-power,

constructed by Messrs. Farfcett of Liverpool.

From the very great extent of flue through which the smoke and heated air

has to pass before it reaches the chimney, these boilers are found to raise steam

very rapidly, and with a small consumption of fuel.

The one-halt' of Fig. 1 is a front elevation, and the other half is a vertical

section of the boiler through the fire-places.

Fig. 2 shows a half plan of the flues, and a horizontal half section of the

same above the fire-bars.

The boiler is composed of three separate parts, the sides of the middle boiler

serving as a side to each of the side-boilers. At some distance above the water-

line, large apertures are cut in the sides of the middle boiler, to form a steam

communication between the three compartments, and a water communication is

established below by a pipe from each boiler opening into the blow-off main.

Each boiler has two fire-places, and the flues a a of the side-boilers branch

into the flues 6 6 of the contiguous fire-place of the middle boiler, immediately

at the back of the bridge ; and, after taking the circuitous course shown in the

plan by the arrows, they unite at the back of the boiler, and form one large

flue c, from which the chimney d rises at about the middle of the length of the

boiler. The flues are not divided horizontally, but extend the whole depth

from b to b, as shown in the vertical section. Towards the fore part of the

middle boiler is a steam-chest e, from which proceeds the main steam-pipe/,

which conveys the steam to the cylinders, g is the feed-pipe, and h one of

the feed-valves.

Separate Elliptical Boilers.—Instead of building the boilers in two or three

Hat-sided divisions up to the water-line, and covering the whole with out

slightly convex roof or top, many manufacturers prefer completely distinct

boilers of an elliptical form, connected merely by pipes, forming the steam and

water communications. This method has the advantage, that if either of the

side-boilers should be by any accident rendered unserviceable, it may be shut

off, and thus it would not impair the efficiency of the other two, provided that

the steam communications should be each furnished with a stop-valve.

Elliptical boilers, variously arranged, are getting much into use in Scotland,

especially on the Clyde. The annexed sketches represent the boilers of the

■S'irius steam-ship, constructed by Messrs. Wingate and Co. of Glasgow.

Fig. 1 is a transverse section of the middle boiler and one of tbe side-boilers,

and a front elevation of the other side-boiler. Fig. 2 is a longitudinal section

of.the middle boiler.

The three boilers are all of the same dimensions, and have each three fire

places a a a, as shown in the elevation of one of the side-boilers. From each

fire-place a flue b b proceeds in a direct line to the back of the boiler, where

it is curved upwards, and is returned, and forms an upper flue c, lying directly

over the flue b, and extending to about midway of the boiler. Each of the

three flues c opens into a transverse flue d, said the transverse flues d of the

side-boilers communicate with the transverse flues of the centre boiler, e is the

chimney, rising from the upper side of the transverse flue of the centre boiler,

and passing through g the steam-chest of the same boiler ; h and * are the

steam-chests of the side boilers, and communicate with the steam-chest of

the centre boiler, the former by the pipe m, and the latter by the pipe n. A
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the bottom of each hoiler is a pipe o, furnished with a cock, and branching

into the transverse main p, by which means the communication between the

water spaces of any two of the boilers can be opened or cut off at pleasure ;

q is the steam main proceeding to the engines; r the safety-valve, upon the

ig- 1.

 

fig. 2.

spindle of which are placed the weights; s the pipe for the escape of the steam

which has passed the safety-valve ; t is the feed-pipe, fitted with stop-cocks ;

and w a glass gauge for showing the height of the water in the boiler ; x x are

gauge-cocks for the same purpose.

" United Kingdom " Soilert.—The annexed figures represent the boiler of the

United Kingdom steam-packet, the engines of which are of 200 horse-power,

and constructed by Mr. D. Napier, of Glasgow.

Fig. 1 is a front elevation ; Fig. 2, a lateral elevation ; and Fig. 3, a longi

tudinal section. The boiler, whi'ch is of wrought iron, is 25 feet 6 inches

in length, 19 feet in breadth, and 8 feet 6 inches in height. There are eight

VOL. II. 4 Y
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rectangular tubes I b running lengthways of the boiler. The fire is placed in

the upper part of each of these, upon the ban e c in the section. At the

 

farther end of the tubes is a transverse one </, extending the whole breadth of

the boiler, which communicates with every one of the tubes containing the fire



NAPIER'S TUBULAR MARINE BOILERS. 723

at each end of d. On the top, a return tube e e carries off the smoke and fire

into another transverse tube /, out of the centre of which the chimney g rises.

The cocks hhh are for ascertaining tlie height of water in the boiler. As an

additional precaution, there are two cocks i i, which are placed, the one con

siderably above, and the other as much below, the assumed level of the water ;

these cocks communicate with a vertical glass tube ./', of sufficient strength to

endure the force of the steam. On the cocks i i being opened, water enters

into the lower cock, and steam into the upper one ; and the pressure being the

same in the boiler, the water stands at the same level, and thereby indicates

at all limes whether it be too high or too low in the boiler.

Recently, steam of high pressure having come somewhat extensively into

use, in order to carry out as far as possible the expansive system of action, a

corresponding modification in the construction lias become necessary, and

tubular boilers, variously arranged, have been emploved. The annexed figure

 

represents an arrangement for which Mr. D. Napier obtained a patent, and

which lit.- IMS introduced into several vessels under his management.

a a i* a. cylindrical chamber, with a dome top, constituting the outer shell, or

outer casing of the boiler ; and 6 i is a smaller cylinder, with a flat top c,

piac'1'! concentrically within the chamber a, and constituting the fire-box,

whil-i the space included between the two cylinders forms the water-chamber.

Within the lire-box, and on a level with the upper part of the fire-door, is a flat

circular vi-ssel d, which is connected to the annular part of the water-chamber

• a neck e, and to the upper part of the chamber by several concentric rows

pipei //. The vessel d is somewhat less in diameter than the fire-box, so

that there is an annular space g between its circumference and that of the fire

box, which forms a flue or passage through which the smoke and heated gages

from the furnace pass, and thence traversing the interstices between the pipes//,

••cape by the chimney k, which rises from the roof of the fire-box, and passes
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out through the dome of flic boiler. In order to protect the chimney as much

as possible from the effects of the fire, that portion of it which is within the

boiler is surrounded by a water casing k, which is open at top. The feed-water

for continuing the supply of the boiler enters this casing near the bottom

by the feed-pipe m, and overflows at the top ; and in order to maintain a

free circulation, a wide channel n is formed on the outside of the casing,

which, being farther removed from the fire-box than any portion of the

annular chamber, a descending current is maintained therein, whilst an

ascending one takes place in the pipes and the annular water- chamber, as

is indicated by the arrows, o is the fire-door, and p the ash-pit.

Safety Valves.—Various descriptions of safety valves are in use on board

steam vessels, some of which are of a very improper construction, being liable

to be impeded in their action by design or by accident. For a safety val»e to

fulfil the purpose for which it is designed, it should be so arranged that the load

upon it cannot from any cause exceed that which the boilers have been calcu

lated to sustain, and whilst the engineer should have the means of raising the

valve, so as to ascertain from time to time that it is not set fast, he should have

no means of holding it down, or preventing its rising. In many vessels, how

ever, the valves are placed above deck, and are loaded by weights, either placed

directly on the spindle, or suspended from a steelyard lever acting upon the

spindle ; in either case the load may be increased and too often is to a most

dangerous extent. In others, a more judicious arrangement prevails, the valvei

being so situated as to be inaccessible to the engineer, who therefore cannot

increase the load beyond that which they were originally intended to carry.

The annexed cut represents a section of a safety valve of this description.

 

"TP^7

a is the valve-box, i the valve, upon which is placed a cylindrical weight r.

which nearly fills the box, there being merely sufficient space round at the cir

cumference to prevent rubbing, and sufficient space between the top of the

weight and the cover to allow the valve to rise to the requisite height, and the

cover is bolted down to the box. d\s a bell-crank lever within the boiler, acting:

upon the lower end of the valve spindle; e is a rod connected to thelowerarm

of the lever, and passing through a stuffing-box in the front of the boiler-

Upon pulling out the rod e, the valve is raised by the lever, and the steam

escapes at the waste pipe /, and upon thrusting the rod in, the valve falls by

its weight. In order to guide the valve, and at the same time to afford the

means of turning it in its seat, the upper end of the spindle, which passes

through the weight c, is made square, and enters a corresponding canty in the

key g, which turns in a stuffing-box in the cover, the cavity being of sufficient

depth to allow the valve to rise.
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SECTION IV.

THE CONSTRUCTION AND ARRANGEMENT OF THE PROPELLING MACHINERY.

Analysi s of the various Plans for Propelling.—The ordinary or undershot Water-wheel—defects

of.— Galloway's Cycloid al Paddle-wheel.—Gernmel's Paddle-wheels.—Gallo-way's double oblique

Wheels.— Buchanan's Parallel Float-wheels.—Oldham's vibrating Float-wheels.—Morgan's

vibrating Float-wheel.—Dawson's radiating feathering Paddles.—Stead's Ditto.—Learning'!

eccentric sliding Floats.—Endless chain-propellers.—Spurgin's endless Chain-propeller.—

StevenVs crank-action Propellers.—Nairne's collapsing Propellers.—Perkins's oblique sculling

Wheel.—Linnaker's Propelling Pumps.—Busk's Hydraulic Propellers.—Ericsson's screw Pro

peller.—Hunt's propelling and steering Screw.—Canal Navigation.—Si-award's Spike wheel.—

Saxton'a differential warping Wheels.

Is the present section we shall consider the means by which the power of steam

is applied to the propelling of vessels. Numerous plans have been brought

forward for this purpose, but they are all reducible to a few classes ; the dif

ference between those in each class being merely modifications of some

particular principle. We shall therefore limit ourselves to a description of one

or two examples from each class. In most of the various plans adopter! or proposed

for propelling vessels by steam, the motion is produced by one or other of the

following means.

1. Wheels on the principle of the unrfershot water wheel, with fixed floats

variously arranged.—Illustrated by the examples herein given of Galloway't

and Gemmel's wheels.

2. Wheels with moveable floats turning on horizontal axles or spindles.—

Illustrated by the inventions of Buchanan, Oldham, and Morgan.

3. Wheels with moveable floats turning on radiatinfr axles or spindles.—

Examples of which are produced in the inventions of Dawson, Oldham, and

Stead.

4. Wheels with floats sliding along the arms, towards, and from the centre

of the wheel.—Sufficiently illustrated by the invention of Leeming.

5. Ranges of paddles attached to endless chains.—Shown in the invention of

Sfurgin.

6. Ranges of paddles attached to cranks.—Illustrated by Stevens s invention.

7. Paddles which collapse during the return stroke, so as to offer less resist

ance at that time, commonly known as the duck's-foot apparatus.—An example

of which is given in Nairne's invention.

8. Sculling.—Exhibited in Perkins's invention.

9. A stream of water expelled from the vessel, either by pumps or by the

direct action of the stream, on the principle of Savery's engine.—An example

of which is afforded in the invention of Limiater.

10. By the reaction of the water, on the principle of Barker's mill.—Exhi

bited in the invention of Busk.

11. A water screw.—Illustrated by the invention of Ericsson.

Besides the above plans, which are applicable to steam navigation in general,

others have been proposed for the navigation of canals and shallow rivers, some

of which we shall notice.

Underthot Water Wheel.—Of all the plans of propelling, the undershot water

wheel, with radiating floats attached to the arms of the wheel, is that which is

most generally employed, on account of its extreme simplicity, its strength of

construction and its little liability to derangement. The proportions most

generally adopted are to make the diameter of the wheel equal to four times
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the length of the stroke, and the depth of each paddle about one-eighth of tie

diameter. In steamers intended to ply chiefly on rivers, the width of lie

paddles is commonly about one half the diameter'of the whole, but in sea-going

steamers the breadth is commonly about one-fifth less.

Although the undershot water wheel is generally deemed superior upon tie

whole to any other apparatus for propelling steam vessels, it still posses*,

several defects, the chief of which are the waste of power caused by the

oblique action of the floats, and the swell caused by the back water, especially

in narrow and crowded rivers, where small boats and deeply laden barges ire

frequently swamped. The same cause also, more perhaps than any other, has

opposed the adoption of steam in canal navigation, as the swell caused by the

paddles has been found to destroy the banks rapidly.

These defects of the ordinary wheel, which are universally admitted to a

certain extent, although their importance is differently estimated, have been

felt from the commencement of steam navigation, and the attention of tit

mechanical world has been occupied to devise modifications of it, or substitute

for it, which shall be free from them. In fact, it has become a sort of mechani

cal hobby, and perhaps more patents have been taken out for improvement]

in propelling, than for any one subject, the steam engine only excepted.

Galloways Cgcloidal Paddle- Wheel—In 1835, Mr. Elijah Galloway obtained

a patent for a paddle-wheel, which is free from many of the objections to which

other inventions for the same object are liable. His equally simple as the common

wheel (of which it is in fact a modification), and is as little liable to derange

ment, and from the extensive adoption of it in steam vessels of all descriptions

we may infer that it possesses considerable advantages, having the whole depth

of the float of one unbroken area; the floats are in divided portions, wherein

the concussion on entering the water, and the amount of the back water, are

greatly reduced.

a a in the figure, which is a side

elevation of the wheel, represents the

circle, or course of the outer edges of

the floats ; and b b the circle bounding

the inner edges of the floats; y y gg

are a series of portions of floats, whk*

are set on curved lines, approximating

to the cycloidal line dfa\ their outer

edges, and are securely affixed to the

paddle-wheel by screw-bolts and nut: or

other means. Now it will be obvious,

if the paddle-wheel be supposed to be

revolving in the direction of the arrow,

and the vessel going at such speed M

that her velocity is equal to that of the

inner circle b b, then the bars consti

tuting one paddle would enterthe water

at the point /or nearly so, and displace

very little more water than that disturbed by the lowest bar. Thus the

waste of power attendant on the common radial float board is obviated, and the

concussion produced thereby almost entirely avoided.

Gemmel't Paddle- Wkeelt.—We have already noticed Mr. Gemmel'j twin-

boat in our second section. In the same patent (1837) he proposed to employ

in-" pair of paddle-wheels ofthe ordinary construction to steam vessels generally,

with a view to enable them to attain a speed adequate to the power of the

engine employed, and that even when the breadth of the wheel is necessarily

restricted, to enable the vessel to pass through narrow openings, such as the

pates of canals, &c. One of his arrangements for these purposes is exhibited

in the accompanying figures 1 and 2, the former being a longitudinal section
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of the vessel, with a side elevation of the machinery, and the, .latter a plan of

the same.

Fig. 1.

 

In a suitable metallic framing a a a, are fixed a pair of marine engines,

working horizontally; 4 b are the working cylinders, c c the slide-valve

cases, d d the eccentrici by which the valvis are worked; but the rods are

omitted to avoid confusion in the engraving ; e f e e piston-rods, proceeding

from each side of the pistons, and working through stuffing-boxes in the two

covers of each cylinder. To maintain the parallelism of the piston-rods, their
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cross headi move in horizontal guides, ffff are the connecting rods, proceei

ing from t le cross heads of the piston-rods to the cranks upon the two inifb,

g and h, which carry the two pairs of wheels i i ii. The air-pump k is placed

between tie two engines, and is worked by a short crank /, formed in the

middle of the shaft g ; TO ii the boiler, and n the chimney.

Gallotcay'i Oblique Double Wheel.—In this invention two wheels are placed

at each side of the vessel, the axes of which wheels do not lie in the same right

line, but form an obtuse angle with each other. The axes are connected by i

universal joint, BO that the wheels revolve together, and the floats being Kt

obliquely to the axes of the wheel, the descending floats in the two wheels

approach each other on cniering the water, so as to retain it between them,

in the action of propelling, whilst the ascending

floats as they leave the water gradually separate,

so as to avoid lifting the water as they rise out of it.

The accompanying cut gives an end view of the

wheels, with the descending or entering floats ; i

is the inner or driving shaft which caniet tfce

wheel, b the outer end of the shaft, turning in >

plummer block on the spring beam c, d is the

outer shaft carrying the wheel e, and working i«

bearings attached to the spring beams f and j;

h h a cross arm keyed on to the inner end of tlie

outer shaft <l. and the extremities of which in

connected by two drag links k k, to a similar cross

arm on the outer end of the shaft a, thus constitu

ting a universal joint, by which the motion of the

shaft d is effected ; m m are the descending floats,

the ascending ones being omitted to atotf

confusion.

Buchanan's Parallel Float Wlieel.—With the view to obviate the lost of

power which has place in the ordinary wheel, owing to the oblique action

of the radiating floats, Mr. Buchanan invented a wheel in which the whole of

the paddles constantly preserve a vertical position during the entire revolution.

The annexed figure is an elevation of Mr. Buchanan's wheel.

 

 

a a ii the paddle-wheel, b b the floats attached to spindles working in uS«

rims of the wheel; c c a guide wheel revolving on an eccentric disc or ting d,
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fastened to the vessel's side ; the main shaft e passes through the ring or disc :

on to each of the spindles of the paddles .is keyed a crank//, the length of

which is exactly equal to the distance between the centre of the paddle-wheel

and the centre of the guide wheel, and in the guide wheel are a number of

pins which work in the other end of the cranks. The diameter of the paddle-

wheel from centre to centre of two opposite spindles being exactly equal to

the diameter of the guide wheel at the centre of the pins, the guide wheel is

drawn round by the cranks with the same velocity as the paddle-wheel, and

the cranks retaining their parallelism throughout the revolution of the wheels,

the paddles attached to spindles of the cranks of course do the same and are

kept constantly vertical.

Oldham't Vibraling Float-wheel, (1827.)—This wheel in its general appearance

and construction, greatly resembles Buchanan's invention already described, but

by an extremely ingenious arrangement, the paddles, instead of being constantly

vertical and parallel to each other (as in Buchanan's wheel), are constantly

varying the angles which they form with each other, and are in every part of

the revolution directed to the highest point of the wheel, or of the circle in

which their axes are situated. By this peculiar position of the paddles the

wheel is capable of working at any depth of immersion. The annexed figure

is a side elevation of Mr. Oldham's wheeL

 

a a a the paddle-wheel, I* b the floats or paddles, fastened to horizontal axles

which are supported in bearings in the arms of the paddle-wheel, and which pro

ject beyond the arms on that side of the wheel which is nearest the vessel's side ;

e c a guide wheel revolving upon an eccentric disc </, placed upon the main

shaft, between the paddle-wheel and the vessel's side. The guide wheel c c is

connected to the paddle-wheel by means of short cranks, e, keyed on to the

projecting ends of the axles of the floats, and having holes in their other ex

tremity, in which work pins set in the face of the guide wheel. The length of

these cranks must be exactly equal to the eccentricity of the disc d, and the

distance of the pins in the face of the guide wheel, from the centre of the disc,

must be equal to the distance of the float axles, and with these proportions the

cranks will in all positions of the guide wheel remain parallel to each other.

The eccentric disc is attached to a tube or long collar passing through the vessel's

side, and the main shaft/ of the paddle passes through the tube. The collar

or tube revolves in bearings fixed upon the vessel's side, and upon the inner end

is fixed a wheel working into a wheel, upon an intermediate shaft, which shaft

VOL. II. 4 Z
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carries a second wheel, working into a wheel on the main shaft. These four

wheels are so proportioned, that two revolutions of the main shaft shall cause

the eccentric disc to revolve once upon the main shaft ; thus, whilst the guide

wheel by its connexion to the paddle-wheel revolves upon the disc, the due

itself is also revolving upon the shaft. All the paddles are fixed upon their

spindles at different angles with the connecting cranks, so as to stand in the

position shown in the figure ; and as the disc during half a revolution of the

wheel performs a quarter of a revolution on the shaft, the cranks, which in the

figure are all vertical, would in half a revolution of the paddle-wheel stand

horizontal, and therefore the whole of the paddles would in that time describe

a quarter of a revolution on their axes, and the paddle which stood in a hori

zontal position at the top of the wheel, would, when at the lowest point of the

wheel, stand vertically.

Morgan's Vibrating Float-wlieel.—This wheel, although commonly known as

"Morgan's Wheel," is in reality the invention of Mr. Elijah Galloway, who

obtained a patent for the same in 1829. This patent was subsequently pur

chased by Mr. Morgan, who has since introduced several material improve

ments upon the original design. The annexed figure represents the wheel in

its improved form as constructed by Mr. Morgan.

 

a a are the arms of the outer frame of the wheel, which are braced together

by the two polygons 6 and c, and are connected to the arms of the inner frame

of the wheel by strong tranverse horizontal stays d d. The paddle shaft does

not extend beyond the boss of the inner frame, which is firmly keyed to it; the

outer frame revolves upon an arm e, passing through its centre, and keyed

into a carriage supported by the spring beam. This arm is formed into a crank

between the outer and inner frames, and the pin of the crank supports the

revolving collar/, g g g are brackets or stems which turn upon the stays i i,
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and carry the floats or paddles. One of these stems is connected to a stiff rod

or arm h, which is keyed into the collar /; the other stems are connected to

the collar by the radius rods k k, which turn upon pins in the collar and in the

ends of the stem. The revolution of the wheel causes the collar to revolve by

the action of the arm h, and the radius rods cause each paddle to assume in

succession the positions shown in the figure.

Damson's Radiating Feathering Paddle-wheels.—The distinguishing feature of

these wheels is that the floats or paddles revolve or vibrate upon radiating

arms or axes, so as to enter and leave Fig. 1.

the water edgeways, the planes lying

parallel to the keel or nearly so, hut

standing at right angles to it when fully

immersed. The following description

is abridged from Mr. Dawson's specifi

cation, published in the Repository of

Arts :—

Fig. 1 represents awheel the paddles

of which gradually change their posi

tion as they enter and quit the water,

which change is effected by affixing on

the axis of each paddle two wipers ab

crossing each other at right angles and

of the form shown in Fig. 2. To the

side of the vessel is fixed an immov

able plate, on the surface of which are

three projecting arcs c d e, being por

tions of circles, as shown in Fig. 3.

One of these arcs is immovable, (describing three parts of a circle;) another,

</, draws in and out on guiding rods by a lever acting through the sides of the

vessel, the third arc e slides up and down the fixed arc c ; the use of this

sliding arc e will be particularly pointed out hereafter. For the purpose of

 

Fig. 4. Fig. 2. Fig. 3.

 

effecting the change of position of each paddle gradually and without shock,

both the fixed and movable arcs terminate at each end in inclined planes. If

these are made long and the wipers in proportion, the motion will be very

gradually performed. When the wheel is made to revolve, the point of the

wiper a of the paddle entering the water encounters the commencement of the

inclined plane of the movable projecting arc d, rolls up it, and the paddle is

thereby gradually turned one fourth of a circle on its axis; by which means

the position of the paddle is changed from the edge on which it entered the

water to full surface, in which position it is retained by the movable arc d, and

may be made to act for any determinate space, say from / log. The other

wiper b then encounters the inclined plane of the immovable arc c, rolls down

it, and the paddle is thereby gradually turned another quarter of a circle on its

axis, by which means it is turned round to the opposite edge on leaving the
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water. In this position it is retained by the fixed projecting »rc c i

again encounters the water.

Supposing it was required, with the view of obtaining a greater actiea&'J

wave, that the paddles of a feathering wheel should exceed three or to frf

in breadth, say six or eight feet, it is obvious that the friction and diffimn al

effecting the change of position in the paddles would be materially iDcn«4|

and the number of paddles would be limited. Under these circui

instead of making a double feathering wheel, that is, of joining two wWiJ

three feet together to obtain the breadth required, I prefer constnicmf i

feathering wheel with paddles three feet broad, on each

side of which I fix shrouding boards hh, of twenty inches

width, at a certain angle ; by this means I avoid all increase

of friction, check the lateral escape of the fluid from the

paddles, and obtain a commensurate surface for the water

to act on. Each paddle i and its fixed shrouding boards

h h enter the water on their edges ; as the wheel revolves,

the paddle changes its position and presents its full surface,

and thereby closes the open space between the boards , after

a given time it gradually opens as it rises out of the water,

and returns to its first position on the edges. By this

arrangement, although the surface of action is increased,

the ease of entering and escaping from the water is re

tained ; and, according as the arcs are fixed on one side

or the other of the wheel, the water will be thrown off the

paddles in or out from the sides of tin vessel.

It has been fairly objected to wheels on the above con

struction, that they are expensive, complicated, and worlt

with much more friction than the wheels commonly employed. T<

these objections I constructed the wheel shown in Fiijs. 6 and 7. The piddle

of this wheel are formed of two boards posited at a certain angle face to EK>

 

Fig. 6. Fig. 7.

 

on their respective axes, leaving only a space sufficient for the free escape o

the water between ; in this position they are retained by stops from opemn

any farther. When the wheel revolves, the water acting on the broad surU

of the paddles causes them to close as they enter the water, and to remain '

until they begin to rise out of it, when the weight of the water lodging on u,

narrow surface only, causes them to open, and in consequence, the water t

through without being lifted.

Head't Patent Paddle-wheelt, (Dec. 18, 1828.)—The principle of

invention is identical with one of those patented by Dawson in 1814,
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described. Each paddle consists of two leaves, fixed to radiating and revolving

spindles, supported at the outer end by a cross bar attached to the opposite

arms of the wheel, and at the other end by a similar

bar attached to the two bosses. That part of the

paddle shaft which lies within the bosses of the wheel

is surrounded by a tube or collar, which passes through

one of the bosses, and is fastened to one side of the

paddle-box, so that it remains stationary whilst the

wheel revolves. Upon this collar are fixed two bosses,

in the periphery of each of which is cut a groove

composed of portions of two parallel circles, connected

by two oblique channels as shown in the diagram ; in

which a is the grooved boss fixed upon the collar b,

and c the paddle-shaft revolving within the collar.

Leaning's Eccentric Sliding Floats, (1835.)—The object ofthese i nprovemptits

is to diminish the resistance of the back-water ; with this view the arms a a of the

wheel (which are fixed radially), have grooves

extending the greater portion of their length,

and in these grooves the paddle boards b b are

placed ; an eccentric groove c is fixed to the side

of the vessel, and a corresponding groove is also

fixed to the spring beam of the paddle-box, and

a pin in each end of the paddles works in these

grooves and regulates the distance of the paddle

from the centre of the wheel. The eccentric

grooves are so placed as to cause the entering

paddles to stand at the extremities of the arms,

so as to act with full effect ; but after passing the

perpendicular the paddles are drawn by the

action of the eccentric grooves nearer to the centre of the wheel, so as to lift

less back-water as they rise out of the water.

Endless Chain Paddles.—With the view of obtaining a direct impulse in the

line of the vessel's motion, in lieu of the oblique motion imparted by the

ordinary paddle-wheel, trials have been made at various times of floats attached

to endless chains, passing over two drums placed at the sides of the vessel at a

considerable distance asunder.

Spurgin's Endless Chain to Wheel.—The accompanying engraving represents

an arrangement of a propeller on this principle, for which Dr. Spurgin obtained

a patent in 1837. It possesses some advantages over preceding arrangements

on the same principle, each paddle of the chain being made to enter and leave

the water at the angle required to produce the most effective action. For this

 

 

furpose, instead of employing only two pair of riggers to carry the endless

chain*, three pair are employed, the central pair being either of greater
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diameter than the pairs at each end, or having its axis placed lower thin the

axes of the other two, so as to cause the lower sides of the chain to stand

ohliquely to the water, instead of parallel thereto, as in all previous propeller!

of this class.; by this obliquity of the chain the paddles standing at right

angles thereto are made to enter and leave the water at a corresponding angle.

The figure represents a side elevation of the apparatus, a a is a cast iron

frame secured to the sides of the vessel by the bolts bb bb, c is one of a pair

of spike wheels fixed on the engine shaft </, ec riggers or pulleys running upon

the pins or studs ff at each end of the frame, g ;/ an en d less flat chain paaiog

round the riggers e e, and over and under the spike wheel c : in order to keep

this chain tightly extended, the studs // move in slots in the frame a, and are

keyed up by any convenient method, so as to give the requisite tension to the

chain ; h h are the floats which are carried by the iron forks jj, which are

forged in one with the middle links which support them.

Another improvement specified under the patent consists in the mode cf

constructing the chain. It is formed of single and double links alternately,

the single links having on their backs a flange as broad as the double links,

and projecting lengthwise half way over each double link, so that the flanges

of the two contiguous single links abut against each other as shown in the

figure, which represents a side elevation of a portion of the chain.

(Q~ " O) £ (O * O) b Oj

a a are the double links, b b the single links, and c c the flanges on the backs

of the single links.

Stevens t Crank Axle Paddles, (1828.)—In this- invention three paddles are

attached separately to the arms of a three-throwed crank, and by means ot

radius and guiding rods connected with them, the paddles are each made to

describe in the water the segment of an ellipse.

Fig. I.

 

At a, Fig. 1, is the centre of the axis of a triple crank, the separate anns ■

which (marked ccc,) move between parallel bars on the side frame di of the
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paddle-box. At e e e are the three paddles, con

nected by the guide rods /// to the radius

rods ggg, the latter working from a fixed

beam or centre A. At Hi are "arched

spreaders" to keep the paddles firm and

steady. Fig. 2, which represents a section

through the horizontal beams dd shown in

Fig. 1, is added, for the better explanation of

the parts than could be done by words. This

invention was much admired for its ingenuity

when brought out.

Nairn's Propelling Apparatus, patented in

1828, is an example of what is termed the

" Ducksfoot motion," consisting of two, four,

or more levers suspended over the sides of a

vessel, descending nearly as low as the vessel's

keel. These levers are made to vibrate by

the engine, and in order that they may ex

perience but little resistance from the water

in their back stroke, they should be of such fc

a shape as to present in their horizontal sec- is

tion a form like the adjoining Fig. 1. AtfrSS")

each side of the lever, at its lower extremity, '--- '■-

is attached a broad plate of iron a a, Fig. 2, by means of hinge joints, which,

upon the lever being moved forward,

close and offer no resistance, but

when it is moved backward, they

open or expand, and thereby propel

the vessel forward. They are pre

vented from opening beyond their

proner angle by arcs or chains.

 

 

Fig. 2.

Perkins's Sculling Paddle-tcheeh.—In 1829 Mr. Perkins obtained a patent

for the following mode of propelling, which may be considered as an example

of sculling motion. Mr. Perkins places each of his paddles on the extremity

of a radiating arm, in such a position that its plane if produced towards the

centre of motion, would make with the axis of the paddle-wheel an angle of 45°.

The axes of the paddle-wheels are not carried across the vessel, in the customary

manner, but are carried in a direction sloping towards the stern, and they meet

in a point in a straight line from stem to stem along the middle of the vessel,

making with it an angle of 45° each, and with each other of 90°. On the

extremity of the axis are fixed bevel wheels, which act upon each other, and

are both acted upon by an intermediate wheel in connexion with the steam

engine or first mover.

By this arrangement, the surface of each paddle,

when immersed in the water at its greatest depth, is

perpendicular to the side of the vessel, or to the line of

motion, as represented at c, in the annexed figure in

the marginal cut ; at their greatest elevation, each paddle

i—^f is parallel to the line of motion, as at e ; and when in

the horizontal position, whether ascending or descending,

the paddles present an angle of about 45° ; and, from the

angle it deviates but little when in the act of enter

ing or leaving the water, as the patentee proposes to

immerse the wheel to about one-fourth of its diameter.

The annexed figure is intended to represent the outline, in plan, of a vessel

with these paddles attached. At a is the boat, 6 b, the paddle axle, to which a

uniform motion is given through the medium of the bevel gear which connects

them ; c c are two of the paddles immersed in the water, and in the act of
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propelling ; d rf, e e, and//, are those paddles which succeed each other in the

revolution. The oblique action of the blades of the paddle, as they perform

their revolutions, will be understood by reference to the cut before explained.

 

_J

Linnaker'» Propelling Pumps, (1808).—Mr. Linnaker proposed two plans for

propelling vessels by means of pumps : in the first the pumps were placed

horizontally beneath the vessel's bottom, and in the second, a pump was placed

vertically within the vessel, and communicated with two horizontal channel)

formed below the vessel's bottom. The first plan is shown by Fig. 1, whim

represents a section of the boat, and the propelling machinery, a a is the vessel.

which is flat bottomed, b one of two rectangular trunks which extend one on

each side of the keel the whole length of the bottom. In each trough is a

rectangular plunger c, fitting the trough, and connected by the rods d d to the

hanging levers e e. These levers are worked to and fro by the steam engine /,

Fig. I.
 

acting upon the bell-crank lever g, the cross arms of which are connected to the

levers e e by the rods h h ; i is the condenser, and k the air pump, m the boiler,

and n the funnel ; o is a hanging valve, in the fore part of the trunk, anil

opening towards the stern. At each ascending and descending stroke of the

engine, one of the plungers is thrust forward and the other backwards, and by

the latter motion the water is drawn in at the valve o, and expelled at the

hinder end of the trough.

Mr. Linnaker 's second plan is similar in principle to the preceding, but the

general arrangement is better, and more complete. It is shown in Fig. 2.

which represents a transverse section of the vessel and propelling apparatus.

a a ii a 's the frame of the vessel, which, as in the former instance, is flat
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bottomed, b and c two rectangular troughs formed below the bottom, and

extending the whole length of the floor, d d is a. large vertical pump com

municating below directly with the trough b, and connected at the upper part

with the other trough c, by the elbow pipe e ; upon this pump is fixed a vertical

Fig. 2.

 

steam engine/, and to the cross head of the piston-rod are attached two side rods

g g, which pass through stuffing-boxes in the cover of the pump, and are

attached to the piston h of the pump. The troughs are furnished at each end

with a double set of hanging valves, so as to admit of reversing the motion of

the boat, which is effected by merely turning a lever, which throws one set of

the valves out of action, and puts the other set in operation.

The action of this apparatus will be readily seen; at each stroke of the engine

the pump draws in water from the bows by the one trough, and expels at the

stem water from the other trough, which by the reaction gives motion to the

vessel.

Btuk's Hydraulic Propellers.—The principle of this plan of propelling

vesseb has been termed the " reactionary principle ;" it is thus explained by

the patentee.

It is well known that water contained in a vessel has a tendency to drive out

the sides, or burst such vessels by pressure in every direction in proportion to

the perpendicular height at which the water stands ; and it is also well under

stood that if an opening be made at any part of the vessel, the pressure on that

part will be relieved by ihe flowing of water therefrom, at the same time the

pressure in all other directions remains the same, so long as the head of water

is maintained at one water-line ; and it will readily be understood, that if the

vessel were free to move, and had no opposing force greater than the unbalanced

internal pressure on the side of the vessel opposite, the opening would cause the

VOL. II. 5 A



738 SMITH'S ARCHIMEDEAN SCREW PROPELLER.

 

vessel to move in a direction opposite to (tic opening, such action resembling in

principle the working of the hydraulic machine called Barker's Mill.

The mode in which this principle is to be applied to propel vessels mav

be thus described :—

a a in the figure represents a tank or cistern

erected in any convenient part of the vessel, anil

supplied with water by a steam engine ; 4 b it >

section endways of a trunk branching from one side

of the tank, and projecting over one side of itt

vessel at any convenient height above the water-

line, a similar trunk projecting from the opposite sice

of the tank. Each trunk is furnished at its outer

extremity with two sluice valves, the one of which

(c) covers an aperture in the fore-side of the trunk,

and the other (d) covers a similar aperture in Ac

hinder or after side. Now if, both valves being

shut, the tank be filled with water to any sir •

height, the pressure upon the fore-side tending to propel the vessel forward will

be as the pressure of the column of water; and supposing the pressure to be

one pound per square inch, and that the sluice valves on each side are each

twenty-five inches wide, then if the valves are raised one inch, the unbalanced

Sressure tending to urge the vessel forward will be fifty pounds. If it be

esired to give the vessel stern way, the valves d must be closed, and the valves

c opened.

Screw Propellers.—The idea of propelling vessels by a screw (in lieu of oan)

is of ancient date ; it is mentioned in the " Machine* et Inventions approurees par

f'Academic Royale des Sciences depuis 1727 jusqit'a 1731." Franklin longata-

wards suggested the same thing, but expressing doubts at the same time of any

advantages to be obtained by the plan. In this country a patent was obtain*!

in 1794 by a Mr. Lyttleton for " An Aquatic propeller," consisting of a

screw of one, two, or more threads wrapped round a cylinder, and revolving in

a frame placed at the head, stern, or side of a vessel. We believe this to be the

first patent for a screw propeller.

Various modifications of the screw have since formed the subject of seven!

patents, but it is only within a few years that screw propellers may be said to

nave come into operation.

Smith's Archimedean Screw Propeller, (1830.)—The annexed engraving re

presents partly in section the patented invention of Mr. F. P. Smith, to whose

perseverance and energy is mainly owing the establishment of screw propelling.

a " is a screw or continuous spiral blade wound round a cylinder b, turning

in bearings at c c ; at d is a mitred wheel fixed to the shaft, and actuated by the

mitred wheel e affixed to the vertical shaft /, at the upper end of which shaft

is another mitre wheel g, which is driven by the wheel /* fixed upon the engine

shaft i ; the screw works within an open space formed in the deadwuod of tl*

vessel, and the vertical shaft works in a well which is open both at top anJ

bottom, so that the water rises to the level of the water line of the vessel Tie

shaft is steadied by one or more bearings k according to its length.

Mr. Smith constructed a vessel (which he named the Archimedes,) for lit

purpose of testing the merits of this mode of propelling, and the results were

most satisfactory. In July, 1840, the vessel made an experimental voyage

round this island, via Portsmouth, Bristol, Liverpool, Greenock, the Caledonian

Canal, Inverness, Leith and Hull, and thence back to London. Up to bet

arrival at Hull she had steamed 1772 miles in 210 hours, being on an average

about 82 miles per hour in all weathers and states of the tide. The govern

ment subsequently appointed a protracted trial to be made between the Archi

medes and the Widgeon, a government steamer propelled by paddle-wheels, and

from the success of the experiment were induced to order the Rattier steamer

to be constructed with a screw propeller, and in this vessel experiment: with
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various modifications of screws have been made, which have firmly esta

blished the efficiency of the screw as a propeller, and it is now employed in

numerous government vessels as well as private steamers.

 

Ericsson's Screw Propeller.—In 1836 Captain Ericsson, a Swedish gentleman,

well known for his mechanical talent, obtained a patent for an apparatus for

propelling steam vessels. The invention consists in a modification of the water

screw, or spiral propeller ; but applied in a different manner to what has been

usually proposed. Fig. 1 is an end view, andJig. 2 a side view of the apparatus.

Upon a broad cylindrical hoop a of wrought iron are placed light fans or

vanes 6, in an oblique, or rather a spiral direction, as the wheel may in fact be

considered as a short portion of a screw of eight threads, the rake of which is

about equal to the external circumference ; or one turn of the screw would

advance it through a space equal to the circumference. These fans are firmly

riveted to the hoop a, and also to a narrow hoop c at their outer edges ; and

the hoop c is connected to its shaft by three broad WTought-iron arms d, set at

such an angle as to offer the least possible resistance to the passage of the wheel

through the water. Two of these wheels are suspended from the stern, by a

strong framing e ■ the shaft of the outermost wheel passes through the shaft of

the inner wheel (which is made hollow to receive it) ; and both shafts pass

through an iron socket/, in the stern post, and through a stuffing hox g, fixed

on the stern post within the vessel, to prevent the entrance of the water. The

set of vanes upon the two wheels stand in opposite directions ; and the

two shafts are connected to the engine in such a manner that the two revolve

in contrary directions, and the outer wheel about one sixth faster than the

inner one. As the shafts pass through the rudder, the upper and lower portions
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are connected by a broad iron stay h on each side, of such form as to allo*

the necessary vibration of the rudder. The wheels are entirely immersed undet

the water.

Fig. 2. fig. I.

 

Hunt's Steering and Propelling Apparatut.—The distinguishing feature of

this apparatus consists in its combining the two operations of propelling and

steering in one. The following description we quote from the inventor's

specification :—

" a is a driving shaft, connected in the usual way with a steam engine or

other first mover ; b an upright bearer on which the shaft a works, c »

bevelled cog-wheel, attached to the end of the driving shaft, d a hollow vertical

shaft (made hollow for the purpose of receiving occasionally a supply of oil to

lubricate its different bearing points) which passes down, right through the

stern of the vessel close to the water line, and reaches outside to near the keel,

where it rests in a projecting heel-piece, h, bolted firmly to the keel or kelson,

carrying at top a second cog-wheel e, which takes into the first cog-wheel c,

and at bottom a third cog-wheel m, which takes into a fourth n, which tcti

immediately on the propellers hereinafter mentioned ; f is a case which encloses

the vertical shaft d, and is connected with it at top and bottom by gun-met»l

bearings ; g a trunk (formed by an enlargement ut the bottom of the case /,)

which encloses and protects the third and fourth cog-wheels m and n, anil i>

made of brass or some other mclal not readily oxidizablc; t is a short horuwn-

tal shaft on which the fourth cog-wheel n is fixed, one end of which shaft red*

in the bearing /.-. inside of the trunk g, and the other passes through the trunk

g into a coupling box o ; p p is a nave or boss at the end of the coupling boxo,

into which are fixed, at right angles the one to the other, the four blades or

propellers p, by which progressive motion is given to the vessel. So much

of the apparatus as I have hereinbefore described, is employed solely for

propelling purposes, and its mode of operation is as follows :—The driving

shaft on being set in motion by the steam engine or other first mover turns

the first cog-wheel c, which turns the second cog-wheel e, which (through the

medium of the shaft d,) turns the third cog-wheel m, which turus tlw

fourth or last cog-wheel n, which turns the shaft i, which (through tb«

medium of the coupling box o, and bossp/),) causes the blades or propellers

F, to rotate and thereby propel the vessel. The steering part of the
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apparatus I shall now proceed to describe, w u> are the arms of a steering

wheel fixed on the top of a vertical shaft y, which passes through the vessel s

 

(ieck, turning freely on its centre in the bearing r, and resting at bottom in a

socket a. On this shaft a bevelled

cog-wheel / is fixed, the cogs of

which work into a corresponding set

of cogs at the end of a horizontal

screw shaft r, which takes into a

quadrant x, (separately shown in

the adjoining cut, but omitted for

sake of clearness in the preceding

figure,) which is attached to the top

of the case f, which encloses the

vertical shaft e. It follows from

the series of combinations last de

scribed, that according as the

steersman turns the wheel to the

one side or the other he must turn

to one side or the other the quadrant x, which is attached to the top of the

case/, which governs (through the medium of the shafts r/ ami i, and the gear

work in connexion with them) the position of the propellers, p p, and so cause

the propellers always to act in a line exactly coincident with that desired to be

given to the vessel."

Canal Navigation.—The application of steam to the navigation of canals has

long been considered a desideratum, and many plans have been brought for

ward for the purpose, but none have been permanently adopted. Amongst the

obstacles to its introduction, is the swell caused by the propelling apparatus,

which is so destructive to the banks, that unless it could be obviated, it would

go far to counterbalance any advantages which might otherwise attend the use

 



742 SAXTON'S MODE OF PROPULSION ON CANALS.

of steam. Another obstacle is found in the narrowness of the locks, which

leave little space for the fixing of the propellers at the side of the vessel. On

the other hand, canals admit of the application of modes of propelling, by which

a fixed fulcrum can be obtained in lieu of the yielding or receding fulcrum

which is afforded by the water.

We shall notice a few of the inventions designed especially for this object.

Seaward's Spike Wheel.—Messrs. Seaward's plan for propelling vessels to

canals and other shallow waters consists in the employment of a circular thrust

ing instrument or spike-wheel to act continuously.

In the annexed cut, a is the spike-wheel, working either outside the boit

or in a compartment within the vessel, but open at bottom. In order to

 

accommodate the wheel to the inequalities of the bed of the canal, it is supported

by bearings at the extremity of a swinging frame 6 ; the other end of which

is hung to a shaft c, turned by a steam-engine ; on this shaft is fixed a pulley

or drum d, and a similar pulley or drum e is fixed on the axis of the wheel o.

and an endless belt or chain being passed round the wheel, the revolution of the

drum d causes the spike-wheel to revolve, and thereby propel the vessel.

Saxlon's mode of Propulsion on Canals (1833).—This invention is intended

for propelling light vessels at a high velocity on canals. It consists in a novel

and ingenious application of the converse principle of the arrangement com

monly known as the Chinese or differential crane, the latter being designed to

move a great load through a small space, by a small force moving through

a large space ; whilst in this invention a small load is moved through a large

space, by means of a great force moving through a small space.

In order that the invention may be fully understood, it will be necessary t>

 

explain clearly the principle of it, before we describe the practical application.

It i3 thus explained in the specification, which is given at length in the Reposi

tory of Arts.
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Fig. 1 represents a combination of two pulleys, their diameters being as six

to seven ; a being the larger pulley, and b the smaller one ; c d is an endless

rope, passing over the sheaves e e, which rope it should be observed takes a

turn round each of the pulleys a and o, that is to say, the part c taking a turn

round the larger pulley a, and the part d taking a turn round the smaller pulley b.

H then the rope d be caused to move in the direction of the arrow, it will

have a tendency to draw the lower part of the pulley b in the same direction ;

while the part c of the endless rope will be moving in an opposite direction,

and will have a tendency to move the lower part of the pulley a in the

same direction ; consequently, the two pulleys a b (they being fixed together)

would turn on the mean point /, as a fulcrum ; g is the centre of the two

pulleys. Let it then be supposed, that the part d of the endless rope be

moved from A to t, it will be evident that the centre g ofthe differential pulleys

a A, would' be moved to the point j ; and consequently if any object were con

nected to the centre g of these differential pulleys, it would be propelled from

g to j by the endless rope being moved the much smaller distance of h to «",

as is clearly indicated by the dotted lines ; and these distances will be as thirteen

10 one.

We shall now describe the mechanical arrangement of the invention, as

applied to propel vessels on canals.

a and b are two pulleys upon one axis c,

die points of which turn in holes in the forked

frame d, the stem of which (e,) turns in sockets

'j g, at the outer extremity of the arm h. The

pulley a is fixed to the axis, but the pulley 6

is loose upon the axis ; k is a sliding clutch

upon the axis, carrying an arm in, in which is

a pin passing through a bole in one of the

arms of the pulley a; n is a bent lever turning

upon a pin in the forked frame d, and having

a forked extremity, which embraces the sliding

clutch i. When by the motion of the lever

the clutch is brought close to the pulley a, the

pin in the arm m passes between the spokes

of the pulley b ; and when it comes in con

tact with one of them, it carries the pulley

round with the pulley a, and the machine is

then in gear. The opposite motion of the

lever withdraws the pin, and the pulleys are free to revolve in opposite direc

tions, and the operation of the machine is suspended.

The apparatus above described is supported over the side of the vessel by a

vertical standard, which supports the arm h in a horizontal position ; and the

cudless ropes are passed round the pulleys, as described, and through two

riggers, placed one at each end of the canal. If power be applied to draw the

rope by any method, as for instance, by means of a steam engine applied to

turn one of the riggers, the vessel to which the apparatus is attached will be

propelled, with a velocity which will be to that of the rope, as it passes over the

rigger, in the ratio of the sum of the diameter of the pulleys, to their difference ;

thus if the diameters be as 8 to 9, the velocity will be as 17 to 1 ; and if the

rigger turn with a speed of 2 miles per hour, the boat will be drawn at the

rate of 34 miles per hour.

The rope must be supported upon rollers, placed along the hanks of the

canal, in order that it may run light ; and the object of making the stem of the

fork d turn in the sockets g </, is to allow the pulleys a and b to stand at an

angle, by which the endless rope may be led into the sheaves when the carriage

is going in a curved direction.
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SECTION V.

ON THE PREVENTION OF ACCIDENTS FROM EXPLOSION, COLLISION,

FIRE, FOUNDERING, &c.

Paramount necessity of precautionary regulations.—Government commission for uunuriflf

thereon.—Extracts from Commissioners' Report thereon.—Abstractor Accidents on board niartt-

l wo Steam-boats.—Regulations adopted by the Dublin Steam Packet Company.—Overhaul^

and examinations of Vessels and Machinery.—Reports.—Alarmingly unsafe condition of tbf

Boilers ofmany Steam vessels.—Primary causes of Accidents.—Explosions.—Fires.—CoUistoai.

—Outlineof proposed legislative regulations for the prevention of.—"Rule-of-the-road."—Signals.

—Captain Smith's Paddle-box boats.—Necessity of disengaging apparatus for Paddle vbceU.

—Murdoch's patent mode of effecting.—Act of Parliament for Regulation of Steam Navigation.

When it is considered that steam-vessels are principally employed in the con

veyance of passengers, and that from the extent of their accommodations the

number of persons assembled together is usually very great, frequenuY

amounting to some hundreds, the paramount consideration should be to guard

against accidents, where the consequences may involve the most appalling

'sacrifices of human life.

With the rapid extension of steam navigation it was to be expected that

accidents would become more frequent: and, in 1831, a committee of the

House of Commons was appointed to inquire into the subject, with a view lo

recommend preventive measures. The committee examined a number of

witnesses, and presented two Reports ; but these were not followed up by any

legislative enactment; although some bye-laws were passed by the Corporation

of London for regulating the speed of vessels in that part of the Fort of

London called the Pool. In the course of the year 1838, however, ia

consequence of some accidents of a serious nature, especially two explosions

which occurred on board of one vessel within a short interval of time, and by

which, we believe, in the whole, sixteen persons lost their lives, the attention of

the Government was, in a more especial manner, called to the subject. They

in consequence appointed Captain Pringle, R.E. and Joseph Parke?, C.E. to

undertake an inquiry into the cause of such accidents, and the means of

preventing the recurrence of them; in order to lay the ground of some

legislative measure for the security of the public.

The chief points to which their attention was directed were—

1st. The number and nature of the accidents which have happened in steam

vessels, within the last ten years, as far as can be ascertained.

2d. The practical means for preventing the recurrence of accidents.

In order to obtain this information they were directed to visit the principal

ports, to confer with the local authorities there, the owners and officers of

steam vessels, and the most eminent constructors of marine engines.'

In compliance with these instructions the commissioners drew up a series of

queries, which they circulated amongst parties connected with steam navigation;

they visited the ports of Liverpool, Glasgow, Greenock, Leith, Newcastle,

Shields, Sunderland, and Hull ; and personally examined various steam-vessels,

some plying, and others undergoing repairs in their machinery and hulls; sod

received much valuable information from correspondents residing at places which

tlieir time did not permit them to visit. The substance of the information thus

acquired is embodied in a well-digested report, in which most of the accidents

are fairly traced to their true causes, and a number of valuable suggestions are
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made for the prevention of their recurrence. From this mass of authentic

information and of well-considered opinions we propose to make some extracts

in elucidation of the subject of the present section.

From the information obtained the commissioners were enabled to draw up a

schedule of the accidents which have happened to life and property on board

steam vessels, within the period of the ten years preceding their report. This

schedule, however, is to be considered as only an approximation to the real

number of accidents, and a few of them occurred anterior to that' period, bnt

were mentioned by one or more of their correspondents.

The following is a numerical abstract of the schedule.

ABSTRACT OF NINETY-TWO ACCIDENTS.

Ascertained

Number of

Lives lost.

40

23

17

12

92

Wrecked, foundered, or in imminent peril ....

Explosions of boilers

Fires from various causes

Collisions

Computed number of persons lost on board the Erin,

Frolic, and Superb

From Watermen's and Coroners' lists, in the Thames,

exclusive of the above, during the last three years

From a list obtained in Scotland, exclusive of the

above, being accidents in the Clyde, during the

last ten years

30S

77

a

G6

12(1

40

21

634

The greatest ascertained number of lives lost at any

one time, occurred by the wreck of the Rothsay

Castle, when 119 persons perished.

The greatest number, at any one time, from collision . 62 „

The greatest number, at any one time, from explosion 24 „

The greatest number, at any one time, from fire . . 2 „

The following information and suggestion were derived from the evidence of

Mr. J. C. Shaw, engineer and marine manager to the City of Dublin Steam

Packet Company, Liverpool : —

No accidents have ever occurred in any of the Company's vessels from

explosion, or rending of boilers. They construct and repair their own boilers,

and prefer the cylindrical shape, with the internal flues of similar form. The

boilers are all separate, each containing its own water, and the steam-pipes have

separate valves to shut oil' the communication with the other boilers. The

advantage of this plan is forcibly evinced in the case of the collision between

the Thames and the Shannon. The Thames must have yone down had the

water in the different boilers not been distinct.

The engines and boilers of steamers are certainly not overhauled and repaired so

frequently as they should be. Experience has shown to the Company the value

of a frequent and minute system of overhauling and repairing. The arrival of

any one of their vessels is instantly notified at the office, both at Liverpool and

Dublin ; the foreman of the boiler makers, and the master engineer, immediately

go on board, and are required within two hours to make a report in writing of

the actualitate of the engines, boilers, and all their apparatus, by filling up
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printed forms prepared for each. The hull is inspected by a shipwright Eicb

vessel is placed on the gridiron at least once in every three months, merely u

sight her bottom. The head fireman, having extra wages, is fined in UK

event of his not pointing out even if a rivet-head has sprang, or IDT od>«

defect in his boiler during his last voyage.

The safety-valves in all their vessels are so arranged that the engineer on

raise them to ease his boiler, but cannot load them beyond the assigned pressure:

eight pounds per square inch is the highest pressure employed in their net

cylindrical boilers. Vacuum valves, glass water-gauges, and a mercurial presflit

gauge, fitted to all the boilers. The blowing-off and feed-cocks are of ban-

In making new engines, they are also subject to a written detailed specification.

The Company's vessels are all constructed to a specification settled ml)

Messrs. W. & J. Wilson, their builders; they are all much more substanuil

than the scantling required by Lloyd's Rules ; they now build no vessrij

without iron water-tight bulk-heads. In the event of purchasing hulls built n

other ports, they have them all in the graving-dock to be minutely examined

and such additional fastenings are added as are required to bring them up i°

their standard of strength.

The combustion of the coals has not unfrequently arisen in steamers from

carelessness in dropping tow or waste among them, and leaving them there :

and also from spontaneous ignition. The Company's boilers do not touch th

skin of the vessel by many inches. The skin, or inside planking, is lined sit '

sheet lead throughout the wake, or vicinity of the boilers ; and the lead is

covered over with thin sheet-iron. The addition of the lead is a most important

feature, as it prevents charring. The boilers are all covered with dry hair-Wt, and

between them and the deck is a wrought-iron ceiling, resting on cast-iron

beams. The coals are stowed in the space between the iron ceiling and the

deck, with as much safety as in the iron coal-boxes. On the arrival of ever;

vessel, a gang of coal-trimmers enter her and sweep down every atom of coil

into the bunkers, for which we pay 5t. each trip, on the production of a

certificate from the commander, that the work is done. By taking the duty off

those on board, attention is secured to this important work ; thus the old and

often powdered coal gets burnt up first, and any defect in the ceiling-plate-

is at the same time discovered and remedied. A great saving of heat renlti

from this complete covering, and the boiler tops arc saved from the corrosion

which used to take place when wet coals were stored upon them, or from rain

or spray affecting them.

Boilers after being in use four years should be surveyed very frequent!;,

After five years running, the boilers, timbers in their wake, deck-beam:

and ceilings, all require looking to, lest they might be injured ; the middle '•'

the vessel, which should be the strongest, becomes the weakest, after so long a

period of working, in consequence of the skin being charred from constant

heat. No steamer should have a license to ply which was not furnished with

at least one valve inaccessible to the engineer or passengers, with a glass water-

gauge to each boiler, and a mercurial pressure gauge, and always in order. Tb*

machinery should be inspected and certified by a competent, disinterested

engineer, unconnected with any marine engine mandfactory.

COPIES OP ORIGINAL REPORTS.

City of Dublin Stefan CV«- Work*, Jforth Wall.

Mr. J. O. Shaw. Dublin, 22 Jam- 18S9.

A Report of the ftnle of UK " Royal Adelaide " Boibrt, thu day.

on lier arrival from Belfa&t.

Andfind them in good order.

J. Marr. Jumf* Potixtt, FortmaH.
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City of Dublin Steam Cn">- Works, Noi-tlt Wail.

Mr. J. C. Shaw. Dublin, II"* Jam- 1839.

A Report of the state of the " Royal

oh her arrivalfrom Belfast

Adelaide ' Engines, this day,

Andfind them in working condition.

J. Marr. A. Clegg, Foreman.

City of Dublin Steam CV»- Works, North Wall.

Mr. J. C. Shaw. Dublin, 24<* Jany- 1839.

A Report of due slate of the " Duke of Cambridge " Engines, this

day, on her arrivalfrom London.

Twofurnaces want repairing, and coal-bunkers will not do, wliich

will take about two days.

J. Marr. James Powell, Foreman.

City of Dublin Steam Oy> ■ Works, Clarence Dock.

Liverpool, 25'* Jantl- 1839.

A Report of the state

her arrivalfrom Dublin.

of the " Queen Victoria" Hull, this day, on

In want of a new piece of rubber on the larboard side.

To Mr. J. C. Shaw. Jos. M'Ardle, Foreman.

The report states " that boilers are very frequently continued in use till they

become dangerously thin ; and that they are frequently deficient in safety appa

ratus is a fact, not only evidenced by the Table of Explosions, and instances

given, but attested by a large majority of our correspondents. We were

shown several in the yards of engine and boiler-makers, which (to use their

own expression) ' might be walked through ; ' indeed, the hand might be

pushed through some boilers which we examined, but recently taken out of

steam boats. Mr. Shaw states, ' that the boilers of the Fingal, in 1835, were

ao weak that they had to be shored between the decks and the tops of them,

which expanded and contracted like a pair of bellows.' Captain Bain writes

that ' he has frequently had occasiun, sometimes under very trying circum

stances, to stop rents in boilers by temporary expedients ; that he has witnessed

it in other vessels, and has seen boilers worked till they were as thin as paper.'

" Some boilers, in actual use, are only kept tight by the deposit of mud,

concretions of salt and sand, &c. between the flues ; these obstructions to the

passage of heat are not removed, as the metal of the boilers would give way,

and they must then, necessarily, undergo repair, which is delayed till they

will no longer hold together, or till ruptures occur, and have produced mischief.

" The explosion of deteriorated boilers is not the greatest danger to be appre

hended from steamers ao ill provided. Under the head of wrecks and founder-

ings, the calamitous consequences of boilers failing at sea are still mure fearfully

exemplified.

" Great additional safety is obtained by employing several boilers, distinct

from each other, rather than one only, or two boilers connected together ;

many dangers are avoided by this method. Independently of the obvious

security arising from the means thus afforded of shutting off a disabled boiler,
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and even of repairing it, whilst the motion of the engines is continued by tit

others, this arrangement possesses many other advantages, and cannot be too

strongly recommended for general adoption.

" Several wrecks have been referred to by our correspondents, which might

have been averted, had the paddle-wheels been furnished with duen/jagn?

apparatut, which is effected too slowly and clumsily by removing the floats,—

an operation also difficult of accomplishment in tempestuous weather."

The primary causes of nearly all the accidents which occur to life and

property on board steam-vessels, may be classed as follows :—

Of Wreckt, Foundering, or imminent peril of the tame.

Cataei.—Defectiveness of hull, boilers and engines, cables and anchors,

crankness.

Of Explosions.

Causes.—Ignorance, carelessness, recklessness, and drunkenness of engine-

men. Bad construction or insufficiency of safety-valves. Inattention to, or

want of, proper apparatus to denote tbe level of water and pressure of steam in

boilers. Malformation of boilers to sustain pressure. Working old boilers h*

long, and at too great pressure. Bad materials, and bad workmanship of

boilers.

Of Fire*.

Causes.—Carelessness, and want of cleanliness. Bad construction of etui

receptacles. Stowing coals on the boilers, and against the undefended side* of

the vessel. Placing boilers too near the decks and sides of the vessel. De

fective state of tbe boilers. Want of fire-extinguishing apparatus.

Of Collisions.

Causes.—Want of an universal code of night signals. Want of a defined

and compulsory "rule of the road." Racing. Carelessness, or neglect d

look-out.

On this head the Commissioners observe :—" Collisions between steam-vessels,

and between them and other craft, occur so frequently in crowded waters,—

they are often so fatal to life, and so generally attended with litigation and ex

pense in repairing damage, that the want of a law to diminish the evil ii the

subject of complaint by nearly all our correspondents. Collisions occur both

by day and by night, at sea as well as in rivers. They commonly arise from

the absence of a universal understanding as to ' the rule of the road' to be

observed by vessels in meeting and passing each other, and from the absence

of a universal system of night-lights, or signals."

Mr. Shaw introduced a system of night-signals in that Company's veneli in

1834, which has since been adopted by her Majesty's packets at Liverpool, and

in other steamers. This system consists of one white light at the foremast

head, one white light on the starboard paddle-box, and one red light on the

larboard paddle-box. These are all resplendent and powerful lights. 1

mast-head light is transmitted through a large solid glass lens, so shaped sod

disposed that the light ceases to be visible abaft the beam. The marginal eux

represents a horizontal section of this light ; a being the

light, and b the solid lens. The starboard paddle-box light

is also transmitted through a solid glass lens ; the larboard

light through a hollow glass lens, containing a red mineral

solution. These are placed in houses attached to the paddle

boxes, and the rays are projected at an angle of about 35

degrees with the keel, so as not to dazzle the look-out men

on the forecastle. They are visible at great distances. A

diagram of the system is given in the cut on the next page,

in which a is the starboard light (bright), 6 the larboard light

(coloured), and c the mast-head light.

To secure the adoption of what may from time to time

be proved as the most eligible methods of building and fastening • steam
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vessel, the first essential is, that a written detailed specification be prepared as

the basis of every contract, in which the dimensions, principle of construction,

modes, extent, and size of the several fastenings be stated. The specification

 

should also be accompanied by working drawings of the mode in which such

parti are to be executed as cannot be given by mere description.

Outline of proposed Legislative Regulations prepared by the

sioners :—

Commis-

I. That a Board be appointed in connexion with, and under the president

of the Board of Trade, whose business it shall be to register and classify all

vessels navigated by steam, built or building : the register to record detailed

specifications of hull and machinery, periodical surveys to be made upon them,

and particulars of all disasters and accidents which happen to, or may be occa

sioned by steam vessels.

That the Board be authorized to appoint local or district surveyors to inspect

and report upon the condition of steamers ; that, on such report being satis

factory, the Board shall grant licenses to the owners of steam vessels to

ply ; that, if unsatisfactory, they shall withhold such license, as far as relates

to the conveyance of passengers. Penalty for plying without license.

That the Board be empowered to investigate personally, or otherwise, the

nature and causes of accidents, to examine witnesses on oath, and call for the

production of papers.

That the Board be required to make an annual report to parliament of its

proceedings, of the state and progress of the mercantile steam marine, and of

the disasters which may have been sustained. That the records be public on

the payment of a reasonable fee.

That the Board be empowered to frame and issue general instructions for

the guidance of the local or district surveyors ; also to publish an abstract of

the law and regulations, with authority to require such abstract to be placed in

a conspicuous part of the vessel ; under penalties on neglect.
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2. That the surveyors of hull and machinery be paid for their surreys by

the owners of the vessels according to a fixed scale, aa is the practice fui

Lloyd's Register : that they shall forward their reports to the Board,

which, in the event of the owner or owners objecting to the repairs required

in order to entitle the vessel to a passenger license, shall (if the objection

regard the hull) call in one or two of the principal ship-builders of the port a

district, unconnected with the work of such repairs, to survey the vessel, in

conjunction with the official surveyors, and report especially thereon.

Should the decision of the Board be objected to, on the report of the sur

veyor (if the objection regard the machinery), it shall call in the aid of one

or more engineers to report in conjunction with such official surveyor.

Special surveys to be paid for by the owner, or owners, of the vessel, accord-

to a fixed scale.

The first survey of the hull of a new vessel to be made during its construc

tion, and a specification of it transmitted to the Board, as is now done by the

surveyors of Lloyd's to the committee.

A survey of the hull to be made during each of the two first yean,

and a survey every six months subsequently. AH steamers to be docked,

benched, or laid on the gridiron (as circumstances permit), and surveyed, afar

sustaining any injury by taking the ground, or otherwise, under penalty.

The first survey of the boilers, engines, and machinery, to be made whfljt

they are being fixed in the vessel, and the requisite details of them to be re

ported to the Board.

Boilers, engines, and machinery, to be surveyed every six months after the

first year, and all serious accidents to be reported.

The surveyors to report on the fitness of a vessel, whether as 8 sea-going

or river-steamer.

3. License to express whether it be granted for cargo only, for towing

vessels, for the conveyance of passengers, or for these purposes combined;

also, whether the vessel be intended to ply as a river or sea-going steamer.

License to ply with passengers to be granted or withheld as aforesaid; a

duplicate of which, or certificate to the same effect, signed by the Board, to be

exhibited in the cabin, or other conspicuous part of the vessel. AH public ad

vertisements of steamers to state whether licensed to carry passengers or not.

An annual charge for each license to be made on all steam-vessels, varying

according to a scale of size and capacity ; such charge to be in no case less

than £1, nor exceeding £.">.

4. That the surveyor shall ascertain that the safety-valves be sufficient

to pass all the steam which the boilers can generate in their ordinary state of

work, at the pressure determined by the weight on the valves ; the maximum

of which pressure shall be fixed by the maker of the engines or boilers, and

the valves be loaded accordingly.

5. That, after an assigned period, no passenger license be granted to an)

vessel having safety-valves whose spindles, or levers, are exposed on deck, ut

capable of being loaded externally, unless satisfactorily protected. IVi .'•

on engineers, masters, or others, for loading valves beyond the weight ascer

tained by the surveyor, and regulated as above.

6. That in all new steamers, and utter an assigned period in all steamers

now afloat, glass water-guages, and mercurial pressure gauges, shall be required

to be fitted to the boilers, to entitle the vessels to a license to ply with pas

sengers.

No perfect mechanical substitute can be found for care in the management

of the steam-engine at sea or on laud ; nor do we think that the use of tb?

fusible discs, enforced by the French laws, would be productive of additional

security ; nor, indeed, that any complexity of apparatus attached to boilers

would contribute to the attainment of that object.

Apparatus, however, for indicating the level of water and pressure of steam

in boilers, is essential to their safe and economical management, and is ot far

greater import to the boilers of marine than of land engines ; rccidents to the

former, or failure in their supply of steam, being attended with peculiar
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dangers and disasters at sea, from which land boilers are exempt. Yet it is a

fact, accounted for, perhaps, by the circumstance of steam-vessels being owned

and managed, generally, by persons unacquainted with the nature of the

steam engine, that these simple instruments are much more rarely to be found

attached to marine than to land boilers, which latter are usually under the

direction of parties of mechanical education or knowledge.

7. That, in the event of the surveyor having information that any boiler

be deteriorated in strength, or unsafe at its working pressure, in the interval

of his periodical surveys, he shall be empowered oy the Board, on his repre

sentation, to examine it ; and in the event of the boiler proving faulty, the

Board shall suspend the passenger license, until satisfied of the safety of such

boiler.

8. That no steam vessel be permitted to ply which is not furnished

with a binnacle and compass in good order.

9. That, after an assigned period, no sea-going steam vessel, which

carries coals on the tops or about the sides of the boilers, shall be entitled to

a passenger license ; unless the boilers be protected by a shell of metal, or

other sufficient security.

10. All river steamers to carry one effective boat, coasting and channel

steamers two or three boats, according to tlieir size, and ocean steam-ships

four boats, as a minimum.

The surveyors to ascertain that these boats be kept in serviceable condition,

and ready for use on emergency.

11. All steamers to be provided with sufficient hoses, to convey water to

any part of the vessel, with a serviceable outfit of water-buckets ; and a

moveable fire-engine to be carried in all coasting, channel, and ocean-going

steamers.

The proposed system of registration should include a classification of

steamers ; and as the character to which each vessel would be entitled in its class

would depend on its general state of efficiency, we are disposed to think that

many other important requisites for attaining the utmost practicable degree of

security, would gradually be adopted by owners without compulsion ; such as

water-tight bulk-heads in new vessels ; powerful extinguishing pumps, worked

by the engines ; connexion of the condensers with the bilge-water ; disen

gaging apparatus for the paddle-wheels ; heavier and more effective ground

tackling, Sic. The publication of accidents, and of their causes, would also

warn steam vessel owners, commanders, and engineers, and instruct them how

to guard against disasters.

In framing these recommendations, our object has been to suggest practical

means for further securing public safety, without inflicting vexatious rules on

steam vessel owners ; we believe that their adoption would tend materially to

promote, and in no respect to cripple, the progress of navigation by steam.

We are confirmed in these views by finding them so much in accordance with

the majority of opinions expressed in the appendix : and they correspond with

several of the regulations enacted by foreign states. They are, however, much

less stringent in their nature than those proposed by many of our corre

spondents ; and we consider them much less onerous, and more suitable to the

character of the British steam-marine, than the laws of other countries.

In order to diminish the frequency and danger of collisions, and being con

vinced of the necessity for establishing a definite "rule of the road,"and a uniform

system of signals, for the government of steam vessels, we should have intro

duced into the foregoing outline distinct provisions on the subject, had it not

been that a measure of this kind has been advised in the report of the " Com

missioners appointed to inquire into the laws and regulations relating to the

pilotage of the United Kingdom," (p. 161,) to be incorporated in a new Pilot

Act. Referring, however, to the tenor of our instructions as to " the nature

of the accidents in steam vessels," and to " the means of preventing them,"

and on a review of the valuable information supplied to us cm this head, we

cannot avoid recommending the adoption of a system which hits for so many

years been found practically efficient—against which no objections have
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hitherto been urged—and which has met the concurrence of so numerous >

body of steam-navigators. The system we advise is—

1. As to the " rule of the road," that steam-vessels approaching and

passing each other, should starboard their helms, with the view of keeping on

the starboard side of each other respectively as far as practicable.

2. As to night signals,—the want of an uniform and sufficient system of

lights has been so fruitful a source of collision and injury, we recommend a

system similar to that now practised by a numerous class of commanders of

private steamers (described p. 48), and which has been substantively approved

of and adopted by the commanders of her Majesty's steam-packets at Liver

pool : viz., that in all sea-going steam vessels, there be " a white light at the

foremast head, visible in clear weather from eight to ten miles ; a white light

attached to the fore part of the starboard paddle-box, which can be seen six

miles in clear weather ; and a third light, which is red, attached to the fore

part of the larboard paddle-box, visible about three miles. The three lights

can only be seen at one and the same time when right a-head, or nearly so ;

in any other position, before the beam, two only are visible, and their colours

define the position of the vessel."

3. That the obligation to carry some powerful steam-whistle, bell, or gong,

be part of the proposed law as regards steam vessels ; also, that their rate

through the water be defined, during fog and thick weather, in crowded waters,

whether plying by day or night.

It is also obvious that some regulations are essential to determine the nature-

and enforce the carrying of lights in river-steamers, sailing-vessels, and vessels

at anchor.

Owing to the number of passengers frequently embarked on board of steam-

vessels, it becomes difficult to provide the means of safety for all in the event of

an accident which may render it necessary to abandon the vessel. A plan has

recently been proposed by Captain George Smith, R.N., which goes far to

meet this difficulty, and is calculated to be of essential service on such trying

occasions. We extract the following account of this invention from Captain

Smith's letter to Messrs. Pringle andParkes.

" It is universally admitted, that steam vessels are very deficient in boats ;

so much so, that, when a steam vessel is lost, if the lives of the passengers and

crew be not sacrificed, it may be considered an especial interposition of Pro

vidence.

" This deficiency, and the difficulty in steam vessels of carrying boats on

deck, and in getting them in or out, have led me to turn my attention to the

subject ; the result has been the invention described in the accompanying

drawing, which invention my Lords Commissioners of the Admiralty have been

pleased to try on board her Majesty's steam vessel Carron, (a vessel of

ltg.1.
 

between 200 and 300 tons burden.) The upper section of her paddle-wh«l

is covered bv a life-boat (see Fig. 1.) twenty-five feet long and nine feet beam,

having four' air-tight cases, which may be removed if required on P*""*"

occasions. This life-boat is capable of containing between forty and nn>
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persons. When in her place over the paddle-wheel, the midship thwarts are

unshipped, which admits of the wheel revolving within about six inches of her

kelson.

"The boat lies bottom upwards on two iron davits, having hinges, which enable

her to be turned over and lowered down by six men in two or three minutes.

A boat of similar capacity could not be got out, if stowed in the usual position

 

on deck, under twenty minutes by the whole crew, and in case of fire, probably

not at all."

Fig. 2 is a transverse section of the vessel, showing the boat on one side as

turned over, and ready to be lowered down.

" It is proposed, that steam-vessels should have one large boat over each

paddle-wheel ; in the most powerful vessels they may be thirty feet in length,

with above nine feet beam.

" Vessels fitted with boats on this plan present less resistance to the wind

and atmosphere in sailing and steaming, and their appearance is considerably

improved. The upper float-boards can be got at with ease when requisite, by

raising the boat a little on her davits. If thought requisite to add to the

number of boats, the cabins before and abaft the paddle-wheels may be roofed

in by smaller boats." (As shown in Fig. 1.)

It is, on many accounts, extremely desirable that steamers should be fur

nished with the means of instantaneously disconnecting the paddle-wheels from

the engines, so as to leave each free to revolve independently of the other;

and many instances might be cited, wherein vessels have been lost for want of

this provision. Thus, in the melancholy case of the Forfarshire, the vessel, in

a heavy gale of wind, with her engines broken down, was suddenly discovered

to be within a short distance of rocks ; sail was instantly set, and an attempt

was made to wear her, but, owing to the resistance of the paddle-wheels, which

were still connected to the engines, she could not be forced through the water

in time, but drove on shore, and was totally wrecked, with a loss of nearly

fifty lives. Again, the Don Juan, in fine weather, struck on a rock, and

sprung a serious leak, but which might have been got under by the pumps

fitted to the engines, but the inner wheel being fixed on the rock, the engines

could not work, and the vessel was lost.

Many plans have recently been brought forward for supplying the deside

ratum. The following cut represents one, for which Mr. Murdoch obtained a

patent in 1839. It will be seen that it admits of great solidity of construction,

vol. it. 5 c
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can be readily adapted to engines of every form, and that its action u

instantaneous.

To the paddle shaft a is attached, in lieu of the ordinary crank, a cylindrical

drum 6, having a gap or nolch in its circumference into which a pall or drag-

 

 

link c, suspended from the end of the crank pin d, falls, and this forms a con

nexion between the crank and the drum, so that the paddle shaft a and HK

engine shaft e revolve together. When it is required to disconnect them, the

cam f, which is loose upon the boss of the drum, is turned by means of the worm

g and worm-wheel A, and, pressing against the under side of the stud i, which

projects from the side of the drag-link, it gradually releases the latter from the

notch in the drum, and a portion of the cam being concentric with the dram,

and of the same diameter, covers the aperture and prevents the link from

falling into it during the revolutions of either shaft. • k is a spring to counteract

the centrifugal force of the link, and cause it to fall into the notch when desired

in any position of the drum; and m is a horn projecting from the cam, which

presses upon the stud i, and retains the link firmly in the notch.

Since the foregoing part of this treatise has been in the press, the recom

mendations contained in the report of the commissioners have been partially

adopted ; an Act of Parliament having been passed for the regulation of steam-

vessels, of which the following are the principal provisions:—

1. All steam-vessels built of iron of 100 tons burthen or upwards, the

building of which shall have been commenced after the passing of the Act, are

to he divided by transverse water-tight partitions, so that the fore part of the

vessel shall be separated from the engine-room by one of such partitions, 8nd

so that the after part of such vessel shall be separated from the engine-room b)'

another of such partitions.

2. From and after the first day of January, 1847, no vessel, the tonnage of

which shall be 100 tons or upwards, shall proceed to sea, from any port what

soever, unless it shall be provided with boats, duly supplied with all requisite

for their use, and not being fewer in number, nor less in their dimensions, than

the number and dimensions set opposite to the limits of dimensions in HH

following table, provided that the said limit of dimensions be not considered

applicable to vessels engaged in the whale fishery :—
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TONNAGE

850 and upwards ....

650 to 850

350 to 650

200 to 350 inclusive

100 to 200

3 Long boat,

52
launch,

-a 3
a o

3-=

2i

or pinnace.

length breadth

feet. ft. in.

4 26 8 0

i 21 7 0

3 20 6 0

2 18 0 0

2

length1 breadth

feet.

24

ft. in.

7 0

6 G

5 6

npth breadth length ( breadth

ft. in.

6 6

It. in

5 6

5 e

a o

5 o

and a limit ur small bout.

and that no vessel carrying more than ten passengers shall proceed to sea on

any voyage, unless, in addition to the boats hereinbefore required, it shall also

be provided with a boat fitted up as a life-boat, with all requisites for its use,

together with two life buoys.

3. Every steamer the building of which shall be commenced after the passing

of the Act, and which shall proceed to sea with a passenger, shall, in addition

to the boat specified in the foregoing table, and in lieu of a boat fitted up as

a life-boat, be provided either with such boats as are usually called paddle-box

boats, or with such other boats as may be directed in lieu thereof by the Com

missioners of the Admiralty.

4. That no steam vessel of 100 tons burden or upwards shall proceed to sea

unless it shall be provided with a hose, for the purpose of extinguishing fire,

capable of being connected with the engines of the vessel.

5. If any such steam vessel as aforesaid proceed to sea without being

provided with such hose as aforesaid, or, being an iron steam vessel, without

being so divided as aforesaid, or if any steam or other vessel of 100 tons burden

or upwards proceed to sea without being so provided with boats as aforesaid,

or if any of such boats be lost or rendered useless in the course of the voyage,

through the wilful fault or negligence of the owner or master, or if, in case of

any ofsuch boats being accidentally lost or injured in the course ofthe voyage, the

master or other person having charge of the vessel wilfully neglect to replace

or repair the same on the first convenient opportunity, then and in every case

where the owner shall appear to be in fault, he shall forfeit a sum not exceeding

100/., and in every case where the master or other person having charge of the

vessel shall appear to be in fault he shall forfeit a sum not exceeding 50/.

6. No officer of customs to clear out any such steam vessel as aforesaid for

any voyage to parts beyond the seas without being provided with such hose as

aforesaid, or, being an-iron steam vessel, without being so divided as aforesaid,

nor to clear out any steam or other vessel of 100 tons burthen or upwards, for

any voyage to parts beyond the seas, unless the same be provided with such

boats as hereinbefore are required.

7. Every steam vessel when meeting or passing any other steam vessel shall

pass as far as may be safe on the port side of such other vessel, and every

steam vessel navigating any river or narrow channel shall keep as far as

is practicable to that side of the fairway or midchannel of such river or channel

which lies on the starboard side of such vessel, due regard being had to the

'ide; and the master, or other person having the charge of any such steam

vessel, and neglecting to observe the regulations, or either of them, shall for

each and every instance of neglect forfeit and pay a sum not exceding 50/.

8. On or before the 30th of April and the 3 1st day ofOctober in every year, the

owners ofevery steam vessel shall transmit to the Lords of the Committee ofPrivy

Council for Trade the two following declarations in writing, (that is to say)—

Firtt. A declaration of the sufficiency and good condition of the hull of such

steamer, under the hand of a shipwright-surveyor to be approved by the Lords

of the said Committee.
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Second. A declaration of the sufficiency and good condition of the machinery

of such steam vessel, under the hand of an engineer to be approved by the

Lords of the said Committee ; such declarations bearing date of some day in

the said months of April or October respectively.

And the Lords of the said Committee shall register such declarations, and

shall transmit to the owners of such steam vessels respectively certificates,

under the hand of one of the secretaries or assistant-secretaries of the said

Committee, of the registry of such declarations.

9. If any steam vessel proceed to sea with passengers, the owner whereof

has not duly transmitted to the Lords of the said Committee such declarations,

and received from the Lords of the said Committee such certificates of the

registry of such declarations as herein before is mentioned, the owner of such

steam vessel shall forfeit a sum not exceeding ion/.

10. Whenever any steam vessel shall have sustained or caused any seriom

accident, occasioning loss of life or property, or received any material

damage affecting her seaworthiness, either in her hull or her engine, by

grinding or by collision with any other vessel, or by any other means, the

master or other person having the charge of such vessel shall, as soon u con

veniently may be, transmit through the post office, by letter addressed to the

Lords of the Committee of Privy Council for Trade, and signed by such master

or other person, a report of such accident or damage, and the probable occasion

thereof, stating therein the name of the vessel, the port to which she belongs,

and the place where she is, in order that the Lords of the said Committee may,

if they think fit, investigate the matter ; and should the owner or owners of

any steam vessel from her non-appearance or otherwise have reason to appre

hend that such steam vessel is wholly lost, he or they shall, as soon as

conveniently may be, in like manner send notice thereof to the Lords of the

said Committee ; and every owner, master, or such other person as aforesaid,

who shall neglect to send such notice as hereby is required within a reasonable

time after any such accident shall have happened, shall for every such offence

forfeit and pay a sum not exceeding SO/.

11. Whenever any steam vessel shall have sustained or caused any serious

accident occasioning loss of life or property, or received any material damage

affecting her seaworthiness either in her hull or her engine, by grounding or by

collision with any other vessel, or by any other means, it shall be lawful for the

Lords of the said Committee to appoint any proper person or persons «s

inspector or inspectors to inquire into and report upon such accident ; and it

shall be lawful for every person so authorized, at all reasonable times, upon

producing his authority it' required, to go on board and inspect any sock

steam vessel and the machinery thereof, and every part thereof respectively,

not detaining or delaying the vessel from proceeding on her voyage, and to

make such inquiries as to the nature, circumstances, and causes of such accident

as he or they may think fit.

12. That nothing in this Act shall extend to any of Her Majesty's ships of

war, nor to any vessel not being a British registered vessel.

STEEL. A peculiar combination of carbon with iron. It is chiefly used fe

edge tools, and other sharp cutting instruments, where great hardness is re

quired ; and from the fine polish of which it is susceptible, its applications to

ornamental as well as useful purposes are as obvious as they are well known.

See IRON.

STEELYARD. A machine for ascertaining the weights of bodies, usually

denominated the Roman balance. It consists of a lever of unequal arms, sus

pended horizontally ; to the shorter of the two arms is suspended the article to

be weighed, and on the longer arm a weight is made to traverse, until the beii

rests in a horizontal position ; the position of the traversing weight indicating

the weight of the article, which is engraved on the beam where the weight >u^-

See the articles BALANCE and LEVER. There is, however, another kind of «e*.-

yards in extensive use for domestic and other purposes, wherein great nicetj n>

weighing is not appreciated. They are usually called " pocket steelyards," and
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are thus constructed :—In the centre of a distended spiral spring of many coils,

is a metallic bar, on which are marked the divisions of the scale, according to

the amount of force or weight in pounds, requisite to compress the spring to

any point represented. To one end of the bar is rivetted a plate, to press upon

the spring, which are both in a cylindrical metal case ; the other end of the bar

passes freely through a bole in the bottom flat end of the case, where it is con

nected to a hook, on which the article or goods to be weighed are hung; and

according to their actual weight the bar, by compressing the spring, is externally

protruded, showing by the figure on the scale the weight of substance suspended.

A great variety of machines for indicating weight and pressure by the elastic

resistance of springs have been invented, and several have been described in the

course of this work, (see the articles DYNAMOMETER, CABLE, and others,) and

we shall here add one more, which has been brought into very extensive use by

the diligence and skill of Mr. Marriott, of London. The machine we allude

to is denominated Marriott's Patent Weighing Machine. It is an invention ot

150 years standing, and the improvements made by Mr. Marriott relate to

some minutiae, which, though of a subordinate, are not of a useless character.

The annexed diagram is illustrative of the construction of the internal part.

a is the ring by which the machine is suspended : to the stem proceeding

from the ring the uppermost side of a strong elliptical steel spring is made

fast by a nut and screw ; at 6 is suspended the scale, or other receptacle to

hold the goods to be weighed ; the

stem of this is secured to the lower

most side of the spring, and like

wise at its upper extremity to a

vertical rack c, which is drawn

downwards as the elasticity of the

spring is operated upon by the

weight ; the descent of the rack

turns a small toothed pinion d, on

the axis of which is fixed a hand e,

that points out upon the graduated

'. circle f, the amount of the force or

. weight applied. The inner circle

• g, snows the periphery of the circu

lar box, which encloses the parts de-

• lineated within it. The periphery

• of the front plate and the index are

shown in dotted lines, as they are

not supposed to be seen in this view

of the apparatus. This machine is

extremely convenient and portable,

it requires no weight, may be hung

up any where, and is sufficiently

accurate for the generality of pur

poses, where inaccuracies to the ex

tent of a few small fractional parts

are of no moment.

STILL. The name of the principal vessel in which distillation is conducted.

See a great variety of them under the heads ALCOHOL, DISTILLATION, &c.

STIPPLING. A mode of engraving on copper by means of dots, as contra

distinguished from a course of continued lines. The term is likewise applied

to the mode adopted by some artists in drawing, of putting in the tints and

shadows of black lead or crayons, by means of the end of a piece of coiled

paper, charged with the pigment, with which it is stippled or stamped on to

the surface of the paper. Good artists generally despise this process ; and we

are of opinion that none but good artists should attempt to practise it, on ac

count of its wretched spiritless appearance, if not very ably performed.

STOCKS. A frame erected on the shore of a river, or of the sea, and in

the large establishments in the inside of docks, for the purpose of building
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ships. It generally consists of a number of solid wooden blocks, ranged

parallel to each other at convenient distances upon a very firm foundation, ants

with a gradual declivity towards the water.

STRAND. One of the twists or divisions of which a rope is composed ;

also the name applied to any sea-beach, or shore, that slopes gradually down to

the water's edge

STRANDED, in tea affairt, a term, which, when applied to a rope, signifiei

that one, at least, of its strands is broken , but when applied to a ship, or

vessel, it means that she has run on a rock or shoal, and beeiP either rendered

useless, or entirely dashed to pieces. The considerable loss every year of

valuable lives, by shipwreck, on the British shores, had early attracted tb?

notice of the Society of Arts, and premiums were offered for the discovery of

effectual means of diminishing the frequency of these distressing calamities. In

the year 1791, Mr. J. Bell, Serjeant of artillery, proposed the projection of an

eight-inch shell, loaded with lead, and having a light rope attached to it. The

shell being discharged from a small mortar on the deck of a stranded ship,

would perform a range of about 200 yards, carrying the rope with it, and would

bury itself in the sand on the shore, so as to form a communication with the

land, by means of which boats, or rafts, might be hauled through the surf, and

thus greatly facilitate the probability of escape from the wreck. The objection

to this plan consisted in the difficulty of prevailing on the owners of merchant

ships to incur the expense, and on the masters to have the apparatus in con

stant readiness for use. Besides which, many cases would no doubt occur, in

which, from the pitching of the vessel, and from the sea beating over her, it

would be impossible to project the shot in the right direction, or even to dis

charge the mortar at all.

In 1808, Capt. G. W. Manby, of Yarmouth, effected considerable improve

ments on the original proposal of Mr. Bell. These consisted in stationing the

apparatus on the shore, instead of having it on board the ship, as, indeed, had

previously been proposed by Mr. Bell ; thus enabling, in the first place, a single

apparatus to be used in aid of every vessel that might be driven ashore, on a

considerable line of coast Secondly, enabling the persons intrusted »ith th*

apparatus to become familiar with it, and therefore prompt in its application.

Thirdly, increasing the probability of success by having the power of plicing

the mortar in the most favourable position, with regard to the vessel, and of

arranging the rope, so as to render it much less liable to entangle, and thereby

to break, than if it were thrown from the deck of the stranded vessel. The

great personal activity and exertions of Capt Manby in this very interesting

and meritorious undertaking, were liberally seconded by the government ; and

the result, that on the eastern part of Norfolk alone, where Capt Manby has

been , stationed, no lea than 332 persons have been rescued from 48 stranded

vessels between 1808 and 1826. Capt. Manby's original method of coiling or

faking the rope on the shore, was an operation that required to be very dexter

ously performed ; was impracticable in some places from the inequalities of tie

ground ; was liable to derangement from the wind ; occupied much precious

time after the arrival of the apparatus, and scarcely admitted of being performed

at night. A great improvement was subsequently made by Capt Manby, in

having the ropes arranged in baskets, which allows of their being now con

veyed in a state ready for immediate use, to any place where they may be

wanted. Under the management of Capt. Manby, and his immediate assist

ants, the breaking of a rope, in consequence of its getting foul while running

out, is a very rare occurrence. Other persons less accustomed to the business,

and, perhaps, less dexterous, have, however, frequently failed ; and it seenu

to be generally allowed by the associations on the coasts of Norfolk and Suffolk,

for relief in cases of shipwreck, .that some more certain mode of faking or

coiling the rope would be an important improvement

In 1823, Mr. Hase, of Saxethorp, in Norfolk, being employed to cast a brut

mortar for one of Cant. Manby's apparatus stationed near Cromer, constructed

a skeleton reel, or rather conical spindle, as an improvement on Capt Manby'•

baskets. This reel was tupported by an axis, which allowed of its being placed
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at any required angle ; and the rope being wound round it, was expected to be

delivered more freely, and with less risk of breaking, than by the usual mode.

Experiments made at Cromer confirmed the anticipations of the inventor, and

the apparatus has now been in use for three years, and, apparently, has given

much satisfaction.

Finally, Mr. Thorold has given to Mr. Hase's reel a stronger and more com

pact form, has both expedited and facilitated the coiling of the rope evenly upon

it, and has placed the mortar and reel upon wheels, so that it may be trans

ported expeditiously to any place where it is wanted. It is obvious, however,

that by so doing, the expense of the whole apparatus is greatly increased ; that it

is now scarcely capable of being conveyed by hand, as Capt. Manby's, and even

Mr. Hase's is ; and that, therefore, situations may occur, to which it would be

difficult, if not impossible, to bring it. The following figure presents a side

elevation of the cart f with the near wheel off) and reel, and the mortar elevated

 

iato a position for firing. The axis of the conical reel is fixed in the centre of

a strong wooden cross, which is framed and secured by four bolts to the bars

4 6; these are hinged at c to the cart; d is a bar of iron with holes, serving as

an elevator ; it is screwed on to the frame 6, and one of the holes being placed

on a pin fixed in the cart's side, retains the reel at the required angle. Two

chains e e are fixed on at each side of the cart, and to the frame b b, which

retains it ; while the reel is vertical, the elevator d catches the pin by its last

hole. At / there is a movable ring and winch handle (not represented) ; g a

guide bar, turning on pivots in the frame b, on which is a sliding box h, to be

used in coiling the rope. Within the winch ring is a hook : a bend of the line

being placed on this, the reel is turned once round, and the rope passed through

the eye of the guide box h, properly constructed, and a pair of nippers (not

shown). When the mortar is to be fired, the guide bar g is thrown back into

the position represented, and the winch. The pressure of the guide bar being

thus taken off, the elasticity of the cord causes it to rise a little, and throw off

two or three of the upper coils ; the next coil is kept in its place by one of the

assistants laying his finger on it, and not withdrawing it until the moment of

firing. The mortar is to be placed a few yards to leeward of the reel, with the

line attached to the shot. A clamp n hangs from the frame 6, by means of

which the last coil of the rope is to be bound to the rim of the cone, in order
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to secure it for travelling, the remainder of the line being on the frame oo.

Another line, on a similar frame, is stowed in the tail of the cart ; and in front

of the axletree there is a locker for the shot, the peculiar form of which is

shown by the separate figure q. The time required for winding the line, and

firing the shot, is one minute and a half. Numerous certificates on the advan

tages of Mr. Thorold's apparatus, accompanied that gentleman's communication

to the Society of Arts, who voted him the silver Vulcan medal :—a model of

which invention is placed in the Society's Repository.

SUBERIC ACID. An acid obtained from cork ; suber being the specific name

of the cork-tree.

SUBLIMATION. An operation, by which volatile substances are collected

and obtained. It is nearly allied to distillation, excepting that in the latter, the

fluid parts only of bodies are raised, whereas, in sublimation, the solid and the

dry are obtained. Flowers of sulphur are obtained in this way ; and the sort

in our chimneys is a familiar and perfect illustration of sublimation.

SUCCINIC ACID. An acid extracted from amber, by distillation.

SUCKER. A name given by plumbers to the bucket, piston, or rising valve

of a pump : see Pump.

SULPHATES. Definite compounds of sulphuric acid with the salifiable bases.

SULPHITES. Definite compounds of sulphurous acid with their bases.

SULPHUR. A simple inflammable body. Its fusing point is 220° Fahr.

after which it begins to evaporate ; at 560°, it takes fire in the open air, and

bums with a pale blue flame : kept melted in an open vessel at 300", it becomes

of a red colour, thick, viscid, and plastic, like wax, and is used by seal en

gravers to take off impressions from their work. Its great utility in the arts

is too well known to need specifying.

SULPHURETS. Combinations of the alkalic earths, and metals, with

sulphur.

SULPHURIC ACID : see Acid, Sulphuric

SUMACH. A vegetable substance, extensively employed in tanning and

dying. It consists of the young shoots of a shrub, that grows naturally in

many parts of the Mediterranean ; the shoots, after being dried, are reduced lo

powder in a mill, which adapts it to the immediate use of the tanner and dyer:

it abounds In tannin and the gallic acid, strikes a deep and rich black with the

salts of iron, and is eminently valuable in the arts alluded to, (which sec,) and

many others.

SWIVEL. A kind of ring or link of a chain, that is enabled to turn round,

by jointing it to the next, by means of a pin or axis. The term of swivel is

applied to a small cannon, provided with a similar kind of joint ; and to very

numerous purposes, swivel-joints are adapted and modified in a variety of ways

too unimportant to describe.

SWORD. A long-bladed knife, fashioned in various ways, but all designed

for mangling or destroying the human species.

SYRINGE. A simple hydraulic machine, employed to draw in and discharge

fluids violently. It consists merely of a small tube, in which is fitted a piston

or plunger, and having a small hole at the bottom of the tube, through which

the liquid enters, when the plunger is drawn back, and charges the barrel.

Then, by forcing the plunger forwards, the fluid is expelled with a violence pro

portioned to the velocity given to the plunger.

T.

TABBY. The name of a rich kind of silk, which has undergone the

operation of tabbying ; which consists in passing between metallic rollers, tne

surfaces of which are variously engraven, producing thereby the device upon

the stufT, by laying down the fibres in one part, and leaving them erect in the

other, rendering them conspicuous by the difference of light and shade
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TABLES. In mathematics, they are the results of calculations, systematically

arranged, for the convenience of ready application. They also serve the useful

purposes of testing the accuracy of a person's own calculations. Numerous

tables are given in various parts of this work, attached to the subjects to which

they are related.

TACAMAHAC. A resin, having the odour of musk, soluble in alcohol.

TACKLE. A term sometimes applied to a pair of pulley-blocks and ropes,

nsed for raising or removing weights.

TACKS. Small nails. See Nails.

TAFFETY. A very rich, glossy, silk stuff, plain, flowered, gold-striped,

&c. &c.

TALC. A soft unctuous mineral, occurring in beds, in mica-slate, and clnv-

slate. It is found in several parts of Scotland, but the best comes from the

neighbourhood of the Tyrol. It is employed as an ingredient in rouge for the

toilette, along with carmine and benzoin. This cosmetic communicates a

remarkable degree of softness to the skin, and is not injurious. The flesh

polish is given to gypsum figures, by nibbing them with talc.

TALLOW. Animal fat melted down and clarified. See Fat.

TAMBOUR. A species of embroidery, in which threads of gold and silver

are, by needles of a peculiar form, worked in leaves and flowers, &c, upon a

silk stuff, stretched over a circular frame, called a tambour.

TANNIN. A peculiar vegetable principle, so named because it is the effective

agent in tanning, or the conversion of skin into leather. See Leather.

TAPESTRY. A species of woven hangings of wool and silk, adorned with

scenic representations in imitation of painting, and employed formerly for

lining the walls of elegant apartments, churches, &c. The French ascribe the

invention to the Saracens ; and hence the workmen employed in it were called

Sarazins. Guicciardini ascribes it to the Dutch. A manufactory was esta

blished at Paris, by Henry IV. in 1006 or 1607, which was conducted by

Flemish artists. It was brought to England by Wm. Sheldon, in the reign of

Henry VIII.; and in 1619 a manufacture was established at Mortlake, in

Surrey, by Sir Francis Crane, who received 2000J. from King James to

encourage the design. The manufactory of the Gobelins in France became tha

most celebrated for the beauty of the colouring, and the elegance of

design ; the first-rate painters being employed to furnish subjects.

TAPlOCA. A gummy kind of starch, prepared by the Brazilians from the

root of the casava plant. A spurious tapioca has been manufactured in this

country, from the farina of the potato; the process of preparing the latter

consisting simply in exposing the dry farina to the action of a moderate he:it

in an open pan, and continually stirring it up to prevent carbonization ; the

water of crystallization of the starch, causing a species of fusion of the starch,

which conglomerates into little masses, of a semi-transparent gummy appearance,

but with an efflorescent surface, much like the foreign tapioca in appearance ;

and although it possesses similar properties as an aliment, it does not form so

strong, nor so agreeable a "jelly." A patent was recently taken out for the

process just described ; but unfortunately for the patentee, it was well known,

and for nearly half a century before the date of his patent. The advantage of

the process is, however, to us more than doubtful, whilst the foreign article can

be obtained, subjected to only a moderate import tax.

TAR. A thick black unctuous substance, obtained chiefly from old pines

and fir trees, by burning them with a close smothering heat. It is prepared in

great quantities in Norway, Sweden, Russia, Germany, North America, and in

other countries where the pine and fir abound.

The mode practised in the Scandinavian peninsula, is similar to that described

liy Theophrastus and Dioscorides, as in use in ancient Greece. A conical cavity

is made in the earth, with a cast-iron pan at the bottom, to which is connected a

pipe to carry off the liquid. Billets of wood are thrown into the cavity, and being

then covered with turf, are slowly burnt without flame. The tar which exudes

during the combustion, is conducted by the before-mentioned pipe into barrels,

which are afterwards bunged up, and are then ready for exportation.

v«.l. ii. 5 D
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Becher, the celebrated chemist, first proposed to make tar from pit-coal.

Manufactures for this purpose have been established many years ago, in several

parts of England. In the year 1781, the earl of Dundonald obtained a patent

for extracting tar from pit-coal, by a new process of distillation ; a kind of tar

is also produced from the pit-coal used in the production of gas for illumination.

See Gas : also Pitch.

TARPAULIN. A piece of strong canvass, or sail-cloth, well saturated

with tar, and dried ; employed extensively for covering goods in ships, barges,

waggons, carts, &c. ; also for protecting stacks and ricks of agricultural produce

from the effects of the weather, &c.

TARRAS, or TERRAS. A volcanic earth used as a cement. It differs

but little from puzzolana, but contains more heterogeneous particles, as spar.

quartz, shorl, &c. It effervesces with acids, is magnetic, and fusible per st.

When pulverised, it serves as a cement, like puzzolaiia. It is obtained from

Germany and Sweden.

TARTAR. A substance deposited on the sides of wine casks, during the

time that the wine is in a state of fermentation. This substance being scraped

off, and in its natural and unpurified state, is called by chemists super-tartrate

of potash, and popularly, crude tartar. Tartar is distinguished, from its colour,

into red and white, according to the colour of the wine from which it originates.

All wines do not afford the same proportion of tartar ; according to Dr. Newmann,

the wines of Hungary yield but little tartar, those of France somewhat more,

while the Rhenish wines afford the purest tartar in large quantities. The

method adopted at Montpelier, according to Dr. Ure, for purifying this

substance from an abundance of extractive principle, is as follows. "The

tartar is dissolved in water, and suffered to crystallize by cooling ; the crystal*

are then boiled in another vessel, with the addition of five or six pounds of the

white argillaceous earth of Murviel to each quintal of the salt. After thi>

boiling of the earth, a very white salt is obtained by evaporation, which U

known by the name of cream of tartar, or the acidulous tartrate of potash," or

purified super-tartrate of potash.

Emetic tartar is the tartrate of potash, and antimony. Regenerated tartar,

the acetate of potash. Salt of tartar, the subcarbonate of potash. SaiuUt

tartar, the neutral tartrate of potash. Vitriolated tartar, sulphate of potash.

TARTARIC ACID. An acid obtained from the above-mentioned salt tartar

by Scheele. In a solution of the super-tartrate in boiling water, he saturated

the superfluous acid by the addition of chalk, as long as effervescence ensued ;

and expelled the acid from the precipitated tartrate of lime, by means of the

sulphuric. Or four parts of tartar may be boiled in 20 or 24 parts of water,

and one part of sulphuric acid added gradually. By continuing the boiling, the

sulphate of potash will full down. When the liquor is reduced one-half, it is to

be filtered ; and if any more sulphate be deposited by continuing the boiling,

the filtering must be repeated. When no more is thrown down, the liquor is to

be evaporated to the consistence of a syrup ; and thus crystals of tartaric acid,

equal to half the weight of the tartar employed, will be obtained.—Ure.

TARTRATE. A neutral compound of the tartaric acid, with a base.

TAWING. The art of preparing white leather. See Leather.

TEA. The dried leaves of the tea-plant, which is a native of Japan, China,

and Tonquin. The history of commerce does not perhaps present a parallel to

the circumstances which have attended the introduction of tea into this

country. The leaves were first imported into Europe by the Dutch East India

Company, in the early part of the seventeenth century ; but it was not until

the year 1660 that a small quantity was brought over from Holland; and yet,

from a period earlier than the memory of but few of the present generation can

roach, tea has been regarded as one of the principal necessaries of life among

all classes of the community. To provide a sufficient supply of this aliment,

many thousands of ton3 of the finest mercantile navy in the world are employed

in trading with a people by whom all dealings with foreigners are merely

tolerated ; and from this recently-acquired taste, an immense and easily-collected

revenue is obtained by the state. I ■
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The tea-plant is an evergreen, somewhat resembling the myrtle in appearance,

bears a fragrant yellow flower, and grows to a height varying between three

and six feet. It is capable of enduring great variations of climate, being

cultivated alike in the neighbourhood of Canton, where the heat is at times

almost insupportable to the natives, and around the walls of Pekin, where the

winter is, not unfrcquently, as severe as in the north of Europe. The best

sorts, however, are the production of a more temperate climate; the finest teas

are said to be grown in the province of Nanking, occupying nearly the middle

station between the two extremes mentioned above ; and the greatest portion of

whai is brought to the Canton market, and sold to the European merchant!, is

the produce of the hilly, but populous and industrious, province of Fokien,

situated on the sea-coast, to the north-east of Canton. It appears to thrive

best in valleys, or on the sloping banks of hills, exposed to the southern sun,

and especially on the banks of rivers or rivulets.

The tea-plant is propagated from seed, and the holes are drilled in the ground

at equal distances, and in regular rows ; into each hole the planter throws as

many as six, or even a dozen seeds,—not above a fifth part of the seed planted

being expected to grow. While coming to maturity, they are carefully watered ;

and though, when once out of the ground, they would continue to vegetate

without further care, the more industrious cultivators annually manure the

ground, and clear the crop from we<"K

The leave* of the tea-plant are not fit for gathering until the third year ; at

•which period they are in their prime, and most plentiful. When about seven

years old, the shrub has generally grown to about the height of a man, and its

leaves become few and coarse ; it is then generally cut down to the stem, which,

in the succeeding summer, produces an exuberant crop of fresh shoots and

leaves; this operation, however, is sometimes deferred till the plant is ten

years old.

The process of gathering the tea is one of great nicety and importance.

Each leaf is plucked separately from the stalk ; the hands of the gatherer are

kept carefully clean, and, in collecting some of the fine sorts, he hardly ventures

to breathe on the plant. Notwithstanding the tediousness of such an operation,

a labourer can frequently collect from four to ten, or even fifteen pounds a day.

Three or four of tnese gatherings take place during the season: viz. towards

the end of February, or the beginning of March ; in April or May ; towards

the middle of June ; and in August. From the first gathering, which consists

of the very young and tender leaves only, the most valuable teas are manufac

tured ; viz. the green tea called gunpowder, and the black tea called Pekoe.

The produce of this first gathering is also denominated in China, Imperial tea,

probably because, where the shrub is not cultivated with a view to supplying the

demands of the Canton market, it is reserved, either in obedience to the law,

or on account of its superior flavour, for the consumption of the emperor and his

court. From the second and third crops are manufactured the green teas,

called in our shops Hyson and Imperial; and the black teas denominated

Souchong and Congou. The light and inferior leaves separated from the

Hyson by winnowing, form a tea called Hyson-skin, much in demand by the

Americans, who are also the largest general purchasers of green teas. On the

other hand, some of the choicest and tenderest leaves of the second gathering

are frequently mixed with those of the first. From the fourth crop is manu

factured the coarsest species of black tea called Bohea ; and this crop is mixed

with an inferior tea, grown in a district called Woping, near Canton; together

with such tea as remained unsold in the market, of the last season.

Owing to the minute division of land in China, there can be few, if any,

large tea-growers ; the plantations are small, and the business of them carried

on by the owner and his own family, who carry the produce of each picking

immediate!v to market, where it is disposed of to a class of persons whose

business it is to collect and dry the leaves, ready for the Canton tea-merchants.

The process of drying, which should commence as soon as possible after the

I craves have been gathered, differs according to the quality of the tea. Some

ajre only exposed under a shed to the sun s rays, and frequently turned. A
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drying-house will contain from five to ten or twenty small furnaces, on the top

of each of which is a fiat-bottomed and shallow iron pan ; there is also a long

low table, covered with mats, on which the leaves are spread and rolled, after they

hare gone through the first stage of the process, which we may call baking.

When the pans are heated to the proper temperature, a few pounds of fresh-

gathered leaves are placed upon them ; the fresh and juicy leaves crack as they

touch the pan, and it is the business of the operator to stir and shift them

about as rapidly as possible, with his bare hands, until they become too hot to

be touched without pain. At this moment, lie takes off the leaves with a kind

of shovel, like a fan, and.'pours them on the mats before the rollers, who, taking

them up by small qnantities at a time, roll them in the palms of their hands,

in one direction only ; while assistants with fans are employed to fan the leaves,

in order that they may be the quicker cooled, and retain their curl the longer.

To secure the complete evaporation of all moisture from the leaves, as weU at

the stability of their curl, the operation of drying and rolling is repeated two or

three times, or even oftener, if necessary,—the pans being, on each successive

occasion, less and less heated, and the whole process performed with increasing

slowness and caution. The leaves are then separated into their several classes,

and stored away for domestic use, or for sale. It was, at one time, supposed

that the green teas were dried on copper pans, and that they owed their fine

green colour to that circumstance, which was also said to render a free use at

them noxious to the human frume ; but this idea is now held to be without

any foundation, the most accurate experiments having failed in detecting the

alightest particle of copper in the infusion.

After the tea has been thus gathered by the cultivator, and cured and assorted

by those who, for want of a better name, we may call tea-collectors, it is finally

sold to the "tea-merchants" of Canton, who complete the manufacture by

mixing and garbling the different qualities, in which women and children are

chiefly employed ; the tea then receives a last drying, is divided according to

quality, packed in chests, and made up into parcels of from one hundred to six

hundred chests each, which are stamped with the name of the district, grower,

and manufacturer, and called from a Chinese word, meaning teal or ttamp, CHOPS.

In perusing the foregoing process of drying the tea, our mechanical readen

will probably think with us, that it might be much better (or more uniformly)

.performed by a machine, heated by steam at a regulated temperature, and that

full nine-tenths of the labour would thereby be saved. But as such a proposi

tion to the manufacturers of the " Celestial Empire " would probably be regarded

with indignation, and be rewarded, if it were possible, with the bastinado, we

shall reserve our suggestions for a fitter object. Those of our readen who nay

wish for more important information respecting the progress of this important

trade, than our limits enable us to give, will find it in M'Culloch's Dictionary

of Commerce ; to which valuable work we are indebted for some of the matr-

rials of this article. We have only to observe, that in the century between

1710 and 1810, the teas imported into this country amounted to upwards of

750 millions of pounds, of which more than 630 millions were sold for home

consumption; between 1810 and 1828, the total importation exceeded 437

millions of pounds, being on an average, between 23 and 24 millions a year

and in 1831, the quantity imported was 26,043,223 pounds.

TEAK. A very valuable timber, which abounds in various parts of the East

Indies, and is applied to domestic and nautical purposes. Ships built with teak

are far more durable in the Indian seas, than those made of English oak.

TEAZLE. A plant, the heads of which are employed in the dressing of woollrn

cloth, and for which operation no substitute equally effective has bithertc

been discovered. The teazle has been considered as affording almost a solitary

instance of a natural production being applied to mechanical purposes in the stale

in which it is produced. It appears, that many attempts have been made to supply

a substitute for the teazles, by art, all of which have been abandoned as detec

tive or injurious. The use of the teazle is to draw out the ends of the wool from

the manufactured cloth, go as to bring a regular pile or nap upon the surface,

free from twisting* and knottings, and to comb off the coarse and loose parts
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of the wool. The head of the true teazle is composed of incorporated flowers,

each separated by a long ridgy chaffy substance, the terminating point of which

is furnished with a fine hook. Many of these heads are fixed in a frame ; and

with these the surface of the cloth is teazed or brushed, until all the ends are drawn

out, the loose parts combed off, and the cloth yields no impediment to the free

passage of the wheel or frame of teazles. Should the hook of the chaff, when

in use, become fixed in a knot, or find sufficient resistance, it breaks, without

injuring or contending with the cloth; and care is taken, by successive applications,

to draw the impediment out ; but all mechanical inventions hitherto made use

of, offer resistance to the knot ; and, instead of yielding and breaking, as the

teazle does, resist and tear it out, making a hole, or injuring the surface. The

dressing of a piece of cloth consumes from 1500 to 2000 heads, when the

work is completely finished : they are used repeatedly in different stages of the

process.

TELEGRAPH. The name given to a machine, by which intelligence may

be transmitted, with extraordinary rapidity, to great distances. There is reason

to believe, that the principle of the modern invention of communicating inform

ation by means of signals, is of great antiquity. The modems have, however,

the merit of applying the principle, so as to render it a scientific, and almost

perfect machine. Polybius described a very complete arrangement of signals

by means of torches. The Marquess of Worcester, in his Century of Inven

tions, boasts of being able to do wonders in this way, as he was wont to do in

others. Dr. Hook, whose genius as a mechanical inventor was perhaps never

surpassed, delivered a " Discourse to the Royal Society, on the 2\st of May, 1684,

showing a tvay how to communicate one's mind at distances" of 30, 40, 100, and

120 miles, &c. "in as short a time almost as a man can write what he would

have sent" In this discourse, which was published in Derham's Collections

of his Experiments and Observations, the Doctor takes to his aid the then

recent invention of the telescope, and explains all the details of the method by

which characters exposed at one station, may be rendered plain and distinguish

able at the others.

About sixteen years afterwards, Amontons proposed the construction of tele

graphs in France ; which much resembled Dr. Hook's. The method was as

follows :—

Let there be people placed in several stations, at a certain distance from one

another, that, by the help of a telescope, a man in one station may see a signal

made in the next before him : he must immediately make the same signal, that

it may be seen by persons in the station next after him, who are to communi

cate it to those in the following station, &c. These signals may be as letters

of the alphabet, or as a cypher, understood only by the two persons who are in

the distant places, and not by those who make the signals. The person in the

second station making the signal to the person in the third, the very moment

lie sees it in the first, the news may be carried to the greatest distance in as

little time as is necessary to make the signals in the first station. The distance

of the several stations, which must be as few as possible, is measured by the

reach of a telescope. Amontons tried this method in a small tract of land,

before several persons of the highest rank, at the court of France. It was not,

however, till the French revolution, that the telegraph was applied generally to

useful purposes. Whether M. Chappe, who is said to have invented the tele

graph first used by the French, about the end of 1793, knew any thing of

Anion ton's invention or not, it is impossible to say ; but his telegraph was con

structed on principles nearly similar. The manner of using his telegraph was

as follows :—At the first station, which was on the roof of the palace of the

Louvre, at Paris, M. Chappe, the inventor, received in writing, from the Com

mittee of Public Welfare, the words to be sent to Lisle, near which the French

army at that time was. An upright post was erected on the Louvre, at the top

of which were two transverse arms, movable in all directions by a single piece

of mechanism, and with inconceivable rapidity. He invented a number of

positions for these arms, which stood as signs for the letters of the alphabet ;

and these, for the greater celerity and simplicity, he reduced as much as possible.

The grammarian will easily conceive that sixteen signs may amply supply all
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the letters of tlie alphabet, since some letters may be omitted, not only wiihovn

detriment, but with advantage. These signs, as they were arbitrary, could be

changed every week ; so that the sign of B, for one day, might be the sign cf

M, the next ; and it was only necessary that the persons at the extremioa

should know the key. The intermediate operators were only instructed gene

rally in these sixteen signals ; which were so distinct, so marked, so different,

the one from the other, that they were easily remembered. The construction

of the machine was such, that each signal was uniformly given in precisely the

same manner at all times; it did not depend on the operator's manual skill;

and the position of the arm could never, for any one signal, be a degree highs,

or a degree lower,—its movement being regulated mechanically. M. Chappe,

having received at the Louvre the sentence to be conveyed, gave a known

signal to the second station, which was Mont Martre, to prepare. At each

station there was a watch-tower, where telescopes were fixed, and the person

on watch gave the signal of preparation which he had received ; and this com

municated successively through all the line, which brought them all into a stale

of readiness. The person at Mont Martre then received, letter by letter, the

sentence from the Louvre, which he repeated with his own machine ; and this

was again repeated from the next height, with inconceivable rapidity, to the

filial station at Lisle. The first description of the telegraph was brought from

Paris to Frankfort-on-the-Maine, by a former member of the Parliament of

Bourdeaux, who had seen that which was erected on the mountain of Belville.

As given by Dr. I In (ton, it is as follows:—

 

a a is a beam or mast of wood, placed upright on a rising ground, which is

about fifteen or sixteen feet high. 6 b is a beam or balance, moving upon the

centre a a. This balance-beam may be placed vertically, or horizontally, or

anyhow inclined, by means of strong cords, which are fixed to the wheel i<

on the edge of which is a double groove, to receive the two cords. This balance

is about eleven or twelve feet long, and nine inches broad, having at the ends

two pieces of wood c c, which likewise turn upon angles, by means of font

other cords that pass through the axis of the main balance—otherwise, lie
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balance would derange the cords ; tbe pieces C are each about three feet long,

and may be placed either to the right or left, straight or square, with tbe

balance-beam. By means of these three, the combination of movement is very

extensive, remarkably simple, and easy to perform. Below is a small wooden

hut, in which a person is employed to observe the movements of the machine.

On the eminence nearest to this, another person is to repeat these movement-,

and a third to write them down. The time t'iken up for each movement it

twenty seconds, of which, the motion alone is four seconds; the other sixteen

the machine is stationary. Two working models of this instrument were exe

cuted at Frankfort, and sent by Mr. W. L'layfair, to the Duke of York ; and

hence, the plan and alphabet of the machine came to England.

Various experiments were in consequence tried upon telegraphs in this

country ; and one was soon after set up by government, in a chain of stations

from the Admiralty-office to the sea coast.

This telegraph consisted of six octagonal boards, each of which was poised

upon a horizontal axis in a frame that surrounded it, in such a manner that

each octagonal board might be placed either with its fiat side towards the spec

tator, or edgeways, when the board became invisible owing to the distance. An

officer's cabin was placed underneath, provided with a telescope pointed to the

next station. By a simple mode of working, these six boards made 36 changes,

which are adequate for all occasions. Experience has shown that this plan of

telegraph, which was deemed at the time of its introduction to be an improve

ment upon the design of M. Chappe, previously described, was, in reality, in

ferior to it in simplicity and clearness ; consequently the latter has been since

adopted by the British government, under such improved modifications as

great practical conversancy in the subject must necessarily produce.

There is probably no subject which has exercised more of the ingenuity of

scientific men than that of telegraphic communication ; and we are convinced

that a description of the various schemes for that object, would alone fill a volume

like the present. We shall therefore confine our notice to a very few of them ;

and, in preference, to such as are upon a totally different principle from each

other.

Telegraphic communication, (the ingenious Mr. Vallance observes,) has

hitherto been a mean of intercourse that was serviceable only during those

portions of the enlightened half of the twenty-four hours, when clear weather

admitted of uninterrupted vision for a distance of about ten miles. It has been

frequently proposed to remedy this disadvantage, (so far as related to the absence

of light, that is,) by nocturnal telegraphs , for the lamps of which, gas seemed

BO admirably adapted. But as this would do nothing towards lessening the in

terruption which wet and foggy weather occasion, it has not been thought wonh

while to incur the expense of it ; and as it has also been supposed impossible

that these interruptions could be obviated, we have sat down under the impres

sion, that communications, rapid as are those of the telegraph under favourable

circumstances, must remain dependent, to a degree that would ever prevent the

principle from being rendered available to the purposes of commercial and do

mestic communication. But this impression is erroneous,—there being a well

known principle, by the aid of which information may be communicated equally

well during darkness and the most foggy weather, as in daylight and clear wen

ther. The putting of this principle into execution, will of course be incompar

ably more expensive than laying down a line of telegraphs ; but as the revenue

it may be made to bring in will, (to use M. Dupin's observation relative to our

domestic policy,) render this expenditure but an additional instance of that "eco

nomy, well understood, which knows how to make sacrifices bordering almost on

prodigality, in order to reap afterwards, with usury, the fruits of its advances,"

the amount of it in no wise diminishes the attention the principle deserves.

" It has long been known," adds Mr. Vallance, " that an incompressible

liquid, confined in a pipe, might be caused to move through the whole length

of that pipe, by operating on it at either end, whether the pipe was one mile or

one hundred miles long. (It was proved by Bossuet, for a distance of three

miles, about half a century ago.) But although this has long been known,

and although it offers a mean of symbolic intercourse which would alike be inde
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pendent both of darkness and cloudy days, yet it lias been unthotiglit of v <

principle of instantaneous transmission." The mode proposed by Mr Vallaicr,

of carrying the principle into practice, may be thus briefly explained.

A pipe of small calibre is to be laid from one to the other of the places, be

tween which, (as hitherto termed,) telegraphic communication is to be effected.

This pipe, (effectually secured against leakages,) is to be kept constantly filled

with water, by apparatus which both empties it of air and guards against (or rather

counteracts) contraction and expansion. Each end of this pipe is connected to

apparatus, which will cause any movement of the water inside it, to act on and

move a hand. This hand may point out and indicate letters, or numbers, or

words, painted on a dial plate ; though it will be better to cause it to indicate

them when placed in a line. In connexion with telegraphic apparatus, is si-

ways understood a vocabulary, connecting the symbols with certain meanings.

The principle of this method will admit of either letters, numbers, words, or sen

tences, being used. Having thus explained the principle of Mr. Vallance's plan.

we must refer the reader for the details of it to a pamphlet by the author,

published by Wightman, London, 1825, entitled, Description of a AfelAod of

Telegraphic Communication. A variety of suggestions for the employment of

die electric fluid acting upon wires extended from the places in communication,

have been made from time to time. In one of these the intelligence is commu

nicated by means of sound, produced by the collision of bodies in opposite stain

of electricity ; these bodies consist of a series of small balls, suspended at the

extremities of metallic conductors by slender chains, and a series of numbered

bells hung within their space of action. The author of this plan, who is an

anonymous contributor to a scientific journal, illustrates his proposed scheme

by the following example :—

" Let a metallic wire, coated with a non-conducting substance, be extended

under ground between any two given places, which, for the sake of experiment,

may be two separate apartments in the same house ; one of which may be de-

nominatfd A, and the other B. In the apartment A place an electrical machine,

and to the extremity of the wire in B alittle ball, suspended by means of a very

slender chain, within whose sphere of action there is a common bell. Now,

by connecting the wire in A with the conductor of the machine, the electric

fluid will pass instantaneously along it, and charge the ball in B, through the

medium of its little chain, which flies off immediately to the uninsulated bell,

to discharge its surplus of electric matter, and recover its equilibrium. The

force by which it is attracted or impelled towards the bell is quite sufficient to

produce the sound required ; it is an experiment which I have often made, and

with invariable success. Let this bell be numbered 1, and have a series ofthem

up to 10, with separate and distinct metallic conductors, it is evident to a de

monstration that, by a combination and the successive excitement of these sim

ple numbers, i lie whole of those at present made use of in our most improved

telegraph and signal books, together with their corresponding meanings, may

be conveyed from the apartment A to B with tlie greatest accuracy, and with

the speed of thought.

" '['bus, by this simple and inexpensive means, (by two electrical machines

and a double series of wires with their appendages,) say between Portsmouth

or Plymouth and London, news of the greatest political importance may be cor-

veyed in a few minutes, by a gentleman connected with the apparatus at either

of these places; he has only to excite the wires which correspond to each in

dividual number of the telegraph made to him by the common flag signals,

which will, in almost the same instant of time, affect their corresponding in

London, and give the necessary intelligence in a series of numbers, whose sym

bols will be found by referring to the signal books now in use.

Domeitic telegraphs (which are now very common) are designed to jjrevtDl

the trouble of calling for certain articles in a dwelling-house, and to dispenw

with one-half of the journeys of the servants in answering bells. They are midc

in a variety of ways, but usually consist of two circular indexes or dials, equally

divided into a given number of parts, and marked on these divisions, wit1., the

names of such things or necessaries as are generally wanted in a house, sucbn

dinner, tea, supper, couls, lights, carriage, horse, &c. These indexes exirtlr
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correspond, and are provided with hands, the axes of which naif through

pulleys of equal diameter ; a wire or chain extends from the pulley of one of

them, fixed in the sitting room, to another fixed in the kitchen, or servants' hall.

The pulley of the latter contains a spring, and that of the former a ratchet

wheel and catch, so that if the hand of the sitting room index be turned, it

also turns that of the servants' room an equal portion of a revolution, and

thereby points to the same word. The pull is lifted off the ratchet after it ir

used, by touching a pin, when the spring in the other pulley draws the chain or

wire round it, and so returns huth the hands to their original place at o. The

attention of the servant is called by the ringing of a bell.

T£LESCOPE. An optical instrument, employed for discovering and view

ing distant objects ; or which magnifies their natural appearance, by represent

ing them under a larger angle than that under which they appear to the naked

rye. Telescopes are divided into two general kinds, refracting and reflecting.

A refracting telescope consists of different lenses, through which the objects are

seen by rays, refracted by them to the eye. A rejecting telescope, besides lenses,

has a metallic speculum within its tube, by which the rays proceeding from an

object are reflected to the eye.

The principal effect of telescopes depends upon this rule, that objects appear

large or small, in proportion to the angle which thry subtend to the eye ; and

the effect is the same, whether the pencils of rays, by which the objects are

rendered visible to us, come directly from the objects themselves, or from any

point nearer to the eye, where they may have been united, so as to form an

image of the object ; because they issue again in certain directions from those

points, where there is nothing to intercept them, in the same manner as they

did from the corresponding points, in the objects themselves. In fact, there

fore, all that is effected by a telescope, is, first, to make an image of a distant

object, by means of a lens or mirror, and then to give the eye some assistance

for viewing that image as near as possible ; so that the angle which it shall

subtend to the eye, may be very large, compared with the angle which the

object itself would subtend in the same situation to the naked eye. This is

effected by means of an eye-glass, which so refracts the pencils of rays, that

they may afterwards be brought to their several foci, by the humours of

the eye.

The forms of refracting and reflecting telescopes have been frequently varied,

and they are sometimes distinguished by the names of their inventors, as the

Galilean, and the Newtonian telescope ; sometimes by the particular use for

which they are best adapted, as the " /.-.,.•,.' telescope," the " night telescope,"

the " aitronomical telescope," &c.

The astronomical telescope consists of two convex lenses, A B. K M, each

fixed at the extremity of a different tube. One of the tubes is very short, as its

use is merely to adjust the focus in proportion to the distance of the object

viewed, and it slides within the other. Contrary to the arrangement which

takes place in the microscope, the glass which has the longest focus, is presented

to the object, and therefore constitutes the object-glass. P R, respresents a very

distant object, from every point of which rays come, so very little diverging to

the object-lens K M of the telescope, as to be nearly parallel : p r, is the picture

of the object P R, which would be formed upon a screen situated at that place.

Beyond that place, the rays of every single radiant point proceed divergently to

the eye-glass A B, of greater convexity, and which causes the rays of each pencil

 

to become parallel, in which direction they enter the eye at O. The axes of the

two lenses are coincident in the direction Q L O ; L q, is the focal distance of

the object-glass, and E g, is the focal distance of the eye glass; consequently,

TOL. IL 5 B
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the distance between the two glasses is equal to the sum of their focal distances.

An object viewed through this telescope, by an eye situated at O, will appear

magnified and distinct, but inverted. The object seen without the telescope,

will be, to its appearance, through the telescope, as q E to q L ; that is, as DM

focai distance of the eye-glass, to the focal distance of the object-glass. For d-.s

pencils of rays, which, after their crossing at r q p, proceed divergently, hil

upon the lens A 15, in the same manner as if a real object were situated at

r q p ; and consequently, after passing through that lens, the rays of eirh

pencil proceed parallel. To the eye at O, the apparent magnitude of the object

P It, is measured by the angle 15 O A, or by its equal p E ; but, to the nai.fl

eye at L, when the glass is removed, the apparent magnitude of the object m

measured by the angle P L R, or by its equal r h p ; therefore, the appirei.t

magnitude lo the naked eye, is to the apparent magnitude through the telescope,

as the angle r L p, is to the angle pEr; or, as the distance ; E, is to tin

distance q L.

If the angles r L p, and pEr, were equal to each other, the telescope would

not magnify, and they would be equal, if the lenses were of equal focal distance.

Hence, as the magnifying power of the telescope is produced by making tie

focal distance of the eye-glass less than that of the object-glass, it will easily be

perceived, that the greater the difference of the focal lengths, the greater will be

the magnifying power. It is found, however, that they may be so dispropor

tionate, that the increased magnifying power is overbalanced by the indistinct

ness which ensues. In order, therefore, to obtain a great magnifying potrtr

with the preservation of just proportion, these telescopes have sometimes been

made one hundred feet, or upwards, in length ; and, as they were mostly used

for astronomical purposes, they were frequently used without a tube. The object

lens was fixed on the top of a pole, in a frame capable of being moved by a

cord or wire, in any required direction, and the eye-glass, fixed in a short tone.

was held in the hand, or fitted to another frame, about the height of the observer,

so as to be capable of a simultaneous movement. A telescope of this descrip

tion was called an atrial telescope. Its use was evidently very incommodious ;

but, such were the great pains taken by philosophers, in exploring the wonder!

which even the imperfect telescopes, at first constructed, promised to lay open,

that with such an instrument, the five satellites of Saturn, and many other

remarkable objects, were discovered.

The length of common refracting telescopes must be increased in the propor

tion of the square of the increase of their magnifying power ; so that, in order

to magnify twice as much as before, with the same degree of light and distinct

ness, the telescope must be lengthened four times ; and to magnify three time*

as much, nine times. On this account, their unwieldy length, when great

powers are desired, is unavoidable. The breadth of an object-glass adds nothing

to the magnifying power ; for, whatever the latter may be, the image will be

equally formed at the distance of its focal length ; but the brilliancy of the image

will be increased by the breadth, as a greater number of rays will then diverge

from every point of the image.

The magnifying power, and the field of view, of this telescope may be in

creased by using two plano-convex lenses, combined so as to act like one glass.

 

and such a combination is now generally employed. If two plano-convex wo.

be used, the curvature of both conjointly, will be less than the curvatur* «

J
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single Ions of equal magnifying power; the combination therefore improves

the eye-glass of a telescope, because the aberration of the rays passing through

it, will be less than through a single lens of the same focus. Suppose I K to

be a plano-convex lens, of which the focus is at F, so that an object placed at F

would be seen magnified through it. If another lens L M, be placed between

the first lens and its focus, the focus of the rays passing through both will be

shortened, and will fall at about the distance/, so that, when thus combined,

they will act like a single lens of much greater curvature. The telescope

called a nig/tt-g/au, is simply a common astronomical telescope with tubes, and

made ofa short length, with a small magnifying power. It generally magni

fies from 6 to 10 times. It is used by navigators at night, for the purpose of

discovering objects that are not very distinct, such as vessels, coasts, rocks, &c.

From the smallness of its magnifying power it admits of large glasses being

used, and consequently has a well-enlightened field of view.

The astronomical telescope, by the use of two additional eye-glasses, shows

objects in their right position, and become- _ terrestrial or land telescope ; and

is sometimes called a perspective glass. Ibis telescope is shown by the follow

ing cut. The rays of each pencil coming from the image L M, of the object

 

I K, emerge parallel from the lens A B, and having crossed at its focus O, they

continue in that direction to the lens E F ; in consequence of which they form

an image ST, at the focus of the second lens; and again diverging, they fall

upon the third lens C D, in the same manner as they did upon the the lens A B ;

therefore after their emergence from this last lens, they fall parallel upon the

eye at G. But as the lost image S T, is not inverted as at L M, but in the same

position as the object I K, the eye sees a true or upright picture, as if the rays

had come directly from the object. The last lens, or the one nearest the eye,

is now generally made of two plano-convex lenses, instead of a double convex

one. By this means, all the best terrestrial telescopes contain four lenses in the

tube next the eye.

The telescope of the celebrated Galileo consists of a convex object-glass, and

a concave eye-glass, as represented by the following cut. The distance be

tween the two lenses is less than the focal distance of the object-glass ; but the

concave glass is situated so as to make the rays of each pencil fall parallel upon

the eye, as is evident by conceiving the rays to go back again through the

eye-glass towards O : E O being the focal length of the eye-glass. The field

of view of the Galilean telescope does not depend, as in those with convex

glasses, upon the size of the eye-glass, but upou the breadth of the pupil of the

eye ; because the lateral pencils of rays diverge from the axis of the eye-glass

at their emergence from it On this account, the eye should be placed as near

to the eye-glass as possible, in order that it may receive the greatest number of

 

pencils. No nearness of the eye, however, will wholly prevent the field of view

from being more confined than with convex eye-glasses of equal curvature ; but

this disadvantage is counterbalanced by the valuable property of superior dis

tinctness.

The telescopes which we have hitherto described will only bear a small aper-
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•'11 T", without exhibiting circular prismatic rings of colours, which are detrimental

to their utility. Two causes contribute to this effect 1. Spherical surfaces do

not refract the rays of light accurately to a point ; and 2. The rays of compounded

light being differently refrangible, come to their respective force at different

distances from the lens ; the more refrangible rays converging sooner, of count,

than the less refrangible. If the image of a paper painted entirely red, be cut,

by means of a lens, upon a screen, it will be formed at a greater distance thin

the image of a blue paper cast by the same lens. The imuge of a white object

is composed of on indefinite number of coloured images, the violet being tit

nearest, and the red the farthest from the lens; and the images of intermediate

colours at intermediate distances. The whole image is therefore in somedegrw

confused, though its extremities are most so ; and this confusion being increased,

not only by the magnifying power of the eye-glass, but also by the dispenrre

power which it has in common with the objectrglass, the necessity for a certain

proportion between the powers of the object and the eye-glau becomes indis

pensable

The late Mr. John Dolland, by making a compound lens of three different

substances, of different refrangible powers, the rays of light which were too much

dispersed by one convex lens, were brought nearer to a union with each.

The telescopes made with an object-glass of this kind are now commonly used,

and are distinguished by the name of achromatic telescopes, a term which signifies

colourlea. The object-glasses of Dolland's telescopes are composed of three dit-

tinct lenses, two of which are convex, and the other concave. The achromatic

effect may be produced by the union of one convex and one concave lent, but

not so perfectly as with three lenses.

The impossibility, however, of obtaining perfectly homogeneous glass, and the

consequent failure of producing that complete correction of the aberration of the

rays of light in the telescopes called achromatic, induced Dr. Blair to try the

effects of fluid mediums ; and his success was such as to induce him to give

the term ujilanatic, orfreefrom error, to the object lenses he thus constructed.

He made a compound lens, consisting of a plano-convex of crown glass, with

its flat side towards the object, and u iniiiiscus of the same material, with iti

convex side in the same direction, and its flatter concave next the eye; and the

interval between the lenses he filled with a solution of antimony in a certain

proportion of muriatic acid. The lens thus constructed did not exhibit the

slightest vestige of any extraneous colour; but the invention, after a lapce of

more than twenty years, has not come into general use, probably from the diffi

culty of preserving any fluid from growing turbid in the course of time.

Of reflecting telescopes, the Gregorian is the one most generally used. The

construction of this instrument is represented below.

 

At the bottom of the tube A B C D, is placed the large concave reflector H

with a circular hole through the middle of it, in the direction of it*

Within the tube of the telescope, and tlm ctly facing the perforation, is
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the small concave speculum </ A, supported by the arm t. Two lenses, 1 1 and •/ 7,

are contained in the eye-tube L M N O, and the observer applies his eye to a

small hole at/, in order to view the magnified image of the distant object Y Z.

The large reflector k I receives the rays from the distant object, and reflects

them to its focus, where they form an inverted image E F. Diverging from the

points of union, the pencils of rays proceed onwards, and cross each other a

little before they reach the small mirror // It : the focus of which is at n, or a

little further from the large speculum, than its principal focus. From the small

mirror, the rays are reflected somewhat convergently, and in that state are

received before they meet a plain convex lens 1 1. By the action of this lens,

their convergency is increased, and they form a second image, a b, which is

erect like the object. This second image is magnified by the lens 9 q, through

which the rays of each pencil pass nearly in a parallel direction to the eye. To

exclude all extraneous light, the eye is applied to a small hole, and sees the

image under the angle cfd. If the lens 1 1 were removed, the image would be

formed somewhat larger at r, but the area, or field of view, would be smaller

and less pleasant, for which reason it is not usual to omit the second lens. In

this, and other reflecting telescopes, containing two curved reflectors, it is

necessary to have the power of altering the distance between the two mirrors.

This is usually done by a wire, r s, passing along the outside of the tube and

with a screw at the end of it, which works in an external projection w, of the

arm i, within the tube. The other end of the wire passes through a small stud

affixed to the tube of the telescope at m ; and the observer, while looking

through the hole at/, turns the milled head />, of the wire, which is near him,

and thus regulates the distance of the small speculum, as he finds requisite.

A section of the Newtonian Reflecting Telescope is shown below.

 

A B C D, is the tube, which is open at the end A B, opposite the large

speculum n o. The large concave speculum n o, is not perforated as in the

Gregorian telescope, hut the small speculum a, is set aslant, so as to direct the

rays received from the large speculum, through an aperture g, at the side of the

tube, where they are received and refracted to the eye by a lens or lenses in a

tube A. The speculum q, is suspended within the tube, by an arm p, with its

centre opposite the centre of the speculum no; it is not curved, but plane, and

has therefore no other effect than that of changing the direction of the rays.

Without the small reflector, the rays from the large speculum would be

converged at R, and the observer might have an eve-glass placed to view the

image formed there, with his face towards the speculum no; but in this case his

head would intercept the greater part of the rays, unless the instrument were

very large. The Newtonian telescope, as first described, is very convenient for

viewing objects in the zenith ; as they may he seen while the observer retains

his ordinary position of looking forward horizontally.

The best and most powerful reflecting telescopes, however, which have ever

been constructed, are those of Dr. Herschel, who is so well known by^ hii

labours, as one of the most eminent astronomers of the present day. The

largest reflecting telescope made by Dr Herschel, is forty feet in length, and
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the polished surface of the large speculum is four feet in diameter. It bai DO

second reflector ; a circumstance that adds much to the brightness of the objm>

viewed in f. The observer, who looks through an eye-glass, as in other

telescopes, nas, of course, his back to the object; but it is so contrived thu

little or no light is intercepted by this means. We may use the foregoing

diagram of the Newtonian telescope, on page 773, to illustrate the position of the

observer, by this telescope, more particularly. Supposing the speculum 9, and

its support to be removed, the rays n o, aa before observed, would be converged

at R ; but if the observer were placed there, he would intercept a large portion

of the light, even when facing this gigantic telescope. Supposing the upper

part n, of the speculum, to be inclined downwards, that is, to be set at u

angle to the axis of the rube, the rays may be directed to S, or any other point

nearer the tube, where the spectator may be placed, and will occasion no sensible

dimness of the image thrown by the large mirror. In Dr. Herschel's large

telescope, the converging rays reflected by the mirror pass the extremity of tie

tube, at the distance of four inches from it, and come into the air ; by this

means the observer scarcely at all interferes with the incident light, u the

diameter of the tube exceeds that of the mirror, by about ten inches. The

mirror has a magnifying power of six thousand times the diameter of an object

TELLURIUM. A metal discovered by Klaproth in 1798, in an ore of gold

from Transylvania. It has a silver-white colour, and possesses much brilliancy.

Its texture is laminated like antimony, and has a specific gravity of 6.115. It

is very brittle, may be easily reduced to powder, and melts at a temperature a little

higher than lead does. If the heat be increased a little above the fusing point,

it boils and evaporates, and attaches itself in brilliant drops on the upper part

of the retort in which the experiment is made ; it is, therefore, next to mercury,

and arsenic, the most volatile of the metals. It combines with oxygen only in

one proportion, forming therewith a compound possessing acid properties.

TEMPERATURE. Implies that degree of sensible heat, which a body

possesses when compared with other bodies. To accurately measure and

determine such degrees of heat, so as to be readily comprehended, thermometers

have been constructed ; in which some universally understood degree of heat,

as that of boiling water, is made the basis of the calculation for all other

temperatures.

TEMPERING. The art of altering the existing degree of elasticity in

metals. See IRON.

TENACITY. A term derived from the Latin, implying the property «

holding fast, firmness, &c. ; some authors restrict its application to that force by

which metals resist their being pulled, or torn asunder ; as the action of a weight

suspended to the end of a wire ; and make a distinction between it, and the

term cohetion, which of course implies that force by which the parts of bodies

cohere. The real distinction, if any, is however so refined, that we may

without much impropriety treat them here as the same force.

The tenacity or cohesion of solids is measured by the force required to pull

them asunder; and authors on the subject in general agree, that it may be

calculatedfrom the transverse strength of the bur or rod, as near, or perhaps

nearer to the real cohesion, than can be obtained by pulling the body asunder ;

but we find that this assertion, however correct it may apppear from abstract

reasoning, u at variance with the most prominent facts derived from actual

experiment, and given by the same authors. By the experiments of Emenoo,

it is stated that a wire of iron, one-tenth of an inch in diameter, requires a force

of 4501bs. to pull it asunder ; and according to Rumford, that an inch cylinder

or rod of iron, required a pull of 63,320lbs. to break it. Now the area, or

transverse section of the inch rod is 785 ; in other words, it contains 78 wires

of one-tenth of an inch in diameter ; therefore the aggregate strength

of the 78 wires, ought according to the doctrine laid down, to be eqiul

to G3,3201bs. ; but 78 X 450, make only 35.100 ; and thus it appears that

calculation by the transverse strength, taking the wire for our datum, gives m

but little more than half the real tenacity of the inch rod; and if we were to

take the inch rod for our datum of calculation, we find(78 f- C3.320
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that each wire should sustain a force of 81 libs. Indeed, rather more than this, for

we are further told, (and we do nutdispute its general accuracy,) that "the cohesive

force of metals is much increased by wire-drawing, rolling, and hammering."

Such illustrations of the correctness of a theory, we hare thought it necessary to

notice, as it might prove of very serious consequence, were an engineer (for

instance) to construct a wire bridge, founded upon calculations of the given

transverse strength of a rod of iron. His only security, it appears to us, would

be to prove, himself, the actual tenacity of the identical material he employs,

and not place much dependence upon the experiments of others; for, however

judiciously the latter may have been conducted, or faithfully detailed, there is

such a wide difference in the results of experiments made upon the same

nominal material, that it is only by a great number of experiments that any

useful approximation to the truth can be obtained. Mr. John Rennie, who has

most laudably and ably exerted himself in this field of inquiry, found many

such discordant results as those we have detected. In a paper furnished to the

Royal Society, that engineer states, that it had been deduced from the experi

ments made by Reynolds, that the power required to crush a cubic quarter of

an inch of cast iron was 448,000lbs. avoirdupois, or 200 tons ; whereas, by the

average of thirteen experiments made by Mr. Rennie, in cubes of the same

size, the amount never exceeded 10,3921bs.=not 5 tons 1

The desire of obtaining some approximation, which could only be accom

plished by repeated trials on the substances themselves, induced Mr. Rennie to

undertake the following experiments.

The apparatus used for this purpose was a powerful lever of the second class ;

it consisted of a flat bar of the best English iron, about ten feet long, one of the

extremities being formed into a rule-joint, by which it was attached to a stout

and short standard of wrought iron, that was bolted to a massive bed-plate of

cast iron ; the hole in the centre of the joint, and the pin which formed the

fulcrum, were accurately turned, so as to move slowly and freely. The lever

was accurately divided on its lower edge, which was made straight in a line

with the fulcrum. A point or division was selected, at five inches from the

fulcrum, at which place was let in a piece of hardened steeL The lever was

balanced by a weight, and in this state it was ready for operation. But, in

order to keep it as level as possible, a hole was drilled througn a projection on

the bed-plate, large enough to admit a stout bolt easily through it, which again

was prevented from turning in the hole by means of a tongue fitting into a

corresponding groove in the hole, so that, in order to preserve the level, it was

only necessary to move the nut, to elevate or depress the bolt, according to the

size of the specimen. But as an inequality of pressure would still arise, from

the nature of the apparatus, the body to be examined was placed between two

pieces of steel, the pressure being communicated through the medium of two

pieces of thick leather, above and below the steel pieces, by which means a

more equal contact of surfaces was obtained. The scale was hung on a loop of

iron, touching the lever in an edge only. At first a rope was used for the

balance weight, which indicated a friction of four pounds, but a chain

diminished the friction one half. Every movable centre was well oiled.

In Mr. Rennie'a experiments on the cohesive strength of cast iron, to resist

compression, there were four kinds of iron used; viz. 1. Iron taken from the

centre of a large block, whose crystals were similar in appearance and mag

nitude to those evinced in the fracture of what is usually termed gun-metal.

2. Iron taken from a small casting, close-grained, and of a dull grey colour.

3. Iron cast horizontally, in bars of three-eighths ofaninch square, eight inches

long. 4. Iron cast vertically, same size as last. These castings were reduced

equally on every side, to one quarter of an inch square ; thus, removing the

hard external coat, usually surrounding metal castings. They were all subjected

to a gauge ; the bars were then presumed to be tolerably uniform. The weights

used were of the best kind that could be procured, and, as the experiment

advanced, smaller weights were used.

As we have not space for detailing the particulars of each experiment, w?

here add only the avernye results of them.
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Theexperiments on cast iron, in cubes of one-eighth of an inch,—specific grantt

7.033, gave 1439 Ibs. avoirdupois, as the average force required to crush them.

On specimens of the same iron, one-eighth of an inch square, and one-fourth

of an inch long, the average force required was 21 16 Ibs.

On specimens of the same thickness, but varying in length from one-half of

an inch to one inch, the average result was 1758 Ibs.

On cubes of a quarter of an inch of the same metal, gave 9773 Ibs, u the

average result

On one-fourth of an inch cubes, made from horizontal castings of sperifi:

gravity, 7.113 gave 10, 114 Ibs. as the average.

On one-fourth of an inch cubes, vertical castings, specific gravity 7.074, the

average was 11, 136 Ibs.

A prism, having a logarithmic curve for its limits, resembling a column, (it

was one-fourth of an inch diameter, by one inch long,) broke with 6954 Ibs.

The trials on prisms, of different lengths, one-fourth and one-half horuonul

gave 9414 Ibs.

The same, vertical, gave 9982 Ibs.

Horizontal castings, varying from three-eighths to six-eights of an inch x i,

gave an average of 8738 Ibs.

Vertical ditto, gave 8536 Ibs.

Experiment* on different Metolt.

Ibs.

£ X i cast copper, crumbled with 7318

„ fine yellow brass reduced ,', with 3213} Ibs. with. . 10304

„ wrought copper . . . £ . . 3427f 6440

„ cast tin i . . 552J 966

„ cast lead \ 483

The experiments on the different metals gave no satisfactory results. UK

difficulty consists in assigning a value to the different degrees of diminution.

When compressed beyond a certain thickness, the resistance becomes enormous.

Experiments on the Suspeniion of Bart,

The lever was used as in the former case, but the metals were held by nippers.

They were made of wrought iron, and their ends adapted to receive the bare,

which, by being tapered at both extremities, and increasing in diameter from

the actual section, and the jaws of the nippers being confined by a hoop, con

fined both. The bars, which were six inches long, and one quarter square,

were thus fairly and firmly grasped

Ibs.

J inch cast-iron, horizontal 1166

i ditto ditto, vertical 1218

} ditto cast-steel, previously tilted 8391

1 ditto blister steel, reduced per hammer .... 8322

i ditto shear steel . . ditto 7977

i ditto Swedish iron . . ditto 4504

| ditto English iron . . ditto' 3492

< ditto hard gun-metal, mean of two trials .... 2273

1 ditto wrought copper, reduced per hammer . . . 2112

| ditto cast copper 1192

i ditto fine yellow brass 1123

} ditto cast tin 296

j ditto cast lead 1 14

Etperim '••!•* on the Twist of J inch Bart,

To effect the operation of twisting off a bar, another apparatus wai prfpuff.

ft consisted of a wrought-iron lever, two feet long, having an arched head about
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one-sixth of a circle, of four feet diameter, of which the lever represented the

radius ; the centre, round which it moved, had a square hole made to receive

the end of the bar to be twisted. The lever was balanced as before, and a scale

hung on the arched head ; the other end of the bar being fixed in a square hole

in a piece of iron, and that again in a vice. By this apparatus, quarter of an

inch bars, from horizontal castings, were twisted with weights in the scale, ave

raging 9 lbs. ISoz. The vertical castings took lOlbs. lOoz. as an average.

On different Afetals.

lbs. oz.

Cast steel 17 9 in the scale

Shear steel 17 1

Blister steal 16 11

English iron, wrought 10 2

Swedish iron, wrought 9 8

Hard gun-metal SO

Fine yellow brass 411

Copper, cast ... 4 5

Tin 17

Lead 10

On Heists of djfftrent Lengtlts.—Horizontal.

lbs. oz.

1 by I long 7 3 weight in scale

\ by } ditto 8 1

J by 1 inch ditto 8 8

Vertical.

i by J ditto . 10 1

1 by | ditto 8 9

I by 1 inch ditto 8 5

Horizontal twists of quarter of an inch bars, at six inches from the bearing,

took an average of 9 lbs. 12oz. in the scale.

Twists of £ inch square Bars, cast horizontally.

qrs. lbs. oz.

j close to the hearing 3 9 12 end of the bar hard.

i ditto 2 18 0 middle of the bar.

J at 10 inches from bearing, lever in

the middle 1 24 0

On Twists of different Materials.

These experiments were made close to the bearing, and the weights were

tccumulated in the scale, until the substances were wrenched asunder.

lbs. oz.

Cast steel 19 9 weight in scale.

Shear Bteel 17 1

Blister steel 16 11

English iron, No. 1 10 2

Swedish iron 9 8

Hard gun-metal 5 0

Fine yellow brass 4 11

Copper 4 5

Tin 17

Lead 10

b 5 p
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Miscellaneous Experiments on the Crush r.f 1 cftlric inch.

ihs. avoir

Elm 1284

American pine 1606

White deal 1928

English oak, mean of two trials 3860

Ditto, of five inches long, slipped with 2572

Ditto, of four inches long, slipped with 5147

A prism of Portland stone, two inches long 805

Ditto, statuary marble 3216

Craig Leith 8688

In the following experiments on stones, the pressure was communicated

through a kind of pyramid, the base of which rested on the hide leather, and

that on the stone. The lever pressed upon the apex of the pyramid. Tbe

cubes were of one and a half inch.

Spec. grav. Ibs. av.

Chalk 1127

Brick, of a pale red colour 2.085 1265

Roe-stone, Gloucestershire 1449

Red brick, mean of two trials 2.16S 1817

Yellow-faced baked Hammersmith paviours three

times 2254

Burnt ditto, mean of two trials 3243

Stourbridge, or fire brick 3864

Derby grit, a red friable sandstone 2.316 7076

Ditto, from another quarry 2.428 9776

Killaly white freestone, not, stratified 2.423 10264

Portland 2.428 10284

Craig Leith, white freestone 2.452 12346

Yorkshire paving, with the strata 2.085 12856

Ditto, against the strata 2.507 12856

White statuary marble, not veined 2.760 13632

Branley Fall sandstone, near Leeds, with strata . . 2.50G 13632

Ditto, against the strata 2.506 13632

Cornish granite 2.662 14302

Dundee sandstone or brescia, two kinds .... 2.530 14918

A two-inch cube of Portland 2.423 14918

Craig Lieth, with the strata 2.452 15560

Devonshire red marble, variegated 16712

Compact limestone 2.584 17354

Peterhead granite, hard, close-grained 18636

Black compact limestone, Limerick 2.598 19924

Purbeck 2.599 20610

Black Brabant marble 2.697 20742

Very hard freestone 2.528 21254

White Italian veined marble 2.726 21783

Aberdeen granite, blue kind 2.625 24556

N.B.—The specific gravities were taken with a delicate balance, made by

Creighton, of Glasgow, all, with the exception of two specimens, which were by

accident omitted.

Remark*.—In observing the results presented by the preceding table, it till

be seen that little dependence can he placed on the specific gravities of stones.

so far as regards their cohesive powers, although the increase is ceruinlj in

favour of their specific gravities. But there would appear to tie some undefined

law in the connexion of bodie*, with which the specific gravity has little to do.

Thus, statuary marble has a specific gravity above Aberdeen granite, jet •
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cohesive power not much above half the latter. Again, hardness is not altogether

a characteristic of strength, inasmuch as the limestones, which yield readily to

the scratch, have nevertheless a cohesive power approaching to granite itself.

Experiments made on the transverse strain of Cast Bars, the ends loose.

Weight of Distance of

the bars hearings

lbs. oz. ft. in. lbs. av.

Bar of 1 inch square 12 6 3 0 897

Ditto of 1 inch ditto 9 8 2 8 1086

Half the above bar 14 2320

Bar of 1 inch square through the dia

gonal 2 8 2 8 851

Half the above bar 14 1587

Bar of 2 inches deep, by \ inch thick 9 5 2 8 2185

Half the above bar 14 4508

Bars 3 inches deep, by \ inch thick . 9 15 2 8 3588

Half the above bar 14 6854

Bar 4 inches, by J inch thick ... 9 7 28 3979

Equilateral triangles,'with the angles up

and down, viz., with the edge or

angle up 9 11 2 8 1437

With the angle down 9 7 2 8 840

Half the first bar 14 3059

Half the second bar 14 1656

A feather-edged bar was cast, whose

dimensions were 2 inches deep

by 2 wide, edge up 10 0 2 8 3105

N.B.—All these bars contained the same area, though differently distributed

as to their forms.

Experiments made on the Bar of 4 inches deep by \ inch thick, by giving it

different forms, the bearings at 2 feet 8 inches, as before.

lbs.

Bar formed into a semi-ellipse, weighed 7 lbs 4000

Ditto parabolic on its lower edge 3860

Ditto of 4 inches deep by J inch thick 3979

Experiments on the transverse strain of Bars, one end made fast, the weight

being suspended at the other, at 2 feet 8 inches from the bear ing.

lbs.

An inch-square bar bore 280

A bar 2 inches deep by J an inch thick 539

An inch bar, the ends made fast 1173

The paradoxical experiment of Emerson was tried, which states, that by

cutting off a portion of an equilateral triangle, (see page 114 of Emerson's

Mechanics,) the bar is stronger than before ; that is, a part stronger than the

whole. The ends were loose at two feet eight inches apart, as before. The

edge from which the part was intercepted was lowermost; the weight was ap

plied on the base above; it broke with 1129 pounds, whereas in the other case

it bore only 840 pounds.

lbs.

A wire of one-tenth inch diameter of Lead breaks with . 29$ Emerson.

Do. do. Tin do. . 49J „

Do. do. Copper do. . 299$ „

Do. do. Brats do. . 360 „
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A wire of one-tenth inch diameter of f>iln-i breaks with . 370 Eiaenon.

Do. do. Iron do. . 150 „

Hound bar, 1 inch do. „ do. . 63320 Rumford.

The relative cohesive strength of the metals are, according to Sickengen, a

follow :—

Gold 150,955

Silver 190,771

Platina 262,361

Copper 304,696

Soft Iron 362,927

Hard Iron 559,880

But their hardness, according to Cavallo, follows this order, viz., Iron, I'ia-

linum, Copper, Silver, Gold, Tin, Lead.

Banks observes that iron is about four times as strong as oak, and six tim«

as strong as deal. Wood is from seven to twenty times weaker transversely

than longitudinally. It becomes stronger both ways when dry.

TENON. The end of a bar of metal or piece of wood reduced in its

dimensions, so as to fit a hole in another piece, called a mortise, and thin

joining the two together.

TENSION. Is the state of a thing stretched ; this term is much used by

engineers to express the tenacity of metals and other substances, when polled in

the direction of their length ; thus a wire of one-tenth of an inch in diameter,

i -. said to be capable of resisting a tension of 450 pounds.

TENTER, /,••/".;, or prover, a machine or frame, used in the cloth manufac

tory, to stretch out the pieces of cloth, and make them set even and square. It

in usually about 41 feet high, and for length exceeds that of the longest piece erf

cloth. It consists of several long square pieces of wood, placed like those

which form the barriers of a menage; so, however, as that the lower cross

pieces of wood may be raised or lowered, as is found requisite, to be fixed at anj

height, by means of pins. Along the cross pieces, both the upper and th*

lower one, are numerous sharp hooked nails, called tenter-hooks, on which the

selvages of the cloth are hooked.

TESSELLATED PAVEMENTS. Pavements of different coloured stonw.

tiles, or brick, laid chequer-wise, or like dice (tesselse.) The term tessellated is,

however, extended to all kinds of mosaic patterns or designs.

TEST. Any solid or fluid body, which, added to a substance, teaches us to

distinguish its chemical nature or composition.

THEATRE. An edifice or great room for the public exhibition of scenic

representations, the performance of the drama, of concerts, the delivery of scien

tific lectures and demonstrations, &c. Considering that the description of a

theatre for the latter purpose will not be out of place in this work, and be ac

ceptable to our readers, we shall here annex an account of the lecture theatre

of the London Mechanics' Institution ; which may serve the purpose of a model

whereon similar undertakings may be constructed and arranged,- making such

alterations and modifications as will better adapt them to other circumstances.

The front of this institution is a large dwelling-house, situated in Southamp

ton Buildings, at the corner of Staple s Inn, in Holborn ; the lower rooms of

which are employed for the library, reading-rooms, apparatus rooms, laboraton ,

&c* and the upper as the private apartments of the Secretary. The thettre is

an entirely new structure, built at the back of, and in connexion with, tie

house. The first stone of the theatre was laid on the 2d December, 1824, \ij

Dr. Birkbeck, the munificent patron and enlightened president of the insti

tution, and it was opened for use on the 8th of July, 1825.

The annexed Fig. 1 exhibits a plan of the ground floor of the whole building,

on a scale of 1 inch to 20 feet

The doors in front of the house in Southampton Row are represented »t D.

O, office. H, hall and principal staircase. R R, reading-room for the accomo
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dation of the members, supplied with all the periodical journals and reviews,

.iiul where all the books in the library may be perused. L, the library, contain

ing upwards of 5000 volumes; including almost every work of reputation on
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science and literature, which may either be consulted in the reading-room, or

taken home by the members. A If, ante-room to theatre. E, principal entrance

from the house into theatre, t e, side-entrances into theatre. T, the theatre,

bounded by a wall «• 10 to, of a horse-shoe form. G G G are the seats appro

priated to the members in general. C are those allotted exclusively to members

of the committee ; and V, those for the accommodation of honorary members,

and visitors. N is the entrance into the theatre from Northumberland Court;

and M is that leading from Middle Row, Holborn. S S, two circular spiral

staircases, which proceed from the basement to the gallery. 1 1 \» the lecturers'

table, behind which, at P, is a large frame for the exhibition of plans, diagram*,

charts, drawings, &c. ; and when these are made into transparencies, they are

illuminated by a series of gas jets arranged behind the frame. F is a furnace, em

ployed in the chemical lectures. This furnace, when not in use, is closed by

two folding-doors, which are elegantly painted to correspond with the folding-

doors of the entrance E. The six black spots arranged in a semi-circle, »hoir

the site of the iron pillars that support the principal gallery, which is also of the

horse-shoe form, as shown by the curved dotted line of that figure, (also ex

hibited in Fig. 2.)

The foregoing plan, although only descriptive of the i/round-JIoor of the build

ing, will enable us to explain the appropriation of the rooms and offices of the

basement underneath it.

Underneath the hall H, is a kitchen and store-room ; underneath the reading-

room R I ! , are the porter's rooms ; and underneath the library L, is the labora

tory of the same area, containing furnaces, and other requisites for chemical

investigations. In this room a class of the members meet weekly for mutual in

struction in chemistry, minerology, &c. Adjoining to the laboratory is a smaD

workshop, furnished with an excellent turning-lathe, work-bench, and various

tools for the construction and repair of apparatus.

Under the theatre is an extensive class-room, lighted by gass, where practi

cal geometry, perspective, architectural, mechanical, and ornamental drawing,

are regularly taught.

The annexed figure (2.) exhibits a plan of the firit-Jloor of the haute, together

with a plan of the gallery of the theatre. H S is the ascending staircase from the

hall to the first-floor ; H G, the gallery leading therefrom to the several apartments,

all the doors or entrances to which are marked with ad. C R is the committee-

room, furnished with a large table, and other requisites, to accommodate the

meetings of the committee of managers, who conduct the affairs of the institu

tion. This room is 19 feet by 21 feet, and one of the side-walls is covered with

a glass case, furnished with a splendid collection of minerals. A Ris the appa

ratus-room, or museum, furnished with glass cases around it, containing an

extensive assortment of mechanical, pneumatical, liydrostatical, optical, and elec

trical apparatus ; besides a great variety of very large diagrams, for the illus

tration of those subjects ; and an assortment of mineral and geological specimens.

This room is open for the accommodation of the members every Tuesday

evening, from eight till ten o'clock, to afford them opportunities of inspect

ing the apparatus, conversing together, and explaining to each other the results

of their experience and observations. This mutual interchange of information

is calculated to be productive of important advantages to the members. A class

for mutual instruction in experimental philosophy, also holds a weekly meeting

in this room. M K is another room, similarly appropriated to the last men

tioned ; it contains various models, and large pieces of apparatus, inconvenient

for exhibition in the museum, (A R,) and an extensive collection of transpa

rent illustrations of various sciences. B S, the staircase, leading to the upper

floors of the house. The room over the committee-room is a class-room, in

which writing, drawing, the English and Latin languages, &c., and occasionally

stenography, are taught in the different evenings of the week ; and the room

over the museum is also a class-room, where mathematics and arithmetic are

taught. The other rooms in the upper part of the house are the private apart

ments of the secretary, who resides on the premises. G G G, show the scats

in the pallerv of the theatre, rising up an inclined plane ; the front, or lowest
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row, being upon a level with the first-floor of the house, and the highest, or

back row, being about 1 7 feet above the lowest N S is the top of the circular

stone staircase leading from the entrance in Northumberland Court ; and M S,

that appertaining to the entrance from Middle Row, Holborn. P is the pit, or

 

rather ground-floor, of the theatre, the plan of which is given in Fig. 1. LL

are two jointed branches for gas-lights, each containing three burners, which

can be moved in various positions, to suit the objects to be illuminated. The



784 THERMOMETER.

dotted lines ooo, show the plan of a lofty rectangular gallery, even with the top

of the semi-circular gallery G, from which there are two entrances at the extre

mities, and another in the middle.

THEODOLITE. A mathematical instrument used by land-«urveyon, for

taking angles, distances, altitudes, &c. This instrument is variously made, and

provided with subordinate apparatus, according to the price, or the requirements

of the purchaser. We shall describe one of the most generally useful. This

consists of two concentric horizontal circles, the inner of which has, at the ends

of one of its diameters, two perpendicular columns, on which rest* the horizontal

axis of a small meridian telescope. The vernier of the inner circle is made

fast to an arbitrary division line of the outer one, and both circles are moved,

together with the telescope, until the object sought for appears in its field. The

outer circle is now fixed, and the inner one is turned round, until the telescope

strikes the second object, whose angular distance from the first is to be mea

sured. The inner circle is now fastened to the outer, and by means of a mi

crometer screw, the thread of the telescope is brought exactly upon the object.

The arc which the vernier of the inner circle has described on the outer oae

measures the angle which the two objects make at the common centre of the

two circles.

THEOREM. A proposition which terminates in theory, and which con

siders the properties of things already made or done. Or, theorem is a specu

lative proposition, deduced from several definitions compared together.

THEORY. A doctrine which terminates in speculations, without any vie*

to the practice or application of it.

THERMOMETER. An instrument for measuring the temperature ofbodie* ;

founded upon the principle of augmentation in volume of fluids, in proportion

to their absorption of caloric ; and as regards aeriform fluids, the principle is

probably very correct : but solids, and still more liquids, expand unequally, by

equal increments of heat. Thermometers were invented about the beginning

of the seventeenth century ; but a knowledge of their author is involved in some

obscurity. For the first half century, after their introduction, they were made in

a very rude and imperfect manner; but they were at length considerably im

proved by the Florentine academicians, and received subsequent ameliorations

from Mr. Boyle, Dr. Halley, and Sir Isaac Newton, as well as from contempo

raneous philosophers on the continent. The changes which the instrument

underwent in their hands, (described in the Oxford Encyclopedia,) we shall not

here insert, as all that had at that time been proposed, were liable to many

conveniences, and could not be considered as exact standards for pointing oot

the various degrees of temperature.

The thermometers which at present are in most general use, are Fahrenheit'!,

De 1'Isle's, Reaumur's, and Celsius's. Fahrenheit's are used in Britain, De

1'Isle's in Russia, Reaumur's, and the thermometer centrigade, in France, and

Celsius's, the same as the last named, iu Sweden. They are all mercurial

thermometers.

Fahrenheit's thermometer consists of a slender cylindrical tube, and a »maD

longitudinal bulb. To the side of the tube a, is annexed a scale 4, which

Fahrenheit divided into 600 parts, beginning with that of the severe cold

which he had observed inlceland in 1709, or that produced by surrounding the

bulb c of the thermometer with a mixture of snow or beaten ice, and sal

ammoniac, or sea salt. This he apprehended to be the greatest degree of cold ;

and accordingly he marked it, as the beginning of his scale, with 0 ; the point

at which mercury begins to boil, he conceived to show the greatest degree of

heat, and this he made the limit of his scale. The distance between these two

points, he divided into 600 equal parts or degrees ; and by trials, he found that

the mercury stood at thirty-two of these divisions, when water jurt begins to

•rate, or mow or ice just begins to thaw ; it was, therefore, called the dcgrc*

of tbe freezing point When the tube was immersed in boiling water, the

Bam in j rose to 212, which, therefore, is the boiling point, and is just ISO

Ujiiiri above the former, or freezing point But the present method of

vtuaf *k« Kale of these thermometers, which is the sort in most commm >ts«.
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is first to immerse the bulb of the thermometer in ice or snow just beginning to

thaw, andmark the place where the mercury stands, with number 32; then immerge

it in boiling water, and again mark the place where the mercury

stands in the tube ; which mark, with the number 212, exceeding

the former by 180, dividing therefore the intermediate space

into 180 equal parts, will give the scale of the thermometer, and

which may afterwards be continued upwards or downwards at

pleasure. Other thermometers of a similar construction have

been accommodated to common use, having but a portion of the

above scale. They have been made of a small size and portable

form, and adapted with appendages to particular purposes ; and

the tube, With its annexed scale, has often been inclosed in another

thicker glass tube, also hermetically sealed, to preserve the thermo

meter from injury.

In 1733, M. DelTsle, of Petersburgh, constructed a mercurial

thermometer, on the principles of Reaumur's spirit thermometer.

In his'thermometer, the whole bulk of quicksilver, when immerged

in boiling water, is conceived to be divided into 100,000 parts ; and,

from this one fixed point, the various degrees of heat, either above

or below it, are marked in these parts on the tube or scale, by the

various expansion or contraction of the quicksilver, in all

imaginable varieties of heat.

The thermometer at present used in France is called Reaumur's,

but it is very different from the one originally invented by

Reaumur in 1730, in which spirits of wine was used to indicate

the degrees of expansion. The thermometer now in use in France it

c §S|J filled with mercury ; and the boiling-water, which is at 80,

' corresponds with the 21 2th degree of Fahrenheit The scale, indeed,

commences at the freezing point, as the old one did. The new thermo

meter ought more properly to be called De Luc's thermometer, for it wasfirst made

by De Luc. When De Luc had finished the scale, and completed an account of

it. he showed the manuscript to M. De la Condamine. Condamine advised him

to change the number 80 ; remarking, that such was the inattention of physi

cians, that they would probably confound it with Reaumur's. De Luc's

modesty, as well as a predilection for the number 80, founded, as he thought,

on philosophical reasons, made him decline following this advice ; but he found

by experience, that the prediction of Condamine was too well founded. The

thermometer of Celsius, which is used in Sweden, has a scale of 100 degrees

from the freezing to the boiling-water point.

The thermometer centigrade, now used in France, has the scale divided in the

same way. Many other thermometers have been used besides these, and

consequently observations taken by them ; but it is unnecessary to describe any

of these more minutely, as they are no longer used. Those who wish to read a

more particular account of them may consult Dr. Martine's Essays. It must

be admitted that disadvantages attend the adoption of the scales of each of the

thermometers we have described, but hitherto the sanction of long usage in the

countries where they have been introduced, has prevented their being super

seded by any other.

A self-registering thermometer has been invented by Mr. Keith, of Ravel-

stone, which is considered as most ingenious and simple, a b, in the annexed

figure, is a thin glass tube, about fourteen inches long, and three-fourths of

an inch calibre, close or hermetically sealed at top. To the lower end, which

is open, there is joined the crooked glass tube 6 e, seven inches long, and four-

tenths of an inch calibre, and open at top. The tube a b is filled with the

strongest spirit of wine, and the tube b e with mercury. This is properly a

■pirit-of-wine thermometer, and the mercury is used merely to support a piece

of ivory, or glass, to which is affixed a wire for raising one index, or depressing

another, according as the mercury rises or falls. £ is a small conical piece of

ivory or glass, of such a weight as to float on the surface of the mercury. To

the float is joined a wire, called the float-wire, which reaches upwards to H,

VOL. II. 5 o
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Correspondence of the Thermometers of Fahrenheit and Reaumur, and that 0/

Celsius, or the Centigrade Thermometer of the modern French Chemist*.

3 a i 1 a
J

a 3

3

i
1 <4 ■

•>
"3

a
"3 1 s

r

- •
3

u

3 3 hi

212^80. 100. 1G1 57.3 71.6 no 34.6 43.3 59 12. 15. 8 10.6 113

211 79.5 99.4 160 50.8 71.1 109 34.2 42.7 58 11.5 14.4 7 11.1 13.8

210 79.1 98.8 159 56.4 70.5 108 33.7 42.2 57 11.1 13.8 6 11.5 114

209 78.6 98.3 158 56. 70. 107 33.3 41.6 56 10.6 13.3 5 12. i:.

208 78.2 97.7 157 55.5 69.4 106 32.8 41.1 55 10 2 12.7 4 12.4 15.5

207 77.7 97.2 15G 55.1 G8.8 105 32.4 40.5 54 9.7 12.2 3 12.8 16.1

206 77.3 96.6 155 54.6 68.3 104 32. 40. 53 9.3 11.6 2 13.3 16.6

205 76.8 96.1 154 54.2 67.7 103 31.5 39.4 52 8.8 11.1 1 13." 17J

201 76.4 96.5 153 53.7 67.2 102 31.1 38.8 51 8.4 10.5 0 14.2 17.7

203 76. 95. 152 53.3 66.6 101 30.6 38.3 50 8. 10. 1 14.6 1SJ

202 75.5 94.4 151 52.8 66.1 100 30.2 37.7 49 7.5 9.4 2 15.1 18.3

201 75.1 93.8 150 52.4 65.5 99 29.7 37.2 48 7.1 8.8 3 15.5 19.4

200 74.6 93.3 149 52. 65. 98 29.3 36.6 47 6.6 8.3 4 16.
'.'•J.

199 74.2 92.7 148 51.5 61.4 97 28.8 36.1 46 6.2 7.7 5 16.4 20.5

198 73.7 92.2 147 51.1 63.8 96 28.4 35.5 45 5.7 7.2 6 16.8 21.1

197 73.3 91.6 146 50.6 G3.3 95 28. 35. 44 5.3 6.6 7 17.3 21.6

196 72.8 91.1 145 50.2 62.7 94 27.5 34.4 43 4.8 6.1 8 17.7 22.2

195 72.4 90.5 144 49.7 62.2 93 27.1 33.8 42 4.4 5.5 9 18.2 217

191 72. 90. 143 49.3 61.0 92 26.6 33.3 41 4. 5. 10 18.6 23J

lo:! 71.5 89.4 142 48.8 61.1 91 26.2 32.7 40 3.5 4.4 11 19.1 23.3

192 71.1 88.8 141 48.4 60.5 90 25.7 32.2 39 3.1 3.8 12 19.5 24.4

101 70.6 88.3 140 48. 60. 89 25.3 31.6 38 2.6 3.3 13 20. 25.

100 70.2 87.7 139 47.5 50.4 88 24.8 31.1 37 2.2 2.7 14 20.4 25,5

ISO G9.7 87.2 138 47.1 58.8 87 24.4 30.5 36 1.7 2.2 15 20.9 261

INS 09.3 86.6 137 46.G 58.3 86 21. 30. 35 1.3 1.6 16 21.3 26.'-

187 08.8 86.1 136 46.2 57.7 85 23.5 29.4 34 0.8 1.1 17 21.7 27.2

ISO 68.4 1 85.5 135 45.7 57.2 84 23.1 28.8 33 0.4 0.5 18 22.2 27.7

1S5 68. 85. 134 45.3 56.G 83 22.6 28.3 32 0. 0. 19 22.6 28.3

184 67.5 84.4 133 44.9 56.1 82 22.2 27.7 31 0.4 0.5 20 23.1 28.8

183 07.1 83.8 132 44.4 55.5 81 21.7 27.2 30 0.8 1.1 21 23.5 29.4

182 66.6 83.3 131 44. 55. 80 21.3 2G.6 29 1.3 1.6 22 24. 30.

181 66.2 82.7 130 43.5 54.4 79 20.8 26.1 28 1.7 2.2 23 24.4 30.5

180 65.7 82.2 129 43.1 53.8 78 20.4 25.5 27 2.2 2.7 24 24.8 31.1

170 05.3 81.6 128 42.6 53.3 77 20. 25. 26 2.6 3.3 25 25.3 31.6

178 04.8 81.1 127 42.2 52.7 76 19.5 21.4 25 3.1 3.8 26 25.7 32J.'

177 64.4 80.5 126 41.7 52.2 75 19.1 23.8 24 3.5 4.4 27 26.2 32.7

176 64. 80. 125 41.3 51.6 74 18.6 23.3 23 4. 5. 28 26.6 33.3

175 63.5 79.4 124 40.8 51.1 73 18.2 22.7 22 4.4 5.5 29 27.1 33.S

174 63.1 78.8 123 40.4 50.5 72 17.7 22.2 21 4.8 6.1 30 27.5 34.4

173 62.6 78.3 122 40. 50. 71 17.3 21.6 20 5.3 6.6 31 28. 35.

172 02.2 77.7 121 39.5 49.4 70 16.8 21.1 19 5.7 7.2 32 28.4 35.5

171 61.7 77.2 120 39.1 48.8 69 16.4 20.5 18 6.2 7.7 33 28.S 36.1

170 G1.3 76.6 119 38.6 48.3 68 16. 20. 17 6.6 8.3 34 29.5 36.6

1G9 60.8 76.1 118 38.2 47.7 67 15.5 19.4 16 7.1 8.8 35 29.7 37.2

168 60.4 75.5 117 37.7 47.2 66 15.1 18.8 15 7.5 9.4 36 30.2 .-.7.7

107 GO. 75. 116 37.3 46.6 G5 14.6 18.3 14 8. 10. 37 30.6 :;-.:.

106 50.5 74.4 115 3G.8 46.1 64 14.2 17.7 13 8.4 10.5 38 31.1 as <

105 50.1 73.8 114 3G.4 45.5 ; 63 13.7 17.2 12 S.8 11.1 39 31.5 r,:ii

164 58.6 73.3 113 36. 45. 1 62 13.3 16.6 11 9.3 11.6 40 32. 1"

163 58.2 72.7 112 35.5 44.4 | 61 12.8 16.1 10 9.7 12.2

162 57.7 72.2 111 35.1 43.8 J CO 12.4 15.5 9 10.2 12.7
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where it terminates in a knee bent at right angles. The Poat-w:ie, by means of

an eye at A, moves easily along the small harpsichord wire g h. II are two

indexes made of thin black oiled silk, which slide upwards or down

wards with a force of not more than two grains. The one placed

above the knee points out the greatest rise, and the one placed

below it points out the greatest fall, of the thermometer. When

the instrument is to be prepared for an observation, both indexes

are to be hrought close to the knee h. It is evident, that when

the mercury rises, the float and float-wire, which can be moved

with the smallest force, will be pushed upwards till the mercury

becomes stationary. As the knee of the float-wire moves upwards,

it will carry along with it the upper index /. When the mercury

again subsides, it leaves the index at the highest point at which

it was raised, for it will not descend by its own weight : as the

mercury falls, the float-wire does the same ; it therefore brings

along wiih it the lower index /, and continues to depress it till it

again becomes stationary, or ascends in the tube ; in which case it

leaves the lower index behind it, as it had formerly left the upper.

The scale to which the indexes point is placed parallel to the

slender harpsichord wire. That the scale and indexes may not

be injured by the wind and rain, a cylindrical glass cover, close at

top, and made so as exactly to fit the part g J, is placed over it.

As a knowledge of the correspondence between the thermo

meters of Fahrenheit, Reaumur, and Celsius, are indispensable to

the comprehension of the scientific labours of the French

and German philosophers and authors, whether in the original

languages, or the English translations, we have inserted a table in which the

degree of any given temperature under 212* of Fahrenheit is expressed by

those of Reaumur and Celsius : we omit De Lille's, its use being confined to Russia.

As, however, higher degrees of temperature may be required than those given in

the' table, the following rules are given for changing the degrees of any one of

the scales into equivalent degrees of another ; viz. each degree of Fahrenheit

is equal to four-ninths of one of Reaumur ; as Reaumur, however, reckpns his

degrees from the freezing point, and Fahrenheit 32° below this point, we must,

when the number of Fahrenheit's degrees to be reduced indicate a temperature

above the freezing-point, first deduct 32, then multiply the remainder by 4, and

divide the product by 9. The quotient is the corresponding number of degrees

on Reaumur's scale. If the temperature indicated was less than the freezing

point, we must also be careful to take the actual number of degrees, reckoning

from the freezing point. Thus 4 degrees above Fahrenheit's zero is 28 below

his freezing point ; and this is the number to be reduced to Reaumur's scale.

Each degree of Reaumur is equal to 2| of one of Fahrenheit. Multiply the

given number of degrees of Reaumur by 9, and divide the product by 4. If the

degrees of Reaumur were minus, the quotient must be deducted from 32, and

the remainder will be the equivalent degrees of Fahrenheit. .If the given degrees

were not minus, the quotient must be added to 32 degrees, and the sum will be

the equivalent sought.

Each degree of Fahrenheit is equal to 1 of one of the centigrade. Proceed

as in the case of Fahrenheit and Reaumur, multiplying, however, by 5, and

dividing by 9.

Each degree of Reaumur is equal to 1 J of the centigrade. Multiply the

given number of degrees by 5, divide the product by 4, and the quotient will

be the equivalent number of degrees on the centigrade scale.

Each degree ofthe centigrade scale is equal to four-fifths of Reaumur. Multiply

the given number of degrees of the centigrade by 4, and divide the product by 5 ;

the quotient will be the equivalent number of degrees on Reaumur's scale.

The different degrees of expansibility of dissimilar metals by the same

increase of temperature, is well known, and has been usefully employed to

produce compensation in the regulators of time-keepers ; and recently a very

sensible and convenient thermometer has been made on the same principle.
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The one from which we made the diagram on the next page, is contained in »

common-sized pocket-watch, and indicates the temperature from 30° below

zero to 80° Reaumur, equal to the extent from zero, to 212° on Fahrenheit'i

scale.

It consists of a slip of steel on a slip of brass attached together, andTwni

with the brass inwards, into a circular form a a, and Axed to the frame of the

watch at o, immediately behind the dial. One end of this circular piece is bent

inwards at c, and acts upon a lever, e f, of the third order. The lever moves

upon a pivot at/, is furnished with an adjusting screw d, and a toothed segment t.

The teeth of this segment act upon the teeth of a small pinion g, to :h-

projecting pivot of which an index h is attached.

The action of this little instrument is obvious ; for as the interior portion of

the compound circular piece is of brass, which is more expansible than the

exterior, which is of steel, an increase of heat will cause the ring to open ; but

in opening it acts upon the lever, and by that means turns the index, which

points out by the graduated circle on the face of the watch the quantity ot

increase. On the contrary, when a decrease of heat takes place, the ring will

have a tendency to close, and the lever being kept up to it by a small spring on

the opposite side, acts upon the index, and points the quantity of decrease in

the temperature. This thermometer indicates a change of temperature much

quicker than the common mercurial thermometer, owing to the metals being

better conductors of caloric, than wood or glass, the substances of which they

are usually manufactured.

 

A Thermometer of Contact has lately been invented by M. Fourrier. " It

is well known," says M. Fourrier, " that on touching different substances

maintained at the same temperature, the same calorific impression is not

received in consequence of the different conductibility of those bodies. It a

even sufficient to cover those bodies with a thin sheet of paper, sensibly to

change the effect of the contact. If, then, on a support kept at a constant



THERMOMETER. 780

temperature, for example, at that of melting ice, thin sheets of different

substances are successively applied, the simple contact of the naked hand will

suffice to class a great number of them according to their order of conductibility :

but this method is by no means accurate, and is liable to other inconveniences.

M. Fourrier*s instrument may be considered as an improved hand, and minutely

establishes the facts to which the application of the hand only makes an

approximation. It is extremely simple ; it consists of a cone of very thin iron,

filled with mercury, and terminated at its circular base by a skin of moderate

thickness. A thermometer is placed in the mercury ; it is this skin which is

put on the thin sheet applied to the support The contact is very intimate, in

consequence of its flexibility ; and the thermometer indicates the variations of

temperature. By this instrument many curious facts have already been

ascertained. For instance, it has been shown, that the order in which thin

sheets of different substances are placed oneupon another, influences the quantity

of heat which passes through them under the same external circumstances.

Thus, the interposition of a sheet of leather facilitates the transmission of heat

from skin to cloth, and it obstructs it from cloth to marble.

The thermometers hitherto described are very limited in their extent ; they

indeed point out to us the lowest degrees of heat which are commonly observed

even in cold climates, but they by no means reach to those degrees of heat

which are very familiar to us. The mercurial thermometer extends no farther

than to 600 of Fahrenheit's scale, the heat of boiling mercury ; but we are sure

that the heat of solid bodies, when heated to ignition, or till they emit light, far

exceeds the heat of boiling mercury. In order to remedy this defect, Sir Isaac

Newton attempted, by an ingenious experiment, to extend the scale to any degree

required. His plan, however, was not found convenient for practical purposes.

But following the idea suggested by Newton, the late Mr. Wedgwood invented

a very simple thermometer, which marks with much precision the different

legrees of ignition from a dull red heat visible in the dark, to the heat of an

lir-fumace.

a b c d, in the annexed figure, is a smooth flat plate ; on which are fixed

two rulers, or flat pieces, a quarter of an inch thick, lying flat upon the plate,

with the sides that are towards one another made perfectly true, a little further

ssunder at one end, than at the other end ; thus they include between

them a long converging canal, which is divided on one side into a number of

small equal parts, and which may be considered as per-

0 6 forming the offices both of the tube and scale of the common

thermometer. It is obvious, that if a body, so adjusted as to

fit exactly at the wider end of this canal, be afterwards di

minished in its bulk by fire, as the thermometer pieces are,

it will then pass further into the canal, and more and more

so according as the diminution is greater; and conversely,

that if a body so adjusted as to pass on to the narrow end,

be afterwards expanded by fire, as is the case with metals,

and applied in that expanded state to the scale, it will not

pass so far ; and that the divisions on the side will be the

measures of the expansions of the one, as of the contrac

tions of the other, reckoning in both cases from that point

to which the body was adjusted at first, i is the body whose

alteration of bulk is thus to be measured. This is to be

gently pushed or slid along towards the narrow end till it is

stopped by the converging sides of the canal. Mr. Walker,

to whom we have already alluded, suggests the idea of a

metallic thermometer which shall embrace the medium be

tween the highest pointofthe mercurial thermometer, which

terminates at 600 degrees, and the lowest of Wedgwood's,

just described, which commences at 1077 degrees of Fahren

heit A metallic composition is formed, not liable to alteration in its quality

or quantity bv repeated exposure to heat, the melting point of which isat a httle

below 600 deerees of Fahrenheit, and its boiling point at 1200 degrees. A case

resembling in form the glass case for the ordinary thermometer, but somewhat
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larger, contains the metallic composition, and the Bcale consists in • slender

graduated rod, equal in height at the commencement of the scale ; that u,

when the metallic composition is just liquid to the top of the tube, the graduated

rod terminating at the bottom in a thin, circular, flat plate, which rests or float!

as it were upon the liquid metal; and in proportion as the latter expands and

rises in the tube by heat, the graduated rod is buoyed up, or raised above the

top of the tube, passing through a perforated cover to the maximum, or boiling

point. The thermometer case and graduated rod are formed of pipe-makers'

clay, previously prepared by having been exposed to a sufficient degree of heal

The scale of this new thermometer is an exact continuation of the scale in the

mercurial thermometers ; the lower degrees of the former corresponding with,

or indicating like, temperatures with the upper degrees of the mercurial

thermometer.

" The same principle," says Mr. Walker, " I might observe, admits of being

extended, for the purpose of ascertaining the variation in temperature, up to the

most intense heat, perhaps, that can be required. It is unnecessary to state here,

that the influence of the incumbent atmosphere upon the surface of the liquid

metal within the open tube is too inconsiderable, even at the commencement

of the scale, to deserve notice, and at a higher temperature diminishes to no

thing ; especially if the whole of the liquid contained in the thermometer, as

ought to be the case in every thermometer, be completely immersed, or subjected

to the temperature, the degree of which it is intended to indicate. A method

similar to the above, I should think, might be applicable to the purpose of

showing, in a ready way, the degree of expansion in metals by heat ; but the

elongation of a cylinder of any metal, by increase of temperature, is much too

small to admit of its being a convenient measure of temperature. I should not

despair, however, availing myself of every advantage, viz., increasing the length

of a metallic wire, by giving it a spiral form, in order to comprise a considerable

length in small compass, with the application of the lever-index, and a good

magnifier, upon constructing a thermometer upon this principle, so as to render

the scale apparent even to single degrees ; using silver for the lower tempera

tures, and platina for the higher, or employing iron wire, ouly up to its ultimate

point of expansion in a solid state.

THERMOSTAT. The name given to an instrument invented and recently

patented by Dr. Ure, for regulating temperature in vaporization, distillation,

and other processes, in which the agency of heat is required. It is effected by in

creasing or diminishing the size of the apertures through which the calorific

medium is transmitted. The nature of the contrivance, and its mode of action,

will be understood by reference to the annexed diagram.

 

a 6, represent a compound bar, composed of two flat pieces of metal, posaessii-,

different powers of expansibility by the same increase of temperature, such as

iron and zinc, firmly rivitted together. Now, suppose the most expansible

metal, the zinc, placed on the upper ride, the compound bar will bend downwards

to the position represented at a V ; and by diminution of the temperature

below that at which the metals wcr» rivetted together, a flexure in the con



TIDE. 791

trary direction would take place ; and thus a motion is obtained from any change

of temperature, which may be made, through the medium of levers, available in

checking the cause of change, by altering the size of the opening through which

the change was effected. Let c represent a stop-cock, through which steam, hot

water, or other fluid enters, to communicate heat to the vessel containing the

thermostat a b, and let c d be a lever or handle, by which the cock is turned,

joined to the compound bar, by the connecting-rod d b ; also, let the plug or

the cock be so adjusted, that it shall be partially open when the lever is in the

position represented by c d ; and less open when in the position represented by

"-'/'.- then it is evident, that any increase of temperature, beyond that to which

the instrument may have been adjusted, would, by causing the instrument to

bend downwards, immediately diminish the passage, and consequently the sup

ply of steam, hot water, or whatever fluid may be used for communicating heat.

While, on the contrary, a diminution in the temperature would cause the bar to

bend upwards, and thus increase the passage for the admission of a greater quan

tity of the heating vapour or fluid.

The patentee gives a variety of examples, of the application of his thermo

stat for regulating the admission of heating fluids, as well as for regulating

the ventilation of rooms, public buildings, &c, some of them displaying con

siderable ingenuity ; but they all depend upon the principle above explained,

and therefore we have not deemed it necessary to describe them.

THIMBLE. A metallic case, worn by tailors and sempstresses upon the

finger, for the purpose of pressing needles through the stuff in sewing. An in

strument, answering the same purpose, is worn by sailors and sail-makers in the

palms of their hands by straps which fasten it thereto ; they are technically

called palms, and are small circular plates of cast iron, indented on the surface.

Thimble is the name also given to circular rings of iron, hollow on the outside,

for a rope which envelopes it to be securely imbedded therein ; a metallic eye is

thus formed, for passing another rope through, or hanging on to it by a hook, a

tackle block, &c.

THRESHING-MACHINE. An apparatus for separating the grain from the

straw. Machines for this purpose were contrived as far back as 1732 ; these were

considerably improved by Mr. Andrew Meikle, in 1785, who took a patent for his

improvements, which are described in the " Repertory of Arts." Since that time

thoy have undergone various ameliorations; and the construction of those which

are mostly employed at the farm-houses, may be briefly described as consisting

ofthree rotatative drums or cylinders ; around the first which comes into operation

are a series of arms, or beaters, which are made to revolve, and thereby strike

the com (supplied underneath them by feeding rollers,) with great rapidity.

Hence the thereshed corn is carried on by the motion of the feed rollers, to two

successive straw shakers, which consist (as before mentioned) of a rotative frame,

armed with numerous spikes, that lift up and shake the straw, so as to force from

amongst it the groin, nnd. allow it to fall through a grated floor, into a large hop

per beneath. From this hopper the corn is conducted to another receptacle, and

in its passage winnowed by fanners driven with great velocity, that separate the

chaff, by blowing it away into another receptacle. Of course the power by

which such machines are driven depends upon local circumstances ; but in

general a horse-wheel is employed, worked by the united force of three horses ;

the horse-wheel is mounted with a large horizontal wheel, which drives a pinion

on the main shaft of the threshing-machine ; and the main shaft, by suitable

gear, gives motion at the requisite velocities to the parts we have described.

TIDE. A regular periodical current of water, setting alternately in a flux

and reflux, and generally considered to be produced by the influence of the

moon. The sagacious Locke, in describing the theory of the tides, observes,

' that motion of the water called the tides, is a rising and falling of the sea ;

the cause of this is the attraction of the moon, whereby the part of the water

in the CTeat ocean, which is nearest the moon, being most strongly attracted, is

raised higher than the rest ; and these two opposite elevations of the surface of

the water in the great ocean, following the motion of the moon from east to

west, and striking ngainst the large coasts of the continents, from thence

rci.ouud back again, and so make floods and ebbs in narrows, seas, and rivers.
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TIDE-MILLS. Are mills or any kind of machinery moved by the ebbing

and flowing of the tide. Mills of this kind are not very common, on account

of the great expense of their construction ; but in situations where the tide

rises to a considerable height, and where the fuel required for a steam-engine

is high, and the first cost can be met, tide-mills may be very advantageously

constructed.

The origin of tide-mills in this country does not appear to be recorded ; but

the able Belidor ascribes the invention to a master-carpenter, at Dunkirk, or

the name of Perse. Mills to be worked by the rising or falling of the tide,

admit of great variety in the essential parts of their construction ; but this

variety, Dr. Gregory observes, may be reduced to four general heads, according

to the manner of action of the water-wheel. 1st, the water-wheel may turn

one way when the tide rises, and the contrary when it falls. 2d, the water-

wheel may be made to turn always in one direction. 3d, the water-wheel miy

rise and fall, as the tide ebbs and flows. 4th, the axle of the water-wheel may

be so fixed as that it shall neither rise nor fall, though the rotary motion shall

be given to the wheel, while at one time it is only partly , at another completely

immersed in the fluid.

Some very ingenious suggestions for the construction of a tide-mill appeared

some time since in a scientific journal, in which the arrangements differ in tome

essential respects from those apparently contemplated in Dr. Gregory's classifi-

cation. We shall insert the description in the author's own words.

Fig. 1.

 

In this plan, " the water is compelled to flow in and out of a basin, in tucb

a manner, that the greatest force shall be obtained from its current, and the

annexed diagrams are introduced to illustrate the following explanation."

Fig. 1 represents a perpendicular projection of the principal parts on a plane,

supposed to be drawn longitudinally and vertically through the centre of the

work, h v show the respective heights of the water, on each side of the flood

gate i ; the flushes, i on b'a side, and k on c't, are supposed to be open, and
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according to the nomination of the parts^the water is flowing from the basin

into the sea.

Fig. 2 represents a perpendicular projection of the principal parts on a plane,

nippoaed to be drawn latitudinally and vertically through the centre of the

'fig- 2.

A

 

work, h shows the level of the water when flowing from the represented side ;

the position of the flushes under these circumstances are shown, > being open,

and k closed ; r shows the level ; vice versa, the position of the flushes in this

case are seen, t being closed, and k open. An objection may arise from the

variation of the quantity of water at the spring and neap tides. To counteract

this, the flush / is introduced into the flood-gate t, which may be opened and

closed according as there is a redundancy or deficiency of water: this may

either be effected by centrifugal balls, or by the attention of the individual who''

takes care of the works. It should be entirely opened when the mill is not

used.

Although this plan is more particularly adapted for harbours and the tideway

of rivers, yet there are few parts of the coast on which such a mill might not be

constructed. If it be on a sandy beach, a large wooden tunnel should be laid

down at the lowest tide level, in order to introduce water upon the flood-gate.

The basin had better be constructed of wood, as then the sides of it may be

vertical, which is of great advantage, to produce a less variable current ; but it

may be excavated, and lined with clay, which should be covered over with

shingles, in order to prevent the clay from being washed off. If it be on a rocky

coast, and as before exposed to a surf, there should be a small tunnel excavated,

(as shown by dotted lines at /. ) The basin in this cose is easily formed ; I

conjecture that an excavation of the capacity of one of our first-rate ships, and

about 12 feet deep, would contain water enough to two pair of stones for a

grist-mill.

a a is the iloating mill, of which the form of a ground plan is as Fig z, It

VOL. II. 5 H
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has angular ends for two reasons ; 1st, because the building may be more easily

constructed in this manner, to bear the pressure on the

■heaves gg ; and 2dly, in order to give a proper direction

to the water. 6 is the excavated basin ; c the sea or harbour ;

» the soil ; * the flood-gate attached to the mill, and

moving up and down with the tide ; j, the water-wheel ;

i i flushes for introducing water on the wheel ; k k ditto, for

letting it off; I ditto, for regulating the influx of water

according to the strength of the tide ; d, the channel cut in

the sides of the wall, and sunk below low-water mark,

according to the rise and fall of the tide above, into which are inserted small

sheaves working on an iron plate placed on the flood-gate, in order to reduce

the friction ; ff are vertical beams of timber, supported by pieces o o, thrown

across the passage horizontally and diagonally, with respect to the beam itself,

for the purpose of bearing the horizontal pressure of the building on the

sheaves g g, which pressure takes place on each beam alternately, with the rise

Bnd fall of the tide ; e e are doors, the upper one may receive the com or

materials when the mill is at a proper level, and the lower one discharge tbe

same when in a convenient situation ; leather is placed in the joints, in such i

manner as to prevent the water from getting through between the slide and

flood-gate. There are two water-wheels, in order that the pressure on the groovei

d d may be less partial.

A tide-mill was erected at East Greenwich, on the right bank of the

Thames, under the direction of Mr. John Lloyd, an engineer of Westminster,

of which the following will convey an idea; the details are given by Dr. Gregory

in his Mechanics, vol. ii.

This mill is intended to grind corn, and works eight pair of stones. The

side of the mill-house parallel to the course of the river, measures 40 feet

within ; and as the whole of this may be opened to the river by sluice

gates, which are carried down to the low-water mark in the river, there is a 40

feet water-way to the mill ; through the water-way the water presses during

the rising tide into a large reservoir, which occupies about four acres of land ;

and beyond this reservoir is a smaller one, in which water is kept, for the purpose

of being let out occasionally at low water to cleanse the whole works from mud

and sediment, which would otherwise, in time, clog the machinery.

The water-wheel has its axle in a position parallel to the side of the river,

that is, parallel to the sluice-gates which admit water from the river ; the length

of this wheel is 26 feet, its diameter 11 feet, and its number of float-boards 32.

These boards do not each run on in one plane from one end of the wheel to tbe

other, hut the whole length of the wheel is divided into four equal portions, tn<l

the parts of the float-boards belonging to each of these portions fall gradually

one lower than another, each by one-fourth of the distance, from one board to

another, measuring on the circumference of the wheel.

This contrivance is intended to equalize the action of water upon the wheel,

and prevent its moving by jerks. The wheel, with its incumbent apparatus,

weighs about 20 tons, the whole of which is raised by the impulse of the flowing

tide, when admitted through the sluice-gates. It is placed in the middle of the

water-way, leaving a passage on each side of about six feet, for the water to

flow into the reservoir, besides that which, in its motion, turns the wheel round-

Soon after the tide has risen to the highest, (which at this mill is often 20 f«t

above the low water-mark,) the water is permitted to run back again from the

reservoir into the river, and by this means it gives a rotary motion to the

water-wheel in a contrary direction to that with which it moved when impelled

by the rising tide.

TILES. Plates of red earthenware, used for the coverings of buildings, also

for paving and other purposes. They are made of the better kind of brick-

maker's clay, washed free from stones and other foreign matter ; then moulded

of various forms according to the purposes required, and baked in kilns.

TILLER. The bar or lever employed to turn the rudder in floating vessels,

for the purpose of steering.
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TILT. The awniug or canopy spread over boats, waggons, and other

equipages.

TILT-HAMMER. A large heavy hammer, worked by machinery. See

IRON.

TIME. According to Mr. Locke, it " the measure ofduration." " We acquire

our notions of time," says Dr. Robison, " by ourfaculty of memory, in observing

the succession of events. Time is conceived by us as unbounded, continuous,

homogeneous, unchangeable in the order of its parts, and divisible without end.

The boundaries between successive portions of time may be called instants, and

minute portions of it may be called moments. Time is conceived as a proper

quantity, made up of, and measured by, its own parts. In our actual measure

ments we employ some event, which we imagine always to require an equal

time for its accomplishment; and this time is employed as a unit of time

or duration, in the same manner as we employ a foot-rule as a unit of exten

sion. As often as this event is accomplished during some observed operation,

so often do we imagine that the time of the operation contains this unit. It is

thus that we affirm that the time of a heavy body falling 144 feet is thrice as

great as the time of falling 16 feet ; because a pendulum, 391 inches long, makes

three vibrations in the first case, and one in the last." " Tnere is an analogy,"

•ays our learned author, " between the affections of space and time, so obvious,

that in most languages the same words are used to express the affections of

both. Hence it is that time may be represented by lines, and measured by mo

tion ; for uniform motion is the simplest succession of events that can be con

ceived." This further analogy also occurs between time and space, namely,

that as in space all things are placed in the order of situation, so in time all

events occur in the order of succession. (See Element! of Mechanical Philo-

tophy, by John Robison, LL.D., Vol. I.) Like place, time may also be dis

tinguished into absolute and relative. Absolute time is time considered in itself,

without any relation to bodies or their motions. Relative, or apparent lime, ii

the sensible measure of any duration by means of motion. Time is also astro

nomical, or civil. Astronomical time is that of which the computation and

measure depend solely on the motion of the heavenly bodies. Civil time is

astronomical time modified, and accommodated to the purposes of civil life.

TIME-KEEPER. An instrument for measuring time. See HOROLOGY.

TIN. A metal of a white colour, intermediate between silver and lead. It

is considerably harder than lead ; scarcely at all sonorous ; very malleable, being

capable of extension, under the hammer, to about a two-thousandth part of an

inch in thickness. The ordinary tinfoil is about a one-thousandth part of an

inch thick. Tin has a slight unpleasant taste, and emits a peculiar smell when

rubbed. Specific gravity, 7.291. His very flexible, producing a remarkable crack

ling noise when bended, the loud ness of which is a common, though not very ac

curate test of its purity. Tin melts at 442° Fahr. ; when fresh cast, or fresh

scraped, it is very brilliant, but it gradually loses its lustre by exposure to the air,

and acquires a greyish-white tint, which' does not sensibly change. Like lead,

when heated nearly to fusion, it is brittle, and may be easily broken up by a

hammer, when it exhibits a grained or fibrous texture. It may also be reduced

to powder by agitation, at the period of its transition from the solid to the fluid

state.

There are several kinds or qualities of tin. The Cornish block tin is usually

hi blocks of abuut three cwt. each ; which are, however, run into smaller masses,

of 30 or 40 Ibs. each, for the convenience of trade. The common block tin is

contaminated with a minute quantity of other metals, generally copper, to 'he

extent of about a thousandth part. " Refined block-tin " is in blocks of tin

melted into long narrow sticks, of a few ounces each. The " grain tin" is the

purest of the several English kinds, being obtained ''mm the pure oxide of tin

of the steam-works of Cornwall. It is first cast into Mocks of about 120 Ibs. each,

and afterwards melted, so as to separate it into fragments resembling rocks;

which is produced by letting the metal fall, when barely fluid, from a great

height. The tin imported from the East Indies, particularly Malacca, is es

teemed very pure, and considered the best for organ pipes, and scaie other uses.
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The tin ore of Cornwall, obtained from tlic mines, ii itamped to redact it

into fragments, then washed, to separate the earthy matter, and afterwards

roasted in a reverberating furnace ; which process is repeated until the assay

shows it to contain at least half of its weight of metal, when it is sold to UK

smelters. In this state it is mixed with culm and slaked lime, well moistened,

and then smelted in a reverberating furnace, capable of reducing about 7 ewt

at a time. A given weight of tin, produced" from Cornish ore, consumes about

double its weight of coal in the operations of roasting and smelting. Between

three and four thousand tons of tin are produced annually from the mines of Corn

wall. Chaptal says, that if tin be kept in fusion in a lined crucible, and the

surface be covered with a quantity of charcoal, to prevent its calcination, the

metal becomes whiter, mure sonorous, and harder, provided the fire be kept up

for eight or ten hours.

Mercury dissolves tin with great facility, and in all proportions. To make

this combination, heated mercury is poured on melted tin ;, the consistence of

the amalgam differs according to the relative proportions of the two metals.

Nickel, united to tin, forms a white and brilliant mass. Half a part of tin,

melted with two parts of cobalt, and the same quantity of muriate of soda, fur

nished Beaume with an alloy in small close grains of a light violet colour. Equal

parts of tin and bismuth form a brittle alloy, of a medium colour between the

two metals, and the fracture of which presents cubical facets.

Zinc unites perfectly with tin, and produces a hard metal, of a close-grained

fracture; its ductility increases with the proportion of tin.

Antimony and tin form a white and brilliant alloy, which is distinguished

from other alloys of tin by its possessing a less specific gravity than either of

the two inetuls by which it is formed.

In combining arsenic with tin, precautions must be taken to prevent the

arsenic from escaping by volatilization. Three parts of tin may be put into a

retort, with one-eighth part of arsenic in powder ; fit on a receiver, and make

the retort red ho(; very little arsenic rises, and a metallic lump is found at the

bottom, containing about one-fifteenth part of arsenic ; it crystallizes in large

facets, is very brittle, and hard to melt.

If tin be kept in fusion with access of air, its surface is speedily covered with

a greyish pellicle, which is renewed as fast as it is removed. If this grey

oxide be pulverized and sifted, to separate the uncalcined tin, and calcined again

for several hours, under a muffle, it becomes the yellow oxide of tin, called among

artizans putty of tin, and extensively used in polishing of glass, steel, and other

hard bodies.

A white oxide of tin is used in forming the opaque kind of glass called enamel.

This composition is made by calcining 100 parts of lead and 30 parts of tin, in

a furnace, and then fluxing these oxides with 100 parts of sand, and 20 ofpotats.

This enamel is white, and is coloured with metallic oxides.

All the mineral acids dissolve tin, and it may be precipitated from iti solu

tions by potass ; but an excess of potass will re-dissolve the metal. Nino-

muriate of gold is a test of tin in solution, with which it forms a fine purple

precipitate.

The sulphuric acid dissolves tin, whether concentrated or diluted with water;

part of the acid is decomposed, and flies off in tlie form of sulphurous acid go-

Heat accelerates the effect of the acid. Tin, dissolved in the sulphuric acid, i»

very caustic.

The solution of tin in the nitric acid is performed with astonishing rapidity,

and the metal is precipitated almost instantly in the form of a white oxide. If

this acid be loaded with all the tin it is capable of calcining, and the oxide be

washed with a considerable quantity of distilled water, a salt may be obtained

by evaporation, which detonates alone in a crucible well heated, and burns with

a white and thick flame, like that of phosphorus. The nitric acid holds but a

very small quantity of tin in solution, and when evaporated for the purpose of

obtaining crystals, the dissolved portion quickly precipitates, and the acid

remains nearly in a state of purity. Nitric acid, much diluted, holds rather

more tin in solution, bnt lets it fall by standing, or by the application of beat.
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The muriatic acid dissolves tin, whether cold or hot, diluted or concentrated.

If fuming, and assisted by a gentle heat, the addition of the tin instantly causes

it to lose its colour and property of emitting fumes, and a slight effervescence

takes place. The acid dissolves more than half its weight of tin ; the solution

is yellowish, of a fetid smell, and affords no precipitate of oxide, like the sul

phuric and nitric acids.

The oxy-muriatic acid dissolves tin very readily, and without effervescence,

because the metal quickly absorbs the superabundant oxygen from the acid, and

requiresno decomposition of the water to effect its oxidation.

N itro-muriatic acid, made with two parts of nitric acid, and one of muriatic

acid, dissolves tin with effervescence. It is the solution of tin in this acid which

the dyers employ to heighten the colour of their scarlet dyes. It is prepared

by adding small portions at a time, of tin, to the common aquafortis of com

merce : when the appearance of oxide is observed at the bottom of the jar,

muriate of soda is added, by which its solution is effected. If the colour im

parted by this solution is not bright, a little nitrate of potass is added to it.

The acetous, and most other vegetable acids, have some action upon tin, par

ticularly when aided by a gentle heat; but the solutions thus obtained are not

used in the arts. Tin decomposes the corrosive muriate of mercury. It is for

this purpose amalgamated with a small portion of mercury and this amalgam,

being first triturated in a mortar with the corrosive muriate, the mixture is then

distilled by a gentle heat A colourless liquor first passes over, and is followed

by a thick white vapour, which issues with a kind of explosion, and covers the

internal surface of the receiver with a very thin white crust. The vapour

becomes condensed into a transparent liquor, which continually emits a thick,

white, and very abundant fume. It was formerly called the fuming liquor of

Liliavius, and is the combination of the muriatic acid and tin.

Tin has a strong affinity for sulphur; the sulphurct of tin may be formed by

fusing the two substances together : it is brittle, heavier than tin, and not fusible.

It has a blueish colour, a lamellatcd texture, and is capable of crystallizing.

The white oxide of tin combines with sulphur, and forms a compound called

aurum musivum, or mosaic gold, which is much used for giving to plaster-of-

Paris the resemblance of bronze, and improving the appearance of bronze itself.

1 1 is also occasionally used to increase the effects of electrical machines. See

Aurum Musivum.

Tin possesses the property in a remarkable degree of promoting the fusibility

of other metals, with which it is mixed. Two parts of lead, and one of tin,

which forms the best plumber's solder, melt at a temperature of little more than

300' Fahr. ; although the melting point of tin alone is 440*, and that of lead

612*. One part of tin, and two of lead, which forms the inferior plumber's

solder, melt at a lower temperature than the first-mentioned proportions, not

withstanding the increased quantity of the less fusible metal. Eight parts of

bismuth, (which melts per te at 480°,) five of lead, and three of tin, fuse at a

heat below that of boiling water. It is this alloy of which tea-spoons are some

times made, to surprise those who are ignorant of their nature, by their meltiug

in a cup of hot tea.

The uses of tin are so very numerous, and so well known, as not to need

detailing. We shall advert to only a few ; viz. the fabrication of boilers and

kettles for dyers' use ; the worms of stills ; the drawing of pipes, (erroneously

called pewter) for gas conduits, for beer, wine, vinegar, and other acetous liquids,

which have no action upon pure tin : if the tin were alloyed, it could not be

drawn into sound pipes. Tin forms the principal ingredient in pewter of all

qualities, and enters largely into the greater part of the white alloys in such

extensive use. Immense quantities of tin are used in the fabrication of tinned

iron plates, improperly called tin-plates. We may also here notice a new and most

important application of this pure metal, (under a patent granted to Mr. John

Warner, jun. founder, &c, of Cripplegate, London,) which is that of giving a

perfect and beautiful coat of tin to lead pipes, which thus possess the valuable

qualities of both metals ; viz. the cheapness and flexibility of lead, and the

purity and indestructibility of tin.
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TINNING. The art of covering any metal with a thin coating of tin.

Copper and iron are the metals most commonly tinned. The use of tinning

these metals is to prevent them from being corroded by rust, as tin is not »

easily acted upon by the air or water, as iron and copper are. What are com

monly called tin-plates, or sheets, so much used for utensils of various lands,

are, in fact, iron plates coated with tin. The principal circumstance in the art

of tinning is, to have the surfaces of the metal to be tinned perfectly clean and

free from rust, and also that the melted tin may be perfectly metallic, and not

covered with any ashes or calx of tin. When iron plates are to be tinned, the)

are first scoured, and then put into what is called a pickle, which is sulphuric

acid diluted with water ; this dissolves the rust or oxide that was left after

scouring, and renders the surface perfectly clean. They are then again washed

and scoured. They are now dipped in a vessel full of melted tin, the surficeof

which is covered with fat or oil, to defend it from the action of the air. By this

means, the iron coming into contact with the melted tin in a perfectly metallic

state, it comes out completely coated. When a small quantity of iron only is to

be tinned, it is heated, and the tin rubbed on with a piece of cloth, or some

tow, having first sprinkled the iron with some powdered resin, the use of which

is to reduce the tin that may be oxidated. Any inflammable substance, as oQ

for instance, will have in some degree the same effect, which is owing to their

attraction for oxygen. Sheets of copper may be tinned in the same manner as

iron. Copper boilers, saucepans, and other kitchen utensils, are tinned after

they are made. They are first scoured, then made hot, and the tin rubbed on

as before with resin. Nothing ought to be used for this purpose but pure grain

tin ; but lead is frequently mixed with the tin, both to adulterate its quality,

and make it lie on more easily ; but it is a very pernicious practice, and ought

to be severely reprobated.

TITANIUM. A new metal discovered by the Rev. Mr. Gregor, in the

beginning of the present century, in Cornwall. Klaproth subsequently found it

in the red-shorl of Hungary, and gave it the name of titanium. Lampadha

was the first who completely reduced it, which he effected by charcoal onlj.

The metal was of a dark copper colour, with much brilliancy, brittle, and in

small scales considerably elastic. It tarnishes in the air, and is easily oxidised

by heat : it then acquires a purple tint It detonates with nitre, and is infusible.

All the mineral acids act upon it with great energy. According to Vauquelin,

it is volatilized by intense heat.

TOBACCO. The dried leaves of a foreign poisonous plant, most exten

sively cultivated in many parts of the world, to furnish a species of aliment to

the depraved tastes of a large portion of the human race.

Tobacco is a potent narcotic, and also a strong stimulus, and in small doses proves

violently emetic and purgative. The oil is remarkable for its extreme malig

nancy, and when applied to a wound, is said, by Redi, to be as fatal as the poison

of a viper. The decoction, smoke, and powder are used in agriculture to destroy

insects.

Tobacco being cultivated for the leaves, it is an object to render these as large

and also as numerous as possible, and therefore the most fertile soil is preferred.

It is very sensible to frost. The plants are raised on beds, early in spring, and

when they have acquired four leaves, they are planted in the fields, in well

prepared earth, about three feet distant every way. Every morning and evening

the plants require to be looked over, in order to destroy a worm which some

times invades the bud. When four or five inches high, they are moulded up.

As soon as they have eight or nine leaves, and are ready to put forth a stalk, the

top is nipped off, in order to make the leaves larger and thicker. After this

the buds, which sprout from the axils of the leaves, are all plucked ; and not a

day is suffered to -pass without examining the leaves, to destroy a large cater

pillar, which is sometimes very destructive to them. When they are fit for

cutting, which is known by the brittleness of the leaves, they are cut with a

knife, close to the ground; and, after laying some time, are carried to the

drying shed, where the plants are hung up by pairs, upon lines, having a space

between, that they may not touch one another. In this state they remain to
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sweat and dry ; when perfectly dry, the leaves are stripped from the stalks, and

made into small bundles, tied with one of the leaves. These bundles are laid

in heaps, and covered with blankets. Care is taken not to overheat tliem, for

which reason the heaps are laid open to the air from time to time, and spread

abroad. This operation is repeated till no more heat is perceived in the heaps,

and the tobacco is then stowed in casks for exportation.

In the manufacture of tobacco, the leaves are first cleansed of any earth,

dirt, or decayed parts ; next, they are slightly moistened with salt and water, or

water in which salt and other ingredients have been dissolved according to the

taste of the fabricator. This liquor is called tobacco sauce.

The next operation is to remove the mid-rib of the leaves, which is reserved

to be dried and ground for snuff. The leaves are then manufactured into a

variety of articles, by rolling, twisting, and cutting ; but the chief are the

making of segars, and the cutting the leaves by a machine into fine shreds, for

smoking with pipes, or chewing. The machine by which the latter operation

is conducted is a very effective instrument, a knife being made to alternate

vertically between grooves, with very great rapidity, while the tobacco leaves,

confined in a channel, are gradually moved forward by a regulated quantity of

motion under the operation of the knife, by which the shreds are uniformly cut

of any required thickness.

A patent for an improvement in the machines used fortius purpose, was taken

taken out by Mr. Samuel Wellman Wright, in 1828. Instead of the alter

nating action ofa single knife, M r. Wright has introduced a series of knives, placed

as radii to a wheel, which, as they revolve, cut the tobacco into shreds ; much

resembling in its action the chaff-cutting machine in general use, except that

the knives in the latter have a curvature given to them, in order that they may

fi/. 1.

 

cut with a slicing action, and not with a chop, as in the machine we are about

to describe, which may, however, be easily altered according to our suggestion.

fi'j- 1, (above) and Fig. 2 annexed, represent two elevations or views of the



800 TOPOGRAPHY.

machine, one being at right angles to the other, a is the main axis, set in

motion by the drum b; e c is a fly-wheel having hinges d d, to which the

cutters* e are attached by screws, (these are best seen in fig. 1 ;) other screws//

are employed to adjust and set the hinges d d, so that the cutter* shall preu

close to the front of the box //, in which the tobacco is placed ; h h are two

screws for pressing the tobacco down ; and k a screw, by the turning of which

it is pushed forward towards the cutters. This screw is supported in plummer

blocks / /, and works in a nut fixed in a massive block m, from which two strong

bars proceed to another block in the box g, which presses ttie tobacco forward

by the revolution of the screw. On the axis of the screw is a treble pulley,

driven by a cat-gut band from another pulley o, on the apcis of a, which admiu

Fig. 2.

 

of the velocity of the screw being varied according as the tobacco is required to

be cut fine or coarse. The treble pulley is made to carry round a tcrew by »

sliding clutch p in the axis of the screw, which is kept pressed by a fork lying

in grooves in the clutch.

When the box requires a fresh supply of tobacco, the fork is turned back from

the clutch, and a weight «, which has been wound upon the axis of a winch I

descends, and turning the screw in the reverse direction, brings back the block

to the other end of the box g.

TODDY. A juice drawn from various kinds of palms, by cutting off such

branches us nature intended to bear fruit, and receiving from the wound the ssp

designed for the nourishment of the future crop. This juice being fermented

and distilled with some other ingredients, forms the celebrated spirituous liquor

called arrack or rack.

TOMBAC. An alloy of copper, with about one-sixth part of «inc.

TOPAZ. A precious stone found in Saxony, Bohemia, Siberia, and Braiil,

mixed with other minerals, in granitic rocks. The yellow topaz of Broil

becomes red when exposed to a strong heat in a crucible ; that of Saxony

becomes white by the same process, showing that the colouring matter of each

in not the same.

TOPOGRAPHY. A description or draft of some tract of land, as that of J

city, town, villa, field, &c. as set out by surveyors.
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TORMENTOR. An instrument mucli used in tillage, sometimes for breaking

down the stiff clods, and at other times for skimming the surface turf, for the

purpose of burning, it resembles a harrow in its general appearance, but runs

upon wheels, and each tire is furnished with a hoe or share that enters and cuts

up the ground.

TORPEDO. A sub-marine apparatus, invented by Robert Fulton for the

purpose of destroying ships. It consisted of a vessel or case, charged with

combustible matter, which he proposed to transfix by a harpoon to the bottom

of a ship, by diving underneath it in his " nautilus, " in which he sometimes

remained under water for an hour at a time. Buonaparte employed him to

apply his " infernal machine " to some British ships in the Channel ; but Fulton

failed in his attempts to fix his torpedoes ; whereupon the impatient consul of

the French republic regarded him as a quack, and dismissed him. unjustly

observing, " Cet Americain dtait un chauatan, un escroc qui voulait settle

ment attraper de l'argent."

TORTOISESHELL. The shell of the tortoise, a testaceous animal, used in

the fabrication of many articles of ornament and utility. The comb-makers

and horn-turners of France, Holland, and Germany, make use of the parings

and clippings of horn and tortoiseshell, in the manufacture of snuff-boxes, and

a variety of elegant articles and toys. They first soften the material in boiling

water, so as to be able to press it into iron moulds, and then, by means of heat,

unite them intimately into one mass. Care must he taken that the heat be not

to powerful as to scorch the material ; and grease must be carefully avoided, as

that prevents their union.

TOURNIQUET. A surgical instrument employed to stop bleeding.

TOW. Coarse undressed hemp, or old rope reduced to the filamentous state.

TRAGACANTH. A gum, also called gum adracant, and gum dragon, is

the produce of the above, and some other shrubs. The gum -is brought to us in

long and slender pieces, of a flatted figure more or less ; and these not straight,

or rarely so, but commonly twisted or contorted various ways, so as to resemble

worms. We sometimes meet with it, like the other vegetable exudations, in

roundish drops, but these Are much more rare. It is moderately heavy, of a firm

consistence, and, properly speaking, very tough rather than hard, and is extremely

difficult to powder, unless first carefully dried, and the mortar and pestle kept

dry. Its natural colour is a pale white, and in the cleanest pieces it is something

transparent. It is often, however, met with of a brownish tinge, and of other

colours still more opaque. It has no smell, and very little taste, but what it

has is disagreeable. Taken into the month, it does not grow clammy,

and stick to the teeth, as gum amine does, but melts into a kind of very soft

mucilage. It dissolves in water but slowly, and communicates its mucilaginous

quality to a great quantity of that fluid. It is by no means soluble in oily or

spirituous liquors, .nor is it inflammable. It is brought to us from the island of

Crete, and from several parts of Asia. It is to be chosen in long twisted pieces

of a whitish colour, free from all other colours, which must be rejected.

TRAMMEL. An instrument employed by artificers and draftsmen for

drawing ellipses. It consists of a cross with two grooves at right angles to each

other, and a beam containing two pins that are made to traverse in the grooves

by the revolution of the bar; the bar carries a pencil that describes an ellipse.

TRANSFERRING of engravings and lithographic drawings from the

paper, ou to wood, or other material, is thus performed. The print is first

placed in a vessel of water, until it is completely saturated, which will be in

about live or ten minutes, and then placed between blotting paper to remove

the superabundant water from its surtace. it is then varnished by a brush, and

applied immediately to the wood, which has been previously varnished and

allowed to dry. The print, thus upplied, may be subjected to the pressure

necessary to effect its complete adhesion, by spreading over it a sheet of paper,

and rubbing this with the hand. The paper on which the print was made may

then be peeled oft' by rubbing it cautiously with the moistened fingers, and when

wholly removed, a coat of varnish must be applied to the print. When coloured

prints are to be transferred, an acid solution must ho used instead of water, to

»OL. II. 5 i
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destroy the >izc which exists in the paper. This solution may be composed of

two-thirds of vinegar and one-third of water, and is to be applied only to the

back nf the print. If the article is to be polished, apply several coats of

varnish, allowing each to dry before the application of another ; and then ruk

the surface with a piece of woollen cloth and pumice stone reduced to in-

palpable powder. When the surface becomes smooth, the process may be eou-

tinued with a fine cloth, and the finest tripoli with olive nil.

TRANSPARENCIES. Is a term ordinarily applied to pictures, prepared

with senii-transparent or translucent materials, and illuminated at the back, to

at to exhibit them at night. The art of preparing them in as follows : —

The paper (or other material) must be fixed in a straining frame, in aria

to place it between the eye and the light, when required. After tracing the

design, the colour must be laid on, in the usual method of stained drawing*.

When the tints are got in, place the picture against the window on • pane of

glass framed for the purpose, and begin to strengthen the shadows with Indian

ink, or with colours, according as the effect requires ; laying the colours some

times on both sides of the paper, to give greater force and depth of colour. Tkt

last touches for giving final strength to shadows and forms, are to be done with

ivory-Mack or lamp-black prepared with gum-water, as there is no pigment to

opaque and capable of giving strength and decision. When the drawing "a

finished, and every part has got its depth of colour and brilliancy, being perfectly

•dry, touch very carefully with spirits of turpentine, on both sides, those paru

which are to be the brightest, such as the moon and fire; and those paiti

requiring less brightness, only on one side. Then lay on immediately, witli a

pencil, a varnish, made by dissolving one ounce of Canada balsam in an equal

quantity of spirit of turpentine. Be cautious with the varnish, at it is apt to

spread. When the varnish is dry, tinge the flame with red lead and gamboge,

slightly touching the smoke next the flame. The moon must not be tinted wiih

colour. Much depends upon the choice of the subject. The great point to be

attained is a hnppy coincidence between the subject and the effect produced.

The fine light should not be too near the moon, as its glare would tend to injure

her pale silver light ; those parts which are not interesting should be kept in in

(indistinguishable gloom ; and where the principal light is, they should W

marked with precision. Groups of figures should be well contrasted ; those hi

shadow crossing those that are in light, by which means the opposition of light

against shade is effected,

TREAD-MILL. Is a mill worked by the weight of persons treading upon

the first movement, which is usually a wide cylindrical wheel, having upon iu

periphery a series of projecting steps or boards, resembling those of a watn-

wheel. The weight of the individuals continually climbing these steps, caiws

it to turn round, and put in motion any other machinery, by means of ordinary

gear. Tread-mills are now resorted to pretty generally in this country, as a

means of prison discipline ; and the result has been, that men cannot be futicJ

to work this species of machine out of prison, conceiving the employment to be

degrading. The Chinese raise water by a similar contrivance for irrigation,

TREE-NAILS. Are cylindrical wooden ^pins or bolts, used to fuaten plant*

to timbers, especially in ship-building.

TREPANNING. Is a surgical operation for opening the skull in cases i/

fracture , a description of which does not form n part of the plan of this wurk.

and we only introduce the subject, in order to describe the instrument by which

it is performed, as the principle of its construction may be ndvantageouslr

applied to other purposes, a represents a thin steol tube, the edge of which »

serrated into fine sharp teeth, forming thereby an annular saw ; it is fixed in a

stout brass collar b, which is adjusted to the end of the axis e, and rerolm

therewith, when turned by the winch d. There are three screw supports, c r, IP

the upper and lower plates, which form the frame, and the distance of tfee

plates from each other is adjustable by the screws e e. The end of the axis c

u formed into a pointed drill, and extends a little beyond it.

The case which contains this instrument is provided with several sited annular

nawi, drills, and screws. The surgeons in using this instrument, (after removing
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a portion of the seal]),) cutout a circular piece of bone, the central pin or drill

preventing it from slipping, and the perforation thus niatle by the drill serves

 

afterwards foi the insertion of a screw, by which the removal of the circular

piece of bone is ensured. Access is thus gained under the arch of the skull

for removing the splinters or raising the depressed parts, occasioned by the

fracture. Circular saws of this description have already been applied for

cutting out pillars and concentric cylinders from solid blocks of stone ; and

our mechanical readers will find out many other valuable uses fur the applica

tion of a similar instrument.

TRIANGLE. In geometry, a figure bounded or contained by three lines or

Bides, and which consequently has three angles, from whence the figure takes

its name.

TRIANGULAR-COMPASSES. Are compasses with three legs, whereby

to take off any triangle at once ; much used in the construction of mups,

globes, &c.

TRUCK. A small wheel carriage to be moved by hand ; a species of barrow

with two wheels ; they are made in a great variety of forms, to adapt them to

their peculiar objects, such as the moving of sacks, bags, casks, cases, lead, iron,

copper, stone, &c. &c. To describe those simple, well-known machines, would

be of little utility; we therefore confine our attention to a very ingeniously

contrived truck, invented by Mr. S. W. Wright, and which is employed at the

West India Dock Company's warehouses, for moving and stacking the sugar

hogsheads in tiers ; an operation previously performed by other mechanical

means, and technically called " riding the hogsheads."

a a a shows the frame of the truck, mounted upon four wheels, on which it

runs ; 4 b is the skid upon which the hogshead is raised into the position repre

sented ; c c d d are levers supporting the skid, and turning upon fulcrums at o o,

to which are aUm-hcM two toothed sectors e. e, that are acted upon by two

pinions fixed near to the ends of the axis /.- this axis carries a click-box //,

which is worked by a lever h attached to it: i is a ratchet-wheel on/, / a pall,

acting on the same to prevent it receding; m a bent lever, for lifting by inter

mediate chains, the palls, and click, which allows the skid to descend to the level

of the upper side of the frame a a; n is a handle for men to draw the truck.

There are two ratchet wheels, and two palls, though only one can be seen in the

perspective view given.

A crane is employed to lift the hogsheads upon the truck ; the latter is then

wheeled off to the pile, where the hogshead is raised by alternately raising and

depressing the lever h, which turning round the axis f, causes the pinions fixed

upon it to raise the toothed sectors and levers that support the skid ; a reaction

being prevented by the palls falling into the teeth of the ratchet-wheels as they

turn round. We object generally to an intermitting motion, where a continuous

one can be applied ; and we can see no difficulty in applying it in the present

instance by the introduction of winches in the usual way. Notwithstanding the

slight imperfections that may at present attach to this machine, it must be pro-

uuunced an original and effective contrivance ; and so sensible (it was reported)

were the directors of the establishment before mentioned of the advantages

attending the use of the new truck in their warehouses, as to present the

inventor with the sum of a thousand pound*, over and above the amount of their

contract fur a great many of the machines
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TRUMPET. The loudest of all portable wind instruments ; of which tbert

are various kinds. In their most simple form, they consist of 8 metallic tube,

with a large bell-shaped aperture at one end for the emission of the sound, sm

a mouth-piece at the other, adapted for blowing into it by the lips. See lk<

words Kar-trumpet and Speaking-trumpet.

TRUNDLE. A small wheel with staff teeth ; also called a lantern or

wallower. This term is likewise given to the little carriages more genersTl.v

called Trucks, which see.

TRUNNIONS. The short arms which project from the opposite sides ft '

piece of artillery, on which it is supported in ils carriage, and becomes th»
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Centre of motion upon altering its inclination. Trunnions are also employed in

a, similar manner to vibrating steam-engines, and in a great variety of other

mechanism.

TRUSS. A term applied to many different things. In surgery, it is the

bandage worn round the bodies of persons afflicted with hernia, or rupture. In

sea affairs, it is a- certain combination of pulleys, "to bowse the truss-pendants

taught." In agricultural affairs, it is a certain bundle of hay, or straw, &c.

The truss of hay weighs 56 Ibs., and 36 trusses make a load. In commerce,

there are trusses of other articles, in which the quantities vary.

TUBE. A hollow cylindrical body, made of metal, wood, or any other sub-

ttance ; the term is synonymous with PIPE ; which see.

TUN. A large cask or barrel, which has probably derived its name from its

capability to hold about a ton weight of ordinary liquids ; or the measure of

weight might be derived from that of capacity. A tun of vegetable oil is 236

gallons ; of animal oil, 252 gallons ; of wine, 252 gallons.

TUNGSTEN. A mineral found in Sweden, of an opaque while colour, and

great weight; whence its name,—tungsten, or ponderous stone. This ore was

analyzed by Schule, who found that it was composed of lime, and a peculiar

earthy-like substance, which, from its properties, he called tungstic acid. The

basis of the acid was found to contain a metal, which was named tungsten,

and was obtained from the acid by charcoal.

TUNNEL. An artificial arch or passage under ground. They are employed

as the means of conducting canals under elevated ground ; for the formation of

roads under rivers and canals, and in the construction of sewers and drains, &•<:,,

&c. Tunnels are now almost as common as canals and bridges. Amongst the

many important works of this kind, may be mentioned, the canal tunnel under

Standidge, between Manchester and Huddersfield, which extends under ground-

\ipwards of three miles, and is 220 yards below the surface. The railway tunnel

under Liverpool. The road tunnel under the Thames, at Rotherhithe, which,

although completed only half-way, is an undertaking of great national interest,

and will, whenever finished, prove of great public utility. It is thirty-eight feet

in width, and in the style of a double arcade, as shown in a sectional representa

tion, which we shall have shortly to introduce. The work was commenced in

1825, by the building on the surface of the ground a circular brick tower, fifty

feet in diameter, and three feet thick ; this tower was gradually undermined all

round, and sunk, until it rested on clay, forty feet below the surface ; a wall

was then built from beneath, to meet trie kit I; on which it stood, till from the

depth of sixty-four feet, the shaft was completed, and a well formed seventeen

feet deep, and twenty-five feet diameter, in the centre of the area, to serve as a

receptacle for any water that might collect in the works, and which always

brings it under the command of the steam-engine pumps. The shaft was then

broken through, to commence the tunnel, in which, it is said, considerable diffi

culty was experienced. To give security and confidence to the men in exca-

rating, Mr. Brunei invented a cast-iron shield or frame, of great solidity, so as to

be capable of withstanding an immense pressure. Its extreme dimensions were

thirty-seven feet in width, twenty-one feet six inches in height, and seven feet

in depth, horizontally. This shield was divided into twelve perpendicular

frame*, and each frame subdivided into three stories, called cells oj boxes. The

utility of the framing consisted in its supporting the superincumbent weight, and

in protecting and shielding the workmen employed from accident One miner

worked in each of the stories or cells, consequently, thirty-six men were enabled

to pursue their operations at the same time. Each division had a roof of cast-

iron plates, polished on the upper surface, so as to slip easily over the stratum

of clay which rested upon it j and was supported by two strong cast-iron plates,

called shoes, and which rest upon gravel at the base. The motion of each divi

sion was thus effected :—Each of the miners in the three cells excavated the

ground in front of him, to the depth of nine inches, until the perpendicular

height of the soil in front of the division, which was to be advanced, was exca

vated. He then supported the face of the soil by means of small planks called

polings, and shut them with scvews to the adjoining divisions, which were at
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rest. The next operation consisted in unscrewing and slackening one of the

legs, while the other supported the weight 'of the machine. The slackened leg

was then advanced at two separate times tu the length of nine inches, and then

screwed uptight. When properly secured, the other leg was advanced, together

with the shoes, in the same manner; and the division was then moved forward

nine inches, hy means of two horizontal screws and levers, one at the top and

the other at the lower pnrt of the division. One end of these screws was fixed

in the frame, and the other abutted on the brickwork. Each of the divisions

was moved in a similar manner, until the whole twelve were advanced nine

inches, when the bricklayers immediately followed up with the brickwork and

Dement, building one brick in length in straight joints. This brickwork agaia

formed an abutment for the horizontal screws ; thus the work proceeded, alter

nately moving the machinery forward nine inches, and following it up with a

course of brickwork in cement.

Notwithstanding these ingenious contrivances for ensuring die progress of the

work (which reflect great credit upon the talents of the engineer), an irruption

of water took place on the 18th of May, 1827 ; and as some account of the cir

cumstances attending it may prove of importance to persons engaged in, ar

about to undertake, similar works, we shall here give it from the pages of a pe

riodical journal published at the time.

For several weeks previous to the irruption of the water, it was discovered, by

the frequent descent of pieces of bone, brickbats, coals, &c, from the bed of the

river to the works, that the earth, or rather the mud between the water and the

tunnel, was exceedingly loose, and even at times in motion. Although much

water had occasionally penetrated the works, the engine was found sufficient to

remove it, and the work proceeded with very little interruption, till that time

when the irruption of water between the shield and the brickwork was so great,

as to oblige the men to make a hasty retreat, which they all did in safety. This

irruption, which soon filled the tunnel, was much augmented by the action

of the water on the last row of brickwork, before it was completed, and the

cement had had time to set. On examining the bed of the river, after the acci

dent, with the diving-bell, a spacious cavity was discovered over the spot, which

terminated in a small hole, descending into the tunnel between the shield and

the brickwork, as represented in the annexed sectional sketch. This bole, a*

 

well as a second, which subsequently broke out in another part of the cavil-

was afterwards filled up with bags of clay, and large quantities of loose clay ai

gravel, thus making an artificial bed to the river; and this new-made part w.

protected from the efl'ects of the tide, by a raft thirty-five feet square, skirt,

with a tanaulin, covering, in all, about 8,800 square feet. After a while, U
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artificial covering having sufficiently settled, the water was drawn off by the

engine, and the workings recommenced : after clearing away all obstruction*

before the shield, that piece of mechanism was found to be quite uninjured.

This magnificent undertaking was, however, doomed to a second misfortune, of

a more disastrous character, which took place in January 1 828, and was attended

 

wi:h the lamentable loss of six lives. "The tide had just began to flow," says Mr

Brunei, jun., "and finding the ground tolerably quiet, we proceeded by begin-

in;; at the top, and had worked about a foot downwards, when, on exposing the

next six inches, the ground swelled suddenly, and a large quantity burst through
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the Dpenuig thus made. This was followed instantly by * large IkkIv of vrakr.

The rush was so violent a« to force the man on the spot where ihe hunt took

place, out of the frame or cell, on to the timber stage behind the frames." A

general retreat instantly took place ; but the agitation of the air, by the rush of

water, having extinguished all the lights, confusion ensued ; the timber stage

was thrown over by the torrent, knocking down under it several men, and the

tunnel rapidly filled. Those who could get to the eastern arch effected their

escape, while others were carried by the force of the current to the end of the

shaft. Of eighteen men, besides Mr. Brunei, jun., who were thus placed at toe

mercy of the torrent in utter darkness, six were drowned, and the remainder,

more or less injured, were taken out of the water for the most part in a state of

extreme exhaustion. The foregoing wood cut, which affords a correct represen

tation of the lamentable occurrence, .is inserted principally on account of iti

 

embracing an accurate longitudinal section of the tunnel, and of the mechanism

of the movable shield on the left hand, through the upper part of wbkb ilia
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water fuund entrance ; the arched passages delineated in the hack-ground, repre

sent three of the entrances into the eastern arch, which is a parallel tunnel ;

these arched passages are continued at uniform distances throughout the wlinlu

length of the work. One of the tunnels was intended for the traffic from the

north to the south shore of the Thames, and the other far the traffic from the

south to the north, to prevent interruptions ; a flagged foot-path, as well as a

paved carriage road, being made in both the east and west tunnels, as shown in

the cross section of the work in the lower part of the preceding cut, which we

shall presently explain.

Such was the deep interest taken by ingenious and scientific men for the pro

secution of this tunnel, that soon after the first irruption, Mr. Brunei received,

'according to report,) no less than 260 written plans, which, together with ver-

l»al communications, made altogether 400 proposed remedies for the disaster.

Amongst these there were some which displayed considerable ingenuity; and

the best, according to our information, was the following, which we insert, as the

application of the principle of its construction may hereafter prove of eminent

utility in tunnelling under a body of water. The inventor was a Mr. Garvey,

a modeller, and an active member of the London Mechanics' Institution,

and who, we regret to add, fell an early victim to the cholera in 1832. Mr.

Carrey's plan, as stated by himself, " consists in placing at the bottom of the

river, directly over the part undergoing excavation, a large platform or raft,

with ledges proceeding downwards to fix into the soU, to prevent the water from

entering the excavation."

The nature and operation of this will be understood by reference to the

drawing on page 808, where S S represents a section of the tunnel ; K the mud,

gravel, &c., constituting the bed ofthe river ; A B, the square platform, about twice

the width of the tunnel, consisting of two layers of planks, crossing each other

at right angles, and made water and air-tight by a stratum of artificial leather,

tarpuuling, or other elastic waterproof material, between the layers; G G, and

H H, represent sections of the ledges or rims, which may be made of iron, or

wood pointed with iron ; the platform must be loaded sufficiently to sink in water.

F is apipe for the escape of the air while the platform is descending in the water :

and E is a pump to draw off the water from under it, when it reaches the bot

tom; vv are sliding valves, to be opened or shut at pleasure, by the cords pass

ing over the pulleys m m and n n ; the bent pipes I i are for the escape of the

air or water, from the space between the ledges G and H. When the apparatus

is put down to the bottom of the river, the water is to be removed from under

neath by the pump £, which will produce a very great hydrostatic and pneu

matic pressure on its surface, and cause the points of the ledges, G and H, to

penetrate the bed of the river, and the whole to become firmly fixed in its place.

The cavity M, which extends of conrse all round the raft, is made conical, for

the purpose of compressing the soil between the rims as they are forced down,

and thus preventing the entrance of the water at the edges.

When the apparatus is to be moved forward to a new station, the pump E is

to be converted into a condensing air-pump, by changing the valves ; and air is

to be forced nnder the raft till it is disengaged from the bottom, when it can with

facility be movedforward in the water, and sunk as before.

When the bed of the river is very irregular and gravelly, it may be necessary

to dredge it, and put down clay in some parts before the platform is brought to

its place.

Having described that which is stated to have been the best of the

rejected plans, (as acknowledged by Mr. Brunei to the inventor of it, the late

Mr. Garvey,) we shall proceed to notice that which was unfortunately adopted

in preference. The concavity in the bed of the river, and the hole through

which the water rushed into the tunnel on the 18th of May, was first filled with

clay, bags of clay and gravel ; a large fiat wooden raft, (without ledgei,) was

then sunk over the new-made ground, to prevent any .sudden displacement of it,

and by that means afford a full protection to the workmen, when they might

recommence excavating underneath. The water, however, found its way under

the raft, and the powerful engine and pumps were employed for a considerable

VOL. II. 5 K
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period without lowering the level of it in the tunnel. Tlte works were about

naif emptied of the water, when the force of the tide raised up one tide of iW

raft, threw off the weights which had kept it down, when it floated up to tb«

surface of the river. The ground in another part contiguous te the former bole

now gave way, and the tunnel was again filled with water. Fresh quantities of

clay and bags of clay were then employed to fill up the second hole; and the

enlarged dimensions of the former, occasioned by a settling or movement of tht

artificial ground, was also filled up to a level with lUe natural bed of the riter.

The clay was covered with a stratum of gravel, and this by a large and vrrj

thick tarpauling, which was kept down by cast-iron kintledge; another layer

was thrown over the whole, to keep it as closely together as possible. Although

this plan has proved an effectual remedy as far as it has been applied, the repetition

of such remedies, whenever quicksand may be met with, or irruptions formed in

the future progress of the work, must be attended will) a wasteful expense: vi

therefore submit that Mr. Garvey's plan deserves the preference, as it may be

shifted from place to place, as the work proceeds.

The lamentable accident which we described was also productive of IB

excellent plan from an eminent member of the London Mechanics' Institution,

which consists in introducing, a few yards behind the workmen, flood-gates, so

constructed, that the lower parts of the gates will be first shut by the water

issuing in at the place where the work is carried on ; and when the waters riie

nearly half way up, then to shut the middle parts of the gates ; and when it rises

near to the top, to shut the top pans of the gates. This arrangement would

afford all the workmen time, who could reach so far as the flood-gates, to get safe

out, and prevent the tunnel from being filled with water. This plan would o*t

only tend to obviate much of the danger to be apprehended by the workmen,

but greatly diminish the enormous expense consequent from such an accident.

The small space between the shield and the flood-gates would soon become filled

with mud and sand, and the bed of the river might then be soon made geoj

from above, as then there would be no liability of the materials put down for

that purpose being loosened, and removed, by the periodical ingress and egreu

of the water during the rise and fall of the tide. The cut on the next pagt

exhibits a transverse section of the tunnel, with the gates, &c.

I-'t'i. 1 represents a front view of the gates, with those on the right hand

or eastern arch entirely closed, those in the other arch having been Itepc

open for taking through the clay and building materials, as the excaratna

proceeds. In order to make the plan better understood, the water is repre

sented as coming in, which, having just closed the lower pair of gates, is in

the act of shutting the middle pair, while the upper pair is represented aa stand

ing open.

The lower pair of gates are beveled off to an acute angle, which termi

nates at the outside of the upper edge ; and to correspond with this, the lower

edges of the middle gates are beveled off in a contrary way, to lap over the

others, as exhibited in the drawing. From this arrangement, it will be

perceived thai the middle gates will be partly in the water before it rum

over the lower gates ; and hence, the second gates will be shut as soon as thr

water begins to run over the first The same arrangement is made with respect

to the middle and tipper gates, except that the upper edges of the latter are

beveled to an angle on the inside, to fit a contrary bevel on the top of th*

gateway. It may be here observed thnt none of the flood-gates are made to

open so far back as to become parallel with the side of the tunnel, conse

quently they are always in a situation to be acted upon by the water; vA,

that the whole of the gates, as well as the framework in each arch, m«t

in the middle of the arch, as flood-gates on canals do, at such an angle at to

aii'nrd the greatest resistance to the pressure of the fluid. To prevent the tot-

ward lateral pressure of the sides of the framing against the brickwork, and the

injury it might thereby sustain, the opposite sides of the framing in each arch

are connected by tie-beams, similar to those used in roofing.

It will not be necessary to make the whole area of the arch Co open, as a

comparatively small opening will be sufficient for conducting the operation at
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the miners. The opening gates are therefore represented si occupying only

small portion in the middle of the strong framing which fills up the arch.

Fig. 1.
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It will of course be of the greatest importance that the threshold, or cells,

against which the bottoms of the first gates shut, and for that purpose the por

tion of the road- way which passes through the gates, is so balanced and nip-

ported, that a very small portion of water accumulated under it will disengage

its supports, and project part of the road-way or platform outside of the gates.

The threshold may be further secured, if necessary, by a covering of car.-. . ,

so attached to the gates as to be rolled off by them in the act of shutting.

The joinings between the frame and brick-work, as well as the joinings round

the gates, are made air and water-tight, by triangular packings of leather or

other soft material, which are drawn into the crevices by a series of screw-bolu

through to the outside of the gates, where the workmen can, at their leisure,

screw the packing up after all the gates are shut.

The method of moving the gates forward, and of securing them in their

places, is shown in Fig. 2, where / represents a vertical section of a set of flood

gates, supported in its place by three pair of strong beams, represented at t,

fastened together at r ; the other ends of these beams are attached to the Bood-

Fig.2.

 

gates, three on each side, at a small distance from the edge. The piece r

rests upon a friction-roller or small wheel, and against a powerful screw-jack .

which is supported by the abutment p, fixed into the bottom of the tuunel, and

kept in its place by the vertical beam q.

When the gates are to be moved forward, the triangular packing round the

edges of the frame must be released, and moved back, bv unscrewing the bolts,

which keep it in its place, and then the gates are forced forward on the smooth

supports, on which they rest, by the screw o ; and when they have been moved

to their assigned place, the screw is returned into its box, and the abutments

are brought up, and the whole apparatus again properly secured.

The box represented to the left of the eastern arch is sufficiently capacious

to hold two or three men ; it is provided with two doors, one of which opens

into the box, and the other into that part of the tunnel which would be full of

water when the flood-gates are all closed. The use of this box is for a man,

harnessed in James's diving apparatus, to enter the part filled with water, for

the purpose of exploring and examining the works, and bringing out any tbinr.

of importance, requiring to be removed from the water. The man, having pro

vided in his diving apparatus a sufficient supply of nir for the time he intends

to remain in the water, enters the box, and close? the door ; he then, by means

of a stop-cock, admits ihe water into the box, when the door between the box

and the interior can be easily opened to admit him. In coming out, he his

only to re-enter the box, shut the communication between the box and the inte

rior, and then, by a stop-cock, let the water contained in the box issue into tb«

open part of the tunnel.

This may be repeated as often as occasion may require, with very little
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escape of water, and with perfect safety to the diver; for the ingress of the

water being entirely prevented by the flood-gales, it will be perfectly quiescent

within them, and no danger is to be apprehended from a change or derange

ment of any part of the works taking place during the miner's inspection. The

small space between the shield and flood-gates would soon be tilled, when all

would become stationary ; and consequently the principal cause of damage to

the works, the rushing of a large quantity of water with great violence, would

be removed. If it should be objected, that the time occupied in filling the space

between the gates and the shield would be too short to allow the workmen to

escape ; it may be answered, that very little time would be required for all the

workmen to get outside, where they would be perfectly safe, and might leisurely

view the progress of the water in filling the space, and closing the gates : besides,

an irruption of the water, under such circumstances, would be of so little conse

quence, that there would be no occasion for detaining the men in attempting to

••top the torrent, till their lives are in danger. The water within being perfectly

still, the bed of the river might be made good, the water pumped out, and the

work might be going on again, in the course of a day or two alter an irruption,

if checked by such means as are herein described.

At the period we are writing, (February 1835,) the work at the Thames

tunnel is at a stand. A brick wall has been completed at the further extremity

of the excavation, which is made water-tight, and the interior of the tunnel is

as perfect as though no accidents had happened.

TURF. A mixture of earth with the roots and leaves of plants, partially

decomposed ; it is used as fuel in many parts of the country. See PEAT.

TURMERIC, or INDIAN SAFFRON. A root brought from the East Indies*

and employed in making a yellow dye. The colouring matter it yields is very

abundant, and of great brilliancy of tint ; but it possesses no durability, nor

have any mordants yet been discovered sufficiently powerful to fix it. Common

•alt and ammonia have been recommended for this purpose ; but they are

found to deepen the colour, and incline it to brown.

TURNING. The art of giving circular and other forms to solid substances,

in the fabrication of innumerable articles, by the aid of a machine called a

lathe. There is perhaps no contrivance with which human ingenuity has aided

the dexterity of the mechanic more entitled to our admiration than the lathe ;

especially when we take into the account all the improvements it has undergone,

from its simplest and most ancient form in the potter's wheel, to that adaptation

of varied and complex mechanism, by which not merely circular turning of the

most beautiful and accurate description, but exquisite figure-work, and compli

cated geometrical designs, depending upon the eccentric and cycloidal

movements, are daily produced.

The operation of turning differs very essentially from most others, in the

circumstance, that the matter operated upon is put in motion by the machine,

and is wrought by means of edge tools, presented to it, and held fast; whilst in

most others the work is fixed, and the tool put in motion. In ordinary

turning, the work is made to revolve on a stationary straight line as an axis,

while an edge tool, aet steady to the outside of the substance in a circumvolution

thereof, cuts off all the parts which lie farthest from the axis, and makes the

outside of that substance concentric with the axis. In this case, any section of

the work made at right angles to the work will be of a circular figure; but there

are methods of turning ellipses and various other curves, distinguished by the

uame of engine-turning.

Lathes are made in a great variety of forms, and put in motion by different

means : they are called centre ItiUtes where the work is supported at both ends ;

mamtrel, spindle, or chuck lathes when the work is fixed at the projecting

extremity of a spindle. From different methods of putting them in motion,

they are culled /jofc-lathes, and hand-wheel lathes, or foot-l&llies ; for great

works they are turned by horses, and water-wheels, but more generally by steam-

engines. The lathes used by wood-turners are usually made of wood, in a

*imple form, and are called tarf-lathes ; the same kind will serve f<<r turmug

iron and brass : but tin- best work in metal is always done in iron-lathes, which
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are usually made with a triangular bar, und arc called iar-latlies. Small ones

for the use of watch-maker?, are denominated lurn-benciet ; but there is no

essential distinction between these and the centre lathes, except in regard to

size, and that they are made in metal instead of wood, and the workmanship

being more accurate and better finished.

The centre lathe is now very little used but by country turners, to mike

articles of household furniture in soft wood, as table-legs, staircase-rails, bed

posts, &c. It consists of the following parts : 1st The bed, which is composed

of two beams bolted together at a small distance asunder, and parallel to each

other ; it is supported horizontally on legs at the ends, and forms the support of

the whole j the groove is the narrow opening between the two halves or cbueb

of the bed, to receive the tenons of the puppets, which are two short upright

posts fastened down upon the bed at any place by means of wedges, driven

through mortices in the tenons of the puppets beneath the bed ; one of the

Imppets has a pike or pin of iron fixed into it, and the other one has at the same

evel the centre-terete, working through a nut fastened in the puppet ; both tbe

screw and the pike have sharp points made of steel, and hardened and

tempered that they may not wear away ; they must be exactly opposite, and in

a line with each other. The piece of wood which is to be turned, suppose, for

instance, a pole of wood, is supported by its ends between the point* of lie

pike and the screw, that it may turn round freely, and the screw is screwed up,

till it has no shake. The puppets can be placed at any distance asunder,

according to the length.

The rest is a rail or bar, extending from one puppet to the other, for the

support of the tool ; it lays in hooks projecting from the faces of the puppets;

the work ia put in motion by means of the treadle, which is worked by the

turner's foot ; the string or cat-gut is fastened to the treadle, and passing two or

three times round the work, it is fastened to the end of an elastic pole, fixed to

the ceiling over the turner's head: now as the turner presses the treadle do«n

by his foot, the string turns the work round, and a sharp chisel or gouge, being

held against the wood upon the rest, will cut the wood to a circular form.

When he has brought the treadle to the ground, he releases the weight of his

foot, and the elasticity of the pole draws up the treadles, fuming the work back

again ; during which retrograde motion he withdraws the chisel from the work,

as it would not cut in this direction through it, and might impede the motion

of the wood; and the pole is fastened to the ceiling of the room, where the

lathe is placed by a pin. upon which it can be turned about as a centre, and it

rests upon a horizontal bar fixed at some distance from the centre : it is placed

in a position nearly perpendicular to the axis of the work, so that, when it is

turned upon its centre pin, the string at the other end may be brought over any

part of the length of die work where it will be most convenient for the turner

to have the string put round it : in the same manner the end of the treadle is

placed, with one end over a centre pin in the floor, that its opposite end may be

moved under the work to the proper place for the string. It is held in

this position, while moving up and down, by a second treadle, perpendicular

to the first, which moves in a loose centre on the floor at one end, and the other

is perforated with a number of holes to receive a pin fixed in the first

treadle, and thus to confine the treadle to move up and down under any

place it is set to : the end of the principal treadle is turned in the lathe, and

made like a pulley, to hold the line or string which is wound upon it, and

the turner winds the string on or off this end of the treadle, to adjust its

length to the diameter of the work round which the string passes ; the string

is fastened to the end of the spring-pole in a similar manner. The workman

stands, or is seated before his lathe, having one of his feet on the treadle, to

give the motion ; it must be very moderate and equal ; he places his tool on

the rest, and approaches the head of it gently to the piece, performing his work

gradually without leaving any ridges, and when he meets with a knot, he must

go on still more gently, otherwise he would be in danger both of splitting bis

work, and breaking the edge of his tool. For turning light work, a bow, such

as is used for shooting arrows, is suspended by its middle over the lttbe; U»o
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string is then tied to the middle of the bow-string instead of the pole, and acts

in the same manner. The continued rotary motion given by a wheel is so

much superior for turning to the reciprocating motion of a treadle and string,

that regular turners seldom make use of the latter; yet the simplicity and

cheapness of the whole is a great recommendation, especially among country

workmen, who are not so careful of their time as in the towns, wliria

competition obliges every ene to use the best and quickest means of despatch

ing his work.

The common centre-lathe becomes a powerful machine when worked by

means of a large wheel, turned by one or more labourers ; the wheel should be

heavy, that its momentum may be sufficient to overcome any trifting obstacle in

the work, and the frame in which it is mounted must be of sufficient weight to

stand steady, and not be liable to move by the exertions of the man turning it.

An endless line is used to communicate the motion of the wheel to the work ;

it passes round a groove in the circumference of the wheel, and, after

crossing like a figure of S, goes round a small pulley fixed upon the work ; by

this means, when the great wheel is turned, it gives a rapid rotary motion

to the matter to be turned, and with a much greater power than can be

obtained from the treadle, with the additional advantage of the work turning

always the same way round, so that the turner has no need to take his tool off

the work ; the small pulley is perforated with a square hole, to receive a square

made on the end of the work, and the turner has many different pulleys, each

with a different sized hole through it, to suit work of different diameters; but

there is an inconvenience attending this method, for if the four corners of the

square on which the pulley is fitted be not all equally distant from the centre

of the work, the pulley will not turn round truly, and the band will be liable to

slip round upon it. To obviate this, the pulley in the annexed figure is often

  

used 4 it has a square hole through it to receive the work, and is made to fit upon

it by means of four screws a a a a, passing through a part of the wood by the

side of the pulley, and their point pressing into the work ; in this manner one or

two pulleys can be made to serve work of any dimensions, and can always be

set truly upon it ; it has, as shown in the edge view, two different sized grooves,

in either of which the band may be worked when required

There is a kind of centre-lathe, which is generally employed by millwrights

and Jroji-founders, in turning heavy metal work, such as the gudgeons of mill-

shafts, rollers for sugar or rolling-mills, pump-rods, which are to pass through

stuffing-boxes, or, in short, any work which will admit of having both its ends

supported on centres ; it is in many respects similar to that we have described,

but is adapted to give a continued rotary motion to the work ; it has legs which

support it from the floor, and the bed is formed by two parallel beams or cheeks,

bolted to the legs; one of the legs stand up above the bed to support the main,

or left-hand centre point, instead of having a puppet on purpose. The centre

pin is fastened into it, by a nut and screw behind, and upon this pin two wooden

pulleys are fitted side by side, close to each other, so that they appear but one ;

either of these, at pleasure, is caused to turn round by means of an endless strap,

pijing round a drum, extending over head or under the floor, and which is

turned by horses, or a steam-engine ; the strap being only the breadth of one of

the pulleys, will turn but one of them at a time, but it can easily be shifted

from one to the other at pleasure, and then the other will stand still The front

oue of these pulleys gives motion to the work.
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The back puppet is fixed upon the bed of the lathe, by a tenon projecting

downwards, and entering the space between the twu chucks of the bed ; it ii filed

at any place, by means of a screw-bolt, which passes down through the puppet,

and goes through a piece of iron, which takes its bearing on the under side of the

bed; a nut is fitted in this screw, and thereby the whole puppet can be dram

down upon the cheeks so firmly that it will not move by any strain the work

may occasion : the hack puppet has a buck centre screw, which has a steel point

to support the work.

The work is turned about in this lathe by means of an iron pin, projecting

tome inches from the flat surface of the front pulley, which, as before mentioned,

is fitted on the centre point : a piece of iron, called a driver, is screwed upon

the work near its left hand end, so us to project perpendicularly from it, and tht

.pin in the pulley intercept* this as it turns, carrying the work round with it

The other pulley, which is fitted on the centre pin, is only of use when tht

lathe is wanted to stand still, in the same manner as the live and dead pnllejt

med in cotton-mills. When the workman wishes to put the lathe in motion,

he presses the handle of his tool, or any other smooth piece of wood, against [he

edge of the endless strap while it is in motion, and pushes it towards the front

pulley ; in a very short time the strap will get completely on the pulley, and

shift itself to a fresh place on the drum corresponding to the pulley ; this cvats

the pulley to turn round, and by the pin pushing round the end of the drirer

screwed on the work, communicates its motion to the work to be turned. When

he wishes the motion to cease, for the purpose of examining his work, be pushes

the strap back again on to the other pulley, which has no communication with

the work, as it slips freely on the centre pin : the driver is simply an ircn ring,

.having a screw tapped through one end of it, to pinch the work to fast as to

.prevent its slipping.

The side opposite the screw should be angular, that it may fit any stud

work ; this driver may be fixed on either end of the work, while the other it

turning, but when it is necessary to fix the driver on that part of the work

which is finished, the end of the screw is apt to pinch and bruise it ; it a

therefore proper to use a driver composed of two bars of iron screwed together

by two screws, passing through one bar tapped into the other ; both bars are

somewhat hollowed out in the middle, that they may encompass the work. If

this should be found to injure the work, a piece of sheet-lead wrapped round it

before the driver is put on, will prevent the possibility of its damaging tke

work, and if the screws of the driver are drawn very tight, it will carry the

work about with sufficient force to bear turning.

The manner of mounting and giving motion to a piece of work in the centre

.lathe is thus :—the buck puppet is first fastened on the bed of the lathe, at the

proper length to receive the work ; the workman then places one of its endi

against the points of the front centre, with the points as near the centre of the

'work as he can guess ; he then brings the centre of the other end of the work

opposite the point of the centre screw, and screws it up so as to bold the work

just tight enough to prevent its fulling down. In this state by turning it round

by one hand, while he holds a piece of chalk against it with the other, he finds

whether it is pitched nearly concentric on the points ; and if it varies much any

points, he turns back the screw and tries again, observing to shift the centre-point

nearer towards that side which appears to project farthest in revolving, and there

fore gets marked with the chalk. When he has found the true centre, he term

up the point so hard that it may mark the end of the work ; then, taking tbe

work out of die lathe, be punches or drills holes in the end, where the sere*

and centre points have marked, and when the work is returned into the lathe

it will run nearly concentric ; the driver being screwed fast on either end of the

work as is most convenient, the work will be turned round by the pin pro

jecting from the pulley as before described. The turning of heavy iron-work,

for which these lathes are used, is performed by various tools chiefly called

books, but these will be further described.

The centre lathe will perform any kind of work which can be turned upon

centres made in the ends of it ; but a great portion of tbe article* formed in U*
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lathe, must have one of their ends at liberty, to be operated upon while they are

turning, as cups, boxes, and all kinds of hollow articles ; these are turned in

Thefoot lathe, with mandril and collar.—A lathe of this kind serves equally

well for centre work ; therefore if the professed turner is without a mandril lathe,

one of these constructed in the simplest and most economical manner, and chiefly

of wood, that the, artificer may be enabled to make it himself, is shown in the

annexed figure.

fig.l.

 

It ia put in motion by a foot-wheel and treadle, so that the turner has both

hands at liberty for directing the tools. A is the bed of the lathe, consisting

of two beams or cheeks, fixed parallel to each other, and leaving a small space

Bg. 2. F,g. 3.

 

between them, as shown in Fig. 2. The bed is supported by three upright legs,

as shown in the figure ; one of these projects above the bed a sufficient height

to form one of the puppets C, for the support of the extremity of the spindle or

mandril e E ; the other end is supported in a collar fixed in an iron standard

or puppet B, which is screwed down upon the bed, by two bolts marked 1 1. The

back puppet D has a tenon which is received through the bed, by^which it can

VOL. II. I L
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be fastened at any place ; / is the back centre pin, fitted through the puppet ;

and g is a screw situated behind it, to advance and keep it up to his work. The

mandril is turned round by a band of cat-gut passing round the pulley c, and

also round the large foot-wheel G, which is made of cast iron, and fixed on the

end of the axis H ; this is bent as in the figure, to form two cranks, united by two

iron links to the treadle I, on which the workman presses his foot ; this treadle

is affixed by two short boards to an axis on which the treadle I moves. The

wheel G is of considerable weight in the rim, and being wedged fast on the aiis,

turns round with it ; it is the momentum of this wheel that continues to turn the

work while the crank and treadle are rising, and consequently while the work

man exerts no power upon them. When the crank has passed the vertical po

sition, and begins to descend, he presses his foot upon the treadle, to give the

wheel a sufficient impetus to continue its motion until it arrives at the same

position again.

The length of the iron links, which connect the cranks with the treadle I,

must be such that when the cranks are at the lowest, the board I of the treadle,

to which the links are hooked, should hang about two or three inches from the

floor. The turner gives the wheel a small turn with his hands, till" the crank

rise to the highest, and pass a little beyond it, then by a quick tread he brinp

the cranks down again, putting the wheel in motion with a velocity that will

carry it several revolutions ; he must observe to begin his next tread just when

the cranks pass the highest point, and then it will continue running the same

way with a tolerably regular motion, if he is punctual in the time of his treads.

The rest which supports the tool while it is in the act of turning, is made

of iron, as shown in Fig. 2 ; it is supported on the bed of the lathe by its foot,

which is divided by a groove in the manner of a fork, to receive a screw bolt,

going down through the lathe-bed, and fastening it at any place along it br

a thumb-nut ; the groove in the foot is for the purpose of allowing the rest to

be moved to and from the centre of the lathe, to adjust it to the diameter of the

work which is turning. The height of the rest is of some importance in turn

ing ; and for some work it should be fixed higher than others ; therefore the shank

of the cross piece, or T, upon which the tool is laid, is received into a socket in

the foot of F, and can be held at any height by a screw. As the socket is cylin

drical, the edge of the rest can be placed inclined to the axis of the work, wb.es

turning cones, or other similar work ; though the same purpose may be accom

plished by the screw which holds the foot of the rest down to the bed of the

lathe, admitting it to stand in an oblique direction.

The mandril or spindle is the most important part of the lathe; it is made of

iron, in the manner shown at Fig. 3 ; hut the two extremities are'of steel, which

are hardened after being turned and finished ; the small end has a hole made in

it to receive the point of a screw, which, as shown at e, Fig. 1, supports the end

of it ; the other end of the mandril is made larger, and has a hole within it, cut

with a female screw, for the purpose of fixing on the various chucks by which

the work is turned ; the outside surface of the end is turned extremely true, and

is fitted in a brass collar at the top of the standard B ; one of the bolts, marked

t, which fasten the standard down, goes through a stout iron plate, situated be

neath the bed, passing between the two wooden cheeks. In the top of the

standard is a square hole, for the reception of two pieces or dies of brats

which include the mandril between them ; these are kept in their places by

a piece of iron t, fastened down by screws 11; and m is a screw tapped

through this, which presses the two dies together, and thus adjusts them

to receive the neck of the mandril without any .shake. The screw which

supports the other extremity of the mandril fits in two iron or brass nuts, which

are let into the back and front of the wooden puppet C, and by turning this, the

mandril can be adjusted to run very correctly in length ; to prevent the sen*

from turning back when the lathe is in motion, a nut is placed on the screw

outside of the puppet, and after the screw is turned by its head to fit and bald

up the mandril, the nut is screwed firmly against the nut which is let into the

outside of the puppet ; this causes such a pressure upon the threads of tbt
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screw, that it is in no danger of turning back, as it would otherwise be liable to

do with rough work.

The mandril by this means runs very steady and accurately in its hearings ;

and it is plain that any piece of work being firmly attached to the end of it, by

means of the screw before-mentioned, may be turned by a tool held over the

rest, in the same manner as if it was mounted between centres, but with

the advantage that it be turned at the end, to make hollow work when required.

The foot-wheel causes the mandril to revolve very rapidly, so that it will

perform its work very quick, and the workman must acquire a habit of standing

steady before his work, that he does not give his whole body a motion when hii

foot rises and falls with the treadle I.

The tools used in turning are numerous, and for the most very simple ; they

consist chiefly of chisels and gouges, and hooked tools, with edges differently

beveled, so as to adapt them to their peculiar objects ; tools with serrated edges

for cutting solid and hollow screws ; callipers of several kinds, gauges, oil-stone,

&c. To describe all these things and their peculiar uses, would occupy too large

a space ; we therefore proceed to notice some of the more important apparatus

and improvements which have been of late years made in lathes, and with which

some of our readers are perhaps not yet acquainted.

A very elegant and useful lathe, especially for amateur turning, was many

years ago made by Mr. Henry Maudslay, of London. The most important

feature in this improved turning machine, was the substitution of a triangular or

prismatic bar, upon which the rest and centre puppet are constructed so as to

slide, instead of sliding between parallel rectangular cheeks, as in the last we

described. Since the first introduction of this lathe, (about 30 years since,) the

triangular bar has been universally applied in lathes of the best kind. Some

of the appendages introduced with Maudslay 's lathe are particularly deserving

of attention.

The first we shall describe is the universal chuck, of which the subjoined

figure will convey an accurate conception.

At a is a hollow screw, at the bottom of which

is another screw, b b, which is prevented

from moving endwise by a collar in the mid

dle of it. One end of the screw is cut right-

handed and the other left-handed ; so that by

turning it one way, the nuts c d will recede

from each other, or by turning it the contrary

way, they will advance towards each other.

These two nuts pass through grooved open

ings in the plate e, and project beyond the

same, carrying jaws like those of a vice, by means of which the substance to be

turned is held.

Another very important and useful appendage to Mr. Maudslay's lathe, was

his glide rest, which instrument is now universally employed in the best kind

of lathes, for turning the faces of wheels, hollow work, and numerous other

purposes. Since its introduction it has received many valuable modifications.

It a represented in the subjoined engraving. At a a is a triangular opening

to receive the triangular bar before mentioned, which is closed against the lower

surface of the bar by means of clamps and screws, not represented. The tool

for cutting is fixed in the two holders b b, by their screws ; these holders are

fastened by a sliding plate c, which can be moved backward aad forward by the

screw d, causing the tool to advance or recede. When it is necessary, as the

turning of the insides of cones, &c., that the tool should not be parallel to the

spindle of the lathe, the screw at e, and another similar one behind, must be

loosed, so as to allow the circular plate under the box /, to turn upon its centre.

Near the four upper corners of the lower portion of the rest are small projec

tions, two of which </ g are seen ; they have inclined sides, and fit into corre

sponding angular openings h h of the upper part of the instrument, which slides

or rises between the piece i and the base k, in such a way as to prevent any

other than a vertical motion. When this slide tool it placed on the bar to be
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used, the distance from the centre is adjusted by the screw L, which mores tbt

slide m in its groove, and all the apparatus upon it; while by the screw n the

slide may be moved in a direction perpendicular to the bar, and the projection*

acting in the slits h h, the plate o will be raised or lowered as required.

 

Such lathes as we have already described, are not well adapted to the turning

of long rods and cylinders, such as are required in large steam-engines snd

various massive machinery, on account of the necessity of repeatedly .shifting

the rest, and the difficulty of keeping the work perfectly uniform in thickness

through a considerable length. Engineers therefore facilitate the turning of such

surfaces by means of another machine called a slide lathe, by which the work

is performed with great ease and exactness. The principle of this invention

consists in so constructing and attaching the body or carriage of the rest, that

instead of being screwed down to one place during the operation of the tool)

and requiring to be advanced at intervals as the work proceeds, it shall «lid«

along the surface of the bench in a direction parallel to a line drawn through

the centre of the spindle. At the same time the tool, instead of being merely

held upon the rest with the fingers, is firmly fixed in its'proper position by screws,

so that it can neither be driven off without taking effect, nor yet be drawn by

its keenness so as to spoil the work. The whole is managed in such a way thai,

as the iron to be turned revolves between the centre points, the rest, with its

cutter or chisel advances slowly along in a certain direction, so as to produce »

perfectly level rod. But besides the exactness attainable by this method, there

is likewise the advantage of economy ; as one man, who would with hard labour

apply the tool to cne point at once at a common lathe, may easily attend to, and

keep in work, two or three slides.

The degree of velocity with which the surface of an article being turned,

ought to pass the edge of the tool so as to be cut by it, differs materially in rela

tion to different metals. Cast-iron, in consequence of its open grain, and

containing as it generally does many impurities, is required to revolve very

slowly, so as to pass the edge of the cutting tool only at the rate ofabout 1 00 feetper

minute ; wrought iron and steel are usually turned when revolving at a rate of

about twice as quick ; and brass cuts well when coming in contact with the

chisel at the rate of about 300 feet per minute. To produce the requisite

velocity according to the material or size of the work, pulleys of di&rtr.i

diameters are fastened on the spindle, as already stated ; so that the larger the

work, the larger the pulley, and vice versd.

Mr. Ibbetson, an amateur turner of great celebrity, and the author of a pretty

book on eccentric turning, has made many improvements in the mechanism f<*

ornamental turning; his eccentric chuck is exhibited in the annexed figure.

a a is a plate of brass of sufficient solidity, on which are fixed two slides o>

steel b b, by means of screws; the holes which admit the screws are made »
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little oval to enable the slides to move nenrer to, of farther from, each other, if

necessary ; e c c c are four pieces of metal firmly fixed to plate a, and having a

screw in each, which presses on the slides b b ; d is a plate of metal or brass,

sliding between b b in a dovetail, and must be made to fit very accurately when

 

the slides are parallel to each other, and is moved between the slides by means of

a screw working in a slot made in the plate a, and which regulates the

eccentricity, as it moves the plate d, either nearer to, or farther from, the centre

of the chuck, e is a circular plate, whose edge is cut into teeth, and which is

capable of being turned round its centre, and is held in any position by the

catch g, which falls in between the teeth, and is held in its place by a spring h.

On the centre of the wheel « is fixed a screw/, (exhibited by the shadow thrown

on the wheel,) whose threads correspond with the screw of the mandril of the

lathe, for the purpose of fixing any chuck, on which is fastened the substance

to be .turned. To this chuck Mr. Ibbetson has adapted a slide-rest, of .1 peculiar

description, as well as his lathe and other appendages thereto, for an explanation

of which we must refer the reader to his wcrk, entitled Specimens in Eceentrie

Circular Turning, with Practical Instructionsfor producing corresponding Piecei in

that Art, published by Wetton, Fleet-street. This work is illustrated by upwards

of sixty copper-plate engravings, and imitations of wood-cuts of a superior

description ; and it is due to the ingenious author not to omit noticing, that

they were all produced in the lathe by hinaelf. In the following page we give •
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copy of two of the figures of the simplest combinations of circles, to which, as *eH

as to all others, the author has annexed plain practical instructions, so that the

 

 

novice may proceed step by step to produce the same figures by turning; the

screws of the slide-rest and the eccentric chuck through prescribed spaces; and

from these simple figures, by similar successive operations, he may proceed to

the most elaborate and beautiful designs.

Fig. h

«*^3/K

 

We shall now add a description of Mr. W. E. Wigbtman'a (of Maldon, '«•

Yorkshire) excellent lathe, as explained by himself in a periodical journal,
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feeling assured that it may prove of the most eminent service to mechanics, as

the arrangements are extremely simple and easily understood, and the con

struction such as any tolerable workman can accomplish, and avail himself of

the advantages it offers, at a moderate cost.

" Fig. 1 represents the lathe, with the cutter-frame fixed in the compound

sliding rest, ready for use. A, the triangular bar on which the machine is

mounted. B B, two pillars, which support the bar ; the parts b b fix it to the

lathe-frame. C, the left-hand head ; D, the pulley ; E, the mandril ; e, the

screw on which the chucks are fixed ; F, the cutter-frame ; /, the cutter ;

G, two wheels, which give a slow motion to the cutter-frame ; H, the rod

and handle of the slow motion ; I I, two heads or puppets, in which is fixed

the spindle K, of the cutter-frame ; L, a bar of steel, on which the puppets

are fixed, and which also fastens the cutter-frame to the compound sliding rest,

by passing it through a hole in the tool-frame, as will be seen, on reference to

the figure, the part y removing for the purpose ; M, a groove turned on the edge

of the cutter-frame, for the string N to work on ; O represents the frame for

double stringing the lathe ; P, a movable pulley, whereby it may [be fixed per

pendicularly over the cutter-frame ; Q, a weight attached to a pulley behind

the bar, for keeping the string N tight; HER, the pulley's string and weight

connected with the frame O, for double stringing the lathe ; T, the index to the

division-plate ; S, one of two screws for changing the rectangular position of the

compound sliding-rest to an oblique. S, Figs. 2 and 3, represents the slide of

the cutter-frame ; and h, Fig. 3, the screw, whereby the slide is moved ; g, the

screw for fastening the cutter. Fig. 2, is an enlarged view of the cutter-frame,

when removed from the rest. Fig. 3, represents the face of the cutter-frame.

Fig. 4, the back of it, with the wheels of the hand-motion. The letters refer to

the same parts in all the figures.

" This machinery is intended to supersede the use of the eccentric chuck, by

assuming a more natural and easy method of engraving, by the tool or cutter

tracing the work, instead of the article doing it, that is to be ornamented. By

this improvement, the action of the tool is more distinctly seen, than could be,

by the movement of the chuck, especially after a few circles have been cut;

for, by their rotation, the eye (particularly of an amateur) is soon fatigued, and

yet to these inconveniences a turner must continue to submit, if no better

method could be contrived.

" The principal advantages of the present invention, are the following. At a

comparatively trifling expense, (to the costly machinery now in use,) a turner

may be put in possession of an apparatus, which will answer all the purposes of

eccentric and cycloidal turning, and which will, at the same time, form a com

plete drilling frame. As an apparatus intended to supersede the use of the

eccentric chuck, it combines many advantages, amongst which, three may be

mentioned that are of importance:—1st, As all patterns are worked by the

divisions of the plate on the small wheel of the lathe, a much more extensive

variety of circles can be obtained, than could be by the divisions of the eccen

tric chuck. 2d, By slackening the screws s a, in the large slide of the compound

sliding-rest, a change may be effected from the rectangular position of the cutter-

frame, to an oblique position ; and, after the proper angle is obtained, (the

screws being tightened,) the segments of circles can be worked round a centre

with greater accuracy, than could be by tracing over patterns which I believe is

the common method ; while the alteration of my machinery, for such purpose,

would scarcely occupy a minute of time ; an object which is of no small impor

tance for the dispatch of business. 3d, The loss of time in centring the work,

occasioned by the necessity of removing it from one chuck to another, to receive

the different ornaments, (an evil severely felt by turners,) is obviated by my

improvement ; as also the great difficulty, so often experienced in getting the

face of the work to run true again, after taking it from one chuck to another ;

from their liability to get out of truth by the wearing of the screws in fixing

them to, and removing them from, the spindle of the lathe ; in which case

every effort at fine-finishing would be inevitably defeated.
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"To apply my apparatus for cycloidal turning, the addition of a rod ii

required to connect the cutter-frame with the universal chuck, after it is icrevwl

on the spindle of the lathe ; b it which, on account of its connexion, (being »

bad draughtsman,) I am unable to send. The following description will I hope

make its construction appear sufficiently intelligible.

 

"The edge of the plate of the universal chuck, (the machine on which the

work to be turned and ornamented is fixed, and which is a common appendag*

to all lathes,) I have divided into 144 equal parts, which form a wheel: and

upon the face of the left-band head of the lathe is fixed a elate, and a corrc
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(ponding one on the side of tlie rest, through which the axis of the rod connect

ing the chuck and cutter-frame revolves. Now if upon the rod is fixed a wheel

of twelve teeth, working on the wheel formed by the edge of the universal chuck ;

and if upon the other end of the rod is fixed a wheel of the same size and

number as those which work the cutter-frame, and to work in one of those

wheels ; then it must be obvious, that, by the chuck revolving once, the wheel of

twelve would make twelve revolutions, which number would be given to the

cutter-frame, thereby tracing an accurate circle of twelve cycloids. Again,

by changing the wheel of twelve to another of proper proportions of 144, a

number of cycloids would be described equal to that proportion. Then, by

sliding the connecting-rod out of gear, and moving the universal chuck any

number of teeth forward or backward, the cycloids would beautifully intersect

each other.

" It may, perhaps, be unnecessary to add, that this, and the eccentric appa

ratus, must be worked by the hand-motion of the cutter-frame." (In the

opposite page are given two specimens of wood-blocks, cut by Mr. Wightman

in less than four hours.)

" To change it into a drilling frame, all that is required, consists in throwing

nil the wheels out of gear, and passing a string over the groove in the cutter-

frame, to work on a pulley P, which is fixed on the same arbor as the pulley

used in double-stringing a lathe. Then pass a string, (which should be kept for

the purpose,) over the last-mentioned pulley, and under the large or fly-wheel

of the lathe ; and after the drill has been fixed in the socket of the cutter-frame,

and adjusted to run true, or central, the machine will be ready for work. Now

it must be clear that, by working the treadle of the lathe, as in turning, a rotary

motion would be given to the cutter-frame ; and after the tool has been ad

vanced to the work, then, by moving the large or right angle slide of the rest,

a straight line would be drilled, of a length in proportion to the movement of

the slide. Then change the division of the plate on the small wheel of the

lathe, and if the first line was cut from the centre, then cut the next to the

centre, and so on till the whole is completed, when a beautiful circle of straight

lines would be cut from a centre."

A very ingenious expanding chuck was invented by Mr. Lewis Gompertz.

Figi. 1 and 2 represent two perspective views of the chuck ; the first, as employed

to grasp a piece of wood of large dimensions ; fig. 2. is an opposite view

Fig. 1.

 

with the jaws collapsed, to bite a smaller object, fig. 3 shows one of the

claws or jaws separately. The same letters in each figure refer to the same

parts. The body of the chuck a, is cylindrical, and made of hard wood, with a

tcrew-thread cut on its periphery. Three longitudinal rectangular grooves b b,

(only two of which are seen,) are then made throughout its length, slantingly, as

TOL. II. 5 M
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shown by the dotted line, c e, fig. 2. The three clamps, d ef, one of which b

shown entire by Kg. 2, are then fixed in these grooves by their jointed end. ,

Fiq. 2.

 

by means of a pin through their centres h, which pass through the solid he*

of the chuck i, and are rivetted to *, the metallic hoop of the same. The cUunpi

thus hxed have a range of motion in the grooves, as represented more de&rrr

by tig. 2 ; the shaded part / shows the clamp in the position, when emploTeri

as seen in Fig. 1 ; the same in dotted lines m, as when employed in PJj. 3.

fig- 3.

 

and the angular piece n represents that portion of a triangular pyramid which

is formed in the centre of the cylinder a, by the slanting cuts before-mentioned

The clamps rfe/are made strong, steeled, and hardened at the jaws; their

external edges (curved as represented) are filed into grooves or notches, to cor

respond with the screw-thread on the hard wood cylinder a ; the metallic rinj,

or circular nut o, which is, of course, cut with a screw to fit both the former,

"an therefore be wound over any part of the cylinder, and by that means bold

down the clamps firmly to the object they grasp. When the ring is situated *«

in I'ir/.l. the jaws ure open to receive a large piece; and when moved round

towards the back, the ring operates to press down the clamps, owing to the cur

vature of their serrated backs. The projection p, on the ring o, is for the con

venience of applying any thing to it, to move it round forcibly, and a hole ii

made through it, for the insertion of a wire. The jaws of the clamps sliouU be

notched like those of a vice, to obtain a secure hold of the objects placed betvee*

them ; r is the screw, by which the chuck is fixed to the lathe.

We shall close the present article by the description of a beautiful invention,

by Mr. John Anderson, a member of the London Mechanics' Institution, to

whom was awarded, in 18.30. the annual prize, " for the best machine, or -.re-
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provement of a machine;" and of whom Dr. Birkbeck (in a public address on

the distribution of the prizes,) elegantly and justly observed, that he had " ele

vated himself in society, by becoming its benefactor ;" that, " though now a work

ing millwright, Mr. Anderson had evinced a genius that pointed him out for a

distinguished engineer—probably a Smeaton or a Watt; neither of whom, at his

age, possessed so much knowledge of algebra, or of geometry, and neither of

them had then given such decided proofs of genius."

After the Doctor had explained the construction and use of the instrument,

which was an improved slide-rest for lathes, Mr. Anderson gave a practical

il'ustration of its utility by turning a convex and a concave roller, which were

completed with great expedition, and fitted each other with mathematical

e actness. In this improved slide-rest the ohject proposed, was to turn the

surfaces of the bodies circular in the longitudinal direction : the curved surface

in such direction being either convex or concave to the axis of rotation. And

it was more especially intended to apply when the degree of curvature required

was very small, or, which is the same thing, when the radius of the required

curve was very great, as, by the present mode of turning, the greatest difficulty

is found in such cases. The improved rest is also found to he equally appli

cable to the turning of bodies in the form of lenses, whether convex 01 concave ;

and in each of these cases the facility of operation, and accuracy of perform

ance, is equal to that of the common slide-rest in turning straight or flat

surfaces.

The principle of the improvem"rt or circle-turning appendage depends upon

two geometrical propositions : 1st, that all angles in the same segment of a

circle are equal ; and 2d, that a straight line of any length, being made to move

always parallel to itself with one end touching a circle, the other end will

describe a circle equal in every respect to the first.

Now in the improved slide-rest, shown in the annexed figure, the triangle def

 

f« made to slide against the fixed pins at d and /; whence the vertex c will

describe a portion of a circle greater or less in diameter, according as the angle

rl ef is made more or less obtuse ; and further, the centre of the circle thus

described, will be on the one side or the other of a straight line joining d J,

according as the vertex c of the triangle is on the opposite side.

The sliding triangle d cf consists of three pieces ; viz. of two sides d c,

and cf, with a slit or opening in each for the pins d and /to slide in; and

tNey are movable round a centre at c, by which means they can be made to
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form any angle with each other. The third piece, or base of the triangle, u the

connecting-bar a b, by means of which the two sides are held fast hi any

required position.

The sliding-plate e e is similar to that of a common slide-rest, and it ii

moved backward or forward by a screw and handle b, in the same manner.

Upon this plate, and at right angles to the direction in which it moves, a box t

is made to slide ; within this box there is another sliding piece I, carrying the

tool or cutter t. The interior sliding-piece / is made to move within the box

by means of a screw turned by the handle a ; and by this means the cutter I

can be made to advance or recede, as in a common slide-rest. The sliding-box i

is connected with, and movable round the centre c, at the vertex of the sliding

triangle ; and hence if the box s move in any direction, the vertex c of the

triangle must move along with it in the same direction.

Now suppose it were required to turn a body of the form P in the figure. Set

the sides d c and c f to the proper angle ; then screw the three nuts a c i

tight, which will retain them in that position. By means of the screw and

handle a, make the sliding piece and cutter I advance as near the body p as is

necessary to turn it of the required diameter. Then by the screw and handle t

move along the sliding-plate e e, which plate will carry along with it the sliding

piece, carrying the cutter t, the sliding-box s, and the sliding triangle d ej.

But it will be readily perceived, that as the triangle de/moves along, the

vertex c will describe a portion of a circle ; and as the end of the sliding-box j

is connected with the centre c, the box will move along always parallel to itself,

with that end touching the circle described by the vertex of the triangle. But

the box s, and the sliding-piece carrying the cutter, may be considered as

forming only one piece, as they always retain the same relative position to each

other, except when altered by turning the screw and handle a. And hence the

joint of the cutter I, and centre c, may be considered as the two ends of a

straight line, which always moves parallel to itself; and as the one end c

always touches the circle described by the vertex of the sliding triangle, the

other end will (according to the geometrical proposition,) describe the portion

of a circle equal to it in every respect ; and will thus, by the revolution of the

body p, turn it of the form required.

The separate Fig. w, represents a concave roller, produced by shifting the

vertex of the triangle, or centre c, to the opposite side of the connecting bar a b.

TURPENTINE. A transparent resinous juice, flowing either naturally or

artificially, by making incisions from a variety of unctuous trees, as the larch,

pine, fir, &c. The essential oil distilled from this resin is called spirit, or oil of

turpeiitine.

TUTENAG. A name given in India to the metallic zinc. The Chinese copper

is also called by this name, which is alloyed with zinc, and forms a very hard

and white metal, hut little disposed to tarnish.

TYMPAN. The double folding-frame in which the sheet of paper is held to

receive the impression in printing.

TYMPANUM, or Tympan. In Mechanics, a kind of wheel placed round

an axis, or cylindrical beam, on the top of which are two levers for turning the

axis, and therewith the weight required.

TYPE. The metallic letters, and other characters used in printing.

TYPOGRAPHY. The art of printing. See Printing.

0.

ULTRAMARINE. A beautiful permanent blue pigment, until recently

obtained from the lapu-laxuli, or azure-stone. (See the article AzuaB-Srost,

where that process is described.) A method of forming ultramarine artifiattllg

has, however, been recently discovered by M. Gmelin. This gentleman was led

to consider sulphur as the colouring matter of ultramarine, from an observation
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made by M. Tasseart, that he had noticed a substance resembling ultramarine,

which was found in a furnace used in the manufacture of soda. The following

is the process by which we are told (in the Annates de Chimie, xxxvii. p. 109,)

ultramarine may be infallibly prepared.

Pulverized quartz is to be fused with four times its weight of carbonate of

soda, the mass dissolved in water, and then precipitated by muriatic acid : thus

a hydrate of silica will be formed. A hydrate of alumina is now to be prepared,

by precipitating alum by ammonia. These two earths are to be carefully washed

with boiling water ; the proportion of dry earth in each is then to be ascertained,

by heating a small quantity and weighing it. The hydrate of silica used by M.

Gmelin contained 50 per cent, and the hydrate of alumina 3.24 per cent.

As much hydrate of silica is then to be dissolved in a hot solution of caustic

soda a3 it will take up, and the quantity determined ; then such proportion is

to be taken as contains 72 parts of an hydrous silica, and a quantity of the hy

drate of alumina, equivalent to 70 parts of dry alumina added to it, and the

whole evaporated together, being continually stirred until it becomes a damp

powder.

This combination of silica, alumina, and soda, is the basis of ultramarine, and

is now to be coloured by asulphuret of sodium in the following manner. A mix

ture of two parts of sulphur with one part of an hydrous carbonate of soda, is to

be put into a Hessian crucible, covered up, and then gradually raised to a red

heat, until it is well fused ; then the mixture is to be thrown, in very small

quantities at a time, into the midst of the fused mass. As soon as the effer

vescence occasioned by the water in one portion has ceased, another portion is

to be added. Having retained the crucible at a moderate heat for an hour, it is

to be removed from the fire, and allowed to cool. It now contains ultramarine,

mixed with excess of sul plmrot : the latter may be separated by water. Ifsul

phur is in excess, a moderate heat will dissipate it. If all the parts are not

equally coloured, a selection should be made, and then the substance reduced to

a fine powder.

This cheap artificial product is equal in brilliancy, clearness, and durability,

to the mineral ultramarine, for which we paid, a few years ago, as much as

five guineas an ounce ; and it is now so extensively manufactured as to be capa

ble of being substituted for cobalt, from motives of economy.

UMBER. A brown coloured earth, prepared as a pigment. See Painting.

UMBRELLA. A very light portable canopy, of a circular form, framed of

radiating ribs of whalebone, or other suitable material covered with silk or cloth,

and supported by a central staffover the heads of persons, to defend them frorr. rain,

or the scorching of the sun's rays. These well-known convenient machines

have received but little improvement in their construction since their introduction

into this country from the East, where they have been in use from time imme

morial. British manufacturers have, however, by a series of trifling ameliorations,

contrived to reduce the weight of them considerably ; to give them more elegance

of form, and a more perfect and durable action, considering their slender

substance, and the delicate materials of which they are made, than they had

previously attained : and all these ameliorations have been effected, together

with a reduction of cost equal to fifty per cent.

Our readers will have noticed, that in umbrella frames of the usual construc

tion, the ends of the whalebone are connected to the top of the umbrella by

means of a ring of wire, and that the ends of the stretchers are in like manner

jointed to the sliding-tube, which is evidently a very unmechanical arrangement,

however cheap and easy of execution it may be ; for the axes upon which these

parts turn, instead of being straight lines, arc the arcs of a circle, by which the

friction is so excessive and unequal, as to insure the speedy destruction of these

essential parts, and an early dismemberment of tho whole machine. In old

frames, it will likewise be noticed that the stretchers are connected to the middle

of each whalebone by pins passing through the latter ; the holes for these pins

of course weaken tie whalebones exceedingly, and the subsequent wear of these

parts reduces their thickness so much, that they are frequently breaking;
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and the repairs required, from one cause or another, are the source of much in

convenience in rainy weather.

To obviate these defects, each whalebone in Mr. Caney's patent umbrella ii

connected to the top by separate straight axes, and in such a manner, that ther

cannot shift themselves out of their places ; the stretchers on the nliding-tubt

are connected in the same way to the sliding-tubes ; and the stretcher] ut

jointed to the whalebones without perforating the latter, as will be understood

upon reference to the annexed figures : wherein Fig. 1 shows one of the endi.

a of the whalebones, b the ferrule on it, with a pin c passing through iu jointed

cud. fiy. 2 shows a plan of the brass plate,—d being a plate to which At

Fig.2.
 

Kg. I.

whalebones arc jointed ; e is the aperture through which the umbrella stick

passes ; c c denote the pins or axes passing through the joints, and lying im

bedded in cavities in the plate, wherein they arc confined by the scre«»

of the top brass-plate, shown by Fig. 3. The stretchers being jointed to the

sliding-tnbe in the same manner as before mentioned, need no illustration.

Fig. 4 a is one of the eight radiating whalebones ; h a ferrule made by the

doubling of sheet brass around it, to receive the pin or axis of the stretcher y,

without impairing the whalebone; and the manner of doing this is shown in the

transverse section in fig 5, in which the same letters of reference indicate

similar parts as are already described.

The construction of Mr. Deacon's patent umbrella is in some respecti

similar to Mr. Caney's. The ends of the ribs in the former have dovetailed

caps, these dovetails entering recesses or notches in a cap, wherein they art

confined by a plate, which is screwed down upon the whole. Instead of solid

sticks, Mr. Deacon makes them of metal, hollow, and covers them with cloth

varnished over, or witli a coating of papier mache, impressed with ornamental

designs. These coverings to the metal are intended to prevent the unpleasant

and destructive effects of oxidation of the metal.

A patent was also recently taken out by Mr. J. G. Hancock, of Birmingham,

for making light elastic rods for umbrellas, whips, &c., iu the following manner.

Willow rods of a suitable length have the pith contained in them bored out,

and in its place are put metallic wires or rods. The wooden exteriors are then

reduced, by planes or other suitable tools, to the required shape ; afterwards, they
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are coloured and varnished, to give them the appearance of whalebone. One

end of the rods is capped with metal tips, the other end has the wires ex

tending a little beyond the wooden cases, which are flattened and drilled to

receive the wires that fasten them to the handles, and forms the joint on which

they turn. Numerous other patents have been taken out for improvements m

umbrellas, chiefly by the Birmingham manufacturers, for the metallic portion of

the apparatus, termed the " furniture," and the extremely low price at which it

is manufactured, is a matter of astonishment to those who are unacquainted

with the facilities of the workshops.

URANIUM. A metal discovered by Klaproth in 1789, in the mineral

called peck blende. In this, it is in the state of sulphuret. But it likewise

occurs as an oxide in the green mica, or uranglimmer, and in the uranochre.

In obtaining it from pech blende, the mineral is reduced to a fine powder, and

digested in a nitric acid till every thing soluble is taken up. The solution is

then rendered as neutral as possible by evaporation, and a current of sulphu

retted hydrogen gas passed through it as long as any precipitate continues to

fall. The liquid is filtered and heated, to drive off all traces of sulphuretted

hydrogen. It is now precipitated by caustic ammonia ; and the precipitate, after

being well washed, is digested, while still moist, in a rather strong solution of

carbonate of ammonia. A fine lemon-coloured liquid is obtained, which being

set aside fora few days, deposits an abundance of fine yellow crystals, in rec

tangular prisms. These crystals being exposed to a red heat, give out water,

carbonate of ammonia, and oxygen gas, and leave a black oxide of uranium,

which is easily reduced to the metallic state, by passing a current of hydrogen

gas over it, placed in a glass tube, and heated by a spirit-lamp. The metal

presents a liver-brown colour, and remains in the state of powder, being inca

pable, according to some authors, of reduction by any heat that can be applied

to it. Dr. Ure, however, informs us that 50 grains, after being ignited, were

formed into a ball with wax, and exposed in a well closed charcoal crucible to

the most vehement heat of a porcelain furnace, the intensity of which gave 170°

on Wedgewood's pyrometer. Thus a metallic button was obtained, weighing

28 grains, of a dark grey colour, hard, firmly cohering, finely grained, of very

minute pores, and externally glittering: specific gravity, 8.1. A sulphuret of

uranium has been formed, which has a black colour, and, when rubbed, a

metallic lustre. Its capacity for forming alloys with other metals remains un-

investigated, in consequence of the scarcity of the metal. The oxides of

uranium are used in painting upon porcelain yielding a fine orange colour in

the enamelling fire, and a black one in that in which the porcelain itself is baked.

URN. A vessel of a vase or pitcher-like form. The vessels employed to

keep water boiling at the tea-table, have thus been called tea-urns, notwith-

itanding every possible deviation has been subsequently made in their figure.

The construction of ordinary tea-urns are too well known to our readers to re

quire elucidation, but we shall here present to their notice one that possesses

some claims to novelty, which must, however, be regarded rather as an elegant

article of luxury, than one of great utility. This is Sharp's patent tea-urn, com

bined with a tea-pot in one vessel.

The engraving on page 832 represents a vertical section : a is the ordinary urn

or vessel that holds the water ; 6 the red-hot heater in its case j below the bottom

of the case, the tube is prolonged so as to form a small chamber underneath,

which is perforated at its sides with minute holes, through which the water

passes by a tube d into the vessel^ when the valve (shown in the figure as

closed) it opened by turning the lever e. The infusion is represented by the

unbroken straight lines at /, and the tea leaves by dark locking masses, lie

upon a grating or perforated bottom, through which passes clear to the lowest

chamber g, from whence it is drawn oft", as wanted, by a. tube and cock, seen

only in section at h. The plain water is drawn from the vessel a by means of

the" long tube k (which passes directly through the tea chamber) and a cock at

/, also viewed only in section. It should now be observed that both the cocks

i and / arc inclosed in one tube or case, but they are united externally into
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one, but provided with two lever handles, the handle on the left applying to

the tea-cock, and that on the right to the water-cock.

It is a common remark, that tea made from the- water in an urn is

never so good as that supplied directly from a tea-kettle, on account of the

difficulty of keeping the water boiling in the urn. To remedy this defect, we

 

submit to tea-urn makers a different arrangement Let the vessel be placed

above the water vessel, (not in it) and the metallic supports which connect the

two vessels would conduct sufficient heat to keep the infusion at a proper

temperature. Underneath the water-vessel burn a small spirit-lamp, instead of

inserting the red-hot heater, which is a very inconvenient, and by no means an

economical mode of heating.

VACUUM. A space devoid of all matter. See Air- ump, Steam-Esoise,

and Gas-Engine.

VALVE. A cover or stop to an aperture, to control or direct the course of

fluids. They are usually contrived so as to be readily opened by a small force

acting on one side, and to be perfectly closed by a force when acting on the

opposite side; and thus cither admit the entrance ofa fluid into a tube orTessel,

and prevent its return; or else permit the fluid to escape, and prevent its re-

entrance.

Valves are members of the utmost importance to steam-engines, pumps, and

a variety of pneumatic, hydraulic, and hydrostatic machinery ; and they ire

constructed in a great variety of forms, to adapt them to their several uses.

Cocks employed for drawing off liquids are strictly valves ; but this class of

valves we have described under their usual distinctive name. (See Coces )

Numerous valves have been described in different parts of this work, under

'
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the above-mentioned subjects, vre shall therefore notice in this place several

varieties which have not been elsewhere specified.

Throltle-vaives usually consist of a thin disc, or circular plate of metal

which entirely crosses the area of the steam-pipe, when closed, being sup

ported by an axis or spindle, which passes diame

trically through, or across it, and into the sides of

the pipe. This spindle is either operated upon by

the governor of the engine, or by hand, setting it

open to such an extent as to intercept more or less

of the steam in its passage to the engine.

Field's Regulating Valve, is a contrivance intro

duced by Mr. Joshua Field, of the firm of Maudslay

and Co. ; the object of which is to regulate the sup

ply of the steam in a superior manner to the throttle-valve last described. "It

consists," says Mr. Tredgold, " of a valve, placed in the situation usually assigned

to the throttle-valve, that is, near to the place where the steam is admitted to

the cylinder. This valve is to be opened at once, at the commencement of the

stroke, so as to afford full passage to the steam, aud shut at once, after a certain

part of the stroke is made, that the rest of it may be completed by the power of

the steam." Thus, by causing the valve to be shut sooner or later during the

stroke, the power of the engine may be regulated.

One of the earliest and simplest contrivances for completely reversing the

direction or course of steam, water, or other fluids, is the four-way cock. It was

adopted by Leupold, upwards of a hundred years ago, and has been subse

quently applied in very numerous instances ; particularly by Mr. Trevithick,

in bis locomotive high-pressure engines, and by most of the locomotionists of the

present day. The annexed cut exhibits a vertical section

of a four-way cock, considered as applied to a steam-

engine : at a is represented the communication with the

steam-pipe from the boiler ; 6, the passage to the upper

side of the piston ; c, the passage to the lower side of

the piston ; and d, the passage to the condenser. In the

position represented, the steam is entering the upper

part of the cylinder, and the lower part is open to the

condenser ; but if the plug, or central movable portion

of the cock be moved one quarter of a revolution in either

direction, then the steam is opened to the lower part of

the cylinder, and the upper part is open to the con

denser.

The D slide-valve is another invention of great simplicity, and has been much

used for opening and changing the communications with the steam cylinder.

In the annexed vertical section, a is the

steam-box, into which steam is admitted

by the passage 6. This box is bolted to a

pipe, divided into three compartments ; viz.

d, a passage leading to the upper side of the

piston ; e, a similar passage to the under

side of the piston ; and/, a passage to the

condenser. The apertures of this passage

are faced with brass, and the space between

each opening it is essentially necessary

should not be less than each opening ; g is

a block of metal with a cross cast into it,

equal in length to two of the apertures

and the space between them ; the block i:

generally faced with brass, and grooved

upon the pipe, so as to slide over it steam-

tight ; it is moved by a rod, which passes

through a stuffing-box k. In this position of the slide, the steam would pass

through d to the top of the piston, whilst the steam beneath the piston would

VOL. 11. 5 H
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pass through e, to the eduction-passage/. On raising the slide, d becomes open

to the eduction-passage, and e to the steam.

The D slide, and the four-way cock, however, equally possess a great defect

that of wasting the steam that fills the passages of the movable portion of the

 

valves. Watt, Hornblower, Murdoch, and other steam mechanicians, devised

modifications of the D and other valves, by which the waste of steam was nearly

The invention of Mr. Murray in 1789, for the same purpose, puimobviated.
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very high in our estimation, being attended with less friction than the others ;

we accordingly give it insertion in this place.

_ o in the foregoing figure, is the pipe conveying steam from the boiler, and

delivering it into the descending pipe p, which terminates in the valve q,

opening to the lower part of the cylinder, by the side opening, marked as a

shaded parallelogram, while the valve r opens a similar communication with the

upper part of the cylinder ; so that, by the successive opening and shutting of q

and r, steam is admitted above and below the piston, < is the lower end of the

eduction-pipe, joining on to the condenser, and this pipe opens first to the lower

part of the cylinder by the valve /, and leads also by a perpendicular continu

ation of the same pipe v, to a valve a, by which a connexion is formed with

the upper part of the cylinder. The two apertures into the cylinder, called

nozzles, are therefore common both to the admission of steam and the forma

tion of a vacuum, which is regulated simply by the working of the valves. For

as the figure now stands, r is the only open valve in the steam-pipe ; consequently

steam would enter above the piston to depress it, while a vacuum would exist be

low it, on account of the valve t being open to the condenser. As soon as the

piston reaches the bottom of the cylinder, the valves r and t must be shut, and

it and q opened ; when the steam, being no longer able to get through r, would

pass down the pipe p, and enter the lower part of the cylinder through q. Mean

time u being opened to the condenser by the pipe r, would cause the necessary

vacuum above the piston to permit its ascent, which being completed, the valves

must be again put into the position shown in the figure, to produce its descent,

and so on. It will be sufficient to state that those valves are operated upon either

by levers, passing in a steam-tight manner through the side pipes, or that some

times the spindles of the valves are made to act one through the other, in

stuffing, as in the present instance, when they are worked by external applica

tions.

By this most ingenious contrivance no waste of steam arises, excepting in the

small aperture between the valves ; and the friction is obviously much less than

in either slides, cocks, or perhaps any other kind of valve ; the only resistance

to their motion being the pressure upon the upper side by the steam, when in

their seats. Their cost, compared to slide-valves, is much greater; but as they

are not liable to material wear, and work with great accuracy, the extra ex

pense does not prevent their very general adoption in large engines.

Having thus briefly noticed a very important class of valves, we proceed to

describe another kind, which have even stronger claims upon our attention, as

will be immediately acknowledged by naming them,

Safety-valves ; these are well-fitted covers or stops to apertures made in the

upper part of a boiler, and loaded to such a degree only as the steam will over

come when it exceeds the required pressure. The contrivance, in nearly its usual

form, (the steelyard,) was invented by Dr. Papin, in 1684, as an appendage to his

apparatus for dissolving bones by steam at high pressure ; but the first applica

tion of it to the steam-engine was by Savery. It received some improvement

by Beighton in 1718, since whose time the same form continues to be used, as

will be recognised in numerous steam apparatuses in various parts of this work.

Mr. Tredgold, in his able work on the steam-engine, observes, that it would be

a great improvement upon safety-valves, if they could be so constructed as to be

relieved of a part of their load, when raised from their seat. With the view of

effecting this object in the simplest possible way, we suggested many years ago,

(see Register ofArts, fyc. for January, 1 829) the employment of a bent lever, in

stead of the straight one in common use, the action of which will be understood

by reference to the subjoined diagram, wherein is also represented some other

modifications of the safety-valve, which it is presumed are worthy the consider

ation of the practical man.

a represents an aperture in the upper part of a boiler ; over this aperture is

fitted a short tube b, turned true at the top with a round edge, so that a steel

plate c, flat and smooth on its under side, may touch at every part ; this steel

plate is suspended by a joint, to a curved lever d, whose fulcrum is at e, and

which is loaded at the other end with a weight of 10 pounds. Now, as the
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lever has a power of five, (as shown by the five equal dotted spaces,) the plate

c is pressed down upon the edge of 6, with a fotce of 50 pounds ; but when the

lever and weignt are raised, by the pressure of the steam, into the position

shown by the dots, the force acting against the steam is reduced to 40 pound) ;

 

and, in proportion to the force of the rush of the steam, by which the lever

would be raised higher and higher, would the resistance be reduced to 30, 20,

&c. as marked. This valve might be enclosed as usual, in a box, with a pipe

to conduct off the waste steam.

The subjoined diagram is explanatory of another mode of producing a similar

result, but by different means ; a is the aperture in the boiler, on which is fixed

 

a gun-metal plate or valve scat ; 6 is a steel cup-valve, turned rounding at the

edges, resting on the seat, and suspended to a straight lever c, whose fulcrum

is at rf. At e, is the weight suspended to the axle of a little wheel, which a

made to traverse freely the upper side of the lever c, but whereon its rmBgt

may be limited by means of a sliding stop /, provided with a set screw. . u

the valve box, and h a pipe to carry off the waste steam. It will now be obvious

that when the steam lifts the valve, the load on the lever will move toward* the

fulcrum to any extent desired, and thus the boiler may be relieved in proporrion

to the exigency of the case. It scarcely need be remarked, that our reason for

making the valves with edges pressing upon flat surfaces, was to prevent iLt

possibility of their sticking in their seats ; which, with the conical p'.ug-vakei,

is a common occurrence, and one that has been productive of serious accidents.

The safety-valves employed by Woolf, are calculated to prevent adbesioQ M
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their seats, and are of great simplicity ; their form is represented in the margin,

fig. 1 being a plan, and Fig. 2 a vertical section. The shape may be consi

dered at first as a solid cylinder with a circular plate at top ; three large longi

tudinal grooves, as shown at a a a, reduce the cylinder to

the figure represented. The plug thus made, fits easily into Fig. 1.

the aperture of the boiler, and the steam which fills the

grooves, pressing against the under surface of the head, raises

the plug and escapes. The plug is loaded either by a weight,

suspended to it inside the boiler, by weights laid directly upon

the top, or by the agency of a loaded lever.

In a letter to the editor of the Leeds Mercury, Mr. Benja

min Hicks, of the steam-engine manufactory at Bolton, in

Lancashire, says, " I am induced, in order to prevent the *V" 2-

accidents occasioned by the bursting of steam-boilers, which

are of such frequent occurrence, and generally so dreadful in

their consequences, to send to you the drawing and descrip

tion of a self-acting safety-valve, of my invention, (or rather

application to a new purpose ; a similar valve having been

used as a clack for a pump, upwards of a hundred years ago.)

You will readily perceive, from the several advantages it possesses, that

wherever its adoption shall take place, it would scarcely be possible for an acci

dent of this nature to arise.

" The opening in the lower part of the box, which is fixed on the boiler-top,

or, if more convenient, on any part of a pipe having a free communication with

it, requires to he of such a size, as to allow a free discharge of all the steam the

boiler is capable of generating. This opening is covered with a spherical valve,

 

 

(the outer part of which is brass, filled with lead,) of such a size, ana cui.0-

quently weight, as to press with as many pounds per square inch, as it is

intended the strength of the steam, at a maximum, in the boiler, should ever be

raised to ; the obvious effect of which will be (owing to its being perfectly free

from friction,) that, at the very instant the steam arrives at that degree of pres

sure, the ball will be raised, and a discharge instantly take place. The pro

jections are merely to prevent the ball, at any time from falling off its seat.

" From the nature of its construction, requiring no packing or attention, it can

he entirely secured from the interference of careless attendants, and a pipe may

be attached to the branch of the box, and continued into the chimney, or any

other convenient place of discharge. 1 should not recommend this valve to be

used as a substitute for the ordinary safety-valve, (improperly so called,) but in

all cases in addition, and so loaded, as only to be brought into action at a very

trifling additional pressure above that, to which the other valve is weighted.

This valve would be found of the greatest advantage, in preventing the boiling

over of the feed-pipes of boilers, when the rooms over them are used as drying-

stoves ir print-works, bleach
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" I oiiglrt to state that I have had this description of valve in use for upward*

of four years, with the greatest regularity of action."

Another valve, of a very peculiar description, and especially adapted to afford

security against explosion in large boilers, was invented by Mr. Sockl, of Lam

beth, who received an honorary reward from the Society of Arts, for the com

munication of the invention. It is represented in the subjoined cut.

 

Instead of the lid which covers the main hole, a copper plate or dish is to be

substituted, as shown in the darkened part of above figure : this copper dish is

surrounded by a ring of the same metal, by which the plate is firmly screwed do«n

upon the rim of the main hole. In the middle of the plate is fixed the valve, of which

fit the collar, made of iron or brass; dthe plug, which is ground air-tight into

the collar, and is kept in its place by the spiral spring which surrounds its item,

and the stay c : over the whole is fixed a cross-piece a, which is firmly screwed

down upon the ring that secures the dish. In the cross-piece, works the

regulating screw < , which may be screwed down upon the head of the plug.

The operation of the valve is easy to understand. The copper dish is only about

one-fourth the thickness of the other parts of the boiler, and will not therefore

afford the same resistance to the steam : when this, therefore, gets beyond the

ordinary pressure, it will cause the dish to become somewhat convex, and will

thus leave a clear space between the collar /, and the conical plug d, for the

steam to escape ; as soon as the power diminishes, the plate will, by its elasticity,

return to its former place, and by closing down upon the plug, prevent any

further escape of steam.

The object of this valve is not so much to regulate the working pressure of

the steam, as to act in aid of the common valve, by affording an additional

aperture, in case the steam should acquire a dangerous degree of force. It

differs from the plug-valves in common use, in this circumstance, namely, that

in the latter, the plug rises out of its socket, in order to allow of a vent for the

steam, whereas in Mr. Sockl's, the socket rises away from the plug. The chief

advantage resulting from this is, that if any adhesion should

have taken place between the plug and the socket, it is more

likely to be overcome, on account of the great surface of the

socket, with its' attached copper plate, which is exposed to

the action of the steam.

A substitute for the common ball-cock, used for regulating

the height of liquids in reservoirs, has been introduced by

Mr. Darnall, of Pentonville, the construction of which is

exhibited in the annexed section : a is the supply pipe, b the

valve, (shut,) c a float connected to the valve by an upright

spindle. As the water is drawn off, the float descends from

its seat into the chamber beneath, allowing the water to pour

through the apertures shown, into the reservoir; the float, as

it rises again with the water in the reservoir, closes the valve,

and shuts off the supply of water, when it has attained its

proper elevation.

We shall here close the article upon valves, referring the

reader to the machinery before mentioned for further eluci

dations, and likewise to the article WATER-CLOSET, which

mainly consists of valves of a very ingenious construction.
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VANADIUM. A newly discovered metal by M. Sefstrom. It has been

briefly described in a letter from M. Berzelius to M. Dulong, from which the

following is an extract :—" M. Sefstrom, director of the School of Mines at Fah-

lun, whilst engaged in examining a variety of iron, remarkable for its extreme

softness, observed the presence of a substance, the properties of which differed

from all other known bodies, but its quantity was so small as would have ren

dered it tedious and expensive to collect sufficient for a correct examination of

its properties. This iron was from the mine of Taberg, in Smoland ; the ore

merely contained sources of the substance. Finding that the pig iron contained

far more of this principle than the wrought iron, M. Sefstrom thought that

the scoriae formed during the conversion of the pig iron into wrought metal

might be a more abundant source ; a conjecture confirmed by experience ; so

that sufficient having been procured, he went to M. Berzelius to complete its

examination."

Vanadium combines with oxygen to form an oxide and an acid. The

acid is red, pulverent, fusible, and on solidifying becomes crystalline. It is

slightly soluble in water, reddens litmus, and forms yellow neutral salts, and

orange bisalts. Its combinations with acids or bases have the singular property

of suddenly losing their colour ; they resume it only on becoming solid again,

and being then re-dissolved, preserve their colour. Hydrogen at a white heat,

reduces vanadic acid, leaving a coherent mass, having a feeble metallic lustre,

and being a good conductor of electricity, but it is not certain that the reduction

is complete. The oxide of vanadium is brown, or nearly black, and dissolves

readily in acids. The salts are of a deep brown colour, but by the addition of

a little nitric acid, effervesce and become of a fine blue colour. The oxide

and acid of this metal together produce other combinations, green, yellow, and

red, all soluble in water.

When the oxide of vanadium is produced in the humid way, it is soluble both

in water and alkalies. The presence of a salt renders it insoluble, and upon

this effect may be founded a process tor its preparation. Before the blow

pipe, vanadium colours fluxes of a fine green, in this respect resembling chrome.

VAPOUR, from the circumstances of its formation, may be considered to

consist of extremely minute vesicles of water or other fluid, inflated with air.

See STEAM, ALCOHOL, &c.

VAPOUR-BATH. A closet or room, in which a person exposes his body

to the action of vapour introduced by a pipe from a boiler. See BATH.

VARNISH. A solution of resinous matter, which, laid upon the surface of

solid bodies, becomes hard, glossy, impervious to moisture, and gives beauty

and durability to them. Under the several heads of LAC, COPAL, MASTIC,

CAOUTCHOUC, and other resins, we have described the process of preparing var

nishes from them ; we shall therefore in this place take a general, but concise

view of the subject The solvents are either expressed or essential oils, as also

alcohol. For a lac-varnish of the first kind, the common painter's varnish is

to be united by gently boiling it with some more mastich or colophony, and

then diluted again with a. little more oil of turpentine. The latter addition pro

motes both the glossy appearance and drying of the varnish ; of this sort is also

amber varnish. To make this varnish, half a pound of amber is kept over a

gentle fire in a covered iron pot, in the lid of which there is a small hole, till it

is observed to become soft, and to be melted together into one mass. As soon

as this is perceived, the vessel is taken from off the fire, and suffered to cool a

little; when a pound of good painter's varnish is added to it, and the whole

suffered to boil up again over the fire, keeping it continually stirring. After

this it is again removed from the fire , and when it is become somewhat cool,

a pound of oil of turpentine- is to be gradually mixed with it. Should the varnish

when it is cool happen to be yet too thick, it may be attenuated with more oil of

turpentine. This varnish has always a dark brown colour, because the amber

is previously half burned in this operation ; but if it be required of a bright colour,

amber powder ixust be dissolved in transparent painter's varnish, in Papin's

machine, by a gentle fire.
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As an instance of the second sort of lac-varnishes with ethereal oils alone,

may be adduced the varnish made with oil of turpentine. For making this,

mastich alone is dissolved in oil of turpentine by a very gentle digesting beat,

in close glass vessels. This is is the varnish used for the modern transparencies

employed as window-blinds, fire-screens, and for other purposess. These are

commonly prints, coloured on both sides, and afterwards coated with this var

nish on those parts that are intended to be transparent. Sometimes fine this

calico, or Irish linen, is used for this purpose ; but it requires to be primed with

a solution of isinglass before the colour is laid on. Copal may also be dissolved

in genuine Chio turpentine, according to Mr. Sheldrake, by adding it in powder

to the turpentine previously melted, and stirring till the whole is fused. See

Copal.

A varnish of the consistence of thin turpentine is obtained for aerostatic

machines, by the digestion of one part of elastic-gum, or caoutchouc, cut into

small pieces, in thirty-two parts of rectified oil of turpentine. Previously to its

being used, however, it must be passed through a linen cloth, in order that the

undissolved parts may be left behind. See Caoutchouc

The third sort of lac-varnishes consists in the spirit-varnish. The most solid

resins yield the most durable varnishes ; but a varnish must never be expected

to be harder than the resin naturally is of which it is made. But the most solid

resins by themselves produce brittle varnishes ; therefore something of a softer

substance must always be mixed with them, whereby this brittleness is dimi

nished. For this purpose gum-elemi, turpentine, or balsam of copaiva are

employed in proper proportions.

The celebrated " French polish" is effected by a spirit-varnish, treated in r

peculiar way. The following mode of preparing and using it may he relied upon

as genuine, being extracted from that very accurate French work, the Diction-

naire Technologique. The varnish is composed of

Gum Sandarach 14 oz. & 2 drachms.

Gum Mastic in drops 7 ,,1 „

Shell-lac (the yellower the better) .14 „ 2 „

Alcohol, of 0.8295* spe. gra. ... 3 quarts & 1 pint

The resinous gums are to be pounded, and their solution effected by continued

agitation, without the aid of heat. When the woods to be varnished are very

porous, 7 ounces and 1 drachm of Venice turpentine. In order the better to

divide the resins, and to cause them to present a greater surface to the action of

the alcohol, they should be mixed with an equal weight of ground glass ; the

latter preventing the dust of the resin from forming clots, the solution is thus

easier made, and in less time. Before applying the varnish, the wood should be

made to imbibe a little linseed oil; it must then be rubbed with old flannel, in

order to remove the excess of oil ; blotting paper may be used for the same

purpose, or finely-sifted saw-dust. Afterwards the varnish should be applied,

by saturating with it a piece of old soft coarse linen cloth, many times folded

into a sort of cushion, and rubbing it softly on the wood, turning the linen from

time to time until it appears nearly dry. The linen should be saturated afresh

with varnish, and the rubbing be continued in the same manner, until the pores

of the wood are completely filled. Care should be taken not to make the linen

too wet, nor to rub too hard, especially at the beginning of the operation. When

the varnish sticks, or becomes tacky, a very small drop of olive oil is to be ap

plied with the end of a finger, uniformly all over the cushion. The finishing

is effected by pouring a little pure alcohol upon a piece of clean linen, which is

lightly rubbed over the varnished wood ; and as the linen and the varnish dry,

the wood is rubbed more briskly, until it takes a beautiful polish like a looking-

glass. Two or three coatings of varnish are sufficient for woods not Terr

porous.

A fine colourless varnish may be obtained, by dissolving eight ounce* of

gum-sandarach and two ounces of Venice turpentine in thirty-two ounce* of

alcohol by a gentle heat. Five ounces of shell-lac and one of turpentine, d»-

solved in thirty-two ounces of alcohol by a very gentle heat, give a harder
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Tarnish, but of a reddish cast To these the solution ofcopal is undoubtedly prefer-g

able in many respects. Thia is effected by triturating an ounce of powder ofgum-

copal, which has been well dried by a gentle heat, with a drachm of camphor, and,

while these are mixing together, adding by degreenfour ounces of the strongest al

cohol, without any digestion. Between this and the gold varnish there is only this

difference, that some substances that communicate a yellow tinge are to be

added to the latter.

Oil-varnishes are commonly mixed immediately with the colours, but lac or

lacquer-varnishes are laid on by themselves upon a burnished coloured ground ;

when they are intended to be laid upon naked wood, a ground should be first

given them of strong size, either alone, or with some earthy colour mixed up

with it by levigatinn. The gold lacquer is simply rubbed over brass, tin, or

silver, to give them a gold colour. (See LACQUER.) The coloured resins or gums,

such as gamboge, dragon's-blood, &c., are used to colour varnishes.

The essential varnishes consist in a solution of resin in oil of turpentine. The

varnish being applied, the essential oil flies off, and leaves the resin. This is

used only for paintings.

Before a resin is dissolved in a fixed oil, it is necessary to render the oil drying.

For this purpose the oil is boiled with metallic oxides, in which operation the

mucilage of the oil combines with the metal, while the oil itself unites with the

oxygen of the oxide. To accelerate the drying of this varnish, it is necessary to

add oil of turpentine. When resins are dissolved in alcohol, the varnish dries

very speedily, and is subject to crack ; hut this fault is corrected by adding a

small quantity of turpentine to the mixture, which renden it brighter, and less

brittle when dry.

VELVET. A rich kind of silk or cotton cloth. Seo WEAVING.

VENEERING. The art of fixing, in a firm anil durable manner, very thin

leaves of a. fine or superior wood, over a coarse or inferior wood ; so as to give

the latter the appearance of a solid mass of the former. The thin leaves are

called veneers, and are cut from the logs by fine saws, now usually worked by

machinery. See SAWINO-MACHINEKT.

Inlaid work is effected by veneers cut into suitable pieces, for the purposes.

The thickness of veneers is from a tenth to a twelfth part of an inch. When

the dimensions of these have been nicely adjusted to the work in hand, they are

glued down ; and, that the work may be solid, they are put into a press made for

the purpose, or are held down by planks and poles, abutting against the beams

of the workshop. When the glue is thoroughly dry, the work is taken from

the presses, and finished by amoothing-planes, scrapers, fish-skin, &c., and

afterwards polished by shave-grass and brushing, waxing, varnishing, &c., accord

ing as it may be required.

VENTILATION. The act of renovating the air of chambers, houses, ships,

and all kinds of buildings or places. We may exist for several days without

food, but we die, if deprived only for a few minutes of air. As air is necessary

to life, so is pure air to health. But it appears that this important fact escapes

the attention of the 'greater part of mankind, who are prone to blame the cook

or the purveyor for the greater part of their ailments, without reflecting upon

the impure air they may have been inspiring at the rate of about two gallons

per minute. The oxygen gas, or vital portion of the atmosphere that enters the

lungs, is changed at each respiration into carbonic acid gas. This gas, as is well

known, i* poisonous, if inspired alone, or even if a large proportion of it be

mixed with the atmospheric air. But by an admirable provision of the great

Author of Nature, this contaminated air is rendered specifically lighter than the

pure atmosphere, from the heat it has derived from the lungs, and consequently

rises above our heads, during the short pause between our respirations ; thus in

suring to us always a pure draught of air, unless we prevent it by artificial

means.

It is not, however, always owing to a deficiency of oxygen, that the air of

rooms or crowded places becomes pernicious to health. A council of health,

established by the French government, proved that in an atmosphere which had

not lost one-twentieth part of its oxygen, an animal miasmata was diffused in

VOL. u. 5 o
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vapours; : that by suspending, in such atmospheres, a glass vessel filled with ice,

the vapour diffused in the air becomes condensed on its surface, and the liquid

thus obtained by condensation, being collected in another vessel suspended

underneath the former, exhales a fetid odour, and speedily undergoes the putrid

fermentation, when exposed to a temperature of 79" Fahr.

Certain gaseous and other vapours may be mixed with the air we breathe,

without producing any very marked inconvenience; but the effects of a mixture

of many other kinds are highly dangerous, and more quick in their action than

even those of animal miasmata. A constant renewal of the air is absolutely

necessary for its purity ; for in all situations, it is suffering either by its vital

part being absorbed, or by impure vapours being disengaged and dispersed

through it. Ventilation therefore resolves itself into the securing a constant

supply of fresh air. Rooms cannot be well ventilated, that have no outlet for

the air, and this, from the superior levity of foul air, should be made at the

highest point that can be obtained, and so arranged as to diffuse the fresh air

that enters over the upper part of the room, and not inconvenience the person!

in the room, by descending upon them in a current. There should be a chimney

to every room, which on no account should be stopped up with a chimney-

board, as is often the case in bed-rooms. We have observed also, in many houses,

that the top sashes of windows of the upper rooms are made fast ; now if these

were made to slide downward, instead of the lower sashes upward, increased

salubrity, as well as security, (especially in the case of children,) would be

obtained. In whatever way fresh air may be made to enter an apartment, it

should be, as far as may be practicable, at the part remotest from the fire-place,

in order that it may traverse the whole apartment in its passage to the chimney.

The most effective species of ventilation is that in which nature is adopted as the

guide. The simple action of the sun, no less than the devastating phenomenon

of the African tornado, tend to the same result. We have only to change the

temperature of the air which surrounds us, and a new portion will rush in from

the adjacent and purer parts, to supply its place. From this it is obvious, that

a lamp placed in an aperture of the ceiling, in any large and crowded room,

will tend to purify the air. This is precisely the case in our large theatres, as

that at Covent Garden, where the great glass chandelier, with its numerous gas-

burners, gives out a great quantity of heat, immediately under a large funnel,

which passes through the roof, into the open air. The rarified air which thus

rushes through the funnel, is constantly succeeded by continuous fresh current*,

entering at numerous apertures beneath, to restore the equilibrium of pressure.

Notwithstanding this arrangement is calculated to render the atmosphere of

crowded places more fit for respiration, it is productive of » painful and serious

inconvenience to those persons who may be situated near to the apertures before-

mentioned, where the fresh air enters ; they are thus exposed, as it were, to the

action of a series of blow-pipes, and the consequences are, colds, asthmas, and

rheumatisms, in abundance. To avoid drafts, and yet ventilate thoroughly, h«

hitherto been found of difficult accomplishment. In " A letter to the Earl of

Chichester, on the practicability of rendering those properties of air, which relate

to caloric, applicable to new and important purposes, (1823,)" by Mr. John

Vallance, of Brighton ; that gentleman has proposed a plan for warming and

ventilating the Houses of Parliament, which, in principle, is admirably designed

to obviate the difficulties just mentioned ; we shall, therefore, give it a place

here in the author's own words ; although there are some mechanical difficulties

to be overcome, before it can be rendered elegant and convenient ; the means

of effecting which, will, we trust, be ultimately accomplished.

" There are two principles which operate to alter the state of air, in sny place

where numbers of people convene. One of them affects it physically, and to a

change of density, and is the cause of drafts and influxes of cold air ; the othrr

affects its chemically, and to a change of quality, as the medium by which the

action of the lungs is rendered efficient to the preservation of life, and renden

necessary, and indeed indispensable, the drafts and currents of which the first

is the cause. The first of these occurs in every place in which air is heated ;

the other, only in those places in which it undergoes respiration. Now, it i»
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the first only of these that falls under our consideration, when investigating the

principle on which drafts take place ; and the course of operation of this prin

ciple is thus. If heat be communicated to a particle of air, a change takes

place with respect to that particle in the following manner ; it becomes expanded

and increased in bulk, in some such way as may be conceived, by reference to

the juvenile practice of holding a flaccid bladder before the fire, to tighten and

fill it up again, pridr to using it as a football.

By this expansion it is increased in bulk but not in weight ; and in conse

quence, rises from among the other particles, and ascends towards the ceiling ;

in the same way that a bladder, filled with air, would rise through, and swim at

the top of others filled with water, were they thrown into the sea together; and,

as the only circumstance which caused this particle to be where it chanced to

be at the time this supposed heating took place, was its gravity ; the moment

that becomes altered, and it, in consequence, rendered

specifically lighter than the surrounding particles, it

ascends, and passes through them towards the ceil

ing. This is the course of operation of the principle ;

the effect of it is this : —The moment this particle of

air has moved away from what heated it, its place is

taken by another, which, undergoing the same change,

passes off in like manner, having its place taken by a

third particle; and this alternation continues all the

while heat is communicated, be the communicator what

it may, whether the human body, a stove, or any other

method of heating.

This a the effect of air's being heated ; its physical

state is altered, and it becomes specifically lighter than

it was before.

The consequence of its becoming lighter, may be

conceived thus :— If a glass tube were taken, shaped in

this manner, with a notch or crevice cut in it at A,

to which notch or crevice a metallic slide were well

and tightly fitted, so as to cut occasionally off the

communication between the two legs ; if into this

tube there were (when the slide was pushed in, so as

to cut off the communication) poured, in one leg,

quicksilver, and in the other water, and then, when

both were full, (placing the thumb on the top of the J^

leg that had the water in it, to keep it in,) the slide

between the quicksilver and water were pulled out to let them press one against

the other, it is very evident that the superior weight of the column of quick

silver would cause it to press the column of water upwards against the thumb,

and that, were the thumb removed, the water would be driven up, and some of

it forced out of the tube ; and also, that the water would continue to rise, till

the contents of the two legs counterbalanced each other. Now, this is an illus

tration of what takes place in any building, whenever the air inside it is hotter

than the air without.

Since, the external air being heavier than the internal air, the former so

operates upon the latter, as to press it upwards against the ceiling, in the same

manner that the water would be pressed against the thumb ; and if a part of

the ceiling be cut away, so as to open a means of emission similar to what the

removal of the thumb permitted ; that is, if a ventilation aperture be opened in

the ceiling, the superior weight of the cold external air will cause it to drive

the lighter internal air up through that aperture, till the equilibrium becomes

restored : and if, owing to the air on the inside being by the respiration, 4Vc.,

of people convened in the building, kept constantly warmer and lighter than

the external air, this equilibrium is prevented, and the difference between the

external and interval atmosphere kept permanently up, the consequence then

will be, that instead of a single and transitory emission, like that of the water

from the tube, there will be a continuous emission of air through the ventilator,
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all the while the respirations, &c., of those who are assembled in the buildir.r

keep up the difference. Now this is what takes place in all public places; and

as, owing to the door and windows being, during cold weather, kept shot, the aper

ture of admission (or channel by which the external air enters the building,)

is rendered very much smaller than that of emission ; to make up for the

difference thus caused between the apertures of admission and emission, the cold

external air is obliged to make use of all the cracks and crevices that are about

either the doors and windows, or elsewhere around the building, and to intro

duce itself through them with a velocity so much greater than that at which it

passes off by the ventilator, aa will make up for the difference between the tizes

of the cracks and crevices by which it enters, and that of the ventilation aper

ture.

This is the reason why drafts are experienced from the crevicet of doors and

windows : the heated and respired air passes off by the ventilator ; to make up

for what so passes off, fresh air flows into the bottom of the building, and M,

when the weather is cold enough to make us shut the doors and windows, in

gress by a duct equal to that of egress is prevented, to make up, by the rate at

which it enters, for the difference in the sizes of the apertures of admission and

emission, the air that finds its way in through cracks and crevice*, enters with

so great a velocity as to cause the chilling currents we experience.

Instead of suffering ventilation to take place at the pleasure of the air, I re

strict and regulate it thus :—I first have the windows of the place nailed down,

to prevent them from being ever opened ; I then have the joints and crevice*,

both of these windows and of the room in general, so filled with putty, or so

treated with any kind of lute or luting, that will answer the purpose, as shall pre

vent their becoming channels'through which drafts or currents may find their

way either into or out of the place. I then have the door-ways arranged thus :—

Removing the present doors, the door- way is made six feet wide, by about the

same height, and into it is fitted a cylinder (of wood or metal) closed at both

ends, and placed upright 011 one of them, so as to appear somewhat tike a cask

 

built into the wall. Through the side of this cylinder I have two apertures

cut, each about four feet wide, by the height of the cylinder inside its ends ;

which apertures are opposite, the middle of each being in the line of the centre

of the cylinder, so as to leave a way of about four feet wide, right through the

middle of it into the place, as shewn above, where the cylinder is repmentrd

placed ii> the wall, with the apertures in it. In the centre uf the cylinder, there
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i* now put (perpendicularly) a shaft, of about three inches diameter and of the

length of the cylinder ; and having it, and the centres of the top and bottom of

the cylinder, so prepared and fitted to each other, that the shaft may easily

turn round, or revolve ; then there are fixed on it, at right angles to each other,

eight arms or radii, four at top, and four at bottom ; the bottom four being

exactly under the upper ones. To these arms there are fixed four sheets, or

pieces of iron plate, of such lengths and widths as will just go into, and fill up,

(though without touching,) the space left between the shaft and the side of

the cylinder ; and these things being so done, that the plates or leaves fixed on

the arms may turn easily round, inside the cylinder ; and the ends and sides of

these leaves being so fitted to each other that, when the leaves are turned round,

there may not be a space greater than about the sixteenth of an inch left be

tween them, the arrangements for the door-way are complete ; and the cylinder

through which the place is entered, has within it four leaves or wings, some

what like the fans of a winnowing-machine, fixed perpendicularly.

Now, the effect of these arrangements is this :—Were a common door to be

made use of, whenever it was opened, free 'ingress or egress would be given to

air, and it would pass from, or into the place, as circumstances dictated. But

with a door arranged in this way, no air can at any time pass either into, or

out of the place, excepting by the narrow space or crevice left between the

edges of the leaves and the inside of the cylinder ; since, the leaves being all

at right angles with each other, and the two apertures in the cylinder being

neither of them so wide as to be equal to ninety degrees of a circle of the same

diameter as this door-way cylinder, it follows that, turn, or cause the leaves to

revolve in what way we may, two of them will always be within the uncut parts

of the cylinder, and constantly interposed between the inside of the place and

the open air; and in consequence, there never can be any other passage for air

into, or out of the place, by this door-way, than by the space or crevice between

the edges of the leaves, and the inside of the cylinder.

When the windows and door are thus finished, I proceed as follows with the

ventilator :—To the aperture in the ceiling, through which ventilation takes

place, there is fixed a pipe of an equal diameter with that aperture ; which pipe

goes through the roof and then descends, and opens into a reservoir or cistern,

situated on the outside of the building. Now, with things thus arranged, and

with the cistern so far filled with water that the end of the ventilation-pipe is

immersed a few inches in the water, the machinery by which the warm air is in

jected is set to work, when air, fresh, and of a temperature pleasant to the feelings,

is injected into the bottom of the building, at a rate sufficient for the consump

tion of the people inside. The pipes which convey this air, are so contrived and

arranged, as to distribute it over the whole surface of the floor, in a way which

renders its introduction imperceptible ; and consequently inconvenience from

drafts or currents of it is guarded against. As fast as it isdistributed over the floor,

it gives place to the air that follows it, and rises towards the ventilator. In its

ascent it passes the persons of the people in the place ; and becoming, from the

heat imparted to it by their bodies, and from the deteriorating effects of their

respiration, lighter, it rises more rapidly towards the ventilator.

Now, from the arrangements and lutings I have mentioned, the only places

where this air can find egress, are through the ventilation-pipe, and by the

spaces or crevices between the door-way cylinder, and the leaves that revolve

in it ; and these spaces or crevices being, when the cylinder and leaves are well

finished and fitted to each other, as almost nothing in comparison with the

quantity of air injected, it follows that the ventilation-pipe must be the main

channel of exit. But before any air can pass through this pipe, it must displace

the water inside that end of it which is immersed in the cistern ; to displace

this, a slight pressure must be thrown upon it ; the causing this pressure will

somewhat condense the air in the ventilation-pipe ; and as this condensa

tion will, owing to that principle of fluids by which action and reaction are com

municated, be reverted, or reflected back upon, and caused to take place with

respect to all the air in the building, the whole of it will be somewhat condensed,

anJ, in consequence, the building will have in it a quantity of air greater than
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it would under common circumstances have, according to the depth to which

the end of the ventilation-pipe is immersed in the water. Now, as this com

pressed state of the air, and the building's thus having within it more than it

would under common circumstances contain, is contrary to the natural tendencies

of air, its expansive principle will be exerted, and every crack and crevice about

the place will become a channel to let air out instead of into it; and, in conse

quence, drafts into the building effectually prevented, owing to every cranny

through which they used to enter, becoming a channel of egress instead of in

gress.

This is the way in which I prevent and do away with "drafts;" and when

the door and ventilation apparatus (which is, in fact, nothingmore than a most sen

sitive valve, and to which a valve would, under some circumstances, be preferable.)

are well arranged, and their effect not counteracted by any of the cracks and

crevices which are about rooms being suffered to remain unluted, or otherwise

unstopped, the evil it is intended to remedy will be effectually done away

with.

There is, to be sure, both singularity, and a degree of inconvenience, in a

door-way such as I have described ; though, by having the panels of the re

volving-leaves of glass, this might be much done away with ; and as there is no

other equally convenient way of preventing all possibility of annoyance from

the door, whenever any one either entered or went out of the place, it might be

submitted to, should common doors not be considered sufficient.

With the prevention of inconvenience, and thedanger oftaking cold inside the

building, would also be the removal of much of the liability to cold, &c, when

leaving the now highly heated atmospheres of public places; as, owing to the

temperatures being always uniform, and never above that which was agreeable

and salubrious, much of the danger we all experience, and many of the indis

positions people of delicate constitutions incur, in consequence of passing from

those atmospheres to the open air, would be done away with. And, by vary

ing the depth of the water, in which the ventilation-pipe is immersed, according

to the variations of the barometer, constant uniformity, as to the density of the

atmosphere inside of the building, might be maintained."

The usual mode of ventilating ships is by a canvass bag, called a wind-sal

This is suspended over the principal aperture in the deck, and having an open

ing in the direction of the wind, a current is propelled downwards, which tends

to purify the air. But ventilation is chiefly required in ships during foul weather,

when such a process as that of the wind-sail cannot possibly be employed. Mr.

Jacob Perkins has proposed, under these circumstances, the following very

simple arrangement.

a and b represent two casks or tanks half filled with water, placed on the

opposite sides of the vessel, with a channel c, having an open communication

with both ; d and e represent two large hoses or pipes, through which the fool

 

air from below deck escapes into the tank, where there are valves upenins

inward; f and g are two pipes furnished with valves opening outwards, serving

to discharge the foul air out of the tanks. Now, when the tank a is elevated oj

the ship's motion, the water will run along the pipe c into the depressed tank a.
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the rising of the water in which' will open the valve of the pipe g, and discharge

aa much air aa the water displaces. At the same time the elevated tank a is re

ceiving the foul air from below through the hose d, the valve in it having been

opened by the pressure acting upon the vacuum formed in a by the retiring

of the water, the external pressure of the atmosphere having shut the valve in

the discharge-pipe / : now, when the vessel rocks in the opposite direction, as

would be represented by a line from d to o, the charge of foul air in the tank a, is

discharged by its filling with water in the manner already shown as respects the

tank b ; and thus the operation is continually performed by the oscillation of

the vessel. It will, however, be evident that, if the tanks be fixed at right

angles to the keel, the ventilation will only be effected by the rolling of the ship :

but if the tanks be placed diagonally, then the ventilation will be equally effected

by the pitching also. A very excellent warming and ventilating stove for build

ings, particularly adapted to manufactories, by the same ingenious mechanician,

is described under the article Air : which see.

VERDIGRIS ; is a crude acetate of copper, employed in the arts as a pig

ment; see Painting. It is usually obtained by moistening the surfaces of

copper plates with vinegar, and exposing them to the action of the atmosphere ;

a bluish green rust, or fine salt, thereby forms upon the surface, which is verdi

gris. According to Mr. Phillips, the constituents of English and French verdi

gris are as follow :—

French. English.

Acetic acid . . . . 29.3 29.62

Peroxide of copper . . . 43.5 44.25

Water 25.2 25.51

Impurity 2.0 0.62

100.0 100.0

The French verdigris has been usually considered the best, but the English

of late years has been so much improved in the manufacture, as to be rendered

equal to the foreign in the opinion of many. In a manufactory established at

Deptford, about twenty years ago, the process which we saw in operation (and

which we believe is continued without any essential variation) was as follows :

Thin plates of copper, of which there were an immense number, about a foot

square each, were folded up in coarse woollen cloths, saturated with pyroligneous

acid, (distilled on the premises ;) a dozen or more such plates, with the moist

cloths between them, forming one pile, were placed to the number of several

thousands upon stout wooden racks, built up in an extensive cellar, through

which the air had free access ; but the underground situation having the effect

of preserving the air in a moist state, which we understood was favourable to the

process. The plates, after remaining a few days in this state, were taken down,

the cloths unfolded, and the green saline matter upon the surfaces of the plates

was scraped off by instruments calculated not to remove any portion of the

metal ; the plates were afterwards folded anew, in the moistened acid cloths, and

the process was thus continually repeated, until the copper plates were by im

perceptibly slow degrees worn away. The quality of the verdigris thus produced

was in great estimation. The manufacture was conducted under a patent-right,

which has now expired.

VERDITER. A blue pigment, obtained by adding chalk or whiting to a

solution of copper in aquafortis. It is thus prepared. A quantity of whiting is

put into a tub, and upon this the solution of copper is poured. The mixture

is stirred every day for some hours together, until the liquor loses its colour.

The liquor is then to be poured off, and more solution of copper is to be added ;

and the process thus continued, until the whiting has acquired the requisite

depth of tint; when it may be first dried upon large pieces of chalk, and after

wards in the sun's rays. The inferior verditers are deficient of copper.

VERJUICE. An austere vinegar, made from the expressed juice of wild or

crab apples. It is used by the wax-chandlers for purifying their wax. Also in

French cookery, to give pungency to ragouts, Sec.
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VERMICELLI. A composition of flour, cheese, yolks of eggs, sugar rod

saffron, reduced to a smooth paste, and formed into long slender pieces like

worms, by being forced through little holes, by means of a piston moving in t

cylinder.

VERMILION. A beautiful scarlet-red pigment It is usually obtained

from mercury, being the red sulphuret of that metal. It is said, by some

authors, that the Chinese vermilion is a sulphuret of arsenic : others, on the

contrary, assert that it is prepared from the cinnabar of the East, which bein;

an ore of mercury, already combined with sulphur, renders it an obvious and

an easily conducted process. Large quantities of vermilion are manufactured

by the Dutch. Their process consists in grinding together 150 pounds of sul

phur, and 1 000 of quicksilver, and then heating the /Etli iops mineral thus pro

duced, in a cast-iron pot, two feet and a half in diameter, and one foot deep.

If proper precaution is taken, the jEthiops does not take fire, but merely clots

together, and requires to be ground. Thirty or forty pots, capable of holdinr

twenty-four ounces of water each, are then filled in readiness with this /Ethtopa.

The sublimary vessels are earthen bolt heads, coated two-thirds of their height

with common fire-lute, and hung in the iron rings, at the top of three pot fur

naces, built in a stack under a hood or chimney, so that the fire has free access

to the coated part; each sublimer has a flat iron plate, which covers the moats

of it occasionally. The fire being lighted in the evening, the sublimer* are

heated gradually to redness. A pot of iEthiops is then flung into each sub

limer ; the /Ethiops instantly takes fire, and the flame rises from four to six feet

high ; when the flame begins to diminish, the sublimer is covered for some time.

By degrees, and in the course of thirty-four hours, the whole of the jEthiops ii

put into the sublimers, being 410 pounds into each. The sublimers being thus

discharged, the fire is kept up, so that on taking off the covers every quarter or

half-hour, to stir the mass with an iron poker, the flame rises about three or

four inches above the mouth of the sublimer. The sublimation usually takes

thirty-six hours, and when the sublimers are taken out of the furnace, cooled,

and broken, 400 pounds of vermilion are obtained from each.

Kirchoff first showed, that by commingling and triturating mercury, sulphur,

and potash together, and applying heat, cinnabar might be obtained ; but the

process was uncertain, and gave variable quantities of vermilion. The follow

ing is a process recommended by M. Bruner:—

Mercury 300 parts.

Sulphur 114

Caustic potash 75

Water 400 to 450

The mercury and sulphur are first triturated together, from three hours to a

whole day, according to the quantites used. When the mixture is homogeneous,

the solution of potash is added, the trituration continued, and the mixture heated

in an earthen vessel or porcelain, or, if on a large scale, of iron. At first, the

stirring must be constant, afterwards, from time to time. The heat should be

sustained 113°; it should never pass 122°. The liquid should not be allowed

to diminish by evaporation, but be made up. After some hours, the mixture

will acquire a reddish brown colour, and then great care is required : the mix

ture must not pass 113*. If it becomes glutinous, a little water should be

added ; the mixture of sulphur and mercury should always be in a pulverent

form in the liquid. The colour becomes more and more brilliant, and at times

increases with astonishing rapidity : when it has attained its highest intensity,

the vessel is to be taken off the fire, but still to be retained warm for severs!

hours. The time necessary for the application of heat, appears to be directed

as the quantity operated upon. If the proportion above be in grammes, (about

15} grains each,) the red colour will appear in about eight hours, and the ope

ration be finished in about twelve hours.

The cinnabar is then to be washed, and the small quantity of metallic mer

cury that may be present, separated ; from 328 to 330 parts of vermilion will
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be obtained, of a colour, equalling that of the native cinnabar, and far surpass

ing that of cinnabar obtained by sublimation. The mercury and the potash

should be quite pure.

VICE. An instrument consisting chiefly of a pair of stout jaws or chaps,

which are brought together by the aid of a screw, to compress, or hold fast any

substance placed between them. Vices are of almost indispensable utility to

smiths, engineers, and the generality of mechanics, to the peculiar wants of

certain classes of whom, they are sometimes variously modified : but the vices

in general use, are those termed smiths' vices, and these are of several kinds ;

namely, the standard vice, the bench vice, and the hand vice. The first-men

tioned has a long standard bar reaching to the ground, by which it may be

stapled to the side of an upright post ; and likewise a pair of flattened horns,

by which it may be nailed to the top of the post, or to a work-bench. They

are made of various sizes, and weigh from 15 to 150 pounds each, according

as they may be required for heavy or light work. The second sort, bench-vices,

are of a smaller class ; they have no standard bar, and are contrived so as to be

clamped firmly to the bench, by means of a screw and wrench, and the horns

or claws above. Of this kind, a very superior quality used by watch-makers,

clock-makers, and other delicate mechanists, is made by the Lancashire tool-

smiths, whose workmanship surpasses all others. The third kind, hand-vices ;

these, though of various sizes, and modified in a thousand ways, are all so small

aa to be held in one hand, that the article they gripe may be worked upon by

the other; the jaws are drawn together or asunder by a small thumb screw.

VINEFICATEUR. An apparatus for collecting the alcoholic vapours that

usually escape from fluids during the process of vinous fermentation. It is a

conical vessel or cap, covering a hole in the top of the fermenting tun, which is

in other respects closed air-tight. The conical vessel is surrounded by a reser

voir of cold water, so that the spirituous vapours, rising from the working tun,

may be condensed when they enter the cone, and, [running down its sides, be

conducted by a pipe back into the tun. The cap is provided with a tube, to

carry off the gaseous portion of the vapour which has not been condensed.

VINEGAR. Acetic acid in a dilute state, combined with mucilage, and

sometimes accompanied with flavouring ingredients. Though frequently result

ing from spontaneous fermentation, '.his useful acid is usually obtained by the

manufacturing processes of brewing and fermentation. There are four principal

kinds ; namely, wine vinegar, malt vinegar, sugar vinegar, and wood vinegar.

The process of preparing the last-mentioned, has been already described under

the article ACID, in the first volume ; our attention is therefore here restricted

to the three former.

Wine Vinegar. In Paris, the wine destined for making vinegar, is usually

mixed in a large tun, with a quantity of wine lees ; the whole is then transferred

into cloth sacks, placed within a large vat, and the liquid portion of the matter

is extruded through the sacks by superincumbent pressure. What passes through

is run into large casks, set upright, having a small hole in their tops. In these

vessels, it is exposed to the heat of the sun in summer, or to that of a store in

winter. Fermentation takes place in a few days. If the beat should then rise

too high, it is lowered by cool air, and the addition of fresh wine. In the skilful

regulation of the fermentative temperature, consists the art of making good wine

vinegar. In summer, the fermentative process is usually completed in a fort

night ; in winter, about double the time is requisite ; after which, it is run off

into casks, containing some chips of birch-wood, where it is allowed to remain,

until it has become clear and bright, which usually takes a fortnight more. The

vinegar is then put into close casks, and is ready for the market

At Orleans, the manufacturers prefer wine of a year old, for making vinegar;

but, if the wine has lost its extractive matter, by age or otherwise, it does not so

readily undergo Rectification, which is, however, brought about by the addition

of bunches of grapes, slips of vines, or green woods, abounding with extractive

matter. Almost all the vinegar of the north of France being prepared at

Orleans, the manufacture of that place has acquired such celebrity, as to render

the process employed there worthy of particular attention.

VOL. II. 5 P
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The Orleans casks contain nearly 400 pints of wine. Those which have

already been used, are preferred. They are placed in three rows, one above

another, and in their tops, have an aperture of two inches diameter, kept always

open. The wine for acetification is kept in adjoining casks, containing beech

shavings, to which the lees adhere. The wine thus clarified, is drawn off to

make vinegar. One hundred pints of good vinegar, boiling hot, are first poured

into each cask, and there left for eight days. Ten pints of wine are mixed in,

every eight days, until the casks are full. The vinegar is allowed to remain m

this state fifteen days, before it is exposed for sale. The used casks, called

mothers, are never emptied more than half, but are successively filled again, to

acetify new portions of wine. In order to judge if the mother works, the vinegar-

makers plunge a spatula into the liquid ; and, according to the quantity of frcrti

which the spatula shows, they add more or less wine. In summer, the atmo

spheric heat is sufficient. In winter, stoves heated to about 76* Fahr. maintain

the requisite temperature in the manufactory.

In some country districts, the people keep, in a place where the temperature

is mild and equable, a vinegar cask, into which they pour such wine as they wah

to acetify ; and it is always preserved full, by replacing the vinegar drawn off, bt

new wine. To establish this household manufacture, it is only necessary to bay

at first a small cask of good wine. The following mode of preparing vinegar,

which was described by Boerhaave, more than a century ago, is still in practice

in various parts of France, and elsewhere :—

" Take two large casks or hogsheads, and in each of these, at the distance of

a foot from the bottom, form a false-bottom of wicker-work ; set the vessel

upright, and on the grate place a moderately close layer of green twigs, or

fresh cuttings of the vine. Then fill up the vessel with the foot-stalks of tbt

grapes, commonly called the rape, to the top of the vessels, which must be left

quite open. Having thus prepared the two vessels, pour into them the wine to

be converted into vinegar, so as to fill one entirely, and tha other only half

way up. Leave them thus for twenty-four hours, and then fill up the half-filled

vessel with liquor, from that which is quite full, and which will now, in its tarn,

be left only half full. Twenty-four hours afterwards, repeat the same operation,

and thus go on, keeping the vessels alternately full and half full, during twenty-

four hours, till the vinegar be made. On the second or third day, there will

arise in the half-filled vessel, a fermentative motion, accompanied with sensible

heat, which will gradually increase from day to day. On the contrary, the fer

menting motion is almost imperceptible in the full vessel ; and, as the two

vessels are alternately full and half full, the fermentation is, by this means, in

some measure, interrupted, and is only renewed every other day in each vessel.

When this motion appears to have entirely ceased, even in the half-filled vessel

it is a sign that the fermentation is finished ; and therefore, the vinegar is then

to be put into casks, close-stopped, and kept in a cool place. A greater or less

degree of wnrmth accelerates, or checks this, as well as the spirituous fermenta

tion. In France, it is usually finished in fifteen days, during the summer; bat

if the heat of the air be very great, and exceed 25° of Reaumur's thermometer,

(88J° Fahr.) the half-filled vessel must be filled up every twelve hours ; because,

if the fermentation be not so checked in that time, it will become violent, and

the liquor will be so heated, that many of the spirituous parts, on which the

strength of the vinegar depends, will be dissipated, so that nothing will remain

after the fermentation, but a vapid liquor, sour indeed, but effete. The better

to prevent the dissipation of the spirituous parts, it is a proper and usual pre

caution to close the mouth of the half-filled vessel, in which the liquor ferments,

with a cover made of oak wood. As to the full vessel, it is always left open,

that the air may act freely on the liquor it contains ; for it is not liable to the

same inconvenience, because it ferments but very slowly."

In observing the phenomena of this fermentation, M. Fourcroy remarks,

(Elements of Natural History and Chemistry, London, 1790,) wc perceive a

great deal of boiling and hissing. The liquor becomes hot and turbid ; a great

many bubbles and filaments appear to run through it in all directions: there

exhales from it a lively acid smell, which is no way dangerous : it absorbs a
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great deal of air. By degrees, tnese phenomena disappear ; the beat falls, the

emotion ceases, and the liquor becomes clear. It deposits a glareous sediment

in reddish flakes, which stick to the sides of the casks. It appears, from a

sufficient number of experiments, that the smaller the quantity of the wine, and

the more it is exposed to the contact of air, so much the more readily does it

pass into the state of vinegar. Care must be taken to draw off the vinegar

clear, when it is thus prepared, in order to separate the lye, which, were this

precaution neglected, would cause it to pass into the state of putrid fermenta

tion. Vinegar does not, like wine, deposit tartar by rest : that salt was dis

solved, and combined with the alcohol and water, during the fermentation. It

is even probable, that the presence of the salt has a principal influence in calling

forth the properties of vinegar from a latent state.

Malt Vinegar, which is chiefly used, and extensively manufactured in this

country for foreign as well as home consumption, is made by macerating malt

(in some instances mixed with a proportion of unlimited barley,) in hot water.

From each boll of the grain is extracted one hundred gallons of wort, and when

the temperature is reduced to about 75° of Fahr. four gallons of beer yeast are

added to each hundred gallons. The liquor is next racked off into a series of

upright vats, arranged in a stove-room, kept heated to a temperature of nearly

90° Fahr. Tho vats are provided with perforated false bottoms, on which is

strewed a quantity of rape, the refuse from the makers of British wine, or some

low priced raisins. Every twenty-four hours, or oftener, should the liquor grow

too warm, the principal portion of the liquor of each alternate vat is pumped out,

and discharged into the adjoining one, two vats being usually worked together,

in the manner already described, until the active fermentation is completed.

After this, the liquor is drawn off clear into large casks or pipes, which are laid

on their sides, exposed to the air, the bung-holes being only loosely covered, to

exclude accidental impurities.

VINERY. A garden erection, usually consisting of a wall 12 or 14 feet

high, extending in an easterly and westerly direction, covered with a roof and

glass lights, furnished with a stove and flues, and every convenience for the pro

tection and cultivation of vines.

VIOLIN, or fiddle ; a well-known stringed instrument of brilliant tone, the

vibrations in which are produced by means of a bow.

VIOLONCELLO, or bass viol ; a similar instrument in construction to the

violin, but of a larger size, and having a more powerful effect. An improve

ment in the violoncello was lately made by Mr. S. A. Forster, of Frith Street,

Soho, London, for which that gentleman received an honorary medal from the

Society of Arts. The tail-piece of a violoncello is a thin board, usually of ebony,

fixed at the end of the instrument, opposite to the pegs, and to which the ends of

the strings are tied, or otherwise fastened. Mr. Forster's invention consists,

first, in making three longitudinal cuts in the tail-piece, dividing it into four

bars, united only at the lower end, sufficiently separated at the other to pre

vent their touching while in a state of vibration ; and attaching the strings

one to each of the bars. In each bar are three holes, and the string is to be

fastened to whichever of them on trial shall be found to give the most perfect tone.

Secondly, the material of the tail-piece, instead of being wood, as usual, is of

soft hammered brass ; this alloy being found to give freer vibrations than copper,

and to be preferable to iron or steel, on account of the metallic quantity of tone

which attends the use of these substances. By the above arrangement, each

string being attached to its own bar, the string and bar form a continuous and

distinct line, and therefore the vibrations of the different notes interfere less

with each other. When the strings are tied to one common tail-piece, the

breaking of one puts all the others out of tune; but in Mr. Forster's inven

tion, as each string has its own bar or tail-piece, the breaking of one affects the

others in a very slight degree.

VITRIOLS. A class of salts formed by earthy or metallic combinations

wiih the vitriolic or sulphuric acid.

VOLUTE. A spiral scroll, used in the Ionic and Composite capitals of

columns, whereof it makes the principal characteristic and ornament.
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WAFERS. Small discs of dried paste, used for sealing letters. The mode

of making them is as follows :—Take fine wheat flour, mix it with white of eggs

and isinglass into a very smooth paste, and spread the same over tin plates evenly,

and dry them in an ove:i, placing several of the plates one over the other to

communicate a glossy surface to the wafers. When dry, the sheets of paste thus

formed are laid up in a pile, about an inch or more in depth, and cut ont into circu

lar pieces by a hollow punch, which allows the wafers to pass up its tubular cavity

and discharge themselves sideways as the cutting proceeds, which is effected

with great rapidity. The variety of colours that are ordinarily communicated to

wafers, is given to them in the paste, by the usual pigments in the dry powdered

state, or previously dissolved in the water employed. As the ornamental sub

stitute for sealing-wax and wafers taken from gems, seals, or Tassie's copies

thereof, which was recently much in fashion, possesses some utility as a very

convenient cement, we shall here add the mode of preparing it. A solution

of Salisbury glue, in water previously tinged red, purple, yellow, &c, by Brazil

wood, log-wood, turmeric, &c. must be prepared of a proper consistence. The

hollows of the gem, &c. must then be moistened with a little weak gum-water,

in which any white or coloured opaque powder is mixed ; or with the gum-

water alone, and the colour in powder sifted over it ; all the colour must then be

wiped off the plain parts, leaving it only in the hollows. Asmueh of the melted

glue must then be poured upon the gem as can lie upon it, and be suffered to

dry in a gentle heat ; when it will shrink considerably, so as to become not

thicker than an ordinary sheet of writing paper ; it readily quits the gem, pre

senting a beautiful cast of it. i To use it, the folded note, letter, &c. should

be wetted on the part where the glue-wafer is to be applied, and the bock of

the wafer be placed on the wet part, when it will soon adhere, by its gluti

nous property, and thus form an elegant closure to the letter. It should be

remarked, that this is merely the revival, and application to a different pur

pose, of a well-known process, formerly much used for taking casta from

medals, coins, &c. ; viz. by making a solution of isinglass in proof-spirits*

■training it clear, and pouring it over the surface of the medal, Sec. The isin

glass shrinks in drying, and will readily quit the surface of the medal ; it may

then either remain in its transparent state, or, by breathing upon it, a coat of leaf

gold or silver may be applied to it, and thus give it the appearance of metal.

The French isinglass wafers are made in France, in the following manner.

The isinglass being dissolved in water to the proper consistence, is poured out

upon plates of glass provided with borders, and laid upon a level table ; to pre

vent the glue from sticking to the plates, a little ox-gall, or other fit material

should be rubbed over them. Previous to the isinglass becoming quite dry, they

are to be cut through along the borders. The leaves are then removed, and cut

out with hollow punches, as other wafers are. The various colours are com

municated to them by pigments while in the fluid state. They are sometimes

flavoured with essential oils and aromatics, as well as fruits, to give them an

agreeable taste. * For sealing letters, these wafers afford more security than the

ordinary paste kind.

WASHING-MACHINE, in the common acceptation of the term, is aa

apparatus for cleansing linen, cloth, and various fabrics ; there is a great diver

sity of them, but one or two that we shall describe will, in a great measure,

afford an idea of the generality. In the annexed figure is given a section of

Mr. Flint's Patent Machine for cleansing woollen cloths from dirt, and their

excess of colouring matter, after having been dyed, a a is the section of a

water trough, filled with water up to the pipe/, by which it is supplied; b is

an inner vessel for receiving the dirt and the colouring matter, as it falls

from the cloth between the two cylinders d d, when pressed by the action

of the upper cylinder. These cylinders are made of wood, with reeds or

flutes along their peripheries, and revolve upon their axles, in bearings fixed in

the sides of the trough, which cannot be shown in this view. The cloth c is

put over the two lower cylinders (as a round towel) in an endless coil; tisst
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cylinders are put in motion, by gear or by bands from any adequate first mover.

By this arrangement the cloth is gently pressed between the flutes or ribs of the

revolving cylinders, passing through the soapy water below in easy folds, while

 

the extraneous colouring matter and dirt falls and is collected in the inner vessel,

preserving the water in the outer vessel from a great proportion of the foulness

which it would otherwise acquire.

A few years ago, Mr. Bullman, of Leeds, whose patent mangle we have

described, took out a patent also for a washing and wringing machine, combined
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in one apparatus ; the principal arrangements of which will be understood by

reference to the above diagram. Mr. Bullman justly states that the ordinary

process of wringing is peculiarly destructive of linen apparel, especially such ai
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are of a delicate texture ; and, to obviate this defect, he causes the linen to be

passed from the washing machine between rollers which squeeze by simple

pressure the water out of them, so as to make them nearly dry.

a is the vessel holding the clothes and water, standing upon stout legs b b : it

has a circularly curved bottom, to accommodate the action of an oscillating

beating frame which is put in motion by the cross handle c, and turns upon a

fulcrum at d. The lines at e are intended to represent some of the clothes,

supposed to be washed, being taken up out of the vessel by means of the rollers/g,

between which they are compressed as they emerge from the vessel. The axis

of the roller g carries a toothed wheel h, operated upon by a small pinion i, by

turning the winch k. The rollers are duly provided with apparatus to adjust their

distance from each other, by which the pressure is of course regulated ; and they

are covered with two or three coils of flannel, to give elasticity to the pressure,

and prevent injury to the fabric. We have seen the machine in action, and it

seems to do its duty very well. The patentee says, that by the use of the

wringing apparatus alone, linen will last twice as long as when wrung in the

usual manner. Washing machines for other processes are described under the

subjects to which they relate.

WATER. A transparent fluid without colour, smell, or taste, and compressible

only in a very slight degree ; when pure, not liable to spontaneous change ; liquid

at the common temperature of our atmosphere, assuming a solid form at 32° of

Fahr. and agaseous state at 212° Fahr., but returning unaltered to its liquid state

on resuming any degree of heat between these points. Water is capable of

dissolving a greater number of natural bodies than any other fluid whatever, and

especially those known by the name of the saline ; performing the moat im

portant functions in the animal and vegetable kingdoms, and entering largely

into their compositions as a constituent part; water exists therefore in three

different states : in the solid state or state of ice, in the liquid, and in the state

of vapour or steam. It assumes the solid form, as observed above, when cooled

down to the temperature of 32°, in which state it increases in bulk, and hence

exerts a prodigious expansive force, owing to the new arrangement of its parti

cles, which assume a crystalline form, the crystals crossing each other at an angle

of 60° or 120°. The specific gravity of ice is therefore less than that of water.

When ice is exposed to a temperature above 32°, it absorbs caloric, which then

becomes latent, and is converted into a liquid state, or that of water. At the

temperature of 42° 5' water is at its maximum of density ; and according to

some accurate experiments upon water in this state, a French cubic foot of it

weighs 70 pounds 223 grains French, which is equal to 529452.9492 troy grains.

An English cubic foot, at the same temperature, weighs 437102.4946 grains

troy. By professor Robinson's experiments, it is ascertained that a cubic foot

of water, at the temperature of 55°, weighs 998.74 avoirdupois ounces, o!

437.5 grains troy each, or about 1J ounce less than 1000 ounces avoirdupois

which latter, however, is the usual estimate. When water is exposed to the

temperature of 212°, it boils ; and if this temperature be continued, the whole

is converted into elastic vapour or steam. In this state it expands to about

1S00 times its bulk when in the state of water, which shows what an astonishing

expansive force it must exert when it is confined ; and hence its application to the

steam engine, of which it is the moving power. Water was formerly considered as

a simple elementary substance, and the contrary was not satisfactorily ascertained

till towards the end of the eighteenth century, when it was found that 100 parts,

by weight, of water is composed of 85 parts of oxygen gas, and 15 of hydrogen

gas. In the common tables of specific gravities, that of water is assumed

as 1.000, or the unit of measurement, because, as has been already observed, a

cubic foot of water weighs very nearly 1000 ounces; it follows, therefore, that

the number expressed in the table as the specific gravity of any other substance,

gives also the real weight of a cubic foot of such substance.

WATER, boringfor. See Borino the Earth.

WATER-CLOSET. It was not until that important little contrivance, called

the water lute or air-trap was invented, (which we have described under the last-

mentioned designation) that private dwellings could be even partially secured
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against the annoyance of unpleasant effluvia; but however excellent maybe

the principle of this invention, by neglect or gross mismanagement, its applica

tion was rendered a greater evil than a benefit, until the late ingenious Mr

Bramah devised the apparatus, now termed a water-closet. Succeeding inge

nious men materially improved it, and have given to it a variety of forms and

modifications. Out of the many presented to our notice, we have selected three

for description in this place, which appear to us to be deserving of public

 

patronage The first we shall mention is the patent self-acting water-closet,

invented by Mr. J. Downes, of High Holborn. It is put into operation by the
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removal of the person's weight from the seat, so as to be entirely self-acting, aid

independent of the usual attention of letting on the water.

a in the foregoing engraving represents the water cistern, placed as usual at I

sufficient elevation above the closet to give the water an impetus ; A is the

service box, for regulating the supply ; water enters it by the valve e, and air

by the pipe d ; e is a small lever by which a communication between the valve

e and the machinery is effected,' as may be seen by the wires extending from

one end of it down the pipe d, and from the other to the cranks ooo ; fis the

pipe by which the water is supplied to the basin g ; i is a pushing rod attached to

the seat, which is hinged at the back to a projection from the axis of a lone

lever k, so that when a person's weight is placed upon the seat, the left hand

end of the lever is pushed down till the pendant link at b catches the booked

end of a one-armed lever as represented in the figure. Now it will be observed

that when the person's weight is removed from the seat, the balance weight .-'

will descend and raise the link b, and with it the hooked lever which is attached

by a looped connecting link, to a toothed sector movable [on an axis which :s

connected to, and turns back the soil pan, when the water is let on by the ele

vation of the lever. When the upper lever rises to its greatest elevation, the

pendant link b slips off the hooked end of the lower lever, which then, by a

counterpoise attached to the toothed sector, is brought back to its stationary

position, at the same time shutting the valve c, and returning the soil pan to

take in the bottom of the basin. The quantity of water contained in the service

box, when its valve is shut, descends into the basin and fills up the soil pan and

the lower part of the basin, thus preventing any escape of effluvia from the anil

pipes. The use of the fly wheel, which is put in motion by the toothed sector

acting on a small pinion fixed on its axis, is to prevent by its inertia the water

from being too suddenly shut off when the lower lever is liberated.

This closet, though somewhat complicated in appearance, is really simple in

its action, and, as manufactured by the patentee, not very liable to derangement

Beacham's patent water-closet, is of the portable kind. It represents, in its

external appearance, an ornamental piece of cabinet-work. Our drawing and

description has ofcourse only reference to the interior. The construction is seen

by the annexed diagram, a is the basin, b the trap or valve at the bottom, e a

piece of brass affixed to the bottom of

the valve, acting as a lever for opening or

shutting the same, its fulcrum being on

a fixed axis in two upright brass stems,

one of which is shown at d. The latter

are affixed to the metallic casing which

encloses the basin, and thus forms a sup

porting frame-work for this part of the

apparatus. The lower ends of the stem

d form two circular checks e, for en

closing a convoluted spring of a cylin

drical form, like the usual door spring ;

but instead of steel, it is made of tough

hammer-hardened brass, which pos

sesses, when coiled up, considerable

elasticity, and is not destroyed or in

jured like steel by rapid corrosion. To

the spring is attached a stem, carrying

an anti-friction roller, which presses

against c with the requisite force to keep the valve b shut; this force may at any

time be regulated in a minute, by means of a screw on the opposite side of the

barrel or spring ; if turned with a screw-driver in one direction, the force of the

spring is increased, and if in the reverse direction, it is relaxed ; and it is fixed

to the required degree by the pall falling into the teeth of the ratchet-wheel,

shown in the centre of e. The method of working the valve by the action of

this spring, is the essential and valuable part of the invention, and it is that an

which the claim of patent-right depends. The little roller, it will be observed^
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does not act upon a horizontal plain surface, nor against an Inclined plane,

but it runs upon the curved or convex surface at the end of the piece b ; the

effect of which is, that when the trap or valve is opened by the weight of the

contents of the basin, or by water from the pump, the force of the spring

gently relaxes, instead ofincreasing, permitting it to open wide, and be thoroughly

cleaned ; and the valve, as it returns, being operated upon by the increasing

force of the spring, is thereby shut up very closely. This mode of regulating the

Pressure is ingenious, and produces that uniformity and certainty of effect so much

esired ; without which, indeed, a machine of the kind is a nuisance instead

of a convenience. The dotted lines show the manner in which the apparatus is

dropped into a pail. The double rim of the latter is made to contain a little

water, forming a little canal all round, and the projecting rim of the former being

immersed in it, an air-tight joint is thus produced, which prevents the escape of

effluvia. The pail, &c. is enclosed in mahogany or other cases, wrought so as

to represent various articles of the furniture of a room in the usual way.

Another very ingenious contrivance adapted to be used in a bouse, but especially

calculated for ship-board, was invented by Mr. Downton, Black wall ; the soil being

forced out of it by means of an air-pump, so that its perfect operation may be

ensured in any situation, above as well as below the surface of the water.

A is the basin ; B the air-pump, on the raising of the piston of which by means

of tbe lever shown, the soil is drawn into it from A through the bent tube ; on

depressing the piston in B, the valve at the bottom of it closes, and a valve at C

 

opens, tnrough which the soil is driven, and along the pipe D to the required

distance, the soil being prevented from returning by the closing of the valve at C.

In the upper part of the bason there is a small pipe leading into the upper part

of the cylinder, where a valve opens inwards ; consequently, in depressing the

piston, the foul air is drawn from the bason into the cylinder, and on raising the

piston, the foul air is forced out of the cylinder by the large bent tube shown.

into the discharge-pipe D. To the pump lever the usual cranks are connected

for turning on and offthe clean water, supplied by the small pipe which is shown

bent round the cylinder.

WATER-COLOURS. Pigments in which water is employed as the vehicle

for painting with, in contradistinction to oil-colours, wherein oil is the vehicle •

the colouring matters are the same in both cases. For water-colour painting,

the pigments are ground extremely fine, and made up into elegant little cakes,

with mucilage or gelatine, and may be had at the principal colour-shops in a state*

of great purity and beauty. See Painting.

WATER-MILL, is a general term applied to all mills moved by the force

or weight of water ; many of the mills or machinery described in the course of this

work would be popularly called by the indefinite term, water-mills. Now, the

rob- II- 5 a
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modes of communicating the impulse of water to the driving of machinery an

various; some of these are described under the head HYDRAULIC-MACHINES;

and amongst them one of great excellence, denominated the " Statical Hydraulic

Engine ;" and all that we hare to add to the subject in this part of the work,

will properly fall under the designation of WATER-WHEELS, given in the tab-

joined article : as it is by the application of water-wheels that mills become

water-mills.

WATER-WHEEL, in the common acceptation of the term, is an instrument

by which the moving force of water is employed to communicate motion to

machinery ; there is, however, another class of water-wheels, commonly called

paddles, in which the water is employed as a stationary resisting force. The

last mentioned class is described under the head of STEAM-VESSELS, in which it

forms the most conspicuous feature. Under the present section we therefore

confine our notice to the first-mentioned class of water-wheels, of which there

are three distinct kinds, namely, the undershot, the overshot, and the tr«w/-wheeL

(There is usually described in books upon the subject, a fourth kind, called the

horizontal wheel j but it is so disadvantageous an arrangement, compared to

the three first mentioned kinds, that we shall exclude it from our description.

The undershot water-wheel is that commonly used in rivers and streams, and

is by far the most ancient kind ; it requires no other fall or inclination of toe

stream than may be sufficient to produce a rapid progressive motion on it ; and at

it acts chiefly by the momentum of the water,—its positive weight being scarcely

called into action,—it is only fit to be used where there is a profusion of water

always in motion. This wheel has, however, the advantage of being the cheapest

of all water-wheels, and is more applicable to rivers in their natural state than

any other form. It likewise works equally well whether the water acts upon

the one or the other side of its float-boards ; which renders it particularly applica

ble to tide rivers, where the current changes from one direction to the opposite

one at ebb and flood. There are, however, some practical disadvantages attend

ing this form of wheel, when made of small diameter, or the increase of water

causes a large wheel to be immersed too deeply. In either case the effect i§

similar. I--' us first suppose that the wheel delineated beneath, U immetftd

 

In water up to the dotted line a b ; the float-board b would press downward

upon the water, while that at a, on the opposite side, would press the water

•npward ; now these two resisting forces combined, together with the un

avoidable friction of the machinery, would almost neutralize the whole fin it

that might be derived from the current, if the water line was abore tha

dotted line c d. Now in the other case of a wheel of small diameter, such a
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we will suppose the dotted circle to represent, and the floats fixed radially

around it, in the same manner and at the same distances apart as in the large

wheel, it will be evident that a less numher of floats will be submerged or exposed

to the action of the current ; consequently, they will assume the same unfavour

able position as has been described, by the deep immersion of the large wheel ;

and that, were the small wheel immersed up to the line a b, which is even with its

axis, it would not move at all, as the force or weight of water on each side

would be exactly balanced. Persons but little skilled in the principles of

mechanics, have attempted to gain an advantage, by placing the float-boards

tangentially to the circle, so that the floats shall leave the water edgeways, and

not lift it up at all, as in the one we have figured ; omitting to notice, or give

due weight to the fact, that the floats which are entering the water on the oppo

site side of such a wheel are, in consequence, posited so as to strike against the

water with their broad sides, which thereby counterbalance the advantage gained

on the other ; and we submit to the consideration of those mechanics who prefer

the tangential to the radial position of the floats, that it is less destructive to the

wheel and all the mechanism to which it maybe connected, to receive two equal

concussions of small force on opposite resisting sides of the wheel, than one con

cussion of double the force upon only one side of the wheel ; the direct tendency,

it appears to us, is to break the arms of the wheel, close to the axis. Whenever

the weight and motion of water can be made use of as well as its momentum,

much greater effects can be produced than the last described machine is capable

of, and with a much less lavish expenditure of the fluid, for then its utmost

powers of action are brought into play at once ; and accordingly, those water-

wheels that are distinguished by the name of breast-wheels, and overshot wheels,

will produce much greater power, with a much less supply of water, than the

undershot wheel already described. Both these wheels, however, require a con

siderable fall in the stream upon which they are placed, and consequently de

stroy it for the purposes of navigation, unless that ingenious hydraulic contri

vance, the CANAL LOCK, be resorted to, by means of which barges or vessels of

any magnitude may be transported from one level to another without difficulty,

and with very little loss of time. The over-shot water-wheel, which of all others

 

gives the greatest power with the least expense of water, requires a fall in the

stream equal to rather more than its own diameter ; therefore it is customary to

give this description of wheel a greater length in proportion to its height than is
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given to any other,—by which an equality of power is obtained. In the con

struction of the over-shot wheel a hollow cylinder or drum that is impervious to

water, is first prepared, and hung upon a proper central axis. A number of

narrow troughs or cells, generally formed of thin plates of metal, extending from

one end of the drum to the other, are next fixed round the outside of the wheel,

so as to give a transverse section through the middle of the wheel the appearance

shown in the preceding figure. The water is conducted by a level trough of

the same width as the wheel, over its top, and is thence discharged into the

buckets or cells placed round the wheel to receive it ; from the particular

form of these buckets, they retain the water thus thrown into them, until

by their motion they descend towards the point when, their mouths being

turned downwards, they discharge their contents into the tail-stream, where

the water runs to waste. The buckets on the opposite side of the wheel,

ascend with their mouths empty, until they arrive under the end of the water-

trough, to be refilled, where there is a pen-stock or sluice, for regulating

the quantity of water and preventing waste ; since, if the water was permitted

to flow too rapidly, it would splash out of the buckets instead of filling

them, and would run down over the surface of the wheel, without producing

its proper effect. To prevent this, the water is seldom permitted to run upon

the wheel in a stream of more than from half an inch to an inch in thickness,

and when well regulated there is scarcely a drop of water ineffectually used.

Ttie overshot wheel acts, therefore, by the gravity or weight of the water contained

in the buckets, for nearly one-third of its circumference ; and from the experi

ments of Mr. Smeaton, which were made with great accuracy, it appears tlut

the dimensions, quantity of water, and height of fall being the same, the over

shot wheel will produce double the effect of the under-shot.

The breast-wheel is by far the most common, and may be considered as a

mean between the two varieties before mentioned. In this, the water, iiutead

of passing over the top of the wheel, or entirely beneath it, is delivered about

half-way up it, or rather below the level of the axis ; and the race or brickwork

upon which the water descends is built in a circular form, having the same

common centre with the wheel itself, so as to make it parallel to the exterior

 

edges of the float-boards, or extreme circumference of the wheel This con

struction is shown in the above figure, which represents a side-view of a wheel,

formed with float-boards in the same manner as the undershot wheel ; but in

stead of the water acting upon its lower part, it is introduced upon it midway,

by the sluice or pen-stock, which, by rising or falling, permits a greater or leit

quantity of water to act on the wheel; and as the float-boards arc made to
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fit as accurately as possible, without contact, into the circular hollow of the brick

work, no water can escape past the wheel,without producing its proportionate effect.

Mr. Smeaton states, that all wheels by which the water is prevented from

descending, unless the wheel moves therewith, are to be considered of the nature

of over-shot wheels, having power in proportion to the perpendicular height

from which the water descends ; while all those that receive the impulse or

shock of the water, whether in an horizontal, perpendicular, or oblique direction,

arc to be considered as under-shots. The breast-wheel is nearly allied to the

over-shot ; for notwithstanding it has only float-boards, instead of buckets, yet

as the mill-course is made concentric to the outside of the wheel, and is not

only there, but at the two sides, made as close as convenient, so as to prevent

the escape of water as effectually as possible, the spaces between one float-board

and another, become buckets for the time being, and retain the water, and thus

the breast-wheel is not only impelled by the weight of water, but by its impetus

or momentum also; for the water is so confined, as to be incapable of splashing

or being lost, and consequently, its moving force may be exerted to great advan

tage. Notwithstanding this apparent superiority, still the breast-wheel is, iu

effect, vastly inferior to the over-shot wheel, not only on account of the smaller

height at which the water is supplied, but from the waste with which it must

always be attended, even under circumstances of the most perfect workmanship.

When well-constructed, and closely built in, its effect, according to Mr. Smeaton,

should be the same as an under-shot wheel, whose head of water is equal to the

difference of level between the surface of the stream and the point where it

strikes the wheel, added to the effect of an over-shot wheel, whose height is

equal to the distance from the striking point, to the tail-water of the mill, or

that which runs to waste. This is, however, on the presumption that the wheel

receives the impulse of the water at right angles to its radii, and that every

thing is constructed to the best advantage. In practice, it is found that the

breast-wheel consumes about double the quantity of water that the over-shot

wheel requires, to do the same quantity of work, when all things are alike,—that

is to say, the diameter and breadth of the wheel, number of float-boards, &c.,—

though from theory and calculation, it should rather do more ; for Lambert, and

others who have written on this subject, attempt to demonstrate, that the power

of the over-shot, to that of the breastwheel, is as thirteen to five; but this is

upon a supposition, that no water escapes ineffectually, which is utterly impos

sible in practice. In order to permit any of the above wheels to work with

freedom, and to the greatest advantage, it is absolutely necessary that the tail-

water, as it is called, or that which is discharged from the bottom of the wheel,

after it has produced its effect, should have an uninterrupted passage to run

away ; for whenever this is not the case, it accumulates, and forms a resistance

to the float-boards,—and consequently, abstracts considerably from the velocity

and power of the wheel, sometimes indeed to so great an extent, as to prevent

its working altogether. One of the simplest and most effectual means of remov

ing this inconvenience, (says the author of the Treatise on Hydraulics, in the

" library of Useful Knowledge," for whose observations we are largely indebted

in the present article,) is by an expedient, not much known or practised, and

•which consists of forming two drains or tunnels through the brickwork or

masonry, at each side of the water-wheel, whatever may be its construction, so

as to permit a portion of the upper water to flow down into the tail or lower

stream immediately in front of the wheel. The water thus brought down with

great impetuosity, drives the tail-water before it, in such a manner as to form

a basin or hollow place, in which the wheel can work free from interruption,

even if the natural state of the water were such as might produce a tailing of

from twelve to eighteen inches, without this assistance. And since the tailing

of mill-streams only occurs in the winter seasons, or at times when there is a

profusion of water, so the quantity that is thus thrown away without operating

upon the wheel, can be spared without inconvenience. Each of the drains or

tunnels is furnished with a sluice-gate or pen-stock at its upper end, by which

the quantity and impetus of the water can be regulated at pleasure, or the whole

be shut off, whenever water happens to be scarce.
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The three Tarieties of water-wheels already noticed, are the only ones gene-

ially admitted into practice, and they do not admit of much improvement, since

their principles must always remain the same. The over-shot wheel has,

perhaps, been brought nearer to perfection than any of the others, by the con

trivance of Peter Nouaille, Esq. who, in a mill that he has near Seven Oaks, ia

Kent, has caused the water to revert back again from the top of the wheel,

instead of passing over it ; and in this way a much greater portion of the cir

cumference of the wheel is brought into action than is generally the case.

Other improvements or variations in the form and construction of water-wheels,

have been contrived by Mr. Besant, Mr. Smart. Mr. Perkins, and others, which

will be found described in the Transactions of the Society for the £acouraytttnt

of Arts, Manufactures, and Commerce; the object of them principally being to

obtain as much force as possible from the water, by arranging the forms of tie

buckets or float-boards, in such manner that they may receive the greatest impulse

or retain the greatest quantity of water, which is of great importance, particu

larly in the construction of under-shot wheels, which act by the impulse of the

water alone. The over-shot wheel depends entirely on the weight of the water

delivered into its buckets, which ought, therefore, to be aa capacious as they

can conveniently be made,—not only that they may contain as much water ai

possible, but allow ample room for the discharge of the air that will be thrown

into them with the water, as well as for the delivery of that water, when done

with. From the nature of a water-wheel, it will be evident, that if it had no

work to perform, or resistance to overcome, it would move with the same

velocity as the stream that drives it ; while, on the contrary, if it -was loaded

with a quantity of resistance, equal to the power of the stream, it could not mure

at all : hence, every degree of resistance between these extremes, will produce

its proportionate retardation of the wheel ; and from accurate experiments which

have been tried, it has been determined, that an under-shot wheel does its maxi

mum quantity of work, when its circumference moves with between one-half

and one-third of the velocity of the stream that drives it. The over-shot wheel

cannot be so influenced by the velocity of the water, because it requires all its

buckets or cells to be filled in succession ; and Mr. Smeaton has determined,

that the best velocity to effect the above purpose, is three feet in a second-

Having, therefore, previously determined the quantity of water which the

stream will deliver in a given time, it becomes a matter of easy calculation to

determine the length and capacity of the buckets which shall be capable of

carrying off the water at that velocity. Thus, for example, if the stream is found

to deliver ninety-six gallons per second, and it is determined to make the

buckets on the wheel six inches apart from one partition to another, and fifteen

inches deep, then six such buckets will be contained in every three feet of the

wheel ; therefore, ninety-six gallons must be divided by six buckets, which

gives sixteen gallons for the contents of each. It will, therefore, only remain

to be determined, how long a vessel of six inches wide, and fifteen inches deep,

must be, to contain sixteen gallons, and this will, of course, give the necessary

width of the wheel, while the number of buckets must depend upon the circum

ference, which is always limited by the diameter, being^he extreme height, (if

necessary,) that can be obtained in the fall of water ; for the larger the wheel

the greater will be the power derived from it, provided a due velocity can be

maintained at the same time ; because the power of water on wheels, is as the

square root of the height it falls through, it being regulated by the same laws

as apply to solid bodies in falling. The power of every wheel, of course, depend*

upon the quantity of water thrown upon it, and the height from which it has to

fall ; but as every bucket must be filled, or every float-board struck by the water

in succession, so, of course, if the wheel is too large, it will move too slowly for

the purpose for which it is intended ; and, in this case, the speed must be raised

by cog-wheels within the mill, which, on the common principle of mechanics,

must dissipate the power intended to be gained by the magnitude of the wak'r-

wheel. Hence, great attention should be paid in the construction of mills, tc

let the size of the water-wheel be well-proportioned, not only to the velocity of

the stream, but to the speed of the work it is required to perform ; and this ma/
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always be accomplished without waste or difference of power, by using a wider

wheel of small diameter, where great speed is necessary, or a narrow wheel of

great diameter, when this is not essential. In every case, the full power of a

stream should be taken advantage of, in the first erection of a mill, because it

is a troublesome and expensive operation to increase the power of a mill, when

once built; and power is always valuable.

Mr. Banks, in his excellent Treatise upon Mills, gives many useful practical

rules ; from amongst which the following is selected. Being simple, it may

prove useful for determining the quantity of water that will flow through a

sluice or pen-stock upon a wheel, with sufficient accuracy for most purposes,

because the whole motion of a stream must not be taken when it is principally

dammed or stopped, and only permitted to flow through a small orifice, to pro

duce mechanical effect.

Rule.—Measure the depth from the surface of the water to the centre of the

orifice of discharge, in feet, and extract the square root of that depth ; multiply

it by 5.4, which will give the velocity in feet per second, and this, multiplied by

tbe area of the orifice (also in feet,) will give the number of cubic feet which

will flow through in a second. From knowing the quantity of water dis

charged, and the height of fall, not only the size of the wheel, but its extent of

power may be calculated ; for, in the undershot wheel, the power is to the

effect nearly as 3 to 1 ; while in the over-shot wheel it is double, or as 3 to 2.

WATER-WORKS, denote all manner of works employed in raising or sus

taining water ; in which sense water-mills of all kinds, pumps, wheels, hydraulic

engines, sluices, aqueducts, &c, described in various parts of the work, may be

called water-works. The various water-works in and about London consist of

pumps worked by steam-engines. The principal are those of the New River

Company, whose works at Clerkenwell and Upper Thames-street, are said to

furnish daily to 67,000 houses, 13,000,000 of gallons; the East London water

works, situated at Old Ford, also daily supply to 42,000 houses, 6,000,000 of

gallons ; the West Middlesex worksat Hammersmith, to 15,000 houses, 2,250,000

gallons; the Chelsea works to 12,400 houses, 1,760,000 gallons; The Grand

Junction, also at Chelsea, to 7,700 houses, 2,800,000 gallons. From which

statement it appears that the portion of the town on the north side of the Thames,

is supplied daily with about 26,000,000 gallons of water, and that the total

number of buildings of all kinds receiving this supply amounts to about 144,000

The water is, from the great demand of certain factories, and various other cir

cumstances, very unequally distributed ; but the average consumption for each

house is about 180 gallons. Of this water, more than one halfof which is derived

from the Thames, a large portion is delivered at very considerable elevations

above the level of the river, even to the tops of the highest houses in the highest

Sarts of London, by means of force pumps, called the high service, for which

istinct service fifteen steam-engines are employed, exerting a power of 1105

horses.

On the south side of London, there are three water-companies, namely, the

Lambeth, the Vauxhall or South London, and the Southwark. The Lambeth

water-works are situated upon the banks of the Thames, and the water is forced

immediately from the river into the mains, and thence distributed to 16,000

tenants, who consume 1 ,244,000 gallons daily. The Vauxhall, or South London

works, situated in Kennington Lane, have about 10,000 tenants, who daily con

sume about 1,000,000 gallons. The Southwark works, upon the banks of the

river, between Southwark and London bridges, supply about 7,000 tenants with

720,000 gallons of water. Each of these establishments has two engines, the

aggregate power of which is about 235 horses. The whole of the water amounts

to nearly 3,000000 gallons, supplied to 33,000 tenants. The total quantity of

water required for the whole metropolis, north and south of the Thames, is

therefore about 29,000,000, supplied to 177,000 houses or tenants, making an

average quantity of 170 gallons to each daily 1

We have thus given a summary of a more voluminous statement that has ap

peared in most of the scientific journals, professedly derived from the printed

report of a parliamentary commission, appointed a few years ago to inquire into
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the subject. But we think that every resident of London, after a moment's

consideration of the statement made out by the water companies, of their supply,

will deem it to be a most overcharged statement of facts. Our own observation

upon a great number of houses, leads us to the conclusion, that instead of 170

gallons to each house daily, there is not that quantity delivered weekly in a majority

of cases, or upon an average of the whole. If the water were turned on daily to all

the tenants, and the discharge-cocks to all the pipes were prevented from shutting

during the period of " laying on," the pipes would be capable of delivering the

quantity mentioned. But the facts are, that a great number of the cocks ore

shut, the cisterns being full ; that the majority of them are only open for a few

minutes, to receive an addition of a few gallons ; and that, so far from being a

daily supply to all, the third, fourth, and fifth-rate houses (which constitute the

majority,) receive their supplies but twice a week at the utmost, and many of

them but once. The official statements appear to us to be so grossly incorrect that

we have not thought it needful to enter into a minute investigation. Nevertheless,

we consider the supply generally to be abundant for all the purposes of health

and comfort We have already observed, that pumps are the machines now

usually employed in water- works, for raising the water; and these pumps are

generally worked either by steam or a fall of water. Having in other parts of

this work treated of the constituents of water-works, we shall conclude this

article by a brief notice of the water-works lately erected to supply the city of

Philadelphia with pure fresh water, and which have been described in the recent

scientific journals. " These works," Dr. Jones states, " have been admired by

all who have seen them, as monuments both ot the taste and skill of the per

sons concerned in the plan and erection of the buildings, and in the construc

tion and executing of the machinery." The establishment is at Fair-mount,

five miles above the city, at (he Falls of the Schuylkill. The entire expense,

including the purchase of the site, is 426,330 dollars. The water power created

is calculated to be equal to raise into the reservoir, by eight wheels and pumps,

upwards of ten millions of gallons daily, and it is estimated that 40 gallons upon

the wheel will raise one into the reservoir. There are two reservoirs, one having

the capacity of three millions of gallons, and the other of four millions. The

water is raised 56 feet above the highest ground in the city, and is conveyed and

distributed in cast iron pipes of American manufacture. A plan and section of

the pumps and water-wheels ore given in the foregoing page. The pumps are

what are called double forcing-pumps, (see the article Pumfs,) producing au

equal effect in raising water, in whichever way the piston moves. The working

barrel is 16 inches in diameter in the clear, and the half stroke of the pump is

five feet, giving a ten-feet stroke for each revolution of the water-wheel, of which

there are thirteen in a minute. The water is forced to a perpendicular height

of 96 feet, through mains of nearly 300 feet in length. The quantity raised by

one pump, in 24 hours, is upwards of 1 J millions of gallons, ale measure.

Dr. Buchanan, in his Journey from Madras through the countries of Mysore,

&c. gives a description of the Saymbrumbacum tank near Madras, which ap

pears to us well deserving of the attention of persons interested in the construc

tion of water-works, as there are probably situations in this country where similar

advantages might be taken of the natural configuration of the hilly districts. The

Saymbrumbacum tank has not been formed by digging, like those in Bengal,

but by shutting up, with an artificial bank, an opening between two natural

ridges of ground. The sheet is said to be seven or eight miles in length, and

three in width, and in the dry season is let out in small streams, as wanted, for

irrigation. In the rainy season it receives a supply of water from the river Chir-

nadi, and from several small streams that are collected by a canal. 1 1 is provided, in

different places, with sluices or weirs, of stone, which are from 20 to 30 feet wide,

and some feetlower than the other ports. On the surface they are strongly fortified

by large stones, placed in a sloping direction, so that the water rushes over with

out undermining the bank, and is conveyed away from the fields by a canal.

This is a matter of the utmost importance, as there are instances where, the

banks of these large tanks having given way, whole villages have been destroyed
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•sv the torrent. In order, however, that when there is plenty of rain the tank

may be completely filled, a row of stone pillars is placed on the top of ihr

sluices (weirs) ; and on the water rising to a level with their base, a temporary

wall is formed of mud, sticks, and straw, placed between the pillars so as to con

fine the water till it rises as high as the top of the bank. People watch thi*

night and day, in order to break down the temporary bank should any additional

rain endanger the whole. The water is let out to supply the fields, by a. duir

lined with cut stone or bricks, formed through the bank, on a level with the

country. The inner end of this sluice ia covered by a flat stone, in which is cm

a. conical opening, that can be shut or opened by a conical plug or valve, fixed

to a bamboo staff, and which is secured in its place by passing through hole*

made in cross guiding-bars, let into two pillars of stone, which rise above ti.-

level of the water in the tank. This tank is said to be sufficient to supply with

water the lands of thirty-two villages, for eighteen months, should the raim fail ;

such a reservoir is therefore of inestimable value.

WAX. An oily concrete matter, usually considered to be gathered by be«

from plants , though Huber, who was a close observer of nature, and the habiti

of bees in particular, asserts that wax is an artificial production, made by the

bees from the honey they collect ; that they cannot procure it, unless they have

honey or sugar for the purpose ; and that raw sugar affords more than honey.

Wax was long considered to be a resin, from some properties which it possesses

in common with resins. Macquer found that wax resembles resin only in being

an oil, rendered concrete by an acid ; but that it differs essentially from she-;

in the kind of the oil, which, in resins, is of the nature of essential oils, while in

wax, and other analogous oily concretions, (as butter of cocoa, butter of milk,

fat of animals, spermaceti, myrtle wax,) it is of the nature of mild unctuous oil*,

that are not aromatic, and not volatile, and are obtained from vegetables, by

expression. Dr. Ure considers it probable, that the acidifying principle, or

oxygen, and not an actual acid, may be the leading cause of the solidity, or low

fusibility of wax ; but it has been observed, that by digesting the nitric or

muriatic acid upon fixed oils, the oils pass into a state resembling wax. The

natural colour of wax is yellow, and it is whitened by exposure, in thin laminae,

to the air and sun. Alkalies dissolve wax, and render it miscible in water. IB

China and North America, wax is procured directly from plants, and is then

called vegetable-wax. In order to obtain bees' wax in a pure state, what remains

of the combs, after separating the honey, is put into a copper, with a quantity

of water, which is made to boil over a slow fire, and stirred frequently with a

stick. When the wax h<i3 been thus thoroughly melted, it is strained through

canvas bags, and the residue in the bags is forced out by a press, whilst hot, and

received into a vessel of water. When all tlie wax has been thus cleared of the

grosser impurities, it is again melted over water, and the scum which arises in

the boiling is carefully skimmed off; after which, it is poured into pans or

moulds of the size required, to solidify. Wax keeps better in large cakes than

small ones : any sediment that may remain at the bottom of the cakes is scraped

off before bleaching.

The ordinary process of bleaching wax, consists in first melting it at a lo»

heat, in a cauldron, from whence it u allowed to nm out by a pipe at the bottom,

into a capacious vessel filled with cold water, in which is fitted a large wooden

cylinder, that is made to turn round continually on its axis, upon which the

melted wax falls. The surface of the cylinder being constantly wet, the wtx

does not adhere to it, but lays solid and flat, acquiring the form of ribbands.

The continual rotation of the cylinder carries off these ribbands as fast a* they

are formed, and distributes them through the tub. The wax is then pat upon

large frames covered with linen cloth, which are supported about eighteen inche*

above the ground, in situations exposed to the air, dew, and the sun. The thick

ness of the several ribbands, thus placed upon the frames, ought not to exceed

an inch and a half, and they ought to be removed from time to time, in order

that they may all be equally exposed to the action of the air. If the weather

be favourable, the colour will be changed in a few days. It is then to be
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re-melted, formed into ribbands, and exposed to the air as before. These opera

tions are to be repeated, until the wax is rendered perfectly white ; after which

it is to be melted into cakes, or formed into candles.

Of late years, the sulphuric acid, and other chemical agents, have been pro

posed for shortening the process of bleaching wax, but we are inclined to believe

that they have not been successfully carried into practice, as the manufacturers,

we are informed, adhere to the old process above described. To what extent

chlorine has been applied to this purpose, or in what manner, we are jot in

formed ; but the process employed by Mr. Davidson, of Glasgow, and recently

patented by him, is stated, in the specification, to be as follows :—

" The wax or tallow is heated to about the temperature of boiling water, in

an iron vessel lined with lead, when the oxymuriate of lime, (chloride of lime,)

or the oxymuriate of magnesia, (chloride of magnesia,) is to be added, either in

solution with water, or in the dry state, and then intimately mixed and well

stirred up with a wooden spatula. When these materials have acted upon each

other a sufficient length of time to discharge the colour from the wax or tallow,

the lime or magnesia is to be removed, by adding dilute sulphuric acid, or some

other acid possessing a greater affinity for those earths than chlorine. The

whole is then to be boiled, until the earth employed is separated."

For the bleaching of wax, the solution of the chloride is to be in the propor

tion of from 14 to 28 pounds of the salt, to 112 pounds of water; and an equal

quantity by weight, of the solution and of the wax, to be employed in the pro

cess. The sulphuric acid should be of the specific gravity 1.8485, and be diluted

with from twenty to thirty times its weight of water.

For the bleaching of tallow, a solution of chlorine, of less strength than the

above, will suffice, and the sulphuric acid should be more plentifully diluted : but

the proportions necessary, will vary both in the wax and the tallow, according

to the quantity of colouring matter that may he combined with them. The

following formula for the composition of the various kinds of sealing-wax, will

not be out of place :—

The best hard red wax for sealing letters :—Mix two parts of shell-lac, well

powdered, with resin and vermilion, each one part, and melt this combined

powder over a very gentle fire : when the ingredients are thoroughly incorpo

rated, work the mass into sticks. Seed-lac may be substituted for shell-lac;

and instead of resin, boiled Venice turpentine may be used. Coarse hard red

sealing-wax :—Mix two parts of resin, one part of shell-lac, vermilion and red-

lead together one part ; the latter in the proportion of one of vermilion to two

of the red-lead. For a cheaper kind, the vermilion may be omitted, and for

very coarse uses, the shell-lac also. Black sealing-wax is made in the same

manner as red, with the exception of the colouring ; the colouring ingredient for

black wax, being the finest ivory black. Hard green sealing wax is the same

mixture of resins and gum-resins as before-mentioned ; the colouring ingredient

is powdered verdigris ; for a brighter colour, crystals of verdigris, blue sealing-

wax :—Use smalts, light blue verditer, or a mixture of both. Yellow seaiing-

wax :—Use massiuott ; for a fine bright yellow, turbith mineral. Purple

sealing-wax :—Use half vermilion, and half smalts, or red and blue in various

proportions, according to the tint required.

Particular attention should be paid to the ingredients, while over the fire,

that no more heat be given than is just sufficient for them to melt, and be

thoroughly incorporated. The wax is formed into sticks, by rolling it on a

copper plate or stone, with a rolling-board lined with copper or tin, into rolls of

any required size. The polish or gloss is given afterwards, by placing the sticks

of wax over a fire in a mi»ll stove, which is provided with a suitable apparatus

for placing and turning them in that situation, where the heat given to them

is just sufficient to melt the surface of the wax, and produce the gloss.

A patent was recently taken out by Mr. Wason, of the Middle Temp.e, for

introducing a small wick into the middle of the sticks of wax, for the conve

nience of scaling letters. These sealing-wax candles we do not, however, per

ceive in the shops.

WEAVING, is the art of working a web of cloth from silk, cotton, or other
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fibrous thread, in a loom, with a shuttle. The principle of the art may be said

to consist in crossing two sets of threads at right angles to each other; and it

was probably first conducted in an extremely coarse and simple manner, like

the interlacing or platting of rushes to form mats. An uninformed savaje

having effected thus much, would naturally be led to operate upon finer

materials, which nature might present to his hands, and he would be able to

weave them with the same, or nearly the same facility, as he did the coarse

matting ; the assistance which he might receive from a fellow-labourer, in

perhaps opening the threads of his warp with a piece of stick, or in thrusting

the weft through its interstices ; would naturally suggest the use of sticks, tor

opening the alternate threads of the warp, and beating up the weft. For want

of assistance, our primeval weaver might fasten the ends of his warp, which we

will conceive to have been long stripes of the inner bark, to the stumps or boughs

of trees. With his sticks he would then be able to operate with comparative

rapidity and excellence ; and as it could not fail to escape his notice, nor that

of the by-standers, that the alternate threads of the warp, divided into two

distinct sets, were alternately raised and depressed by the sticks, and that, some

times, from accidental circumstances, some of the threads of the warp were

raised or depressed by a pull instead of a push ; hence we may imagine that

some contrivance resembling or performing the same office as the treadles or

lams of our present looms, were resorted to ; thus we have a complete, though

rude machine, excepting the shuttle ; the gradual steps to which pretty

contrivance must obviously have been made, by the weaver first poking, next

sliding, and, finally, as his manual dexterity increased, throwing the weft.

As the early history of weaving is involved in total obscurity, we have thus

endeavoured to trace the probable origin and earliest practice of the invention,

and at the same time explain the really simple process of which plain wearing

consists. In fact, the process is even now conducted in India, and many of the

eastern nations, by similar means ; the weaver performs his labour in the open

air, choosing his station under trees, whose shade may protect him from the

scorching rays of the sun. Here extending the threads which compose the

warp of his intended cloth lengthwise, between two bamboo rollers, which are

fastened to the turf by wooden pins, he digs a hole in the earth large enough to

contain his legs when in a sitting posture ; then, suspending to the branch of a

tree the cords which are intended to cause the reciprocal rising and depressing

of the alternate threads of his warp, he fixes underneath, and connected with

the cords, two loops, into which, inserting the great toe of either foot, he is

ready to commence his operations. The shuttle with which he causes the cross

threads or woof to interlace the warp, is in form like the knitting needle, and,

being somewhat longer than the breadth of the warp, is made to perform the

office of a baton, by striking the threads of the woof close up to each other.

With this rude apparatus the patient Indian succeeds in weaving fabrics which,

for delicacy of texture, cannot be surpassed, and can hardly be rivalled, by the

European weaver, even when his labours are aided bv the most elaborate

machinery.

The machinery by which the process of weaving is conducted in this country

varies but little, whatever may be the material of the fabric ; the difference in

looms for weaving silk or wool, chiefly consisting in the greater stability and

strength of the latter, on account of the greater coarseness and elasticity of fibr*

and the thickness of the cloth woven.

Of late years there have been numerous and great improvements in weaving

machinery, and these have, to a great degree, superseded the mechanism of the

last century. Nevertheless, the old-fashioned comflion loom, for weaving pbun

silks, being still extensively used, especially in Spitalfields, we shall commence

our account of the mechanism employed, by giving a description of it.

A, in the annexed figure, is a roller called the cloth-beam, on which the cloth

is wound as it is wove ; at one end it has a ratchet wheel, and a dick, to

prevent its running back ; at the same end it has also four holes in it, and i»

turned by putting a stick in these holes : at the other end of the loom is

another roller I, on which the yarn is wound; this has two small cords *^
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wrapped round it, the ends of which are attached to a bar d, which has a

weight hung to it; by this means a resistance is caused, which prevents the

roller I turning by accident. F/are called lames; they are each composed of

a pair of sticks, between which are fastened a great number of threads ; to the

bar e are fastened two cords g I, which pass over pulleys, and are fastened to the

bar A of the lame F ; the lower bars of each lame are connected by cords with

the treadles G H ; the workman sits on the seat P, and places his feet upon

these treadles : as they are connected together by the cords gl, when he presses

down one, it will raise the other, and the lames with them ; a great number of

threads, according to the width of the cloth, are wound round the yarn

beam I and are stretched to the cloth-beam A ; the middle of the threads

 

which compose the lames E F, have loops called eyes in them, through

which the threads between the rollers, which are called the warp, are passed ;

the first thread of the warp goes through the loops of the lame E, the next

attached to the lame F, and so on alternately ; by this means, when the weaver

presses down one of the treadles with his foot, and raises the other, one lame

draws up every other thread, and the other sinks all the rest, so as to make an

opening between the sets of thread. L L is a frame moving on a centre at the

top of the frame of the loom ; L L are the two uprights of the frame ; / is the

bar that connects them ; II is a frame carrying a great number of pieces of

split reed, or sometimes fine wire, at equal distances ; between these the threads

of the warp are passed; the frame being supported by a piece of wood called

the shuttle-race, which is fastened into the front of the pieces I . L ; each end

of this piece has boards nailed to the sides, so as to form troughs; at a small

distance above these are fixed two very smooth wires ; their use is to guide the

two pieces p g, called peckers or drivers ; to each of these pieces a string is

fastened ; and these strings are tied to a piece of wood, which the weaver

holds in his hand, and, by snatching the stick to either side, draws the pecker

forwards very quick, and gives the shuttle (which is to be laid in the trough

before the pecker,) a smart blow, and drives it along across the race in into the

other trough, where it pushes the pecker along to the end of the wire, ready for

the next Btroke, which throws it back again, and so on. The ends of the

slum 1 1' are pointed with iron ; it has a large mortise through the middle of it,

in which is placed a quill containing the yarn ; also a glass eye, having a hole

in it, through which comes the end of the thread ; and two small wheels to

make it run easily on the race. The operations are as follow :—The workman,

fitting upon the seat P, holds the stick in his right hand, and takes hold of

one of the bars of the frame L L with his left ; presses his foot on one of the

treadles G II, which by means of the lambs E F, as before described, divides
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the warp ; lie then relieves the treadle he before kept down, and presses down

the other ; while he is doing this, he with his left hand draws the frame L I.

towards him, and then returns it The use of this is to beat the last thread

thrown by the shuttle close up to the one that was thrown before it, by the split

reeds. As soon as he has brought the frame L L back to its original position,

and again divided the warp by the treadle, he throws the shuttle again ; when

he has in this manner finished about twelve or fourteen inches of cloth, be winds

it by turning the roller A with the stick, as before described. Some very

expert weavers will throw the shuttle, and perform the other operations, at the

rate of 120 times per minute.

In shuttles of the common kind, great difficulties have been experienced in

causing the thread or yarn to come on the bobbin or shuttle-cap with an uniform

tension, without which it is impossible toproduceagoodand even cloth; to remedy

this defect, Mr. Gosset, of Clerkenwell Green, lately invented an improved

shuttle, for which he obtained a patent; and as the construction of these shuttles

renders them equally applicable to weaving all kinds of materials, including the

metallic cloth, or wire gauze, we annex the following description of them, from

the specification :—

In the annexed figures, 1 represents a longitudinal section, and 2 a transverse

section of the improved shuttle ; in this example, adapted to the weaving of

metallic fabrics, or other stiff materials, a a is the body of the shuttle, nude

of hard wood, and tipped with metal at the extremities, as usual ; b is the bobbin

or weft roller, made like a pulley, and turning upon a polished pin passim;
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through its axis, in the morticed cavity c, made in the side of the shuttle ; tht

pin 6 is adapted to be taken out easily, that the bobbin may be removed or

changed with facility, as often as may be desired ; d is the regulating spring

before mentioned, the ends of which are bent round and fixed, by driving them

into the wood. To this large spring is fixed a smaller spring e, so curved u to

bear and press upon the upper surface of the bobbin ; at/ is an adjusting screw,

the head of which is sunk into the upper part of the regulating spring i£ to pre

vent its becoming entangled with the threads of the warp ; the point of this

screw is inserted, and works in a fixed nut in the inside of the shuttle, so thai,

when it is turned, the small curved spring is caused to press with more or less

force upon the surface of the bobbin, thereby creating a greater or less degree of

resistance for regulating the tension at which the yarn shall be drawn off the

bobbin, and through the eye </, of the shuttle. The upper and lower surfaces

of the shuttle are formed concave, (as shown by Fig. 2,) in order that the he»d

of the adjusting spring may be sunk within it, so as to prevent their coming in

contact with the threads of the warp. The regulating spring is in some case*

applied by the patentee within the cavity c, when a hole is made in the upper part

of the shuttle, for the insertion of a turn-screw, to operate upon the head of the

screw/, and regulate the tension. By another modification, the patentee forms

the shuttle like a box, with the lid sliding in grooves, or hinged on ; in which

case the regulating spring is to be fixed on the lid, or one of the sides, so as to

give the required pressure to the bobbin. In weaving articles of stiff wire, with

this improved shuttle, a casing or tube of some elastic substance is employed to

surround the bobbin, shown by dotted lines ; this tube has an opening or slit on

one side, for the wire to pass through ; and by closely embracing the bobbin,

prevents the coil of wire from unwinding, becoming loose, or entangled, and

allows it to be drawn off evenly and regularly, as it may be required. When

the wire is very stiff and hard, the patentee recommends the emploj-mcnt sf a
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pair of small steel rollers, to be fixed near the eye-holes, by which means the

wire will run out with considerably less friction.

'I'li« annexed form of shuttle is adapted to the weaving of fabrics of silk or

any other material. It is hollowed out, as described in the former, for the re

ception of the bobbins, which are three in number ; these bobbins being charged

with the thread or yarn, may be worked, one after another, with the same

coloured thread, or with thread of different colours successively, for weaving

figured goods ; and when it is necessary to change the colour, it will only he

requisite to break off the end of the weft done with, and draw the end of the

other colour through its eye or opening. The springs and screws in this shuttle

are similar to those described in the first-mentioned shuttle, and therefore need

not be particularized again. Any number of bobbins may he employed in these

shuttles, according as the nature of the work may render desirable.

Power-looms, or such as are worked without the intervention of manual

labour, were first suggested by Vaucausin, in 1747, but the subject was neglected

until the year 1784, when the idea occurred to the Rev. Edmund Curtwright,

of weaving by power, in consequence, it appears, of the success of Awkwright in

spinning by power. He commenced the construction of a loom, which, although

a very clumsy machine, satisfied him of the practical efficiency of the principle ;

and accordingly he took a patent for his invention, in 1785, and subsequently

he obtained a series of fresh patents for succesive improvements upon the original

plan. At length, in 1790, the first manufactory with power-looms was established

at Doncaster, in Yorkshire, which was worked by a steam-engine ; and in it

were made muslins, calicoes, and other fabrics, equal to those made by hand-

looms. Shortly afterwards, a Mr. Grimshaw attempted the introduction of

Cartwright's power-looms into Manchester; a large factory was erected, and

partly furnished with the machinery, when the whole was burnt to the ground, sup

posed to be the act of incendiaries. This circumstance deterred other manufacturers

from adopting power-looms, for a considerable time ; and the prosecution of this

important invention was probably in a great measure delayed by the indifference

manifested by Mr. Cartwright himself to the matter, owing to his mind having be

come absorbed in other inventions, from which he expected more gratifying results.

These obstacles, which beset the invention of the power-loom at the early stage

of its introduction, were by degrees surmounted, and manufacturers vied with .

each other in effecting and maturing improvements in its details, which became

the subjects of very numerous patents. A faithful description of only the merito

rious portion of the mechanical combinations and curious movements that the

power-loom has been the cause of bringing into operation, would alone fill a

large volume. In making a selection, therefore, of one or two of those inven

tions for illustration, the reader must not consider them as detracting from the

merits of others, as there are many of equal intrinsic worth.

The first power-loom we shall describe was patented by Mr. Kendall, of

Paternoster-row, in the year 1825 : our attention was drawn to the subject of

it by the following notice of the invention in the Times newspaper, on the 24th

of June, 1836. "This loom," the editor observes, "is effectual and simple: a

boy of twelve years of age, with a proper fly-wheel, would find no difficulty in

turning six or eight of them. The number of looms one weaver is capable of

working, must depend on two principal objects. The quality of the goods

manufactured, and the quality of the materials made use of, varying from two

to five looms, such as persians, sarcenets, levantines, and poor satins, which,

with good materials, require little attention. Rich works, with an able weaver,

and good materials, will be able to work two looms, with an addition of some

light work before mentioned. The work is, of course, better than that performed

according to the old plan, by hand,—the machine acting more steadily, and

operating with less of stickings." Having called upon the patentee, in conse
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quence of the foregoing remarks, he very politely afforded us demonstrative

proofs of the correctness of the foregoing statement, by allowing us to turn a

winch, by which two looms were put into operation, and we wove thereby a

portion of two very rich figured silks, with so much ease as to require the

Ft. 1.
 

application of only one band. Viewing die loom distinctly from the power

applied, it is in all respects of the same construction, and operates exactly the

same as the common hand-loom ; and every description of fabrics can, in like
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manner be woven by it: herein consists one of its chief excellencies; for a

weaver, who has never seen a power-loom in his life, may at once proceed,

without any instruction, to arrange the several matters preparatory to the act of

weaving, in the manner he has been accustomed; and afterwards see all the

combined and successive movements in weaving executed with the utmost

precision.

Fig. 1 in the foregoing engraving exhibits a front view of Kendall's power-

loom, in which all the principal parts may be seen ; a a a is the framing, b is a

revolving shaft or bar, which is put in motion by the action of a pinion, (par

ticularly shown by Fly. 3,) taking into the spur-wheel c; d and e are two cams

which act upon the levers i i, the same being connected to the spiral spring to,

to give motion to the shuttle. // are two wipers, which operate on the batton

lever k. g g are two other wipeis, acting upon the two treadle levers h. II are

the tumblers, which raise and depress the harness, m m are the swords of the

b&ttons. n n are two vertical rods in connexion with the shuttle, o o is the

box or shuttle-race, p p are the drivers sliding upon horizontal wires, which

immediately propel the shuttle, (y is an iron bar, carrying various levers as

above-mentioned, r is the front bar, supporting the brackets which carry the

vertical rods, s is the breast-roll, t, the long marches, tt, the short marches.

 

e is the harness and heddles. y, the reed or slay, t, the cords connecting the

two treadles with the long marches, z 1, the cords connecting the long with

the short marches ; and z 2, those which connect the long marches with the

VOL. II. it
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tumblers. The several small spiral springs represented, are for the purpose of

giving steadiness, and the necessary tension to the parts, with which they an

connected.

Fig. 2 represents a series of treadles, (which may consist of any number, rt

required,) with the end view of an additional bar, which it is necessary to intro

duce, when the weaving is of such a nature as to require the operation of more

than two treadles: in Fig. 1 is shown a series of notches or bearings for these

treadles, (marked 2 upon the bar g ;) this bar in Fig. 2 is shown equipped with

four wipers a, which act successively upon the four treadles c beneath.

The intention of the diagram Fig. 3 is to show the method adopted by the

patentee, for throwing the revolving shaft in and out of gear, and likewise to

exhibit the mode by which the power is applied, d is the box of the batton. t

is a small bent lever, attached to the box. / is a sliding-bolt connected to i

latch g, by a cord, h h is a long right-angled lever, furnished at the extremity

with an inclined plane, for the purpose of putting the wheel in and out of gear.

i is the lever connected with the clutch, and is operated upon by the lever k.

Fig. 4.

 

The action of this machine is wholly effected by the revolution of the bar .'.

Fig. I, in the top of the loom, which, as already described, is equipped «

four wipers, and two cams or snails. The two central wipers // as thn

revolve, operate on the lever*, and move the batton in m. as required; the twii
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Fig.

cams e d, right and left, act alternately on a lever each, i i; tiie reverse ends of

these levers are connected to two vertical rods n n, suspended from a bracket in

front of the loom ; these levers t i are likewise connected by a spiral spring w,

that the action of the cams at the necessary periods may cause the springs to

become charged, at the time the levers in traversing the cams meet with a

sudden declension or fall, when the distended spring suddenly contracts, and

drives the shuttle across the work. The other two wipers g g, act upon two

treadles h h, to make the shed or opening for the passage of the shuttle ; one

revolution of this bar completes two shoots, causing these cams and wipers to

act uniformly with each other, and to perform the whole operation required in

simple weaving.

In order to accomplish more complex weaving, when more than two treadles

are required, a second bar is introduced, equipped with as many wipers as

treadles wanted ; the wipers being placed at equal distances on the circumfe

rence of the bar. If four are necessary, as the principal bar, in making one

revolution, acts upon the treadles twice ; therefore, in order to work over the

four treadles upon the second bar, the principal bar in this case must make two

revolutions to one revolution of the secondary bar. If five treadles be required,

the principal bar must make two and a half revolutions to one of the secondary

bar; and so on, to any number of treadles used in "plain complex weaving."

The uniform motion of the two bars are regulated by cog-wheels upon their

axes, which are adapted according to the nature of the work. If a greater

number of treadles be required, than the hand-loom is able to accomplish.

with ease, it only requires the aid of the jacquard, mounted upon the loom,

to simplify the " complex-figured weaving."

The next power-loom we shall describe, is the invention of M. De Bergue, a

French gentleman, who, it appears, came to this country with it, under the im

pression, that similar inventions had not previously

occupied the attention and skill of British mecha

nists ; and there are, undoubtedly, in several of his

combinations, a considerable degree of originality

and ingenuity of design. This loom we have also

had several opportunities of seeing at work, and can

confidently state, that it operates in a very efficient

manner. The engraving on the preceding page,

marked Fig. 4, affords a side elevation of the machine,

and will be sufficient, with the subjoined and follow

ing diagrams, to explain the construction, a is the

shaft of the loom, by the rotation of which all the

various motions are either simultaneously or suc

cessively produced. The rotation of this shaft is

effected either by hand applied to the lay, which

constitutes it a hand-loom ; or by means of a band or

strap, from another shaft at c, passing over drum-

wheels or pulley, as shown by that at e, and the

bands proceeding therefrom, which makes it a power-

loom. The axis of the drum e carries a spur-wheel,

which gears into another on the shaft a, and its rota

tion gives motion to two eccentrics /, fixed at each

of the shafts within the frame. This motion is

shown in the annexed engraving, Fig. 5, where the

letter a also indicates the shaft, and f the eccentric

turned round by it: in the annular path or race /

is a friction-roller g, attached by a bent arm to a

vibrating lever A, the upper end of which is fixed

fast to the lay, and the lower end turns upon a centre

or pivot, passing through the side frame of the loom ;

the eccentric revolution of/therefore causes the lever

h to vibrate, and with it the lay, in that very steady

and uniform manner, so essential to good weaving.
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In the middle of the shaft a, is a broad wheel, (not shown,) in the periphery of

which are made two deep grooves, so inclined to each other as to cross in the

middle, like the letter X : in these grooves a projecting pin from the shuttle-

rod works, so that, by the revolution of the wheel, the said pin traverses the X

groove from side to side, and the shuttle-rod, turning upon a fulcrum just above

it, is thrown from side to side alternately ; and the upper end of the said rod

oeing connected by cords to drivers which slide upon a polished wire, fixed in a

channel of the lay. The shuttle is impelled backwards and forwards through

the warp by means of the treadles, which are worked by a peculiar eccentric

movement, as will be explained by reference to the annexed Fig. 6.

At / /, the ends of the levers, (seen in section,) are connected to the hori

zontal levers v v, (answering to the treadles of the common loom,) which turn

Fig 6.

 

upon a joint at the back of the looms. The other ends of the levers are furnished

with steel pins x, which work in two eccentrics having the peculiarly shaped

grooves delineated in the figure, as the said eccentrics revolve upon their centr.il

axis a ; the revolution of these eccentrics, it will be perceived, causes the steel

pins alternately to traverse along the external groove, and then the internal

heart-shaped groove, which pruduces that peculiar vibration in the bars v r;

and the required reciprocation of the lnmes / /, to open the threads of the warp

after each successive shoot. The reed or cane, which is the immediate instru

ment for beating up the threads of the woof, is situated in the lay or batton.

The cloth as it is woven passes over the breast-beam, and winds itself on the

roller, which receives its motion by a toothed wheel fixed upon it, and a pinion

upon the same axis as the ratchet-wheel.

In a lecture delivered by Dr. Birkbeck, at the London Mechanics' Institution,

on the subject of weaving, this loom was publicly worked, when it was found to

weave at the rate of a yard and a quarter per hour of gros de Naples.

Some successful attempts have recently been made to produce a figured or rather

variegated pattern in silks by plain weaving. It is effected by composing the

weft or woof of two different coloured threads twisted together ; which may be

of silk, of silk and worsted, or of linen, cotton, and silk, variously combined.

The more the colours are contrasted, the more brilliant, of course, is the eflect.

Long specks or spots are produced by twisting the threads very slightly, and

short or minute ones by a hard twist. The warp of the fabric, as well as the

shoot are composed of a similar or different arrangement of threads, and thus

by slight variations, a great diversity of pretty patterns may be obtained.

A patent was taken out in 1 833 by Mr. W. Graham of Glasgow, for ■ a
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self-acting temple to be used in the operation of weaving by power or hand looms."

for the purpose of keeping the fabric at the width the reed leaves it. The in

vention consists in an apparatus affixed near each end of the breast-beam, which,

being acted on by the swinging of the lay in beating up the weft, are caused to

open and shut, and, by means of these apparatuses, the cloth is held to the width

at which the reed leaves it after beating up the weft.

 

The above is a perspective view of the apparatus, a, is a plate which is

affixed to the breast-beam of the loom at the slot at b, by means of a screw-bolt

passing through the breast-beam ; and where different widths of fabric are woven

in the same loom, the temples must be so constructed as to allow of being brought

nearer to, or farther from each other, by means of the slots formed in the plate

a. On to the plate a is fixed, by means of a screw, another plate c, having a

projection d, which is turned down at right angles at e, the object of which will

be hereafter described. The outer end of the plate c is turned over, so as to

produce a parallel plate/, having a space between them; g is a spring affixed

to the plate c, by rivetting or otherwise, and on the face of this spring is formed

teeth or grooves, cut in a line with the direction of the cloth, these teeth or

grooves being intended to hold the cloth when the spring is pressing upwards

against the plate/; i is a lever, which has its fulcrum ettj, on the plate a; and

at one end of the lever i is formed a projecting wedge k, which is pressed

between the upper plate / and the spring g every time the lay beats up the

weft, by the lay coming in contact with the other end // of the lever i, this and

/, being turned down, as shown in the drawing, for that purpose. There is to

be one of these apparatuses placed near the breast-beam, that is, in such a position

that they shall just embrace the outer edges or selvages of the fabric, between

the plate/ and the spring g, and they are so placed as to take hold of the fabric

as near as possible to the point at which the reed strikes up the weft ; but the

reed is prevented being injured by the bottom of the lay coming in contact with

the parts e, which stops the lay from approaching too near to the temples at the

beating up the weft ; and at the time the lay has nearly finished its stroke it comes

against the part / of the lever i, which drives the wedges k between the plates

/and the springs g, and causes them tu separate to permit the fabric being

drawn through them ; but immediately on the receding of the lay, after having

beaten up the weft, the springs g will press up against the plates/, and retain

the cloth between them, the wedges k being forced out by the pressing up of the

springs, and by this means the fabric will be kept to the width at which the reed

lenves it.

WEDGE. A simple machine, of great utility in cases where an immense

pressure and little motion are required. The wedge may be considered a modi

fication of the inclined plane, to which in many cases it is strictly analogous,

differing only in the circumstance that the body to be moved is drawn along

the surface of the plane ; but in the wedge the plane is made to move by percus

sion beneath the Dody to be raised, or between the surfaces to be separated.

Wedges are frequently employed for splitting masses of timber or stone ; ships

are raised in docks by wedges driven under their keels. Sometimes they have

been employed to restore a declining edifice to the perpendicular position. Ir.



678 WEIGHT.

 the annexed cut the wedge a c b is employed in cleaving

wood, and its mechanical power is estimated by the pro

portion of a b to d c. This is sometimes differently

stated, and it is difficult to state positively what is the

exact power obtained by the use of the wedge, as it is

generally driven by blows of a mallet or hammer ; there

can, however, be no doubt that the penetrating power is

increased by increasing the length d c, in proportion to

the breadth a b. The wedge, in part, owes its value to

a quality which, in most machines, is a diminution of

their effect, i. e. the friction that arises between it and

the substance it divides. Were it not for the immense

friction which obtains in the use of the wedge, it would

recede to its original position, between the successive

blows, and thus no progress would be made. Instead of this, however, we find

the pressure and adhesion of the surfaces prevent the recoil, atid thus a succes

sion of slight blows effect a result which previously might have been supposed

beyond human power to realize. All cutting and piercing instruments, ai

knives, chisels, razors, nails, pins, &c, may be considered as wedges. The

angle of the wedge, in these cases, is more or less acute, according to the pur

poses to which it is to be applied. The mechanical power of the wedge u of

course increased by diminishing the angle, but as this diminishes the strength

of the instrument, there is a practical limit to this increase of power. In tools

intended for cutting wood the angle is generally about 30°. For iron it is from

50° to 60° ; and for brass from 80o to 90°. Tools which act by pressure may

be made more acute than those which are drawn by percussion, and in general

the softer the substance to be divided, and the less the power required to act

upon it, the more acute may be the construction of the wedge.

WEIGHING-MACHINES have been described by us under the article

Balance, in which article, however, we have

omitted a notice of the annexed singular but sim

ple and useful contrivance, the invention of Mr.

Hawkins, of Fleet-street. It iscallcd the hydraulic

weighing-machine, and is chiefly designed for do

mestic use. a, in the annexed figure, denotes a

cylindrical vessel made of tin and japanned, and

partly filled with water ; i is another cylinder of

the same kind, but of less diameter, resting upon,

or floating in the water contained in a; cis a gra

duated scale, with a glass tube running up the

middle, fixed to the exterior cylinder ; the bottom

of this tube opens into the lower part of the cylin

der, therefore the water always stands at the same

level in both, e is a dish or scale, for holding the

article to be weighed, the pressure on which causes

the internal cylinder to sink lower, and raise the

water higher between the two vessels, the level of

which is indicated by the tube, and the weight at

such level exhibited on the scale. There is of

course a liability to change, by a portion of the

water evaporating : but, by leaving a weight in

the scale when not in use, and pouring in of a small quantity of water occa

sionally to bring it to the level of the mark on the scale, an adjustment is easily

made.

WEIGHT. The force by which bodies in air press towards the centre ol

the earth ; and the measured quantity of that force, in any body, is the weight

of it. The earliest attempt on record to define measure of capacity and weight,

by referring them to some natural standard, was made in the 51st year of the

reign of Henry III., a.d. 1266 ; it is as follows :—

" An English penny, called a sterling, round and without clipping, shall weigh
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thirty-two wheat corns in the midst of the car, and twenty pence to make un

ounce, and twelve ounces one pound, and eight pounds do make a gallon ofwine ;

and eight gallons of wine do make a London bushel, which is the eighth part of

a quarter." These weights and measures were again precisely specified and con

firmed in the reign of Henry VTL, in the year 1496. The first statute that directs

the use of the avoirdupois weight is the twenty-fourth of Henry VIII., wherein

it is directed to be used for weighing butchers' meat in the market, though it has

been used for weighing all kinds of coarse bulky articles of ordinary con

sumption. This pound contains 7000 troy grains ; while the troy pound contains

only 5760 grains. The difference between the troy and avoirdupois weight may

be more exactly determined by reference to the annexed tables.

Troy Weight.

itaue °f s cubic inch of water

24 grains

20 pennyweights

12 ounces

Cubic indies of water.

1 grain = .0039610571428

1 pennyweight = .0950653714235

1 ounce = 1.901307428571

1 pound = 22.815689142857

A cubic inch of distilled water, at the maximum density weighs 253 troy

grains.

Avoirdupois Weight.

27S3 grains

16 drains

ounces

pounds

quarters

cwt.

16

28

■1

20

1 dram

1 ounce

1 pound

1 quarter cwt.

1 cwt.

1 ton

Cubic inches of water.

.10831015626

1.7329625

27.7274

776.3672

3105.4688

6210.93760

175 troy pounds

175 troy ounces

= 144 avoirdupois pounds.

=> 192 avoirdupois ounces.

By an act of parliament made in the fifth year of his late majesty George IV.,

it was enacted that there should be adopted on, and after the 1st of May,

1 825, throughout the United Kingdom, a uniformity of weights and measures.

The following is, according to Mr. Gutteridge, the rationale of the improvement

introduced by this act " Take a pendulum which vibrates seconds in London, on

a level with the sea, in a vacuum ; divide all that part thereof which lies between

the axis of suspension, and the centre of oscillation, into 391393 equal parts;

then will ten thousand of those be an imperial inch, twelve whereof make a foot,

and thirty-six a yard. Take a cube of one such inch of distilled water, at 62*

of temperature, by Fahrenheit's thermometer ; let this he weighed by any

weight, and let such weight be divided into 252458 equal parts, then will one

thousand of such parts be a troy grain ; and 7000 of these grains will be a pound

avoirdupois, the operation having been performed in air. Ten pounds, such as

those mentioned of distilled water, at 62" of temperature, will be a gallon, which

gallon will contain 277 cubic inches, and 274 one thousandth parts of another

cubic inch." By the authority aforesaid it is also enacted, "that a cubic inch of

distilled water in a vacuum, weighed by brass weights, also in a vacuum, at the

temperature of 62° of Fahrenheit's thermometer, shall weigh 252.724 grains :"

and, " that the standard measure of capacity, as well for liquids as for dry goods

not measured with heaped measure, shall be the gallon containing ten pounds

avoirdupois weight, of distilled water weighed in air, at the temperature of 62°,

the barometer being thirty inches." This gallon, therefore, containing 277.274

cubic inches, is about one-fifth greater than the old wine gallon, one thirty-second

greater than the old dry gallon, and one-sixtieth less than the old beer gallon.

Eight such imperial gallons to be a bushel, eight such bushels to be a quarter of
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corn or other dry goods ; the quart to be one-fourth, and the pint one-eighth of lb*

above gallon, and none of these measures to be heaped up. The said standard

bushel, which will therefore contain eighty pounds, avoirdupois, of water, is

required to be a cylinder with a plain and even bottom, the extreme diameter

of which is nineteen and a half inches. No other bushel than this is to be em

ployed for coals, or other commodities usually sold by heaped measure.

WELDING. A term applied to a peculiar process of uniting piece* of

iron together by heat and pressure. There are only two metals susceptible

of this process, iron and platina. They are brought to a white heat in a

furnace, and joined by quick and forcible hammering, by which they unite as one

piece, when executed by skilful workmen.

WELD, or WOALD. A plant cultivated in many parts of this kingdom, fur

its yellow colouring matter. Two sorts of weld are distinguished, the bastard or

wild, which grows naturally in the fields ; and the cultivated, the stalks of which

are smaller and not so high. The latter is preferred for dyeing, abounding more

in colouring matter. When the plant has arrived at maturity the stalks are

pulled, made into bundles and dried, in which state it is used. To give a per

manent yellow to wool by weld, mordants become necessary ; but when prepared

with alum and tartar, it takes a very durable and line yellow.

WHALE-FISHERY. This subject being so intimately connected with our

manufactures, we insert the following account of it. In the Greenland fishery

by Europeans, every ship is provided with six boats, to each of which belong

six men, for rowing the boat, and a harpooncr, whose business is to strike the

whale with his harpoon. Two of these boats are kept constantly on the watch,

at some distance from the ship, fastened to pieces of ice, and are released by

others every four honrs. As soon as a whale is perceived, both the boats set

out in pursuit of it, and if either of them can come up before the whale finally

descends,—which is known by his throwing up his tail,—the harpooner discharge*

his harpoon at him. As soon as the whale is struck, the men set up one of

their oars in the middle of the boat, as a signal to those in the ship ; upon which

all the others set out to the assistance of the first. The whale, finding himself

wounded, swims off with prodigious velocity. Sometimes he descends perpen

dicularly, and sometimes he goes off horizontally, at a small depth below the

surface. The rope which is fastened to the harpoon is about 200 fathoms long,

and properly coiled up, that it may be freely given out as there is a demand for

it. At first, the velocity with which this rope runs over the side of the boat is so

great, thatitis wetted to prevent its taking fire : but in a short time the strength of

the whale begins to fail, and the fishermen, instead of letting out more rope,

strive as much as possible to pull back what has been given already, though

they always find themselves necessitated to yield at last to the efforts of u»

animal, to prevent his sinking their boat. If he runs out the 200 fathoms of

line contained in one boat, that belonging to another is immediately fastened to

the end of the first, and so on ; and there have been instances where all the rope

belonging to the six boats has been necessary, though half that quantity is

seldom required. The whale cannot stay long below water, but again comes

up to blow ; and, being now much fatigued and wounded, stays longer above

water than usual. This gives another boat time to come up with him, and he

is again struck with a harpoon He again descends, but with less force than

before ; and when he comes up again, is generally incapable of descending,

but suffers himself to be wounded and killed with long lances which the men

are provided with for that purpose. He is known to be near death when he

spouts up the water, deeply tinged with blood. The whale, when dead, is lashed

alongside the ship. They then lay it on one side, and put two ropes, one at the

head and the other at the place of the tail, which, together with the fins, is struck

off; as soon as he is taken, to keep those extremities above water. On the

off-side of the whale are two boats, to receive the pieces of fat, utensils, and men,

that might otherwise fall into the water on that side. These precautions

being taken, three men with irons at their feet, to prevent slipping, get on the

whale, and begin to cut out pieces of about three feet thick and eight long,

which are hauled up at the capstan or windlass. When the fat is all got off
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they cut off the whalebone of the upper jaw with an axe. Before they cut,

they are all lashed to keep them firm ; which also facilitates the cutting, and

prevents them from falling into the sea ; when on board, five or six of them are

bundled together and properly stowed, and after all is got off, the carcase is

turned adrift, and devoured by the white bears, who are very fond of it. In

proportion as the large pieces of fat are cut oft', the rest of the crew are employed

in slicing them smaller, and picking out all the lean. When this is prepared,

they stow it in under the deck, where it lies till the fat of all the whales taken

during the fishery is on board ; then cutting it still smaller, they put it up in

tubs in the hold. At the end of the season they return home, where the fat is

boiled and pressed, to give out the oil. (See a press for this -purpose, under the

Article Oil.)

Among the Kurile islands, which are situated near the southern extremity of

the peninsula of Kamtschatka, the whales are most abundant about the be

ginning of autumn. At that time the inhabitants embark in their canoes, and

search for them in places where they generally find them asleep on the surface

of the water. When they are so fortunate as to find one in this situation, they

approach with the least possible noise, and when they have come within the

proper distance, they pierce him with poisoned arrows ; and although these

wounds seem extremely slight, they are said in a short time to occasion great

pain. The whale thus wounded, moves about furiously, blows with great

violence, and soon dies.

When the whale returns to Greenland, the fishermen equip themselves with

sharp knives, harpoons, spears, and arrows, with a number of large skins of the

sea-dog, inflated. Thus equipped, they launch their canoes. The harpoon which

they usually employ is pointed with bone, or a sharp stone ; some, indeed, have

harpoons of iron, which they procure from the Danes, by barter for the oil or fat

of the whale. The scarcity of iron and wood makes these articles extremely

valuable to Greenlanders, and has excited their ingenuity, to avoid the risk of

losing them. For this purpose an inflated bladder of dog's skin is attached to

the harpoon ; so that, in case it should not reach the whale, when they attempt to

strike, it may float on the water and be recovered. They approach them with

astonishing boldness, and endeavour to fix, by means of their harpoons, which

they throw at his body, some of the skins inflated with air ; for, notwithstanding

the enormous bulk of this animal, two or three of these skins, by the resistance

which they make to the water, on account of their diminished specific gravity,

greatly impede his attempts at plunging into the deep. Having by this means

succeeded in arresting his progress, they approach nearer, and with their lances

pierce his body, till he becomes languid and at last dies. The fishermen then

plunge into the sea with their skin jackets filled with air, and swim to their prize ;

and, floating on the surface of the water, they cut off with their knives, from every

part of the whale, the fat or blubber, which is thrown into the canoes ; and not

withstanding the rudeness of their instruments, their dexterity is such, that they

can extract from the mouth the greatest part of the whalebone.

The boldest and most astonishing mode of fishing the whale, is that which is

practised by the Indians on the coast of Florida. When the whale appears, they

fasten to their bodies two pieces of wood and a mallet; and these instruments,

with their canoe, form the whole of their fishing equipage. When they approach

the whale they throw themselves into the water, and, swimming directly towards

him, they have the address to get on his neck, taking care to avoid the stroke of

his fin or tail. When the whale first spouts, the Indian introduces one of the

pieces of wood into the opening of one of the blow-holes, and drives it home

with the mallet. The whale thus attacked, instantly plunges, and carries the

Indian with him, who keeps fast hold of the animal ; the whale, which has now

only one blow-hole, soon returns to the surface of the water to respire ; and if

the Indian succeeds in fixing the other piece of wood into the second blow-hole,

the whale again descends to the bottom, but a moment after reappears on the

surface, where he remains motionless, and immediately expires, by the interruption

of the function of respiration.

WHARF. A firm landing-place, built beside the water for the convenience

of loading- or unloading ships, barges, or other vessels ; and therefore usually

vol. u. 5 I
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furnished with cranes and various appendages, according to the nature mi

extent of the business to be performed.

WHEEL and AXLE. A modification of the lever, by means of which i

weight may be raised to a considerable height A slight attention to the nature

of the lever will show that the extent of its influence in space is very small,

depending upon the length of that arm to which the weight is attached ; and as

this arm becomes shorter in proportion to the increase of power obtained, so the

height to which a body may be raised, speedily attains its limit. In the wheel

and axle, no limit of this kind exists. Let a b, in the

annexed cut, represent the diameter of the wheel, and c d

that of the axle ; then, if a power p be connected by means

of a rope to the wheel, and a weight w to the axle, these

two, when in equilibrio, will be to each other a» c d to a b.

That is, the power is to the weight as the diameter cf the axle

to the diameter of the wheel ; or, since the diameter of a

circle is double its radius ; as, the radius of the axle to the

radius of the wheel. If a line/A^ be drawn, connecting

the parallel cords, and a perpendicular e h be let fall on it,

it will be divided in the same ratio as the diameters or radii

of the wheel and axle ; and hence its relation to the lever becomes manifest It

will be immediately seen that the power is to the weight, as/A to A g ; that is,

as the radius of the axle to the radius of the wheel. The velocity with which

the power and weight will move, is, as in the other simple machines, inversely

as the power gained. Ifthe diameter of the wheel be 20 inches, and that of the

axle 4 inches, the power obtained will be ^

= 5 times ; or a power of one pound will

balance a weight of five pounds ; but the

velocity with which the weight moves, is five

times less than that of the power. The

windlass by which water is drawn from

wells, and the capstan used to raise the

anchor on ship-board, are illustrations of

the utility of this simple machine ; but the

most extensive employment of the wheel

and axle is in combination, in which, under

the name of wheel and pinion, it enters largely into the construction of the most

complicated machinery. In the arrangement of a number of wheels and

pinions for the purpose of gaining power, or velocity, each pinion is connected

with the following wheel, and the power or weight is attached to the last pinion.

Thus, in the foregoing representation a b and c are three wheels ; d ef,

three axles or pinions, as it may be ; the power p puts a into motion, the axle

of which turns b, whose axle again influences c, on the axle of which th

resistance is applied. The proportion between p and w in this and similar cases,

will be found by multiplying together the diameters of the axles, and the

diameters of the wheels. If the diameters

of the wheels be 14, 9 and 7, and the axles

be 3, 3 and 2, the power obtained will be

14 X 9 x 7 An ,_—— 49, and as a consequence,

the velocity of p must be 49 times greater

than that of w. When wheels and pi

nions act upon each other as in watches

and other machines, a number of teeth are

cut in the circumference of each, in nearly

the same proportion as the radii of the wheel

and pinion. Sometimes, especially in heavy

machinery, they are connected by bands, as in

the annexed cut ; but the calculated power is

still the same at whatever angle they may

be placed to each other, since the bnnds

always act on that part of the wheel which
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is perpendicular to their own direction. In calculating the power of thia

machine, allowance must be made for the friction on the pivots, the weight

and stiffness of the rope, and for the increased magnitude which a large rope

gives to the wheel or axle.

WHEEL. A circular frame, or solid disc, made ofwood or metal, and turning

upon an axis. There are a variety of kinds, but we shall in this place direct

our attention to carriage wheels, to which the foregoing definition will

best apply. The ordinary carriage wheel consists of three principal parts;

namely, the nave, hub, or centre ; the spokes or radii, which connect the centre

to the periphery or ring. The ring is sometimes made of one entire length,

bent into the circular form ; but by far the most usual plan is to construct the

ring of a series of curved pieces, correctly jointed endways, so as to complete

the entire circle. After the ring is thus prepared, and every joint corrected and

smoothed whilst placed in its true circle, the joints are bored, and an oaken

dowel or pin driven into the perforations. The manufacture of the spokes con

sists in chopping them first to nearly their shape, and then finishing their

figure by spoke-shaves ; afterwards they are all gauged to an exact length, their

shoulders and tenons made, the tenons that are to enter the stock being square,

and those for the felloes round ; and all the tenons are made a little larger

towards their shoulders than at their other ends, in order that they may fit very

tightly when driven up into their mortises. The tenons in the nave depend

wholly for their firmness there, to accurate workmanship ; but the tenons in the

felloes go through their thickness, and are then wedged up on the outside.

The strength of a wheel depends greatly on the attention paid to the arrange

ment and framing of the spokes ; in common wheels they are framed equally

all round the thickest part of the nave, the tenons of the spokes being so beveled

as to stand, with reference to the horizontal position of the nave, about three

inches out of the perpendicular : this is done to produce what is called the

dishing of the wheel. But for obtaining increased strength, the spokes of wheels,

(as in those of the mail coaches,) are framed so that every other spoke shall

stand perpendicular to the nave. Hence the mortices are made in two parallel

lines around the nave, the other ends of the spokes entering the felloes in a

single line ; therefore, viewed edgeways, the position of the spokes represent*

two sides of an isosceles triangle, of which the axis forms the base line, (an

arrangement which the uninformed will clearly understand, upon reference to

the perspective figure of Jones's patent suspension wheel, given further on in

this article ;) this confers great stability to the wheel, at a trifling addition of

cost of workmanship.

The blocks which form the naves of wheels are furnished to the wheelwright,

of the size required. The wood preferred for this purpose is elm. To produce

their round conical form they are turned in a lathe, with neat mouldings upon

the surface. The nave is now ready to have its mortises cut ; which is a work

of considerable art, especially when executed in the rapid and correct manner

in which they usually are, by practised workmen. In this work the wheelwright

uses a very simple and efficient tool, that is peculiar to his craft ; it is called a

buz, and is employed to cut out the angles of his mortises square and clean ; it

is a sort of double chisel, or that in which the straight edges of two common

chisels are united at right angles ; and it cuts out the corners, as may be sup

posed, very expeditiously, and so exactly that the square tenon of the spoke

bites very firmly in every part. The workman fits each spoke successively, and

puts a mark upon it. When they are all fitted, he begins to put the whole

wheel together, fitting all the spokes to the nave first, and then adding the

felloes. In this state the wheel is put to season ; that is, exposing it to a

current of air for a week or two, or, as in some manufactories, placing it in a

kiln for a few hours, heated to about 140° Fahrenheit. When seasoned, the

whole of the wheel is examined, to ascertain if all its parts are still adapted to

make solid and close joints in every part ; and if found so, they are all secured

and fixed, by driving up all the spokes firmly into the nave, and then putting on

the felloes, and driving them down firmly upon the shoulders of the spokes ; and

the ends of the tenons, which come through the felloes, are then secured by
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wedges diiven into their middles. This done, the wheelwright " cleans off;"

that is, finishes the wood-work, by his planes, shaves, fish-skin, and glass-paper.

The next operation is to put on the iron tire. The tire is made of flat bar iron,

and of breadth and thickness proportioned to the wheel. When the tire con-

gists of separate pieces or streaks, the bars are cut to the same length as the

felloes, and curved to the radius of the wheel, and have suitable holes punched

through them, to receive very stout nails, by which they are secured to the

wooden ring of the wheel ; and the iron tire is so placed over the felloes, at to

meet in the middle of each felloe, and thus secure more effectually the joints of

the latter; the tire nails pass quite through the felloes, and are rivettcd on th*

inside of the ring, upon bars or washers, which materially strengthens the fabric.

Further to bind and compress the parts of the wheel together, the tire is put

and nailed on to the wheel in a red-hot state ; which burns and presses down

all bumps and inequalities of the surface, and produces great solidity of struc

ture. The best kinds ofwheels,—those used for coaches and other lightvehicles,—

have usually their tires of one single piece or ring ready formed, which »

expanded by being made hot in a circular fire, and in this state put upon the

•wooden periphery of the wheel, when, by its shrinking as it cools, it draws ill

the parts of the wheel together with irresistible force.

Many years ago a patent was obtained for making the whole wooden

periphery of one entire piece, and this process is still extensively practised for

the wheels of light carriages. Straight grained ash is selected and boiled or

steamed, until it becomes very flexible, when it is bent on a cylinder, and

fastened together whilst in its circular form.

Havingnow described the several parts ofan ordinary carriage wheel, excepting

the axletree, and box, we refer the reader for information on those points to their

initial letter (also to the articles CARRIAGE and RAILWAY,) in this work ; and

proceed to the description of some modern improvements.

The purposes to which iron, whether cast or malleable, may be usefully

applied, are daily becoming more numerous ; its great durability, and the facility

with which it may now (by the aid of our varied and powerful machinery,) be

wrought to any desired form, point it out as peculiarly adapted for the wheeliof

 

carriages. Accordingly, various attempts have been made at different times to

construct wheels wholly of this material, but certain difficulties have oppoted
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their general introduction ; and their use may be said to have been confined to

rail-roads, until the invention of Mr. Theodore Jones, who took out a patent

for an " iron suspension-wheel," about eight years ago, and a large manufactory

of them has been established at Vauxhall, from whence are constantly sent out

considerable numbers, attached to the carts and waggons ofthe metropolis, as our

London readers will testify, upon recognizing their representation in the above

engravings, ofwhich Fig. lis an elevation, and Fig.2 a perspective view of a cart or

light waggon-wheel, the principle of their coustruction not differing according to

Fig. 3. Fig. 4.

 

 

their application, but only in the proportions of their parts. Fig. 3 represents a

nave, shown on a larger scale, with the front shield or cap removed to show the

construction. It contains eight feathers or divisions, dividing it into eight

compartments. Fig. 4 is a section of the nave, with the front and back shields

in their places.

At a is a strong rim of cast or wrought iron, with a rib on the inside to give

additional strength. Sixteen conical holes are made through the rim at equal

distances ; bbb are wrought iron rods, with conical heads c c c fitting into the

holes of the rim, and have screws cut at their other ends. These rods, through

the holes in the rims, and corresponding holes in the nave, where the screwed

ends are secured by nuts, are plainly shown in the sections. The shields are

then placed over the nave, and by the pressure of their flat surfaces against the

sides of the nuts, they are prevented from becoming unscrewed. A hoop or

iron tire is fixed on the outer circumference which is to be replaced when it

becomes worn by use.

The description we have thus given is derived from the specification of the

patentee ; but since the enrolment of that document, the experience of the

inventor, derived from great practice, has enabled him to introduce many

subordinate improvements, amongst which we may mention, the making the

rim, with the projecting rib underneath, of one single solid piece of wrought iron,

obviating the use of any cast iron, and dispensing entirely with the necessity of

any tire ring. This is a very important improvement, as it was discovered that

the battering which the tire rings received against the stone pavement, had the

effect of expanding them, and consequently of causing them to separate or

become loose upon the iron periphery underneath ; and when the latter was of

cast-iron, fractures were sometimes made by the concussions of the road. Now,

as there is only one ring, and that of wrought iron, the expansion that it may

undergo by severe battering, has only a tendency to increase the tension of the

rods, and the stability of the whole.

It will be observed in the drawings that the wheels are not conical, nor dished

as usual, but cylindrical ; which, in the opinion generally of those who have

been enabled to examine the subject, unprejudiced, causes them to move with

lew resistance on their peripheries, or rux lighter, as the phrase is ; and they



SSfi WHEELS.

will, from the same cause, prove less destructive to the road. This lattcr

property may be considered as established, as an act of parliament empower!

the trustees of the roads to reduce the tolls on the cylindrical wheels, to tn

thirds of the sum paid for conical wheels of similar width. The reason of these

patent wheels being called suspension wheels, is that the nave may be considered

as constantly suspended by the rods above it to an inflexible arch ; instead c!,

as in the common wooden wheels, resting with its load upon the particular spoke

that may happen to be underneath it ; and thus it is argued the cohesive strength

of the metal is made available, which is undoubtedly the most advantageon*

mode of employing malleable iron, (it having been proved by repealed

experiments, that a rod of wrought iron, an inch in diameter, is capable of

sustaining a pull of twenty-seven tons weight ;) and the weight of the load open

the axles being thus suspended to the upper side of the wheel, the lower rods

have to sustain but a small portion of the pressure, and are not liable to be

broken by sudden concussions or jolts. From the superior tenacity of the

metal over wood, the mass of material is so considerably reduced, as to rendet

a suspension wheel not heavier than a wooden one, which is applicable to the

same kind of carriage or strain ; and from the circumstance of this diminutlca

of material they have a more elegant and light appearance, require less draught,

whilst they unquestionably possess increased strength and durability.

However excellent may be the workmanship, or however firmly an ordinarv

wooden wheelmay be put together in the first instance, the wooden felloes that form

the periphery, being constantly exposed to the effects of wet and dry, are continu

ally expanding and contracting; consequently thejoint or connexions between the

ends of the spokes and the felloes, and the former, either become loose, or split

the felloes ; when this takes place, the several parts of the wheel yield by little tad

little to the strain of the load, or the effects of concussions, and the whole wheel

becomes dislocated. As a remedy to this defect, Mr. Wm. Howard, the iron

master of Rotherhithe, has recently proposed some new arrangements of a pre

cisely opposite character to Mr. Jones's ; which we proceed to describe.

Mr. Howard's invention has no reference whatever to the nave of the wheel,

but is confined to an improved mode of combining a wheel at its periphery. He

employs, as shown in the subjoined figure, representative of a small portion of a

wheel, an iron ring a, as the outside tire ; inside of this tire he has another

ring of iron, b, which stands as a substitute for the ordinary felloes ; and to this,

which we will call for distinction the felloe-ring, he fastens by red-hot rivets e c. a

" spoke-shoe" d d, made of the shape represented, of cast-iron, and containiB*

a central cavity or socket, for the insertion of the end of a spoke e ; of course

there are as many spoke-shoes as spokes, which are arranged equidistantlv

around the inside of the felloe-ring ; when these have been all firmly fixed in

 

the manner of that shown, and the spokes have been all duly fitted into the I

and driven home, and the outer ends of all the spokes have been accurately

gauged, and duly fitted to the sockets of the shoes, they are put or forced into

the same sideways, as seen at <?; this operation is performed in such a manner

as to leave a space ofabout half an inch between the ends of the spokes and ths
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ends nt" 1 1 ic sockets, for the purpose of wedging them up firmly. This is effected

in the following manner :—Against the squared end of each spoke is laid a thin

piece of plate-iron g, of the same sectional area ; then is driven a slightly tapered

long oaken wedge h h, the foremost end passing through a hole cast in the shoe

on the opposite side : and when the cavity is thus closely filled, the projecting

pieces are cut oft', and a sharp iron wedge t, is then driven into the middle of the

oaken wedge, so as to render the force of contact as great as possible ; a plate

of wrought iron, /, is then put into the cavity represented over e hi, and riveted to

the shoe by long red-hot rivets passing through the whole. All the shoes and

spokes being thus fitted, the tire ring is put over the whole in a red-hot

state, which, shrinking as it cools, draws the whole together in a manner that

gives it extraordinary solidity.

It will be observed that the principle of construction of Mr. Howard's wheels

is the same as that of the common kind, in which dependence is placed entirely

upon the stability of the outer ring for its cohesion ; but it is a more finished

and masterly production, is constructed of more tenacious materials, and is well

calculated to obviate the leading defects before mentioned of the former. The

advocates for Mr. Jones's wheel object to Mr. Howard's, on the ground of

its not being on the tension principle. On this point we would observe, that

the spokes undoubtedly are not, but that it may be fairly contended that the

periphery is, as this must be torn asunder by a longitudinal pull, in order to

destroy the cohesion of the wheel ; and the felloe-ring alone, (which never

wears,) is made of adequate strength to bear the whole strain, without any of

the additional support it derives from the tire-ring; the utmost confidence may

therefore be placed in the great strength and durability of Mr. Howard's wheels,

however excellent may be the principle of the former invention.

A patent was recently taken out for a very strong metallic wheel, by the

Messrs. Forrester, of Liverpool, consisting of a skeleton of malleable iron, im

bedded or surrounded with cast iron. Such wheels are, however, necessarily

very heavy, and less suited to the common road than to RAILWAYS.—For a

description of them, see the latter article.

We shall, however, advert in this place to another patent,—not on account of

any novelty it may be found to contain, but for the twofold purpose of eluci

dating a process that we had imagined was commonly practised by iron-masters

and tire-smiths, and of affording us an opportunity of noticing the erroneous

principle upon which wheels in general are constructed.

The specification of Mr. John Meaden, of Southampton's patent, (enrolled

June 1828,) states his object to be the construction of the tire or hoops of iron,

which surround carriage wheels, concave on the inner surface, next to the felloes,

and convex on the external surface ; the objects of which are to fix the tire

more securely to the wheel, and to reduce the friction produced between the

periphery of the wheel and the road. The specification proceeds to describe

very minutely the process of making tires,—a process which we doubt not our

readers of the before-mentioned callings will recognise as a " modern antique."

A common flat wrought-iron bar, of the proper width and length, is to be

passed between a pair of rollers, one of which has a concave groove, and the

other a corresponding convex projection, so as to compress and bend the inter

vening bar into the required form. The bar thus formed is next bent round

into a hoop of the required size, with the concave side inwards, and then the

ends are welded together. To give the hoop the desired conical figure, or

" dishing, " it is placed over a large

cast-iron mandril, like that represented

in the annexed figure, where it is ham

mered until it takes the required form.

The letters a and b indicate hoops of dif

ferent sizes. To fix this hoop to the wheel,

it is heated in a furnace of a circular form,

so that the fire may act uniformly on every

part. In a large wheel, this process of

I.eating the hoop causes it to expand about

one inch in circumference, and it is thereby

;r.ide 'arge enough to slip over the wooden
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wheel, previously prepared, of greater dimensions than the interior circle of the

iron hoop, in the cold state. Whilst the iron hoop is being heated, the wooden

wheel is clamped to a flat circular plate, which is fixed to a central axis, to

enable it to revolve ; and this axis is Axed upon an horizontal bar, by which

the wheel and iron plate to which it is clamped may be turned in either a ver

tical or horizontal direction. Underneath the circular plate is a semicircular

well or cistern, containing cold water, into which the wheel is immersed and

turned round as soon as the hoop is put on it This application of cold to the

hot expanded hoop causes it to contract with irresistible force, pressing the

spokes into the felloes and nave, and binding all

the parts together. The annexed little figure

exhibits a section of the new patent tire, as ap

plied to the felloe d; e representing the end of a

spoke. A curved tire like the foregoing was made

many years prior to Mr. Meaden's patent, but by

simpler and cheaper means,—it being rolled di

rectly from the bloom into curved bars ; and we

think we remember seeing them on the mail coaches more than twenty yean

ago. The curve on the interior side of the tire is of unquestionable advantage,

in causing it to hold more securely on the felloes,—as must be evident from the

preceding figure ; but the external curvature of the tire is, in our opinion, d

very doubtful utility. The rounding of the extreme edge* of a flat-bearing

wheel may prevent dirt being hitched up and carried round with the whed ;

but even that much being removed, reduces to the same extent the resistance

of the ground to the wheel sinking into it ; and if the whole bearing surface be

rounded, it must evidently penetrate deeper into the ground, and in so doing

force the materials of the road sideways. Nevertheless, tire of this construction

is, we believe, still employed in our mail coaches. But however injurious to

the roads may be tire of this kind, the practice of giving a conical form to the

rims of carriage wheels is infinitely more destructive. This form has an evident

tendency to move in a different direction to the line of draught ; and the power

which is required to keep it in a straight line is so much power wasted in twist

ing the materials of the road out of settings, and grinding them to powder.

The cylinder (as Mr. Gumming justly observes) having all its parti of equal

diameter, will, in rolling on its rim, have an equal velocity at every part of its

circumference, and necessarily advance in a straight line. And as all the parts

of the rim have an equal velocity, none can have a tendency to drag forward or

impede the progress of the others; they all advance with one consent, without

the rubbing of any part on the surface on which they rolL As there is no

rubbing there can be no friction, and consequently a cylinder perfectly round,

hard, and smooth, forms the least possible resistance, however great its weight or

the pressure on its rim. It therefore follows, that all the power that is employed

in drawing forward a cylindrical body in a straight line on a compressible sab-

stance, is ultimately applied in compressing smooth and levelling the substance as

which it rolls. The rolling of a cylindrical body, therefore, can nave no tendency

to alter the relative situation or parts of materials on which it passes, nor any

how to derange them, but by a progressive dead pressure to consolidate, level, and

smoothe them. If a cylinder be cut transversely into several lengths, each part

will possess all the above properties ; and if the rim of a carriage wheel be nude

exactly of the same shape, it must necessarily have the same tendencies. When

wheels with cylindrical rims are connected by an axis, the tendency of each

being to advance in a direct line, they proceed in this connected state with the

same harmony and unity of consent that exist in the parts of the same cylinder ;

but, as conical rims have been universally preferred for a series of years, it is

natural to suppose that there were obvious reasons for such preference. The

cone diminishing gradually from its base to its point, the velocity of every part

of its circumference in rolling on an even plane, will be diminished as the

diameter ; and at the very point where there is no visible diameter, it will have

no perceptible motion ; but if the cone be made to advance in a straight lino,

the natural velocity of its several parts will not be as the spaces, therefore J

rubbing and friction will take place at its circumference, from the differeal
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velocities of its parts, which must render the draught heavier. In rolling on

paved streets nothing can be conceived more calculated for their destruction

than the conical rim of a broad wheel. See CARRIAGES, AXLETREC, &c.

For TEETHED WHEELS employed in driving machinery, see that article.

WHERRY. A small, shallow, light boat, made very sharp both at the head

and the stern, and adapted for fast rowing and sailing, especially in tide rivers.

WHIRLING-TABLE. An instrument for illustrating the nature of the

centripetal and centrifugal forces. The disposition which bodies have to fly off

from the axis round which they revolve, may be beautifully exhibited, by em

ploying a small bucket filled with water, and attaching it to the hand by a flexi

ble cord, it may be whirled round without destroying the equilibrium of the

fluid, or causing any portion of it to be spilled. Precisely in the same way are

the bodies which revolve round the sun, kept from falling into that luminary by

the centrifugal force which is generated. Now the whirling-table is employed

tp exhibit the amount of this force, and, by a combination of weights and pulleys,

a variety of bodies are made to revolve with different degrees of speed. The

apparatus usually consists of a frame furnished witli a large wheel, round which

a band passes, and gives motion to two smaller ones. On one of these a rod is

attached for balls to slide, and on the other a flat table of mahogany ; and these

may be put into motion with different degrees of speed. The whole apparatus

is exceedingly valuable to the teacher of astronomy.

WHIRLPOOL. An eddy, vortex, or gulf, where the water is continually

turning round. Those in rivers are very common, from various accidents, and

are usually very trivial, and of little consequence. In the sea they are more

rare, but more dangerous. Sibbald has related the effects of a very remarkable

marine whirlpool among the Orcades, " which would prove very dangerous to

strangers, though it is of no consequence to the people who are used to it.

This is not fixed to any particular place, but appears in various parts of the

limits of the sea among these islands. Wherever it appears, it is very furious ,

the boats, &c., would inevitably be drawn in, and be destroyed by it ; but the

people who navigate them, are prepared for it, and always carry an empty

vessel, a log of wood, or large bundle of straw, or some such thing, in the bo.it

with them. As soon as they perceive the whirlpool, they toss this within its

vortex, keeping themselves out ; this substance, whatever it be, is immediately

received into the centre, and carried under water ; and, as soon as this is done,

the surface of the place, where the whirlpool was, becomes smooth, and they

row over it with safety ; and in about an hour, they see the vortex begin again

in some other .place, usually at about a mile distant from the first."

WHIRLWIND. This meteorological phenomenon arises from the con-

vergance of winds from all parts to one point on account of an extraordinary

rarefaction of the air at that point. The currents acquire by their conflict at

the place of meeting, and the velocity with which the rarefied air rushes

upwards, a centrifugal force, which causes them to recede from the axis of

rotation. When the centrifugal force thus acquired becomes equal to the

pressure of the atmosphere, a space approaching almost to a vacuum surrounds

the axis or centre of motion, and as the whirl, by the action of the most

prevailing wind, receives a progressive motion, it is obvious that the pressure of

the atmosphere will be removed from every object passed over by the base of

the vacuum ; consequently destruction majk be expected to mark its course.

Partly by the removal of the atmospheric pressure, and partly by the whirling

of the air surrounding the vacuum, loose bodies, a hay-stack, for example, will

be raised with irresistible impetuosity, and dissipated at a great height

WHISKEY. This species of ardent spirit is much used in this country as

well as in Ireland. It varies considerably in the mode of preparation as well as

in its strength and comparative value. One of the modes of procuring it is

stated in Gray's Operative C/icmiit to consist in mixing 3840 gallons of rye or

barley ground very fine, and 1280 gallons of coarse ground pale malt, and

making it into a mash, with 8500 gallons of water, heated to 170° Fahr. There

i» then drawn ofl' 1020 gallons of this wort, and a large quantity of yeast is

VOL. 7i. 6 v
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added to it ; and when the remaining wort is cooled to 55° Fahr. eighty gallons

of malt are mashed with another portion of 1 020 gallons of hot water, and tl is.

being drawn off, is mixed with the first wort, and the yeasted wort is also added.

This wash should have the specific gravity from 1.084 to 1.110. In the count

of ten or twelve days, the specific gravity gradually diminishes till it become!

only 1.002, when the yeast head falls quite flat; the wash has a vinous smrfl

and taste, and is fit for the still. It is calculated that every sixty-four gallon!

of meal and malt ought to produce eighteen gallons of spirit, so much stronger

than proof spirit that ten gallons will make eleven gallons proof.

In general, one-third of the wash is drawn over at the first stilling, and the

product is called low wines, the specific gravity being about 0.975. On re

distilling the low wines, a milky, fiery tasted spirit comes over at first ; when

the running turns clear, the spirit that has come over is returned into the still.

The distillation being continued, the clean spirit comes over ; and when the

running gets below a certain specific gravity, the remaining spirit which come?

over, until it ceases to be inflammable, is kept apart by the name of faints, and

is mixed with the next parcel of low wines that are distilled. The proportion of

malt to the raw grain is sometimes diminished much below that stated, even at

low as only one-tenth of the raw grain. If the wort is not sufficiently heavy, it>

specific gravity is brought up, by adding a strong infusion of ground malt, or

barley and malt. The fermentation is generally carried on in open pits, and

hurried as much as possible ; but of late some distillers, considering that the

carbonic acid gas carried off much of the spirit, have covered the pits with i

flooring, having a trap with a water joint, to prevent the loss of the spirit ; tab

retards the fermentation, but the augmentation of the produce, although slight,

is judged fully equivalent to the loss of time.

WINCH. The bent, or crank-handle, by which the axes of machines tn

turned.

WIND. Air put in motion by some

physical cause, so as to become a current

or stream. Winds are denominated ac

cording to the points from which they

blow; see COMPASS. A variety of machines

have been invented at different times for

ascertaining the strength or velocity of

the wind; the annexed cut represents one

which possesses the advantages of simpli

city of construction, and of being unerrin

in its indications. It is thus formed :—A

square open frame of wood or iron, a be,

is supported by the shaft d; two cross pieces

are fixed at ef, carrying an horizontal axis,

which is moved by the action of the wind

vipon four sails, iiii, fixed to one end of

the axis, and disposed to be influenced

by the wind in the usual manner. Upon

this axis is also fixed a conical barrel of

wood, on the smaller end of which, n, is

attached a line with a weight, /, appended

to it The wind now acting upon the

sails, causes the barrel to revolve, and the

line to be wound round its superficies. To

prevent any retrograde motion, a ratchet

wheel o, is fixed to the base or larger end of the cone m, having a clicker falling

into its notches as it revolves. It is evident that the force of the weight will

continually increase as the line advances towards the base of the cone, by the

power being applied at a greater distance from the axis or fulcrum ; consequently

the variable force of the wind may be readily ascertained, by fixing the line »t th«

smallest end, and marking the barrel with spiral lines, as taken tip by the coiling of
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the rope round its superficies ; placing, also, between the line so drawn, numerical

ligns to denote the force of the wind ; which might be calculated with tolerable

precision, according to the known principles of the lever. The diameter of the

base of the cone should.be such, in comparison with the smaller end, that the

very strongest wind should have scarcely sufficient power to bring it on to the

end of it.

The different velocities, forces, and corresponding popular appellations of winds

are given in the following table, derived from the experiments of the late cele

brated engineer, John Smeaton ; and detailed in the Philosophical Transaction!

Velocity.

Perp. Force on one

square foot In lb»

avoirdupois.
Per hour

Miles.

Per Second

Feet.

Appellations. '

)

1 1.47 .005 Scarcely perceptible.

2

3

2.93

4.40

.020

.044

1 Perceptible.

4

5

5.87

7.33

.079

.123

| Gentle breeze.

10

15

14.67

22.00

.492

1.107

• Pleasant brisk gale.

20

25

29.34

36.67

1.968

3.075

' Very brisk gale.

30

35

44.01

51.34

4.429

6.027

i High tvinds.

40

45

58.68

66.01

7.873

9.963

s Very high winds.

; 50 73.35 12.300 A storm or tempest.

60 88.02 17.715 A great storm.

80 117.36 31.490 A hurricane.

100 146.70 49.200
1 A dreadful hurricane that overturns

buildings, trees, &c.

.}

To which may be added a still more remarkable instance of the impetuosity

of a hurricane, as related by M. Rochou. The velocity of the wind, as

observed by him, was no less than 109 miles an hour, or 1 59.88 feet per second j

and its force against a perpendicular plane of a foot square, was estimated at

58.45 pounds avoirdupois. Of the causes and theory of winds, many very able

philosophers have treated largely ; as DCS Cartes, Rohault, Bacon, De Luc,

Halley, Prevost, Derham, Eles, Muschenbroeck, Dalton, and others. We have
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not room to introduce even a short abstract of their several theories, but must

refer the curious reader to their writings, and the various parts of the

Philosophical Transaction*.

WIND-INSTRUMENTS. An accurate acquaintance with the principles of

acoustics is essential to the scientific construction of every species of musical

instrument, but especially those which owe their operation to the action of

the wind. Wind-instruments generally produce their effects by the vibra

tions of a column of air confined at one end, and either open or shut at

the other. These vibrations are determined mainly by the length of the

sounding column ; yet inferior and subordinate ones are found to coexist with

the fundamental one. The whole column spontaneously divides itself into

portions equal to the half, the third, or the fourth of its longitudinal extent. In

mixed wind-instruments, the vibrations or alterations of solid bodies are made

to cooperate with the vibrations of a given portion of air. Tims, in the trumpet,

and in horns of various kinds, the force of inflation, and perhaps the degree of

tension of the lips, determines the number of .parts into which the tube is divided,

and the harmony which is produced. In the serpent the lips cooperate with a

tube, of which the effective length may be varied by opening or shutting holes ;

and the instrument which has been called an organised trumpet, appears to act is

a similar manner. The trombone has a tube which slides in and out at pleasure,

and changes the actual length of the whole instrument. The hautboy and the

clarionet have mouth-pieces of different forms, made of reeds or canes ; and the

reed-pipes of an organ, of various constructions, are furnished with an elastic

plate of metal, which vibrates in unison with the column of air which thej

contain.

The longitudinal vibrations of a column of air, contained within a tube open

at both ends, are powerfully excited, and very loud and clear tones produced

by the inflammation of a streamlet of hydrogen gas. This curious experiment

was first made in Germany, and it is very easily performed. A phial, being

partly filled with dilute sulphuric acid, a few bits of zinc are dropped into the

liquid. As the decomposition of the water embodied with the acid no*

proceeds, the hydrogen gas, thus generated, flows regularly from the aperture.

The gas being first ignited, and a glass tube placed over the exit-pipe, the

burning speck at its point instantly shoots into an elongated flame, and creates

a sharp and distinct musical sound. This effect is not owing to any vibrations

of the tube itself; for it is in no way altered by tying a handkerchief tightly

about the glass, or even by substituting a cylinder of paper. The tremor ex

cited in the column of air is, therefore, the sole cause of the incessant tone,

which only varies by a change in the place of'the flame, or a partial obstruction

applied at the end of the tube. The exciting force must necessarily act by

starts, and not uniformly. The column of air contained within the tube is in

reality agitated by a series of incessant strokes, or sudden expansion ; and it is

probable, that an instrument possessing great power in a small compass, might

be thus constructed.

WINDLASS. A machine used on board ships, chiefly for raising the anchor.

It may be regarded as a modification of the mechanical power termed the wheel

and axle, employed to raise buckets from wells, and for infinite variety of other

uses. In nautical affairs, it consists of a large cylindrical piece of timber,

moving round its axis in a vertical position, and is supported at its two ends by

two pieces of wood called knight-heads, which are placed on the opposite sides

of the deck, near the foremast : it is turned about by levers calied handspikes,

which are for this purpose thrust into holes bored through the body of the

machine. The lower part of the windlass is usually about a foot above the

deck : it is furnished, like the capstan, with strong iron pauls, to prevent it from

turning backwards by the pull of the cable and anchor, or from being strainedby the

violent jerking of the ship in a tempestuous sea. The pauls fail into notches

cut in the surface of the windlass, and lined with plates of iron. The windlass

is heaved round by the men who work it throwing their weight upon the ends of

the handspikes, which, moving through a much greater space than the length
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of the cable taken up, dolistitute, in effect, an increase of power equal to much

greater space : and by this simple mechanical arrangement anchors of much

greater weight than that of the men employed, are raised direct from the sea.

It however requires considerable dexterity to manage the handspike to the most

advantage : the sailors who perform it rise simultaneously upon the windlass,

insert their levers, throw their weights to the extremities, by a sort of jerk, all

at the same instant, and weigh up the anchor six or eight inches at each pull,—

the motions ofthe men being regulated to time by the howling of one of the crew.

To save the time employed by the men in working a windlass in raising the

handspikes from one slot to another, and also to give additional power to the

machine, a patent was recently taken out by Mr. George Straker, a ship-builder,

of South Shields,—a perspective sketch of whose windlass is subjoined. The

increase of power he obtains by fixing on the barrel of the windlass, at one end,

 

a spur wheel a, which is acted upon by a pinion b, whose axis turns in

oearings which support the windlass itself. Upon each end of the pinion axis

are fixed two circular appendages c c, which are formed like two crown ratchet

wheels, with only four teeth in each, placed face to face, and with the teeth

directly opposite to each other, and only about an inch apart, so as to leave

cavities between them of a suitable form to receive handspikes of the shape

represented in the above cut,—the upper figure showing the operating end

edgeways, and the lower figure the same broadways ; wherein is shown a fork or

slot for the reception of the axis, when it is being turned round. This forked

end is of course made of iron, and sufficiently thin to pass up between the pro

jecting teeth of the pieces c c, when withdrawn a few inches ; and by this means

it can be raised with facility ; and when it is pushed in, its shoulders d d rest on

the projecting teeth, which enables the men to turn the pinion, and through that

medium the windlass acts with great power. It will be perceived that by this

arrangement, instead of having, as usual, to withdraw the handspikes, and

insert them in a fresh hole every time they are brought down to the deck, they

have only to be withdrawn until their shoulders can pass outside of the project

ing teeth, moved past a second pair of teeth, and then returned again, till

the shoulders rest'firmly upon them. This is evidently a very convenient and

excellent method of working a windlass, and might be applied, as stated by the

patentee in his specification, to windlasses, without the intervention of the spur-

wheel and pinion.

WINDMILL. A mill of any kind actuated by the impulse of the wind.

They are of two kinds—vertical and horizontal.

Vertical windmills (to which a decided preference has been hitherto given)
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usually consist of a strong shaft or axis inclining a little upwards from th*

horizon, with four long yards or arms fixed to the highest end, perpendicular to

the shaft, and crossing each other at right angles. Into these arms are mortised

several small cross bars, and to them are fastened two, three, or four long ban,

running in a direction parallel with the length of the arms; so that the bars

intersect each other, and form a kind of lattice-work, on which the cloth is

spread to receive the action of the wind. These are called the sails, and are in

the shape of a trepezium, usually about nine yards long and two wide. The

direction of the wind being a'.ways very uncertain and variable, it becomes

necessary to provide some contrivance for bringing the sails into a proper posi

tion for receiving its impression. Two methods have been devised for this

purpose, one of which is denominated the post-mill, the other, the smock-mill.

The post-mill is so called from the circumstance of the mill being built round

a massive central post, made out of the whole trunk of a stout tree, which is

sunk vertically in the ground, and supported in its position by oblique struts or

braces, which extend from a platform on the ground to the middle of the post,

leaving 10 or 12 feet of the upper part free from the braces. The part thus left

free from obstruction is rounded and made to pass through a circular collar,

formed in the flooring of the lower chamber, and to enter into a socket filed

into the flooring of the upper chamber, and to one of the strongest cross-beams,

which must sustain the whole weight of the mill-house ; so that by means of »

pivot, or gudgeon, fastened on that part of the post which enters into the socket,

the whole machine can turn about horizontally to face the wind. A strong

framing, united by joints at the back of the mill-house, descends in a sloping

direction to the ground, and is there fastened to short posts, when placed in the

position required for the sails to be acted upon by the wind. To this frame a

ladder is attached, which leads into or out of the mill-house. To the bottom of

this frame a rope is fastened and conducted to tackle in the mill-house, by which

the frame can be lifted from the ground, while its position is being changed, in

the manner of a capstan post, to suit the wind.

The smock-mill does not depend upon a central post for its main support, bat

it is generally a strong independent building, the upper portion of which a

usually a tower of the form of a truncated cone, constructed, of wood, and

mounted upon a vertical wall of masonry, containing two or three floors, where

the work of the mill is performed,—the tower above containing a vertical

shaft, by which the motion and force is communicated from the sails to the

mill-stones. The head or cap in the upper part of the mill is provided with

a cap, which is contrived so that it may turn itself about as the wind changes ;

for this purpose there is a nearly horizontal framed projection at the back part

of the head, which carries some small sails acting as a vane, there being, con

centric with the axis, a large grooved ring, around which a circular hoop,

provided with anti-friction rollers, traverses.

The velocity of motion of the sails or vanes is very considerable. Mr. Fer

guson calculated the motion of the tips of the sails, even when operated upon

by a very moderate wind, to be thirty miles per hour.

Horizontal windmills, as their name implies, are such as are worked by their

sails revolving in a horizontal plane. All disinterested authors who have writ

ten on thia subject condemn them, as being very inferior in effect to those of

the vertical kind. Smeaton considered their effect to be only one-eighth, but

Dr. Brewster shows that they have from one-third to one-fourth of the effect of

the vertical. It is probable, however, that means may be discovered of improv

ing them considerably.

To ascertain the best form and position of windmill-sails, Mr. Smeaton insa-

tuted a series of experiments, of which the results are given in the subjoined

table :—
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WINDOW. An aperture in the wall of a building, for the admiision of

light and air. Modern windows are almost uniformly furnished with glazed

frames, that open and close, besides shutters and blinds, by which the admission

of the light and air may be easily regulated at pleasure.—Sec the Article

GLAZING. In this place we propose to notice several improvements which

have of late years been made in the mechanical construction of windows.

It has frequently been a subject of complaint, that our public edifices arf

either insufficiently provided with the means of ventilation, or the arrangements

for that purpose are very inconvenient. The oldest mode with which we are

acquainted is that of casements hung upon hinges, and fastened by a latch. A

later and more improved method was to hang the casements go as to swing

upon centre pivots ; the opening and shutting of these casements by pulleys and

lines is always accompanied with noise, and they afford no defence from a

shower of rain, nor to the prejudicial effects of the cold air descending on tre

heads of the persons assembled near to the windows. Another mode, lately

introduced, is to cut out of the windows a space to receive the half of a glazed

hopper, which is attached to the window, projecting inwards, having a flap on

the top, lying horizontally, and opening upwards. These hoppers are extremely

Fig- 1- fy. 2.

 

unsightly in themselves, but arc rendered still more so by the dust which lodge*

on them ; which dust is blown into the building when the flap is opened for the

admission of air. To remedy these inconveniences, Messrs. W. and D. Bail?

some years ago invented the arrangement' delineated in the preceding page ;

by which a ready mode of action on the upper part of the window is obtained

by very simple machinery, while the symmetry of the window is pre*erved.

/•','//. 1 gives a front inside view of a window, with the apparatus attached, and

Jiy. 2 is a side view of the same ; a shows the flap of the window open ; 4 b a

bar to which the base of the flap is fixed, and on which it turns ; e a lever,

having one end fastened to the extremity of the bar b, and furnished at the

other end with an eye, which receives the pin or stud d ; this stud is fixed on

the vertical rod e, which terminates below in a rack /, and is secured in »u
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upright position by the loops or guides <j y. through which it passes ; h is a Ian

thorn pinion of two teeth, which when turned round by means of the winch i,

takes into the notches of the rack, and consequently draws down the rod e, or

raises it, according to the direction in which the winch is turned. In the first

case, the stud d draws the lever down, and consequently opens the window ; in

the latter the stud is raised, nnd with it the lever, which shuts the window. It

may be proper to observe, that in case of the upper part of the window being

square, and not having any mullions, it will be found necessary (to prevent the

entrance of the air at the side of the casement, when it opens) to have a frame

with two angular sides attached to the windows, and these sides must have a small

return rebate for the casement to fall against when it is fully opened, which will

prevent any inconvenience arising from the form of the window.

Servants and others employed in the cleaning and repairing of such windows

in general provide so indifferently for their security, while employed on the

outside, that numerous accidents have occurred,—some, of the most deplorable

nature. The construction of the sash windows that we have now to notice,

will not only effectually prevent these accidents, but will remain a permanent

convenience to the house in which they may be adopted. In appearance these

sashes resemble those of the common

kind, and the upper and lower sash

may be moved up and down in a si

milar manner. The outside of the

sash may also be turned into the room,

so that it may be easily painted, glazed,

or cleaned, by a person standing with

in the room, without the necessity of

removing the slips or headings; by

doing which the glass is frequently

broken, and the beads lost, left loose,

or dismntched, and a considerable ex

pense incurred. The frame of the

window is fitted with grooves, weights,

and pulleys, in the usual manner ; the

fillets on the sash are not made in the

same piece with the sash frame, but

fastened thereto by pivots, about the

middle of the sash ; upon these pivots

the sash is turned round at pleasure,

so as to get at the outside without dis

turbing the fillets or grooves. When

the sash is placed vertically (as the

lower one in the figure) a spring catch on each side of it shoots into, and tak •

hold of the sliding fillets ; so that in this case the sash slides up or down in the

usual manner, but can be immediately released, and turned inside-out by

misliing back the springs, and at the same time pulling the sash inwards. This

•nvention originated with Mr. Marshall, who communicated it to the Society of

Arts ; but the invention, with some unimportant modifications, was subsequently

patented by Mr. Tucly, probably from ignorance of Mr. Marshall's prior claims.

»Ve notice this fact, as windows of this kind are sometimes called Marshall's, and

it others Tucly's patent revolving windows. On account of the additional expense

'from six to twelve shillings) of these windows above the ordinary kind, the

builders do not encourage them ; but this additional expense is scarcely worthy

of notice by a private individual in building, when the important advantages

it confers are taken into account.

To keep the sashes of ordinary windows at equal distances from the sides, so

»hat they may not be impeded in drawing up and down, (as is often the case,

on account of the sash swinging as it is suspended by the- top,) Mr. Woolwich

nas proposed the simple appendage represented in the annexed cut Pig. 1 is

a plate of iron two inches long by one inch wide ; to the lower part of which is

fixed a spring b, that carries a roller at its upper end, and at c c are two holes

vol.. II. 5 x
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to admit screws to lit it. Its application to a sash is shown at d d. The groove

may be cut in the side of the sash sufficiently deep for the whole to be buried

Fig.}.

 f

Fig. -2.

 

wiieu uie spring is forced in, as the elasticity of the spring will project the roller

sufficiently to steady the sash.

One of the principal objections to sliding sashes in shop windows, is the ne

cessity in most cases of making a broad casing for the balance weights to pan

up and down, which excludes the light, and so much space for the exhibition of

goods, and is besides unsightly, according to the prevailing taste in these

matters. To obviate these objections, sliding sashes have sometimes been made

with a long train of pulleys and lines, to carry the weights to a distant situation,

where there would be the least incumbrance. Mr. Lockart, of Poland-street,

has however ingeniously contrived to place the weights in a horizontal position

above the window, which is a very convenient situation, and the means adopted

tig. I.

 

tor that purpose are calculated to work well. Fig. 1 in the annexed sketchei

represents an elevation, and Fig. 2 a plan, the corresponding lettten in e«cn

Fig. 2
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referring to similar parts. « is the upper sash closed ; / the lower sash partly

opened ; a the weight to the upper window ; o the weight to the lower window ;

r e are the pulleys on which the lines run. The dark space above the window

has been drawn too large in proportion to the other parts, but with the view of

showing the arrangement more clearly. When the lower sash / is pulled down,

the weight o is drawn close up under the pulleys, the curved pieces being cut out

of the weights for that purpose. When the upper sash u is brought down, the

weight a is drawn up close to the pulleys.

To arrange these several parts to act properly, it will be necessary to observe

the depth of the casing above the window, where the weights are to move ; if

that be (for instance) the fourth part of the range of the sashes in their

grooves, then the pulleys on which the lines that suspend the sashes are coiled,

must be four times the diameter of their axes, that take up the lines from the

weights. As by this arrangement, the weights only move through a fourth part

of the space of the sashes in the same time (by the cords passing round pulleys

showing these relative proportions,) it follows that the weights must be four

times the weight of the sashes to balance them ; and to save space, the weights

should be of lead. By this arrangement it will be observed that there is only

one case for the weights instead of two, and that the situation above the window

is more convenient for repair than at the sides. For pastry-cooks, butchers, and

market shops generally, this improvement offers great convenience and

advantage.

Mr. Thomas Prosser, an architect of Worcester, patented, in 1830, "certain

improvements in the construction of window-sashes, and in the mode of hanging

the same," which appear to us deserving the attention of the reader. He

proposes to attach the upper and lower sashes to the same lines which pass over

a pulley attached to each side of the frame near the top of the window. These

are of the kind usually called side pulleys, which have their axes at right angles

to the surfaces to which they are attached. The small frames in which the

pulleys turn are movable, in dovetailed grooves, in the window-frames, and

adjustable by a screw to regulate the tension of the sash lines. The two sashes

are thns made to balance each other, entirely obviating the necessity for the

metallic counterpoises usually employed to facilitate the raising and lowering of

the sashes. From this description it will be perceived that one of the sashes

cannot be moved without moving the other, so that the opening can never be

made entirely at the top or bottom of the window, but an equal portion of it

will be at each.

The method of attaching the lines to the sashes consists in tying neatly

to the ends of the lines small pieces of metal, with longitudinal rectangular

slits, which pass over T studs fixed into the sashes, with their heads across,

by which the lines are secured from being accidentally detached when once they

are hooked on. Instead of the beads which are generally fixed to the frame on

each side of a window-sash, as guides to keep it in its place while stationary,

and to preserve their perpendicular position while elevated or depressed, this

patentee fixes a single rod into the frame, which fits accurately into a groove in

the side of the sash. This constitutes a fitting less pervious to the weather than

that usually adopted, at the same time that it affords great facility in cleaning

the windows ; for, as the guide-rod of the lower sash does not extend more than

half-way down, so that the lower sash being elevated to the top of the window,

escapes its guide-rod, and may be turned inside-out, and the upper sash being

lowered to the bottom may be similarly reversed ; so by this means all parts

of the window can be brought within reach of a person in the room, for the

purpose of cleaning or repairing.

We now proceed to describe a mode of securing house and shop windows

from the depredations of robbers, which is applicable also to doors, gates, safes,

&c., which was the subject of a patent granted to Messrs. Don and Smith, of

Pentonville ; and consists in the construction and adaptation of metallic shutters,

arranged horizontally, in such manner that when the window or door is closed,

each shutter forms a handsome panel ; and when opened, they are entirely

withdrawn, and deposited behind the entablature, or in the brickwork above or
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below the window. The patentees likewise claim the public patronage for

another property possessed by their metallic shutters,—that of a ready couth

sion into sun-blinds ; but there will doubtless be many exceptions taken to the

employment of so quick a conductor of heat, and of so ponderous a material si

iron, for sucb a purpose. But whatever may be the substance used, the obvi

ating of the necessity of sun-blinds as a separate appendage is worthy of

consideration.

In the annexed engraving is represented a perspective view of the corner-

house of a street, in which the metallic shutters and sun-blinds are exhibited ai

applied thereto. At a is a shop-window, and at b a shop-door, over which is

 

projected two of the metallic shutters as a sun-blind, having also end blinds of

silk cloth or other desirable substance, in the form of sectors of circles. In tliu

case the third shutter, which forms the set, is drawn up and deposited behinc1

the entablature. On the first floor above the shop, c c exhibits the application

of the same thing on a small scale to private windows. At d is shown a window

unclosed ; that is, the shutters are supposed to be withdrawn entirely, and

deposited immediately above or below it, as the patentees adapt them to both

situations. At e is a window entirely closed by the shutters, presenting a

barrier against bnrglars, said to be bullet-proof ; and at o is shown one of the

shop windows, similarly closed. The shutters are made in the following manner.

Having determined the number of plates or pannels a shutter is to contain,

(usually three or four,) the iron or steel plates are well hammered in the manner

of saw plates, so as to condense the metal and flatten the surfaces. The plates

arc then enclosed in grooves made in a rectangular frame of bar-iron, and

strongly rivetted thereto. Thus framed, they are connected together at
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pleasure, by the lower horizontal bar of one, and the upper one of the next

being cut into acute angles, that hook into one another ; and they are thus

drawn up or let down in succession, by sliding with their vertical sides in deep

grooves cut in bars of wrought iron, which form the styles to the window. The

upper portion of these grooved metallic styles is made to separate from the

lower, by turning upon a pivot or hinge joint, at the top of the window, by

which means the shutters, while contained in the grooves, may be projected out

to an angle of about 60 degrees from the perpendicular, and form the sun-

blinds. The patentees have designed several movements for raising or lowering

the shutters ; but we adopt that which is specified under the patent, with

reference to the annexed sectional figure. From a and 6 to c and d, is one of

 

the side styles to the window ; from a to / is a continuation of the style and

frame behind the entablature, where all the three shutters g, h and i, are drawn

up and deposited, when the shutters are not in use. The groove for the upper

shutter g does not permit it to descend lower than 6, nor does the groove for the

middle shutter h permit that to descend further than c, but the groove for the

lower shutter > is extended from the top /to the bottom d. The sun-blind is

projected only when they are all down, by which means the two upper shutters

are unlocked from the lower, and the latter is afterwards drawn up to the top,

as shown in the figure. To the movable part of the style is fixed a curved

rack k, the teeth of which geer into those of a pinion /; the axis of this pinion

carries a winch m, by turning which, the sun-blind is thrown out, or drawn in.

To steady the motion of the blind, the movement described is made to commu

nicate with a similar rack and pinion on the opposite side of the window ; for

this purpose there is placed on the axis of the pinion / behind it, a small chain
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pulley, round which an endless pitched chain n pauses, and also over a similar

pulley o ; the axis of the last mentioned is a long shaft, extending horizontally

across the window (above the glass) to the opposite side, where a corresponding

apparatus projects, and supports that side of the sash blind. In order to fix

the blind at any required angle that it may be desired to project it, there is on

the axis of i, a ratchet-wheel, with a pall above p, which falls into the teeth on

its periphery, and prevents its return without being lifted up.

The side or end blinds, one of which is represented atg, are made of cloth, or

other flexible substance ; one Bide is attached to the projecting part of the style,

and the other, passing through a long and very narrow slit, is attached to a conical

roller r ; when the shutters composing the blind are drawn in, the conical roller

is turned by means of a descending weight *, which then winds upon it, in even

layers, the sectorial blind. To the middle of the lower edge, and at the back of

the bottom shutter i, a suitable line or chain is attached. This line is carried up

vertically, then passes over a pulley at the top of the frame, and from thence over

side pulleys down to a barrel on one side, on which the cord is wound. The

lower ledge of the shutter i has likewise a projecting ledge ; on the drawing up

of the lower shutter, therefore, by the cord and winch described, the bottom

edges of the middle and upper shutters come in contact with, and rest upon the

ledge, and are thereby carried up altogether into the casing behind the entabla

ture ; to keep the shutters in the situation they are thus put, a pall drops into

the teeth of another ratchet-wheel placed on the axis of the winding barrel.

Subsequent improvements have been effected upon the foregoing, which

chiefly consist in substituting, for the movement we have described, long re

volving screws extending from top to bottom on each side of the window. A

simultaneous motion is effected in the screws, by means of a bar extending across

the bottom of the window, and connecting, by bevil wheels, both screws with a

winch handle by which they are turned. Upon the screws are fitted nuts, to

which are attached the shutters ; and, therefore, by the operation of turning the

handle, the shutters are steadily raised or lowered into or out of their case.

WINE. A term applied by chemists to all liquids that have become

vinous by fermentation ; but it is popularly considered as confined to saccharine

vegetable substances that have been converted into a vinous liquid. It seems

to be a necessary condition, that sugar must be present in a vegetable, to enable

:t to ferment and become vinous ; but this, according to late discoveries, will

not exclude starch, gum, and other similar products, which are capable of being

converted into saccharine matter. Lavoisier stated that pure sugar alone would

not ferment, but that some extractive matter, or yeast, must be added to enable

it to undergo the vinous fermentation ; and he considered that the effects of this

fermentation consisted in separating the sugar, which is an oxide, into parts ;

in oxygenating the one, at the expense of the other, to form carbonic acid ; in

disoxygenating the other in favour of the first, to form a combustible substance

termed alcohol ; so that, were it possible to combine these two substances,

the alcohol and the carbonic acid might reproduce sugar. It is necessary to

remark, that the hydrogen and carbonic do not exist in the state of oil in alcohol,

being combined with a portion of oxygen, which renders them miscible with

water. These three principles, therefore, the oxygen, the hydrogen, and the car

bonic, are here in a kind of equilibrum ; and, in fact, by causing them to pass

through a red-hot tube of glass or porcelain, we may recombine them, two and

two together, and the product will be water, hydrogen, carbonic acid, and carbon.

In all wines may be distinguished an acid, alcohol, tartar, an extractive

matter, aroma or odour, and a colourless principle,—the whole being diluted or

dissolved in a smaller or larger proportion ofwater. An acid exists in all wines, but

all are not acid in the same degree. Of some wines a natural acidity is the prin

cipal characteristic ; those produced from grapes not perfectly ripe, or that grow

in moist climates, are of this kind ; whilst such as are the product of the fermenta

tion of grapes that have attained complete maturity and sweetness, contain but

a very small quantity of acid. The proportion of acid appears, therefore, to be

in the inverse ratio of the saccharine principle, and consequently of the alcohol,

which is produced by the decomposition of the sugar. Alcohol forms the true
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characteristic of wine. It ii the product ofthe decomposition of sugar ; and its

quantity is always proportionate to that of the sugar that has been decomposed.

Alcohol abounds more in some wines than it does in others ; those of hot

climates contain a large quantity of it ; whilst those of cold climates contain

scarcely any. Ripe and sweet grapes produce it in abundance ; but the wines

made of grapes that are unripe, watery, and sour, yield very little.

The following is Mr. Brande's valuable table of the quantity of alcohol in

different kinds of wine and spirituous liquors :—

Proportion of

Alcohol per cent.

by measure.

1. Lissa, average of two samples 25.41

2. Raisin wine, average of three samples . . . . 25.12

3. Marsala, average of two samples 25.9

4. Madeira, average of four samples 22.27

5. Currant wine 20.55

6. Sherry, average of four samples 19.17

7. Teneriffe 19.79

8. Colares 19.75

9. Lachryma Christi 19.70

10. Constantia, white 19.75

11. Ditto . . red 18.92

12. Lisbon 18.94

13. Malaga, (1666) 18.94

14. Bucellas 18.49

15. Red Madeira, average of two samples .... 20.35

16. Cape Muschat 18.25

17. Cape Madeira, average of three sample* . . . 20.51

18. Grape wine 18.11

19. Calcavella, average of two samples .... 18.65

20. Vidonia 19.25

21. Alba Flora 17.26

22. Malaga 17.26

23. White Hermitage 17.43

24. Roussilloo, average of two samples .... 18.13

25. Claret, average of four samples 15.10

26. Malmsey Madeira 16.40

27. Lunel 15.52

28. Sheraaz 15.52

29. Syracuse 15.28

30. Sauteme 14.22

31. Burgundy, average of four samples .... 14.57

32. Hock, average of three samples 12.08

33. Nice 14.63

34. Barsac 13.86

35. Tent 13.30

36. Champagne, average of four samples .... 12.61

37. Red Hermitage 12.32

38. Viu de Grave, average of two samples . . . 13.37

39. Frontignac 12.79

40. Cote Rotie 12.32

41. Gooseberry wine 11.84

42. Orange wine, average of six samples, made by a

London manufacturer 11.26

43. Tokay 9.88

44. Elder wine • . . . 9.87

45. Cider, highest average 9.87

Ditto lowest ditto 5.21

46. Perry, average of four samples 7.26

47. Mead 7.32
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j Proportion of

Alcohol per ccoL

by mrunre.

48. Ale, (Burton) 8.88

Ditto (Edinburgh) 6.20

Ditto (Dorchester) 5.56

49. Brown Stout 6.80

50. London Porter, average 4.20

51. Ditto Small Beer, ditto 1.28

52. Brandy 53.39

53. Rum 53.68

54. Gin 51.60

55. Scotch Whiskey , 54.32

56. Irish ditto 53.90

Tartar exists in verjuice, as also in must ; it contributes to facilitate the forma

tion of alcohol. When left at rest in casks, it deposits itself upon the sidts,

forming a crust mofe or less thick, with crystals of irregular forms. Some time

before the vintage, when the casks are to be got ready for receiving the new

wine, they are staved, and the tartar detached from them, in order to be em

ployed in the different uses of commerce. This salt has little solubility in cold

water, but considerably more in boiling water. It scarcely dissolves at all in

the mouth, and it resists the pressure of the teeth. The extractive principle

abounds in must, when it appears to be dissolved by the aid of the sugar ; but

when the saccharine principle is decomposed by means of fermentation, the

quantity of extractive matter sensibly diminishes, a part of it deposit! itself in a

fibrous form, and this deposit, which principally constitutes the lees, is the

more considerable in proportion as the fermentation is more gentle, and the

alcohol more abundant. This deposit is always mixed with a considerable

quantity of tartar. There always exists in wine, a proportion of extractive

matter in a state of solution, which may be separated from it by means of eva

poration. It abounds more in new wines than in old onei; and the older the

wine grows, the more completely is it freed from the extractive principle All

natural wines have an odour more or less agreeable to the smell. Some of them

owe their reputation in a great measure to the perfume which they exhale. This

is the case with Burgundy. This perfume is lost by too violent a fermentation,

and becomes stronger by age. It seldom exists in very spirituous wines, either

because it is concealed by the strong smell of the alcohol, or because it has been

destroyed or dissipated by the violent fermentation that was requisite to develop

the spirit. The colouring principle of wine belongs to the skin of the grape ,

for when the must is suffered to ferment without it, the wine is white. Thii

colouring principle does not dissolve till the alcohol is developed ; it is only ther

that the wine acquires its colour, which is deeper in proportion to the violence

of the fermentation. If we expose bottles filled with wine to the rays of tht

sun, a few days are sufficient to precipitate the colouring principle in large

pellicles ; the wine losing neither its perfume nor its strength.

A very great number of vegetable substances may be made to afford wine,

as grapes, currants, mulberries, elders, cherries, apples, pulse, beans, peas,

turnips, radishes, and even grass itself. Hence, under the clan of wines, or

vinous liquors, come not only wines, absolutely so called, but also ale, cyder, &c

The term wine is however in a more particular manner appropriated to tht

liquor drawn from the fruit of the vine. The process of making wine is «.«

follows :—When the grapes are ripe, and the saccharine principle is developed,

they are then pressed, and the juice which flows out is received in vessels of a

proper capacity, in which the fermentation appears, and proceeds in the follow

ing ma.mer. At the end of several days, and frequently after a few hours, and

according to the heat of the atmosphere, the nature of the grapes, the quantity

of the liquid, and temperature of the place in which the operation is performed,

a movement is produced in the liquor, which continually increases ; the volume

of the fluid increases ; it becomes turbid and oily ; carbonic acid is disengaged,

which fills all the unoccupied part of the vessel ; and the temperature rises to
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75° Fahrenheit. The skins, stones, and other grosser matters of the grapes,

are buoyed up by the particles of disengaged air that adhere to their surface,

are variously agitated, and are raised in form of a scum, or soft and spongy

crust, that covers the whole liquor. During the fermentation, this crust is fre

quently raised, and broken by the air disengaged from the liquor, which forces

its way through it ; afterwards the crust subsides, and becomes entire as before.

These effects continue while the fermentation is brisk, and at last gradually

cease : then the crust being no longer supported, falls in pieces to the bottom of

the liquor. At this time, if we would have a strong and generous wine, all

sensible fermentation must be stopped : this is done by putting the wine into

close vessels, and carrying these into a cellar or other cool place. After this

first operation, an interval of repose takes place, as is indicated by the cessation

of the sensible effects of the spirituous fermentation ; and thus enables us to

preserve a liquor, no less agreeable in its taste, than useful for its reviving and

nutritious qualities when drunk moderately. In this new wine a part of the

liquor probably remains, that has not fermented, and which afterwards ferments,

but so very slowly, that none of the sensible effects produced in the first fermen

tation are here perceived. The fermentation, therefore, still continues in the wine,

during a longer or shorter time, although in an imperceptible manner , and

this is the second period of the spirituous fermentation,—which may be called the

imperceptible fermentation. We may easily perceive that the effect of this

imperceptible fermentation is the gradual increase of the quantity of alcohol.

It has also another effect no less advantageous ; namely, the separation of the

acid salt called tartar from the wine. This matter is therefore a second sediment

that is formed in the wine, and adheres to the sides of the containing vessels.

As the taste of tartar is harsh and disagreeable, it is evident that the wine,

which, by means of the insensible fermentation, has acquired more alcohol, and

has disengaged itself of the greater part of its tartar, ought to be much better

and more agreeable ; and for this reason chiefly, old wine is universally prefer

able to new wine. But insensible fermentation can only ripen and meliorate

the wine, if the sensible fermentation have regularly proceeded, and been

stopped in due time. We know certainly, that if a sufficient time have not been

allowed for the first period of the fermentation, the unfermented matter that

remains, being in too large a quantity, will then ferment in the bottles or close

vessels in which the wine is put, and will occasion effects so much more sensible

as the first fermentation shall have been sooner interrupted ; hence these wines

are always turbid, emit bubbles, and sometimes break the bottles, from the large

quantity of air disengaged during the fermentation.

We have an instance of these effects in the wine of Champagne, and in others

of the same kind. The sensible fermentation of these wines is interrupted, or

rather suppressed, that they may have this sparkling quality. It is well known

that these wines make the corks fly out of the bottles; that they sparkle and

froth when they are poured into glasses ; and lastly, that they have a taste much

more lively and piquant than wines that do not sparkle ; but. this sparkling

quality, and all the effects depending on it, ai-e only caused by a considerable

quantity of carbonic acid gas, which is disengaged during the confined fermenta

tion that the wine has undergone in close vessels. This air not having an

opportunity of escaping, and of being dissipated as fast as it is disengaged, and

being interposed betwixt all the parts of the wine, combines in some measure

with them, and adheres in the same manner as it does to certain mineral waters,

in which it produces nearly the same effects ; when this air is entirely disen

gaged from these wines they no longer sparkle, they lose their piquancy of taste,

become mild, and even almost insipid.

Such are the qualities, Dr. Ure observes, that wine acquires in time, when its

first fermentation has not continued sufficiently long. These qualities are

given purposely to certain kinds of wine, to indulge taste or caprice ; but such

wines are supposed to be unfit for daily use. Wines for daily use ought to have

undergone so completely the sensible fermentation, that the succeeding fer

mentation shall be insensible, or at least exceedingly little perceived. Wine,

in which the first fermentation has been too far advanced, is liable to worse

VOL. II. 5 J
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inconveniences than that in which the first fermentation has heen too quickly sup

pressed ; for every fermentable liquor is, from its nature, in a continual intestine

motion, more or less strong according to circumstances, from the first instant of

^he spirituous fermentation, till it is completely purified ; hence, from the time of

the completion of the spirituous fermentation, or even before, the wine begins

to undergo the acid, or acetous fermentation. This acid fermentation is very

slow and insensible, when the wine is included in very close vessels, and in a

cool place ; but it gradually advances, so that in a certain time the wine, instead

of being improved, becomes at last sour. This evil cannot be remedied ; because

the fermentation may advance, but cannot be reverted.—Fourcroy, Ure, Brands.

Oxford Cyclopedia.

WIRE. Metallic threads, or fine rods, produced by forcibly drawing the

ductile metals through a hole of less area than their previous transverse sections.

The sizes of which wire are made are from three-eighths of an inch in diameter

to that of the four-thousandth part of an inch. For the purposes ofembroidery and

similar work, gold and silver are commonly drawn to such fineness as to be

flexible, and as conveniently wrought with a needle, as the filaments of silk, Bax,

&c. with which they are usually mixed. See the articles Gold and Silver.

The earliest attempt to draw ductile metal into threads, by forcing them

through holes in a steel plate, does not appear to be determined. At first, wire

was formed entirely by the hammer ; and this process of art soon became a

distinct trade. Beckman observes, " As long as the work was performed by the

hammer, the artists at Nuremberg were called wire-smiths, but after the invention

of drawing iron, they were called wire-drawers, or wire-millers. Both these

appellations occur in the history of Augsburg, so early as the year 1351, and

in that of Nuremberg, in 1360 ; so that, according to the best information I

have been enabled to obtain, I must class the invention of the drawing-iron, or

proper wire-drawing, among those of the fourteenth century." About two

Hundred years, however, elapsed before the art was introduced into this

country ; nevertheless, the skill of our native artists soon enabled them to

surpass the foreign manufacture, if any reliance can be placed in the statement

contained in a proclamation of King Charles I. in 1630, wherein it is set forth,

" That iron-wire is a manufacture long practised in the realm, whereby many

thousands of our subjects have long been employed ; and that English wire, of

the toughest and best Osmond iron, a native commodity of this kingdom, and

is much better than what comes from foreign parts, especially for making wool-

cards, without which no good cloth can be made."

For the manufacture of wire for piano-fortes and other musical instruments,

Berlin has long been celebrated ; and it still deserves a preference for these

purposes, in the opinion of many of our artists.

For making iron wire, none but the very best and toughest iron should be used ;

that made entirely from charcoal and of the Cumberland ore having the preference

Formerly the bars were reduced to the required sizes for the wire-drawer by tilting

it ; but now we understand the manufacturers roll the bars down through small

grooved rolls to very small sizes, and thus materially save the labour ofdrawing.

The rolls for this purpose are the same as described in the article Iron (which

see,) but are superiorly finished, and fitted up with great accuracy of adjustment,

so as to roll very perfect cylinders of wire down to an eighth of an inch in diameter.

Therollers are generally from seven toeight inches in diameter, and make upwards

of 300 revolutions perminute; so that the rapidity with which this rolled or " black

wire," (as it is sometimes called, to distinguish it from the bright, or drawn-wire.)

is made, may be readily conceived. For the rims of pots, kettles, and other

kinds of " hollow ware," as made by the tinmen or braziers, wherein the copper

or tinned plate is wrapped round the wire, the black wire is equally useful with the

bright ; for these purposes, and all others where the wire is hidden, or is to be

painted, the rolled black wire is preferred, on account of its greatly inferior cost.

Whether wire be drawn by water, steam, or hand-power, the process is nearly the

same, and the tools very similar. In order to get the end of the wire through the

first reducing hole in the draw-plate, it is sharpened by hammering or filing .

being then inserted through the plate, the latter is laid so as to take its bearing
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against two stout pins fixed vertically in a solid, firm, bench, and the end of the

wire is griped by a pair of pincers attached to a chain ; the cross lever of these

pincers are so formed, that the chain when pulled has a tendency to draw them to

gether, and in proportion to the force applied to them, do they bite or gripe the wire ;

by means of a powerful lever the wire is now drawn through the hole in the plate,

which is well lubricated with grease ; and when a sufficient extent has been thus

drawn through, the end of the wire is fastened to a cylinder to which the power

is applied, and the wire coiled upon it as it comes through the plate. The new

wire thus drawn is very stiff and hard, and requires annealing prior to the next

drawing process. When annealed it is put into a vessel containing an acid

liquor, and then scoured bright before it is passed through a second or smaller

hole, in which the operation is repeated as many ti'ies as may be found neces

sary to reduce it to the size required,—annealing, treating with acid, and scouring,

at every succeeding operation. It is said, that in order to heat this acid liquor,

at an eminent manufactory, some ingots of brass which were at hand were

heated red hot and quenched in it. It was afterwards found that the iron wire

treated with this acid liquor, was covered with a thin film of copper, (derived

from a slight solution of the heated ingot to the acid,) and that the wire was in

consequence drawn through the plates with much greater facility than usual,

the copper evidently acting as a lubrication to decrease the attrition between the

wire and the draw-plate. In consequence of this accidental discovery, the

practice has been since continued at the manufactory, of employing a weak

solution of copper in the acid liquor used in iron and steel wire-drawing. The

slight coat of copper is got rid of in the last annealing process.

To produce a perfect and durable wire-drawing plate, is a work of considerable

art ; and British skill has in this respect been long surpassed by the French, from

whom all our best " draw-plates " are obtained. The process by which our

ingenious neighbours attain their superiority, must therefore be of sufficient

importance to our countrymen, to entitle it to a place in our work. In vol. xv.

of Let Arts et Matters is the following account of the process, by M. Du. Hamel.

" A band of iron is forged, of two inches broad, and one inch thick. This is

prepared at the great forge. About a foot in length is cut oflf, and heated to

redness in a tire of charcoal. It is then beaten on one side with a hammer, so

as to work all the surface into furrows or grooves, in order that it may retain

the substance called the potin, which is to be welded upon one side of the iron,

to form the hard matter on which the holes are to be pierced. This potin is

nothing but fragments of old cast-iron pots ; but those pots which have been

worn out by the continued action of the fire, are not good ; the fragments of a

new pot, which has not been in the fire, are better.

" The workman breaks these pieces of pots on his anvil, and mixes the pieces

with charcoal of white wood. He put this in the forge, and heats it till it is

melted into a sort of paste ; and to purify it, he repeats the fusion ten or twelve

times, and each time he takes it with the tongs to dip it in water." M. Du

Hatnel says, this is to render the matter more easy to break into pieces.

" By these repeated fusions with charcoal, the cast iron is changed, and its

qualities approach those of steel, but far from becoming brittle, it will yield to

the blows of the hammer, and to the punch, which is used to enlarge the holes.

The bar of iron which is to make the draw-plate, is covered with a layer of

pieces of the potin, or cast iron thus prepared. It is applied on the side which

is furrowed, and should occupy about half an inch in thickness. The whole is

then wrapped up in a coarse cloth, which has been dipped in clay and water,

mixed up as thick as cream, and is put into the forge. The potin is more fusi

ble than the forged iron, so that it will melt. The plate is withdrawn from the

fire occasionally, and hammered very gently upon the potin, to weld, and in

some measure amalgamate it with the iron, which cannot be done at once ; but it

must be repeatedly heated and worked, until the potin fixes to the iron. The work

man then throws dry powdered clay upon it, in order, they say, to soften the potin.

"The union being complete, the plate is again heated, and forged by two work

men, who draw out the plate of one foot to a length of two feet, and give it the
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form it is to have. It is well known, that cast iron cannot be worked at the

forge without breaking under the hammer ; but in the present instance, it is

alloyed with the iron-bar, and is drawn out with it. It has also acquired Dew

properties by the repeated fusions with charcoal.

" The holes are next pierced whilst the plate is hot. This is done with a well-

pointed punch of German steel, applied on that side of the plate which is the

iron-bar. It requires four heats in the fire to punch the holes, and every turn

a finer punch is employed, so as to make a taper hole. The makers of draw-

plates do not pierce the holes quite through, but leave it to the wire-drawers to

do it themselves when the plate is cold, with sharp punches, and then they open

the hole to the size they desire ; and although this potin is of a very hard sub

stance, the size of the hole may be reduced by gentle blows with a hard ham

mer, on the flat surface of the plate round the hole.

"A great many holes are made in the same plate; and it is important that

they should diminish in size by very imperceptible gradations ; so that the work

man can always choose a hole suitable for the wire he is to draw, without being

obliged to reduce it too much at once."

The next considerable wire manufactory in France, and probably in the

world, is that of the Messrs. Mouchel, situated at L'Aigle, in the department of

L'Ome. It .furnishes annually in cards, for wool-combing only, 100,000

quintals of iron-wire = 10 millions of pounds! The whole of this is not

required for home consumption, but is exported to Spain, Portugal, Italy, and

other countries. As the excellence of their products is in a great measure

attributable to the perfection of their draw-plates, we shall here add the process

of preparing them, as described by the Messrs. Mouchel, which differs from that

previously explained.

" Several pieces of iron are disposed in the furnace, in the form of a box

without a lid, their weight being according to the use for which they are intended

to be made. The workman fills each of these boxes with cast steel, and having

covered it over with a luting of clay, it is exposed to a fierce fire until the steel

be melted. His art consists in seizing the proper moment to withdraw the plate

from the fire ; he raises the luting, and blows on it through a tube, in order to

drive off all heterogeneous parts, and then amalgamates it with the iron by light

blows ; after it is cool, he replaces it at the fire, where the fusion again takes

place, but to a less degree than before ; he afterwards works the steel with light

blows of the hammer, to purify and solder it with the iron. This operation is

repeated from seven to ten times, according to its quality, which renders it more

or less difficult to manage. During this process, a crust forms on the steel,

which is detached from it the fifth time of its exposure to the fire, because this

crust is composed of an oxidated steel, of an inferior quality. It sometimes

happens that two, and even three, of these crusts are formed of about two mil

limetres, or one-sixteenth of an inch, in thickness, which must also be removed.

" After all these different fusions, the plate is beaten by a hammer wetted with

water, and the proper length, breadth, and thickness, are given to it. When

thus prepared, the plates are heated again, in order to be pierced with holes by

punches of a conical form ; the operation is repeated five or six times, and the

punches used each time, are progressively smaller. It is of importance that

the plate never be heated beyond a cherry-red, because if it receives a higher

degree of heat, the steel undergoes an unfavourable change. The plates, when

finished, present a very hard material, which nevertheless will yield to the

strokes of the punches and hammer, which they require when the holes become

too much enlarged by the frequent passing of the wire through them.

" When the plates have been repaired several times, they acquire a degree of

hardness which renders it necessary to anneal them, especially when they pass

from one size to another ; sometimes they do not acquire the proper quality

until they have been annealed several times. Notwithstanding all the pre

cautions which are taken in preparing the plates, the steel still varies a little in

hardness, and according to this variation they should be employed for drawing

cither steel or iron-wire ; and if the workman who proves them finds that thev
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are too soft for either the steel or iron, they are put aside, to be used by the

brass-wire drawers.

" A plate that is best adapted for drawing of steel wire is often unfit for the

iron ; for the long pieces of this latter metal will become smaller at the extre

mity than at the beginning, because the wire, as it is drawn through the plate,

is insensibly heated, and the adhering parts are swelled, consequently pressed

and reduced in size towards the latter end. The plates that are fit for brass

are often too soft for iron, and the effect resulting is the reverse of that produced

by a plate that is too hard.

" The smallest plates which Messrs. Mouchel use are at the least two cen

timetres, or eight-tenths of an inch, in thickness, so that the holes can bo

made sufficiently deep ; for when they are of a less thickness they will seize the

wire too suddenly, and injure it.

" This inconvenience is much felt in manufactories where they continue to use

the plates for too long a time, as they become exceedingly thin after frequent

repairs. One of Messrs. Mouchel's large plates reduces 1,400 kilogrammes

(3,080 lbs. avoirdupois) from the largest size of wire to No. 6, which is of the

thickness of a knitting-needle ; 400 kilogrammes (880 lbs.) of this number are

afterwards reduced in one single small plate, to No. 24, which is carding-n ire ;

and to finish them, they are passed through twelve times successively. Wires

are frequently drawn so fine as to be wrought along wiih other threads of silk,

wool, or hemp ; and thus they become a considerable article in the manu

factures."

" Dr. Wollaston, in 1813, communicated to the Royal Society, the result of his

experiments in drawing wire. Having required some fine wire for telescopes,

and remembering that Muschenbrock mentioned wire 500 feet of which weighed

only a single grain, he determined to try the experiment, although no method

of making such fine wire had ever yet been published. With this view, he took

a rod of silver, drilled a hole through it only one-tenth its diameter, filled this

hole with gold, and succeeded in drawing it into wire till it did not exceed the

three or four-thousandth part of an inch, and could have thus drawn it to the

greatest fineness perceptible by the senses. Drilling the silver he found very

troublesome, and determined to try to draw platina wire, as that metal would

bear the silver to be cast round it. In this he succeeded with greater ease,

drew the platina to any fineness, and plunged the silver in heated nitric acid,

which dissolved it, and left the gold or platina wire perfect."

In 1819 a patent was taken out by Mr. Brockedon, for mounting the wire

drawing plates with diamonds, sapphires, rubies, and other hard gems ; in these

conical holes were to be drilled, with their extremities rounded off, which were

afterwards to be polished by the processes known to lapidaries. By these means

it was expected the wire might be more equally and cylindrically drawn, owing

to the impenetrable hardness of the gems, which would not sensibly wear from

the same cause.

As the repeated annealings to which iron wire is subjected, to cause it to

yield to the resistance of the draw-plate, would be destructive of the property from

which steel derives its utility, steel wire, therefore, during the process of

annealing, is surrounded with charcoal-dust from which carbon is reabsorbed in

the furnace ; thus the metal is rendered very soft and yielding, without losing

its steel property.

Among the curious and important "results of machinery" might be

mentioned the manufacture and application of steel wire to the making of the

hair-springs of watches. " A pound of crude iron costs one half-penny ; it is

converted into steel ; that steel is made into watch-springs ; every one of

which," it is said, " is sold for half a guinea, and weighs only the tenth of a

grain , after deducting for waste, there are in the pound weight about 7,000

grains ; it therefore affords steel for 70,000 watch-springs, the value of which,

at half a guinea each, is 35,000 guineas!" Now as there are 504 half-pence

in a guinea, the pound of crude iron has increased 17,640,000 times in value.

The looms employed for weaving wire-cloth are not essentially different to

the looms employed for weaving other filaments, and several patents have been
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taken out for modifications of the power-loom, to adapt it to weaving «f

wire ; which are described in the Repertory and Journal of Patent Invention:

The application of wire-gauze to the manufacture of baskets, dish-covers, and

a great variety of useful articles, took place about ten years ago, under a patent

granted to Mr. Gosset, of the Haymarket, London, who brought the invention

from abroad. The annexed cut is explanatory of the process of conversion.

The operation is exceedingly simple,

being performed entirely by forcing the

wire-gauze between moulds of the required

shape, by the power of a screw press,

which causes the figure or pattern thus

given to it, to be permanently retained

after the article has been withdrawn from

the mould. We extract the following

from the specification before us:—

"It consists of a pattern or block a,

of metal, wood, or other suitable material,

which is formed or. the exterior surface

to the desired shape and size of the article

intended to be produced. The block a

1ms a screw 6, projecting up from the top

or crown thereof; c represents a pattern

or mould made in like manner, of any

suitable material ; the interior surface of this mould is formed to the desired

shape of the article intended to be produced, and has an aperture made in tbt

crown thereof, so as to be capable of passing over the screw b, and thus permit

the mould c to come down over the block a, as shown in the figure.

The manner of using the machine is as follows : the metallic wire-gause or

other material, (which is intended to be shaped,) has a hole made through it,

and is passed over the screw b, so as to. rest upon the crown of the block a, as

seen at dd. In this situation, the upper mould b is placed upon the said metal

or gauze-wire, with the screw passing through its aperture, as aforesaid ; and

the nut or handle c is put on its place, and is turned down upon the acrew A, by

which means it presses down the upper mould c upon the metallic wire-gaoxe,

or other material, and thereby forces it into the cavity or space between the

block a and mould c, so as to give it the desired shape of the article required.

The apparatus is then inverted, and placed upon a bench, or other convenient

support, with the screw 4 projecting downwards; and a ring or hoop of tinned

wire, or other suitable material, is inserted within the lower edge of the article,

and is soldered, or otherwise securely fixed, to the wire-gauze or other material,

of which the article iB formed. The nut e may then be screwed to the back of

the screw b, and the mould and block may be separated, so as to take out the

article, which will be found to retain the pattern or shape given to it by the

said mould or machinery. After this, the portions of the metallic wire-gnuie,

or other material, which may happen to project beyond the edges of the afore

said hoop or ring, are to be cut off all round evenly, and a small ornaments]

band of metal, or other material, may be soldered or otherwise fixed upon the

exterior edge of the article, so as partly to conceal the interior hoop or ring, and

render the whole neat; and then, to finish and complete it, a small nut or button

may be fixed through the aperture in the crown, for the convenience of carryinir

the articles by. Articles of this description will be found very serviceable for

covering up delicate commodities, or articles of food, to preserve them from the

effects of flies, and for a great variety of useful purposes."

The specification then proceeds to describe another slight variation from the

above method, for " producing articles of such a description as will not admit of

a hole or aperture being made in them." For this purpose, the actuating screw

is made to pass through a fixed nut in an iron frame, the end of the screw enter

ing the flat or lower side of the block, which is forced into the cavity of toe

mould, with the wire-gauze between them. The patentee concludes by claim

ing as his invention, " the forming or producing of articles of various shapes,
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patterns, and sizes, out of metallic wire-gauze, or other materials, as aforesaid,

by the operation of pressing or forcing the said metallic wire-gauze, or other

materials, into moulds or shapes of the desired form of the article intended to be

produced ; the articles so formed or produced from the metallic wire-gauze, or

other material, being caused to retain or preserve the shape or pattern which

may have been given to them, by means of one or more hoops or rings, which

are secured by solder or otherwise to the edges of the said articles, during the

time they remain within the mould."

WOOD. The ligneous matter forming the substance of trees. It is, in most

caaes, possessed of colour, taste, and smell, from the presence of extractive

matter, mucilage, resin, or essential oil ; and it is only when these have been

extracted by water and alcohol, that wood can, as a chemical principle, be

regarded as pure. In this state, it is insoluble in water : it is equally insoluble

in alcohol, and hence it forms -the residuum, when any of the solid parts of plants

have been acted on by these fluids. From the action of the air, if dry, it does

not appear to suffer any change ; but, when humid, it is gradually decomposed,

and passes through many intermediate states, to that of a black mould, consist

ing principally of carbon. The oxygen of the atmospheric air it, during this

change, absorbed, and carbonic acid formed with a portion of water ; and the

latter, being derived from the combination of the oxygen, leaves carbon pre

dominant. When the air is entirely excluded, wood decomposes with extreme

slowness, even though humid ; as, for example, when it is buried in the earth,

the alkalies act on wood, and stain it of a dark colour: with the assistance

of heat, they soften, and partly dissolve and decompose it. The stronger acids

act on it. Sulphuric acid carbonizes it, rendering it speedily black and soft.

Nitric acid gives it a yellow tinge, and, when acted on in large quantity, dis

engages nitrogen gas, and converts it into oxalic acid, with small quantities of

malic and acetic acids.

Wood suffers decomposition from heat; a large quantity of an acid liquor

distils over, with a portion of empyreumatic oil. Carburetted hydrogen and

carbonic acid gases are disengaged, and a portion of ammonia is produced,

which is neutralized by the acid. A charcoal remains, which retains the figure

and even texture of the wood. The acid procured in this process, was observed

to be similar to vinegar, and was afterwards regarded as a peculiar one, and

named pyro-ligneous acid ; but the researches of Fourcroy and Vauquelin proved

that it is only acetic acid, with an impregnation of empyreumatic oil.

When air is admitted, and the heat raised to ignition, wood burns. Its com

bustion at first, gives much light, from the formation and extrication of carhu-

retted hydrogen : this soon ceases, and the charcoal remains, which burns with

its usual red light. The products of the combustion are principally carbonic

acid and water. Nitrogen appuars to be a constituent principle of wood ; am

monia, therefore, is also evolved, and accordingly, an ammomacal salt is found

in the soot of wood.

The colouring of wood is effected by a variety of processes. Stains do not ne,

like paints, upon the surface of wood, but sink more or less into its substance.

Hence, the material which has been stained, exhibits its natural grain and hard

ness : and it must be remembered that, if the wood be not white, the colour

taken will be a compound of that of the wood and the stain. The dyeing wood*

employed, are in small chips or raspings.

The woods which have been stained are afterwards rubbed up with rushes,

then with a cloth, dipped in a solution of bees' wax in spirits of turpentine ; and

afterwards rubbed with a woollen cloth alone. When the stain is intended to be

very deep, the pieces should be boiled in the staining liquor, and not merely

brushed over. To stain wood red, take two ounces of Brazil wood, and two ounces

of potash ; mix them with a quart of water, and let the composition stand in a

warm place for several days, stirring it occasionally. With this liquor, made

boiling hot, brush over the wood till the desired depth of colour is obtained :

then with another brush, brush over the wood while yet wet, with a solution of

alum, in the proportion of two ounces of alum to a quart of water. For a pink

or rose red, use double the quantity of potash. For a less bright red, dissolve
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an ounce of dragon's blood in a pint of spirit! of vine, and brush orer the

with the tincture till the stain appear to be as strong as is desired ; but this is,

in fact, rather lacquering than staining. For a pink or rose red, add to a gallon

of the above infusion of Brazil wood two additional ounces of the pearl-ashes,

and use it as was before directed ; but it is necessary, in this case, to brush tbr

wood over with the alum-water. By increasing the proportion of pearl-ashes,

the red may be rendered yet paler ; but it is proper, when more than this

quantity is added, to make the alum-water stronger. To stain wood green.

dissolve verdigris in vinegar, or crystals of verdigris in water, and brush over

the wood with the hot solution. To stain wood blue, dissolve copper in diluted

nitric acid, and brush it while hot several times over the wood ; then make a

solution of pearl-ashes, in the proportion of two ounces to a pint of water, and

brush over the stain made with the solution by copper till the colour be per

fectly blue. The green stain, made as above with verdigris, may be changed

to a blue, by the solution of pearl-ashes. The sulphate of indigo, which may be

had, ready prepared, of the dyers, will, when diluted with water, make • blue

stain. To stain wood black, brush the wood several times with a hot decoction

of logwood, then several times with common ink. To make a very fine black,

brush over the wood with a solution of copper in nitric aid as for blue, and after

wards with logwood, till all the greenness of the copper solution is gone. To stain

wood purple, take one ounce of logwood and two drachms of Brazil wood ; boil

them together in a quart of water, over a moderate fire. When one half of the

fluid is evaporated, strain the decoction, and brush it several times over the wood.

After the wood is dry, brush it over with a solution of a drachm of pearl-aihn

in a pint of water.

WOOL. The long, soft, curly hair, which coven the tkiu of sheep, and

some other ruminating animals. Wool resembles hair in many respects ; betide*

its fineness, which constitutes an obvious difference, there are other particular!

which may serve also to distinguish them from one another. Wool, like tht

hair of horses, cattle, and most other animals, completes its growth in a year, and

then falls off as hair docs, and is succeeded by a fresh crop. It differs from hair,

however, in the uniformity of its growth, and the regularity of its ihedding;

the whole crop springs up at once, and the whole falls off at once, if not pre

viously shorn, which leaves the animal covered with a short coat of young wool,

which in its turn undergoes similar mutations. Berthellot has shown that the

caustic alkaline leys dissolve wool entirely, and that the acids precipitate it

from this solution. The facts elicited by chemical research explain all the phe

nomena, and all the properties which wool presents in the frequent and advan

tageous uses to which it is applied. While the wool remains in the state in

which it is shorn from the sheep's back, it is called a fleece. Each fleece con

sists of wool of different qualities and degrees offineness, which the dealers sort and

sell in packs at different rates to the wool-comber. The finest wool grows on and

about the head of the sheep, and the coarsest about the tail ; the longest on the

flanks, and the shortest on the head and some parts of the belly. Wool

that is shorn when the sheep is living, is called fleece wool, and that which ii

pulled off the dead animal is called skin-wool. Wool, in the state in which it

is taken from the sheep, is always mixed with a great deal of dirt and foulness

of different kinds, and in particular is strongly imbued with a natural strong-

smelling grease. These impurities are got rid of by washing, fulling, and

combing, by which the wool is rendered remarkably white, soft, clean, light,

and springy. When boiled in water for several hours, it is not altered in an/

sensible degree, nor does the water acquire any impregnation.

The wool intended for the manufacture of stuffs is brought into a stale

adapted for the making of wonted by the wool-comber ; who, having cleared it

from all impurities, and well washed it with soap and water, he puts one end

of a certain quantity on a fixed hook, and the other on a movable hook, vhich

he turns round with a handle, till all the moisture is forced out. It u then

thrown lightly into a basket. The wool is next spread out in layers, and a few

drops of oil are scattered on each ; which are packed in a bin underneath a bench

where the comber sits at work. At the back of the bench is another bin, to
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contain the noyles, as it is called, which is that part of the wool that is left in

the wool after the sliver is drawn out. The comb consists of three rows of

highly-tempered and polished steel, fixed in a long handle of wood, and set

parallel to one another. Each comber has two combs, which he fills with wool

and then works them together, till the wool on each is perfectly fine, and fit to

draw out in slivers. The best combs of this kind are said to be manufactured

at Halifax, in Yorkshire. In using these combs the workman has a pot made

of clay, with holes in its side, in which he heats them to a certain temperature

before it can be made readily to pass through the wool. Each comb-pot is made

to hold eight combs, so that four men usually work in one compartment of the

shop, round a single pot. When the wool has been sufficiently worked on the

combs, the workman places one comb and then the other on a fixed spike, at a

proper height for him to draw it out as he stands. The wool thus drawn out

is called a sliver, and is from five to six or seven feet in length. Such is the

mode of wool-combing by hand, but several patents have been taken out for

performing the same operation by machinery ; the first of which was introduced

by the ingenious Dr. Cartwright, in 1790, and wool-combing by machinery has

now almost wholly superseded the work by hand, owing to the economy of

labour and material which it effects.

The manufactnre of wool is divided into two distinct classes,—long wool,

or worsted-spinning, and short wool, or woollen-yarn-spinning. We have

already described, under Cotton, the process of spinning that material : it will

be readily conceived that the spinning of other fibrous matter does not very

essentially differ therefrom, but that it merely requires certain modifications in

the apparatus to adapt it to the difference of fibre in the staple commodity. In

spinning worsted by hand, the portion of wool plucked from the sliver was

placed across the fingers of the left hand, and from the thick part of it the

fibres were drawn and twisted as the hand was withdrawn from the end of the

spindle, to which it had been previously attached. The revolution of the wheel,

effected by the right hand, conveyed by a band to the wheel, or pulley on the

spindle, produced the requisite to give firmness to the thread ; and by a very

gentle motion of the same wheel, the thread being brought nearly perpendicular

to the spindle, it was wound upon the spindle to form the cop. From this it

was transferred to the reel, and became a hank, of a definite length, but

varying in weight with the thickness of the thread. In this state it was

transferred to the manufacturer, to be converted into shalloons, bombazin, or

whatever other fabric worsted is applicable to.

" A few years after the introduction of cotton machinery," (says the author

of the Operative Mechanic), " an obscure individual of the name of Hargraves,

previously unknown as a mechanic, who had long been employed by Messrs.

W. Birkbeck and Co. of Settle, in Yorkshire, in the management of a branch

of the worsted manufactory, attempted to Bpin long wool by means of rollers.

He constructed working models of the necessary preparing machinery, and of a

spinning frame, by the assistance of persons accustomed to the construction of

cotton machinery ; and succeeded so completely, as soon to induce his employers

to build a large mill for its application. By degrees his plans became known to

the trade, and many large manufactories have subsequently been erected for this

purpose. Contrary to the earlier anticipations on this subject, it has been found

that mill-spun yam answers better for the coarse as well as the finer fabrics,

than that produced by the hand, which it has entirely superseded."

In spinning worsted by machinery, a sliver of wool is laid upon the drawing-

frame, from whence it is conducted through several pairs of rollers, of which

the operation of the first and last are the essential ones, the intermediate

rollers moving with equal velocities, and serving merely to conduct the skin,

which is received into a cylindrical can ; three such skins being passed through

another drawing-frame, and stretched in theirprogress, become fitted for roving,

—the last step in the preparatory process. The spinning, which is the con

cluding process, is effected by means of two pair of rollers moving with equal

velocities, and intermediate auxiliaries.

In manufacturing short wool into cloth, it is first soaked in urine, ni.ci

VOL. II. 5 X
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frequently rinsed in clean water, which adapts it to the next operation,—that of

carding. The carding engine for fine short wool is constructed with one main

cylinder, having in lieu of the top cards used in jenny-spinning, numerous smtll

rollers, lying and rolling upon its upper surface; it is used in place of a breaker

engine, and is called a scribbler. The wool is delivered from a main cylinder

to a doffer, and, being combed or doffed, is carried to another engine called tbr

carder, which perfects the carding, and delivers it oil', by means of grooved

mahogany rollers, in a row or rowan, as in jenny-spinning. If the wool is of

a coarse description, such as is formed into yarn, for the manufacture of coarse

cloths, more carding is required.

The scribble engine has three distinct parts or cylinders in one frame. The

first part consists of the first main cylinder with its top rollers, and is called uV

breast ; this delivers the wool to the second main cylinder, which with its top

rollers is called the first part ; this delivers it up to a small intervening cylinder

called the tween doffer, which carries it to the third main cylinder, which, with

its top rollers, is called the second part ; from hence it goes to the last dofir

cylinder, from which it is combed by a doffing-plate, and finally carried by

hand to a carding engine ; by which the wool is formed into separate and

smooth rolls of twenty-eight inches long, and half an inch thick, which are

immediately taken by boys, ar-d attached to the spindles of the roving or

stubbing machine. 7 his machL.e draws out the wool into large and slight!?-

twisted threads, and winds it into balls ready fur spinning. By the spinamg-

jenny the threads are twisted, and drawn to a proper degree of size and

strength, and are then reeled into skeins and prepared for the loom. The stronger

sort intended for the woof is wound on spools, or quills, which are tubes of such a

size and shape as to be easily placed in the hollow of a shuttle. That designed

for the warp is wound on large wooden bobbins, from which it is by the watp-

ing-bar conveniently arranged for the chain or warp of the piece.

A patent was taken out a few years since, by Mr. Hadden, for improvement

in preparing wool, and also for roving and spinning it in a heated state. TV

patentee observes, that various methods may be adopted for supplying heat tc

wool, during all or either of the three processes of preparing, roving, and spte-

ning. The method which Mr. Hadden has adopted is the introduction of em-

iron heaters into the retaining rollers used for these processes, observing the:

he always uses three rollers or cylinders together, and by leading the w««

over half the circumference of the upper two rollers, charged within with ttr

heaters above mentioned, he thoroughly warms the wool, without retarding tin

progress of the other presses.

i he mode of applying the heaters is by making the retaining cylinders k»-

low, and by introducing a cylindrical heater into each retaining cylinder. The*

heaters are made exactly to fit the interior of the retaining cylinders, tbr saw

of which pass through a channel for that purpose in the middle of the healer.

It is to be observed that the heaters may be put within the driving cylinders

with equal effect

The qualities which distinguish woollen cloths from all other manufacture!

and renders them particularly suitable for northern climates, are the compact

ness and density they acquire from the operation of fulling. The cloth ■

sprinkled over with a liquor prepared from oil of olive soap dissolved in sat

water, and then laid in the mill-trough, where it is pounded with heavy wooden

hammers. By this process a cloth 40 yards long, and 100 inches wida, ■

reduced to 30 yards long, and GO inches wide. During the operation the ckta

is taken from the trough, the wrinkles smoothened, and more soap added. TV

property of becoming thicker by compression is peculiar to woollen cloths, b

is said that the fibres of the wool ore thickly set with jagged protuberaacav

which it is supposed catch hold of each other when pressed together, and tan"

become inextricably united, so that the cloth when cut does not unravel has

other cloth. After milling, the cloth is scoured with a preparation o( roller i

earth and bullock's galls, till perfectly free from soap, and then taken to the douV

worker to be dressed. This operation is performed by first drawing oat asJ

plucing in one direction, by means of wire cards and teazles, all the fibre* ci
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wool that can be brought to the surface, and then shearing them as close as

may be practicable without laying the threads of the cloth bare. The instru

ments employed in this process were formerly worked by hand ; but this opera

tion is now performed by machinery, in a very superior manner to any manual

efforts, and at a much less expense. When this process is completed, the cloth

is token to the rack, where it is strained so as to bring it to an even breadth

throughout its length, and it is then sheared again, to render it perfectly level

and uniform. All the little bits of straw or lint that may adhere to it are now

picked out, and any holes that may be discovered carefully fine-drawn. The

cloth is next laid in a press with a sheet of glazed paper between every fold ;

these are covered by thin boards, and hot iron plates laid thereon, by which a

gloss is communicated to the cloth. After the press has been screwed down for

a sufficient time, the pressure is removed, and the cloth taken out and packed

for sale.—We have tnus given an outline of the process of manufacturing of

woollen cloth, as it was generally conducted a few years ago ; but the rapid

progress of mechanical invention during a very brief period, has made so exten

sive a change in the apparatus and processes, as to preclude the possibility of a

detailed description within the prescribed limits of this work ; we shall, however,

before closing this article, notice two or three recent patents, the leading objects

of which are to give to woollen cloths that silky softness and gloss, for which the

best finished modern fabrics are so distinguished.

Mr. Fussel's mode of producing the lustre upon cloths, as stated in the speci

fication, is in substance as follows.—After the cloth has undergone the usual

dressing in the gig-mill, and hand-brushing, it is to be tightly wound upon a

cylindrical roller, the extremities of which are to have deep grooves made round

their peripheries, that will permit the list on the edges of the cloth to sink int..

them, and by these means preserve the cloth in a smooth and level surface.

The roller of cloth so prepared is to be set on end for some time, to permit the

water to drain off; it is then to be placed in either an open vessel over a steam

boiler, and exposed to the action of the steam for three hours, or it may br

placed in a close vessel into which the vapour is to be allowed to pass while it

is made to revolve. The temperature of the steam proper to be employed

depends upon the colour of the cloth, and the degree of lustre required ; but in

general the heat should be somewhat less than that of boiling water.

Mr. James Button's patent method consists in pressing the cloth at the time

it is being heated. His press for this purpose has one fixed, broad, and flat sur

face or table, equal to the whole width of the cloth, and of suitable dimensions

in the other direction to receive about a yard of the cloth in length at a time,

to receive the pressure ; which is effected by a flat metal plate, or platten, of

corresponding dimensions, made to rise and fall, and to be operated upon by

powerful leverage, or hydrostatic pressure. To render the effect of this process

permanent, heat and humidity are employed in conjunction with it. For this

purpose a steam or hot-water chamber is formed in the table of the press, and the

cloth is brought under the operation in its wet state, the pressure being con

tinued upon each successive portion of cloth, for a certain number of minutes

(varying with the " dress" required, and other circumstances).

It is desirable, in the process of roughingor raising the pile upon woollen cloth,

that the action of the teazles should be made to deviate from straight lines on the

surface of the cloth. The patented improvement of Mr. Oldland, dated July

1830, for this object, consists in a horizontal revolving teazle frame, furnished

on its under side with teazles, wire-cards, brushes, or other materials used in

dressing or raising the pile of the cloth. The revolving teazles are put in motion

by a band fixed to the revolving spindle ; and as the cloth is brought under the

teazles by conducting rollers of the usual construction, it is pressed up against

the teazles by a supporter covered with some elastic material, only on that side

of the centre of motion of the revolving teazle which moves from the middle

towards the selvage of the cloth, the teazle frame reaching only halfway across

it ; and one being placed on each side, moving in different directions, the pile will

be raised in all cases from the ctntrc towards both selvages of the piece of cloth,

though from the nature of tne action ofthis machine it is evident that its operation
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on the cloth can in no case be rectilineal, and that by the end motion of the

cloth the lines of action will be continuallycrossing each other at very acute angles.

In the same year another patent was taken by Mr. Papps, for the same object, in

which the principle and operation are the same, though the details vary a

little. A third patent for the same object was granted on the same day as the

last mentioned, to Mr. Ferrabee, who raises the pile in a different direction,

namely, from the middle sloping to the sides; for this purpose he employs twj

series of teazles ; each series is attached to an endless chain which passes round

two cylinders by which it is put in motion. Two of the cylinders which support

and give motion to the teazle chains are placed with their axes extending along

the middle of the piece of cloth to be operated upon, and the other two cylinders

are placed near the selvages of the cloth, with their axes parallel thereto. Each

pair of cylinders is made to turn in a direction to raise the pile of the cloth

from the middle towards the selvages, at right angles to them when the clolb is

at rest ; but when an end motion is given to the cloth, which is effected by

means of two cylinders placed at right angles to the teazle cylinders, the pile

is raised in an angular direction, sloping from the middle towards the selvages.

The angle of the work may be varied at pleasure, by varying the relative speeds

of the different sets of cylinders.

The processes employed in dyeing woollen cloth differ considerably from those

used in silk and cotton. The oil is first removed by the operations of the fulling-

mill, where it is beaten with large beetles in troughs of water, mixed with fullerV

earth ; and when thoroughly cleansed it is ready for dyeing. The only colours

used in dyeing wool blue, are woad and indigo, which are both substantive

colours, that is, they are permanent without requiring a mordant. Quatre-

mere recommends the following mode of preparing a blue vat :—Into a vat

about seven and a half feet deep, and five and a half broad, are thrown two

balls of woad, weighing together about 400 lbs., first breaking them ; thirty

pounds of weld are boiled in a copper for three hours, in a sufficient quantity of

water to fill the vat; when this decoction is made, twenty pounds of madder

and a basket full of bran are added, and it is boiled half an hour longer. This

bath is cooled with twenty buckets of water ; and, after it is settled, the weld

is taken out, and it is poured into the vat ; all the time it is running in, and for

a quarter of an hour after, it is to be stirred with a rake. The vat is then

covered up very hot, and left to stand six hours, when it is raked again fur

half an hour, and this operation is repeated every three hours. When blue veins

appear on the surface of the vat, eight or nine pounds of quick lime are thrown

in. Immediately after the lime, or along with it, the indigo is put into the vat.

being first ground fine in a mill, with the least possible quantity of water (it >*

now usually ground dry.) When it is diluted to a semi-fluid consistence, it is

drawn off at the lower part of the mill, and thrown thus into the vat. The

quantity of indigo depends upon the shade of colour required. From ten to

thirty pounds must therefore be put to the vat now described, according to the

occasion.

If, on striking the vat with the rake, a fine blue scum arises, it is fit for use,

after being stirred twice with the rake in six hours, to mix the ingredients.

Great care should be taken not to expose the vat to the air, except when stirring

it As soon as that operation is over, the vat is covered with a wooden lid, on

which are spread thick cloths, to retain the heat as much as possible. Not

withstanding this care, the heat is so much diminished at the end of eight or

ten days, that the liquor must be re-heated, by pouring the greater part of it

into a copper over a large fire ; when it is hot enough, it is returned into the

vat, and covered as before.

This vat is liable to two inconveniences : first, it runs sometimes into the

putrefactive fermentation, which is known .by the fetid odour it exhales, and

by the reddish colour it assumes. This accident is remedied by adding more

lime. The vat is then raked : after two hours, lime is put in, the raking per

formed again, and these operations are repeated till the vat is recovered; secondly.

if too much lime is added, the necessary fermentation is retarded; this it re

medied by putting in more bran or madder, or a basket or two of fresh woad.
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When cloth is to be dyed, the vat is raked two hours before the operation ;

and to prevent it from coming in contact with the sediment, which would cause

inequalities in the colour, a kind of lattice of large cords, called a cross, is intro

duced ; when unmanufactured wool is to be dyed, a net with small meshes is placed

over this. The wool or cloth, being thoroughly wetted with lukewarm water,

is pressed out, and dipped into the vat, where it is moved about a longer or

shorter time, according as the colour is intended to be more or less deep, taking

it out occasionally to expose it to the air, the action of which is necessary to

change the green colour, given the stuff by the bath, to a blue. Woollen

and cloth dyed in this manner ought to be carefully washed, to carry off the

loose colouring matter ; and, when they are of a deep hue, soap should be used,

as it will only cleanse and not injure the colour. The more perfectly the wool

has been scoured, the better it will receive the dye.

A vat which contains no woad, is called an indigo-vat. For this vat, the

indigo is rendered soluble in water by potash instead of lime ; a copper vessel

is used, and six pounds of potash, twelve ounces of madder, and six pounds of

bran, are boiled with every 120 gallons of water ; six pounds of finely-ground

indigo are then added, and, after carefully raking it, the vat is covered, and a

slow fire kept round it Twelve hours afterwards, it is to be raked a second

time, and this operation is to be repeated at similar intervals of time, till the

dye becomes blue, which will generally happen in forty-eight hours. If the

bath be properly managed, it will be of a green colour, covered with coppery

scales, and a fine blue scum. *

The dye called Saxon blue is made with the solution of indigo in sulphuric

acid. Take four parts of sulphuric acid, and pour them on one part of indigo,

in fine powder; let the mixture be stirred for some time, and after it has stood

twenty-four hours, add one part of dry potash ; let the whole be again well

stirred, and after it has stood a day and a night, add gradually more or less

water. The cloth to be dyed, must be prepared with tartar and alum, and more

or less indigo must be put into the bath, according to the shade required. For

deep shades, also, the cloth must be passed several times through the bath ;

light shades may be dyed after deep ones, but they will not have the lustre given

by a fresh bath.

Reds are a very important class of colours, and are furnished by a great

number of substances. They all depend, either for their fixedness or beauty,

upon the use of mordants ; the principal of them are kermes, cochineal, archil,

madder, carthamus, and Brazil-wood. Pewter boilers, or well-tinned copper,

must be used in preparing all red baths.

The shades of red are usually distinguished into three classes ; namely, the

madder red, crimson, and scarlet. Madder is employed for coarse goods. It

gives out its colour to water ; and the bath prepared with it is not made hotter

than what the hand can bear, until the wool has been in it about an hour, when

it may be boiled for a few minutes just before the wool is taken out. It may be

used in the proportion of one-third or one-fourth of the wool dyed. Cloths are

prepared for the madder-bath, by boiling them for two or three hours in a solu

tion of alum and tartar ; after having been taken out of which, they are left to

drain for a few days in a cool place before they are dyed. The use of archil

gives a fine but transient bloom to the madder dye. Archil and Brazil-wood,

from their perishableness, are seldom used to wool, except in this way, as

auxiliaries.

When sulphate of copper is employed as the mordant, madder dyes a clear

brown, inclining to yellow. Tin brightens its colour, but not materially.

Kermes has not been much used since the art of brightening cochineal with

tin was discovered, as it has not so fine a bloom as the latter dye, though it

possesses greater durability. Kermes imparts its colour to water ; and the quan

tity of it used, is, for a full colour, at least three-fourths of the weight of the

wool employed. The wool is put in at the first boiling, after having been pre

viously prepared by boiling it for half an hour in water with bran, and after

wards two hours in another bath, with one-tenth of tartar dissolved in sour

water, and then leaving it for a few days in a linen bag.
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The red colour of the flowers of carthamus is extracted by a weak alkaline

ley, and precipitated by lemon juice or sulphuric acid, but is chiefly used for

silk and cotton. The precipitate is used in dyeing, and is called taffiamer or

bastard saffron.

A crimson colour, inclining to violet, is the natural colour of coohineal, which

yields most of its colouring matter to water, and, by the addition of a little alkali

or tartar, the whole of it is extracted. To dye crimson by a single process, a

solution of two ounces and a half of alum, and an ounce and a half of tartar,

with an ounce of cochineal, is employed for every pound of stuff. A little nitro-

muriate of tin must be added for a fine crimson. Archil gives to crimsons that

fine dark shade which is called bloom, but this soon disappears, by exposure to

the air and light. For pale crimsons, the quantity of cochineal is reduced, and

madder substituted.

Dr. Bancroft first suggested that scarlet was a compound of crimson and

yellow, and he founded upon this idea, a more economical mode of producing it

than had previously been used. He gives the following directions for dyeing

scarlet :—One hundred pounds of cloth are to be put into a tin vessel, nearly

filled with water, with which about eight pounds of the murio-sulphuric solu

tion of tin have been previously mixed. The liquor is made to boil, and the

cloth is turned through it by the winch, for a quarter of an hour, in the usual

manner. The cloth is then taken out, and four pounds of cochineal, with tco

pounds and a half of quercitron bark in powder, put into the bath and well

mixed. The cloth is then returned into the liquor, which is made to boil, and

the operation is continued as usual, till the colour be duly raised, and the dyeing

liquor exhausted, which will usually happen in about fifteen or twenty minutes,

after which, the cloth may be taken out and rinsed. In this method, the labour

and. fuel necessary in the common process for the second bath are saved; the

operation is finished in much less time ; all the tartar will be saved, as well a»

two-thirds of the expense of the solvent for the tin, and at least one-fourth of

the cochineal usually required ; the colour, at the same time, will not be in any

respect inferior to that produced in the ordinary way, at so much more trouble

and expense, and it will even look better by candle-light than others.

By omitting the quercitron-bark, the above process will afford a rose-colour.

Scarlet may be changed to crimson bv boiling the cloth in a solution of alum

(ill the shade desired is obtained. Alkalies and earthy salts in general have the

same effect as alum.

Yellow is a colour but rarely required in the dyeing of wool, yet, as it fre

quently forms the base of other colours, it may be proper to notice it. Weld

rustic, and quercitron bark, furnish the best yellows : weld is a plant which is

both cultivated and grows wild in this country ; the stem is slender, and rises

to the height of three or four feet ; the entire plant is used in dyeing, and is

gathered when it is ripe : the shortest and slenderest stems are the most esteemed.

Fustic is the wood of a large West Indian tree. Quercitron grows in great

abundance in North America, and is thero called yellow oak ; its bark is the

only part used for dyeing.

The colours obtained from weld and quercitron both nearly resemble each

other in shade, and also in durability, which is not great ; but the bark contain

ing the largest quantity of colouring matter is not only the most convenient to

use, but upon the whole the cheapest. Dr. Bancroft has given the best dirrc-

tions for its use. He directs a deep and lively yellow to be thus prepared for

wool :—Let the cloth be boiled for an hour or more, with about one-sixth of its

weight of alum dissolved in a sufficient quantity of water ; then plunge it with

out rinsing into a bath of warm water, containing in it as much quercitron bark

as equals the weight of the alum employed as a mordant The cloth is to be

turned through the boiling liquid until it has acquired the intended colour.

Then a quantity of clean powdered chalk, equal to the hundredth part of the

weight of the cloth, is to be stirred in, and the operation is completed. The

object which the dyer has in view is to give his stuffs a uniform and durable

colour, at the same time that he entirely preserves their original texture. He

therefore uses colours in solution, in order that their particles may apply them-
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selves to the individual fibres of the stuff", according to their affinity for it. When,

far example, a quantity of wool, freed from all impurity, is dipped into the solution

of any colouring matter, if the fibres of the wool have a stronger attraction for

the colouring matter than the water or other menstruum which holds that colour

in solution, the colouring matter will leave its solvent, and apply itself to the

wool, which will by that means be dyed ; its fibres will have become covered

with colouring matter; and if their attraction for it be so strong that the action

of soap, air, and light, or other ordinary means of exposure, shall have no per

ceptible effect in decomposing the combination, or in other words, of injuring its

tinge, the colour is said to be permanent ; so that dyeing is in fact a chemical

process, and the application of both animal and vegetable bodies depends on

their chemical affinities.

WRITING. The art of communicating our ideas to others by means of in

scribed signs or characters. Amongst the various arts which have from time to

time contributed to the improvement and advancement of society, there is, per

haps, none which, in point of utility and excellence, will at all admit of compari

son with the art of writing. Yet because this art may now be acquired by

every body, it fails to attract the attention and command the admiration it so

well merits. How curious and beautiful soever a new discovery may be, let it

once become common, and from that moment it ceases to be noticed ; that which

is within the grasp of every body is despised. The time was, when a man who

could write was highly distinguished amongst his fellows ; but the time is ap

proaching, when a man who cannot write will be pointed out as a remarkable

character.

In the first ages of the world, while society was in its infancy, mankind had

clearly no other method of expressing their ideas in writing, than the simple one

of making a figure of the shape of the object And this method must have

been long before their dispersion ; for it has been found to exist amongst the

most rude, as well as the most polished nations of the globe ; situated too at

such remote distances from each other as to preclude intercourse with the rest

of mankind. This mode of writing seems the most natural, because the repre

sentation of sounds, which express the names of things, by certain characters or

alphabets now so extensively in use, must necessarily require some previous

concert between two parties, the one of whom suggests, and the other agrees,

that a particular mark or form on paper, shall be the symbol for a particular

sound. But if we suppose a savage separated from his friend, and wishing to

communicate with him, without having had this previous consultation, and sup

posing that he has lent his distant acquaintance some articles of furniture, such

as his bow and arrows, or his knife, which he is anxious to have returned,

without the knowledge of his messenger, or being dependant upon his memory ;

it seems highly probable, that his first impulse would be to make a rude sketch

of these articles, and transmit them to his friend. Were the latter an acute man,

he would probably understand the allusion ; and were he not intelligent enough

for this purpose, it is clear he would not be sufficiently so to comprehend sym

bols that denote sounds. So that the simplicity of this mode of writing might

suggest the probability of its being first resorted to, without alluding to the hiero

glyphics yet remaining on the Egyptian tombs, which, from our want of acquaint

ance with the manners, customs, and general objects with which the Egyptians

were conversant, are very difficult to decipher, if we may judge from the learn

ing displayed in explaining them. In Freyeinet and Arago's Voyage is given

the drawing of a letter, written in this kind of language, from an inhabitant of

the Caroline Islands to M. Martinez, which is perfectly intelligible. M. Mar

tinez had commissioned a Tamor of Sathoual to send him so"»e shells, promising

in exchange a few pieces of iron. The captain gave him a sheet of paper, on

which he sketched with a red pigment, firBt, in the middle of the top of the page,

ia small figure of a man with his arms extended horizontally, intended to repre

sent the bearer of compliments ; and underneath the man, the branch of a tree,

as the type of peace and amity. On the left hand side were represented the forms

•of nine different shells the Carolinean had to send ; and on the right hand side

were delineated the objects he desired in exchange j namely, three large fishing
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hooks, four small ones, two axes, and two longer pieces of iron. The barter wtt

accomplished to the satisfaction of both parties. This is, perhaps, as clear ID

instance as can be found, of the mode in which an unlettered people would en

deavour to convey the expression of their wishes to their friends at a distance,

and forms a striking contrast to the elegant though complicated process of OBI

own method of writing.

The written language of the Chinese affords many proofs of its baring origi

nated in picture writing. This method of writing, of course, required consider

able patience and skill to practise, and by common consent the characters or

signs were from time to time simplified, so as to be expressed by much fewer

lines. In Egypt, where the progress of the arts was greatly encouraged, means

were discovered to substitute the original figures by very simple marks, by re

taining only the most prominent peculiarities of the objects, and these, from

their superior convenience and facility of execution, soon afterwards became

universally adopted. Yet it may be readily conceived, that there remained many

difficulties to overcome, by the great variety and intricacy of the figures, lo

simplify, therefore, the method of writing still further, the priests turned many

of the outlines into arbitrary marks, which in course of time so deviated, from

their originals, as to render it almost impossible to trace them to their archetype,

but which were nevertheless much less complicated and more expeditious. Thus,

after incredible labour, through the lapse of many nges, were produced the three

different modes of writing among the Egyptians, designated by the appellation

of hieroglyphic, demotic, and hieratic. Into the nature of these our limits do not

permit us to enter; but they constitute a subject well worthy of attention.

The next step of improvement was to form a connexion between, the object

represented, and the sound of the word used to express it. Nor was this so

difficult as would at first sight be supposed: for when a man represented any

image or picture, that of a "door" for instance, he would naturally give to the

combination of lines with which that figure was formed, the name of a " door;"

and wherever he met with this representation, or even though he should change

it for some arbitrary and more simple mark, having the same signification, the

same name would still remain attached to it, and by this means the word door

would for ever afterwards remain associated with a certain outline or figure. The

Hebrew alphabet affords a most satisfactory illustration of this. Ever}- letter is,

in fact, a word, and expresses some simple object Deleth, for example, their

fourth letter, corresponding with our D, signifies a "door;" Beth, then*

second letter, answering to our B, " a house," and in this manner each of the

remaining letters of the alphabet have a meaning attached to them. Having

attained this state of advancement, the progress of the art was more rapid. Every

nation, in its turn, contributed some letters to the common stock ; in a happy

moment it was discovered, that each monosyllable terminated by a sound which,

with very little variation, was repeated in all. Nor was it difficult to ascertain

the number of these which were invariably fixed to the four or five inflexions of

voice. Thus were vowels added to consonants, and mankind gradually arrived

at the greatest of all inventions,—the invention of the alphabet. But who was

the man, or what his nation, to whom the honour of this invention is due, is still

disputed by the learned, though the majority agree in considering the presumption

to be strongest in favour of Thoth, a son of Mizraim, the father of the Egyptians.

This noble invention diminished to a prodigious extent the difficulty of writing,

it shortened the labour of memory, and was capable of expressing all subjects,

and all ideas. The Phoenicians obtained a knowledge of the system, imparted it

to the Greeks, whence it was gradually spread over the continent to our islands,

and wad at length diffused over the whole world. The first substance used for

writing upon is considered to have been dried leaves ; but there is much evi

dence to show, that plates of brass, lead, wood, stone, 'ivory, and wax, were also

used. The ancients generally used tables covered with a coat of wax, on which

they wrote with a style, a piece of iron pointed at the end, with which they made

the letters, and blunt or flat at the other end, which they used for rubbing oat

what they had wiitten, either when they wished to make any alteration rr to

use the table for other writings. By a good or bad style, therefore, they meant



WRITING. 331

at first simply to denote the quality of the instrument with which they wrote.

The term was afterwards applied metaphorically to the language : in which sense

it is now used.

Among the different substance's that were employed for writing upon, before

the art ot making paper from linen-rags was discovered, we find the earliest to

have been these tables of wood, made smooth, and covered with wax. But as

what was written on wax might easily be defaced, leaves of the papyrus, a kind

of flag, which grew in great abundance in the marshes of Egypt, were dried,

and by a particular process prepared for writing. Sheets were also separated

for the same purpose from the stem of the plant. On these, the letters were

engraved with an instrument similar to that used for writing on wax. The sub

stance so prepared was called charta, from a city of Tyre of that name, near

which the plant was also found. The words folia, leaves, and charta paper, thus

derived, are well known among ourselves.

As in writing a treatise, a great number of these leaves or sheets was required,

they were joined together by making a hole and passing a string through each

of them. With the same string passed several times round them, they were

confined, to prevent their separating, and being injured or lost when no one

was reading them ; whence it is supposed that a roll or bundle of them obtained

the name of a volumen, or volume. Those who have seen specimens of the

Burmese writing on leaves thus collected, may form an accurate notion of an

ancient papyrus volume.

Another article used for writing, was the inner bark of certain trees. This

was prepared by beating it, and then cementing it together by a solution of

gum. As the inner bark of trees is called liber, the volumes of books were

thence called libri, a name they still retain. Vellum, the last substance to be

mentioned, is said to owe its origin to the following circumstance. Eumanes,

King of Pergamus, being desirous of forming a library that should equal, or

exceed in number the far-famed library of Alexandria, Ptolemy, King of Egypt,

with a view of frustrating his design, prohibited the exportation of the papyrus.

This excited the industry of some artists in the court of Eumanes : they con

trived a method of preparing the skins of sheep, and it was called vellum, from

vellus, a fleece or skin ; and parchment, from Pergamus, the place where the art

of preparing it was discovered : or, if not discovered, it was there improved, and

first brought into general use.

The Greeks and Romans as well as most of the eastern nations adopted the form

of the continuous roll. There were two rollers, one at each end of the roll,

round one of which the whole manuscript was folded : the reader unrolled one

end, and as he proceeded, he rolled it upon the empty roller until the whole

was transferred from one roller to the other. Notwithstanding the great incon

venience which this contrivance inflicts upon readers, especially when they have

occasion to refresh their minds by occasional references to passages lying under

many coils of the roll, our Court of Chancery retains the " good old practice,"

for the purpose, it would almost appear, of deterring people from reading the

specifications of patents and other public records. Persons who go to read these

documents at the Inrolment Office, or The Rolls Chapel Office, should prepare

themselves to have the sleeves and breasts of their coats grouted in by the

lime dust by which the rolls of parchment are whitened !

Although much information upon the manners of the Romans has been ob

tained by the discovery of two Roman cities, which had been hidden by the

cinders thrown from Mount Vesuvius, by the eruption about the year a. d.

79; but little more is known upon the subject of their books and manner of

writing, than was known before the excavations. Rolls of brittle material, about

eight inches long and about two inches in thickness, were frequently discovered

by the workmen during the operations at Pompeii ; but it was not first known

that these were books : upon examination, however, they proved to be papyrus

glued together. At one end of most of them was a label, upon which was

written the title of the book, and the author's name. Of these rolls, CamiBo

Paderni carried away three hundred and thirty-seven, which he collected from

the rubbish during twelve days which he passed among the ruins of Pompeii.

VOL. II. 6 a
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The papyrus has become so brittle, in consequence of the heat of the ashes.

that no orie has yet succeeded, to any extent, in unrolling them. Pia&si, a

monk, discovered a way of unrolling them, by putting thin slices of onion 1ms

tween the folds of the manuscript as he carefully separated them with a knife.

This is the best contrivance which has yet been adopted, but it cannot be said

to have proved successful. After all the time and money which have been be

stowed upon this object, it is to be regretted that few works have been recovered.

Some of these rolls are forty feet in length ; many of them have been taken to

the University of Cambridge, where they have remained many years, without

any attempt having been made to unrol them.

The labour bestowed upon ancient manuscript books was immense. As they

were intended to answer all the purposes of a modem printed book, their

durability was of the greatest importance. The ancient copyists therefore paid

great attention to the manufacture of their inks, as well as the parchment ; in

this art they were so successful, that most of the very ancient manuscripts

which are now extant, are as legible, and the ink is as black and bright, as if

they had been but just written. It is supposed that the ink owes this beautiful

colour to the lamp-black. Some ink was found in a glass bottle at Herculaneum,

which was very thick and oily. It was owing, perhaps, to its glutinous nature, that

the persons employed to take down the speeches delivered by the orators in the

•Forum, preferred writing on waxen tablets, which required a very slight touch

to mark them. It would have been an operation almost laborious to write with

such ink as this found at Herculaneum, and the writer would have proceeded

very slowly, and would not have been able to follow the speaker. There is one

great objection to this ink ; it does not enter sufficiently into the parchment, and

is, therefore, easily obliterated. The Romans made ink of various colours ; the

emperors in the latter times, when wealth and luxury had destroyed the empire,

endeavoured to make an appearance of grandeur, by writing with purple ink.

Materials more valuable were sometimes used, when the writings were of value ;

the works of Homer were written in letters of gold, upon a roll 120 feet long,

formed of the intestines of serpents. 'The Hebrews also are remarkable for the

beauty of their manuscripts ; the letters are as evenly formed as it would be

ossible to form them in a type ; it is almost impossible to believe that they can

ave been written by a pen. All the eastern nations make their pens of reeds,

which were well suited to the broad character of their writing ; the reeds are

brought from the East to Europe, and are used by the scholars in eastern

literature ; they arc still used by many people in the East at this day. Reeds

were used by other nations also. Pens made of them were discovered during

the excavations at Pompeii ; they are cut like a quill pen, except that the nib is

much broader.

The quill pen appears to have been introduced about the year 600 ; the word

penna, meaning a quill, is not found, it is said, in any work of an earlier period .

previous to that date, the word calamus was used, which signifies a reed. Paper

was introduced into Europe in the ninth or tenth century. It had previously

been manufactured in China from a very remote period. About the year 716

a manufactory of it was established at Mecca, from whence it was brought bj

the Greeks to Constantinople.

We might have extended this article by some account of modern writing, bu!

our space will not admit of it ; and it is scarcely needful, as most of our readers

are well informed upon the matter. We shall therefore conclude by a fe»

remarks upon the peculiar direction of the writings of different nations. The

Jews write from the right hand to the left ; the Chinese from the top to the

bottom ; most other nations write as we do, from the left to the right.

X.

XEBEC. A three-masted vessel ofa peculiar construction; chiefly employed

in the Mediterranean. They are built extremely low, with a very convex deck,

and carry a great press of sail. As the sea commonly breaks over the deck

E
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they arc provided with grated platforms at the sides, for walking upon. We

have occasionally seen them in the Thames, employed as merchantmen, but

their chief employment is in warfare.

Y.

YACHT. A sailing-vessel, fitted up with great elegance, and replete with

conveniences. It is difficult to define any peculiarity belonging to them ; as

the term yacht is applied to so great a variety of forms ; some represent com

plete three-masted ships, but of a diminutive size ; while others are mere plea

sure boats.

YARD. An English lineal measure, containing three feet, or thirty-six

inches ; also 1760 yards make a mile. The square yard contains 3X3 = 9

square feet ; 4840 square yards are an acre, and 3,097,600 a square mile. The

cubic or solid yard contains (3X3X3) =27 cubic feet The yard by which

cloth is measured, is the lineal yard above-mentioned, but for convenience,

divided into four quarters, or sixteen nails. This measure was instituted by

Henry I. being the length of his own arm.

YARD. A long piece of timber or pole tapered towards each end, and sus

pended upon the masts of a vessel, to extend the sails to the wind.

YARN. Flax, wool, or other fibrous matter, spun into a loose thread ; of

which cloth or cordage is made. The process in preparing yarn, has been gene

rally treated under the various substances of which it is formed. In this place

we shall therefore confine our attention to yarn of a peculiar character, for

which a patent was granted in 1832, to Mr. Greaves, of Chorley, in Lancashire.

This invention consists in dyeing cotton in the wool, of various colours, and of

every gradation of tint, and to mix the same up in various ways, with bleached

white cotton, BO as, by their union, to produce a self-varied colour of yarn,

thread, or stuff, without such fabrics undergoing afterwards, as usual, the pro

cess of dyeing.

The patentee states his plan to be, to dye separate portions of cotton-wool of

the seven primitive colours ; and other portions of cotton-wool of various shades

or tints of the foregoing ; and with these, together with white cotton, according

to the taste of the operator, to prepare yarn. Suppose, for instance, that the

manufacturer required a peculiar green, he would take the primitive colours,

yellow and blue, and mix them together in such proportions as would produce

the exact tint desired, adding yellow to lighten, and blue to deepen the colour ;

if an orange, yellow and red ; if purple, blue and red or pink ; and by varying

the nature and proportions of the combination of the primitive colours of the

cotton-wool, and their several shades, every possible variety of tint, and every

gradation of shade, may be obtained with the utmost facility.

When the due proportions of coloured cotton are put together, it is to undergo

the same processes as if it were in a white state,—such as roving, spinning,

twisting, winding, and doubling, to make it into yarn or thread, in which state

it may be either used for sewing, embroidery, &c., or be woven into fabrics, as

in other yarns, and will not require any subsequent operation, such as dyeing,

beside avoiding the bleaching process, which is always liable to deteriorate the

colour as well as the strength of the fabric.

A method of printing yarn was also patented by Mr. Schwabe, of Manchester,

in 1831, which is described, with figures, in Hebert's " Journal of Patent Inven

tions," vol. vi. p. 171, which we have not space to insert

YEAST. The scum thrown up in the fermentation of beer. See BARM, FER

MENTATION, BREAD, and BEER.

YTTRIA. A peculiar substance discovered in 1794, by Gadolin : whether

it be an earth or metal, the learned are not agreed. That great authority, Sir

H. Davy, says that it consists of inflammable matter, metallic in nature, com

bined with oxygen. Its specific gravity is 4.842.
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ZAFFRE. The residuum of cobalt, after the sulphur, arsenic, and other vola

tile matters of this mineral, have been expelled by calcination. The ores of

cobalt are roasted in vcrbcratory furnaces, provided with chambers to receive

the arsenic : the product of zaii're is usually about 68 per cent, of that of the

ore. The ores that contain much nickel are not fit for the preparation of

zaffre, as the oxide of nickel would injure the beauty of the blue colour, or

smalts, for the making of which zaffre is manufactured. Inferior kinds of

zaffre are made by mixing this oxide, previously stamped and sifted to a fine

powder, along with calcined flints or quartz, also ground in various proportions

according to the use for which it is intended, moistening the whole with water,

and packing it tight in casks, where it hardens to a stone. A very fine zaffre,

or China blue, is obtained from the arsenical and grey cobalt ore, found in Corn

wall, by boiling the powdered ore in nitric acid, which converts the arsenic

into arsenical acid, and unites it with the different metals contained in the ore.

The solution being diluted with a large quantity of water, purified pearl-ash

water is then added in small portions to the diluted solution ; and on the addition

of each portion the liquid is well stirred, left to settle, and the clear part poured

off. This is repeated until the solution becomes of a rose colour, which shows

that it contains only the arseniate of cobalt. The pearl-ash water is then added

in larger quantity than is necessary to throw down all it contains, and the solu

tion is boiled for a few minutes. Being then left to settle, the liquid is filtered,

the oxide of cobalt left on the filter, washed with boiling water, and dried. This

oxide is then melted with feldspar and a little potash, and thus yields a beautiful

zaffre for painting porcelain. Another method is to grind the ore, mix it with

two or three times its weight of China ware, grossly powdered, and heat it very

strongly. The whole is then put into three or four parts of nitric acid, diluted

with an equal weight of water. The clear solution is poured off, evaporated

gently to a syrupy consistence, diluted afresh with water, left to settle, poured

off clear from the arsenic that is separated, and then the pearl-ash water is added

by small portions, and the operation finished as in the former process. Zaffre is

used for making smalts, and for painting on the best kinds of pottery. The

common zaffre is cheap, but the best sells for two guineas the pound in the pot

teries. Zaffre is likewise used in the manufacture of cobalt.

ZEALAND (Nea) FLAX. The phormium tenax of naturalists. Its com

mercial name has been acquired from the circumstance of the natives of

New Zealand employing it in the manufacture of their apparel, cordage, and all

those purposes for which hemp and flax are used in other countries. The strength

of its fibres, however, greatly exceeds those of the last-mentioned vegetable sub

stances ; and indeed, nearly approaches the tenacity of silk. Of this plant

there are two sorts,—one becoming a red flower, the other a yellow. The leaves

of both are similar to those of the common flax plant, but the flowers are

smaller, and the clusters more numerous. The Zealunders obtain the flax from

them by very simple and expeditious means. The fibres are beautifully fine,

and white, shining like silk ; the cordage made from it was found by our navi

gators to be very much stronger than any thing we could produce with hemp.

With the view of introducing the growth of so valuable a plant in this country,

Captain Ferneaux brought ovet some of the seeds, which were sown in Kew

Gardens, by order of his late Majesty, but unfortunately failed. Subsequent

to this period, the culture has been very successfully pursued by our settlers in

New South Wales. We are indebted to Mr. Wm. Salisbury, of Brompton, for

the discovery of this identical plant, growing indigenously in the south of Ire

land, where it flourishes luxuriously. This discovery will probably prove, ulti

mately, of the utmost importance to Ireland, where the poor may be profitably

employed, both in the culture and subsequent manufacture. Mr. Salisbury

observes, that plants of three years old, will, on an average, yield thirty-six

leaves, besides a very considerable increase of off-sets ; which leaves being cut
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down, at the time of clearing the quarters in the autumn, arc found to spring

up again in the following summer.

Respecting the produce, the same gentleman states, " Six leaves have pro

duced me one ounce of fibres, when scutched perfectly clean and dry ; at which,

an acre of land planted with this crop, at three feet distance from plant to plant,

will yield rather more than sixteen hundred weight per acre, which is a very

great produce compared with that of hemp or flax. New Zealand flax may be

scutched with little labour or trouble, and may be performed by persons in

common. The leaves should be cut when full grown, and macerated for a few

days in stagnant water, and then passed under a roller machine properly

weighted ; by this process the fibres become separated, and if washed in a run

ning stream, will instantly become white. When the fibres are thus scutched

clean and dry, any kind of friction will cause them to divide into any degree of

fineness in the harle, so far even, as to cottonize ; whereby it is fitted to all the

purposes to which hemp and flax are adapted."

This plant is, at present, under cultivation in several parts of England and

Wales. It will grow in either a moist or a dry soil ; on a hill, or in a valley,

but most luxuriously where there is an abundance of moisture.

New Zealand flax has at length become one of our established manufactures,

and is now wrought into various articles of commerce; every improvement,

therefore, in its preparation, that will economize the process, and extend its

useful applications, is well deserving of record. Accordingly, we subjoin an

account of the patent granted to Mr. J. Holt, jun. of Whitby, in Yorkshire,

designed with those views.

In the manufacture of tarred cordage, the chief obstacle to the employment

of that strong fibrous vegetable material, known by the term of New Zealand

flax, (but which also comes from Manilla, and other parts of the East,) has been

the apparent impossibility of making the fibres absorb or unite with the preser

vative fluid. In consequence, the chief use of the New Zealand flax has been

confined to the preparation of white cordage. The patentee informs us in his

specification, that he has discovered that the ultimate fibres of the flax are com

bined and enclosed by a coating of adhesive matter, which requires the applica

tion of some chemical solvent to set the fibres at liberty, and adapt them to the

reception of tar ; and the solvent which effects this object completely and econo

mically, he finds to be a weak solution of potash of soda. Uis process is as

follows :—

The flax having been heckled and spun into yarn in the usual manner, is in

a suitable state for the chemical procedure ; which consists in immersing it in a

solution of potash or soda, in the proportion of half an ounce of alkali to a gallon

of water, which may be either hot or cold. When the flax has been thus sub

mitted to the action of the alkali for forty-eight hours, it is to be taken out,

wrung, and hung up to dry, either in the air or in a stove. When dried, the flax

will be found adapted to imbibe the tar as readily, and hold it as firmly, as the

hemp in ordinary use ; in performing which process, and all that may be subse

quent, the rope manufacturer need make no variation from his accustomed pro

ceedings. There is likewise included in Mr. Holt's patent, some improved

mechanical apparatus for depriving the New Zealand flax of the bark and skin

with which it is found combined in the commercial state. A kind of grating,

made either of iron or wood, is provided, consisting of a range of parallel bars,

the whole forming a right-angled parallelogram, having its two opposite longest

sides inclosed by vertical boards. The bars in their transverse section are

tapered, with their narrow ends or sides placed upwards in this frame ; hut

another similar frame of bars, which is made to fit and pass over the former,

has its bars with the narrow ends or sides downwards ; which arrangement

gives the respective frames of bars a tendency to interlock in the same man

ner as toothed wheels ; and, therefore, when the raw flax is spread upon the

lower frame of parallel bars, and the upper frame duly loaded, is laid over the

flax, and passed backwards and forwards, a powerful and uniform rubbing action

is produced upon the flax, which opens the fibres, while it separates the bark

and other extraneous matter, which falls through the bar of the lower fixed
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frame, and is collected underneath. For the convenience of supplying the flas

to the lower frame, the latter is at the middle divided into two portions or flaps,

which open like the lids of boxes, but meet together when down with serrated

teeth, for the purpose (we suppose) of holding the flax in its place whilst being

rubbed.

ZEINE. This name has been given to a substance obtained by Mr. Gerham

from maize or Indian corn, by infusing it in water, then filtering and treating die

undissolved matter with alcohol, and evaporating the solution effected by the Utter

liquid. He thus obtained a yellow substance having the appearance of wax,

and of a soft, tough, elastic nature, and heavier than water ; resembling gluten,

yet affording no ammonia by decomposition.

ZERO. A scientific term applied to the commencement of a scale, tad

marked with an O. It is the point or beginning from which the scale or distances

are graduated. Thus, the zero of Fahrenheit is 32° below the freezing point of

water. In the centigrade scale, the zero is made that of freezing water, or 32,

of our scale

ZIMOME. The gluten of wheat treated by alcohol is reduced to the third

part of its bulk. This diminution is owing, not merely to the loss of gliadine,

but likewise to that of water. The residue is zimome, which may be obtained

pure by boiling it repeatedly in alcohol, or by digesting it in repeated portions of

that liquid cold, till it no longer gives out any gliadine. Zimome is found in

several kinds of vegetables. It differs from gluten in its mode of fermentation,

and varies in that respect according to the nature of the substances it comes

in contact with.— Vre.

ZINC. A metal of a bluish-white colour; of considerable hardness, and so

malleable, when pure, as not to be broken with the hammer, though it cannot

be thus much extended. It is, however, easily rolled into sheets, by the flatting-

mill ; and in this state, it has recently been brought into very extensive use, in

the manufacture of pipes, gutters, and a great variety of vessels and utensils.

It* specific gravity is 7.0. In a temperature of from 210° to 300°, it possesses

so much ductility, that it can be drawn into wire as well as laminated, for which

process, a patent was granted to Messrs. Hobson and Sylvester, of Sheffield.

Zinc melts at about 700° Fahr. ; by continuing to raise the heat, it soon after

becomes red hot, and burns with a dazzling white flame, and oxides with such

rapidity, as to fly up in a floculent form, which is called the flowers of zinc.

When these are urged by a strong fire, they are converted into a clear yelk*

glass.

In the ordinary method of preparing the sulphate of zinc, or spelter, the or

is exposed to the heat of a furnace, in a melting-pot, from the bottom of which,

a pipe descends into a vessel of water, for the purpose of receiving the metals

as they arc melted, and for condensing such portion as pass off in the form ol

vapour. An improvement upon this mode was the subject of a patent, about

fifteen years ago ; in which it was so arranged, that as the zinc volatilized, the

vapour should be received and condensed in a separate vessel, leaving the melted

metal, such as lead, and other impurities, in the former. An improvement upon

this mode of operating, was lately patented by Messrs. Benecke and Shears;

their process consists, first, in a peculiar treatment of the ore, previous to its

introduction into the furnace ; and secondly, in a peculiar arrangement of the

retorts, and other appendages, by which a more convenient mode of charging

the retorts is obtained, and a purer metal is the result.

The ores are first to be roasted in the ordinary way, by stratifying them with

fuel, and setting fire to the pile. The ore is next spread out in the air, and

lixiviated, to separate the sulphate of zinc ; it is next to be dried, pulverized,

and roasted a second time, until the sulphur is extricated, when it should be

powdered again, and mixed with an equal quantity of carbonaceous matters,

such as powdered coal, charcoal, cinders, &c. ; in this state, it is to be saturated

with an alkaline ley, or a solution of common salt ; the solutions varying accord

ing to the nature of the ore. Calamine, or other oxides of zinc, will require

only to be pulverized and calcined.

With the ores prepared as before mentioned, the retorts arc to he charged
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one of those is shown in perspective at a in the annexed figure ; they are made

of fire-clay, or of such earth as will best stand the heat of the furnace. To the

front end of these retorts are two apertures : the upper circular, for the reception of

 

the neck of an earthen head-piece 6 ; the lower, d, is square, for clearing out

the residuum after working, which is closed during the distillation, by a

stopper, and luted. The head-piece has likewise another tube fitted to it, and

luted, merely for the purpose of lengthening it sufficiently to allow the vapour

to cool as it descends, and to condense upon an iron plate beneath, as shown in

the lowest figure in the diagram, which represents a cross or vertical section of

a reverberatory furnace, in which a double row of such retorts may be supposed

to be arranged, with a long aperture between them, where the fire is situated,

which rests upon a grating over an arched passage that communicates with the

open air outside the building ; this arched passage has a door, by the opening

and shutting of which the heat of the furnace is regulated as may be required;

and through one of the ends of this long passage an aperture is made for

supplying the furnace with fuel. The earthen head-pieces b, it will be observed,

have an aperture supplied with a stopper ; through these openings the ore and

carbon, prepared as before mentioned, are introduced in sufficient quantity, by

means of a ladle, into the body of the retort, when the apertures are closed and

luted. The operation of distillation then commences ; the zinc, which rises in

vapour, passes into the head-piece b, down the pipe c, and falls upon the iron

plates beneath, in a condensed state.

By the arrangement described, the heads and necks of each retort are placed in

a square recess or neck by itself, by walls built out between them, so that each

may be perfectly closed in by a door from wall to wall. The doors are made of

latticed wire work, for the purpose of holding clay when plastered over them,

for the purpose of effectually confining the heat within the furnace ; each of these

doors has a central eye-hole, provided also with a stopper, for watching the

progress of the operation, and for enabling the workmen to determine the degree

of heat to be applied, and other circumstances. By another arrangement the

before-mentioned patentees propose to erect furnaces with several tiers of cylin

drical retorts, placed one above another, with their necks or heads projecting

beyond the front wall. The fire-place is covered by a low arch, to prevent the

fire acting too violently upon the lowermost vessels ; but through the arch

apertures are made for the circulation of the heated air among the vessels above.
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The carbonate of zinc, which is employed ns a white pigment, is manufactured

by pouring into a solution of zinc, in sulphuric acid, a solution of carbonate of

ammonia, and afterwards washing and drying the precipitate. The next im

portant use of zinc is in the fabrication of those useful and beautiful alloys with

copper, called brass, prince's metal, &c. See ALLOY, COPPER, BRASS, ffc.

Blende is the native sulphuret of zinc • the two substances are, however,

difficult to combine artificially. The diluted sulphuric acid dissolves zinc, giving

nut much heat to the solvent, while hydrogen escapes. An undissolved residue

is left, which Proast says, is a mixture of arsenic, lead, and copper. The white

vitriol, or white copperas, as it is usually termed, is crystallized rapidly, resem

bling loaf sugar. Sulphurous acid also dissolves zinc, sulphuretted hydrogen

being evolved. Diluted nitric acid rapidly dissolves zinc, producing much heat,

with the extrication of nitrous gas. Muriatic acid operates violently upon one,

disengaging much hydrogen. The phosphoric, fluoric, carbonic, acetic, ssc-

cinic, benzoic, oxalic, tartaric, citric, and other acids, operate upon zinc, with

various energy. The zinc is precipitated from its acid solutions, by means of

the alkalies and soluble earths ; the former re-dissolving the metal, if they be

in excess. Most of the alloys or metallic combinations with zinc, have already

been noticed under other heads.

ZIRCONIA. A metallic substance, discovered in the jarzon of Ceylon, by

Klaproth, in 1789. It unites with the'acids, is insoluble in the pure alkalies, bat

soluble in alkaline carbonates. It does not melt before the blowpipe, but emits

a yellow phosphoric light. Strongly heated for several hours in a crucible, it

undergoes a species of fusion ; having then some resemblance to porcelain,

strikes fire with steel, scratches glass, and has a specific gravity of 4.3.

END OF vol. n. ENGINEER'- AND MECHANIC'S ENCYCLOPEDIA.

B. CLAY, PRINTER, BREAD-STREET-HILL. (,
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