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PREFACE,

\

THOSE who have had much occasion to use the
mathematical instruments constructed to facilitate
the arts of drawing, surveying, &c. have long com-
plained that a treatise was wanting to explain their
use, describe their adjustments, and give such an
idea of their construction, as might enable them
to select those that are best adapted to their re-
spective purposes.

This complaint has been the more general, as
there are few active stations in life whose professors
are not often obliged to have recourse to mathema-
tical instruments. To the civil, the military, and
the naval architect, their use must be familiar; and
they are of equal, if not of more importance to the
engineer, and the surveyor ; they are the means by
which the abstract parts of the mathematics are ren-
dered useful in life; they connect theory with prac-
tice, and reduce speculation to use. '

Monsieur Biorn's treatise on the construction of
mathematical instruments, which was translated into
English by Mr. Stone, and published in 1728, is the
only regular treatise* we have upon this subject ;
the numerous improvements that have been made
in instruments since that time, have rendered this
work but of little use. It has been my endeavour
by the following Essays to do away this complaint; -
and I have spared no pains to render them intelligi-
ble, and make them useful. Though the materials,
of which they are composed, lie in common, yet it is
presumed, that essential improvements will be found
'in almost every part.

* I do not speak of Mr. Robertson’s work, as it is confined

wholly to the instruments contained in a case of drawing instru-
ments, .




vi PREFACE.

These Essays begin by defining the necessary
terms, and stating a few of those first principles on
which the whole of the work is founded : they
then proceed to describe the mathematical drawing
mstruments ; among these, the reader will find an
account of an improved pair of triangular com-
passes, a small pair of beam compasses with a mi-
crometer screw, four new parallel rules, and other
articles not hitherto described : these are followed
by a large collection of useful geometrical problems ;
1 flatter myself, that the practitioner will find many
that are new, and which are well adapted to lessen
labour and promote accuracy. In describing the
maunner of dividing large quadrants, I have first given
the methods used by instrument makers, previous
to the publication of that of Mr. Bird, subjoining
his mode thereto, and endeavouring to render it
more plain to the artist by a' different arrangement.
This is sycceeded by geometrical and mechanical
methods of describing circles of every possible mag-
nitude ; for the greater part of which I am indebted
to Joseph Priestley, Esq. of Bradford, Yorkshire,
whose merit has been already noticed by an abler
pen than mine.* From this, I proceed to give a
short view of elliptic and other compasses, and a
description of Suardi's geometric pen, an instrument
not known in this country, and whose curious pro-
pertics will exercise the ingenuity of mechanics and
mathematicians. '

Trigonometry is the next subject; but as this
- work was not desigiled to teach the elements of

- this art, I have contented myself with stating the

general principles, and giving the eanons for calcu-
lation, subjoining some useful and curious problems,
which, though absolutely necessary in many cases
that occur in county and marine surveying, have

¢ Priestley’s Perspective.
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been neglected by every practical writer on this sub-
ject, except Mr. Mackenzie,* and B. Donn.4
Some will also be found, that are even unnoticed by
the above-mentioned authors. _

Our next article treats of surveying, and it is
presumed the reader will find it a complete, though
concise system thereof. The several instruments
now in use, and the methods of adjusting them,
are described in order; and I think it will appear
evident, from a view of those of the best construc-
tion, that large estates may be surveyed and plotted
with greater accuracy than heretofore.

The great improvements that have been made
within these few years in the art of dividing, have
rendered observers more accurate and more attentive
to the necessary adjustments of their instruments,
which are not now considered as perfect, unless they
are so constructed, that the person who uses them
can either correct or-allow for the errors to which
they are liable. Among the improvements which
the instruments of science have received from the
late Mr. Ramsden, we are to reckon those of the
theodolite here described; the surveyor will find
also the description of a small quadrant that should
be constantly used with the chain, improvements in
the circumferentor, plain table, protractor, &c. In

-treating of surveying, I thought to have met with
no difticulty ; having had however no opportunity
of practice myself, I had recourse to books; a mul-
tiphcity have been written upon this subject, but
they are for the most part imperfect, irregular, and
obscure. "I have endeavoured (with what success,
must be left to the reader’s judgment) to remove
their obscurities, to rectify their errors, and supply
their deficiencies; but whatever opinion he may
form of my endeavours, I can venture to say, he
will be highly gratified with the valuable communi.

# Treatise on Mari.ime Surveying. + Donn’s Ceometrician,
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cations of Mr. Gale,* and Mr. Milne, here inserted,
and which ‘I think will contribute more to the im-
provement of the art of surveying, than any thing
1t has received since its original invention.

The reader will, I hope, excuse me, if I stop a
moment ‘to give *him some account of Mr. Gale’s
improvements ; they consist, first, in a new method
of plotting, which is performed by scales of equal
parts, .without a protractor, from the northings and
southings, eastings and westings, taken out of the
table which forms the appendix to this work ;- this
method is much more accurate than that in common
use, because any small inaccuracy that might happen
in laying down one line is naturally corrected in
. the next; whereas, in the common method of plot-
ting by scale and protractor, any inaccuracy in a
former line is naturally communicated to all the suc-
- ceeding lines. The next improvement consists in a
new method of determining the area, with superior
accuracy, from the northings, southings, eastings,
and westings, without any regard to the plot or
draught, by an easy: computation.

As the measuring a straight line with exactness
is one of the greatest difficulties in surveying, I was
much surprised to find many land surveyors using
only a chain ; a mode in which errors are multiplied
without a possibility of their being discovered, or
corrected. I must not forget to mention here, that
I have inserted in this part Mr. Break’s method of
surveying and planning by the plain table, the bear-
ings being taken and protracted at the same instant
in the field upon one sheet of paper; thus avoiding
the trouble and inconvenience of shifting the paper:
this is followed by a small sketch of maritime sur-
veying; the use of the pentographer, or pentagraph;

* A gentleman well known for his ingenious publication on
finance.

1 The table is printed sepdrate, that it may be purchased or
not as the surveyor sees convenient. . -

2
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the a1t of levelling, and 3 few astronomical problems,
with the manuer_ of using. “Hadley’s quadrant and
sextant ; ‘even here some suggestions will be found
that are new and usefel.. - = . :

- I have pow to pame another gentleman, who has
contributed to render this work more perfect than it
would otherwise have been, end it is with pleasure I
feturn my best thanks to Mt. Landman, Professor
of Fortification and Artillery to the Royal Academy
at Woolwich,-for his cgmmunicatiéns, more particu-
larly for the papers from which the course.of prac-
tical geometry on the ground was extracted. . If
the professors of useful sciences would thus liberally
co-operate for their advaneement, the progress
thereof would be rapid and extensive. This course
will be found useful not only to the military officer,
but would make a useful and entertaining part of
every gentleman’s education. I found it necessary
to abridge the papers Mr. Landman lent me, and
leave out the calculations, as the work had alread
swelled to a larger size than was originally intendec{
though printed on a page unusually full.

The work finishes with a small tract on perspec-
tive, and a description of two instruments J')eesigned
to promote and facilitate the practice of that useful
art, Itis hoped, that the publication of these will
prevent the public from being imposed upon by
men, who under the pretence of secresy, enhance

;_ge value of their contrivances. T knew an instance
< rwhere 40l. was paid for an instrument inferior to the
& most ordinary of the kind that are sold in the shops.
* Some pains have been taken, and no small expence
“incurred, to offer something to the public superior

*in constructjon, and easier in use, than any instru-

“ment of the kind that has been hitherto cxhibited.

I have been anxious and solicitous not to neglect
any thing that might be useful t6 the practitioner,
or acceptable to the intelligent.  In'a work which
embraces so many subjects, notwithstanding all the

b .
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care that has been taken, many defects may still
remain; I shall therefore be obliged to any one who
will favour me with such hints or observations, as
may tend toward its improvement. = o
A list of the authors I have seen i subjoined ta
“.this preface.* I beg leave to return’ my thanks te
the following gentlemen for their hints and valuable -
communications, the Rev. Mr. Howkins, J. Priest-
ley, Esq. Mr. Gale, Mr. Milne, Dr. I’thkerham;
Mr. Heywood, Mr. Landman, and Mr, Beck, a very
ingenious artist. ' ‘ gar 3
® As the various authors are cited by name in the work, to
save room, the list is now dispensed with in this edition,’ - Eptri
"ADVERTISEMENT
BY THE EDITOR.

IN the two preceding editions of this work, the
editor made such corrections and additions, as, he
is happy, gratefully, to state, have met with great
share of public approbation and encouragement.
To this fourth edition, he has further added occa-
sional instrumental and exemplary articles, caused
the engraving of the plates to be perfectly repaired,
&c. all which, he humbly presumes, will render the

~work still more deserving of the notice of students
and practitioners in the different professional
branches of Geometry, T rz'gbnomehy, Surveying,
Fortification, &c. &c. S ‘
July 1, 1818. . “W.JONES.
. Just published, by the same Author and Editor, Astronomicak
and Geographical Essay#, in 8vo. with seventeen plates, sixth
Edition, price 12¢. boards. ‘
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GEOMETRICAL
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\
NECESSARY DEFINITIONS, and FIRST
pPRISCIPLES.

G;O,METRY originally signified, according to
the étymology of the name, the art of measuring
the earth; but is.now the science .that treats of,
and considers the properties of magnitude in ge-
neral. In other words, extension and figure arc
the objects of geometry. It is a science, in which
human reason has the most ample field, and can
go deeper, and with more certainty, than in any
other. It-s divided into two parts, Theoretical and
Practical. : . )

Theoretical geometry considers and treats of first
principles abstractedly. Practical geometry applies
these comsiderations to the purposes of life. By
practical geometry many operations are performed
of the utmost importance to society and the arts.
¢ The effects thereof are extended through the
principal operations of human skill : it condycts the

¢
~



2 NECESSARY DEFINITIONS,

soldier in the field, the seaman on the ocean :
it gives strength to the fortress, and elegance to the
palace.” ‘

The invention of geometry has been, by all the
most eminent. writers on the science, attributed to
the Egyptians; and that to the frequent inunda-
tions of the river Nile. upon the country, we owe
the rise of this sublime branch of human knowledge;
the land-marks and boundaries being in this way
destroyed, the previous knowledge of the figure
and dimensions was the only method of ascertaining
individual property again. - But, surely, it is not
necessary to .gratify learned curiosity by such ac-
counts as these; for geometry is an art that must
have grown with man ; it is, in a great measure, na-
tural to the human mind; we were born spectators
of the universe, which is the kingdom of geometry,
and are continually obliged to judge of heights,
measure distances, ascertain the figure, and estimate,
the bulk of bodies.

The first definition in geometry, is a point, which
is considered by geometricians, as that which has no

parts or magnitude.
A line is length without breadth.

A straight line is that which lies evenly between
its extreme points or ends.

A superficies is that which has only length and-
breadth. :

A plane angle is an opening, or corner, made by
two straight lines meeting one another.

When a straight line A B, fig. 1, plate 4, standing
upon another C D, makes angles ABC, ABD, on
each side equal to one another; each of these angles
is called a right angle ; and the line A B is said to
- be perpendicular to the line C D.

It 1s usual to express an angle by three letters,
that placed at the angular point being always in the
middle; as B is the angle of A B C. '

.
.
.



AND FIRST PRINCIPLES, 3

An obtuse angle is that which is greater than a
right angle.

A]n acute angle is that which is less than a right
angie. . .
gA line A B, fig. 2, plate 4, cutting another line
CD in E, will make the opposite angles eqdal,
namely, theangle AE Cequalto BED, and AED
equalto BEC.

A line AB, fig. 3, plate 4, standing any-way
upon another C D, makes twoangles CB A, AB D,
which, taken together, are equal to two right
angles.
l°. A plane triangle is a figure bounded by three right
ines,

An eguilateral triangle is that which
has three equal sides.

An isosceles triangle is that which has
only two equal sides.

A scalene triangle is that which has all
its sides unequal.

A right-angled triangle is that which
has one right angle.

NN

In a right-angled triangle, the side opposite to the
right angle is called the hypothenuse. ‘

An oblique-angled ‘triangle is that
which has no right angle. ' s

AN

In the same triangle, opposite to the greater side
is the greater angle; and opposite to the greater angle.
is the greater side.

If any side of a plane triangle be produced,. the

B2
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outward angle will be equal to both-the- mward' re-
mote angles.: ~

"The three angles of any plane triangle taken toge-
ther, are equal to two right angles.

Parallel lines are those which have no inclina-
tion towards each other, or which are every where
equidistant.

All plane figures, bounded by four nght lmes,
called quadrangles, or quadrilaterals.

{uarc is a quadrangle, whose sides
arc all equal, and its angles all nght
angles.

A rhombus is a quadrangle, whose '
sides are all equal, but its angles not right
angles. ,

A parellogram is a quadrangle, whose
opposnte sides are parallel.

A rectangle is a parallelogram, whose angles are
all right angles.

~ A rhomboid is a parallelogram, whose —
angles are not right angles. / ;

All other four-sided figures bes1des
these, are called ¢rapeziums. D

A right line joining any two opposite angles of a
four-sided figure, is called the diagonal.

All plane figures contained under more than four
sides, ardealled ‘polygons.

Polygons having five sides, are called bentagons ;
those having six sides, heragons ; with seven sides,

’heptagons, and so on.

-A regular polygon is that whose angles and-sides -

are all eq_ual
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- _The base of any figure is that side on which
it is supposed to stand, and the altirude is the
perpendicular falling  thereon from the opposite
angle. :

- Parallelograms upon the same base, and between
the same parallels, are equal.

Parallelograms having the same base, and equal
altitudes, are equal.

Parallelograms having equal bases, and equal alti-

“tudes, are equal, \
- .If a triangle and parallelogram have-equal bases
and equal altitudes, the triangle is half the parallelo-
gram. .

A circle is a plane figure, bounded by a curve line
called "the circumference, every part whereof is
equally distant from a point within the same figure,
called the centre. :

Any part of the circumference of a circle is called
an arch. - ‘

Any right line drawn from the centre to the cir-
cumference of a circle, 1s called a radius.

All the radii of the same circle are equal.

The circumferene of every circle is supposed to

be divided into 360 equal parts; cailed degrees; each
degree into 60 equal pasts, called minutes, &c.

A quadrant of a circle will therefore contain g0 de- -
_grees, being a fourth part of 360.

Equal angles at the centres of all circles, will in-
tercept equal numbers of degrees, minutes, &ec. in
their circumferences.

The measure of every plane angle is an arch of a
circle, whose centre is the angular point, and is said
_ to be of so many degrees, minutes, &c, as are con-
* . tained in its measuring arch. -

All right angles, therefore, are of 9O degrees,
or contain 90 degrees, because their measure is a
quadrant. -

The three angles of every plane triangle taken to-
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getl;er contain 180 degrees, bemg equal to twoe right
angles
%n a rlght—ang.ed plane triangle, the sum of its
two acute angles is 9O degrees.

- The complenent of an arch, or of an angle, is its
difference from a quadrant or a right angle.

The supplcment of an arch, or of an angle, is
its differecnce from a semlcu'cle, or two right

angles

%he magnitudes of arches and angles are deter.
mined by certain_ straight lines, appertaining to a2
circle called chords, smes, tangents, &c.

The chord of an arch is a straight line, Jommg its
extreme points,

A diameter is a chord passing through the centre,

A segment is any part of a circle bounded by an
arch and its chord.

A sector is any part of a circle bounded by an arch,
and two radii drawn to its extremities.

The sine of an arch is a line drawn from either

~end of it, perpendlcular to a diameter meeting the
other end .

The versed sine of an arch is that part of the dia-
meter intercepted between the sine and the end of
the said arch.

The tangent of an arch is a line proceeding from
either end, perpendicular to thie radius joining it; its
length is limited by a line drawn from the centre,
through the other end.

The secant of an arch is ‘the line proceeding
from tlie centre, and limiting the tangent of the same
arch. - '

« The co-sine and co-tangent, &c. of any arch is the
sine and tangent, &c. of its complement. '

Thus m sg. 4, plate 4, F O 1s the chord of the

~arch FV O, and FR is the sine of the arches F V,
FAD; R V R D are the versed sines of the arches
FV, FAD.

o 3
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VT is the tangent of the arch FV, and its sup-
plement. . . '

CT is the secant of the arch F V.

A 1 is the co-tangent, and C I the co-secant of the
arch RV,

The chord of 66°, the sine of g0°, the versed sina
of gu°, the tangent of 45, and the secant of 0.0, are
all equal to the radius.

It is obvious, that in making use of these lines,

we must always use the same radius, otherwise
there would be no settled proportions between
them. '
- Whosoever considers the whole extent and depth
of geometry, will find that the main design of
all its speculations is mensuration. To this the
Elements of Euclid are almost entirely devoted,
and this has been the end of the most laboured
geometrical disquisitions of either the ancients or
moderns. ,

Now the whole mensuration of figures may be re-
duced to the measure of triangles, which are always
the half of a rectangle of the same base and alti-
tude, and, consequently, their area is obtained by
taking the half of the product of the base multiplied
by thedaltiéudge. 1tk

By dividing a polygon into triangles, and takin
the {'alue of ‘th(la):e?’%hat of the gpolygon is 'ob%
tained ; by considering the circle as a polygon,
with an infinite number of sides, we obtain the
measure thereof to a sufficient degree of accu-
racy.

- The theory of triangles is, as it were, the hinge
upon which all geometrical knowledge turns.  , -

All triangles are more or less similar, according
as their angles are nearer to, or more remote from,
equality..

The' similitude is perfect, when all the angles of
the one are equal respectively to those of the other;
the sides are then also proportional. :
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The angles and the sides determine the relativa

‘and absolute sue, not only of tnangles, but of al}

things.

Strictly speaking, angles only detefmine the rela-
tive size; equlanaular triangles may be of very
unequal magmtudes, yet. perfectly similar. -

But, when they are also equilateral, the one hav-
ing its sides equal to the homologous sides of the
other, they are not only simjlar and equiangled, but
are equal in every respect.

The angles, therefore, determine the relative spe-
cies of the triangle ; thesides, its absolute size, and,
consequently, that of every other figure, as all are
resolvable into triangles.

Yet the essence of a triangle seems to consist
much more in the angles than the sides; for the an-
gles are the true, precise, and determined boundaries
thereof : their equation is always fixed and limited
to tworight angles.

The sides have no fixed equation, but may be

extended from the infinitely little to the infinitely.
great, without the tnangle changing its nature and
kind.
" Itis inthe theory of isoperimetrical figures* that
we feel how efficacious angles are, and how ineffica-
cious lines, to determine not only thekind, but the
size of the tmanglqs, and all kinds of figures.

For, the lines still subsisting the same, we see
how a square decreases, in proportion as it is
changed into a.more oblique rhomboid : and thus
scquires more acute angles. The same observation
holds good in all kinds of figures, whether plane or
solid.

. Of all isoperimetrical figures, the plane triangle
and solid triangle, or pyramid, are the least capa-
cious ; and, amongst these, those have the least ca-
paelty, whose angles are most acute.

* Isoperimetrical figures are such as have equal circumferences.
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But curved surfaces, and curved bodies, and,
among curves, the circle and sphere, are those whose ,
capacity are the largest, being formed, if we may
so speak, of the most obtuse angles. ‘

The theory of geometry may, therefdre, be re-
duced to the doctrine of angles, for it treats only
of the boundaries of things; and by angles the ulti-
mate bounds of all things <M formed, It is the
angles which give them their figure.*

Angles are measured by the circle; to these we

may add parallels, which, according to the significa-
tion of the term, are the source of all geometrical
similitude and comparison. '
" The taking and measuring of angles is the chief
operation in practical geometry, and of great use and
extent in surveying, navigation, geography, astro-
nomy, &c. and the instruments generally used for .
this purpose are, quadrants, sextants, theodolites,
circumferentors, &c. as described in the followiiig
pages. It is necessary for the learner first to be ac-
quainted with the names and uses of the drawing in-
struments ; which are as follow. ’

* The'geometry of planes and position relate only to length and
breadth. -The geometry of solids to length, breadth, and thick-
ness, This latter branch is best studied by the young reader
by inspecting the various figures ingvood made occasjonally for
that purpose, Epit. =~ = = ' ' .

-
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OF MATHEMATICAL
DRAWING INSTRUMENTS:
==—_.-m=‘=.—:_-_-.-_.-

Common Names' of the principal Instruments, as
represented in Plates 1, 2, and 3.

Plate, fig. A, is a pair of proportional compasses
without an adjusting screw.

- B, “a pair of best drawing compasses: 5, the plain

point with a joint; ¢, the ink pomnt; d, the dotting
point ; e, the Pencil or crayon point; P Q, additional
pieces fitting into the place of the moveable point &,
and to which the other parts are fitted.

F, a pair of bow compasses forink ; G, a ditto for
a pencil; H, a pair of ditto with a plain point for
stepping minute divisions; %, a screw to one of the
legs thereof, which acts like the spring leg of the
hair compasses* :

L, the hair compasses; n, the screw that acts
upon the spring leg. ' '

.I'K, the drawing pen; I, the upper part; %, the
protracting pin thereof; K, the lower, or pén part.

N, a pair of triangular compasses.

V, a pair of very portable compasses which con-
tains the ink and pencil points within its two legs,
at . By a joint sometimes placed above each leg,
the points are made to turn inwards, to make the
instrument shorter for the pocket. Its breadth is
thereby somewhat increased. .

O, the feeder and tracing point.

¢ W, a pair of small parallel drawing pens, very useful for
" expeditiously drawing straight and parallel curve lines for canal
and other figures. Ep1r.

.
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- R, apair of bisecting compasses, called wholes and
halves. :
S, a small protracting pin. .
T, a knife, screw-driver, and key, in one piece.
X, a small metal center-plate to prevent compass-
points piercing the paper. :
Plate 2, fig. A, the common parallel rule,
B, the double barred ditto. : -
C, the improved double barred parallel rule.

D, the cross barred parallel rule. Of these rules, .

that figured at C is the most perfect. .
- .E, Eckhardt’s, or the rolling parallel rule,

F GH, the rectangular parallel rule.

I K L, the protracting parallel rule.

M N O, Haywood’s parallel rule.

Plate 3, fig. 1, the German parallel rule.

. Fig. 2, a semicircular protractor; fig. 3, a rectans
gular ditto. :

Fig. 4 and 5, the two faces of a sector.

Fig. 6, Jackson’s parallel rule.

Fig.7 and 8, two views of a pair of proportionable
compasses, with an adjusting screw.

Fig. 9, a pair of sectoral compasses, In this in-
strument are combined the sector, beam, elliptifal,
-and calliper compasses: fig. 9, @, the square for elli
ses ; bc,p:he points to ‘éﬁ‘rk therein; de, the ea.li:
per points. :

Fig. 10, a pair of beam compasses.

Fig. 11, Sisson’s protracting scale.

Fig. 12, improved triangular compasses.

- Fig. 18, a pair of small compasses with a beam, mi«
crometer head, and adjusting screw.

The strictness of geometrical demonstration ad- .

.

mits of no other instraments, than a ruleand a pair
- of compasses. But, in proportion as the practice of
geometry was extended to the different arts, either
connected with, or dependent upon it, new instru-
ments became necessary, some to answer peculiar
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purposes, some to facilitate operation, and others to
promote accurac

It is the business of this work to dewnbe these
instruments, and epplain their various yses. In per-
forming this. task, a difficulty arose relative to the
arrangement of the subject, whether each mstmment,
with 1ts application, should be described separately,
or whether tbe description should: be introduced
under those problems, for whose performanee they
were peculiarly designed. After some consideration,
I determined to adopt neither rigidly, but to use
either the one or the other, as they appeared to an-
swer best the purposes of science.

As almost every artist, whose operations. are con-

" nected with mathematlcal designing, furnishes him-
self with.a case of drawing instruments suited to his.
peculiar purposes, they are fitted up in various modes,
some containing more, others, fewer instruments.
_The smallest collection put into a case, consists of a

+ plane scale, a pair of compasses with a moveable leg,
#nd two spare points, which may be applied occasion-
ally to the compasses ; one of these points is to hold.
ink; the other, a porte crayon, for holding a piece of
black lead pencil. -

- What is called a full pocket case, contains the fol-
lowmg instruments.

A pair of large compasses with a moveable point,
an ink point, a pencil point, and one for dotting ;
either of these points may be inserted in the compass—
es, instead of the moveable leg.

-A jpair of plain compasses somewhat smaller t.han
those with the moveable leg.

* A drawing pen with a protracting pin in the upper
part.

p A pair of bow compasses,

A sector. ’

A plain scale.

A protractor,
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+. A parallel rule.

A pencil. '~,
The plain scale, the protractor, and parallel rule,

are sometimes so constructed, as to form but one

instrument ; but it is a construction not to be re-
commended, as it injures the plain scale, and lessens
the accuracy of the protractor. In a case with the
best instruments, the protractor and plain scale are
always combined. The instruments in most general
use are those of six inches; instruments are seldom
made longer, but often smaller. Those of six inches
are, however, to be preferred in general, before any
other size ; they will effect all that can be performed
with the shorter ones, while, at the same time, they
are better adapted to large work. - '
Large collections are called, magazine cases of in-
struments ; these generally contain : o
A pair of six inch compasses with a moveable leg,
an ink point, a dotting point, the crayon point, so
contrived as to hold a whole pencil, two additional
pieces to lengthen occasionally one leg of the com-
passes, and thereby enable them to measure greater
extents, and describe circles of a larger radius.
" A pair of hair compasses.
A pair of bow compasses. -
A pair of small parallel ink pens.
A pair of triangular compasses.
A sector.
A parallel rule.
A protractor. ' : ’
. A pair of proportional compasses, either with or
without gn adjusting screw.
A pair of wholes and halves.
Two drawing pens, and a pointril.
- A pair of small hair compasses, with a head simi.
lar to those of the bow compasses.
A knife, a file, key, and screw-driver for the com-
ses, in one piece.

A small set of fine water colours.

.
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To these some of the following instruments are
often added.

A pair of beam compasses.

A pair of gunner’s callipers.

A pair of elliptical compasses.

A pair of spiral ditto.

A pair of perspective compasses.

A pair of compasses with a micrometer screw.

A rule for drawing lines, tending to a centre at a
great distance, |

A Irotractor and parallel rule, such as is repre-
sented at fig. 1 K L, plate 2.

One or ‘more of the parallel rules represented,

late 2. :
P A pantographer, or pentagraph.
» A pair of sectoral compasses, forming, at the same-

time, a pair of beam and calliper compasses.

OF DRAWING COMPASSES.

Compasses are made either of silver or brass, but
with steel points. -~ The joints should always be
framed of different substances; thus, one side, or
part, should be of silver or brass, and the other of
steel. The difference in the texture and pores of the
two metals causes the parts to adhere less together,.
diminishes the wear, and promotes uniformity in their
motion. The truth of the work is ascertained by the
smoothness and equality of the motion at the joint,
for all shake and irregularity is a certain sign of im-
perfection. 'The points should be of steel, so tem-
pered, as neither to be easily bent or blunted ; not
too fine and tapering, and yet meeting closely when
the compasses are shut.

As an instrument of art, compasses‘are so well
known, that it would be superfluous to enumerate

their various uses ; suffice it then to say, that they
are used to transfer small distances, measure given
spaces, and describe arches and circles.
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If the arch or circle is to be described obscurely,
the steel points are best adapted to the purpose; if
it is to be in ink or black lcad, either the drawing

_pen, or crayon points are to be used.

To use a pair of compasses. Place the thumb and
middle finger of the right hand in the opposite hol-
lows in the shanks of the compasses, then press the
compasses, and the legs will open a little way ; this
being done, push the innermost leg with the third
finger, elevating, at the same time, the furthermost,
with the nail of the middle finger, till the compass-
es are sufficiently opened to receive the middle and
third finger ; they may then be extended at pleasure,
by J)ushing the furthermost leg outwards with the
middle, or pressing it inwards with the fore finger.
In describing circles, or archzs, set one foot of the
compasses on the centre, and then roll the head of
the compasses between the middle and fore finger,
the other point pressing at the same time upon the
paper. They should be held as upright as possible,
and care should be taken not to press forcibly upon
them, but rather to let them act by their own weight;’
the legs should never be so far extended, as to form
an obtuse angle with the paper or plane, on which
they are used, : L

The ink and crayon points have a joint just under
that part which fits into the compasses, by this they
may be always so placed as to be set nearly perpen-
dicular to the paper; the end of the shank of the
best compasses is framed so as to form a strong
spring, to bind firmly the moveable points, and pre.
vent them from shaking. This is found to be a
more cffectual method than that by a screw. :

Fig. B, plate 1, represents a pair of the best com~
passes, witkrthe plain point; ¢, the ink; d, the dotting;
e, the crayoun point. f

In small cases, the crayon and ink points are
joined by a middle piece, with a socket at each end
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to receive the points, which, by this means; only é6c-
- cupy one place in the case.

wo additional pieces, fig. P, Q, plate 1, are often
applied to these compasses ; tbwe by lengthemng
the leg b, enable them to strike larger circles, or
measure greater extents, than they would otherwise
perform, and that without the inconveniences attend-

longer compasses. When compasses are fur-
nished with this additional piece, the moveable leg
has a joint, as at 4, that it may be placed perpendx-
cular to the paper.

- Of the hair compasses, fig. L, plate 1. They are
so named, on account of a contrivance in the shank

- to set them with greater accuracy than can be effec-
ted by the motion of the joint alone. One of the
steel points is fastened near the top of the compasses;
and may be moved very gradually by tummg the
screw n, either backwards or forwards.

To use these compasses. 1. Place the leg, to whlch
the screw is annexed, outermost; 2. Set the fixed
leg on that point, from whence the extent is to be
taken ; 3. Open the compasses as nearly as possible
to the requlred distance, and then make the points-
accurately coincide therewith by turning the screw.

]/ the bow compasses, fig. F, plate 1. Thesearea
small pair, usually with a point for ink; they are used.
to describe small arches or circles, whic they do
much more conveniently than large compasses, not
only on account of their size, but also from the shape
of the head, which rolls with great ease between the
fingers. It is, for this reason, customary to put into
magazine cases of instruments, @ small pair of hair
compasses. fig. H, plate 1, with a head similar to the -
bows ; these are principally used for repeating divi-
sions of a small but equal extent, a practice that has -
acquired the name of szepping. =
Of the drawing pen and protracting pin, fig. 1 K,
ptate 1. g‘Se pen part of this instrument is used to
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* driw straight lines; it consistsof two blades with steel
points fixed to a handle, the blades are so bent, that
the ends of the steel points meet, and yet leave a suf-
ficient cavity for the ink ; thie blades may be opéned
1hore or less by a strew, and, being properly set, will
draw a line of any assigned thickness. One of the
blades is framed with a joint, that the points may be
separated, and thus cleaned more conveniently; a
small quantity only of ink should be put at one time
into the drawing pen, and this should be placed in the.
cavity, between the blades, by a commion pen, ot the
feeder ; the drawing pen acts better, if the feeder, or
pen, by which the ink is inserted, be made to pass
through the blades. To use the drawing pen, first
feed it with ink, then regulate it to the thickness of
the required line by thé scréw. In drawing lines; in-
cline the pen a small degree, taking care, however,
that the edges of both the blades touch the paper,
keéeping the pen close to the rule and in the same
direction while operating: the blades should be wiped
clean after use.*

These directions are equally applicable to the ink
point of the compasses, only observing, that when an
arch or circle is to be described, of more than an inch
radius, the point shoulld be so b;nt,lthat the blades
of the pen be near ndicularto the T,
and bo[t)ﬁ of 4 m touchyigeal;p:he same time. Fope

The protracting pin k, is only a short piece of steel
wire, with a very fine point, fixed at one end of the
upper part of the handle of the drawing pen. Itis
used to mark the intersection of lines, or-to set off
divisions from the plotting scale, and protractor.

The feeder, fig. O, £lafe 1, is a thin flat piece of
métal ; it sometimes forms one end of a cap to fit
on a pencil, or it is framed at the top of the tracing
point, as in the hsgure. It serves to place theink be-
tween the blades of the drawing pens, or to pass be-

‘® For unequal and regular parallel lines; the double drawin
pen, W, isgrtremely ug:flul. p;ﬁm. » O , é
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tween them when the ink does not flow freely. 7%¢
sracing point, or pointrel, is a pointed piece of steel .
fitted to a brass, handle ; it is used to draw obscure
~ lines, or to trace the out-lines of a drawing or print,
when an exaet copy is required, an article that will
be fully. explained tn the course of this work; it form

the bottom part of the feeder O. L.

Of triangular compasses. A pair of these are re~
presented at fig. N, plate 1. 'They consist of a pair
of compasses, to whose head a joint and socket is
fitted for the reception of a third leg, which may be
moved in almest every direction. .

These compasses, though exceedingly useful, are
but little known ; they are very serviceable in copy-
ing all kinds of drawings, as from two fixed points
they will always ascertain the exact pesition of &
third point.

Fig. 12, plate 3, represents another kind, which
has some advantages over the preceding. 3. That
there are many situations so oblique, that the third
point cannot be ascertained by the former, though it
may by these. 2. It extends much further than the
other, in proportion to its size. 3. The points are in
all positions perpendicular to the paper.

Of wholes and halves, fig. R, plate 1. A name
given to these compasses, because that when the lon-
ger legs are opened to any given line, the shorter
ones will be opened to the half of that line; being
always a bisection,

Fig. V, represents a new pair of very curious and
portable compasses, which may be considered as &
ease of instruments in itselfi. The ink and pencil
points slide into the legs by spring sockets at @ ; the
ink, or pencil point, is readily placed, by only slid~
ing either out of the socket, reversing it, and sliding
in the plain point in its stead.

- Proportional compasses.. These compasses are of
two kinds, one plain, represented fig. A, plate 1 ; the
other with an adjusting screw, of which there are two
views, one edgeways, fig. 8, plate 3, the other in the
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front, fig. 7, plate 3: the principle on which they

both act is exactly the same ; those with an adjusting

~ screw are more easily set to any given division or line,
and are also more firmly fixed, when adjusted. -

There is a groove in each shank of these compasses,
and the centre is moveable, being constructed to
slide with regularity in these grooves, and when pro-
perly placed, is fixed by a nut and sérew; on one
side of these grooves are placed two scales, one for
lines, the other for circles. By the scale of lines, a
right line may be divided into any number, of equal
parts expressed on the scale. By the scale for circles,
a regular polygon may be inseribed in a circle, pro-
vided the sides do not exceed the numbers on the
scale. Sometimes are added a scale for superficies
and a scale for solids. -

To dicide a given line into a proposed number (11)
of equal parts. 1. Shut the compasses. 2. Unscrew
the milled nut, and move the slider until the line
across it coincides with the 11th division on the scale.
8. Tighten the screw, that the slider may be immove.
able. 4. Open the compasses, so that the longer
points may take in exactly the given line, and the
shorter will give you i;th of that line.

To inscribein a circle aregular polygon of 12 sides.
1. Shut the compasses. 2. Unscrew the milled nut,
and set the division on the slider to coincide with the
12th division on the scale of circles. 3. Fasten the
milled nut. 4. Open the compasses, so that the lon-
ger legs may take the radius, and the distance be-
tween the shorter legs will be the side of the required
polygon. )

7o use the proportional compasses with an adjust-
ing screw. 'The application being exactly the same
as the simple one, we have nothing more to describe
than the use and advantage of the adjusting screw.
1. Shut the legs close, slacken the screws of the nuts
g and f; move the nuts and slider % to the division
wanted, as near as can be readily done by the hand,

’ : c2
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and screw fast the nut f: then, by tdrning the ad-
juster &, the mark on the slider & may be brought.
‘exactly to the division : screw fast the nut g. 2.
Open the compasses ; fgently lift the end e of the
screw of the nut f out of the hole in the bottom of the
nut g; mtove the beam round its pillar @, and slip the
point e into the hole in the pin #, which is fixed te
the under leg; slacken the screw of the nut f; take
the given line between thé longer points of the com-
passes, and screw fast the nut £~ then may the shorter
points of the compasses be used, without any danger
of the legs changing their position; this being one of
the inconveniences that attended the proportional
co?fuses, before this ingenious contrivance.

ig. 10, plate3, representsapairof deam compasses;
they are used for taking off and transferring divisions
from a diagonal or nonius scale, describing large
arches, and bisecting lines or arches. It is the in-
strument upon which Mr. Bird principally depended,
in dividing those instruments, whose accuracy has
so much contrtbuted to the progress of astronomy.
These compasses consist of a long beam made of
‘brass or wood, furnished with two brass boxes, the
one fixed at the end, the other sliding along the beamr,
to any part of which it may be firmly fixéd by the
serew P.  An adjusting screw and micrometer are
adapted to the box A at the end of the beam; by
these, the point connected therewith may be moved
‘with extreme regularity and exactness, even less than
the thousandth part of an inch.

Fig. 13, plate 3, is a small pair of beam compasses,
with ‘a micrometer and adjusting screw, for accu-
rately ascertaiing and laying down small distances,
to the 1000th part of an inch or less.

Fig. 11, plate 3, represents a scale of equal parts,
<onstructed by Mr. Sisson ; that figured here con-
tains two scales, one of three chams, the other of
four chains in an inch, being these most frequent
used; each of these is divided into 10 links, whic

~
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are again subdivided by a nonius into single links;
the index carries the protracting pin for setting off
the lengths of the several station lines on the plan.
ny means of an instrument of this kind, the length
of a station lise may be laid down on paper with as
much exsctness as it can be measured on land.

" OF PARALLEL RULES..

Parallel lines occur so continually in every species
-of mathematical drawing, that it is no wonder so
many instruments have been contrived to delineate
tbenf with more expedition than could be effected by
the general geometrical methods: of the various con-
trivances for this purpose, the following are those
most approved.

1. The common parallelrule, fig. A, plate 2. This
consists of two straight rules, which are connected
together, and always maintained in a parallel posj-
tion by the two equal and parallel bars, which move
very freely on their.centres, or rivets, by which they

- are fastened to the straight rules. C.

2. The double parallel rule, ﬁg.B, Dlate 2. This
instrument is constructed exactly
principles as the foregoing, but with this advantage,

thatin using it, the moveable rule may always be so

that its ends may be exactly over, or even
with, the ends of the fixed rule, whereas in the for-
mer kind, they are always shifting away from the
ends of the fixed rule. )

This instrument consists of two equal flat rules,
and a middle piece; they are connected together by
four brass bars, the ends of two bars are rivetted on
the middle line of one of the straight rules; the ends
.of the other two bars are rivetted on the middle line
of the other straight rule; the other ends of the brass
bars are taken two and two, and rivetted on the mid-
dle piece, as is evident from the figure; it would be

upon the same -
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needless to observe, that the brass bars move freely
~on their rivets, ‘as so many centres.

- 8. Of the improved double parallel rule, fig. C,
plate 2. The motions of this rule are more reguler
than those of the preceding one, but with soméwhdt
more friction ; its construction is evident from the
figure ; it was contrived by the ingenious mechanic,
Mr. Haywood. .

4. The cross barred parallel rule, fig. D, plate 2.
In this, two straight rules are joined by two brass
bars, which cross each other, and turn on their inter.
section as on a-centre ; one end of each bar moves
on a centre, the other slides in a groove, as the rules
recede from each other. : Co :

As the four parallel rules above described are al?
used in the same way, one problem wi} serve fof
therh all; ex.gr. a 7ight line being given, to-dreaw a
lineparailel thereto byeither of the foregoing instru-
ments: - : S :

Set the edge of the uppermost rule to the given
line s press the edge of the lower rule tight to the
paper with one hand, and, with the other, move the
upper rule, till its edge coineides with the'given
point; and a line drawn along the edge through the
point is the line required. - -

5.- Of the rolling parallel rule. 'This instrament
was contrived by Mr. Eckhardt, and the simpticity
of the construction does credit to the inventor; it
must, however, be owned, that it requires some prac«
tice and attention to use it with success. s

Fig. E, plate 2, represents this rule ; it is d'rec-
tangular parallelogram of black ebony, with slips of
ivory laid on the edges of the rule, and divided into
inches and tenths. =~ The rule is supported by two
small wheels, which are connected together by a long .
,axis, the wheels being exactly of the same size, an§
their rolling surfaces being parallel to the axis; when
they are rolled backwards or forwards, the axis and
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wile will move in a direction parallel to themselves.
The wheels are somewhat indented, to prevent their
sliding on the paper; small ivory cylmders are some-
times affixed to the rollers, as in this figure; they are
«called rolling scales. The circumferences :of -thesé,
are so adjusted, that they indicate;” with exacthess,
the parts of an inch moved through by the réde. -
In rolling these rules, one hand only must be tisedy
and the fingers should be placed nearly in‘the sid-
dleof the rule, that oue en(F may not have a teiidéncy
to move faster than the other. The wheels only
should touch the paper when the rule is moving, and
the surface of the paper should be smooth and flat. -
In using the rule with the rolling scales, to draw a
line parallel to agiven line at any determined distance,

~ adjust the edge of the rule to the given line, and.

pressing the edge down, raise the wheels a little frond
the paper, and you may turn the cylinders round, to
bring the first division to the index: then, if you

‘move the rule towards you, look at the ivory eylinder

-on the left hand, and the numbers will shew in_tenths

. of an inch, how much the rule moves. If you move

the rule from you, then it will be shewn by the num-
bers on' the right hand cylinder.

To raise a perpendicular from a given pomt on a
given line. Adjust the edge of the rule to the liné;-
placing any one of the divisions on the edge of ithe
rule to the given point; then roll the rule to any diss

‘tance, and make a dot or point on the paper, at the

same division on the edge of* the rule;  threugh this
point draw the perpendicular.

To let fall a perpendicular from any given pomt
%0 a given line. Adjust the rule to the given line,
and roll it to the gwen point ; then, observing what
division, or point, on the edge of the rule the given

int comes to, roll the rule back again to the gived
ime, and the.division, or point, on the edge of the
rule will shew the point on the given ling, to which
the perpendicular is to be drawn.

N



'

24 PARALLEL RULES.

By this method of drawing perpendiculars, squares
and parallelograms may be easily drawn of any di.

- mensions.

. To divide any given line into a number of equal
parts. Draw a right line from either of the extreme
ints of the given line, making any angle with it.
y means of the rolling scales, divide that line into
3s many inches, or parts of an inch, as will equal the
number of parts into which the given line is to be
divided. Join the last point of division, and the ex-
treme point of the given line; to that line draw pa-
rallel lines through the other points of division, and
theg' will divide the given line into equal parts.

. Of the square parallel rule. The evident ad-
vantages of the T square, p/. 31 ,i(g. 20, and drawing
board over all other kinds of parallel rules, gave rise to
a variety of contrivances to be used, when a drawing
board was not at hand, or could not, on account of the
size of the paper, be conveniently used; among these
are, 1. The square parallel rule. 2. The parullel rule
and protractor, both of which I contrived some years
since, as substitutes to the T square. The square

. parallel rule, besides its use asa parallel rule, is pe-

culiarly applicable to the mode of plotting recom-
mended by Mr Gale. Its use, as a rule for drawing

- parallel lines at given distances from each other, for -

raising pelg)endiculars, forming squares, rectangles,
&ec. is evident from a view of the figure alone; so
that what has been already said of other rules, will
be sufficient to explain how this may be used. It is
also evident, that 1t will plot with as much accuracy
gs by the beam, fig. 11, plate 3. ‘

- Fig. FGH, plate 2, represents this instrument;
the two ends F G are lower than the rest of the rule, -
that weights may be laid on them to steady the rule,

when both hands are wanted. The two rules are

fastened together by the brass ends, the frame is made

 to slide regul,arR: between the two rules, carrying at
" the same time,

e rule H in a position at right angles
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to the edges of the rule F G. There are slits in the
frame a, b, with marks to coincide with the respective
scales on the rules, while the frame is moving up or
down : c is a point for pricking off with certainty di-
~ visions from the scales. The limb, or rule H, is
made to take off, that other rules with different scales
of equal parts may be applied ; when taken off, this
‘instrument has this further advantage, that if the dis-
tances, to which the parallels are to be drawn, exceed
the limits of the rules, the square part, when taken
. off, may be used with any straight rule, by applying
the pe;P_enﬂicular part against it.

7. Fig. IK L, plate 2, represents the protracting
parallel rule ; the uses of this in drawing parallel lines
in different directions, are so evident from an inspec-
tion of the figure, as to render a particular description
unnecessary. It answers all the purposes of the T
square and bevel, and is peculiarly useful to surveyors’
for plotting and protracting, which will be seen, when
we come to treat of those branches.

M N O is a parallel rule upon the same principle
as the former: it was also contrived by Mr. Haywood.
Itis made either of wood edged with ivory, or of brass, .
and any scales of equal parts placed onit to the con-
venience of the purchaser. Each of the-rules MN
turns upon a centre ; .its use as a parallel rule is evi-
dent from the figure, but it would require more pages
than can be spared to describe all the uses of which
it is capable; it forms the best kind of callipers, or
guage ; serves for laying down divisions and angles
with peculiar accuracy ; answers as a squarc, or
bevel ; indeed, scarce any artist can use it, without
reaping considerable advantage from it, and finding
uses peculiar to his own line of business. :

8. Of the German parallel rule, fig.1, plate 3,
This was, probably, one of the first instruments in-
vented to facilitate the drawing of parallel lines. It
has, however, only been introsuced within these few
years among the lxunglish artists; and, as this intro.
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duction probably came from some German work, it
has thence acquired its name. It consists of a square
and a straight rule, the edge of the square is moved in
use by one hand against the rule, which is kept steady
by the other, the edge having béen previously set to
the given line: its use and construction is obvious
from fig. 1, plate8. Simple asit is in its principle,
it has undergone some variations, two of which I
shall mention ; the one by Mr. Jackson, of Totten~
ham ; the other by Mr. Marquois, of London.

Mr. Jackson's, fig. 6, plate 3, consists of two equal
triangular pieces of brass, ivory, or wood, ABC,
DEF, right angled at B and E ;:the edges AB
and A C are divided irito any conveniént number of
equal parts, the divisions in each equal} B C and
D E are divided into the same number of equal parts
as A C, one side of D E F may be divided as a pro-
tractor. ¢ . ' R o

To draw a line GH, fig. V, plate 2, parailel to a
given line, through a point P, or at a given distance.

Place the edge' D E ‘upon the givenline I K, and
let the instrument form a rectangle, then slide the up:
ier‘ piece till it come to'the given point or distance,

eeping the other steady with the left hand, and draw
the line G H.. By moving the piece equal distances
by the scale on B C,; any number of equidistant pa-
rallels may be obtained. A '

If the distance, fig. X, plate 2, between the given
and required lines be cohsiderable, place A B upon
I K, and EF against A C, ‘then slide the pieces al-
ternately till' D E comes to the required point; in
this manner it is-easy also toconstruct any square or
rectangle, &e. R - o

From any gioen point or angle P, fig. S, plate 2, to
- det fall or raise.a perpendicular ona given line. Place
cither of the edges AC upon GP, and slide AB
upon it, till it comes to the point P, and draw P H.
- To divide a linc into any proposed number of equal
parts, fig.'F, plate 2. -Find the proposed number
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“in the scale B C, and let it terminate at G, then place

the rules in a rectangular form, and move the whole
about the point G, till the side D E touches H; now
move D one, two, or three divisions, according to the

" number and size of the required divisions, down B C,

and make adotat I, where D E cuts the line for the
first part; then move one or more divisions as hefore,
make a second dot, and thus proceed till the whole
be completed. - v ~

- Of Marquois’s parallel scales. These consist of a
right angled triangle, whose hypothenuse, or longest
side, is thrge times the length of the shortest, and
two rectangu{)ar scales. Itisfrom this relative length
of the hypothenuse that these scales derive their pe-
culiar advantages, and it is this alone that rendlem
them- different from the common German parallel
rule:- for this we are much indebted to Mr. Mar-

uots. . ' '

- -What has been already said of the German rule
applying equally to those of Mr. Marquois’s, I shall
proceed to explain their chiefand peculiar excellence.
On each edge of the rectangular rule are placed two.
scales, one close to the edge, the other within this.
The outer scale, Mr: Marquois terms the artificial
scale, the inner one, the natural scale : the divisions
on the outer are always three times longer than those
on the inner scale, as, to derive any advantage from
this invenition, they must always bear the same pro-
portion to each other, that the shortest side of the
right angled triangle does to the longest. The tri-
angle has a line near the middle of it, to serve as an
in§ex, or pointer ; when in use, this point should be
placed so as to coincide with the O division of the
seales ; the numbers on the scales are reckoned both
ways from this division ; consequently, by confining
the rule, and sliding the triangle either way, parallel
lines may be drawn on either side of a given line, at
any distance pointed out by the index on the triangle.
The advantages of this contrivance are: 1. That the
sight is greatly assisted, as the divisions on the outer

¢
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scale are so much larger than those of the inner one,
and yet answer the same purpose, for the edge of the

right angled triangle only moves thyough one third
of the space passed over by the index. 2. Thatit

romotes accuracy, for all error in the setting of the
index, or triangle, is diminished one third.

Mr. Marquois recommends the young student to
procure two rules of about two feet long, having one
of the edges divided into inches and tenths, and seve-
ral triangles with their hypothenuse in different pro-
portions to their respective perpendiculars. Thus, if
you would make it answer for a scale of twenty to an
inch, the hypothenuse must be twice the length of
the perpendicular ; if a scale of 30 be required, three
times ; of 40, four times; of 50, five times, and so
on. Thus also for intermediate proportions - if a
scale of 25 is wanted, the hypothenuse must be in
the proportion of 25 to 10 or 5 to 2 ; if 35, of 35 to
10 or 7 to 2, &c. Or a triangle may be formed, in
which the hypothenuse may be so set as to bear any
required proportiop with the perpendicular,*

OF THE PROTRACTOR.

This is an instrument used to protract, or lay down.

an angle containing any number of degrees, or ta
find how many degrees are contained in any given
angle. There are two kinds put into cases of mathe-

matical drawing instruments; one in the form of a -

semicircle, the other in the form of a parallelogram.

The circle is undoubtedly the only natural measure

of angles; when a straight line is therefore used, the
divisions thereon are derived from a circle, or its pro-
perties, and the straight line is made use of for some
relative convenience : it is thus the parallelogram is
often used as a ptotractor, instead of the semicircle,
because it is in some cases more convenient, and that
other scales, &c. may be placed upon it.

* Keith’s improvement on Marquois’s Scales, plate 33, fig. 2, '

3 4, and 5, will be hereafter described. EbpiT.

~

/
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" Yhe semicircular protractor, fig. 2, plate 3, is di-
vided into 180 equal parts or degrees, which are num-
bered at every tenth degree each way, for the conve-
niency of reckoning either from the right towards
the left, or from the left towards the right; or the
more easily to lay down an angle from eitherend of
‘the line, beginning at each end with 10, 20, &c. and
proceeding to 180 degrees. The edge is the diame- ~
ter of the semicircle, and the mark in the middle
points out the centre. Fig. 3, plate 3, is a protractor
in the form of a parallelogram: the divisions are here,
as-in the semicircular one, numbered both ways; the’
blank side represents the diameter of a circle. The
side of the protractor to be applied to the paper is .
made flat, and that whereon the degrees are marked,
is chamfered or sloped away to the edge, that an
angle may be more easily measured, and. the divi-
“sions set off with greater exactness.

Protractors of horn are, from their transparency,
very convenient in measuring angles, and raising
perpendiculars. When they are out of use, they
should be kept in a book to prevent their warping.

Upon some protractors the numbers denoting the
angle for regular polygons are laid down, to avoid the
‘trouble of a reference to a table, or the operation of
dividing ; thus, the number 5, for a pentagon is set
against 72°; the number 6, for a hexagon, against
60°; the number 7, for a heptagon, against 51°};
and so on. :

Protractors for the purposes of suryeying will be
described in- their proper place.

Application of the protractor to use. 1. A number
of degrees being given, to protract, or lay down an
-angle, whose measure shall be equal thereto.

. Thus, to lay down an angle of 60 degrees from the
point A of the line AB, fig. 14, plate 3, apply the
diameter of the protractor to the line A B, so that the
© centre thereof ynay coincide exactly with the point
A ; then with a protracting pin make a fine dot at
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C against 60 upon the limb of the protractor; now
remove the protractor, and draw a line from A
through the point C, and the angle C A B contains
the given number of degrees.

2. To find the number of degrees contained in a
given angle B A C. .

Place the centre of the protractor upon the angu-
Iar point A, and the fiducial edge, or diameter, ex-
actly upon the line AB; then the degree upon the
limb that is cut by the line C A will be the measure
of the given angle, which, in the present instance, is
found to be 60 degrees.

3. Froma given point A, in the line AB, to erect
a perpendicular to that line.

Apply the protractor to the line A B, so that the
centre may coincide with the point A, and the divi-
sion marked 9O may be cut by the line AB, thena
line D A drawn against the diameter of the protrac-
tor will be perpendicular to A B.

Further uses of this instrument will occur in most -
parts of this work, particularly its use in constructing

lygons, which will be found under their respective
heads. Indeed, the general use being explained, the
particular application must be left to the practitioner,
or this work would be unnecessarily swelled by a te-
dious detail and continual repetitions.

OF THE PLAIN SCALE.

The divisions laid down on the plain scale are of
two kinds, the one having more immediate relation
to the circle and its properties, the other being mere»
ly concerned with dividing straight lines. ‘

It has been already observed, that though arches
of a circle are the most natural measures of an angle,
yet in many cases right lines were substituted, as
being more convenient; for the comparison of one
right line with another, is more natural and easy, than
the comparison of a right line with a curve; hende
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it is usual to measure the quantities of angles not by
the arch itself, which is described on the angular
point, but by certain lines described about that arch.
Sec definitions.

The lines laid down on the plain scales for the
measuring of angles, or the protracting scales, are,
1. A line of chords marked crHo. 2. A line of sines
marked sIN. of tangents marked TAN. of semitan-

ents marked st. and of secants marked skEc. this last
1s often upon the same line as the sines, because its
gradations do not begin till the sines end.

There are two other scales, namely, the rhumbs,
marked ru. and long, marked LoN. Scales of lati-
tude and hours are sometimes put upon the plain
scale ; but, as dialling is now but seldomn studied,
- they are only made to order.

-The divisions used for measuring straight lines are
called scales of equal parts, and are of various lengths
for the convenience of delineating any figure of a
large or smaller size, according to the fancy or pur-
poses of the draughts-man. They are, indeed, no-
thing more than a measure in miniature for laying
down upon paper, &c. any known measure, as chains,
yards, feet, &c. each part on the scale answering to
one foot, one yard, &c. and the plan will be larger
or smaller, as the scale contains a smaller or a greater
number of parts in an inch. Hence a variety of
scales is useful to lay down lines of any required
length, and of a convenient proportion with respect
to the size of the drawing. If none of the scales
happen to suit the purpose; recourse should be had
to the line of lines on the sector ; for, by the differ-
ent openings of that instrument, a line of any length
may be divided into as many equal parts as any per-
son chooses. '

Scales of equal parts are divided into two kinds,
the one simple, the other diagonally divided. s

Six of the simply divided scales are generally
placed one above another upon the same rule; they
' 5

)
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are divided into as many equal parts as the len

of the rule will admit of;ytg?e nun}:abers placed on %It)‘:
right hand shew how many parts in an inch each:
. scale is divided into. The upper scale is sometimes
shortened for the sake of introducing another, called
the line of chords. .

The first of the larger, or primary divisions, on
every scale is subdivided into 10 equal parts, which
small parts are those which giveaname to the scale;
thus it is called a scale of 20, when 20 of these di-
visions are equal to one inch. If, therefore, these
lesser divisions be taken as units, and each repre-
sents one league, one mile, one ehain, or one yard,
&c. then will the larger divisions be so many tens ;
but if the subdivisions are supposed to be tens, the
larger divisions will be hundreds.

To illustrate this, suppose it were required to set
off from either of the scales of equal parts £¢, 36, or
360 parts, either miles or leagues. Set one foot of
your compasses on 3, among the larger or primary
_ divisions, and open the other point till it falls on the
'6th subdivision, reckoning backwards or towards
the left hand. Then will this extent represent ¢,
36, or 360 miles or leagues, &c. and bear the same
proportion in the plan as the line measured does to
the thing represented.

To adapt these scales to feet and inches, the first
primary division is often duodecimally divided by an_
upper line; therefore, to lay down any number of
" feet and inches, as for instance, eight feet eight inches,
extend the compasses from eight of the larger to
eight of the upper small ones, and that distance laid
down on the plan will represent eight feet eight
inches. _

Of the scale of equal parts diagonally divided.
The use of this scale is the same as those already
described. Batby it a plane may be more accurate-
ly divided than by the former; for any one of the
Yarger divisions may by this be subdivided into 100
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e?ual parts ; and, therefore, if the scale contains 10
of the larger divisions, any number under 1000 may
be laid down with accuracy. \ ‘

The diagonal scale is seldom placed on the same
side of the rule with the other plotting scales.
The first division of the diagonal scale, i? it be a
foot long, is generally an inch divided into 100 equal
parts, and at the opposite end there is usually ha;} an
mch divided into 100 equal parts. If the scale be six
inches long, one end has commonly half an inch,
the other a quarter of an inch subdivided into 100
equal parts. v

The nature of this scale will be better under-
stood by considering its construction. For this

pu;‘!)_ose :
irst. * Draw eleven parallel lines at equal dis-
tances ; divide the upper of these lines into such a
number of equal parts, as the scale to be expressed
is intended to contain; from each of these divi-
sions draw perpendicular lines through the eleven pa-
rallels.’ N

Secondly. Subdivide the first of these divisions
;pto ten equal parts, both in the upper and lower
ines.
. Thirdly. Subdivide again each of these subdivi-
sions, by drawing diagonal lines from the 10th below
to the gth above; from the 8th below to the 7th
above; and so on, till from the first below to the 0
above: by these lines each of the small divisions is
divided into ten parts, and, consequently, the whole
first space into 100 equal parts ; for, as each of the
subdivisions is one-tenth part of the whole first space
or division, so each parallel above it is one-tenth of
- such subdivision, and, consequently, one-hundreth
- part of the whole first space ; and if there be ten of
‘the larger divisions, one-thousandth part of .the
whole space.

If, therefore, the larger divisions be accounted as
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units, the first subdivisions will be tenth parts of an
nit, and the second, marked by the diagonal upon
the parallels, hundredth parts of the unit. But, if we
suppose the larger divisions to be tens, the first sub-
divisions will be units, and the second tenths. If
the larger are hundreds, then will the first be tens,
and the second units.

The numbers, therefore, 576, 57,6, 5,76, areall
expressible by the same extent of the compasses:
thus, setting one foot in the number five of the
larger divisions, exteénd the other along the sixth pa-
rallel to the seventh diagonal. For, if the Kve
larger divisions be taken for 500, seven of the first
subdivisions will be 70, which opon the sixth pa-
rallel, taking in six of the second subdivisions for
units, makes the whole number 576. Or, if the
five larger divisions be taken for five tens, 'or 50,
seven of the first subdivisions will be seven units,
and the six second subdivisions upon the sixth pa-
rallel, will be six tenths of an unit. Lastly, if the
five larger divisions be only esteemed as five units,
then will the seven first subdivisions be seven tenths,
and the six second subdivisions be the six-hundredth
parts of an unit. . '

Of the use of the scales of equal ({;arts. Though
what I have already said on this head imay be deemed
sufficient, T shall not scruple to introduce a few
more examples, in order to render the young prac-
titioner more perfect in the management of ‘an in-
strument, that will be continually occurring to him
in practical geometry. He will have already observed,
that by scales of equal parts lines may be laid down,
or geometrical figures constructed, whose right-lined
sides shall be in the same proportion as any given
numbers. A

Example 1. To take off the number 4,70 from a
diagonal scale. Set one foot of the compasses on
the point where the fourth vertical line cuts the

5
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seventh horizontal line, and extend the other foot to
the point where the ninth diagonal cuts the seventh
horizontal line. ‘

Ezample 2. To take off the number 76,4. Ob-
serve the points where the sixth horizontal cuts
the seventh vertical and fourth diagonal line, the -
extent between these points will represent the num-
ber 76,4. -

In the first example each primary division is taken
for one, in the second it is taken for ten. '

Ezxample 3. To lay dows a line of 7,85 chains by
the diagonal scale. Set one point of your compasses
where the eighth parallel, counting upwards, cuts
the seventh vertical line; and extend the other
point to the intersection of the same eighth parallel
with the fifth diagonal. Set off the extent 7,85 thus
found on the line. ‘ ,

Example 4. To measure by the diagonal scale a
line that is already laid down. Take the extent of
the line in your compasses, place one foot on the
first vertical line that will bring the other foot among
the diagonals; move both feet upwards till one of
them fall into the point where the diagonal from the
nearest tenth cuts the same parallel as is cut by the
other on the vertical line; then one foot shews th
chain, and the other the hundredth parts or odz
links. Thus, if one foot is on the eighth diagonal
of the fourth parallel, while the other is on thé same

arallel, but coincides with the twelfth vertical, we
Eave 12 chains, 48 links, or 12,48 chains.

Example 5. Three adjacent parts of any right-
lined triangle being given, to form the plan thereof.
Thus, suppose the base of a triangle, fig. 15, plate 3,
40 chains, the angle A B C equal to 30 deg. and angle
B AC equal to 41 dcﬁr..

- Draw the line A B, and from any of the scales of
equal parts take off 40, and set it on the same line
from ' A to B for the base of the triangle; at the
points A, B, make the angle ABC equal to 86
. : D2 ,
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degrees, and B A C to 41, and the triangle will be
formed ; then take in your compasses the length of
the side A C, and apply it to the same seale, and you
will find its length to be 24 chains; do the same by
the side B C, and you will find it measure 27 chains,
and the protractor will shew that the angle ACB
contains 103 degrees.

Ezample 6. Given the base A B, fig. 16, plate 3,
of atriangle 327 yards, the angle C AB 44° 30, and
the side AC, 208 yards, to constitute the said
triangle, and find the length of the other sides.

Draw the line AB at pleasure, then take 327
parts from the scale, and lay it from A to B ; set

/ the centre of the protractor to the point A, lay
off 44° 30°, and by that mark draw AC; then
take with the compasses from the same scale 208,
and lay it from A to C, and join CB, and the
parts of the triangle in the .plan will bear the
;iar]r:ie roportion to each other as the real parts in the

eld do. -

——

OF THE REMAINING LINES ON THE PLAIN
SCALE.

R —

OF THE PROTRACTING SCALES,

1. Of the line of chords. This line is used to
set off an angle from a given pointin any right line,
or to measure the quantity of an angle already laid
down. . : *

Thus to draw a line Ae, fig. 14, plate 3, that
shall make with the line AB an angle, contain-
ing a given number of degrees, suppose 40 degrees.

. Open your compasses to the extent of 60 degrees
upon the line of chords. (which is always equal te
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the radius of the circle of projection,) and setting
one foot in the angular point, with that extent de-
" scribe an arch; then taking the extent of 40 de-
grees from the said chord line, set it off from the
given line on the arch described at e; a right line
drawn Yrom the given point, through the point
marked upon the arch, will form the required angle.

The degrees contained in an angle already laid
down, are found nearly in the same manner; for
dnstance, to measure the angle CAB. Frem the
centre describe an arch with the chord of 60 de-
grees, and the distance C B, measured on the line
of chords, will give the number of degrees contained
in the angle. .

If the number of degrees are more than go,
they must be measured upon the chords at twice :
thus, if 120 degrees were to be practised, 60 may
be taken from the chords, and those degrees be laid
off twice upon the arch. Degrees taken from the
chords are always to be counted from the beginning
of the secale. .

*Of the rhumb line. This is, in fact, a line of
chords constructed to a quadrant divided into eight

rts or points of the compass, in order to facili
tate the work of the navigator in laying down a ship’s
course. ' .

Thus, supposing the ship’s course to be N NE,
and it be required to lay down that angle. Draw
the line A B, fig. 14, plate 3, to represent the meri-
dian, and about the point A sweep an arch with the
chord of 60 degrees ; then take the extent to the se-
cond rthumb, from the line of rhumbs, and set it off
on the arch from B toe, and draw the line A e, and
the angle B A e will represent the ship’s coursg. The
second rhumb was taken, because N N E is'the se-
cond point from the north, : .

~ Of the line of longitudes. The line of longitudes
is a line divided into sixty unequal parts, and so ap-
plied to the line of chords, as to shew by inspection,
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the number of equatorial miles contained in a de-
gree on any parallel of latituade. The graduated
line of chords is necessary, in order to shew the la-
titudes ; the line of longitude shews the quantity of”
a degree on each parallel in sixtieth parts of an equa-
torial degree, that is, miles. The use of this line
will be evident from the following example. A ship
in latitude 44° 12’ N. sails E. 79 miles, required
her difference of longitude. Opposite to 444 ncarest
equal to the latitude on the line of chords, stands 43
on the line of longitude, which is therefore the num-
ber of ntiles in a degree of longitude in that latitude.
Whence as 48 : 60 :: 79 : 110 miles, the difference
of longitude. _ '

The lines of tangents, semitangents, and secants
serve to find the centres and poles of projected cir-
cles in the stereographical projection of the sphere.

The line of sines 1s principally used for the ortho-
graphic projection of the sphere; but as the appli-
cation of these lines is the same as that of similar
lines on the sector, we shall refer the reader to the
explanation of those lines in our description of that
‘instrument. o ‘ '

The lines of latitudes and hours are used con-
jointly, and serve very readily to mark the hour lines
in the construction of dials; they are generally on
the most complete sorts of scales and sectors ; for the
uses of which see treatises on dialling.*

* I think it however best to give the young student here the
simple method of drawing thelines for a dial by the common scales
of latitudes and hours. It is the most ready way, and when the
lines are correctly laid down, on an extent from 9 to 12 inches or
more, the hour lines of. the dial may be delineated even to a mi-
nute of time. Foran horizontal dial, plate4, figs. 19, 19%. Draw two
parallel Bnes, as a double meridian line a & ¢ d, at a distance apart
equal to the thickness of the intended stile or gnomon, on your
dial plane. Intersect it at right angles by another line, called
the 6 o’clock line, ef, from the gcale of latitudes take the latitude
of the place with the compasses, and set that extent from ¢ to e
and from a to fon the 6 o’clock line, then taking the whole 6
hours between the parts of the compasses from the scale, with

/
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OF THE SECTOR.

Amidst the variety of mathematical instruments
that have been contrived to facilitate the art of
drawing, there is none so extensive in its use, or
of such general application as the sector. It isan

that extent set one foot in the point e, and with the other intersect
the meridian line cd at d. Do the same from fto b, and draw
the right lines ¢ d /6, which are of the same length as the scale
of hours. Place one foot of the compasses in the beginning of the
scale at X1I, and extending the other to any hour on the scale, lay
these extentsofffrom dtowards e for the afternoon hours, and from
& towards £ for the forenoon. In the same manner the quarters or
minuates may be laid down if required. The edge of a ruler being
placed on the point c, draw the first five afternoon hours from
that point throngh the marks 1, 2, 8, 4, 5, on the line de, and
continue the lines of IV and V through the centre ¢ to the other
side of the dial for the like hours of the morning : lay a ruler on
the point a and draw the last five forenoon hours, through the
marks 5, 4, 3, 2, 1, as the line £6 continuing the hour lines of
VII and VIII through the centre a to the other side of the dial,
for the evening hours, and figure the hours to the respective lines.
To make the gnomon. From the line of chords always placed
on the same dialling scale take the extent of 60°, and describe
from the centre a the arch g e, then with the extent of the lati-
tude of the place, suppose London 514° taken from the line of
chords, set one foot in g and cross the arch with the other at ».
From the centre at a draw the line a g for the axis of the gnomon
a g i, and from g let fall the perpendicular g i upon the meridian
line a 7, and there will be formed a triangle a g ¢ for a plate or tri.
ular frame similar to this triangle, of the thickness of the inter-

val of the parallel lines a ¢ 4 d which must be made and set ypright
between them touching at a and 4+ its hypothenuse or axis ¢ g will
be parallel to the axis of the earth when the dial is fixed truly,
and of course cast its shadow on the hour of the day. - To make an
erect south dial, take the complement of the latitude of the place,
which for London, is 90° less 51 = 88! from the scale of lati-
tudes, and proceed in all respects for the hour lines, as above for
the horizontal dial, only reversing the hours, and limiting them
to the VI, and for the gnomon making the angle of the stile’s
height equal to the co-latitude 384, see fig. 20.

fines of chords, and inclinations of meridians, are used when
the hour angles are given in tables of degrees, &c.

For the easiest and best methods of fixing dials, see my Metkod
gf_ﬁndigg a Meridian Line to set Sun Dials, Clocks, Watchesy &c.
8vo, EpiT.
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universal scale, uniting as it were, angles and pae
rallel lines, the rule and the compass, which are
the only means that geometry makes use of .for
measuring, whether in speculation or practice. The
real inventor of this valuable instrument is unknown;
yet of so much merit has the invention appeared,
that it was claimed by Galileo, and disputed by
nations. ‘

This instrument derives its name from the tenth
definition of the third book of Euclid, where he de-
fines the sector of a circle. Itis formed of two equal
rules, (fig. 4and 5, plate 3,) AB, D B, called legs ;
these legs are moveable about the centre C of a,
joint de f, and will, consequently, by their different
openings, represent every possible variety of plane
angles. The distance of the extremities of these
rules are the subtenses or chords, of the arches they
describe, o

Sectors are made of different sizes, but their
length is usuvally denominated from the length of
the legs when the sector is shut. Thus a sector
of six inches, when the legs are close together,
forms a rule of 12 inches when opened; and a
foot sector is two feet long, when opened to its.
greatest extent, In describing the lines usually
placed on this instrument, I refer to those commonly
laid down on the best six-inch brass sectors. But as
the principles are the same in all, and the differences
little more than in the number of subdivisions, it
is to be presumed that no difficulty will occur in the
application of what is heye said to sectors of alarger
radius. .

- Of this instrument, Dr. Priestley thus speaks in
his Treatise on Perspective. ¢ Besides the small
sector in the common pocket cases of instruments,
I would advise a person who proposes to learn to
draw, to get another of one foot radius. Two
sectors are in many cases exceeding useful, if not
absolutely necessary ; and I would not advise'a

AN
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person to be sparing of expence in procuring a very
good instrument, the uses of which are so various
and important.” ' ‘

The scales, or lines graduated upon the faces of
the instrument, and which are to be used as sec-
toral lines, proceed from the centre; and are,
1. Two scales of equal parts, one on each leg,
marked LIN. or L. each of these scales, from the
great extensiveness of its use, is called the line of
lines. 2. Two lines of chords, marked cno. or c.
8. Two lines of secants, marked sec. or s. A line
of polygons, marked poL. Upon the other face,
the sectoral lines are, 1. Two lines of sines, marked
sin.or s. 2. Twoglines of tangents, marked zan.
3. Between the lines of tangents and sines, there is
another line of tangents to a lesser radius to supply
the defect of the former, and extending from 45°
to 75°. ‘

Each pair of these lines (except the line of po-
lygons) 1s so adjusted as to make equal angles at
the centre, and consequently at whatever distance
the sector be opened, the angles will be always
respectively equal. That is, the distance between
10 and 10 on the line of lines, will be equal to 60
and 60 on the line of chords, g0 and g0 on the
lne of sines, and 45 and 45 on the line of tan-

ents.

Besides the sectoral scales, there are others on
each face, placed parallel to the outward edges,
and used as those of the common plain scale.
There are on the face, fig. §. 1. A line of inches.
2. A line of latitudes. 3. A line of hours. 4. A
line of inclination of meridians. 5. A line of
chords. On the face, fig. 4, three logarithmic
scales, namely, one of numbers, one of sines, and
one of tangents; these are used when the sector is
fully opened, the legs forming one line; their use
will be explained when we treat of trigonometry.

To read and estimate the divisions.on the sectoral
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~ liness The valye of the divisions on most of the
Jines are determined by the figures adjacent to
them ; these proceed by tens, which canstitute the
divisions of the first order, and are numbered ac-
cordingly ; but the value of the divisions on the
line of lines, that are distinguished by figures, is
entirely arbitrary, and may represent any value that
is given to them ; hence the figures 1, 2, 3, 4, &ec.
may denote either 10, 20, 30, 40; or 1uU0, 200, 300,
400, and so on. , .
~ The line of lines is divided into ten equal parts,
numbered 1, 2, 3, to 10; these may be called di-
visions of the first order; each of these are again
subdivided into 10 other equal parts which may
be called divisions of the second order; and each of
these is divided into two equal parts, forming divi-
sions of the third order. o

The divisions on all the scales are contained
between four parallel lines;. those of the first
order extend to the most distant ; those of the third,
to the least ; those of the second to the intermediate
parallel. , o :

When the whole line of lines represents 100,
the divisions of the first order, or those to which
the figures are annexed, represent tens; those of
the second order, units; those of the third order,
the halves of these units. If the whole line repre-
sents ten, then the divisions of the first order are
~ units; those of the second, tenths; and the thirds,
twentieths. _ : S
. In the line of tangents, the divisions to which the
pumbers are affixed, are the degrees expressed by
those numbers. Every fifth degree is denoted by a
line somewhat longer than the rest; between every
number and each fifth degree, there are four divi-
sions, longer than the intermediate adjacent ones,
these are whole degrees; the shorter ones, or those
of the third order, are 30 minutes.

From the centre, to 60 degregs, the line of sings is
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divided like the line of tangents; from 60.to 70, it
is divided only to every degree; from 70 to 80, to
every two degrees; from 80 to 9O, the division
must be estimated by the eye.

The divisions on the line of chords are to be esti-
mated in the same manner as the tangents.

The lesser line of tangents is graduated every two
degrees from 45 to 50; but from 50 to 60, to every
~ degree; from 60 to the end, to half degrees.

The line of secants from O to 10, is to be estimated
by the eye ; from 20 to 50 it is divided to every two
degrees ; from 50 to 60, to every degree; and from
60 to the end, to every half degree. .

.
OF THE GENERAL LAW OR FOUNDATION OF

SECTORAL LINES.

Let CA, CB, fig. 17, plate 3, represent a pair
of sectoral lines, (ex. gr. those of the line of lines,)
forming the angle A CB; divide each of these lines
into four equal parts, in the points H, D, F, A;
ILE, G,B; draw the lines HI, DE, FG, AB.
Then because C A, C B, are equal, their sections are
also equal, the triangles’are equiangular, having a
common angle at C, and equal angles at the base;
and therefore, the sides about the equal angles will be
proportional ; foras CH to CA, so is HI to AB,
and, therefore, as CAto CH, so is AB to H]I,
and, consequently, as CH to HI, so is CA to
A B; and thence if CH be one-fourth of CA,
H I will be one-fourth of A B, and so of all other
sections.

Hence, as in all operations on the sectoral lines,
there are two triangles, both isosceles and equi-
angled; isosceles, because the pairs of sectoral
lines are equal by construction; equiangled, be-
cause.of the common angle at the centre ; the sides
encompassing the equal angles are, therefore, pro-

portional.
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Hence also, if the lines C A, CB, represent the
Kne of chords; sines, or tangents; that is, if C A,
A B be the radius, and thée line C F the chord, sine,
or tangent of any proposed number of degrees,
then the line F G will be the chord, sine, or tan-
gent, of the same number of degrees, to the radius
AB.

OF THE GENERAL MODE OF USING SECTORAL
LINES.

It is necessary to explain, in this place, a few
terms, either used by other writers in their descrip-
tion of the sector, or such as we may occasionally
use ourselves. '

The solution of questions on the sector is said to
be simple, when the work is begun and ended on the
same line; compound, when the operation begins on
one line, and is finished on the other..

The operation varies also by the manner in which
the compasses are applied to the sector. If a mea-
sure be taken on any of the sectoral lines, begin-
ning at the centre, 1t is called a lateral distance.
But if the measure be taken from any point in one
line, to its corresponding point on the line of the
same denomination, on the other leg, it is called &
transverse or parallel distance.

The divisions of each sectoral line are bounded
by three parallel lines; the innermost of these is
that on which the points of the compasses are to
be placed, because this alone is the line which
goes to the centre, and is alone, therefore, the sec-
toral line.

We shall now proceed to give a few general in-
stances of the manner of operating with the sector,
and then proceed to practical geometry, exemplify-
‘ing its use further in the progress of the work, as
occasion offers.

Multiplication by the line of lines. Make the
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latéral distance of one of the factors the parallel dis-
tance of 10; then the parallel distance of the other
factor is the product. .

Example. Multiply 5 by 6, extend the com-
- passes from the centre of the sector to 5 on the
primary divisions, and open the sector till this dis-
tance become the parallel distance from 10 to 10
on the same divisions; then the parallel distance
from 6 to 6, extended from the centre of the sector,
shall reach to 3, which is now to be reckoned 30.
At the same ‘opening of the sector, the parallel dis-
tance of 7 shall reach from the centre to 35, that of
8 shall reach from the centre to 40, &c. .

Division by the line of lines. Make the lateral
distance of the dividend the parallel distance of
the divisor, the parallel distance of 10 is the quo-
tient. Thus, to divide 30 by 5, make the lateral
distance of 30, viz. 3 on the primary divisions, the

rallel distance of 5 of the same divisions; then
the parallel distance of 10; extended from the centre,
shall reach to 6.

Proportion by the line of lines. Make the lateral
distance of the second term the parallel distance of
the first term; the parallel distance of the third term
is the fourth proportional. :

Example. 'To find a fourth proportional to 8, 4,
and 6, take the lateral distance of 4, and make it the
parallel distance of 8 ; then the parallel distance of
6, extended from the centre, shall reach to the
fourth proportional 3. :

In the same manner a third proportional is found"
to two numbers. Thus, to find a third propor-
tional to 8 and 4, the sector remaining as in the
- former example, the parallel distance of 4, extended
from the centre, shall reach to the third-propor-
tional 2. In all these cases, if the number to be
made a parallel distance be too great for the sector,
some aliquot part of it is to be taken, and thc an-
swer multiplied by the. number by which the first
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number was divided. Thus, if it were required to.
find a fourth proportional to 4, 8, and 6; because
the lateral distance of the second term 8 cannot be
made the parallel distance of the first term 4, take
the lateral distance of 4, viz. the half of 8, and
make it the parallel distance of the first term 4;
then the parallel distance of the third term 6, shall
reach from the centre to 6, viz. the half of 12. Any
other aliquot part of a number may be used in the
same way. In like manner, if the number proposed
be too small to be made the parallel distance, it may
be multiplied by some number, and the answer is to
be Jdivided by the same number. .

To protract angles by the line of Chords. Case 1.
When the given dtgrees are under 60. 1. With
any radius A B, fig. 14, plate 3, on A as a centre,
describe the arch B G. 2. Make the same radius a
transverse distance between 60 and 60 on the line of

- chords. 3. Take out the transverse distance of
the given degrecs, and lay this on the arch from B
towards G, which will mark out the angular dis-
tance requlred

Case 2. When the given degrees are more than
60. 1. Open the ﬁector, and describe the arch as
before. 2. Take § or 4 of the given degrbes, and
take the transverse distance of this 1 or 4, and lay
it off from B towards G, twice, if the degrees were
halved, three times if the third was used as a trans-
verse distance.

Case 3. When the required angle is less than 6
degrees; suppose 3. 1. Open .the sector to the
given radivus, and describe the arch as before.
2. Set off the radius from B to C. 3. Set off the
chord of 57 degrees backwards from C to f, which
-will give the arc £ B of three degrees.
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SOME USES OF THE SECTORAL SCALES OF SINES,
TANGENTS, AND SECANTS.*

Given the radius of a circle, (suppose equal to two
- inches,) required the sine and tangent of 28° 30 to
‘that radius. '
~ Solution. 'Open the sector so that the trans-
verse distance of .0 and QO on the sines, or of 45
and 45 on the tangents, may be equal to the given
radius, viz. two inches; then”will the transverse dis-
tance of 38° 30/, taken from the sines be the length
of that sine to the given radius ; oriftaken from the
tangents, will be the length of that tangent to the
given radius. .

But if the secant of 28° 30" was required 2

Make the given radius, two inches, a transverse
distance to 0 and 0, at the beginning of the linc of
secants; and then take the transverse distance of the
degrees wanted, viz. 28° 30". ‘

A tangent greater than 45° (suppose 60°) is found
thus. '

Make the given radius, suppose two inches, a
transverse distance to 45 and 45 at the beginning
of the scale of upper tangents; and then the
réquired number 60° may be taken from this scale.

The scales of upper tangents and secants do not
run quite to 76 degrees; and as the tangent and
secant may be sometimes wanted to a greater
number of degrées than can be introduced on the
sector, they may be readily found by the help of the
snnexed table of the natural tangents and secants
of the degrees above 75; the radius of the circle
keing unity.

® Robertson on Mathematical Instruments.
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Degrees. |Nat. Tangent| Nat. Secant.
- 76 4,011 4,183
77 4,331 4,445
78 " 4,701 4,810
79 5,144 5,241
80 5,671 5,759
81 6,314 6,392
82 7,115 7,185
83 8,144 8,205

84 9,514 9,567
85 11,430 11,474
86 14,301 14,335
87 19,081 19,107
88 28,636 28,654
89 57,290 57,300

' Measure the radius of the circle used upon any
scale of equal parts. Multipgr the tabular number
by the parts in the radius, and the product will give
the length of the tangent or secant sought, to be
taken from.the same scale of equal parts.

ExaMPLE. Required the length of the tangent
and secant of 80 degrees to a circle, whose radius
measured on a scale of 25 parts to an inch, is 47%.
of those parts?

. tangent. secant.
Against 80 degrees stands 5,671 5,759
The radius is _ 47,5 47,5

28355 28705
30697 - 40313
22684 - 23036

260,3725 273,5525

So the length of the tangent on the twenty-fifth
scale will be 2694 nearly. And that of the secant
about 273;.

Or thus. The tangent of any number of de-
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gtels inay be taken from the sector at ance; if ‘the
fadius of the circle can be made a transversc diss
tince to the complement of -those degrees on . the
Jower tangent.

ExampLe. To find the tangent of 78 degrees to
& fadivs of two inches.

Make two inches a transverse distance to 12 de.
grees'on the lower tangents ; then the transverse -
distance of .45 degrees will be the tangent of 78 de-
grees.

In like manner the secant of any number of de-
grees may be taken from the sines, if the radius of
the circle can be made a“transverse distance to the
co-sine of those degrees. Thus making two inches
a transverse distance to the sine of 12 degrees ; then
the transverse distance of Q0 and 9O will be the se-

cant of 78 degrees. '
From hence it will be casy to find the deorecs/

answering to a given line, expressing the length
of a tangent or secant, which is too’long to be mea-
sured on those scales, when the sector is set to tha
given radius.

Thus, for a tangent, make the given line a transq
verse distance to 45 and 45 on the lower. tangents ;
then take the given radius, and apply it to the lower
tangents ; and the degrees where it becomes a trans+
verse distance is the costangent of the degrees an-
swering to the given line.

And for a secant; make the given line a trans-
verse distance to 90 and g0 on the sines. Then -
the degrees answering to the given radius, applied
as a transverse distance on the sines, will be the
co-sine of the dcgrccs answermg to the given secant
line. -

Given the lengthof the sme, tangent, or secant of
any degrees; to find the length of the radius to that
sine, tangent, or secant.

Make the given length a transverse distance to its
given degrees on its respective scale: then,

’
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In the sines. The tranverse distance of 9O and 9@
will be the radius sought, ,

In the lower tangents. The transverse distance of
45 and 43, near the end of the sector, will be the
radius sought.

In the upper tangents. The transverse distance
of 45 and 45, taken towards the centre of the sector
on the line of upper tangents, will be the centre

sought. O
fn the secant. The transverse distance of 0 and O,

or the beginning of the secants, near the centre of

the sector, will be the radius sought..

" Given the radius and any line representing a sine,

tangent, or secant; to find the degrees correspond-

ing to that line.

SoLutioN. Set the sector to the given radius,
according as a sine, or tangent, or secant is con-
cerned. ‘

Take the given line between the compasses;
apply the two feet transversely to the scale con-
cerned, and slide the feet along till they both rest on
like divisions on both legs ; then will those divisions
shew the degreescand parts corresponding to the
given line. S

To find the length of a wversed sine to a given num-
ber of degrees, and a given radius.

Make the transverse distance of QO and @O on the
sines, equal to the given radius.

Take the transverse distance of the sine comple-
ment of the given degrees.

If the given degrees are less than 90, the difference
between the sine complement and the radius gives
the versed sine.

If the given degrees are more than O, the sum of
the sine complement and the radius gives the versed
sine. , '

To open the legs of the sector; so that the corres..
ponding double scales of lines, chords, sines, and
t,zmgemtsé may make each a right angle.
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< On the lines, thake the lateral distance 10, a
distance between eight on one leg, and six on the
other leg. . oo
On the sines, make the lateral distance g0, a trans-
Verse distance from 45 to 45 ; or from 40 to 50; or
from 30 t6 60; or from the sine of any degrees to
their complement. '
~ " Or on the sines, make the lateral distance of 45 a
transverse distance between 30 and 30. '

SELECT GEOMETRICAL PROBLEMS.

Sciennce may suppose, and the mind conceive
things as possible, and easy to be effected, in which
art and practice often find insuperable difficulties.
¢ Pure science has to do only with ideas; but in
the application of its laws to the use of life, we are
constrained to submit to the imperfections of matter
and the influence of accident.” Thus practical geo-
metry shews how to perform what theory sapposes;
in the theory, however, it is sufficient to have only
a right conception of the objects on which the de-
monstrations are founded ; drawlngs or delineations
being of no further use than to assist the imagina-
tion, and lessen the exertions of the mind. But in
practical geometry, we not only consider the things
as possible to be effected, but are to teach the ways,
the instruments, and the operations by which they
may be actually performed. It is not sufficient here.
to shew, that a right line may be drawn between
two points, or a eircle described about a centre, and
then demonstrate their properties; but we must
actually delineate them, and exhibit the figures to
the senses: and it will be found, that the drawing
of a straight line, which occurs in all geometrical
operations, and which in theory is conceived as easy
to be effected, is in practice attended with conside-
rable difficulties. o '

To draw @ btraight line betweer two points upon

E2
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a plane, we lay a rule so that the straight edge
thereof may just pass by the two points; then mov-
ing a fine pointed needle, or drawing pen, along
this edge, we draw a line from one point to _the other,
which for common purposes is sufficiently exact;
but where great accuracy is required, it will be
found extremely difficult to lay the rule equally,
- with respect to both the points, so as not to be
nearer to one point than the other. It is difficult
also so to carry the needle or pen, that it shall nei- -
ther incline more to one side than the other of the
rule ; and thirdly, it is very difficult to find a rule
that shall be perfectly straight. If the two points be
very far distant, it is almost impossible to draw the
_line with accuracy and exactness; a circular line
may be described more easily, and more exactly,
than a straight, or any other line, though even then
many difficulties occur, when the circle is required
to be of a large radius.

It is from a thorough consideration of these dif-
ficulties, - that geometricians will not allow those
lines to be georxgetrical, which in their description
require the sliding of a point along the edge of a
rule, as in the ellipse, and several other curve
lines, whose properties have been as fully investi-
gated, and as clearly demonstrated, as those of the
~ circle. : '
* From hence also we may deduce some of those
maxims which have been introduced into practice
by Bird and Smeaton, which will be seen in their
proper place. And let no one consider these reflec-
tions as the effect of too scrupulous exactness, or as
an unnecessary aim at precision ; for as the founda-
tion of all our knowledge in geography, navigar
tion and astronomy, is built on observation, and all
observations are made with instruments, it follows,
that the truth of the observations, and the accuracy
of the deductions therefrom, will principally depend
on the exactness with which the instruments are
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made and divided ; and that these sciences will ad-
vance in proportion as those are less difficult in their
use, gnd more }Jerf'ect in the performance of their re-
spective operations. ' :

There 13 scarce any thing which proves more
clearly the distinction between mind and body, and
the superiority of the one over the other, than a re-
flection on the rigid exactness of speculative geo-
metry, and the inaccuracy of practice, that is not
directed by theory on one hand, and its approxima-
tion to perfection on the other, when guided by a just
theory. =~ .

" In theory, most figures may be measured to an
almost infinite exactness, yet nothing can be mére-
Inaccurate and gross, than the ordinary methods of
mensuration; but an intelligent practice finds a
medium, and corrects the imperfection of our me-
chanical organs, by the resources of the mind. If
we were more perfect, there would be less room for
the exertions of our mind, and our knowledge would
be less. ' .

If it had been easy to measure all things with
exactness, we should have been ignorant of many
curious properties in numbers, and been deprived
of the advantages we derive from logarithins, sines,
tangents, &c. If practice were perfect, it is doubt-
ful whether we should have ever been in possession

“of theory. ‘

We sometimes consider with a kind of envy, the
mechanical perfection and exactness that is to be
found in the works of some ahimals; but this per-
fection which does honour to the Creator, does little
to them ; they are so perfect, only because they are
beasts. T '

The imperfection of our organs is abundantly made
“up by the perfection of the mind, of which we are
ourselves to be the artificers.

If any wish to see the: difficulties of rendering

.
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practice as perfect as theory, and the wonderful re;
sources of the mind, in order to attain this degree of
perfection, let him consider the opcratlons of General
Roy, at Hounslow-heath ; operations that cannot be.
100 much considered, nor too much praised by every
practitioner in the art of geometry. See Plulosopk
T'rans. vol. 80, et seq.
~ ProBLEM 1. T0o crect a perpendzcular at or mear
the end of a given right line, C D, fig. 5, plate 4.
" Method 1. On C, with the radius C D, describe
a faint arc ¢f on D with the same radius, cross
efat G; on G as a centre, with the same radlus,
describe the arc DE F; set off the extent D G twice,
that is from D to E, and from E to F. Join the
points D and F by a nght. line, and it will be the
pexx{endlcular required.

ethod 2, fig. 5. On any point G, with the
radius D G, describe an arc FED: then a rule
laid on C and G, will cut this arc in F, a line join-
ing the points Fand D will be the requlred perpen-
dicular.

Method 3. 1. From the point C, fig. 6, plate 4,
with any radius describe the are rnm, cutting the
line ACinr. 2. From the point r, with the same
radius, cross’ the arc in n, and from the point n,
cross it'in m. 3. From the points n and m, with
the same, or any other radius, describe two arcs
‘cutting each other in 8. 4. I‘hrough the points S
and C, draw theline S C, and it will be the perpen- -
dlcu]ar required.

Metbod 4. By the line of lines on the sector, fig. 7,
Dlate 4, 1. Take the extent of the given line AC,
2. Open the sector, till this extent is a transverse

- distance between 8 and 8. ‘3. Take out the trans.
vérse distance between 6 and 6, and from A with
that extent sweep a faint arc at B. - 4. Take out
the distance between 10 and 10, and with it from
C, cross the former arc at B, 5. A line drawn
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through A and B, will be the perpendicular re-
quire§ ; the numbers 6, 8, 10, are used as multiples .
of 3, 4, 5. » '

By this method, a perpendicular may be easily and
accurately erected on the ground.

Method 5. Let AC, fig, 7, plate 4, be the given
line, and A the given point. 1. At any point D,
with the radius D A, describe the arc EAB. 2. With
a rule on E and D, cross this arc at B. 3. Through
A and B draw a right line, and it will be the required
perpendicular. ‘ .

ProBLeM 2. To raise a perpendicular from the
middle, or ary other point G, of a given line A B,
Jig. 8, plate 4.

1. On G, with any convenient distance within
the limits of the line, mark or set off the points n
and m. 2. From n and m with any radius greater
than G A, describe two arcs intersecting at C.
3. Join C G by g line, and it will be the perpendi-
cular required. :

. ProBLEM 3. From a given point C, fig. 8,
plate 4, out of a given line AB, to let fall g perpen-
dicular. _ ‘

When the point is nearly opposite to the middle
of the line, this problem is the converse of the pre-
ceding one. Therefore, 1. From C, with any ra-
dius, describe the arc nm. 2. From mn, with
the same, or any other radius, describe two arcs in-
tersecting each other at S. 3. Through the points
CS draw the line C S, which will be the required.
line' . '

When the point is nearly opposite to the end of
the line, it is the converse of Method 5, Problem 1,
Jig. 7, plate 4,

- 1. Draw a faint line through B, and any conve.
-pient point E, of the line A C, 2. Bisect this line
at D. 3. From D with the radius D E, describe
an arc cutting A C at A. 4. Through A and B
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draw the line A'B, and it will be the perpendicular
required. :

Another method. 1. From A, fig. 9, plate 4, or
any other point in A B, with the radius AC, de-
scribe the arc CD. 2. From any other point n,
with the radius n C, describe another arc cutting the
former in C and D. 3. Join the point C D by a line
C GD, and C'G will be the perpendicular required.

ProBLEM 4. Through a given peoint C, to draw
a line parallel to a given straight line AB, fig. 10,
plate 4. ' ‘

1. On any point D, (within the given line, or
without it, and at a convenient distance from C,) de-
scribe an arc passing through C, and cutting the
given line in A. 2. With the same radius describe
another arc cutting A B at B. 3. Make B E equal
to AC. 4. Draw a line CE through the point C
and E, and it will be the required parallel.

This problem answers whetherthe required line is
to be near to, or far from the given line ; or whether
the point D' is situated on A B, or any where be-
tween it and the required line.

ProBLEM 5. At the given point D, to make an
‘angle equal to a given angle AB C, fig. 12, plate 4.

1. From B, with any radius, describe the are
‘nm, cutting the legs 'BA, BC, in the points
n and m. 2. Draw the line Dr, and from the
-point D, with the same radius as before, describe
the arc rs. 3. Take the distance mn, and apply
it to the.arc rs, from r to s. 4. Through the
points D and s draw the line D s, and the angle
t D s will be equal to the angle m Bn, or AB C as
required. - ‘

ProBLEM 6. 70 ertend with accuracy a short
straight line to any assignable length ; or, through
two given points at a small distance from each other
‘to draw a straight line. -

1t frequently happens that a line 3s short as that
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between A and B, fig. 11, plate 4, is required to ba
extended to a considerable length, which is scarce
attainable by the help of a rule alone; but may be
rformed by means of this problem, without error. .
t the given line be A B, or the two points A and
B; then from A as a centre, describe an arch C B D;
and from the point B, lay off B C equal to B D; and
from C and D as centres, with any radius, describe
two arcs intersecting at E. From the point A de.
scribe the arc FE G, making EF equal to EG;
then from F and G as centres, describe two arcs
intersecting at H, and so on; then a straight line
from B drawn through E will pass in continuation
through H, and*in a.similar manner the line ma
‘be extended tp any assignable length., ~ :

OF THE DIVISION OF STRAIGHT LINES.

ProBLEM 7. 70 bisect or divide a given straight
line A B into two equal parts, fig. 13, plate 4.

1. On A and B as centres, with any radius greater
than half A B, describe arcs intersecting each other
at C and D. 2. Draw the line C D, and the point
F, where it cuts AB, will be the middle of the
. line. '

If the line to be bisected be near the extreme edge
of any plane, desoribe two pair of arcs of different

radii above thegiven line, asatCand E; then aline

C produced, will bisect AB in F.

By the line of lines on the sector. 1. Take AB .
" in the compasses. 2.Open the sector till this extent
1s a transverse distance between 10and 10. 3. The
extent from 5 to 5 on the same line, set off from A
or B, gives the half required: by this means a given
- line may be readily divided into 2, 4, 8, 16, 32, 64,
128, &c. equal parts.

ProsrEM 8. To divide a given straight line AB
tato any number of equal parts, for instance, five.
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: Method 1, fig. 14, plate 4. 1. Through A, oné
extremity of the line A B, draw A C, making any
angle therewith. 2. Set off on this line from A to
H as many equal parts of any length as A B is to
~ bedivided into. 3. Join HB. 4. ParalleltoHB
draw lines through the points D, E, F, G, and these
will divide the line A B into the parts required.

- Second method, fig. 15, plate 4. 1. Through B
draw L D, forming any angle with A B. 4. Take
any. point D either above or below A B, and through
D, draw DK parallel to AB. 3. On D set off five
equal parts DF, FG, GH, HI, I K. 4. Through
A and K draw A K, cutting BD in L. 5. Lines
drawn through L, and the points F, G, H, I, K,
will divide the line A B into the required number
of parts,

Third method, fig. 17, plate 4. 1. From the ends
ef the line A B, draw two lines A C, B D, parallel
to each other. 2. In each of these lines, beginning
at A and B, set off as many equal parts less one, as
A B is to be divided into, in the present instance
four equal parts, AI, IK, KL, LM, on AC; and
four, BE, EF, FG, GH, on BD. 3. Draw lines,
from M t6 E, from L to F, K to G, I to H, and
A B will be divided into five equal parts. o
-, Fourth method, fig. 16, plate 4. 1. Draw any two
lines CE, DF, parallel to each other. 2. Set off
on each of these lines, beginning at C and D, any
number of equal parts. 3..Join each point in CE
with its opposite point in D F. 4. Take the extent
of the given line in your compasses. 5: Setone foot
of the compasses opened to this extent in D, and
move the other about till it crossess NG in I. 6,
Join DI, which being equal to A B transfer the
divisions of DI to AB, and it will be divided as
" required. H M is a line of a different length to be
.divided in the same number of parts. - -
"The foregoing methods are introduced on-account

-
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not only of their own peculiar advantages, bat be-
cause they also-are the foundation of sevetal mecha.
nical methods of division. -

ProBLEM 9. - To cut off from a given line AB
any odd part, as 3d, Lth, 4th, 3th, &c. of that line, .
Jig. 18, plate A. :

1. Draw through either end A, aline A C, form-
ing any angle with AB. 2, Make A C equal to
A B. 3. Through C and B draw the line C D. 4.
‘Make B D equal to CB. 5. Bisect AC ina, 6,
A rule on a and D will cut off aB equal }d of
A B.
~ If it be required to divide A B into five equal parts.
1. Add unity to the given number, and halve it,
6+ 1=06, §=3. 2. Divide A Cinto three parts;
or,as AB isequal to A C, set off Ab equal Aa. 3.
A: rule on D, and b will cut off bB 4th part of AB.
4. Divide A b into four equal parts by two bisections,
and AB will be divided into five equal parts.

To divide A B into seven equal parts, 7 4+ 1 = 8,
£ =4. 1. Now divide A C 1nto four parts, or bi-
sect aC in ¢, and ¢ C will be the jthof AC. 2. A
rule on ¢ and D cuts off ¢ B 4th of A B. 3. Bisect
A c, and the extent ¢ B will divide each half into
three equal parts, and consequently the whole line
into seven equal parts. ‘

To divide A B into nine equal parts, 9 4 1 = 10
1o =5. Here, 1. Make Ad equal to Ab, and dC
will be 1th of AC. 2. A rule on D and d cuts off
dB jof AC, 3. Bisect Ad. 4. Halve each of
these bisections, and A d is divided into four equal
parts. 5. The extent d B will bisect each of tliese,
and thus divide A B into nine equal parts.

If any odd number can be subdivided, as 9 by 3,
then first divide the given line into three parts, and
take the third as a new line, and find the third there-
of as before, which gives the ninth part required..

Method 2. Let D B, fig. 19, plate 4, be the given
line. 1. Make two equilateral . triangles AD B,
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CD B, one on each side of the line D B. 2. Bisect -
ABin G 3. Draw C G, which'will cut of HB
equal ;d of DB. 4. Draw DF, and make GF
equal to DG. 5. Draw HF which cutsoff Bh
equal Lof ABorDB. 6. Ch cuts DB inione
fifth part. 7. Ficuts AB in k equal thof DB. -
-8. Ck cuts D Biin 1 equal ;th of D B. 9. F1 cuts
ABinm equal of DB. 10. Cm cuts DB at
" n equal 3th part thereof. ‘
Method 3. Let A B, fig. 12, plate 5, be the given
line to be divided into its aliquot parts 4, 4, 4. 1.
On A B erect the square ABCD. 2. Draw the
two diagonals. A C, D B, which will cross each other
at E. 3. Through E draw F E G parallel to A D,
cutting AB in G. 4. Join D G, and the line will
cut the diagonal AC at H. 5. Through H draw_
THK parallel to AD. 6. Draw DK crossing AC
in L. 7. And through L draw M L N parallel to
AD, and so proceed as far as necessary. A G is 4,
AKi1, AN of AB.* .
Method 4. Let A B, fig. 13, plate 5, be the given
line to be subdivided. 1. Through A and B, draw
CD, FE parallel to each other. 2. Make C A,
AD, FB, BE, equal to each other. 3. Draw CE,
which shall divide AB into two equal parts at G.
4. Draw A E, D B, intersecting each other at H,
5. Draw C H intersecting AB at I, making A I ;d
of AB. 6. Draw D F cutting AE in K. 7. Join
C'K, which will cut AB in L, making A L equal 4
of AB. 8. Then draw D g, cutting AE in M,
and proceed as before, ”
. CoroLLarY. Hence a given line may be accu-
rately divided into any prime number whatsoever, by
first eutting off the odd part, then dividing the re--
mainder by continual bisections. v
- ProOBLEM 10. An easy, simple, and wery useful
“method of laying down a scale for dividing lines inta

* Hooke*é Posthm Works,

\
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any number of equal parts, or for reducing plans to
any size less than the original.

If the scale is for dividing lines into two equak
parts, constitute a triangle, so that the hypothenuse
may be twice the length of the perpendicular. Let
it be three times for dividing them into three equal
parts; four, for four parts, and so-on: fig. 11, plate
5, represents a set of triangles so constituted.

To find the third of the line by this scale. 1.
Take any line in your compasses, and set off this ex~
tent from A towards 4, on the line marked one-third ;
then close the compasses so as to strike an arc- that
shall touch the base A C, and this distance will be
the J of the given line. Similar to this is what is
termed the angle of reduction, or proportion, de-
scribed by some foreign writers, and which we shall
introduce in its proper place. . '

ProBLEM 11. To divide by the sector a given
straight line into any number of equal parts.

Case 1. Where the given linc is to be divided
into a number of equal parts that may be obtained
by a continual bisection.

In this case the operations are best performed by
continual bisection ; let it be required to divide A DB,

Jig. 6, plate 5, into 16 equal parts. 1. Make AB
a transverse distance between 10 and 10 on the line
of lines. 2. Take out from thence the distance
between 5 and 5, and set it from A or B to 8, and
A B will be divided into two equal parts. 3. Make
A 8 a transverse distance between 10 and 10, and
4 the transverse distance between 5 and 5, will bisect
8 A, and 8 B at 4 and 12; and thus A B is divided
into four equal parts in the points 4, 8, and 12.
4. The extent A 4, put between 10 and 10, and
then the distance between 5 and 5 applied from A
to 2, from 4 to 6, from 8 to 10, and from 12 to 14,
will bisect each of those parts, and divide the whole
line into eight equal parts. 5. To bisect each of
these, we might take the extent of A 3, and place
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it between 10 and 10 as before; but as the spaces¢
are too small for that purpose, take three of them in
the compasses, and open the sector at 10 and 104
0 as to accord with this measure. 6. Take out the
transverse measure between 5 and 5, and one foot of
the.compasses in A will give the point 3, in 4 will
fall on 7 and 1, on 8 will give 5 and 11, on 12 gives
9 and 15, and on B will give 13. Thus we have, in
a correct and easy manner divided A B into 16 equal
parts by a continual bisection. , '

If it were required to hisect each of the foregoing
divisions, it would be best to open the sector at 10
and 10, with the extent of five of the divisions already
obtained ; then take out the transverse distance be«
tween 5 and 5, and set it off from  the other divisions,
and they will thereby be bisected, and the line divided
into 32 equal parts. /

Case 2. When the given line cannot be divided
by bisection.

Let the given line be A B, fig. 7, plate 5, to be
divided into 14 equal parts, a number which is not &
mutltiple of 2.

‘1. Take the extent A B, and open the sector to
it on the terms 10 and 10, and the transverse dis-
tance of 5 and 5, set from A or B to 7, will divide
A B into two equal parts, each of which are to be
subdivided into 7, which may be done by dividing
A7 into 6and 1, or 4 and 3, which last is preferable
to the first as by it the operation may be finished
with only two bisections. - :

2. ‘Therefore open the sector in the terms 7 and 7,
with the extent A 7; then take out the transverse
distance between 4 and 4, this laid off from A, gives-
the point 4, from 7 gives 3 and 11, and from B
gives 1Q.

3. Make A 4 a transverse distance at 10 and 10,
then the transverse distance between 5 and 5 bisects
A 4, and 10 B in 2 and 12, and gives the point 6
and 8 ; then one foot in 3 gives 1 and 5, and from.
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14; 18 and 9: lastly, from 4 it gives 6, and from 10, 8;
end thus the line A B is divided into 14 equal parts.®
ProsLEM 12. To make a scale of equal parts con-
taining any given number in an inch. :
" Egample. To construct a scale of feet and inches

in such a manner, that 25 of the smallest parts

shall beequal to one inch, and 12 of them represent .
one foot. _

By the line of lines on the sector. 1. Multiply the
given numbers by 4, the products will be 160, and
48. 2. Take one inch between your compasses, and
make it a transverse distance between 100 and 100,
and the distance between 48 and 48 will be 12 of
these 25 parts in an inch; this extent set off from A
to 1, fig. 3, plate 5, from 1 to 2, &c. to 12 at B di-
vides A B into a scale of 12 feet. 3. Set off one of
these parts from A to a, to be subdivided into 12

rts to represent inches. 4. To this end divide
this into three parts; thus take the extent A 2 of
two of these parts, and make it a transverse distance
between 9 and 9. 5. Set the distance between 6 and
6 from b to e, the same extent from 1 gives g, and
from e gives n, thus dividing A a into three equal
parts into the points n and g. 6. By two bisec--

* The following i a very simple method of dividing a lin
into any odd number of equal parts. Rule. As the number th
the line is to be divided into, is to the length of the line, so is
the number of parts subtracted, to the inches and parts con-
tained in the line in which they must be divided. ‘Suppose &
given line to be 7-,ths inches, or 7,3 in a length, and the line re.
quired to be divided into 43 parts; subtract the odd number 3, and
40 will remain. Then as 43 : 7,3 inches : 3 : 0,51 or g3/sths of
an inch. From the usual diagonal scale take in your compasses
51 of these parts, and cut off that quantity on the given line,
divide that length into 3 equal parts, and the remainder of the
line into 40, and the whole line will be divided into the required
43 equal parts. Hence a wheel may be divided into any number
of teeth, by a slip of paper exactly fitted to the edge of the
‘wheel, dividing it lineally into the required number, then
sticking the paper round thé edge of the wheel, the wheel can
be expeditiously divided by the marks on the paper. Enpir.

\
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tions each of these may be subdivided into four egyuaf
parts, and thus the whole space into 12 equal parts,

When a small number of divisions are required,
as 1, 2, or 3, instead of taking the transverse dis+
tance near the centre of the sector, the division will
be more accurately performed by using the follow-
ing method:

Thus, if three parts are required from A, of which
the whole line contains 90, make A D, fig. 4, plate 5,
a transverse distance between QO and Q0; then take
the distance between 87 and 87, which set off from
D to E backwards, and A E will contain the three
desired parts.

Example 2. Supposing a scale of six inches to
contain 140 poles, to open the sector so that it may
answer for such a scale; divide 140 by 2, which
gives 70, the half of 6 equal to 3; because 140
was too large to be set off on the line of lines.
Make three inches a transverse distance between 70
and 70, and your sector becomes the required scale.

Example 3. 'To make a scale of seven inches
that shall contain 180 fathoms; 12¢.= 00.7 =3 1,
therefore make 3} a transverse between QO and QO,
and you have the required scale. . .

' OF PROPORTIONAL LINES,

Prosiem 13. To cuf a given line AD, fig. 14,
plate 5, into two uncqual parts that shall have any
given proportion, ex. gr. of C to D.

1. Draw A G forming any angle with A D. 2.
From A on A G- set off AC equal to C, and CE
equal to D. 3. Draw E D, and parallel to it C B,
which will cut AD at B in tbc required proportion..

To divide by the sector the line AB, fig.1j
plate 5, in the proportion of 3 to 2. Now as 3 and
2 would fall near the centre, multiply them by 2,
thereby forming 6 and 4, which use instead of 3and2.
As the parts are to be as-G to 4, the whole line wilk
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be 103 therefore make A B a transverse distance be-
tweeri 10 and 10, and then the transverse distance
between 6 and 6, set off from B to e, is $thsof A B;
or the distance between 4 and 4 will give A e 3ths of
A B; therefore AB is cut in the proportion of 3
to 2.

. Example 2. 'To cut AB, fig. 2, plate 5, in the
proportion of 4 to 5; here we may use the numbers
themselves ; therefore with A B open the sector at
gand 9, the sum of the two numbers ;' then the dis-
tance between 5 and 5.set off from B to ¢, or be-
tween 4 and 4, set off A to ¢; and it divides AB in
the required proportion. )

Note. If tge numbers be too smalf, use théir equi-
multiples ; if too large, subdivide them.

Coroliary. From this problem we obtain another
mode of dividing a straight line into any number of
equal parts. . .

ProBLEM 14. To estimdte the proportion between
two or more given lines, as AB, CD, EF, fig.9,

late 5. - ' ;

? Make A B a transverse distance between 10 ind
10, then take the extents severally of C D and E F,
and carry them along the line of lines, tilt both points
rest exactly upon the same number; in the first it
will be found to be’'85, in the second 67. Therefore
ABisto CDas 100 to 85, to E F as 100 to 67,
and of CD to E F as 85 to 67.

ProsrEm 15. 70 find a third proportiondl to twd
given right lines A and B, fig. 15, plate 5: .

1. From the point D draw two right lines D E,
D F, making any angle whatever. 2. In these lines
take D G equal to the first term A, and DC, D H,
each equal to the second term B. 3. Join G H, and
draw CF parallel thereto; then D F will be the
third proportional required, thatis, D G ¢A) toD C,
(B,)soisDH(B)to DF. '

By the sector: 1. Make A B, fig. 5, plate 5, a
trimsverse distance betweel? 100 and 160. 2. Find
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the transygrse distance of E F, which suppess §0.
3, Make E F g transverse distance hetween 100 and
100. 4. Take the extent between 50 and 50, and
it will be the third proportional C D required. ‘
Pronrew 1. 7o find a fourth m:(z)pontiond to
three given right lines A, B, C, ﬁ%. 10, plate 5.
- L. %mm, the point ¢ draw two right hnes, making
#ny augle whatever. 2. In these lines. make a b
equal to the finst tenm C, a ¢ equal to the second B,
and a d equal to the third A. 8. Joinbc, apl draw
d e parallel thereto, and ae will be the founth pre-
pontiopal required; that is, ab (€), is to s ¢ (By)
soisad (A) to ae, the proportional requined.
. By the sector. 1. Make the hine A a.transverse
distance between 100 and 100, 2. Find; the trans-
- verse measure of B, which is G0. 8. Muake.€ the
* third line a transwense measure betwveen 100 and 100.
4. The measure between 60 and 60 will be the fourth
proportional. S .
. ProBLEM 17. Tofind a.mean proporéianalbeteean
#wo given straight lines A and B, fig. 17, plate 5. -
1. Praw any right line, in which takie. C K equal
to A, and E A equal to B. 2. Biseet: A-C in B; and
with B.A, or B.C as a radius, desenibe the semiocircle
ADE. 3. From the point E draw K. G perpendi.
cular to A C, and it will be the mean preparéional
required, : o
- By the sector. Join the lines togethen, (suppose
them 40 and. 00) and get the sum of them, 130;
then find the balf of this sum. G5, and half the dif- -
ference 2a. Open the line oflines, so that they may
be at right angles te each other ; then take with the
compasses. the lateral distance 5, and apply one foot
to the balf difference 25, and the other foot will
reach to 60, the mean proportional required ; for 40 .
to 60, £ is 60.to O. ; L
ProBLEM 18. To cut a given line A B into.catrems
and mean proportion, fig. 18, plate 5. .
1. Extend AB to C. 2. At A erect a perpens
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dicelar AD), and make it equal to AB. 3. Set the
half of AD or AB from Ato F.. 4. With the radius
- I¥ describe the arc D G, and A B will be divided
iuto extreme and mean propertion. A G iy the

By 'the sector. Make AB a transverse distanee
betwesn 60 and 60 of the line of chords. 2. Take
out the transverse distance between the chord of 36,
which set from A to G, gives the greatest segment.

Or make A B, a transverse distance between 54
and 54 of the line of sines, then is the distance bé-
tween 30 and 30 the groater segment, and 18 and 18
the lesser segment.

Prosvem 19. 7o divide a given straight line in
the same proportion as anather given st¢raight line is
divided, fig. 10, pilate 5. :

Let AB, or C D be two given straight lines, the
fiest divided into 100, the second into 60 equal parts;
it is required to divide EF into 100, and G H into
66-equal parts. o ‘

Make E F a transverse distance in the terms 100
and 100, then the transverse measure between CO
and Q0 set from E to g0, and from F to 10; the
measure between 80 and 80 set from E to 80, and

from F to 20, and the measure between 70 and 70

set from E gives 70, from F 30. 'The distanee be-
tween 60 and 60, gives 60 and 40; and lastly, the
transverse measure between 50 and 50 hisects the
given line in the peint 50, and we shall, by five trans~
verse extents, hase divided the line EF into 10
egual parts, each of which are to be subdivided into
10 smaller divisions. by problems 11 and 12.

To divide G H into 60 parts, as-we have supposed
€ D to be divided, make G H a transverse distance
in the terms of 60, then work as before.

ProBLEM 20. 1o find the angular point of twe
given.lines AK, oB, fig. 22, plate 5, which incline
to each other without producing cither of them.

2 .

\
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Through A draw at pleasure AN, yet so as not
to cut ¢ P too obliquely.

1. Draw the parallel lines Ay, G5, K&, . 2. Take
any number of times the extents, AN, GO, K P,
and set them on their respective lmes, as from N to
o and », from O to 8 and ¢, from P to a and 4, and
a line through 4, ¢, v, and another through a, £, ¥,
will tend to the same point as the lines A K, ¢

Method 2. 1. Through AB and CD, ﬁ 21,
plate 5, draw any two parallel lines, as GH ang
2. Set off the extent B D twice, from'B to G, and
D to H; and the extent AC thce, from A to F,
and from CtoE. 3. A line passing through F and
G will intersect another line passing through E and
H in I, the angular point required.

The extent F A, GB, may be multiplied or di-
vided, so as to suit pecuhar circumstances,

Co rollary Hence, if any two lines be given that
" tend to the same angular point, a third, or more lines
may be drawn, that shall tend to the same pomt, and
yet pass through a given point.

Solution by the sector. Case 1. When the pro-

sed point eis between the two given lines V L and
ab, fig. 23, plate 5.

T rough e draw a line av, cutting ab at a; and
VL atV, then from any other point b inab, the
further the better, draw b x parallel toa V, and cut-
ting V L in x, make av a transverse dlstance between
100 and 100, on the line of lines; take the extent
ev, and find its transverse measure, which suppose
to be 60; now make xb a transverse distance be--
tween 100 and 100, and take out the transverse dis-
tance of the terms 60, which set off from x to f, then
2 line drawn through the points e and £, shall tend
to the same inaccessible pomt q with the given lines
ab, VL.

Case 2. When the proposed point e is W}thout the
given hnes ab and VL, jzg 24.
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* Through e draw any line ev, cutting ab in a, and
V.Linv; and from any other point b in ab draw
x f parallel t6 ev, and cutting VL in x, make ve
a-transverse distance in .the terms of 100 ; find the
transverse measure of a v, which suppose 72 ; make
x b a transverse measure of 72, and take out the dis-
tance between the terms of 100, which set off from
x to f, and a line ef drawn through e and f, will
tend to the same point with the line ab.

-If the given or required lines fall so near each
other, that neither of them can be measured on the
terms of 100; then use any other number, as 80, 70,
60, &c. as a transverse measure, and work with that
as you did with 100. - :

- This problem'is of considerable use in many geo.
metrical operations, but particularly so in perspec-
tive ; for we may consider V L as a vanishing line,
and the other two lines as images on the picture;
hence having any image-given on the picture that
tends to an inaccessible vanishing point, as many
more images or lines tending to the same point as
may be required, are readily drawn. This problem
is more fully illustrated, and all the various cases in-
vestigated, in another part of this work. v
~ ProBrEM 21. Upon a given right line AB, fig.
10, plate 5, to make an equilateral triangle.

1. From A and B, with a radius equal to A B, de-
scribe arcs cutting in C. 2. Draw A C and B C, and
the figure A CB 1s the triangle required.

An isosceles triangle may be formed in the same
manner.

" ProsLEM 22. To make a triangle, whose three
sides shall be respectively equal to three given lines,
A, B, C, fig.20, plate 5, provided any two of them
be greater than the third.

1. Draw a line B C equal to the line B. 2. On
B, with'a radius equal to C, describe an arc at A.
3. On C, with a radius equal to A, describe apother
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are, eutting the former at A. 4. Draw the lines

AC and AB, and the figure AB C will be the tri-
le ired.

."“%noﬁu 28. Uporn a giwen line AB, fig.1,

plate 6, to describe a square.

1. From the point B draw B D perpendicular, and
equal to AB. 2. On A and D, with the radius
A B, describe arcs cutting in C. 3. Draw A C and
CD, and thetigure A B C D is the required square.

ProBLEM 24. Do describe a vectangle or paraile-
logram, whase length and breadth shall be equal to
two given lines A and B, fig. 2, plate 6.

" 1. Draw C D equal to A, and make D E perpen-
dicular thereto, and €qual to B. 2. Oa the points
¥ apd C, with the radii A and B, describe arcs cut-
ting in F. 8. Join CF and EF; thea CDER
will be the rectangle required. ' C
. ProsLem.35. Upen a given ling A B, te construct
@ rhombus, fig. 3, plate 6..

1. On B, with the radius A B, describe an arc
at D. 2. On A, with the same radius, describe an,
arc at C. 3. On C, but still with the samne radius,
make the intersection D. 4. Draw the lines AC,
D C, DB, and you have the required figure.

- Having two given lines AB, AD, and & geven
angle, to construct a rhomboides, fg. 1.

- Make the angle A C D equal to the given angle,
and set off C D equal to AB, and A C equal to A D;,
then from A, with the distance A B, deseribe.an aro
at B ; intersect this arc with the extent A D, set off
from D; join AB, B D, and the figure is completed.

ProvLEM 26, Having the diagonat AD, and four
sides AB, BD, D C, AC, to construet a trapezisom,

Jig: 5, plate 6. '

Draw an occult line A I}, and make it equel te the
given diagonal. Take AB in the eompasses, and
from A strike an arc at B; intersect this arc fromy
D with the extent DB, and draw AB, DB ; now
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with thd dther twe lines A C, € D, arid frbin A and
D-make an intersection at C ; join B C, AC, ahd
the figure is eompleted. L

Prosres 27. Having the four sides andone ahgle, -
to construct a trapezium, fig. 5, yiate 6. o

Make the lie A B ieqeal to it given side, and at
A make the angle C A B équai to the given angle,
aitd A C equil to the given side A €; then with the
exterit B D flom B, describe an arc at D, intérvect
this from C'with the extent C D ; join the severel
lines, and the figure is obtained.

Pxosrem 98. 7o find dhe centre of & ciiele, fik. 6,

iate 6. :
? 1. Draw any chord A B, and biséct it with the
chord CD. 2. Biseet CD by the chord E F, and
their imtersection O will be the eetitée of the circle.

PrusLem 29. To deséribe the cireutference of &
ciréle through any three given poirts ABC, fig. 7;
plase Oy provided they are not in @ straight line.

1.. From the middle point B draw the chords B A
and BC. 2. Bisect these chords with the perpen-
dicular lines n O, m O. 8. From the point of intér.
section O, amd radias O A, OB, and O C, you may
describe the required citcle A B€. By this problem
a portion of the citeumference of a cifclé may be
finished, by assuming three points. -

Prosuem 30. To drdw a tergeht to a giver cirele, -
that shall pass throkgh a given point A, fig. 8 dnd
" @y plate 6. _ .

Cast 3. When the point A is in the circumfer-
ehee of the ciicle, fig. 8, plate 6. .

1. From the centre O, draw the radius O A. 2.
Through the point A, draw CD perpendicular to
O A, and it will be the requitéd tangent.

- Case 2. When the point A is without the circle,
fig. 9, plare 6. i
1. From the centre O, draw O A, and bisect it in n.

2. From the point n, with the radius n A, ornO,
describe the semicircke AP O, cutting the given
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cirdJein D.. 3. Through the pomts Aaid D, draw
A B, the tangent required.

ProsLEM 31.  To cut off from a circle, fig. 10,
plate 6, a segment containing any propowd angle,
‘eX. gr. 120°.

Let F be the point from whence it is required to
draw a chord which shall contain an angle of 120%
1. Through F draw F R a tangent to the circle. 2.
From F draw F A, making an angle of 60 degrees,
with the tangent FR, and FC A is the segment re-
quu'ed

PrOBLEM 32. On a given line AB to describe the
segment of a circle capable of contammg a gwm an-
gle, fig. 11, plate 6.

Draw A C and B C, making the angles ABC, _
B AC, each equal to the given angle. Draw AD
: rpendicular to AC, and BD perpendicular to

%eC with the centre D, and radius D A, or D B,

escnbe the segment AEB and any angle madc
in this segment will be equal to the given angle.. A
more easy solution of this problem will be given when
we come to apply it to practice. :
 Prosiem 33. To describe an arc. qf a .circle

that shall contain any number of degrees, without
compasses, or without Jinding the centre of the circle,
ﬁg 12, plate 6.

Geoxﬁetncally by finding pomts through whlch the
arc is to pass, let A B be the given chord. -

1. Draw AF, ‘making any angle with BA. °
2. At any point F in AFK, make the angle EF G,
equal to the given angle. 3. Through B draw BE
parallel tp F G, and the intersection - gwes the
point E, in the same manner as many points D, C,
&c: may be found, as will be necessary. to cpmplete
t(he arc:

This subject w1ll be found fully mvestngated here~
after. ’ i :
* PropLEM 34. To inscribe a circle in a gwen tris
angle ABC, fg 13, platc 6. ‘

I
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1. Bisect the angles A and B with the lines Ao
and Bo. 2. From the point of intersection o, let
fall the perpendicular o N, and it will be the radius
of the required circle. . :

ProBLEM 35. To inscribe a pentagon, a hexagon,
or a decagon, in a given circle, fig. 15, plate 6.

- 1. Draw the diameters A B and C E at right an-~
gles to each other. 2. Bisect DB at G. 3. On G,
with ‘the radjus G C, ‘describe the ar¢ CF. 4. Join
C and F, and the line C F will be one sidc of the re-
quired pentagon.

The two sides DC, FD of the triangle F D C,
enable us to jpscribe a- hexagon or a decagon in the
same cjrcle ; for I C is the side of the hexagon, DF
that of the decagon. ' '

ProBrLEM 36. 7o inscribe a square or an octqgon
in a given circle, fig. 16, plate 0.

. 1. Draw the diameters A C, B D, at right angles
to each other. 2. Draw the lines AD, BA, BC,
CD, and you qbtain the required square.

FOR THE OCTAGON.

Bisect the arc A B of the square in the point F,
and the line AF being carried eight times round,
will form the octagon required. :

ProsLEM 37. In a given circle to.inscribe an
equilateral triangle, an hexagon, or a dodecagon,

g. 17, plate G.

FOR THE EQUILATERAL TRIANGLE.

1. From any point A asa centre, with a distance
equal to the radius A O, describe the arc F O B.
2. Draw the line B F, and make B D equal to BF.
3. Join DF, and D BF will be the equilateral tri-
angle required, '
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FOR THE HEXAGON.

Carry the radius A O six tirmnes Wﬂﬂdﬁ!ﬂn&
fevence, and yoa obfain 4 hexagon. -

FOR THE DODECAGONX.

Bisect the ave A B of the heiagon ih te pdint n,
and the line An being carried twelve fitnch fotnd
the circumference, will form the required dode.

Puowrem 38. Another method to inscrilbie ¢ dode
caron in a circle, 6r to divide the circunnference of
a given circle into 12 equal parts, each of 30 des
grees, fig. 18, plate 6.

1. Draw the two diameters 1, 7, 4, 10; perpei
dienfar to each other. 2. With the radits éf the
eitele and on the four extremities 1, 4, 7, 10, 8
centres, describeé aves through the cehtre of the dir+
cle; these arcs will cut the circumference in the
points required, dividing i inte ¥2 equal parts, at the
points marked with the numbers.

PuosrLem 39. 7o find the angles at the ¢émdyre,
ond the sides of & vegidlar polygon. ‘

Divide 360 by the number of si'{desm.iir the

ed polygon, thus *g¢ gives 72, for tMe @ at’
rl: centre of a pentagon. g:!‘o fird the anpgle foraved
by the sides, subtract the angle at the éentre froms
180, and the remainder is the angle required;
thus 72° from 180°, gives 108° for the angle of a
pentagon.
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A TABLE, shewing ihe angles at the centres and cmmﬁrenca
regular polygona, from three to twelve sides inclaswe.

pes : :

Names, g- Angles at Cefitre{ Angles at Cir.
Trigon 3 120° o 6 o -]
Square 4) 99 00 90 00
Pentagon | 5 72 00 108 00
Hexagon | 6, 60 00 120 00 -
Hepcagon 51 283 128 34t

4 Ocmgen 8f 45 00 135 00

., Nomagon | 9| 40 00 140 00

 Decagon {10l 36 00 %4-;- 00
'Endecagon |11] 32 437 &7 - 16
Dodecagon 19| 36 00~ 150 00

‘This table is constructed by dividing 360, the de-
~grees in a circumference, by the number of sides in
each polygon, and the quotients are the angles at the
centres ; the angle at the centre subtracted from 180
degrees, leaves the angle at the circumierence.

Prosiem 4Q. .In a given aircle ta inscride any
regular polygon, fig. 14, plate 6.

1. At the center € make = angle equal to
the center of the polygpn, as-contained in the pre-
ceding table, and join the angular points A B.
2. The distanee A B will be one side of the polygon,
which being earried round the eircumference, the
proper number of times will complete the figure.

HAnetker method, which a}tpro.mmates very nearly .
the truth, fig. 19, plate 6.

1. Divide the diateter A B into as many equal
perts as the figure has sides. 2. From the center O,
raise the perpendicular Om. 3. -Make mn eqwal
to thvee fowths of Om. 4. From n draw nC,
through the sceomd division of the diameter. 5. .
Join the points A C, and the line A C will be the
side of the required po?ytron, in this instance a pen-
tagon.

.
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ProBLEM 41. About any given triangle AB C,
to circumscribe a circle, fig. 21, plate 6.

1. Biscet any two sides A B, B C, by the perpen-
diculars mo, no. 2.From the point of intersection
O, with the distance O A or O B, descnbe the re-
quxred circle.

ProBLEM 42. About a given czrcle to circum-
scribe a pentagon, fig. 20, plate 6.

1. Inscribe a pentagon within the circle, 2.
" Through the middle of each side draw the lines O A,
OB, OC, OD, and OE. 3. Through the point
n draw the tangent A B, meetingOAandOBinA
and B. 4. Through the points A and m, draw the
line Am C, meeting OC in C. 5. In like manner
draw the lines CD,DE,EB, andAB CDE will
be the pentagon requlred

- In the same manner you may about a given circle
circumscribe any polygon

ProBLEM 43. About ‘a given square to circum-
scribe a circle, fig. 22, plate 6.
~ 1. Draw the two dlagonals AD,BC, mtersectmg
each other at O. 2. From O, with the- distance
O A or OB, describe the cirde ABC D, which
will circumscribe the square.*

ProsLEM 44. On a given line AB t0 make a re-
galar ‘hexagon, fig. 24, plate 6.

. On A B make the equilateral triangle A O B.
2. From the point O, with the distance O A or O B,
describe the circle ABCDEF. 3. Carry AB six
times round the circumference, and it will form the
required hexagon. :

ProBLEM 45. On a given line AB to form a re~
gular polygon of any proposed number of sides, fig.

14, late
pMake the angles CA B, CB A each equal to
half the angles at the c1rcumference see the pre-

* Ta inscribe a circle, fig. 23, from the mtersectnon O of two
diameters and the distance O n as a radius, describe the circle as
xequnred
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ceding table. 2. From the point of intersection C,
with the distance C A, describe a circle. 3. Apply the
chord A B to the circumference the proposed number
of times, and it will form the required polygon.

- PROBLEM 46. On agiven line AB, fig. 25, plate
6, to form a regular octagon.
- 1. On the extremities of the given line A B erect
the indefinite perpendiculars AF and BE. 2. Pro-
duce A B both ways to s and w, and hisect the angle
n As and oBw by the lines AH, BC. 3. Make
A H and B C each equal to A B, and draw the line
HC. 4. Make ov equal toon, and through v
draw G D parallel to HC. 5. DrawH Gand CD
parallel to A F and BE, and make c E, equal toc D.
6. Through E draw E F, parallel to A B, and join
the points GF and DE, and ABCDEF.G H will
be the octagon required.

ProBLEM 47. On a given right line A B, fig. 26,
plate 6, to describe a regular pentagon.

1. Make Bm perpendicular, and equal to A B.
2. Bisect AB in n. 3. On n, with distance n m,
aross AB produced in O. 4. On A and B, with
radius A O, describe arcs intersecting at D. 5. On
D, with radius A B, describe the arc E C, and on A
and B, with the same extent, intersect this arc at E
and C. 6. Join AE, ED, DC, CB, and you
complete the figure. :

. ProBLeM 48. Upon a given right line A B, fig.
27, plate 6, to describe a triangle similar to the tri-
angle CDE. '

1. At the end A of the given line AB, make an

angle F A B, equal to the angle ECD. 2. AtB
make the angle A B F equal to theangle CDE. 3.
Draw the two sides AF, BF, and A B F will be the
required triangle.
. ProBLEM 49. 7o describe a polygon similar to a
given polygon AB CD EF, one of its sidesa b being.
given, fig. 28 and 29, plate 6.

1.Draw AC, AD, AF. 2. SetoffabonAB,
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from A to r. 3. Draw rg parsllel to BF, meeting
AF n g. 4. Through the point g draw gh, parllel
10 FC, mweting A C inh. 5. Through the pointh
draw the parallel hi, G. Through i draw ik paraliel
to E D, and the figure Ar gh 1k will be similar to
the figure ABCD EF. :

PraBrLEM 50. 7o reduce & figure by a scale, fig.
28 and 29, plate 6.

1. Measwre each side of the figure ABCDE
with the scale GH. 2. Make a b as many parts of
e smadler scale K L, as A B was of the lapger. 3.
becas manyof KL,as BCof GH, and ac of KL,
A C, &c. by which means the figare will be reduced
0 2 smalier one. i

OF THE TRANSFORMATION AND REDUCTION OF FI-
GURES. :

- ProBLEM 51. 70 change a triangle into another

equal extent, but different height, fig. 1, 2, 3, 4,

late’7. {5 - ; »
- hetA B% be the given triangle, D a point at the
- given height, '

Case 1. Where the pomt D, fig. 1 and 2, plate
7, is either in one of the sides, or in the prolonga-
tion of a side. 1. Draw a line from D to the oppo-
sitq angle C. 2. Draw a line A E parallel thereto
from A, the summit of the given triangle. 3. Join
D E, and B D E is the required triangle.

Case 2. When the point D, fig. 3 and 4, plate 7,
is neither in one of the sides, nor in the pralongation
thereof. 1. Draw an indefinite line B D a, from B
through the point D). 2. Draw from A, the summit
of the given triangle, aline A a, parallel to the base
B C, and cutting the line BD in a. 3. Join aC; and
the triangle Ba C is equal to the triangle BAC ;
and the point D being in the same line with B a,
4. By the preceding case, find a trtangle from D,
equal to BaG; i.c. join D C, drawra E parallel
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sheretn, then join DE, sud B D E ia the required
sriangle, o

Coroliary. Hitbe requiredtn change the triangle
BAC into s equal triangle, of which the height
and angle B D E are given: 1. Draw the indefinite
line BD A, waking the required angle with B C.
%. Take ou B D a a poiat D at the given height; and,
3. Canstruct the triangle by the foregoing rules.

ProsreM 52. To make an isoscelps triangle AEB,

Sg- 8, plate 7, squal to the scalene triangle A C B.

1, Biseet the base in D. 2. Erect the perpen-
dicnlar D/E, 3. Draw CE pamllel to AB. 4.
Drem AE, IL By, and AEB is the required triangle.

PraprLem 58. To make an equiluteral triangle
opuslto.agiven scalene triangle ABC, fig. 1, plate 7.

1. On the base A B make an equilateral triangle
ABD. 2 Prolong BD towards E. 3. Draw
C€R parallel to AB, 4. Biseet DE at I, on BI
descuibe the semicircle DFE. 5. Draw B F, the
mean. proparsional between BE, BD. 6. With
BF from B, describe the arc FGH ; with the same
radius from G, interseet this are at H, draw B H,
G H, and B GH is the triangle required.

. €orollary. If you want an equilateral triangle
equa] to a rectangle, or to an isosceles triangle;
tind a scalene triangle respectively equal to each,
and then work by the foregoing problem.

Proserw 54. o reduce a. rectilinear figure .

ABCDE, fig. 8 and 9, plate 7, to another equal to
it, but with one side less.
- 1. Join the extremities E, C, of two sides D.E,
D C, of the same angle D. 2. From D draw-a line-
DF paralle] to EC. 3. Draw L F, and you obtain
a new polygon ABFE, equal to ABCDE, but
with one side less. ‘ :

Corollary. Hence every rectilinear figure may be
reduosd. to. a triangle, by reducing it suceessively to
a-figure with ene side less, until it is brought to one -
with enly three;sides. : :
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For example ; let it be required to reduce the
polygon ABCDEF, fig. 10 and 11, plate 7, into
a triangle I A H, with its summit at A, in the ¢ir-
cumference of the polygon, and its base on the bage
thereof prolonged. ,

1. Draw the diagonal D F. 2. Draw E G pa-
rallel to DF. 3. Draw F G, which gives us a new

lygon, AB CGF, with one side less. 4. To re-
: s:)lce ABCGF, draw A G, and parallel thergto
FH; then join AH, and you obtain a polygon
A B CH, equalto the preceding one ABC GF.
5. The polvgon AB C H having a side A H, which
may serve for a side of the triangle, you have only te
reduce the part ABC, by drawing AC, and parallel
thereto BI; join AI, and you obtain the required
triangle TAH. . : A
N. B. In figure 10 the point A is taken at one of
the angular points of the given polygon; in figure
11 it is in one of the sides, in which case there is one
reduction more to be made, than when it is at the
angular point. ‘ :
. .Corollary. As a triangle may be changed into
another of any given height, and with the angle at
the base equal to a given angle; if it be required to
reduce a polygon toa triangle of a given height, and
the angle at the base also given, you must first reduce
it §pto a triangle by this problem, and then change
that triangle into one, with the data, as given by the
problem 51. , o
Corollary. If the given figure is a parallelogram,
JSig. 12, plate 7, draw the diagonal EC, and D F pa-
rallel thereto; join E F, and the triangle EB F is
“équal to the parallelogram E B C D.

OF THE ADDITION OF FIGURES.

1. If the figures to be added are triangles of the
same heightas AMB, BNC,COD, DPE, fg.
14, plate 7, make aline A E equal to, the sum. of
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their bases, and constitute a triangle A M E thereon,
whose height is equal to the given height, and
AME will be equal to the given tridngles. -

2. If the given figures are triangles of different
heights, or different pblygons, they must first be
reduced to triangles of the same height, and thea
these may be added together. ' .

3. If the tri&nile, intd which they are to be
summed up, is to be of a given height, and with a
given angle at the base, they must first be reduced
into one triahgle, and then that changed inte an~
other by the préceding rules. o

4. The triangle obtained may be changed into &
parallelogram by the last corollary. SR

_MULTIPLICATION OF FIGURES;

1. To niuitiplfy AMB, fig. 13, plate ff, by a
given number, for example, by 4; or more accu=
rately, to find a triangle tiat shell be quadruple the
triangle A M B. Lengthen the base A E, so thatit
may be four times AB ; join ME, and the triangle
AME will be quadruple the triangle AM B.
2. By reducing any figure to a triangle, we may ob-
tain a triangle which may be multiplied in the
same manner. 3

¢

SUBTRACTION OF FIGURES,

1. If the two triangles BAC, dac, fig. 15, plate
7, are of the same height, take from the base B C
of the first a part D C, equal to the base d c of the
dther, and join'A B ; then will ¢he triangle ‘A B D be
the difference 'bétween the two triangles.

If thie two'triangles be not of the same height, they
* fnust ‘be reduced 'to it by ‘the preceding rules, and
then the difference may be found as above; or if 4
polygon 15 to be'taken from enother, and a triangle"
found equal to the iremaim}er, A ey be -easily
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effected, by reducing them to triangles of the samae
height. v ‘ : :
2. A triangle may be taken from a polygon by .
drawing a line within the polygon, from a given point
F on one of its sides. To effect this, let us suppose
the triangle, to be taken from the polygon ABCDE,
Jig. 16, plate 7, has been changed into a triangle
MOP, fig. 26, whose height above its base M P is
equal to that of the given point F, above A B of fig.
10; this done, on A B (prolonged if necessary) lay
off AG equal to OP, join FG, and the triangle
AFG is equil to the triangle MOP. There are,
however, three cases in the solution of this problem,
which we shall therefore notice by themselves.
If the base M P does not exceed A B, fig. 16, plate
7, the point G will fall thereon, and the problem
will be solved. ‘ ]
- But if the base M P exceeds the base AB, G will
be found upon A B prolonged, fig. 17 and 18, plate
7; join FB, and draw G H parallel thereto ; from
the situation of this point arise the other two cases.
- Case 1. When the point H, fig. 17, plate 7, is
found on the side B C, contiguous to the side A B,
join FH, and the quadrilateral figure FABH is
equal to-the triangle M O P. :

- Case 2. When H, fig. 18, plate7, meets B C pro-
longed, from F draw F C and H I parallel thereto;
then join F1, and the pentagon A B C I'is equal to
the triangle M O P. )

DIVISION OF RECTILINEAR FIGURES,

..-1. To divide the triangle A ME, fig. 13, plate 7,
into four equal parts ;. divide the base into four equal
arts by the poudts B, C, D; draw MD, MC,
1B, and the triangle will be divided into four equal

- parts. e e F » o
. 2. If the triangle AME, fig. 19, plate 7, is to
be divided inte four equal parts from a point m, in
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one of its sides, change it into another A m e, with
its summit at m, and then divide it into four equal
: rts as before ; -if the limes of division are contained
 the triangle A M E, the problem is solved; but if
some of the lines, as in D, terminate without the
triangle, join m E, and draw d D parallel thereto ;
Join m d, and the quadrilateral m C E d is eqdal to
CmD ;thof A M‘}E, and the triangle is divided into
four equal parts.
- 8. To divide the polygon ABCDETF, fy. 20,
plate 7, into a given number of equal parts, ex. gr?
four, from a point G, situated in the side AF; 1.
Change the polygon into a triangle A G M, whose
summit is at G. 2. Divide this triangle into as many
equal triangles AGH, HGI, 1GK, KGM, as
the polygon is required to be divided into. 8. Sub-
tract from the polygon a part equal to the triangle
A G H; then a partequal to the triangle A G I, and
afterwards a part equal to the triangle A G K, and
- the lines GH, GR, GO, drawn from the point G,
to make these subtractions, will divide the polygon
into four equal parts, al which will be sufficiently
.evident from consulting the figure, ‘

ProBLEM 55. Three points, fig. 21 to 25, plate 7,
N, O, A, being given, arranged in any manner on
a straight line, to find two other points, B, b, in the
same line so situated, that as

NO: AB: AB: NB
NO:Ab: Ab : NB

Make AP = —I\%—Q. and PL = ,-lli—o, placing

them one after the other, so that AL = -NE(-) .

Observing, 1, That in the two figures 21 and 22,
A is placed between N and O; and that A P is taken
on A O, prolonged if necessary.

2. In fig. 23, where the point O is situated be-
tween N and A, AP should be put on the side op-
‘posite to AO. ' ~ -

A . 62 :
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3. Infig. 24, where the point N is situated be-
tween A'and O, if A P be smaller than A N, it must
be taken on the side oppositeto AN.

. 4. In fig. 25, where the point N is alsa placed
between A and O, if AP be greater than A N, it
must be placed on A N prolonged.

Now by problem .17 make M N in all the five
figures a mean proportional between N O, NP,
and carry this line from L to B, and from L to b.
and NOwillbe : AB:: AB: NB

.- NO : ' Ab = Ab : NB.,

Prosrem 56. Two lines EF, GH, fig.27, 28,
29, plate 7, intersecting each other at A, being given,
to draw from C a third line B D, which shall form
with the other two a triangle D A B equal to a given
triangle X.

1. From C draw C N parallel to E F. 2. Change
the triangle X into another C N O, whose summit
is at the point C. 3. Find on G H a point B, so
that NO : AB :: AB : N B, and from this point
B, draw the line CB, and D A B shall be the re-
quired triangle. A .

Scholium. This problem may be used to cut off
one rectilinear figure from another, by drawing a line
from a given point. , o o

Thus, if from a point C, without or within the
triangle EA H, fig. 30, a right.line is required to
be drawn, that shall cut off a part D A B, equal to
the triangle X, fig. 30; it.is evident this may be
effected by the preceding problem. :

If it be required to draw a line B D from a point
C, which shall cut off from the quadrilateral figure
EF GH, aportion D FG B, fig. 31, equal to the
triangle Z ; 1if you are sure, that the rightline B D
will cut the two opposite sides EF, G H, prolon;
EF, GH, till they meet; then form a triangle Zg,
equal to the two triangles Z, and 'F A G; and then
take Z from A E H by a line BD from the point C,
which is effected by the preceding problem. =

/
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If it be required to take from a polygon Y, fig. 32,
a part D F I H B equal toa triangle X; and that the
line B D is tocut the two sides EF, G H; prolong
these sides till they meet in A ; then make a triangle
Z, equal to the trangle X, and the figure AFIH;
and then retrench from the triangle EA G the tri-
angle D A B equal toZ, by a line B D, from a given
point C. . .

As all rectilinear figures may be reduced to tri-
angles, we may, by this problem, ‘take one rec-
tilinear figure from another by a straight line drawn
from a givén point. -

ProBLEM 57. 7o make a triangle equal to any
given quadrilaterdl figure AB CD, fig. 33, plate7.

1. Draw the diagonal BD. 2. Draw C E parallel
thereto, intersecting A D produced in E. 3. Join
A C, and A CE is the required triangle.

ProBLEM 58. To make a rectangle, or paralle-
l(;gram equal to a given triangle ACE, fig. 33,
ate 7. C :
? 1. Bisect the base AE in D. 2. Through C draw
C B parallel to AD. 3. Draw CD, B A, parallel
to each other, and either Pérpendi'cul'ar to A E, or
making any angle with'it. ' And the rectangle or pa-
rallelogram A B CD will be equal to the given tri-

angle. : )
) %ROBLEM 59. To make a triangle equal to a given
circle, fig. 34, plate 7.* B
" Draw the radius OB, and tangent A B perpens
-dicular thereto; make A B equal to three times the
diameter of the circle, and J more ; join A O, and
the triangle A OB- will be nearly equal the given
circle. : S
ProBLEM 60. To make a square equal to a given
rectangle, ABCD, fig. 35, plate 7. o

* Strictly arguing, this can not be solved but by an approx-
imation; the area or squaring of the circle is yet & desideratum
in mathematics. See Hutton’s Mathematical and Philosophical
Dictionary, 2 Vols. 4t0. 1796. Epiz.
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- Produce one side AB, till BL be equal to the
other BC. 2. Bisect AL in O. 3. With the
distance A O, describe the semicircle L FA. 4.
‘Produce BC to F. 5. On BF, make the square
BF G H, which is equal to the rectangle A B C D.

ADDITION AND SUBTRACTION OF SIMILAR FIGURES.

ProsLEM 61. To make a square equal to the sum
of any number of squares taken together, ex. gr.
equal to three given squares, whose sides are equal
to the lines AB C,dﬁg. 30, plate 7.

1. Draw the indefinite lines ED, D F, at right
angles to each other. 2. Make D G equal to A, and
- D H equal to B. 3. Join G and H, and G H will

be the side of a square, equal the two squares whose
sides are A and B. 4. Make DF equal GH, DK
equal C, and join KF; then will K F be the side
of a square equal the three given squares. Or, after

_the same manner may a square be constructed equal
to any number of given squares.

- PrOBLEM 62. To describe a figure equal to the sum
of any given number of similar figures, fig. 30, -
plate 7.’

This problem is similar to the foregoing : 1. Form
a right angle. 2. Set off thereon two homologous
. sides of the given figures, as from D to G, and from

D to H. 3. Draw G H, and thereon describe a
. figure similar to one of the given ones, and it will
. be equal to their sum. In the same manner you may

go on, adding a greater number of similar figures
together. '

If the similar figures be circles, take the radii or
diameters for the homologous lines. '

ProsLEM 63. To make a square equal to the dif~
Jerence of two given squares, whose sides are AB,

CD, fig. 37, plate 7.

1. On one end B of the shortest line raise a per-
' p‘endicular BF. 2. With the extent CD from A,
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ceut BF in F, and BF will be the side of the re-
quired square. . . .
" In the same manner the difference between any
two similar figures may.be found.

ProBLEM 04. To make afigure which shall be si-
milar to, and contain a given figure, a certain num-
ber of times. Let M N be un homologous side of the

" given figure, fig. 38, plate].

1. Draw the indefinite line B Z. 2. At any point.

D, raise D A perpendicular to BZ. 3. Ma{e BD -
equal to M N, and B C as many times a multiple of
B D, as the required figure is to be of the given one.
4. Bisect BC, and describe the semicircle B AC.
5. DrawAC, BA. 6. Make AE equal M N. 7.
Draw E F parallel to BC, and EF will be the ho-
mologous side of the required figure. \

ProBLEM 65. 70 reduce a complex bﬁgure Sfrom
one scale to another, mechanically, by means of
squares, ﬁf 39, plate 7.

1. Divide the given figure A by cross lines into as
many squares as may be thought necessary. 2. Di-
vide another paper B into the same numberof squares,
either greater, equal, or less, as required. 3. Draw .
in every square what is contained in the correspon-
dent square of the given figure, and you will obtain
a copy tolerably exact. _ .

ProBLEM 60. To enlarge @ map or plan, and
make it twice, three, four, or five, &c. times larger
than the original; fig. 12, plate 8. : .

1. Draw the indefinite me ab. 2. ‘Raise a per~
pendicular at a, 3. Divide the original plan into
squares by the preceding problem. 4. Take the side
o? one of the squares, which set off from a to d, and
on the perpendicular from a to e, finish the square
aefd, which is equal to one of the squares of the

roposed plan. 5. Take the diagonal de, set it off

m a tog, and from a to 1; complete the square
alng, and # will be double the square ae fd. Ta
find one three times greater, take dg, and with
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that extent_form the squere amoh, which will be
the square required. With dh you may form a
square that will contain the given one aefd four
times. The line d 1 gives a square five times larger
than the original square.
- -PrOBLEM 07. .10 reduce a map %, +d, 1th, tth,
&c. of the original, fig. 5, plate 8.
1. Divide the given plan into squares by problem
65. 2. Draw a line, on which set off from A to B
one side of one of these squares. 3. Divide this line,
into two equal parts at F, and on F as a centre, with
¥ A or F B, describe the semicircle A HB.
4. To obtain  the given square, at ¥ erect the
perpendicular F H, and draw the right line A H,
which will he the side of the required square. 5.
For ;rd, divide A B into three parts, take one of these
parts, set it off from A to C, at C raise the perpen.
dicular C1, through I draw A I, and it will be the
side of the required square. 6. For 4th, dividle AB .
into four equal parts, set off one of these from B to
E, at E make E G perpendicular to A B, join B G,
and it will be the side of a square ;th of the given
one. . '
ProsrEM 68. 70 makea map or plan in propor-
tion to .a given one, ex. gr. as three to five, fig. 6,
Dlate 8. -

. The original plan being divided into squares, 1.
draw A M egnal to the side of one of these squares,
2. Divide A M into five equal parts. 3. At the third
division raise the perpendicular C), and draw AD,
which will ‘be the side of the required square. :

ProBLEM 69. To reduce figures by the angle of
reductian. Let ab be the groen side on which it 15
required to construct a figure similar to ACDEB,
JSig. 1, 2, 3, plate 8. ,

1. Form an.angle L' M N at pleasure, and set off
the side AB from M to I. 2. From I, withab, cut
M L in K. 3. Draw the line I K, and several lines
parallel to, and on both sides of it. The angle
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L M N is called the angle of proportiop or reduction.
4. Draw the diagonal lines BC, AD, AE, B D.
5. Take the distance B C, and set it off from M tor
wards I, on M L. 6. Measure ity gorrespondingi.
line KI. 7.From b describe the arc no. 8, Now-
take AC, set it off on M L, and find its correspon-
dent line fg. 9. From a, with the radius fg, cu
the former arc no in c, apd thus proceed till you
have completed the figure. | .

‘ProBLEM 70. T0 enlarge a figure by the angle o
reduction. Let abce debethe given figure, and A
the given side, fig. 3, 1, and 4, plate 8. :

1. Form, as in the preceding problem, the angle
LMN, by setting off ab from M to H, and from
H with AB, cutting ML in I. 2. Draw HI, and
parallels to, and on both sides of it. 3. Take the
diagonal be, set it off from M towards N, and take
off its corresponding line qr. 4. With qr as a radius
on B describe the arc m . - 5. Take the same cor-
respondent line to ac, and on A cyt mn in C, and
go on for the other sides.

CURIOUS PROBLEMS ON THE DIVISION OF LINES
AND CIRCLES.

ProsrLem 71.  To cut off from any given arc of
@ circle a third, a fifth, a seventh, &c. odd parts,
and thence to divide that arc into any nymber of
equal parts, fig. 7, plate 8. : :

Example 1. To divide the arc AK B into three .
equal parts, C A being the radius, and C the centre
of the arc.

Bisect AB in K, -draw the two radii CK, CB,
and the chord A B; produce A B at pleasure, and
make BL equal AB; bisect A Cat G ; then arule
on G and L will cut CB in E, and B E will be 3d,
and CE 3ds of the radius CB; on CB with CE
describe the arc E e ); lastly, set off the extent Ee

1
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or De from B to a, and from a to b, and the are
A K B will be divided into three equal perts.

Corollary. Hence having a sextant, quadrant,
&c. accuratély divided, % the chord of any arc set off
" “upon any other arc of § that radius will cut off an arc .
similar to the first, and containing the same number
of degrees.

-~ Also 1d, }th, 1th, &ec. of a larger chord will con-
stantly cut similar arcs on a circle whose radius is 1d,
4th, ith, &c. of the radius of the first arc.

Erample2. Let it be required to divide the arc
A K B into five equal parts, or to find the }th part
of the arc A B.

Having bisected the given arc AB in K, and
drawn the three radii CA, CK,-C B; and having
found the fifth part of I B of the radius C B, with
radius CI describe the arc I n M, which will be
bisected in n, by the line C K ; then take the extent
In, orits equal M n, and set it off twice from A to
B thatis, first, from A to d, and from d to o, and
o B will be jth of the arc AB. Again, set off the
same extent from B to m, and from m to c, and the
arc AB will be accurately divided into five equal

arts.

P Example 3. To divide the given arc AB into
seven equal parts. A B being bisected as before, and
the radii CA, CK, CB, drawn, find by problem g
the seventh part PB of the radius CB, and with
the radius C P, describe the arc P r N ; then set off
the extent P r twice from A to 3, :and from 3 to 6,
and 6 B will be the seventh part of the given arc AB;
the compasses being kept to the same opening Pr,
set it from B to 4, from 4 to 1; then the extent A 1
will bisect 1, 3 into 2, and 4, 6 into 5; and thus
divide the given arc into seven equal parts.

ProBLEM 72. To inscribe a regular heptagon in
acircle, fig. 8, plates. '

- In fig. 8, let the arc B D be ;th part of the given



CARETASTL T

DIVISION OF 'LINBSFAND CIRCLES. g1

circle, 'ahd A B the radius of the circle. Divide A B
into eight equal patts, then on centre A, with radius
A C, describe the are C E, bisect the arc BD in a,
and set off this arc Ba from C tob, and from b to c;
then through A andcdraw A ce, cutting BD ine,
and B e will be ;th part of the given circle. :
Corollary 1. Hence we have a method of finding
the seventh part of any given angle; for, if from the
extremittes of the given arc, radii be drawn to the
centre, and one of these be divided into eight equal
parts, and seven of these parts be taken, and another
arc described therewith, the greater arc will be to the
lesser, as 8 to 7, and so of any other proportion.
Corollary 2. If an arc be described with the ra-
dius, it will be equal to the ;th part of a circle whose
radius is A B, and to the seventh part of a circle

whose radius is A C, and to the sixth part of a circle .

whose radius is AL, &ec.

Corollary 3. Hence also a pentagon may be de-
rived from a hexagon, fig. 9, plate 8. Let the given
circle be AB C D' EF, 1n which a pentagon is to be
inscribed ; with the radius A C set off A F¥ equal ;th
of the circle, divide A C into six equal parts ; then
C G will be five of these parts; with radius C G de-
scribe the arc G H, bisect A F in q, and make G p
and p H each equal to A q; then through C and H

draw the semi-diameter C w, cutting the given circle

in w, join A w, and it will be one side of the re-
quired pentagon.

Corollary 4. Hence as radius divides a circle into
six equal parts, each equal 60 degrees, twice radius

gives 120 degrees, or the third part of the circum~-

ference. o

Once radius gives 60 degrees, and that arc bisected
gives 30 degrees, which, added to 60, -divides the
circumference into four equal parts ;; whence we
divide it into two, three, four, five, six equal parts ;
the preceding corollary divides it into five equal parts,
the arc of a quadrant %isected divides it into eight

"
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equal parts. By groblem 71 we obtain the seventh
part of a circle, and by this method divide it into any
number of equal parts, even a prime number ; for
the odd unit may be cut off by the preceding problem,
_ and the remaining part be subdivided by continual
bisection, till'another prime number arises to be cut
off in the same mauner,

ProBLEM 73. To divide a given right line, or an
arc of a circle, into any number of equal parts by the
help of a pair of beam, or other compasses, the dis-
tance of whose points shall not be nearer to each
other thai the given line, fig. 11, plate 8.

From this problem, published by Clavius, the
Jesuit, in 1611, in a treatise on the construction of
a dialling instrument, it is presumed that he was the
original inventor of that species of division, called
Nonius, and which by many modern mathematiciaps
has been called the scale of Perpier.

Let A B be the given line, or circular arch, to be
divided into a number of equal parts. Produce them
at pleasure; then take the extent A B, and set it
off on the prolonged line, as many times as the given
Jine is to be divided into smaller parts, BC, CD,
DE, EF, FG. Then divide the whole line A G
into as' many equal parts as are required in A B, as
GH, HI, IK, KL, LA, each of which contains’
the given line, and one of those parts into which the
given line is to be divided. For AG js to AL as
AF to AB; in other words, A L is contained five
times in A G, as A Bin AF; therefore, since A G,
contains A F, and jth of A B ; therefore B L is the
r3th of AB.  'Then as G H contains A B plus F H,
which is ithof AB, EI will be 2thsof AB, DK
jths, C L #ths. Therefore, if we set off the interval
‘G 'H from F and H, we obtain two parts at L and I,
set off from the points near E, gives three parts be-
tween D K, from the four points at I) and K, gives
four parts at C L, and the next setting off one more
of these parts; ‘so that lastly, the extent G H set off
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froth thé Points betieeri Caitd L, divides the givet

line as required. | 4
- To Hivide u given liie A'C or drc of any tircle,
into any number of eqilal parts, suppbse 30; fig. 11;
late 8. ,
? 1. Divide it into any ridinBer of équal parts less
than 30, yet so that they mdy be aliquot parts of 30; °
-gs for example, A G is divided ifto six equal parts,
AB, BC, CD, DE, EF, FG, each of which
dre to be subdivided itito five equal parts. 2. Divide
the first part A B into five parts, by means of the in-
terval A L or G H, as taught in thid problem. If,
now, one foot of the compasses be pat iiito tlie point
A, (the extent A L remaining between them unal-
tered,) and then into the point fiext to A, and so on
to the next succeeding point, the whole line A G will
be divided by the other foot of the compasses into 30
.equal parts. ’ :

Or if the right line, or arc, be first divided into
five equal parts, each of these must be subdivided
into six parts, which may be effected by bisecting
each part, and then dividing the halves into three

arts. ‘ :
? Or it may be still better to bisect three of the first
five parts, and then to divide four of these into three,
which being set off from every point, will complete
the division required. . ‘

Corollary. Tt frequently happens that so many
‘small divisions are required, that, notwithstanding
their limited number, they can be hardly taken
between the points of the compasses without error ;
in this case use the following method.
~ If the whole number of smaller parts can be sub-
divided, take so many of the small parts in the ‘given
line, as each is to be subdivided into, yet so that they
may together make up the whole of the given line.
For if the first of these parts be cut into as many -
smaller parts as the proposeéd number requires every
‘one of them to contain, and the same is also done in
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she femaining parts, we shall obtain the given num-,
ber of smaller parts. . :

If 84 parts are to bg taken in the proposed line,
first bisect it, and each half will contain 42 ; bisect
these again, and you have four parts, each of which
is to contain 21; and these, divided into three, give
12 parts, each of which is to contain seven parts; -
subdivide these into seven each.

But if the proposed number of small parts cannot
be thus subdivided, it will be necessary to take a
number a little less or greater, that will be capable
of subdivision ; for if the superfluous parts are re-

" jected, or those wanting, added, we shall obtain the .
proposed number, of parts. Thus if 74 parts are to’
be cat from any given lincof 80 parts; 1. Bisect the
given line, and each  will contain 40. 2. Bisect
these again, and ‘you have four parts to contain 20
each. 3. Each of these bisected, you have eight

* parts to contain 10 each. 4. Bisect these,-and you
obtain 16 parts, cach to be divided into five parts
6. Reject six of the parts, and the remainder is the
74 parts proposed. .

" Orif 72 parts be proposed ; divide the line into
24 equal parts, and each of these into three parts,
‘and you obtain 72; to which adding two, you will
obtain the number of 74.

ProBLEM 74. To cut off from the circumference
of any given arc of a circle amy number of degrees
and minutes, fig. 3, plate 9. |

1. Let it be proposed to cut off from any arc 57

- degrees ; with the radius of the given arc, or circle,
describe a separate arcas A B, and having set off the
radius from A.to C, bisect A C in E, then AE and
E C will be each of them an arc of 30 degrees. Make
C B equal to AE, and AB will be a quadrant, or
90 degrees, ‘and will also be divided into three equal

© parts; next, divide each of these into three by the
preceding rules, and the quadrant will be divided
ante nine equal parts, each containing 10 degrees.



DIVISION OF LINES "AND CIRCLES. gs

Lastly, divide the first of these into 10 degrees, then -
~ set one foot of the compasses into the third single
degree, and extend the other to the 6oth, and the
distance between the points of the compasses will
contain 57 degrees, which transfer to the given arc.
Or at two operations; first, take 50 degrees, and
- then from the first 10 take seven, and you have 5%
degrees. '
" 2. Let it be required to cut off from any given are
of a circle 45 degrees, 53 minutes, fig. 3, plate Q.
Divide the arc of 53 degrees of the quadrant A B,
whose radius is A C (or rather its equal arc F G) into
. 60 equal parts, first into 5, and then one of these
into three; or first into three, and one of these into
five. Again, one of these bisected, and this bisec~
tion again bisected, gives the 60th part of an arc of
53 degrees. ‘ |
For the 5th part of the arc F G is FH, con-
taming 12 parts; its third part is FI containing
four parts ; the 4 of FIis N, which contains two
- parts; and F N again bisected in K, leaves F K the
60th part of the arc F G; consequently, F K com-
prehends 53 minutes ; therefore, add the arc FK
to 45 degrees, and the arc A F will contain 45 de-
grees 53 minutes.
. Coroliary. If we describe aseparate arc LM with
the radius A C, and set off thereon the extent L M
of 61 degrees of the given arc A B, and divide L M
into 60 equal parts; thus, first into two, then both
of these into three, and then the first of these three
into 10 by the former rules, which gives the 6oth
part of the arc LM. And as one division of the arc
L M contains by construction one degree of the qua-
drant A B, and one sixtieth part of a degree more,
that is, one minute, therefore two divisions of L M
oontain. two degrees, and two minutes over; three
divisions exceed three.degrees by three minutes, and
80 of all the rest. : .
- Whence if one division of L M be set off from any
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degiee on AB, it will add one minuté to that
'degree two adds two mihutes; three, three tnmutes;
and so0 on.
. When the dmslon is so small that the compasses
will hardly take it in without error; take two, three; -
four, or more of the parts on L, set them off from
45 many degrees back from the degree intended, ani -
you will obtain the degree and minute requlred

ProBLEM 75. 7o dzmde a czrcl‘e into any uneven

number of equal parts.

. Exumple 1. Let it be reqmred to divide a circle
into 3464 equal parts.
: Reduce the whole into 3d parts, which gives us

1040 ; find the greatest multiple of 3 less than 1040;
whlch may be bisected ; this number will be formd
in a double geometmctlprogressnoh whose first term
is, as in the margin; 768 the ninth number, is the
number sought, as in the margm. Subtract 7098
from 1040, the remainder is 272, then find 8
how many degrees and minutes this remainder 6
contgins by the rule of three. As 1040 isto- 12
360 deO'rees, s0 s 272 to 94° 9" 23”. Now 24
_set off g4° 9’ 28" upon the circle to bedivided, 48
and divide the remaining part of that circle 6
by continual bisgctions, till you come to the 1g2;
number 3, ‘which will be one of the required 384
a'%vi'sions of the 346 e’qﬁal pafts, by which 768
dividing the arc of §4° ¢’ 23” you will have the whole
circle divided into 8463 equal parts ; for *there will
be 256 divisions in the greatest are, and: 903. in the
otlier.

. Evample 2. Let it be i'eq\nred to divide a crrcle
into 179 equal parts. Find the greatést number not
exceeding 179, which may be continually bisected
to unity, which youn will find 'to be 126. Subtraét
128 from 179, the remainder is 51 ; then find what
part of the eircle'this remainder will occupy by -the
following proportlon, as 179 is to 860, 'so 13 51
Yo 102° 34" 11" ; 4et off from the direle-an arc of 102°

N'N“&&&&‘&&N
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31" 11”, and dividé the remaining part of the circle
. by continual bisections, seven of which will be unity
in this example ; by which means this part of the
circle will be divided into 128 equal parts, and the
remaining 51 may be obtained by using as many of
- the former bisections as the space will contain, so
that the whole circumference will be divided into 179
equal parts. ' :

Ezample 3. Let it be required to divide a circle
into 20} equal parts, to represent the days of the
moon’s age. ' )

Reduce the given number into halves, which gives
50 parts; seek the greatest number, not exceeding
59, which may be continually bisected to unity,
which you will find to be 32. Subtraet this from
50, the remainder is 27 ; and, find, as before; the
angle equal to the remainder by this proportion, as
5Q is to 360, so is 27 to 164° 44’ 44" ; set off 164°
44’ 44", divide the remaining part of the circle by
continual bisections, which wiﬁ'divide this portion
inte 32 parts, and from that, the restinto 27§, mak- .
ing 204 parts, as required. L o

Ezample 4. Let it be required to divide a circle
into 365° 5" 49” equal parts, the length of a tropical

ear.
y Reduce the whole into minutes, which will be
525040 ; then seek the greatest multiple of 1440,
the minutes in a solar day, that may be halved, and
is at the same time less than 525049 ; this you will
find to be 36840, which subtracted from 525949,
leaves 157309. To find the number of degrees that
is to contain this number, use the follewing propor-
tion ; as 525049 is to 157309 multiplied by 360, so
is 157309 to 107°40". 27" 49", |

Now set off the angle of 107° 40’ 27” 49" upon the
circle to be divided, and divide the remaining part
of that. circle by continual bisections, till you come
to the. number 1440, which in this case is'unity, or
one natural solar day ; b%,-l which, dividing the arc of
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107 40’ 277 49", the whole circle will be divided
into 305° 5 49”; fer there will be 256 divisiens, or.
days, in the greater asc, and 100° 5” 49" in the lesser
arc.

Egample 5. Let it be required to divide. a circle
in 305} equal parts; which is the quantity of a
Julian year. .

Reduce the whole into four parts, which gives up
1461; 1024 is the greatest multiple of. 2, less than
1461 ; when subtracted from 1461, we have for a
remainder 437. Then by the following p ion,
as 1401 is to 437 X 360, so is 407 to 107° 40’ 46”
49, the degrees to be occupied by this remainder.
~ Setoff an angle of 107° 40’ 47" upon the cirele to.

be divided, and divide the remainder by comtinuak
bisections, until you arrive at unity, by which dwid..
ing the arc, you will have the. circle divided.
into 3054 parts. : ,

ProBLEM 70:. To divide a guadrant, or.circle,
into degrees, JSig- 10, plate 8.

Let AB be the quadrant, € the centre thereof.
With the radius A C intersect the two arcs A D,
BE, and the quadrant will. be divided into.three
equal parts, each equal to 30 degrees; then divide
each of these into five parts, by the preceding rules,
and the quadrant is divided into 15 equal parts; bi-
sect these parts, and then subdivide as already di-
rected;, and the quadrant will be divided inte O .de-
grees. Other methods will be soon explained more
at large. - ’

- ProsiEM 77. Tofindwhaé part any smeller line
or arc is of a greater, as for evample, any angle is
of .a semicircle. R

Take the smaller with a pair of cempasses, and.
with this opening step. the greater. With. the re-
mainder, or surplus, step one of the former steps;
with the remainder. of this, step one of the last steps,
setting down the number of steps each time. Aboud:
five times will measure.angles to five seconds. :
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Then to find the fraction, expressing what part
of the whole the smaller part is, -

Suppose the number of steps each time to be
e.d.c.b. a. .
9.7.8.2.5. Then5 X 2 4 1 =11, and 11 X
8+ 5 =03, and 93 X 7 4 11 = 662, and 663
X 9 + 93 = 6051; so that 2+ is the fraction
required.

f we call the number of steps abede begin-
ning at the last, the rule may run thus: multiply
a by b, and add 1; multiply that sum by c, and
add a ; multiply this sum by d, and add "the pre-
ceding sum ; multiply this sum by e, and add the
preceding sum ; then the two last sums are the
terms of the fraction. d.e. b, a.

. Erample 1, Suppose the steps are 3. 5. 1. 9. then
9X1+1=10,10X 5+ 9 = 59, an! 59 X 3
+ 10=187; hence the terms are +%. Now 180°
X 59 = 10020, this divided by 187 gives 56°, with
a remainder of 148, 148 x 60 = 8880, * 0, gives
47, &c. so that the measure required is 56° 47’ 29”.

Ezample 3, Take a semicircle three inches radius,_
and let the angle be 2 in 1; "then the steps will be
4, 2, 1, 2, 8, 2, the answer 41° 10’ 50” 9.

The whole circle, continued and stepped with the
same opening, gave 8. 1. 3. 2. 3. for the same, yet
the answers agreed to the tenth of 3 second.*

* The following is the most simple method by a trug sector, of
dividing the circle into any oad or even nymber of equal parts,

When the given number of equal parts are even, and can be
divided into 2, 8, 4, &c. the operation will be easy from the
directions already given, but when the given number js odd, as
365, 59, or 31, the difficulty of dividing is great and operose by
the compasees only, and the following had best be used. Rule.
From the given number of odd djvisions or parts, subtract as many
from it as will reduce it to an even number, which may be
bisected, trisected, quartered, &e. Then as the whole number
of parts into which the circle is to be divided, is to 360, so is- the
number of parts subtracted, to the number of deg'ees,and parts, -
«contained in the arc, in which they must be divided. Ezample,
Suppoese jt be required to divide a circle into 365 equgl parts, subs

H2 .
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By the same method any given line may be
measured, and the proportion it bears to any other
straight line found. Or it will give the exact value
of any straight line, ex. gr. the opening of a pair of
compasses, by stepping any known given line with
it, and this much nearer than the eye can discern,
by comparing it with any other line, as a foot, a
yard, &c. ’

_This method will be found more accurate than by
scales or even tables of sines, tangents, &c. because
the measure of a chord cannot be so nicely deter-
mined by the eye with extreme exactness.

There may be some apparent difficulty attending
the rule when put in practice, it being impossible to
assign any example which another person can repeat
with perfect accuracy, on account of the inequality
in the scales, by which the same steps, or line, will
be measured by different persons. There will, there-
fore, be always Some small variation in the answer;
it is however, demonstrably true, that the answer
given by the problem is most accurately the measure

tract 5 of those parts, and the remainder will be 360, which may
first be divided into 6, then each into 6, and these last each into
10, equal in the whole 860. Nowas 365 : 360 :: 5.: 493. Then
take the length of the semidiameter of the given circle in your
compasses, open the sector to that extent from 60 to 60 on the
line of Chords ; take then the distance across from 4.98, on each,
on the same line; apply that on the periphery of the circle,
divide that arc into 5 equal parts, and the remainder of the
circle into 360 parts as above directed, and the whdle circle will
be divided into 365 equal parts as required. 2d. Suppose 59 to
be the given odd numbers to divide a circle, 59 — 9 = 50. Then
as 59 : 360 :: 9 : to 54.9, or 54.%ths, the distance tobe takenon the-
periphery, whichis tobedivided into 9equal parts, and therest into
50, by first into 5, and each of them into 10. This number will
serve for the moon’s age or revolution, 29. days, or the revolu-
tions from change to change. 3d. Suppose 31 the given number,
31 —1=2380. As31:360: 1:11.6l, or whichis near enough,
11.6, which is the odd part to be takenon the sector and set off on
the periphery, and the rest first into 6 parts, and each of those
into 5, which will make the required number of equal parts 31,
and be answerable to the divisions of the common moath-day
cirele in clocks. Ebpir.

'



CmpT e

DIVISIQN OF LINES AND CIRCLES. 101

of the given angle, although you can never delineate
another angle, or line, exactly equal to the given one,
first measured by way of example, and this arising
from the inequality of our various scales, our inatten-
tion in measuring, and the imperfection of our eyes.
Hence, though toall appearance two angles may ap-
pear perfectly equal to each other, this method will
give the true measure of each; and assign the minutest
difference between them. , ,

Figure 1, plate 9, will illustrate clearly this me-
thod; thus, to measure the angle A CB, take A B
between your compasses, and step B a,ab, be,
there will be ¢ D over. - .

Take ¢ D, and with it step A e, ef, and you will
have f B over ; with this opening step A g, gh, and
you will havn h e over, and so on. '

ProBLEM 78. To divide a large quadrant or
circle. -

We shall here give the principal methods used
by instrument-makers, before the publication of Mr.
Bird’s method by the Board of Longitude, leavi
it to artists to judge of their respective merits,
to use them separately, or combine them toge-
ther, as occasion may require; avoiding a minute
detail of particulars, as that will be found when we
come to describe Mr. Bird’s method. It will be
necessary, however, previously to mention a few
circumstances, which, though, in common use, had
not been described until Mr. Bird’s.and Mr. Lud-
Jam’s comments thereon were published.

“In all mathematical instruments, divided by
hand, and not by an engine, or pattern, the circles,
or lines, which bound the divisions are not those
which are actually divided by the compasses.” .

“ A faint circle is drawn very near the bounding
circle; it is this that is originally divided. It has
been termed the primitive circle.” :

¢« The ' divisions made upon this circle are faint
arcs, struck with the beam compasses; fine points,
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or conical holes, are made by the prick punch, or
poiating tool, at the poiats where these arcs croes
the primitive eircle ; these are called original points.” -
¢ The visible divisions are transferred from the
original points to the space between the bounding
circles, and are cut by the beam compesses; they
are therefore always arcs of a circle, though so short,
as not to be distinguished from straight hies.”
- Method 1. The faint or primitive arc isfirststruck;
the exact measure of the radius thereof is then ob-
tained upon a standard scale with a nonius division
of 1000 perts of an inch, which if the radius exceed -
10 inches, may be obtained to five places of figures.
This measure 13 the chord of 60. The other chords
necessary to be laid off are computed by the sub-
joined proportion,* and then taken off from the
standard scale to be laid down on the quadrant,

Set off the chord of 60°, then add to it the chord
of 30, and you obtain the goth degree.

Mr, Bird, to obtain g0° bisects the chord of 60°,
and then sets off the same chord from 30 to 90°, and
not of 30 from 60° to g0°. Some of the advantages
that arise from this method are these ; for whether
the cord of 30 be taken accurately or not from the
scale of equal parts, yet the arc of 60 will be truly
bisected, (see remarks on bisection hereafter,) and if
‘the radius unaltered be set off from the point of bi.
section, it will give QO true; but if the chord 30, as
taken from the scale, be laid off from 60 to go, then
an error in that chord will make an equal error in
the place of 'g0°. \

Sixtydegrees is divided into three parts by setting
off the computed chord of 20 degrees, and the whole
guadrant is divided to every 10 degrees, by setting
off the same exteat from the other points,

Thirty degrees, bisected by the computed chord

* Asthe radius is to the given angle, sois the measure of the
radius to half the required chord, : -
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of 15, gives 15°, which stepped from the pointy
_ already found, divides the quadrant to every fifth

The computétl chord of 6° being laid off, divides
30 degrees into five parts; and et off from the
vther divisions, sabdivides the quadrant into single
diegrecs. .

Thus with five extents of the beatn comphsses, and
tbne of them less thian 4ix degrées, the quadrant is
divided into go degrees. »
_ Fifveen depvers bisectad, gives 7° 80', which bet
' ;lﬁf;mm thre other divisions, divides the yuadrantinte

The g:::z:d of. 6° 40’ divitles 20° intb' theee parts,
end set off from the fest of the divisions, divides the
whole ihstiameént to every ten minutes. :

The chord of 10° 5’ divides the degrees into 12
parts, eachequal to five minutes of a degree. .

Method 2. The chords are here supposed to be
computed as before, and taken off from the nonius
wale. o :

© 1. Radivs bisected dividet the quadrant into three
parts, ¢ach egaal to 30 degrdes. '

3. The chord of 10° gives nie parts, each equal
+ 40 10 degrees. , '

'3, Thirty degrees bisettel and set off, gives 18
parts, eseh equal to five degrees. .

%. Thirty degrees into five, by the chord of 6°;
‘then sat off as before givés QO parts, each equal to

1 (kgmo s )

5. The chord of 6° 40’ gives 270 parts, each equal
té 20 minutes, .

6. Thie chord of 7° 80’ gives 540 purts, each equal
1o 10 minutes, ~ ‘

7. The chord of 7° 45’ gives 1080 parts, each equal
to five minutes. , _
Or Method 3. The computed chords supposed.

1. 60 into } gives : 3 parts, equal 30‘:
2. 30 % equal 15 6-eomm---15°
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8.15 8 equal 5 . 18 ~¥e==- 5®
4, 80 5 equal 6 90 - === 1°
5. 20 3 equal 6° 40’ 270 - - - --- 2@
6. 15 4 equal 7°30° . 540 -----. 10
7. 15, 30 4 equal 7°45° 1080 ----- - 5

Thus may the practitioner vary his numbers for
any division whatsoever, and yet preserve a sufficient
extent between the points of his compasses.

If the quadrant be divided as above, to every 1§
degrees, and-then the computed arc of 16 degrees set
off, this arc may be divided by continual bisection
intossingle degrees, If from the arc of 45°, 2° 20
be taken, or 1° 10’ from 22° 30/, we may obtain every
fifth-minute by continual bisection. If to the arc of
7°.10" be added the arc of 62 minutes, the arc of
gvery single minute may be had by bisection.

Or Mgz. Birp's METHOD OF DIVIDING,
Fig. 2, plate 9.

In 1767 the Commissioners of Longitude proposed
an handsome reward to Mr, Bird, on condition,
among other things, that he should publish an ac-
count of his method of dividing astronomical instru~
ments; which was accordingly done: and a tract,
desaribing his method of dividing, was written by
him, and published by order of the Commissioners
of Lerigitude in the same year; some defects in this
publication were supplied by the Rev, Mr. Ludlam,
one of the gentlemen who attended Mr. Rird to he
instructed hy him in his method of dividing, in con-
sequence of the Board’s agreement with him. My,
‘Lydlan's tract was published ip 1787, in 4te.

I shall use my endeavours to render this methed -
still cleaver to the practitioner, by combinipg and
prranging the subject of both tracts, ,
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1. One of the first requisites is a scale of inches,
each inch being subdivided into 10 equal parts.
2. Contiguous to this line of inches, there must be

a nonius, in which 10.1 inches is divided into 100

equal parts, thus shewing the 1000ndth part of an

inch. By the assistance of a magnifying glass of one

inch focus, the 3000ndth part may be gstimated.

3. Six beam compasses are necessary, furnished
with magnifying glasses of not more than one inch
focus. The longest beam is to measure the radius
or chord of §p; the second for the chord of 42.40;
the third for the chord of 30; the fourth for 10.20 3
the fifth for 4.40; the sixth for the chord of 15
degrees.

4, Compute the chords by the rules given, and
take their computed length from the scale in the dif-
ferent beam compasses.

5. Let these operations be performed in the even-
ing, and let the scale and the different beam com-
passes be laid upon the instrument to be divided,
and remain there till the next morning.

6. The next morning, before sun-rise, examine
the compasses by the scale, and rectify them, if they
_ are either lengthened or shortened by any change in
the temperature of the air.

7. The quadrant and scale being of the same tem-

rature, describe the faint arc b dy or primitive cir-
cle; then with the compasses that are set to the ra-
dius and with a fine prick punch, makea point at 4,
which is to be the 0 point of the quadrant; see fig.
2, plate 9.

8, With the same beam compasses unaltered lay
off from a to ethe chord of 60°, making a fine point
ate, . '

0. Bisect the arc a ¢ with the chord of 30°.

10, Then from the point ¢, with the beam com-

-
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passes containing 60, mark the point r, which is that
of 90O degrees. '

11. Next, with the beam compasses containing
15°, bisect the arc e r in n, whieh gives 75°.

12. Lay off from n towards r the chord of 10° 20/,
and from r towards n the chord of 4° 40’; thése two
‘ought to meet exactly at the point g of 85° 20'.

13. Now as in large instruments each degree is
generally subdivided into 12 equal parts, of five mi-
nutes eachy we shall find that 85° 20’ contains 10.24
such parts, because 20" equal 4 of these patts, and
"85 % 12 makes 1020 ; now 1024 is a number divit-
‘ble by continual bisection. '

“The last computed chord was 42% 49/, with whi¢h
ag was bisected into o, and ao, og, were bisected
by trials. Though Mr. Bird seems to have used this
method himself, still he thinks it more advisable to
take the computed chord of 21°20’, atitl by it find
the point g; then proceed by continual bidections
till you have 1024 parts, Thus the ar¢ 85° 26, by
ten bisections, will give us the arcs 42° 40/, 21°80,
10° 40°, 5° 207, 2° 40, 1° 20, 40/, 20, 10, 5,

14. To fill up the space between g and 't 85° 2,
and 90°, which is 4° 40’, or 4 X 12 4 8 equal to 56
divisions ; the chord of 64 divisions was laid off from
g towards d, and divided like the rest by continual
bisections, as was also from a towards b. If the work
is well performed, you will again find the points 36,
45, 60, 75, and QO, without any sensible difference.
It is evident that these arcs, as well as those of 15°,
are multiples of the arc of 5°; for one degree contains
12 arcs of 5” each, of which 15° contains 180; the
grc of 30° contains 360 ; the arc of 60° 720; that
of 75° 000; and, therefore, g0° contains 1080.

Mr. Graham,in 1725 applied to the quadrant di~

~ vided into g0°, or rather into 1080 parts of five mi.
nutes each, another quadrant, which he divided into
96 equal parts, subdividing each of these into 16

- equal parts, forming in all 1536, This arc is a se-

\
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vere check upon the divisions of the other ; but Bird
says, that if his instructions be strictly followed, the
coincidence between them will be surprising, and
their difference from the truth exceedingly small.

The arc of 96° is to be-divided first intd three equal
parts, in the same manner as the arc of g0°; each
third contains 51 2 divisions, which numberisdivisible
vomtinwally by 2, and gives 16 in each g6th part of
the whole. ‘ N ,

The next step is to cut the linear divisions from
the pomts obtained by the foregoing rules. For this
purpose a pair of beam compasses is to be used, both
of whose points are conical and very sharp. Draw a
tangent to thq arc b d, suppose at e, it will intersect
the arc x y in q, this will be the distance between the
points of the beam compasses to cut the divisions
nearly at right angles to the arc. 'The point of the
beam compasses next the right hand is to be placed
in the point r, the other point to fall freely into the
arc xXy; then pressing gently upon the screw head
which fastens the socket, cut the divisions with the
point towards the right hand, proceeding thus till you
have finished all the divisions of the limb.

FOR THE NONIUS.

1. Chuse any part of the arc where there is a co-
incidence of the g0 and g6 arcs ; for example, at e,
the point of 60°. Draw the faint arc st and ik,
which may be continuned to any length towards A ;
upon these the nonius djvisions are to be divided in
points. The original points for the nonius of the
QOth are are to be made upon the arc st; the origi-
nal points for the nonius of the g6th arc are to be
made upon the arci k.

Because QO is to 96, as 15 to 16, there will bea
coineidence at 15°and 16pts, 30°and 32pts, 45° and
ABpts ; 60° and 64pts, 90° and g6pts.

2. Draw 2 tangent.lige to the primitive circle as



108 + FOR THE NONI1US.

before, intersecting the arc d, which gives the dis-
tance of the points of the beam compasses, with
which the nonius of the goth arc must be cut.

3. Let us suppose then that the nonius is to sub-
divide the divisions of the limb to half a minute,
which is effected by making 10 divisions of the no-
nius equal to 11 divisions of the limb ; measure the
radius of the arc, and compute the chord of 16, or
rather 32 of the nonius division, which may easily
be obtained by the following proportion; if 10 divi-
sions of the nonius plate ma{:e 55 minutes of a de-
gree, what will 82 of those divisions make ? the an-
swer is 2° 5@, the chord of which must be computed
and taken from the scale of equal pagts; but as dif-
ferent subdivisions by the nonius may be required,
let 2 be the number of nonius divisions, # the num-
ber of minutes taken in by the nonius b, 16, 32 or
64, and X the arc sought; thenasn:m ::b: X.

4. Lay off with the beam compasses, having the
length of the tangent g0 between the points, the
point q from e, q being a point in the arc s t, and e
an original pointin the primitive circle, and the chord
of 32 from q towards the left hand, (the chord of 32
being the chord which subtends 32 divisions on the
nonius plate, or the chord of 2° 56’; this chord to
be computed from the radius with which the faint
arc s t was struck, and taken off the scale of equal
parts,) and divide by continual bisections; ten of
those divisions, -counting from q to the left, will be
the required points.

The nonius belonging to the g6th arc is subject to
nadifficulty, as the number should always be 16, 32,
&ec. that the extremes may be laid off from the divi-
sions of the limb without computation. To be more
particular, the length of the tangent line, or radius,
with which the divisions of the nonius of the 96 arc
are to be cat, must be found in the way before direct-
ed for the nonius of the g0 arc; thearc ik standing
instead of the arc s t. Having the tangental distance

-
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between the points of the compasses from one of the
original points in the primitive g6, lay off a point on
the faint arc ik towards the left hand ; count from
that point on the primitive 96 circle 17 points to the
left hand, and lay off from thence another point on
the faint arc ik; the distance between those two
points in the faint arc 1 k- is to be subdivided by bi-
sections into 16 parts, and those parts pointed ; from
these points the visible divisions of the nonius are to
be cut. - '

Mr. Ludlam thinks, that instead of laying the ex~
tent of the nonius single, it would be better to lay
it off double or quadruple ; thus, instead of 17 points
to the left hand, count 34 or 68, and that both ways,
to the right and to the left, and lay off a point from
each extreme on the faint arc ik; subdivide the

“whole between these extreme points by continual bi-
sections, till you get 16 points together on the left
hand side of the middle, answering to the extent of
the nonius. No more of the subdivisions are to be
completed than are necessary to obtain the middle
portion of 16 points as before. -

The nonius points obtained, the next processis to
transfer them on the nonius plate, which plate is
chamfered on both edges ; on the inner edge is the
nonius for the QO arc, on the outer edge is the no-
nius for the Q6 arc, in the middle between the two
chamfers is a flat part parallel to the under surface
of the nonius plate ; upon the flat part the faint line
of the next operation is to be drawn. 7o find the
Dlace where the nonius is to begin upon the chamfered
edge of the nonius plate, measure the distance of the -
centre of the quadrant from the axis of the telescope ;
this distance from the axis of the telescope at the
eye end, will be the place for the first division of the
nonius; then draw a faint line from the centre on
the flat part of the nonius plate.

‘Fasten the nonius plate to the arc with two pair of

) 1
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hand vices ; then with one point of the beam coms

in the centre of the quadrant, and the other at
the middle of the nonius plate, draw a faintarc from -
end to end ; where this arc cuts the faint line before- .
mentioned, make a fine point ; from this point lay
off on each side another point, which may be at any
distance in the arc, only care must be taken that they
be equally distant from the middle point ; from the
two last make a faint intersection as near as possible
to either of the chamfered edges of the nonius plate;
through this intersection the first division of the no-
nius must be cut.

Mgr. Birp's METHOD OF DIVIDING HIS SCALE OF
' "EQUAL PARTS,

Let us suppose that we have g0 inches to divide
into QOO equal parts, take the third of this number,
or 800 ; now, the first power of 2 above thisis 512;
therefore, take s:3ths of an inch in one pair of
beam compasses, 3¢ in another, 4%¢ ina third, and
£+ in a fourth; then lay the scale from which these
measures were taken, the scale to be divided, and the
beam compasses neat together, in a room facing the
north ; let them lie there the whole night; the next
morning correct your compasses, and lay off &t three
times ; then with the compasses +22, 122, 94, bisect -
these three spaces as expeditiously as possible; the
space 04 is so small that there is no danger from any

rtial or unequal expansion, therefore the remainder
may be finished by continual bisections. The linear
divisions are to be cut from the points with the beam
compasses as before described. ' :

The nonius of this scale is % ths of an inch long,
which is to be divided into 100 equal parts, as 100 1s
to 101, so is 256 : 258,50 tenths of an inch, the in-
teger being .. Suppose the scale to be numbered
At every inch from left to right; then make a fine
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point exactly agiinst 1Y, to the left of o, from this -
lay off 258,50 to the right hand, which divide after
the common wethad. :

If you are vot furpished with a seale long enough .
to lay off 238,50, then sgt off v, and add 8,56,
from a diagonal scale. ,

1

OFr Mz. Bisn’s. POINFING TOOL, AND MBTHOD OF
POINTING. ' /

The painting taol consisted of a steel wire % inch
diameter, inserted into a brass wire } inch diameter,
- the brass part 2. long, the steel part stood out 4, -
whole length 3} inches. The angle of the conical
point about 20.or 35 degrees, somewhat above a steel
temaper ; the top. of the brass part was ronnded off, .
to zeceive the pressure of the finger; the steel point
should be first turned, hardened, and tempered, and .
then whetted on the oil stone, by turning the poiuntril
round, and at the same time drawing it along the eil- -
stane, not-against, but from the peint ; this. will make -
a sharp point, and algo.a kind of very fine teeth along .
the slant slide of the cone, and give it the nature of
avery fime cauntersink. v . :

In striking the primitive circle by the beam com-,.
passes, the cutting point raises up the metal a little
on each side the arc ; the metal so thrown up forma ,
what is called the bur. When an arc is struck across
the primitive circle, this bur will be in some measure -
thrown down ; but if that circle be struck again ever
so lightly, the bur will be raised up again ; the arcs
struck. across the primitive circle have also their bur.
Two such rasures or trenches across each other, will..
of course have four salient, or prominent angles with~.
in; and as the sides of the trenches slope, so do also
the lines which terminate the four solid angles. Yow..
may therefore, feel what you cannot see; when the.
conical points bear against all foursolid angles, they
will guide, and keep the point of the tool in the centre

6

-
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of decussation, while keeping the téol upright, press

sini it gently with one hand, and turning it round

with the other, you make a conical hole. into which

you can at ahy time put the point of the beam com-

{);sses, and feel, as well as see, when it is lodged
ere.

RULES OR MAXIMS LAID DowN BY Mr. Birp.

1. The points of the beam compasses should never
be brought nearer tagether than two or three inches!
except near the end of the line or arc to be divided;
and there spring dividers with round moveable points
had best be used.

2. The prick-punch, used to mark the points,
should be very sharp and round, the comical point
being formed to a very acute angle ; the point tobe
made by it ought not to exceed the one thousandth
of an inch. When lines, or divisions, are to be
traced from these points, a magnifying glass of J an
inch focus must be used, which will render the im-
pression or scratch made by the beam compasses suf-
ficiently visible ; and if the impression be not too
faint, feeling will contribute, as well as seeing, to- .
wards making the points properly.

3. The method of finding the principal points by
computing the chords is preferable to other methods;
as by taking up much less time, there is. much less
risk of any error from the expansion of the instru.
ment, or beam compasses.

4. To avoid all possible error from expansion, Mr.
Bird never admitted more than one person, and him
only as an assistant; nor suffered any fire in the
room, till the principal points were laid down.

Mr. Bird guards, by this method, against any in-
equality that might possibly happen among the ori-
ginal points, by first setting out a few capital points,
distributed equally through the arc, leaving the in-
tervals to be filled up afterwards; he-could by this
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method check the distant divisions with respect to °
each other, and shorten the time of the most essential
operations. : : I
5. Great care is to be observed in pointing inter-
sections, which is more difficult than in pointing from
a single line, made by one point of the compasses.
For in bisections, the place to be pointed is laid off -
from the right to the left, and from the left to the
right. If any error arises from an alteration of the
compasses, it will be 'shewn double; even if the
chord be taken a little too long, or too short; it will
not occasion any inequality, provided the point be
made in the middle, between the two short lines
traced by the compasses. ' :
Now, as Mr. Ludlam observes, if the bisecting
chord be taken exactly, the two fore-mentioned faint
arcs will intersect éach other in the primitive circle;
otherwise the intersection will fall above or below it.
In either case, the eye, ‘assisted by a magnifier, can
accurately distinguish on the primitiye circle the mid-
dle between these two ares, and a point may be made
by the pointing tool. - - . :
In small portions of the primitive circles, the two
faint arcs will interséct in so acute an angle, that
they will run into one another, and form as it werea
single line; yet even here, though the bisecting
chord be not exact, if the intersection be pointed as
before, the point will fall in the middle of the portion
to be bisected. S
If, in the course of bisecting, you meet with a hole
already made with the pointril, the point of the com-
passes should fall exactly into that hole, both from
the right and left hand, and you may readily feel
what you cannot see, whether 1t fit or no; if it fits,
the point of the compasses will have a firm bearing
inst the bottom of the conical hole, and strike a
solid blow against it; if it does not exactly coincide
with the centre of the hole, the slant part of the point
will slide down the slant side of the hole, drawing,
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or pushing the other point of the compasses from its
lace. ,

P Mr. Bird’s method of transferring the divisions
by the beam compasses from the original points, is
founded on this maxim, that @ right line cannot be
cut upon brass, so, as accurately topass through two

iven points; but that a circle may be described
ﬁ'om any centre to pass with accuracy through'a given
point. It is exceeding difficult, in the first place, to
fix the rule accurately, and keep it firmly to the
two points; and, secondly, snpposing. it could be
held properly, yet, as the very point of the knife
which enters the metal and ploughs. it out, cannot
bear against the rule, but some other part above that
int will bear againstit; it.follaws, that if the knife
g: held in a different situation to or from the rule, it
will throw the cutting point out.or in ; besides, any
hardness or inequality of the metal will turn the knife
out of its course,, for the.rule does not .the
knife in departing from it, and the force.of the hand
cannot.hold it to'it. For these reasons it is almest
impossible to draw a knife a second tiee against the
rule, and cut. within the same line as. before.

On the other band, an arc ofia circle may always
be described. by the beam . compasses so as. to pass .
through a given point, pmvimtb points of the
compasses be conical. Let. one pqint of the compass-
es be set in the given point er.conical: hole in the
brass plain ; make the other point, whatever be its
distance, the central, or still point; with the.former
point cut the arc, and it will be sure to pass through
the given point in the brass plain, and the operation
may be repeated safely, and the stvoke be strength-
ened by degrees, as the moving point is not likely to
be shifted out of its-direction, nor the cutting point
to be broken.

The visible divisions on a large quadrant are always

_ the arcs of a circle, though so. short as not to be dis-
tinguished, from straight lines; they should be per:

" ‘ 3
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pendicular to the arc that bounds them, and there-
fore the still or central point of the beam eompasses
must be somewhere in the tangent to that arc; the
inding circle of the visible divisions, and the pri-
ive eircle shiould be very near each other, that the
forming the visible divisions may be as to sense
pendicualar to both circles, and each visible divi-
n; sitew the original point from which it was cut,
Anether maxim of Mr. Bird’s, attributed to Mr.
@ham, That it is possible, practically, to bisect an
5y or .right hime, but not to trisect, quwinquisect,
The advantages to be obtained by bisection
'e been already seen; we have now to 'shew the
ections against trisecting, &e.

l. That as ~ " f trisection in the primitive
sle must be ressing the poiat of the beam
npasses do' metal, the least extuberance,

bard particie, win cause a deviation in the first

pression of a taper point, and force the point of

: compasses out of its place; when a point is made

the pointing toel, the tool is kept turning round
ile it is pressed down, and therefore drills a coni-
cal hole. ‘

2. Much Jess force is necessary to make a scratch
or faint arc, than a hole by a pressure downwards of
the poiat of the compasses. S

3. So much time must be spentin trials, that a par-
tial expansion would probably take place ; and per-
haps, many false marks, or holes made, which might
oecasion considerable error.

Another maxim of Mr. Bird’s was this, that szep-
ping was liable to great uncertainties, and mot to be
trusted ; that is, if the chord of 16° was assumed, and
. laid down five times in succession, by turning the
compasses over upon the primitive circle, yet the ares
so marked would not, in his opinion be equal.

12 ¢
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DESCRIPTION OF MR. BIRD’s SCALE Or EQUAL
PARTS.

It consists of a scale of inches, each divided into
tenths, and numbered at every inch from the left to
the right, thus, 0, 1, 2, 3, &c. in the order of the
natural numbers. The nonius scale is below this,
but contiguous to it, so that one common line termi-
nates the bottoms of the divisions on the seale of
inches, and the tops of the divisions on the nonius;
this nonius scale contains in length 101 tenths of an
inch, this length is divided into 100 equal parts, or
visible divisions ; the left hand division of this scale
is set off from a point 45 of an inch to the left of
0, on the scale of inches ; thcrefore, the rigbt hand
end of the scale reaches to, and coincides with the
10th inch on the scale of inches. Every tenth divi-
sion on this nonius scale is figured from the right to
the left, thus, 100. 90. 80. 70. 60. 50. 40. 20. 20. 10.
0. and thus O on the nonius coincides with 10 on the
inches ; and 100 on the nonius falls against the first
subdivision (of tenths) to the left hand of 0 on the
inches; and these two, viz. the first and last, are the
only two strokes that do coincide in the two scales.

- To take off any given number of inches, decimals,
_and millesimals of an inch ; forexample, 42,764, ob-
serve, that one point of the beam compasses must
stand in a {pointed) division on the nonius, and the
.other point of the compasses in a pointed division on
the scale of inches. : :

The left hand point of the compasses must stand
in that division on the nonius which expresses the
number of millesimal parts; this, in our example,
is 4.

To find where the other point must stand in the
scale of inches and tenths, add 10 to the given num-
ber of inches and tenths (exclusive of the two mille-
sjmal*ﬁgures ;) from this sum subtract the two mille-
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simal figures, considered now as units and tenths,
and the remainder will shew in what division, on the
scale of inches, the other point of the compasses must
stand ; thus, in our example, add 10 to 42,7, and
the sum is 52,7; from this subtract 6,4 and the re-
mainder is 46,3. Set then one point of the compas-
ses in the 64th division on the nonius, and the other
point in 46,3 on the scale of inches, and the two
points will comprehend between them 42,704 inches.
This will be plain, if we consider that the junction
of the two scales is at the 10th inch on the scale of
inches; therefore, the compasses will comprehend
86,3 inches on the scale of inches; but it will like-
wise comprehend 64 divisions on the nonius scale.
Each of these divisions is one tenth and one millesi-
mal part of an inch; therefore, 0.4 divisions is 64
- tenths, and 64 millesimal parts, or 6,464 inches; to
6,464 inches taken on the nonius, add 36,3 inches
taken on the scale of inches, and the whole length is
42,764 inches; and thus the whole is taken from
two scales, viz. inches and the nonius ; each subdivi-
sion in the former is {%; of an inch, each subdivision
in the latter is 1’5 4 th of an inch. By tak-
ing a proper number of each sort of subdivisions
(the lesser and the greater) the length sought is ob-
tained.

" The business of taking a given length will be ex-.
pedited, and carried on with far less danger of injur-
ing the scale, if the proposed length be first of all
taken, nearly, on the scale of inches only, guessing
the millesimal parts ; thus, in our case, we ought to
take off from the scale of inches 42,7, and above half
a tenth more ; for then if one point be set in the pro-
per division on the nonius, the other point will fall
so near the proper division on the scale of inches, as

. to point it out; and the point of the compasses may
be brought, by the regulating screw, to fall exactly -
into the true division. R s

If, when the points of the compasses are set, they
do not comprehend an integral number of millesi.

P 4
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mal parts, they will not precisely fall into any twoe di-
visions, but will either exceed, or fall short; let the
exact distance of the points of the compasses be
42,7645 ; if, as before, the left hand point be set i
the 64th division of the nonius, then the right hand
point will exceed 46,3 among the inches ; if the left
hand point be carried one division more to the left,
and stand in 65 of the nonius, then the right hand
point will fall short of 46,2 in the scale of inches;
the exeess in the former case being equal to the de-
fect in the latter. By ebserving whether the differ-
ence be equal, pr as great again in one case as the
other, we may estimate to 4d part of a millésimal:
Bee Mr. Bird's Tract, p. 2. ~

It may be asked, why should the nonius seale com-
mence at the 10th inch; why not at 0, and so the
. nonius seale lay wholly on the left hand of the scale
of inches? and, in this case, both scales might be in
one right line, and not ene under the other; but, in
such a case, a less distance than 10 inches could not
always be found upon the scale, as appears from the
_ rule before given. The number 10 must net, in this
. case, be added to the inches and tenths, and then
the subtraction hefore directed would not always be
possible, ‘

Yet, upon this principle, a scale in one continued
line may be constructed for laying off inches, tenths,
and hundredths of an inch, for any length above one
inch ; at the head of the scale of inches, te the left
hand of 0, and in the same line, set off eleven-tenths
of an inch (or the multiple,) which subdivide in Mr,
Bird's way, into ten equal parts. Such a compound
scale would be far more exact than the common dia-
gonal scale ; for the divisions being pointed, you may
feel far more nicely than you can see, when the points
of the beam compasses are set to the exact distance,
But to return to Mr. Birds Tract.

The nature of Mr. Bird’s scale being kmown, there
will be ne difficulty in understanding his directions
how to divide it, A scale of this kind is far prefer-
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sble to any diagonal scale ; not only on account of
the extreme difficulty of drawing the diagonals ex-
actly, but also because there is no check upon the
errors in that scale; here the uniform manuer in
. which the strokes of one scale separate from those of
the other, is some evidence of the truth of both; but
Mr. Bird’s method of assuming a much longer line
than what is absolutely necessary for the scale, subdi-
viding the whole by a continual bisection, and point-
ing the divisions as before explained, and guarding
against partial expansians of the metal, is sure to ren-
der the divisions perfectly equal. - The waht of such
& scale of equal parts (owing, perhaps, to their ignor-
ance of constracting it) is one reason why Mr. Bird’s
method of dividing is not in so great estimation
among mathematical instrament makers, as it justly
deserves.

AN OBSERVATION, OR METHOD OF GRADUATION,
oF MR. SMEATON’s.

As it is my intention to collect in tliis place what-
ever is valuable on this subject, I caninot refrain from
inserting the following remark pf Mr. Smeaton’s,
though 1t militates strengly against orie of Mr. Bird’s
maxims. He advises us to compute from the mea-
sured radius the chord of 16 degrees only, and to
take it from an excellent plain scale, and lay it off
five times in succession from the primary point of 0
given, this would give 80 degrees; then to bisect
each of these arcs, and to lay off one of them beyond
the 8oth, which would give the 88th degree ; then
proceed by bisection, till you come to an arc of two
degrees, which laid off from the 88th degree, will give
the 9O degrees ; then proceed again by bisection, till
you have reduced the degreesinto quarters, or every
fifteen minutes. Here Mr. Smeaton would stop,
being apprehensive that divisions, when over close,
eannot be accurately obtained even by bisection.
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If it were necessary to have subdivisions upon the
limb equivalent to five minutes, he advises us to com-
pute the chord of 21° 20" only, and to lay it off four
times from the primary point; the last would give
85° 20°, and then to supply the remainder from the
bisected divisions as they rise, not from other com-
puted chords. o

Mr. Bird asserts, that after he had proceeded by
the bisections from the arc of 85° 20, the several
points of 30. 60.75. 60. fell in without sensible ine-
quality, and so indeed they might, though they were
not equally true in their places; for whatever error
was in them would be communicated to all connected
with, or taking their departure from them. Every
heterogeneous mixture should be avoided.

It is not the same thing whether you twice take a -
measure as nearly as you can, and lay it off separate-
ly, or lay off two openings of the compasses in suc~
cession unaltered; for though the same opening,
carefully taken off from the same scale a second time,
will doubtless fall into the holes made by the first,
without sensible error ; yet as the sloping sides of the
conical cavities made by the first points will conduct
the points themselves to the centre, there may be an
error, which, though insensible to the sight, would
have been ayoided by the simple process of lay-
ing off the opening twice, without altering the com-
passes. ‘

As the whole of the 90 arc may now be divided by
bisection, it is equally unexceptionable with the 96
arc; and, consequently, if another arc of g0, upon a
different radius, was laid down, they would be real
checks upon each other.

Mr. Ramsden, in laying down the original divisions
on his dividing engine,* divided his circle first into
five parts, and each of these into three; these parts
were then bisected four times; but being apprehen-

* A machine only used for instruments of radii under I8
jnches. Epir. - : ‘
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sive some error might arise from quinquisection, and
trisection, in order to examine the accuracy of the
divisions, he described another circle 1%, inch within
the former, by continual bisections, but found ne
sensible difference between the two sets of divisions.
It appears also, that Mr. Bird, notwithstanding all
his objections to, and declamations against the prac-
tice of stepping, sometimes used it himself.*

* The late skilful divider, Mr. John Troughton, from the diffi.
culty of constructing a sufliciently accurate scale of equal parts
upon which he ceuld rely, contrived the means of dividing bisec-
tionally without one, which differs from Bird’s method, only in
the means he adopted to reach the point which terminates the

eat bisectional arc, andis thus described, as a preferable method

for a mural quadrant, by his ingenious and more skilful brother,
Mr. Edward Troughton. ¢ The arcs of 60° and 80° give the
total arc, as before stated, and let the last arc of 80° be bisected,
also the last arc of 15°, and again the last arc of 7° 3¢’. The
two marks next 90° will now be 82° 80 and 86° 15°, conse-
quently the point sought lies between them. Bisections will serve
us no longer; butif we divide this space equally into threeparts, the
most forward of the two intermediate marks will give us 85°; and
if we divide the portion of the arc between this mark and 86° 15’
also into three, the most backward of the two marks will denote
. 85° 30’ ; lastly, if we divide any one of these last spaces into five,
and set off one of these fifth parts backwards from 85° 30°, we
shall bave the desired point at 1024 divisions upon the arc from
0°. _All the rest of the divisions which have been made in this
operation, which I have called marks, because theyshould be made
as faint as possible, must be erased; for my brother would not
suffer a mark to remain upon the arc to interfere with his future
bisections.” '

The use of mural quadrants in our observatories is now super-
seded by the more complete, more accurate and manageable in-
strument called the Astronomical Circle. To the fertile inventive
genius and transcendent mechanical skill of the late Mr. Jesse
Ramsden is the science of astronomy indebted for the various con~
structions of this circle, with its microscopes and other appendages
for reading oft'their divisions withextraordinary accuracy, and also
for improved constructions of thelarge Equatorial,&c. Thefollow
ing is one of his known methods of dividing large instruments,
He divided in the usual way by beam compasses and spring divi-
ders, accompanied with microscopes for minute examination, cor=
recting in the progress by pressing. backwards or forwards, by
hand with a fine conical point, those dots apparently erroneous,
#od s0 adjusting them to their true positions, Mr. Troughton aly-

K -1
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OF THE NONIUS DIVISIONS.

It will be necessary to give the young practitioner
some account of the nature and use of that admirable
tontrivance commonly called a nonius, by which the
divisions on the limbs of instruments are subdivided.

The nonius depeénds on this simple circumstance,

Jows this methed to admit of considerable accuracy under 4 stetdy
hand and good eye, but ‘ﬂdges the divider’s work will ever be ir-
regular and ineigam. e must have a circular line passing
through the middle of his dots; to preserve them at an equal dis-
tance from the centre: the bisectional arcs also which cut them
acrose deform them; and, what is worse, the dots requiring cors
rectiont will become larger then the rest, and unequally so in pro-

sttion to their requisite adjustment. To reduce them to an equa-

z with neighbouring ones; a burnisher is sometimes used,
which nray cause hollows in the surface, and dots so burnished u
are generally of a bad figure or ill-defined. Mr. Troughté:
thinks it would be an itnprovement to divide the whole by hand
at once, and afterwards to revise it, which will prevent the cot-
rected dots, as in the above method, fom beifig 1njured or moved
by the m:ent application of the eompasses.

Mr. n other methods, besides the above, to divide
Mis large Circles; and I am totd by a workmaati fron his workshop,
R0W in onr oy, that he had a contrivance by fited double mi-
oroscopes; with micrometer wires, for dividing the circle in a less
tedious and inaccurate manner, by successively briaging the sur:
face of the circle under the wires, punctuating the dots, and sub-
sequently examining and correcting them. Before this time, Mr.
Troughton states, that he ¢ used a frame which carried a singlé
wire very near the surface to be divided; this wire was moveable

& fine micrometer dcrew, and was viewed by a single lens in-
serted in the lower end of a tube, which, for the purpose of tak-
fng off the parallax, was four inches long. The greatést objec-
tion to this mode of constructmg the apparatus is, that the wire
being recessarily exposed, is apt to gather up the dust; yet it is
preferable to the onié now in use, in cases where any doubt is én-
iename’c'i of the dccuracy of the plane which ig to rective the di-
vidions.

Various other methods b it:genioué artists have béen suggest-
ed for more expeditiously ({ivi ing instruments. Mr. Troughton
candidly acknowledges that several persons proposed to hith a
newmethod of dividing by a roller, perambulating the edge of the
cirele to be divided, and that it also was comsidered as feasible a
leng time back by Hooke, Sisson, and others, Mr. Troughten, as

’
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that ifany line be divided into equal parts, the length
of each part will be greater, the fewer divisions there
are in the original; on the contrary, the length of
each division will be less in proportion, as the divi-
sions are more numerous,

Thus, let us suppose the imb of Hadley’s quad-
vant divided to every 20 minutes, which are the smal.
lest divisions on the quadrant; the two extreme
strokes on the nonius contain seven degrees, or 21

" an sble and very experienced artist, has availed himself of this
principle, and has discovered that when ¢ a roller is properz
y;oportioned to the radius of the circle to be divided, and wi

 edge made a small matter conical, so that one side may be
too great and the other too little, it may be adjusted so exactly
thet it mdy be earried several times round the circle without the
error of a single second, and it acts with so much steadiness
that it may not unaptly be considered as a wheel and pinion of
indefmitely high nmubers.” With a framed apparatusand micro-
scopic micrometer, constructed with this roller, he has invented
a machine that very expeditiously punctuates dots upon the
circle to be divided, and from tables of apparent errors of these
dots first made, and another table of real errors subse uently
caleulated and eorrected by a small sectoral instrument, he has
disclosed his methed of dividing circular instruments, which he
states will require but abeut a fourth of the time of that
employed after the method ef Mr. Bird, though this saving of
time perhaps cannot be absolutely appreciated by future artists,
unless much experiénce and dexterity,in-an equal degree, i both
wmethods have been used. ’

For further particulars I refer the reader to Mr. Troughton’s
% Account of @ Method of Dividing Astronomical and other
Tnstruments, by occular Inspection ; in which the usual Tools for
graduating are not employed, the whole Operaison being so cons
#rived that no Error can occur, but what is chargeable to Vision,
when assisted by the best optical means.of viewing and measuring
minute Quantities. Published in the Philosophical Transactions,
for 1809, and in the 34th Volume of the Philosophical Magazine.
In the same velume of the Transactions, is printed an account
of ¢ 4n Improvement in the Marner of dividing Astronomical
Instruments,”” by H. Cavendish, Esq. whose method consists
in using a beam compass with only one point, and a microscope
instead of the ether,  thus avoiding the setting of a point inte
a division. This may prove useful to a young artist. -

This paper is succeeded by another ¢ On a Methad of examina
ing the Divisions of dstronomical Instruments, by Professor Lax,

Cambridge University. Epir. - :
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of the aforcmentioned small divisions, but that it is
divided only into 20 parts ; each of these parts will
be longer than those on the arc, in the proportion of
21 to 20; that is to say, they will be one-twentieth
part, or onc minute longer than the divisions on the
arc ;. consequently, if the first, .or index division of
the nonius, be set precisely opposite to any degree,
the relative position of the nonius and the arc must
be altered one minute before the next division on the
nonius will coincide with the next division on the
arc, the second division will require a change of two
minutes; the third, of three minutes, and so on, till
the 20th stroke on the nonius arrive at the next 20
minutes on the arc; the index division will then have
moved exactly 20 minutes from the division whence
it set out, and the intermediate divisions of each
minute have been regularly pointed out by the divi-
sions of the nonius., :

-To render this still plainer, we must observe that
. the index, or countidg division of the nonius, is dis-
tinguished by the mark 0, which is placed on the ex-
treme right hand division; the numbers running
regularly on thus, 20, 15, 10, 5, 0.
- The'index division points out the entire degrees
and odd 20 minutes, subtended by the objects ob-
served; but the intermediate divisions are shewn by
the other strokes of the nonius’; thus, look among
the strokes of the nonius for one that stands directly
opposite to, or perfectly coincident with some one
division on the limb; this division reckon=d on the
nonius, shews the number of minutes to be added to
what is pointed out by the index division.
_ Toillustrate this subject, let us suppose two cases.
The first, when the index division perfectly coincides
with a division on the limb of the quadrant: here
there is no difficulty, for at whatsoever division it is,
that division indicates the required angle. If the in-
dex divisions stand at 40 degrees, 40 degrees is the
measure of the aequired angle. If it coincide with
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the next division beyond 40 on the right hand, 40
degrees '20 minutes 1s the angle. If with the second
division beyond 40, then 40 degrees 40 minutes is
the angle, and so in every other instance..

The second case is, when the index line does not

-coincide with any division on the limb. We are, in
this instance, to look for a division on the nonius that
shall stand directly opposite to one on the limb, and
that division gives us the odd minutes, to be added
to those pointed out by the index division: thus,
suppose the index division does not ceincide with 40
degrees, but that the next division toit is the first co-
incident division, then is the required angle 40 de-
~ grees 1 minute. If it had been the second division,

_the angle would have been 40 degrees 2 minutes,
and so on to 20 minutes, when the index division co-
incides with the first 20 minutes from 40 degrees.
Again, let us suppose the index division to stand bes
tween 30 degrecs and 30°degrees 20 minutes, and
that the 16th division on the nonius coincides exact-
ly with a division on the limb, then the angle is 30
d}::grees 16 minutes. Further, let the index division
stand between 35 degrees 20 minutes and 35 de-
grees 40 minutes, and at the same time the 12th di-
vision on the nonius stands directly opposite toa di-
vision on the arc, then the angle will be 35 degrees
82 minutes, ' )

A ‘GENERAL RULE ¥OR KNOWING THE VALUE OF
EACH DIVISION, ON ANY NONIUS WHATSOEVER.

1. Find the value of each of the divisions, or sub~
divisions, of the limb to which the nonius is applied.
2. Divide the quantity of minutes or seconds thus
found, by the number of divisions on the nonius, and
the.quotient will give the value of the nonius division.

Thus, suppose each subdivision- of the limb be 30
minutes, and that the nonius has 15 divisions, then
44 gives 2 minutes for the value of the nonius, If
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the nonius has 10 divisions, it would give three
minutes ; if the limb be divided to every 12 minuses,
- and the nonius te 24 parts, then 12 minwtes, or 720
seconds divided by 24, gives 30 seconds for the
requitred value.

OF INSTRUMENTS FOR DESCRIBING CIRCLES OF
EVERY POSSIBLE MAGNFPUDE.

As there are many cases where arcs are required to
be drawn of a radius teo large for any ordinary com-
passes, Mr. Heywood and myself centrived several
wstruments for this purpose ; the most perfect of
these is delineated at fig. 5, plate 11. It is an in.
strument that must give great satisfaction to every
one who uses it, as it is so extensive in its nature,
being capable of describing arcs from an infinite ra-
diws, ora straight line, to these of two or theee inches

- diameter. When it was first contrived, both Mr.
Heywood and myself were ignorant of what' had
been done by that ever to be celebrated mechanieian,

- Dr. Hooke. ' .

Since the invention thereof, I have received some
very valuable communieations from different gentle- -
men, who saw and admired the simplicity of its.con~
struction ;, among others, from Mr. Nicholson, av~
thor of several very valuable works ; Dr. Ratheram,

Earl Stanhope, and J. Priestley, Esq. of Bradford,

- Yorkshire ; the last gentleman has favoured me with

so complete an investigation of the subject, and a

- description of so many admirable contrivances to

answer the purpose of the artist, that any thing I

could say would be altogether superfluous ; I shall,
therefore, be -very brief in ‘my description of the
instrument, represented fig. 5, plate 11, that I may
not keep the reader from Mr. Priestiey’s valuable
essay, subjoining Dr. Hooke's account of his ewn
contrivance to that of .ours. Much is always to be
gained from an attention to this great man; and I
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am, sure my reader will think his time well employed
in. perusing the short extract I shall here insert.
. The branches A and B, fig. 5, piate 11, cavry twe -
independent equal wheels C, D. The jpencil, or

point E, is in a ling-drawn. between the centre of the
axis of the branches, and: equidistant from each; s
waeight is to be placed over- the pencil when. in uses
‘When all the wheels have thein axes. in one line, and
the. instrument is moved in rotation, it will describe
an infinitely small circle; in this case the instru-
ment will, overset. When the two wheels C, Dy
have their horizontal axes parallel- to each other, a
right line or, infinitely large circle will, be described ;
when these axes are inclined- te each other, a circle
of infinite magnitude will be described.

The. distance between oune axis.and the centre, (or
pencil,) heing taken as unity, ox the.common radius,
the numbers 1, 2, 3, 4, &c. being sought for in the
natural tangents, will’ give ares of inelination for

. setting the nanii, and. at which cireles of the radii
of the said numbers, multiplied inta the cammon
radius, will be deseribed.. .
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Extracts from Dr. Hooke, on the Difficulty, &¢»
of Drawing Arcs of Great Circles: “ 'This thing,
says he, is so difficult, that it is almost impossible,
especially where exactness is required, as I was
* sufficiently satisfied by the difficulties that occurred
in striking a part of the arc of acircle of 60 feet for
the radius, for the gage of a tool for grinding teles-
cope glasses of that length; whereby it was found,
that the beam compasses made with all care and
circumspection imaginable, and used with as great
care, would not perforin the operation; nor by the
way, an angular compass, such as described by
Guido Ubaldus, by Clavius, and by Blagrave, &c.

“ The Royal Society met; I discoursed of my in-
strument to draw a great circle, and produced an in-
strument I had provided for that purpose ; and there-
with, by the direction of a wire about 100 feet long,
I shewed how to draw a circle of that radius, which
gave great satisfaction, &c. Again, at the last meet-
ing I endeavoured to explain the difficulties there are
in making considerable discoveries either 1 nature or
art; and yet, when they are discovered, they often
seem 50 obvions and plain, that it seems more diffi-
cult to give a reason why they were not sooner disco-
vered, than how they came to be dctected now ; how
easy it was, we now think, to find out a method of
printing letters, and yet, except what may have hap-
pened in China, there is no specimen or history of
any thing of that kind done in this part of the world. '
How obvious was the vibration of pendulous bo-
dies? and yet, we do not find that it was made use
of to divide the spaces of time, till Galileo discover-
ed its isochronous motion, and thought of that pro-
per motion for it, &c. And though it may be dif-
ficult enough to find a way before 1t be shewn, every
one will be ready enough to say when done, that it
is easy to do, and was obvious to be thought of and
invented.” ) o v

To illustrate this, the Doctor produced an instru-
ment somewhat similar to that described, fig. 5, plate -
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11, as appear} from the journal of the Royal Society,
where it 1s said, that Dr. Hooke produced an instru-
ment capable of describing very Elrgc circles, by the
help of two rolling circles, or truckles in the two
ends of a rule, made so as to be turned in their
sockets to any assigned angle. In another place he
had extended his views relative to this instrument,
that he had contrived it to draw the arcof a circle to
a centre though at a considerable distance, where
the centre cannot be approached, as from the top of
a pole set up in the midst of a wood, or from the
spindle of a vane at the top of a tower, or from a
point on the other side of a river; in all which cases
the centre cannot be conveniently approached,
otherwise than by the sight. This he pe'rf};rmed by
two telescopes, so placed at the truckles, as thereby
to see through both of them the given centre, and
by thus directing them to the centre, to set the
truckles to their true inclination, so as to describe
by their motion, any part of such a circle as shall
be desired. .

METHODS OF DESCRIBING ARCS OF CIRCLES OF
LARGE MAGNITUDE. By J. PriesTLEY, Esa. oF
BRADFORD, YORKSHIRE.

In the projection of the sphere, perspective and
architecture, as well as in many other branches of
practical mathematics, it is often required to draw
arcs of circles, -whose radii are too great to admit
the use of common, or even beam compasses; and
to draw lines tending to a given point, whose si-
tuation is too distant to be brought upon the plan.
The following essay is intended to furnish some
methods, and describe a few instruments that may
assist the artist in the performance of both these

problems.
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OF FINDING POINTS IN, AND DESCRIBING ARCS OF

LARGE CIRCLES.
/-

The methods and instruments I shall propose for
this purpose, will chiefly depend on- the following
propositions, which I shall premise as principles.

Principle 1. The angles in the same segment of
a circle, are equal one to another.

Let ACD B, fig. 1, plate 10, be the segment of
acircle: the angles formed by lines drawn from the
_ extremities A and B, of the base of the segment, to
any points C and D of its arc, as the angles AC B
AD B, are equal. .

This is the 31st proposition of Euclid’s third book
of the Elements of Geometry.

Principle 2. Ifupon theends A B, fig. 2, plate 10,
of a right line A B as an axis, two circles or rollers
C D and E F be firmly fixed, so that the said line
shall pass through the centres, and at right angles to
the plains of the circles ; ; and the whole be suffered
to roll upon a plain without sliding. - -

1. If the rollers CD and E F be equal in diame-
ter, the lines described upon the plain by their cir-
cumferences, will be parallel right lines; and the
axis A B, and every line D F, drawn between con-
temporary points of contact of the rollers and plain,
Wlll be parallel among themselves.

. If the rollers C D and EF be unequal, then
]mes formed by their circumferences upon the plain
will be concentric circles; and the axis AB, and
also the lines D F, will, in every situation, tend to
~ -the common centre of those circles.

Principle 3. If there be two equal circles or rol-
lers Aand B, fig. 3, plate 10, each separately fixed
to its own axis, moveable on pivots; and these axes
placed in a proper frame, so as to be in the same
Plain, and to maintain the situation given them with
respect to each other; and if the apparatus be rolled
upon a plain without sliding:

3
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1. Iftheaxes C D and E F, be placed in a parallel

" situation, the circumferences of the rollers A and B

will trace upon the plain straight lines; which will
be at right angles to the axes C D and EF.

2. If the axes CD and EF, continuing as before
in the same plain, be inclined to each other, so as if
Eroduced to meet in some point G, the rollers A and

will describe in their motions upon the plain arcs
of the same, or of concentric circles, whose centre -
is a point H, in that plain perpendicularly under the
point of intersection G of the two axes.

I shall not stop to demonstrate the truth of the
two last principles, it will easily appear on seeing
the operations performed. ! '

OF THE SIMPLE BEVEL.

In the performance of some of the following pro-
blems, an instrument not unlike fig. 4, plate 10, will
be found useful. It consists of two rulers, moveable
on a commen centre, like a carpenter’s rule, with a
contrivance to keep them fixed at any required angle.
The centre C must move on a very fine axis, so as to
lie in a line with the fiducial edges C B, C D of the
rulers, and project as little as possiblé before them.
The fiducial edges of the legs represent the sides of
any given angle, and their intersection or centre C
its angular point. .

A more complete instrument of this kind, adapted
to various uses will be described hereafter.

N. B. A pin fixed in the lower rule, passes through
a semicircular groove in the upper, and has a nut A
which screws upon it, in order to fix the rulers or
legs, when plaeed at the desired angle.

ProBLEM 1. Given the three points A, B, and
C, supposed to be in the circumference of a circle
too large to be described by a pair of compasses;
to find any number of other points in that circum-
Jerence. : " '
' K 2
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This may be performed various ways. As for
example, fig. 5, plate 10.

1. Join A C, which bisect with the ine FM G
at right angles ; from B, draw B D parallel to A C,
cutting F G in E; and making ED = EB, D will
be a point in the same circumference, in which are
A, B, and C.

By joining A B, and bisecting it at right angles
* with IK; and from C drawing C a parallel to A B,

cutting I K in L, and making La= L C, a will be
another of the required Roints.

Continuing to draw from the point, last found,
lines alternately parallel to AC and A B; those
lines will be cut at right angles by F G and IK re-
spectively ; and by making the parts equal on each
side of F G and I K, they become chords of the cir-
cle, in which are the original points A, B, and C,
and, of consequence, determine a series of points on
each side of the circumference. -

It is plain from the construction, (which is too
evident to require a formal demonstration,) that the
“arcs AD, Aa, Cc, &ec. intercepted between the
points A and D, A and a, C and ¢, &c. are equal
to the arc B C, and to one another. '

In like manner, joining B C, and bisecting it at
right angles with P Q: drawing A ¢’ parallel to B C,
and making Rc¢"= AR, (c) is another of the re-
quired points; and, from (c) the point last found,
drawing ¢’ a’ parallel to C A, and makinga’ N=N
¢, (') 1s another point in the same circumference;
and the arcs comprehended between C ¢’ and A a” are
equal to that between AB. Hence, by means of
the perpendiculars PQ and F G, any number of

ints in the circumference of the circle, passing
through the given ones, A, B, and C may be found,
" whose distance is equal to A B, in the same manner,
as points at the distance of B C were found by the.
help of the perpendiculars I K and F G. '

Again, if A, C, and () or A, C, and (¢) be taken
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as the three given points, multiples of the arc A C
may be found in the same manner as those of the
arc A B were found as above described.
2. Another method of performing this problem, is
as follows, fig.6, plate 10. Produce CB and C A;
and with a convenient radius on C, describe the arc
D E; on which setoff the parts F G, G E, &ec. each
equal to DF; draw C G, CE, &c. continued out
beyond G and E if necessary ; take the distance A B,
and with one foot of the compasses in A, strike an
arc to cut C G produced in H; and H is a point in
- the circumference of the circle that passes through the
- given points A B C; withthe same openingA B, and |
centre H, strike an arc to cut C E produced in I,
which will be another of the required points, and the
Pprocess may be continued as far as is necessary.

The reason of this construction is obvious ; for
since the angles, BC A, ACH, HCI, &c. are
equal, they must intercept equal arcs B A, A H,
HI of the circumference.

If it were required to find a number of points K,
L, &c. ontheotherside, whose distances were equal
to B C, laydown a number ofangles CA K, KAL,
&c. each equal to BAC, and make the distances
CK, KL, &c. each equal to B C.

BY THE BEVEL.

This problem is much easier solved by the help
of the bevel above described, as follows. See fig. 5.

Bring the centre of the bevel, fig. 4, to the middle
B, of the three given points A, B, and C, and hold-
ing it there, open or shut the instrument till the fidu-
cial edges of the legs lie upon the other two points,
and fix them there, by means of the screw A, (fig.
4); this is called sez¢ingthe bevel to the given points, -
Then removing the centre of the bevel, to any part .
between B and A or C, the legs of it being at the
same time kept upon A and C, that centre will de-
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L}
seribe (or be always found in) the arc which passes
through the given points, and will, by that means,
ascertain as many others as may be required within -
the limits of A and C.

In order to find points without those limits, pro-

ceed thus: the bevel being set as above described,
_bring the centre to C, and mark the distance C B
upon the left leg ; remove the centre to B, and mark
the distance B A on the same leg; then placing the
centre on A, bring the right leg upon g, and the
first mark will fall upon (a) a pointin the circum-
ference of the circle, passing through A, B, and C,
whose distance from A is equal to the distance B C.
Removing the centre of the bevel to the point (a)
last found, and bringing the right leg to A, the
second .mark will find another point (a*) in the same
circamference, whose distance aa’ is equal A B.
Proceeding in this manner, any number of points
may be found, whose distances on the circumference
are alternately B C and B A. o

In the same manner, making similar marks on the
right leg, points on the other side, asat (c¢’) and (c’)
are found, whose distances Cc, ¢’c’, are equal to
B A, B C respectively.

It is almost unnecessary to add, that intermediate
points between any of the above are given by the
bevel, in the same manner as between the original
points. : k

ProsrEM 2. Eig. 7, plate 10. Three points, A, B,

and C, being given, as in the last problem, to find a
Jourth point D, situated in the circumference of
the circle passing through A, B, and C, and at a
given number of degrees distance from any of these
points; A for instance.
" Make the angles A BD, and AC D, each equal
to one half of the angle, which contains the given
number of degrees, and the intersection of the lines
B D, CD gives the point D required.

For, an angle at the circumference being equal to
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half that at the centre, the arc AD will contain
twice the number of degrees contained by either of
the angles AB D or ACD.

ProsLEM 3. Fig. 8, plate 10. Given three points,
as in the former problems, to draw a line from any
one of them, tending to the centre of the circle,
which passes through them all.

Let A, B, and C be the given points, and let it be
required to draw A D, so as, if continued, it would
pass through the centre of the circle containing
A, B, and C.

Make theangle BA D equal to the complement
of the angle B C A, and A D is the line required.

For, supposing AE a tangent to the point A,
then is EAD a right angle, and EAB=BCA;
whence, B A D = right-angle, less the £/ BCA,
or the complement of B C'A.

Corollary 1. A D being drawn, lines from B and
C, or any other points in the same circle, are easily
found thus, make AB G = B A D, which gives
BG; ‘then make BCF = CB G, which gives CF;
or CF may be had without the intervention of B G,
by making ACF =C AD.

Corollary 2. A tangent to the circle, atany of the :

oints (A for instance), is thus found. '

Make BAE=BCA, and the line AE will
touch the circle at A.

By the bevel. Set the bevel to the three given
points A, B, and C, (fig. 8.) lay the centre on A,
and the nght leg to the pomt C; and the other leg _
will give the tangent A G". Draw A D perpendl-
cular to A G’ for the line required.

For BAE being = BCA, the LZEAC is the
supplement to /. ABC, or that to which the bevel
is set ; hence, when one leg 1s applied to C, and the
centre brought to A, the direction of the other leg
must be in that of the tangent G E.

ProerLEM 4. Fig. 9, plate 10. Three points be-
ing given, as in the formc: problems, to draw from

¢
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a given fourth point a line tending to the centre of
a circle passing through the first three points.

Let the threc points, through which the circle is
supposed to pass, be.A,B, and C,and the given fourth

int D; it is required to draw through D a line
g)d tending to the centre of the said circle.

From A and B, the two points nearest D, draw by
the last problem, the lines A'a, Bb, tending to the
said centre; join A B, and from any point E, taken
in B b, (the farther fromn B the better) draw E F pa-
rallel to A a, cutting AB in F; join AD and BD,
and draw F G parallel to AD, cutting DB in G;
join G E, and through D parallel thereto, draw D d
for the line required,

For, (countinuing Dd and Bb till they meet in
0,) since A a and B b, if produced, would meet in
the centre, and FE 1is parallel to A a, we have
BF:BA: BE: radius; also, since AD and FG
are parallel, BF : BA :: BG : BD; therefore
BG : BD :: BE : radius, but from the parallel
lines Dd and GE, wehave BG:BD :: BE:BO;
hence B O is the radius of the circle passing through
A, B, and C. .

By the bevel. On D with radius D A describe
an arc A K; sez the bevel to the three given points
A, B, and C, and briug its centre (always keeping
-the legs on A and C) to fall on the arc AK; as at
H; on A and H severally, with any convenient
radius, strike twoarcs crossing each other at I'; and -
the required line D d will pass through the points I
and D. '

For a line drawn from A to H will be a common
chord to the circles A H K- and A B C; and the line
I D bisecting it at right angles, must pass through
both their centres. .

ProsLEM 5. Fig. 9, plate 10. Three points
being given, as before, together with a fourth point,
o find two other points, such, that a circle pass-
ing through them and the fourth point, shall be
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concentric to that passing through three given
points. : ‘

Let A, B, and C be the'three given points, and D
the fourth point; it is required to find two other
points, as N and P, such, that a circle passing
through N, D, and P shall have the same centre with
that passing through A, B, and C.

The geometrical construction being performed
as directed by the last problem, continue E G to L,
making EL = EB; and through B and L draw
B LM, cutting D d produced in M; make A N and
B P severally equal to M D, and N and P are the
points required.

For, since LE is parallel to M O, we have BE :
LE :: BO: MO; but BE=LE by the con-
struction ; therefore, M O = B O = radius of the
circle passing through A, B, and C, and M is in the
circumference of that circle. Also, N, D, and P
being points of the radii, equally distant from A,
M, and B respectively, they will be in the circum-
ference of a circle concentric to that passing through
A, M, and B, or A, B, and C.

By the bevel. Draw Aa and Cc tending to the
centre, by problem 3; set the bevel to the three
given points A, B, and C; bring the centre of the
bevel to D, and move it upon that point till its legs
cut off equal parts AN, CQ of the lines Aa and
Cc; and N and Q will be the points required.

For, supposing lines drawn from A to C, and
from N to Q, the segments AB C and N D Q will
be similar ones; and consequently, the angles con-
tained in them will be equal.

ProBLeMm 6. Fig. 10, plate 10. Three points,
A, B, and C, lying in the circumference of a circle,
being given as before ; anda fourth point D, to find
another point ¥, such, that u circle passing through
F and D shall touch the other passing through A,
B, and C, at any of these points; as for instance, B.

Draw BE a tangent to the arc AB C, by pro-



138 PROBLEMS BY THE BEVEL.

blem 3, corollary 2; and join BD; draw BF, ~
making the angle D BF = EBD, with the dis-
tance BD; ou D strike an arc to cut BF in F;
and F is the point sought. :

Since DF =DB, the Z DFB=DBF; but
DB F = D B E by construction; therefore, DFB
= DBE, and E B is a tangent to thearc BD F at
B; but EB is also a tangent to the arc AB C (by
construction,) at the same point; hence, the arc -
B D F touches A B C.as required.

ProsrEm 7. Fig. 13, plate 10. Two lines tend-
ing to a distant point being given, and also a point in
one of them ; to find two other points, (one of which
must bein the other given line,) such, that a circle
passing through those three points, may have its
centre at the point of intersection of the given lines.

‘Let the given lines be AB and C D, and E the
given point in one of them; it is required to find
two other points, as I and H, one of which (g
shall be in the other line, such, that a circle HI
passing through the three points, shall have its
centre at O, where the given lines, if produced,

. would meet. :

From E, the given point, draw E H, crossing
. A B atright anglesin F: make FH=FE, and H
is one of the required points. From any point D in
C D, the farther from E the better, draw G D paral-
lel to AB, and make the angle HEI equal to half
the angle GDE; and EI willcut AB in I, the
- other required point. ~ ‘
~ For, since E H crosses AB at right angles, and
HF is equal to F E, I H will be equal to I E, and
the /. HEI = / E H I also, since G D is parallel
to AB,the L/ GDE=/ FOE=double /IHE
= double Z HEI; but HEI = half £ G D Eby
construction ; hence, the points E, I, and H are in
- the circle whose centre is O.

By the bevel. Draw E H at rightangles to AB,
and make F H = F E as before; set the bevel to the
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angle GD O, and keeping its legs on the points H
and E, bring its centre to the line A B, which will
give the point I. . :

Prosrem 8. Fig. 13, plate 10. Two lines tend-
ing to a distant point being given, to find the dis-
tance of that point. :

Let A B and CD be the two given lines, tending
to a distant point O ; and let it be required to find
the distance of that point, from any point (E for
instance) in either of the given lines.

From E draw EF perpendicular to AB; and
from D (a point taken any where in CD, the far-
ther from E the better) draw D G parallel to A B.
On a scale of inches and parts measure the lengths
of GE, ED and EF separately ; then say, as the
length of GE is to ED, soisEF to EO, the
distance sought.

For the triangles E G D and EF O are similar,
and from thence the rule is manifest.

OF INSTRUMENTS FOR DRAWING AR(CS OF LARGE
CIRCLES, AND LINES TENDING TO A DISTANT '
POINT. '

M
I shall now proceed to give some idea of a few
_instruments for these purposes, whose rationale
depends on the principles laid down in the begin-
ning of this essay. .

1. AN IMPROVED BEVEL.

Fig. 12, plate 10, is a sketch of an instrument
grounded upon principle 1, p. 130, by which the
arcs of circles of any radius, without the limits at-
tainable by a common pair of compasses, may be
described. : .

It consists of a ruler A B, composed of two pieces
rivetted together near C, the ceuntre, or axis, and
of a triangular part CFE D. The axis is a hollow
socket, fixed to the triangular part, about which
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another socket, fixed to the arm CB of the ruler
AB, turns. These sockets are open in the front,
for part of their length upwards, as represented in
the section at I, in order that the point of a tracer or
pen, fitted to slide in the socket, may be more easily
seen.

The triangular part is furnished with a gra- .
duated arc D E, by which, and the vernier at B,
the angle D CB may be determined to a minute.
A groove is made in this arc, by which, and by
the nut' and screw at B, or some similar contri-
vance; the ruler AB may be fixed in any required

sition. ’ , :

A scale of radii is put-on the arm CB, by which
the instrument may be set to describe arcs of given
circles, not less than 20 inches in diameter. In order
to set the instrument to any given radius, the num-
ber expressing it &n inches on C B is brought to cut
a fine line drawn on C D, parallel, and near to the.
fiducial edge of it, and the arms fastened in that po-
sition by the screw at B. ‘

Two heavy pieces of lead or brass, G, G, made
in form of the sector of a circle, the angular parts
being of steel and wrought to a true upright edge, -
as shewn at H, are used with this instrument,
whose arms are made to bear against those edges
when the arcs are drawn. The under sides of these
sectors are furnished with fine short points, to pre-
vent them from sliding. '

.The fiducial edges of the arms C A and C D
are each divided from the centre C into 200 equal

rts.

The instrument might be furnished with small
castors, like the pentagraph; but little buttons fixed
on its underside, near A, E, and D, will enable it to
slide with sufficient ease.
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S8OME INSTANCES OF ITS USE.

1. To describe an arc, which shall pass through

three given points.

Place the sectors G, G, with their angular edges
over the two extreme points ; apply the arms of the
bevel to them, and bring at the same time its centre
C (that is, the point of the tracer, or pen, put into
the socket) to the third point, and there fix the arm
CB; then, bringing the tracer to theleft hand sec-
tor, slide the bevel, keeping the arms constantly
bearing against the two sectors, till it comes to the
right hand sector, by which the required arc will be
described by the motion of its centre C.

If the arc be wanted in some part of the drawing

without the given points, find, by problem 1, p. 131, .

other points in those parts where the arc is required.
By this means a given arc may be lengthened as far
as is requisite.

2. To describe an arc of a given radius, not less
than 10 inches.

Fix the arm C B so that the part of its edge, cor-
responding to the given radius, always reckoned
in inches, may lie over the fine line drawn on C D
for that purpose: bring the centre to the point
through which. the arc is required to pass, and dis-
pose the bevel in the direction it is intended to be
drawn; place the sectors, G, G, exactly to the divi-
sions 100 on each arm, and strike the arc as above.
described. . _

3, The bevel being set to strike arcs of a given
radius, as directed in the last paragraph, to drawe
other arcs whose radii shall have a given proportion
to that of the first arc. .

Suppose the bevel to be set for describing arcs of
50 inches radiys, and it be required to draw arcs of
60 inches radius, with the bevel so set.
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Say, as 50, the radius to which the bevel is sez,
is to 60, the radius of the arcs required ; so is the
constant number 100 to 120, the number on the
arms CA and CD, to which the sectors must be
placed, in order to describe arcs of 60 inches ra-
dius.

N.B. When it is said that the bevel is’ se# to
draw arcs of a partieular radius, it is always un-
derstood that the sectors G, (i, are to be placed at
No. 100 on CA and CD, when those arcs are
drawn.

4. An arc ACB (fig. 11, plate 10) being given,
2o draw other arcs concentric thereto, which shall
pass through any given point, as ¥’ for instance.

Through the extremities A and B of the given arc
draw lines A P, B P tending to its centre, by pro-
blem 3, p. 185. Take the nearest distance of the
given point P from the arc, énd set it from A to P,
and from B to P. Hold the centre of the bevel on
C, (any point near the middle of the given arc) and
bring its arms to pass through A and% at the same
time, and theré fix them. Place the sectors to the

ints P and P, and with the bevel, set as before
directed, draw an arc, which will pass through P,
the given point, and be concentric to the given arc
ACB.

5. Through a peint A, (fig. 14, plate 10) in the
given line’A B, to strike an arc ofb a given radius,
and whose centre shall lie in that line, produced if
necessary. : "

Set the bevel to the given radius, as above de-
scribed, (Method 2.) '

Through A, at right angles to AB, draw C D ;
lay the centre of the bevel, set as above, on A, and
the arm C A, on the line AC, and.draw a line AE
along the edge CD of the other arm. Divide the
angle D AE into two equal parts by the line A F,
place the bevel so, that its centre being at A, the
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arm CD shall lie on A F;-while in this situation,
place the sectors at No. 100 on each arm, and then
strike the arc.- S

6. An arc being given, to find the length of its
radius.

Place the centre of the bevel on the middle of
the arc, and open or shut the arms, till No. 100
on C A and CD fall upon the arc on each side the
centre ; the radius will be found on C B (in inches)
at that point of it, where it is cut by the line drawn
on CD. )

- If the extent of the arc be not equal to that be-
tween the two Numb. 100, make use of the Numb,
50, in which case the radius found on C B will be.
double of that sought ; or the arc may be lengthened,
by problem 1, till it be of an extent sufficient to ad-
mit the two Numbers 100.

Many more instances of the use of this instru-
ment might be given; but from what has been al-
ready done, and an attentive perusal of the foregoing-
problems, the principle of them may be easily con-
ceived. - ' '

2. THE OBLIQUE RULER.

An instrument for drawing lines that are paral-
lel, is called a parallel ruler; one for drawing
lines tending to a point, as such lines are oblique to
each other, may, by analogy, be called an obligue
raler. -

Fig. 11, plate 10, represents a simple contrivance
for this purpose ; it consists of a cylindrical or pris-
matical tube A B, to one end of which is fixed the
roller A ; into this tube there slides another C B of
six or eight flat sides. The tubes slide stiffly, so as
to remain in the position in which they are placed.
Upon the end C, screw different rollers, all of themt
something smaller than A.

In order to describe arcs, & drawing pen E, and
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a tracer may be put on the pin D, and ave retained
there by a screw G; the pen is furnished with a
moveable arm E F, having a small ball of brass F
at the end, whose use is to'cause the pen to press
‘with due force upon the paper, the degree of which-
can be regulated by placing the arm in different po-
sitions. ‘ o

The ruler AB being set to any given line, by
rolling it along, other lines may be drawn, all of
which will tend to some ore point in the given
line, or a continuation of it, whose distance will
be greater, as the distance between the rollers A
and C is increased ; and as the diameter of C ap-
proaches that of A ;- all which is evident from prin }
ciple 2, page 130.

. It also appears from the said principle, that du-

- ring the motion of the ruler, any point in its axis

will accurately describe the arc of a circle, having

the said point of intersection for its centre; and,

consequently, the pen or tracer, put on the pin D,
. will describe such arcs. _

The rollers, as C, which screw upon the end of
the inner tube are numbered, 1, 2, 3, &c. and as
many scales are drawn on that tube as there are
rollers, one belonging to each, and numbered accor-
dingly. These scales shew the distance in inches, of
the centre or point of intersection, reckoned from
the middle of the pin D, (agreeing to the point of the

n or tracer;) thus;

No. 1, will describe circles, or serve for drawing
lines tending to a point, whose radius or distance
from D, is from 1200 inches to 600 inches, accord-
ing as the tube is drawn out. '

No. 2 - from 600 inches to 300 inches
3 - - 300 - 150
4 - 150 - 80 .
5 - 80 - 40
6 - 40 - 2
-7 - " 20 - 10
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*If it should be required to extend the radius or
distance farther -than 1200 inches, by using ano-
ther ruler, it might be carried to 2400 inches ; but
lines in any common sized drawing, which tend to
a point above 100 feet distance, may be esteemed
parallel.

3. ANOTHER RULER OF THE SAME KIND.

Fig. 18, plate 10. This is nothing more than the
Jast instrument applied to a flat ruler, in the manner
the rolling parallel rulers are made.

CD is an hexagonal axis, moveable on pivots
in the heads A and F fixed upon a flat ruler; on
this axis the smaller roller B, is made to slide
~ through one half of its length; the larger roller A,
is screwed on the other end of the axis, and can be
changed occasionally for others of different diameters.
Scales adapted to each of the rollers'at A, are eithet
put on the flat sides of the axis from C to E, or
~ drawn on the corresponding part of the flat ruler;

and the scales and rollers distinguished by the same
number: at F is a screw to raise or lower the end
C of the axis, till the ruler goes parallel to the paper
on which the drawing is made; ‘and at G there 1s a
"socket, to whicha drawing pen and tracer is adapted
for describing arcs. ' ,

In using these instruments, the fingers should be
placed about the middle part between the rollers;
and the ruler drawn, or pushed at right angles to its
length. The tube AB, fig: 17, and one, or both of
the edges of the flat ruler, fig. 18, are divided into
inches and tenths. ' :

4. THE. CYCLOGRAPH.

This instrumentis constructeld upon the third prine
ciple mentioned in page 130 of this Essay.
Fig. 16, plate 10, is composed of five rulers ; four
L
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of them DE, DF, G E and G F, forming a trape.
yium, are moveable on the joints D, E, F and G;
the fifth ruler D I, passes under the joint D, and
through a. socket carrying the opposite joint G.
The distances from the centre of the joint D, to that
of the joints E and F, are exactly equal, as'are the
distances from G to the same joints. The rulers D E
and DF pass beyond the joints' E and F, where a
roller is fixed to each; the rollers are fixed upon
their.axes, which move freely, but steadily on pivots,
80 a8 to admit of no shake by which the inclination
of the axes can be varied. The ruler I D passing
beyond the joint D, carries a third roller A, like the
others, whose axis lies precisely in the direction of
#hat ruler; the axes of B and C extend to K and L.
A scale is put on the ruler DI, from H to G,
shewing, by the position of the socket G thereon, the
length of the radius of the arc in inches, that would
be described by the end I, in that position of the
trasiezium. When the socket G is brought to the
.end of the scale near I, the axes of the two rollers B
and C, the ruler D I, and the axis of the roller A,
are precisely parallel ; -and in this position, the end
“I, orany other point in D I, will describe straight
lines at right anglesto D I; but on sliding the socket
‘G- towards H, an inclination is given to the axes of
B and C, so as to tend to some point in the line I D,
:continued beyond D, whose distance from I is shewn
‘by the scale. . '
~ A proper socket, for holdinig a pen or tracer, is
‘made to put on the end I, for the purpose of de-
-scribing arcs ; and another is made for fixing on
any part of the ruler D I, for the more convenient
description of concentric arcs, where a number are
wanted. : -
It is plain from this description, that the middle
_ruler Dg in this instrument, is a true obligue ruler,
by which lines may be drawn tending to a point,
“whose distance from I is shewn by the position of the
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socket G on the scale; and the instrument is made
sufficiently large, so as to answer this purpose as well
as the other. .

5. A DIFFERENT CONSTRUCTION OF THE SAME IN-
" STRUMENT. '

In fig. 16, plate 10, the part intended to be
used 1n drawing lines, lies within the trapezium,
which is ‘made large on that account; but this is
not necessary ; and fig. 15, plate 10, will give an
idea of a like instrument, where the trapezium may
be made much smaller, and consequently less cum-
bersome.

D BEC represents such a trapezium, rvollers,
socket, and scale as above described, but much
smaller. Here the ruler E D is continued a sufficient
length beyond D, as to A, where the third roller is
fixed ; a pen or tracer may be fitted to the end E,
or made to slide between D and A, for the purpose
of drawing arcs. :

METHODS OF DESCRIBING AN ELLIPSE, AND SOME
' OTHER CURVES.

To describe an ellipse, the transverse and conju-
gate axes being given.

Let AB be the given transverse, and C D the
conjugate axes, fig. 13, plate 13. '
- Method 1. By the line of sines on the sector, open
the sector with the extent A G of the semi-transverse
axis in the terms of g0 and 90 ; take out the trans-
verse distance. of 70 and 70, 60 and 60, and so for
- every tenth sine, and set them off from G to A, and
‘from G to B ; then draw lines through these points
perpendicular to AB. Make GC a transverse
- distance between QO and @O, and set off each tenth
sine from G towards C, and from G towards D, and
_through these points-.draw lines parallel to A B,

L2
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which will intersect the perpendiculars to AB in
the points A, a, b, ¢, d, e, f, g h, i, k, |, m, n,
o, p, q, B, for half the ellipse, through which
points and the intersections of the other half, a
curve being drawn with a steady hand, will com-
plete the ellipse.

Method 2. With the elliptical compasses, fig. 3,
plate 11, applz the transverse axis of the elliptical
compasses to the line A B, and discharge the screws
of both thesliders; set the beam over the transverse
axis A B, and slide it backwards and forwards until
the pencil or ink point coincide with the point A,
and tighten the screw of that slider which moves on
the conjugate axis ; now turn’ the beam so as to lay
over the conjugate axis C D, and make the pencil or
ink point coincide with the point C, and then fix the
screw, which is over the slider of the transverse axis
of the compasses; the compasses being thus adjusted,
move the ink point gently from A, through C to B,
and it will describe the semi-ellipse A C B ; reverse
the elliptical compasses, and describe the other semi-
ellipse BD A. These compasses were contrived by
my Father in 1748 ; they are superior to the tram-
mel which describes the whole ellipse, as these will
describe an ellipse of any eccentricity, which the
others will not.

Through any given point F to describe an ellipse,
the transverse axvis AB being given.

Apply the transversc axis of the elliptical com-
passes to the given line A B, and adjust it to the
point ‘A fix the conjugate screw, and turn the
beam to F, sliding it till it coincide therewith, and
proceed as in the preceding problem. ,

Fig. 2, plate 11, represents another kind of ellip-
tical apparatus, acting upon the principle of the oval
lathes; the paper is fixed upon the board A B, the
pencil C is set to the transverse diameter by sliding

-t on the bar D E, and is adjusted to the conjugate
diameter by the screw G; by turning the board A B,
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an ellipse will be described by the pencil. Fig. 3,
A, plate 11, is the trammel, in which the pins op
the under side of the board A B, move for the dc-,
scription of the ellipse. '

Ellipses are described in a very pleasing manner
by the geometric pen, fig. 1, plate 11; ths part of
that instrument is frequently made separate.

70 describe ¢ parabola, whose parameter shall be
equal to a given line. Fig. 17, plate 13. ~

Draw a line to represent the axis, in which make
AB equal to half the given parameter. Open the
sector, so that A B may be the transverse distance
between 90 and O on the line of sines, and sct
off every -tenth sine from A towards B; and
through the points thus found, draw lines at right
angles to the axis AB. Make the lines Aa, 10b,
20c¢, 30d, 40 e, &c. respectively equal to the
chords of 90°, 80° 70°, 60°, 50° &c. to the radius
AB, and the points a b c de, &c. will be in the
parabolic curve; for greater exactness, interme-
diate points may be obtained from the intermediate
degrees; and a curve drawn through these points
and the vertex B, will be the parabola required ; if
the whole curve be wanted, the same operation must
be performed on the other side of the axis.

As the chords on the sector run no further than
60°, those of 70, 80, .and 9O, may be found bgr
taking the transverse distance of the sines of 35°, 40°,
45°; to the radive A B, and applying those distances
twice along the liges, 20 ¢, 10b, &c. '

Fig. 4, plate 11, is an instrument for describing
a parabola ; the figure will render its use sufficiently
evident to every geometrician. A B C D isawooden
frame, whose sides A C, B D are parallel to-each
other; EFGH is a square frame of brass or
wood, sliding against the sides AC, BD of the .
exterior frame ; H a socket sliding on the bar E R
of the interior frame, and carrying the pencil I;

K afixed point in the board, (thesitnation of swhich
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~ may be varied occasionally); EaK is a thread
equal in length to EF, one end thereof is fixed at
E, the other to the piece K, going over the pencil
at a. Bring the frame, so that the pencil may be
in a line with the point K; then slide it in the ex-
terior frame, and the pencil will describe one part
of a parabola. If the frame E FGH be turned
about, so that EF may be on the other side of the
point K, the remaining part of the parabola may be
completed. _

To describe an hyperbola, the wertex A, and
asymptotes BH, B1 being given. Fig. 18, pl. 13,
-~ Draw A1, AC, parallel to theasymptotes. Make
A C a transverse distance to 45, and 45, on the up-
per tangents of the sector, and apply from B as many
of these tangents taken transversely as may be
thought eonvenient; as BD 50° BE 55° BF 60°,
and so on; and through these points draw Dd,
Ec, &c. parallel to AC.

Make A C a transversc distance between 45 and
45 of the lower tangents, and take the transverse
distarice of the cotangents before used, and lay them
on those parallel lines ; thus making D d equal 40°,
Ee to 35° Ff to 30° &c. and these points will
be in the hyperbelic curve, and a line drawn through
them will be the hyperbola required.

To assist the hand in drawing curves through q
number of points, artists make use of what is termed
the bow, consisting of a spring of hard wood, or
steel, so adapted to a firm straight rule, that it may
be bent more or less by three screws passing through
the straight rule. '

A set of spirals cut out in brass, are extremely
convenient for the same purpose ; for there are few
curve lines of a short extent, to which some part of
these will not apply. ,

Fig. 6, plate 11, represents an instrument for
- drawing spirals; A the foot by which it is affixed
to the paper, B the pencil, a, 0, ¢, d, a running

= y

t
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line going over the cone G and cylinder H, the
ends -being fastened to the pin e. On turning the.
frame KN O, the thread carries the pencil progres-
sively from the cone to the cylinder, and thus de-
scribes a spiral. The size of the spiral may be
varied, by placing the thread in different grooves,.
by putting it on the furthermost cone,or by putting
on a larger cone. = _

OF THE GEOMETRIC PEN.

The geometric pen is an instrument in which, by
a circular motion, a right line, a circle, an ellipse,
and a great variety of geometrical figures, may be
described. o

This curious instryment was invented and d
scribed by Jokn Baptist Suardi, in a work intitled
Nuovo Istromenti per la Descrizzione di diverse
Curve Antichi ¢ Moderne, &c. g
. Though several writers have taken natice of the
eurves arising from the compound motion of twq
circles, one moying round the other, yet no one
seems to have realized the principle, and reduced
it to practice, before J. B. Suardi. It has lately
been happily introduced into the steam engine by
Messieurs Watt and Bolton; a proof, among many
others, not only of the use of these speculations,
*but of the advantages to be derived from the higher
parts of the mathematics, in the hands of an in-
genions mechanic. There never was, perhaps, any
instrument which delineates so many curves as the
geometric pen; the author enumerates 1273, as
possible to be described by it in the simple form,
and with the few wheels appropriated to it for the
present work.

Fig. 1, plate 11, represents the geometric pen ;
A, B, C, the stand by which it is supported ; the
legs A, B, C, are contrived to fold one within the
other, for the convenience of packing,
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A strong axis D is fitted to the top of the frame;
to the lower part of the axis any of the wheels
(as i) may be adapted; when screwed to it they are
jmmoveable. ‘ S

E G is an arm contrived to turn round upon the .
main axis I); two sliding boxes are fitted to this arm;
to these boxes any of the wheels belonging to the
geometric pen may be fixed, and then moved so that
the wheels may take into each other, and the im-
moveable wheel i; it isevident, that by making the
arm E G revolve round the axis D, these wheels
will be made to revolve also, and that the number
of their revolutions will depend on the proportion
between the teeth. ‘
~ f gis an arm carrying the pencil; this arm slides
backwards and forwards in the box c d, in order
that the distance of the pencil from the oentre of
the wheel h may be casily varied ; the box cd is
fitted to the-axis of the wheel h, and turns round
with it, carrying the arm f g along with it; it is
evident, therefore, that the revolutions will be fewer
or greater, in proportion to the difference between
the numbers of the teeth in the wheels h and i;
this bar and soeket are easily removed for changing
the wheels.

When two wheels only are used, the bar fg moves
in the same direction with the bar E G; but if
another wheel is introduced between them, they
move in contrary.directions.

 The number of teeth in the wheels, and conse-
quently, the relative velocity of the epicycle, or arm
f g, may be varied ad infinitum. '
. 'The numbers we have used are, 8, 106, 24, 32, 40,
‘48, 56, 64, 72, 80, 88, 6. -
The construction and application of this instru-
“ment is so evident from the figure, that nothing
more need be pointed out than the combinations by
which the figures here delineated may be produced. -
To render the description as concise as possible,
_ g
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I shall in future describe the arm E G by the Jetter
‘A, and f g by the letter B. .
To describe fig. 1, plate 12. The radius of A
must be to that-of B, as 10 to 5 nearly, their velo-
cities, or the numbers of teeth in the wheels, to be
equal, the motion to be in the same direction.

If the length of B be varied, the looped figure,
delineated at fig. 12, -will be produced. '

A circle may be described by equal wheels, and
any radius, but the bars must move in contrary
direction. -

. To describe the two level figures, see fig. 11, plate
12. Let the radius of A to B beas 10 to 3}, the ve-
locities as 1 to 2, the motion in the same direction.

To describe by this CIRCULAR MOTION, A
STRAIGHT LINE AND AN ELLIPSE. For a straight
line, equal radii, the velocity is 1 to 2, the motion
in a contrary direction ; the same data will give a
variety of ellipses, only the radii must be unequal;
the ellipses may be described in-any direction ; see
Jig- 10, plate 13. '

Fig. 13, plate 12, with seven leaves, is to be
formed when the radii are as 7 to 2, velocity as 2
to 3, motion in contrary directions.

The six triangular figures, seen at fig. 2, 4, 6, 8
0, 10, are all produced by the same wheels, by only
varying the length of the arm B, the velocity should
be as 1 to 8, the arms are to move in contrary di-
rections.

Fig. 3, plate 12, with eight leaves, is formed by
equal radii, velocities as 5 to 8, A and B to move
the same way; if an intermediate wheel is added,
. and thus a motion produced in a contrary direction,
the pencil will delineate fig. 16, plate 12. ‘

e tenvleaved figure, fig. 15, plate 12, is pro-
duced by equal radil, velocity as 3 to 10, directions
of the motions contrary to each other. T

- Hitherto the velocity of the epicycle has been the
greatest; in the three following figures the curves
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are produced when the velocity of the epicycle is
less than that of the primum mobile.

For fig. 7, the radius of A to Btobeas 2 to 1,
the velocity as 3 to 2; to be moved the same way.

- For fig. 14, the radms of A, somewhat less than
the diameter given to B, the velocity as 3 to 1; to
be moved in a coutrary direction. :

For fig. 5, equal radii, velacity as 3 to 1 ; moved
the same way. These instinces are sufficient to
shew how much may be performed by this instru-
ment; with a few additional pieces, it may be made
- to describe a cycloid, with a circular base, spirals,
and particularly the spiral of Archimedes, &c.

EEpPE——————

OF THE DIVISION OF LAND.

To know how to divide land into any number of
equal, or unequal parts, according to any assigned
proportion, and to make prc:rer allowances for the
different qualities of the land to be divided, form a-
material and useful branch of surveying.

In dividing of land, numerous cases arise; in
some it is to be divided by lines parallel to each other,
end to a given fence, or road ; sometimes, they are
to intersecta given line ; the division is often to be

- made according to the particular directions of the
parties concerned. In a subject which has beep
treated on so often, novelty is, perhaps, not to be de-
sired, and scarcely expected. No considerable im-
provement has been made in this branch of surveying
since the time of Speidell. Mr. Talbot, whom we

- shall chiefly follow, has arranged the subject better

than those who preceded him, and added thereto
two or three problems ; his work is well worth the
surveyor's perusal. Some problems also in the fore-

going part of this work should be considered in this
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ProBLEM 1. Todivide a ¢riangle in a given ratio
by right lines drawn from any angle to the opposztc
side thereof.

1. Divide the opposite side in the - proposed ratle.

2. Draw lines from the several points of division:
to the given angle, and then divide the tmmgleas
required.

Thus, to divide the triangle AB C, fg. 13, plate

B, contammg 26 acres, into three parts, in propor-
tion to the numbers 40, 20, 10, the lines of division
o proceed from the angle C to A B, whose length ia
28 chains; now, as the ratio of 40, 20, 10, 1s the
same as 4, 2, 1, whose sum is 7, divide A B into
seven equal parts; draw C a at four of these parts,
C b at six of them, and the triangle is divided as re.
quired.
. Arithmetically. As 7, the sum of the ratios, xstn
A B 28 chains; sois 4, 2, 1, to 16, 8, and 4 chains
respectively ; therefore Aa = 16, ab = 8, and
bB = 4 chains.

To know how many acres in each part, say, as the

~sum of the ratios is to the whole quantity of land, so
is each ratio to the quantity of acres;
7:926,5: 4:15,142857 == triangle ACa
{ 7:26,5:9: 7,571428 = triangle aCb -
7:26,56:1: 8,785714 = triangle b C B.®

Prosrem 2. To divide a triangular field into any
number of parts, and in any given proportion, from
A given point in one of the sides.

1. Divide the triangle into the given proportion,
from the angle opposite the given point. 2. Reduce
this triangle by problem 51, so as to pass through the
given point.

Thus, to divide the field ABC, fg. 14, platc 8,
of seven acres, into two parts, in the proportion of
2 to 5, for two differént tenants, from a pond b, in
B C, but so that both may have the beneﬁt of the

Pond.

* Tdbet’s Complete Art of Land Megguring.
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1. Divide BC into seven equal parts, make B a
= 5, then Ca = 2 ; draw A a, and the field is di-
vided in the given ratio. 2. To reduce this to the
point'b, draw A b and a c parallel thereto, join cb,
and it will be the required dividing line.

Operation in the field. Divide BC in the ratio
required, and set up a mark at the point @, and also
at the pond 4 ; at A, with the theodolite, or other in-
strument, measure the angle b A a; at a lay off the’
same angle A ac, which will give the peint ¢ in the
side Ac, from whence the fence must go to the

nd.

Poz. To divide AB C, fig. 15, plate 8, into three
equal parts from the pond c. 1. Divide A B into
three equal parts, Aa, ab, bB, and CaCb will
divide it, as required, from the angle A; reduce
these as' above directed to ¢ d and ce, and they will
be the true dividing lines. . -

ProsrLem 3. 7o divide a triangular field in any
required ratio, by lines drawn parallel to one side,
and cutting the others. '

Let ABC, fig. 16, plate 8, be the given triangle
to be divided into three equal parts, by lines parallel
to A B, and cutting AC, BC.

Rule 1. Divide one of the sides that is to be cut
by the parallel lines, into the given ratio. 2. Find
2 mean proportional between this side, and the first
division next the parallel side. 3. Draw a line pa-
rallel to the given side through the mean propor-
tional. 4. Proceed in the same manner with the re-
maining triangle.

Ezxample 1. Divide BC into three equal parts BD,
DP, PC. 2. Find a mean proportional between
BC and DC. 3. Make CG equal to this mean pro-
portional; and draw G H parallel to AB. Proceed
in the same manner with the remaining triangle

- CHG, dividing- G C into two equal parts at'1, find-
ing a mean proportional between C G and CI; and
then making C L. equal to this mean proportional,
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and drawing L M parallel to A B, the triangle will
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