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PREFACE.

Thost 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 {reatise was wanting to explain
their use, describe their adjustments, and give
such an idea of their construction, as might enable
{hem to select those that are best adapted to their
respective purposes.

This complaint has been the more gencral, as
there are few active stations in life whose profes-
sors are not often obliged to have recourse 10 Ma-~
thematical 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 engincer, and the surveyor; they are the
means by which the abstract parts of the mathe-
matics are rendered useful in life, they connect
theory with practice, and reduce speculation to
use. .
Monsicur Bion's treatise on the construction of
mathematical mstruments, which was translated
into English by Mr. Stone, and published in 1723,
is the only regular {reatise* we have upon this
subject; the numerous improvements that have
been made in instruments since that time, have

# T do not speak of M. Robertson's worl, as it is confined

wholly to the instruments contained in 2 case of drawing ipstru-
ments,
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11 PREFACE.

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 intelligible, and make them wuseful.
Though the materials, of which they are com-
posed, lie in common, yet it i1s presumed, that
essential improvements will be found in almost
cvery part.

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: the
then proceed to describe the mathematical draw.
ing instruments; among these, the reader will find
an account of an improved pair of triangular com-
passes, a small pair of beam compasses with a micro-
meter screw, four new parallel rales, and other ar-
ticles not hitherto described: these are followed by
a large collection of useful geometrical problems
I flatter mysclf, that the practitioner will find man y
that are new, and which are well adapted to lessen
labour and promote accuracy. In describing the
manncr 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 ar-
rangement. This is succeeded by gecometrical and
mechanical methods of describing circles of every
possible magnitade; for the greater part of which
T am indebted to Joseph ]“]?'z'f.’j/,’(iyj qu‘ of Bradford,
Yorkshire, whose merit has been already noticed
by an abler pen than mine.* From this, I pro-
ceed to give a short view of elliptic and other com-
passes, and a deseription of Suards’s geometric pen,
an instrument not known in thig country, and

# Pricstley’s Perspective,
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whosc curious properties will exercise the mge-
nuity of mechanics and mathematicians,

Trigonometry is the next subject; but as this
work was not designed to teach the elements of
this art, I have contented myself with stating the
general principles, and giving the canons for cal-
culation, subjoining some useful and curious pro-
blems, which, though absolutely necessary in many
cases that occur in county and marine SUrveying,
have been . neglected by every practical writer an
this sabject, except Mr. Muckenzie,* and B. Doni.y
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 estatcs may be surveyed and plot-
ted 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 atten-
tive to the ncecessary adjustments of their instru-
ments, 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 various im-
provements which the instruments of science have
received from Mr. Ramsden, we are 10 reckon
those of the theodolite here deseribed; the sur-
veyor will find also the deseription of a small qua-
drant that should be constantly used with the

# Treatise on Maritime Surveying.
4+ Dopn's (Geometrician.
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chain, improvements in the circumferentor, plain-
table, protractor, &c. In treating of surveying,
I thought to have met with no difficulty ; having
had however no opportunity of practice myself,
I had recourse to books; a multiplicily have been
written upon this subject, but they are for the
most ‘part imperfeet, irregular, and obscure. I
have‘endeavoured (with what suceess must be left
to the reader’s judgment) to remove their obscu-
rities; to rectify their errors, and supply their defi-
ficiencies; but whatever opinion he may form of
my endeavours, I can venture to say, he will be
highly gratified with the valuable communications
of Mr. Gale,* and Mr. Miine, here inserted, and
which 1 think will contribute more to the im-
provement of the art of surveying, than any thin g
it 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 me-
thod of plotting, which is performed by scales of
equal parts, without a protractor, from the north-
ings and southings, eastings and westings, taken
out of the table which forms the appendix to this
work 3+ this method is much more accurate than
that in common use, because any small inaccuracy
that might happen in laying down one line is na-
turally corrected in the next: whereas, in the
common method of plotting hy scale and protrac-
tor, any inaccuracy in a former line is naturally
communicated to all the succeeding lines. The
next imprmr_-mcnt consists in a new method of de-
termining the are, with superior accuracy, from

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

4 The table is printed separate, that it may be purchased, or
not, as the surveyor sees convement,
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the northings, southings, ¢astings; and westings,
without any regard to the plot or draught, by an
€asy Cumpul.{ltlun.

As the measuring @ strait line with exactness is
one of the greatest difficultics in surveying, 1 was
much surprised to find many land surveyors using
only a chainj a mode in which errors are multiplied
without a possibility of their being discovered, or
corrected. + I must not forget to mention here,
that 1 have inserted in this part Mr. Break’s me-
thod of surveying and planning by the plain table,
the bearings being taken and protracted at the
same instant in the ficld upon one sheet of papers
thus avoiding the trouble and inconvenience of
shifting the paper: this is followed by a-small
sketch of maritime surveyings the use of the pan-
tographer, or pa ntagraph ; the art of levelling, and
a few astronomical problems, with the manner of
using Hadley’s quadrant and sextant;  even here
some sugEestions will: be found that arc new and
useful.

I have now to name another gentleman, who has
contributed to render this work more perfect than
it wounld otherwise bave becen, and it 18 with plea-
sure 1 return my best thanks to Mr. Landman,
Profossor of fortification and artillery to the Royal
Academy at Woolwich, for his comimunications,
more pa'rticuhn‘ly for the papers from which the
course of practical geometry on the ground was
cxtracted.  If the professors of useful sciences
would thus liberally co-operate for their advance-
mnent, the progress thercof would be rapid and ex-
tensive. This course will be found useful not only
to the military officer, but would make a useful
and cntertaining part of every gentleman’s educa-
tion. 1 found 1t necessary Lo abridge the papers
My, Landman lent me, and leave out the caleula-
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tions, as the work had already swelled to a larger
size than was originally intended, though printed
on a page unusually full.

The work finishes with a small tract on perspec-
tive, and a description of two instruments desighed
to promote and facilitate the practice of that use-
ful art. Itis hoped, that the publication of these
will prevent the public from being imposed upon
by men, who, under the pretence of secresy, en-
hance the value of their contrivances. I knew an
instance where 401, 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 expense incurred, to offer something
to the public superioy in construction, and easier
to use, than any insfrument of the kind that has
been hitherto exhibited.,

I have been anxious and solicitous not to neg-
lect any thing that might be useful to the practi-
tioner, or acceptable to the intelligent. In a work
which embraces so many subjects, notwithstand-

*ing all the 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 towards its improve-
ment.

A list of the authors I have seen is subjoined 1o
this Preface. I beg leave to return my thanks to
the following gentlemen for their hints and vy
luable communications, the Rev, Mr. Hawkins,
J. Priestley, Esq. Mr. Gale, Mr. Milne, Dr. Rother.
ham, Mr. Heywood, Mr. Landman, and Mr, Beck,
a very ingenious artist,
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THE EDITOR. \

TH E first edition of these Essays having, like the
rest of the late ingenious Author's works, received
much share of public approbation and enconrage-
ment; and being myself a joint proprielor with wy
brother, S. JonEs, of the copyright of all his publi-
cations, I conceive, that I cannol employ the few lei-
sure momenls, after the business of the day, better,
than by revising, correcting, and improving those
works that require reprinting. The present is the first
of my editing: considerable errors in the former edi-
iion have been corrected; more complete explanations
of instruments given, and many particulars of new and
useful articles, not noticed by the Author, with notes,
&e. are inserted in their proper places. The additions
and amendments arve, upon the whole, such, as I pre-
sume, without any pretension 0 superior abilities on
my part, will again render the work deserving of the
notice of all students and practitioners in the different
prafessionalbranches of practical  geomelry. The
principal additions 1 have made are the following:
Description of a new pair of pocket Compasses,
containing the ink and pencil points in its two
Iegs——huprm’ed Perambulator—Way Wiser—Tm-
proved Surveying Cross—Improved Circumferen-
tor—Complete portable Theodolite—Great Theo-
dolite, by Ramsden—Pocket box Sextant—Artifi-
cial Horizon—Pocket Spirit Levels—A Pair of
Perspective Com passes—Keith's improved Parallel
Scale—New Method of Surveying and keeping @
Field Book—Gunner’s Callipers—Gunner’s Qua-
drant—Gunner’s Level, &c.
March 30, 1V. JONES.
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GEOMETRICAL

GRAPHICAL

ESSAYS.

NECESSARY DEFINITIONS, @nd FIRST
PRINCIPLES.

0 s Lt .
{zromrTry originally signified, according to
the etymology of the name, the art of measuring
the earth: but is now the science that treats of,
and considers the propertics of magnitude in ge-
neral-—-In other words, extension and figure are
the objects of geometry. Itisa science, in which
human reason has the most ample field, and can
go deeper, and with more certainty, than in any
other. It is divided into two parts, theoretical
and practical,

Theoretical geometry considers and treats of
first principles abstractedly. Practical geometry
applies these considerations to the purposes of life.
13_\; ]:l‘ﬂﬁical geometry many operﬁtions are per-
formed of the utmost importance 10 society and
the arts. ¢ The effects thereof are extended
through the principal operations of human skill:
it conducts the soldier in the field, the seaman on

2




9 NECESSARY DEFINITIONS,

the ocean: it gives strength to the fortress, and
clegance 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 inun-
dations of the river Nile upon the couniry, we owe
the rise of this sublime branch of human know-
ledge; the land-marks and boundaries being in
this way destroyed, the previous knowledge of the
figure and dimensions was the only method of as-
certainin g individual property a gain. But, surely,
it is not necessary to gratify learned curiosity
by such accounts as these; for geometry is an art
that must have grown w ith man; it is, in a great
measure, natural to the human mind; we were
born spectators of the universe, which is the king-
dom of geometry, and are continually o'l}h'g'cc'l to
judge of heights, measure distances, aseertain the
.ﬁ‘g:gircj and estimate the bulk of bodies.

The first defi
is considered by
10 parts or mag

A fine is len

A strait line is that which lies evenly between
1ts extreme i:niui:-i or ends.

A superficies 1s that which has only length and
breadth.

pitionin geometry 18 a pomnt, which
neiriciuns, as that which has

A plane angleis an opening, ot corner, made by
{wo strait lines meeting one another.

When a strait line AB, fig. 1, plate 4, standing
upon another CT), makes angles ABC, ABD,
on each side equal to one another; each of these
angles is called a »ight angle; and the line A B 1
said to be perpendicular to the line CD.

It an angle by three letters,
that placed at the angular peint being always in

the middle; as B 15 the angle of ABC.




AND FIRST PRINCIPLES. 3

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

An acute angle is that which is less than a right
ﬂnglc,

A line A B, fig. 2, plate A, cutting another line

D in E, will make the opposite angles equal,
namely, the angle AE C equal to BE D, and
A ED equal to BE C.

A line A B, fg. 3, plate 4, standing any-way
upon another CI), makes two angles CBA, ABD,
which, taken together, are equal to two right
angles,

A plane triangle is a figure bounded by three
right lines. i

An equilateral triangle is that which
has three equal sides.

An isosceles triangle 1s that which has
only two equal sides.

B

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

&8

A right-an vled f‘-.r'.;wzgfs 1s that which
has one right angle.

Bl

In a right-angled triangle, the side opposite to
the right angle 1s called the hypothenuse.

An .ra./rf:’gm'-r:wg/ed triangle is that
which has no right angle.

LN

In the same triangle, opposite to the greater
e | - - . = g
Side 15 the greater angle; apd opposite to the
greater angle is the greater side.
B 2
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4

Tfany side of plane triangle be produced, the
outward angle will be equal teo both the mward
remote angles.

The three angles of any plane triangle taken
together, are equal to two right angles.

Parallel lines are those which have no inclina-
tion 1[)\?211‘(1"-5 CiLi‘-]l ot hL‘l‘, or which are e {‘1‘}_'-\‘«'11(31-(-:
equidistant.

All plane fi : J
are called quadr angles, or quadrilaterals.

surcs, bounded by four right lines;

sides are all equal, and its ‘angles all
right angles.

A square 18 a quadrangle, whose

- = . 3 'l——"'___'
A rhombus 18 a qmu’.r:uag!u, whose I.’ /

sides are all equal, but its angles not /
right angles. - S,

A parallelogram s a quadrangle,
whose opposite gides are parailc].

A rectangle 15 a pm'aliclogmm, whose angles are
zll right angles.

A rhomboid is a parallelogram, whose / /
angles are not right angles. j /

All other four-sided figures besid
these, are called 1}'.»/2’,"{‘:-.ifl.:r:'a‘.

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

All plane figures contained under more than
four sides, are called polyzons.

Polygons having five sides, are called peniagons;
those having six sides; hewagons; with seven sides,
heptagons; @ nd £o0 on.
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A regular polygon is that whose angles and sides
are all equal.

The base of any figure is that side on w hich
it 1s supposed to stand, and the alfitude 33 the
perpendicular falling thereon from the opposite
angle.

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

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

Parallclograms having equal bases, and equal
altitudes, are equal. -

If a triangle and parallelogram have equal bases
and equal altitudes, the triangle is half the paral-
lelogram.

A eirele 1s a plane figure, hounded by a curve
hine called the circunmference, every part whereof is
equally distant from a point within the same figure,
called the center.

Any part of the circumferénce of a circle is
called an arch.

Any right line drawn from the center to the cir-
cumference of a circle, is called a radins.

All the radii of the same circle are equal. _

The circamference of every circle is supposed
to be divided into 360 equal parts, called degrees;
each degree into 60 equal parts, called mznutes, &e.

A quadrant of a circle will therefore contain QO
degrees, being a fourth part of 360. .

. Equal angles at the centers of all circles, will
intercept equal numbers of degrees, minutes, &,
in their circumferences. 3

The measure of every plane angle is an arch of
a circle, whose center 15 the angular point, and 13
said {0 be of so many degrees, minutes, &c. a5 are
¢ontained in its measuring arch,
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All right angles, therefore, are of @O tl(’grccﬁ
or contain o deg grees, because their measure is a
quadrant.

The three an ""Lm of every plane triangle taken
together, contain 180 degrecs, being Ltpul to two
right angles.

Ina :1»»hl-:1,11 oled plane triangle, the sum of its
two acute angles is QO deprees.

The com .v'.f',’,‘lt’:i* of an ¢I1(‘h or of an ’“”-\](:
its difference from a (]uﬁdl'll]t cr a right .mrrl

The supplement of an arch, or of an zmtrlc is
sts difference from a semicircle, or two r‘léht
angles

Fh:r l'lhlf"l'!llll[‘iLN of arches and angles are deter-
mined by certain strait lines, appurtammrr to a
circle, alled chords, b]nﬁb, tang( nte, &e.

The dma’ of an arch is a strait line, joining its
extreme pmms.

A digmeter is a chord passing through the center.

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

A sector is any part of a circle bouﬁrled by an
arch, and two radii drawn to its extr emities,

I’he sine of an arch is a line drawn from either
end of it, perpendicular to a diameter mecting the

sther end.

The wversed sine of an arch is that part of the di-
ameter intercepted between the sine and the end
of the said arch.

The tangent of an arch is a line proceeding from
either end, pc'lphmhruhu to the radius joining it;
its length 1s lumited by a line drawn from the
center, ihrouwh the other end.

The secant of an arch is the line proceeding
from the center, and limiting the tangent of the

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

Thus in fig. 4, plate 4, FO is the chord of the
arch FV O, and FR is the sine of the arches
FV,FAD; RV, RD are the versed sines of the
arches FV, F A D.

VT is the tangent of the arch FV, and its
supplement.

C T is the secant of the arch F'V,

AT 15 the co-tangent, and C1 the co-secant of
the arch F V.

The chord of 60°, the sine of g0°, the versed
sine of g0°, 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 scitled 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 thisthe
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

reduced to the measure of triangles, which are
always the half of a rectangle of the same hase
and altitude, and, consequently, their area is ob-
tained by taking the half of the product of the
base multiplied by the altitude.
By dividing a polygon into triangles, and tak-
ing the value of these, that of the polygon 15 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-
I‘B_.(‘.}:.
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he 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. 3

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.

The angles and the sides determine hoth the
relative and absolute size, not only of triangles,
but of all things.

Strictly speaking, angles only determine the
relative size; equiangular triangles may be of very
unequal magnitudes, yet perfectly similar.

But, when they are also equilateral, the one
baving its sides equil to the homologous sides of
the other, they are not only similar and equian-
gled, but are equal in every respect.

The angles, therefore, determine the relative
species of the triangle; the sides, its absolute size,
and, consequently, that of every other figure, as
all are resolvible into triangles.

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

The sides have no fixed equation, but may be
extended from the infinitely little, to the ix1ﬁn§rely
great, without the triangle changing its nature
and kind,

It is in the theory of isoperimetrical figures*
that we feel how efficacious angles are, and how
inefficacious lines, to determine not only the kind,
Lut the size of the triangles,and all Kinds of figures,

¥ Jsoperi metrical figures are such as have equal circumferences,
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For, the lines stili suhsmmg the same, we see
how a square deereases, in proportion as it i
changed into a more ¢ >bll{ ue rhombeid; and thus
acquires more acute ng_._r.lc.. The same observa-
tion holds good in all kinds of figures, whether
plane or solid.

Of all isoperimetrical ficures, the plane triangle
and solid triangle, or pyramid, are the least capa-
cious; and, amongst these, those have the least
capacity, whose unulu are most acute.

But eurved surtaces; and curved bodies, and,
among curves, the.circle and sphere, are those
\\hrm e_‘dpduu are the L.xc- 8ty 11 *m - formed,
we may so speak, of the most obtuse angles.

The theory of geonietry may, Ljuhmlc be re-
duced to the doctrine of at 1010' for it treats only
of the boundaries of things, “md b y angles the ul-
timate bounds of all things are forme: d. Tt is the
angles which give them 1h<,11 figure.

r‘molm are mmm; ed by the circle; to these we

may add parallels, which, according to the signi-
fication of the term, are the souice of all geome-
trical similitude and comparison.

The taking and measuring of angles is the chief
operation in practical s_,mme*ly, and of great use
and extent in survey mg, uw:f"utmn va‘lwln,
astronomy, &c. and the instruments generally
used for this purpose, arc gt wdrants, sextants, the-
odolites, circumierentors, &e. as described in the
fu]luwmg pages. It is necessary for the learner
first to bc 1<-juam‘£d with the names and uses
of the drawing instruments; which are as follow,,

fJ'J




DRAWING INSTRUMENTS,

OF MATHEMATICAL

DRAWING INSTRUMENTS.

Commnon Names of the principal Instruments, as

represented in Plates 1, 2, and 3.

Plate 1, fig. A, is a pair of proportional com-
passes, without an adjusting‘ SCIew.

B, a pair of best drawing compasses; &, the
plain point with a joint; ¢, the ink point; d, the
dotting point; e, the pencil or crayon point;
PQ, additional pieces fitting into the place of
the moveable point 4, and to which the other parts
are fitted.

I, a pair of bow compasses for ink; 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; #, the screw that acts
upon the spring leg.

IK, the drawing pen; I, the upper part; £, the
protracting pin thereof; K, the lower, or pen part.

N, a pair of triangular compasses.

V, a pair of portable compasses which contains
the ink and pencil points within its two legs,

O, the feeder and tracing point. ’

R, a pair of bisecting compasses, called wholes
and halves.

S, a small protracting pin.

T, a knifc, screw-driver, and key, in one picce,
Plate 2, fig. A, the common parallel rule,

B, the double barred ditto,
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C, the improved double barred parallel rule.

D, the cross barred parallel rule, Of these
rules, that figured at C is the most perfect.

K, Eckhardts, or the rolling parallel rule,

¥ G H, the rectangular parallel rule.

1 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 rects
angular 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 proporti-
onable compasses, with an adjusting screw.

Fig. g, a pair of sectoral compasses. In this in-
strument are combined the sector, beam elliptical,
and calliper compasses; fig. 9, @, the square for
ellipses; 4¢, the points to work therein; de, the
calliper points.

Fig. 10, a pair of beam compasses.

Fyr. 11, Sisson’s protracting scale.

Fig. 12, improved triangular compasses.

Fiy. 13, a pair of small compasses with a beam
and micrometer,

The strictness of geometrical demonstration
admits of no other instruments, than a rule and 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 mstruments became Necessary, some to an-
swer peculiar purposes, some to facilitate opera-
tion, and others to promote accuracy.

Tt is the business of this work to describe these
instruments, and explain their various uses. In
performing this task, a difficulty arose relative to
the arrangement of the subject, whether each
Wstrament, with its application, should be de-




17 DRAWING INSTHUMENTS.

scribed separately, or whether the description
should be introduced under those problems, for
whose performance they were peeuliarly designed.
After some consideration, I determined to adopt
neither rigidly, but to use either the one or the
other, as they appeared to answer best the pur-
poses of science.,

As almost every artist, whose operations are
connected with mathematical desigring, furnishes
himself with a case of drawing instruments suited
to his peculiar purposes, they are fitted up in va-
rious 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, and two spare points, which
may be applied oceasionally 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
following 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 compasses, instead of the moveable leg.

A pair of plain compasses, somewhat smaller
ihan those with the moveable leg.

A d;‘awing pen, with a pr(}tracting pin in the
iipper part,

A pair of bow compasses.

A sector.

A plain scale.

A protractor.

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 1o he
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recommended, as it -injures the plain scale, and
lessens the accuracy of the protractor. In a case
with the best instruments, the protractor an d plain
scale are always combined. The instruments in
most eeneral use are those of six inches; instru-
ments 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 shorler ones,
while, at the same time, they are better adapted to
large work.

Large collections are called, magazine cases of
mstruinents; these gcs’w]'al]y contain

A pair of six inch compasses with a moveable
leg, an ink point, a dotting point, the eravon
point, so contrived as to hold a whole pencil, two
additional picces to lengthen occasionally one leg
of the compasses, 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 triangular compasses.

A sector,

A parallel rule.

A protractor.

A pair of proportional compasses, cither withk
or without an adjusting screw.

A pair of wholes and halves.

Two drawing pens, and a pointril.

A pair of small hair compasses, with a head s-
milar to those of the bow compasses.

A knife, a file, key, and screw-driver for the
Compasses, in one piece.

A small set of fine water colours.

‘To these some of the following instruments a1¢
eften added.
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A pair of beam compasses.

A pair of gunners callipers.

A }Jé'li[' of L”ip‘mﬁ COMPASSCs.

A pair of spiral diito.

A pair of perspective compasses.

A pair of compasses with a micrometer screw,

A rule for drawing lines, tending to a center at
a great distance.

A protractor and parallel rule; sucls as is repre-
sented at fig. 1K L, plate 2.

One or more of the parallel rules represented,
plate 2.

A pantographer.

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 brasg,
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 uni-
formity in their motion. The truth of the work
I8 ascertained by the smoothness and equality of the
mo’rion_ at the joint, for all shake and irregularity is
a certain sign of imperfection. The points should
be of steel, so tempered, as neither to be edsily
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. z
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If the arch or circle is to be deseribed obscurely;
the steel points aré best adepted to the purposes
if it is to be in ink or black lead, either the draw-=
ing pen, or crayon points are to be used.

T use a pair of compasses. Place the thumb and
middle finger of the right hand in the opposite
hollows 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 far-
thermost, with the nail of the middle finger, till
the compasses are sufficiently opened to receive
the middle and third finger; they may then be ex-
tended at pleasure, by pushing the furthermost leg
outwards with the middle, or pressing it inwards
with the fore finger. In describing cireles, or
arches, set one foot of the compasses on the cen-
ter, and then roll the head of the compasses be-
tween 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 eare
should be taken not to press forcibly upon them,
but rather to let them act by their own weights
the legs should never be so far extended, as to form
an obtuse angle with the paper or plane, on which
they are used.

The ink and crayon points have a joint just un-
der that part which fits into the compasses, by this
they may be always so placed, as to be set nearly
perpendicular 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 noveable points,
and prevent them from shaking. This is found
to be a more effectual method than that by a screw.

Fig. B, plate 1, vepresents a pair of the best
compasses, with the plain point, ¢ the ink, d, the
dOi‘lmg_. e, the crayon point.
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In small cases, the crayon and ink points. aré
end to receive the points, which, by this means;
only occupy one place in the case.

e, Py Q, plate 1, are
often applied to these compasses; these, by length-
ening the leg b, enable them to strike larger cur-
cles, or measure greater extents, than i}lC}-’ would
otherwise perforn, and that without the inconve-
passes are furnished with this additional piece, the
moveahle leg has a joint; as at 4, that it may be

Of the hair compasses, fig. L, plate 1. They are
so named, on account of a contrivance in the shank
fected by the motion of the joint alone. One of
the steel points is fastened near the top of the com-
ing the screw #, either backwards or forwards.
which the screw 1s annexed, outermost; 2. Set the
fixed leg on that point, from whence the extent is
possible td the required distance, and then make
) e 4 . . :
the points accurately coincide therewith by turn-

s ) ;

Of the bow compasses, fig. ¥, plate 1. These are
used to describe small arches or circles, which they
do much more conveniently than large compasses,

J Ly
shape of the head, which rolls with great ease be-
mary to put into magazine cascs of instruments,
a small pair of hair compasses, fig. F, plate 1, with a

joined by a middle piece, with a socket at each
g

Two additional pieces, fig

nicnces attending longer compasses. When com-

placed perpendicular to the paper.

to set them with greater accuracy than can be ef-

passes, and may be moved very gradually by turn-
To use these compasses. 1. Place the 1(‘;_'['= to

to be taken; 3. Open the compasses as neaily as

ing the serew,

a small pair, usually with a point for ink; they are

not only on account of their size, but also from the

tween the fingers. It is, for this reason, custo-

head similar to the bows; these are principally
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wseds for repeating divisions of a small but equal
xtent, a practice that has acquired the name of
Stepping. (LT% Sl
Of the drawing pen and protracting pin, fig. I K,
plate 1. The pen part of this instrument 1s used
1o draw strait lines; it consists of 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 sufficient cavity for the ink ; the blades may
be opened more or less by a screw, and, being
properl y set, will draw a line of any assigned thick~
ness.  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 common pen, or 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 the screw. In drawing lines, in-
cline the pen a small degree, taking care, however,
that the edges of both the blades touch the paper,
k_t‘-t‘ping' the pen close to the rule and in the.same
irection during the whole operation; the blades
thuuld always be wiped very clean, before the pen
15 put away.
. These directions are equally applicable to the
ik point of the compasses, only observing, that
when an arch or circle is to be described, of more
than an inch radius, the point should be so bent,
that the blades of the pen may be nearly perpen-
1cular to the paper, and both of them touch it at
the same time, )
The protracting pin k, is only a short picce cf
steel wire, with a very fine point, fixed at one end
C
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of the upper part of the handle of the drawing
en, It is used to mark the intersection of lines,

“or to set off divisions from the plotting scale, and

protractor.

The feeder, fig. O, plate 1, 1s 2 thin flat piece of
metal; it sometimes forms one end of a cap to fit
on a pencil, or it is framed at the top of the tra-
cing point, as in the figure. It serves to place the
ink between the blades of the drawing pens, or to
pass between them when the ink does not flow
trecly. The tracing 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 exact copy is required,
an article that will be fully explained in the course
of this work; it forms the bottom part of the
feeder O.

Of J‘rirmgﬂiar 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 almost every direction.

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

Fig. 12, plate 3, represents another kind, which
has some advantages over the preceding. 1. That
there are many situations so oblique, that the third
point cannot be ascertained by the former, though
it may by these. 2. Itextends 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
siven to these compasses, because that when
the longer legs are opened to any given line, the
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shorter ones will be opened to the half of that
"ne; being always a bisection.

Fig. vV, represents a new pair of very curious
and portable compasses, which may be considered
45 a case of instruments m itself. The ink and
pencil points slide into the legs by spring sockets
al ¢; the ink, or pencil point, is readily placed,
.!Dy only sliding either out of the socket, reversing
it, and sliding in the plain point in its stead. A

Proportional compasses. 'T'hese 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 front, Sig. 7, plate3: 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 com-
passes, and the center is moveable, being con-
structed to slide with regularity in these grooves,
and when properly placed, is fixed by a nut and
SCrew; 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
lhﬂ_ scale for circles, a regular polygon may be in-
scribed in a circle, provided the sides do not ex-
ceed the numbers on the scale. Sometimes are
added a seale for superficies and a seale for solids.

To divide o given line mto a proposed number
(11) of equal parts. 1. Shut the compasses. 2.
Shserew the milled nut, and move the slider un-
tl the line across it coincide with the 11th divi-
810N on the gcale, 3. Tighten the screw, that the
Shder may be immoveable. 4. Open the com-
Passes, so that the longer points may take in cx-

c 2
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actly the given line, and the shorter will give yon
th of that line. y

To inscribe in a circle a regular polypon of 12
sides. 1. Shut the compasses. 2. Unscrew the
milled nut, and set the division on the shider to
coincide with the 12th division on the scale of
circles, 3. Fasten the milled nut. 4. Open the
compasses, so that the longer legs may take the ra-
dius, and the distance between the shorter legs
will be the side of the required polygon.

Ao use the jw'opmﬁmc:l compasses with an adjusi-
ing serew. The application being exactly the same
as the simple one, we have nothing more to de-
gcribe than the use and advantage of the adjusting
screw. 1. Shut the legs close, slacken the screws
of the nuts g and /3 move the nuts and slider # to
the division wanted, as near as can be readily done
by the hand, and screw fast the nut f: then, by
turning the adjuster 4, the mark on the shider £
may be brought exactly to the division: screw fast
the nut g. 2. Open the compasses; gently lift
the end ¢ of the screw of the nut £ out of the hole
in the bottom of the nut g; move the beam round
its pillar 2, and slip the point ¢ into the hole in
the pin #, which is fixed to the under leg; slacken
the screw of the nut f; take the given line between
the longer points of the compasses, and serew fast
the nut f: then may the shorter points of the com-
passes be used, without any danger of the legs
changing their position ; this being one of the in-
conveniences that attended the proportional com-
passes, before this ingenious contrivance.

Fig. 10, f‘f*”f’ 3, represents a pair of beam com-
passess they are used for taking off and transfer-
ring divisions from a diagonal or nenius scale, de-
scribin g large arches, and bisecting lines or arches,
It is the instrument upon which Mr, Bird princin
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pally depended, in dividing those instruments,
whose accuracy has so much contributed 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 beam, to any part of which
it may be firmly fixed by the screw P.  An ad-
justing 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 thou-
sandth part of an inch,

Fig. 13, plate 3, is a small pair of beam com-
puasses, with a micrometer and adjusting screw, for
accurately ascertaining and laying down small dis-
tances.

Fig. 11, plate 3, represents @ scale of equal parts,
constructed by Mr. Sisson; that figured here con-
tains two seales, one of three chains, the other of
four chains in an inch, being those most frequently
used; each of these is divided into 10 links, which
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. By means of an instrument of this kind,
the length of a station line may be laid down on
paper with as much exactness as it can be mea-
sured on land.

OF PARALLEL RULES.

_Parallel lines oceur so continually in every spe-
cies, of mathematical drawing, that 1t 1810 wonder
80 many instruments have been contrived to deli-
neate them with more expedition than could be
effected by the general geometrical methods: of
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the various contrivances for this purpose, the fol-
lowing are those most approved.

1. The common parallel vule, fig. A, plate 2. This
consists of two strait rules, which are connected
together, and always maintained in a parallel posi-
tion by the two equal and parallel bars, which
move very freely on the center, or rivets, by which
they are fastened to the strait rules.

2. The double parallel rule, fig. B, plate 2. This
-instrument is constructed exactly upon the same
principles as the foregoing, but with this advan-
tage, that in wusing it, the moveable rule may
always be so placed, that its ends may be exactly
over, or even with, the ends of the fixed rule,
whereas, in the former kind, they are always shift-
ing 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 ri-
vetted on the middle line of one of the strait rules:
the ends of the other two bars are rivetted on the
middle line of the other strait rule; the other ends
of the brass bars are taken two and two, and rivet-
ted on the middle picce, as is evident from the
figure; it would be ncedless to observe, that the
brass bars move freely on their rivets, as so marny
centers,

3. Of the improved double parallel rule, fig. C,
plate 2. The motions of this rule are more regular
than those of the preceding one, but with some-
what 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 strait rules are joined by two brass bars,
which crogs cach other, and turn on their inter-
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wection as on a center; one end of each bar moves
on a center, the o1ht"1 slides in a groove, as the
rules recede from each other.

As the four parallel rules above described, are
all used in the same way, one problem will serve
for them all; ex. gr. @ right lme being given to
draw a line jn.rmf.'cl thereto by either of the Sfore-
gonw INSErUMERTS !

Set the edge of the uppermost rule to the given
line; press t]u, edge of the lower rule tight to the
paper with one hand, and, with the other , move
the upper rule, till its edge coincides with the gi-
ven point; and a line drawn along the edge
through the point, is the line lcqunc(l

5. O_/ the rolling parallel rule.  This instrument
was contrived by i\ll. Eckhardt, and the simplicity
of the construction does credit to the inventor; 1t
must, however, be owned, that it requires some
practice and attention to use it with success.

Fig. E. plate 2, represents this rule; it is a rec-
tmwuhr l)dl.lll(]no*mm of black ebony, with slips
of ivory laid on the edges of the rule, and divided
into inches and um]h. The rule is supported by
iwo small whu]b, which are eonnected together
b\ a long axis, the wheels being exactly of the
same size, and their rolling surfices ! being paraliel
to the axis; when they are rolled backwards or
forwards, the axis and rule will move in a direction
parallel to themselves. The wheels are somewhat
indented, to prevent their sliding on the paper;
small ivory eylinders are sometimes affixed 10 the
rollers, as in this figure; they are called rolling
scales. The circumferences of these are so adjusted,
that they indicate, with exactness, the parts of an
inch moved thr 0135_,11 by the rule.

In lollmu‘ these rules, one hand only must be
used, and the fingers should be phu_cl nearly in
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the middle of the rule, that one end may not have
a tendency to move faster than the other. The
uhu,h 011]\ sheuld touch the paper when the rule

s moving, and the surface of the paper should be
smoeth and flat

In using the 1'u]<, with the rolling scales, to draw
a line pdralld to a given line atany determined dis-
tance, adjust the edge of the rule to the given
line, and pressing the edge down, raise the wheels
a little from the paper, and you may turn the cy-
linders round, to bring the first division to the i n-
dex; then, if you move the rule towards you, look
at 1hc vory L\hn(lu on the left lmml. d]l(l 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 ahc“n by the numbers on the 1"'h1;
hand cylinder,

Lo raise o fw,'w“m ki Sfrom a given pomt on @
,Qnu‘f I‘fv f t the 1‘|§\( of Iht‘ lul(_‘ to the
line, ]wl'u]mv an \ one of the divisions on the edge
of the rale to the given point; then roll the rule
fo any distance, and make a dot or point on the
paper, at the same division on the edge of the rule;
through this point draw the per pulrhcul.w

’jo let full a perpendic ular from any gin 'r:r;pofr;! o
a giuen Line. Ad,mr the rule to ﬂu, given line,
and roll it to the given point; then, Ub-,u'wmr
what division, or pomi on the edge of the r 11(,
the given pumt comes to, roll the wh back again
to the given line, .«lﬂ(l“ll‘ division, or point, on the
edge ni the rule will shew the pomt on the given
line, to which the pmpmdmul'n 15 to be dm\"n

B_, this method of drawing perpendiculars,
squares :111d. parallelograms may be casily drawn of
any dimensions.

To divide any given line into a wonber of equal
parts. Draw a right line from either of the ex-

-
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treme pomln of the given line, making any angle
with it. By means of the loﬂmﬂ scales; divide
that line into as many inches, or p11't~. of' an inch,

as will eqtml the number of parts into which the
gl\u) line is to be divided. Join the last point of
dgivision, and the extreme point of the given line:
to that lum draw parallel lines throuch the other

points of division, and they will divide the given
line into equal parts.

6. Of the square parallel rule.  The evident ad-
vantages of the T square and drawing board over
every other kind of parallel rule, gave rise to a va-
Tlc*v of contrivances to be used, when a  drawing’
board was not at hand, or coulnl not, on aceount
of the size of the pdpu-, be mnwmcnﬂ\, used 3
tll'fl(‘l"o‘ T]I(“‘C are, . T]‘( (]Hrr’rt j'(“ f(f!’r!} J’{]{’
2. The parallel rule m‘!./jhf ofractor, both of which
1 contrived some years since, as substitutes to the
T square. The square parallel rule, besides its
use as a parallel rule, s peculiarly applicable te
the mode of plmum_ recommended by Mr. Gale.
Its use, as a rule for drawing parallel lines at given
distances from each other, for re iising perpendicu-
lars, forming squares, IL[‘ldﬂElL‘ 5, &ze. 15 evident
from a view of the figure alones so that what has
been alres dy said of other rules, will be sufficient
o explain how this may be used. It is also evi-
d“m that it will plot with as much accuracy as

the bmm Sig 11, plate 3.

Fig, B G Ef plate 2, represents this instrument;
the two ends I' G are lower than the rest of the
tule, that w eights 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 i 18 made to slide regr uls i]\ between Lhe twor
fules, carrying at the same time, the rule H in a po-
'b]tlﬁ': atright angles to the cclgea of the rule E G.
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There are slits in the frame a, b, with marks {o
coincide with the respective scales on the rules,
while' the frame is moving up or down: ¢ is a
point for pricking off with certainty divisions from
the scales. The limb, or rule I, is made to take
off, that other rules with different scales of equal
parts may be applied; when taken off, this instru-
ment 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 strait rule,
by applying the perpendicular part against it.

7. Fig. IK L, plate 2, represents the profract-
ing parallel rule; the uses of this in drawing pa-
rallel lines in different directions, are so evident
from an inspection of the figure, as to render a
particular description unnecessary. It answers all
the purposes of the T square and bevil, and is pe-
culiarly useful to surveyors for plotting and pro-
tracting, which will be seen, when we come to
treat of those branches.

M N O is a parallel rule upon the same princi-
ple as the former: it was also contrived by Mr.
Haywood. It is made either of wood edged with
wory, or of brass, and any scales of equal parts
placed on it to the convenience of the purchaser.
Fach of the rules M N turns upon a center; its
use as a parallel rule is evident from the figure,
but it would require more pages than can be spared
Lo 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 square, or bevil; indeed,
scarce any artist can use it, without reaping con-
siderable advantage from it, and finding uses pe-
culiar to his own line of business.
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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 introduced within these
"(‘w years among the English _:'n'tists; and, as this
Introduction probably came from some German
work, it has thence acquired its name. It con-
Sists of a square and a strait rule, the edge of the
Square 1s moved in use by one hand against the
rule, which is kept steady by the other, the edge
having been previously set to the given line: its
use and construction is obvious from fig. 1, plate 3.
Simp]c as it is in its principle, it has undergone
Some variations, two of which I shall mention g
the one by Mr. Jackson, of Tottenham; the other
by Mr, Marquois, of London.

Mr. Jackson's, fig. 6, plate 3, consists of two
¢qual triangular pieces of brass, ivory, or wood,
ABC, DEF, right angled at B and E; the edges
AB and AC are divided into any convenient num-
ber of equal parts, the divisions in each equal s
B C and DE are divided into the same number of
¢qual parts as AC, one side of DEF may be di-
vided as a protractor.

1o draw a line G H, Jig. NV, plate 2, parallel to &
Liven line, through a pont P, or at a grven distance,

Place the edge DI upon the given line IK, and
let the instrument form a rectangle, then slide the
upper piece till it come to the given point or dis-
tance, keeping the other steady with the left hand,
and draw the line G H. By moving the piece
Cqual distances by the scale on B C, any number
of equidistant parallels may be obtained.

If the distance, Jig. X, plate 2, between the gi-
ven and required lines be considerable, place AB
Upon 1K, and EF against: A C, then slide the
Pieces alternately till DE comes to the required
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point; in this manner it is casy also o construct
any square or rectangle, &e.

From any given point or angle Py fig. S, plate 2
to let fall or raise a _palfv”.f:!.'mfm on a given line:
Place either of the edges AC upon GP, and slide
AB upon it, till it comes to the point P, and
draw PH.

T divide a ff}w into mg.y proposed number of
equal ports, fig. T [, plate 2. Find the proposed
number in 1he -«,.1]{‘ BC, nnd let it terminate at G,
then place the rales in a rectangular form, iod
move the whole dbout the point G, till the side
D E touches H; now move D one, two, or thrc
divisions, according to the number rmd size of the
required divisions, ‘down B C, and make a dot at I,
where DI cuts the line for the first part; ‘rheu
move one o more divisions as before, make a se-
eond dot, and thus proceed till the whole be com-
pleted.

Of Marguois's parallel scales. These consist of a
vight an nkd triangle, whose hypothenuse,or longest
side, 18 tlnw times the length of the shortest, and
two rectangular scales. It is from this uLm\
length of the hypothenuse that these scales derive
their peculiar advantages, and it is this alone that
renders them different from the common German.
purallel rule: for this we are much ndebted to
Mr. Marquois.

What h:-m been already said of the German rule,
applying eq n:‘a]]\; to those of Mr. Marquois’s, I shall
proceed to explain their chief and peculiar execel-
lence. Oneach edge of the rectangular rule are
placed two seales, one close to the ulnt‘ the other
within this. 1 “he out erscale, Mr. Marc quois terms
the artificial scale, the inner one, the natural seale:
the divisions on the duter are always three times
longer than those on the inner scale, as, to derive
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any advantage from this invention, they must al-
ways bear the same proportion to each other, that
the shortest side of the right angled triangle does
to the longest. The triangle l}as a line near the
middle of it, to serve as an index, or pointer; when
n use, this point should be pluc.ed s0 as to coin-
cide with the O division of the scales; the num-
bers on the seales are reckoned both ways from
this division ; consequently, by confining the rule,
and sliding the triangle cither way, parallel lines
may be drawn on eitherside of a given line, at any
distance pointed out by the index on the triangle.
The advantages of this contrivance ares - 1. That
the sight is greatly assisted, as the divisions on the
outer 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
through one third of the space passed over by the
index. 2. That it promotes accuracy, tor all error
in the setting of the index, or triangle, 18 dimi~
nished 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 several triangles with their hypothenuse in dif-
ferent proportions 1o their respective perpendicu~
lars, Thus, if vou would make it answer for a
scale of twenty to an inch, the hypothenuse must
be twice the len oth of the p-:‘rpmulicul:n'; if a scale
of 30 be required, three times; of 40, four times;
of 50, five times, and so on. Thus also for inter-
mediate proportions; if a scale of 25 is wanted,
the hypothenuse must be in the proportion of 25
to 9; if 85, of 7 to 42, &e. Ora triangle may be
formed, in which the hypothenuse may be so set
as to bear any required proportion with the per~
Pendicular,
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OF THE PROTRACTOR,

This is an instrument used to protract, or lay
down an angle contaiting any number of degrees,
or to find how many degrees are contained in any
given angle. There are two kinds put into cases
of mathematical drawing instruments: one in the
form of a semicircle, the otherin the form of 4 pa-
rallelogram. The circle is undoubtedly the only
natural measure of angles; when a strait line is
therefore used, the divisions thercon are derived
from a circle, or its properties, and the strait line
is made use of for some relative convenience: it is
thus the parallclogram is often used as a protrac-
tor, instead of the semnieircle, because it isin some
€ases more convenient, and that other scales, &e,
may be placed upon it.

TLhe semicircular protractor, Fig. 2, plate 3, is di-
vided into 180 equal parts or degrees, which are
numbered at every tenth degree each way, for the
conveniency 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
either end of the line, beginning at cach end with
30, 20, &c. and proceeding to 180 degrees. The
edge is the diameter of the semicirele, and the
mark in the middle points out the center. Fig. 3,

Plate 3, s a protractor in the form of a parallelo-
gram: the divisions are here, as in the semicircular
oene, numbered both ways; the blank side repre-
sents the diamcter 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 cham..
fered or sloped away to the edge, that an angle
may be more easily measured, and the divisions set
off with greater exactness,
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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 rclerence to a table, or the
operation of dividing; thus, the number 5, for a
pentagon i sct against 72°; the number 0, for a
hexagon, against 60°; the number 7, for a hepta-
gon, uguinsL 51{'; and so on.

Protractors for the purposes of surveying will be
described in their proper place,

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

Thus, to lay down an angle of 60 degrees {rom
the point A of the line AB, fig. 14, plate 3, apply
the diameter of the protractor to the line AB, so
that the center thereof may coincide exactly with
the point A; then with a protracting pin make
a fine dot at 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
CAB contains the given number of degrees.

2. Tb find the number of degrees contained ina
&Lrven angle BAC.

Place the center of the protractor upon the an-
gular point A, and the fiducial edge, or dizameter,
exactly 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.

8. From a given point A, in the line AB, to erect
@ perpendicular to that line.

Apply the protractar to the line AB, so that the
center may coincide with the point A, and the di~
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vision marked g0 may be cut by the line A B, then
a line DA drawn against the diameter of the pro-
tractor will be perpendicular to A B.

Further uses of this instrument will eccur in
most parts of this work, particularly its use in con-
structing polygons, which will be found under
their respective heads. Indeed, the general use
being explained, the particular application must be
left to the practilioner, or this work would be un-
necessarily swelled by a tedious detail and conti-
nual 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 eircle and its properties, the other
being merely concerned with dividing strait
lines.

It has been already observed, that though arches
of a circle are the most natural measures of an an-
gle, yet in many cases right lines were substituted,
as being more convenient; for the comparison of
one right line with another, 1s more natural and
easy, than the comparison-of a right line with a
curves; hence 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 deseribed
about that arch. See definitions.

The lines laid down on the plain scales for the
measuring of angles, or the protracting scales, are,
i. A line of chords marked cuo. 2. A line of sines
marked six, of fangents marked vaxn. of semitan-
_‘f(H‘.’gr.‘fﬁ!S marked sT. and of secants marked sgc.
this last s often upon the same line as the sines,
because its pradations do not begin till the sines
end,
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There arc two other scales, namely, the rhumbs,
marked ru. and long, marked rown. Scales of
latitude and hours are sometimes put upon the
plain scales but, as dialling is now but very little
studied, they are only made to order.,

The divisions used for measuring strait lines are
called scales of equal parts, and are of various
lengths for the convenience of delineating any fi-
gure of a large or smaller size, according to the
fancy or purposes of the draughts-man. They are,
indeed, nothing more than a measure in miniature
for laying down uporn paper, &c. any known mea-
sure, as chains, yards, feet, &c. each part on the
scale answering to one foot, one yard, &ec. and the
plan will be lufgn.r or smaller, as the scale contains
@ smaller or a greater number of parts in an inch.
dence a variety of scales is useful to lay down lines
of any required length, and of 'a convenient pro-
portion with respect to the size of the drawing.
If none of the scales happen to suit the purpose,
Yecourse should be had to the /line of lines on the
Sector; for, by the different opemings of that in-
Strument, a line of any length may be divided into
48 many equal parts as any person chuses.

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

Six of the simply divided scales are generally
Placed one above another upon the same rule;
they are divided into as many equal parts as the
ength of the rule will admit of; the numbers
Placed on the right hand, shew how many parts in
8n inch each scale is divided into. The upper
Scale is sometimes shortened for the sake of in-
roducing another, called the line of chords.

The first of the larger, or primary divisions, on
€Very scale is subdivided into 10 equal parts, which
mall parts are those which give a name to the

' D
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scale; thus it is called a scale of 20, when 20 of
these divisions are equal to one inch. - If, there-
fore, these lesser divisions be taken as umits, and
each represents one league, one mile, one chain,
or one yard; &c. then will the larger divisions be
o many tens; butif 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 15,
36, or 300 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 15, 30, 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 anupper line; therefore, to lay down any num-
ber of feet and inches, as for instance, eight feet
eight inches, extend the compasses from eight of
the larger to eight of the npper small ones, and
that distance laid down on the plan will represent
eight feet eight inches.

Of the scale of r'g?.w.w.’ parts diegonally divided.
The use of this scale is the same as those already
described. But by it a plane may be more accu-
rately divided than by the former; for any one of
the larger divisions may by this be subdivided into
100 equal parts; and, therefore, if the scale con-
tains 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, if it be's
foot long, is generally an inch divided into 100
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=qual parts, and at the opposite end there is usu-
ally half an inch divided imto 100 equal parts. If
‘the scale be six inches long, one.end has com-
only half an inch,the other a quarter of an inch
subdivided into 100.equal parts.

The nature of this scale will be better under-
stood /by considering 1ts construction, For this
Ppurpose:

First. '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
18 intended to contain; from each of these divi-
sions draw perpendicular lines through the eleven
parallels,

Secondly. Subdivide the first of these divisionsin-
to ten equal parts, both in the upper and lower lines.

Thirdly. Subdivide again each of these subdi-
visions, 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
o the 0 above: by these lines each of the small
divisions is divided into ten parts, and, consc-
Quently, the whole first space into 100 equal parts;
for, as cach of the subdivisions is one tenth part of
‘the whole first spaee or division, . .so. each parallel
above it is one tenth of such subdivision, and, con-
S¢quently, onc 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
48 units, the first subdivisions will be tenth parts
©Fan unit, and the second, marked: by the diago-
‘Nal upon the parallels, hundredth parts of the
Mnit, - But, if we suppose the larger divisions to
Ctens, the first subdivisions will be units, and the
S¢cond {enths. If the larger are hundreds, then
Will the first be tens, and the second units.

D 2
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The numbers, therefore, 576, 57,6, 5,70, are
all expressible by the same extent of the compasses:
thus, sclting one foot in the number five of the
larger divisions, extend the other along the sixth
parallel to the seventh diagonal. Fer, if the five
targer divisions be taken for 500, seven of the first
subdivisions will be 70, which upon 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.

OFf the use of the scales of equal parts. Though
what I have already said on this head may be
deemed sufficient, I shall not scruple to introduce
a few more examples, in order to render the young
practitioner more perfect in the management of
an instrument, that will be continually occurring
to him in practical geometry. He will have al-
ready observed, that by scales of equal parts lines
may be laid down, or geometrical figures con-
structed, whose right-lined sides shall be in the-
same proportion as any given numbers.

Example 1. To take off the muomber 4,79 from
a diagonal scale. Set one foot of the compasses
on the point where the fourth vertical line cuts
the seventh horizontal line, and extend the other
foot to the point where the ninth diagonal cuts the
seventh horizontal line,

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

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

Example 3. T lay down a line of 7,85 chains
by the diagonal scale. Set one point of your
compasses where the eighth parallel, counting up-
wards, 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
@ line that is already laid down. 'Take the extent
of the line in Jour 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 cuats the same parallel as is
cut by the other on the vertical line; then one
foot shews the chain, and the other the hundredth
pParts or odd links. Thus, if one foot is on the
€ighth diagonal of the fourth parallel, while the
other is on the same parallel, but coincides with
the twelfth vertical, we have 12 chains, 48 links,
Or 12,48 chains.

Lxample 5. Three adjacent parts of any right-
lined triangle being given, to farm the plan thereof.

huss, suppose the base of a triangle, fig. 15, plate 3,
A0 chains, the angle ABC equal 36 deg. and angle

AC equal 41 deg.

Draw the line AB, 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 36 degrees, and BAC to 41, and

¢ triangle will be formed; then take in your
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conipasses the length of the side AC, and apply
it to the same scale, and you will find its length
to be 24 chains; do the same b}' the side BC, and
vou will find it measure 27 chains, and the pro-
tractor will shew that the angle ACB contains
103 degrees.

Byample 6. Given the base AB, fig. 16, plate 3,
of a triangle 327 yards, the angle CAB 44°, 307,
and the side AC 308 yards, to constitute the said tri-
angle; 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; get
the center of the protractor to the point A, lay
off 44° 3¢/, 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 C B, and
the parts of the triangle in the plan will bear the
same proportion fo each other as the real parts in
the field do.

e T s —E R T T TR
e — ]

O THE REMAINING LINES ON THE
PLAIN SCALE.

[ —————————

OF THE PROTRACTING SCALES.

1. Of theline of chords. 'This line is used to set
off an angle from a given point in any right line,
or to measure the quantity of an angle already
1aid down.

Thus to draw a line A C, fiz, 14, plate 3, that
shall make with the line AB an angle, ceontain-.
ing a given number of degrees, suppese 40 de-
grees.

Open your compasses to the extent of 60 de- -
grees upon the line of chords, (which is always
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equal to the radius of the circle of projection,)
and setting onc foot in the angular point, with
that extent deseribe an arch; then taking the ex-
tent of 40 degrees from the said chord line, set it
off from the given line on the arch described; a
right line drawn from 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 manners; for
instance, to measure the angle CAB. From the
center describe an arch with the chord of GO de-
grees, and the distance CB, measured on the
chords, will give the number of degrees contained
in the angle.

If the number of degrees are more than O,
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 be-
ginning of the scale.

Of the rhumb line. This is, n fact, a line of
chords econstructed to a quadrant divided into
eight parts or points of the compass, in order to
fucilitate the work of the navigator in laying down
a ship’s course.

Thus, supposing the ship's course to be NNE,
and it he required to lay down that angle. Draw
'i}le line AB, fig. 14, plate 3, 10 represent the me-
ridian, and about the point A sweep an arch with
the chord of 60 degrees; then take the extent to
the second rhumb, from the line of rhumbs, and
set it off on the arch from B to e, and draw the
line A e, and the angle BAe will represent the
ship's course. The second rhumb was taken, be
cauge NNE is the second point from the north.
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Of the line of longitudes. The line of longi~
tudes is a line divided into sixty unequal parts,
and so applied to the line of chords, as to shew
by inspection, the number of equatorial miles
contained in a degree on any parallel of latitude,
The graduated line of chords is necessary, in or-
der to shew the latitudes; the line of longitude
shews the quantity of a degree on each parallel in
sixtieth parts of an equatorial degree, that is,
miles. 1'he use of this line will be evident from
the following example. A ship in latitude 44°
12" N, sails L. 79 miles, required her difference of
Jongitude., Opposite to 443, nearest equal to the
latitude on the hine of chords, stands 43 on the line
of longitude, which is therefore the number of miles
in a degree of longitude in that latitude. Whence
as 43 : 60 : : 79 : 110 miles the difference of lon-
gitude.

The lines of tangents, semitangents, and secants
serve to find the centers and poles of projected
circles in the stereographical projection of the
sphere,

The line of sines is principally used for the ortho-
graphic projection of the sphere; but as the appli-
cation of these lines i& 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,

The lines of latitudes and hours are used com
jointly, and serve very readily to mark the hour
lines in the construction of dials; they are gene-
rally on the most complete sorts of scales and sec-
tors; for the uses of which see treatises on dia!ling.

OF THE SECTOR.

Amidst the variety of mathematical instruments
that have been contrived to facilitate the art of




THE SECTOR. 41

drawing, there is none so extensive in its use, Or
of such general application as the sector. Itis an
aniversal scale, uniting, as it were, angles and pa-
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 dis-
puted by nations.

This instrument derives its name from the tenth
definition of the third book of Euclid, where he
defines the sector of a circle. It is formed of two
equal rules, (fig. 4 and 5, plate 3,) AB, DB,
called legs; these legs are moveable about the
center C of a joint d ¢ f, and will, consequently,
by their different openings, represent every Possi-
ble variety of plane angles. The distance of the
extremities of these rules aré the subtenses or
chords, or the arches they describe.

Sectors are made of different sizes, but their
length is usually 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
Zreatest extent. In describing the lines usually
Placed onthis 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 diffe-
Tences little more than in the number of subdi-
Visions, it is to be presumed that no difficulty will
Occur in the application of what is here said to
Sectors of a larger radius.

_ Of this instrument, Dr. Priestley thus speaks
M his Treatise on Perspective. “ Besides the
*Iall sector in the common pocket cases of instru-
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ments, I would advise a person who proposes to
learn to draw, to get another of one foot radius,
Two sectors are in many cases exceedingly useful,
if not absolutely necessary; and I would not ad-
vise a person to be sparing of expense in procur-
ing a very good instrument, the uses of which are
$0 various and unportant.”

The scales, or lines graduated upon the faces of
the instrument, and which are to be uscd as sec-
toral lines, proceed from the center; and are,
i. Two scales of equal parts, onc on each leg,
marked Lin. or r. cach of these scales, from the
great extensiveness of its use, is called the e of
Limes. 2. Two lines of chords, marked cuo. or ¢,
3. Two lines of secants, marked sec.ors. A ling
of palygons, marked por. Upon the other face,
the sectoral lines are, 1. Two lines of sines, marked
sin. or 5. 2. Two lines of tangents, marked sax,
3. Between the lines of tangents and sines, there is
another line of tangents to a lesser radius, to SHp-
ply the defect of the former, and extending from
45° to 75°.

Each pair of these lines (except the line of po-
lygons) is so adjusted as {p make egunal angles at
the center, and consequcntly at whatever distance
the sector be opened, the angles will be always
respectively equal. That is, the distance hetween
10and 10 on the line of lines, will be eqnal to 60
and 60 on the line of chords, g0 and qo on the
line of sines, and 45 and 45 on the line of tan-
gents.

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

T read and estimate the divisions on the sectoral
lines. The value of the divisions on most of the
lines are determined by the figures adjacent to
them; these proceed by tens, which constitute 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 represcnt any value that
1S given to them; hence the figures 1, 2, 3,4, &c.
may denote either 10, 20, 30, 40; or 100, 200,
300, 400, and se on.

The line of lines is divided into ten equal parts,
numbered 1, 2, 3, to 10; these may be called di-
Visions of {he 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
divisions of the third order,

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 in-
termediate parallel.

When the whole line of lines represents 100,
e divisions of the first order, or those to which
€ figures are annexed, represent tens; those of

the second order, units; those of the third order,
the halyes of these units. 1f the whole line repre~
Seat ten, then the divisions of the first order are
Units; those of the second, tenths, and the thirds,
Uventieths, :
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T the line of tangents, the divisions to which the
numbers are affixed, are the degrees expressed b
those numbers. Every fifth degree is denoted by
a line somewhat ]onger than the rest; between
every number and each fifth degree, there are four
divisions, longer than the intermediate adjacent
ones, these are whole degrees; the shorter ones,
or those of the third order, are 30 minutes.

From the center, to 60 degrees, #he line of sines
is 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 g0, the division
must be estimated by the eye.

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

The lesser line of tangents is graduated cvery 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 esti-
mated 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 AC B; divide each of these lines
into four equal parts, in the points H, D, F;
L E, G; drawthe lines HI, DE, F G, AB. Then
because CA, CB, are equal, their sections are also
equal, the triangles are equiangular, having a com-
mon angle at C, and equal angles at the base; and
therefore, the sides about the equal angles will ba
proportional; for as CH to CA, sois HI to AB,
and, therefore, as CA to CH, so is AB to HI, and,
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consequently, as C H to H 1,50 is CA to AB; and
thence if CH be one fourth of CA, HI will be
one fourth of AB, and so of all other sections.

Hence, as in all operations on the sectoral lines,
there are two triangles, both isosceles aud equi-
angled; isosceles, because the pairs of sectoral
lines are equal by construction; equiangled, be-
cauge of the common angle at the center; the
sides encompassing the equal angles are, there-
fore, proportional.

Hence also, if the lines CA, CB, represent the
line of chords, sines, or tangents; that is, if CA,
A B be the radius, and the line CF 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 ra-
dius 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 de-
seription of the sector, or such as we may occasi-
onally 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 be=
gins 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 & measure be taken on any of the sectoral lines,

eginning at the center, it is called a lateral dis-
ance. But if the measure be taken from any point
1n one line, to its corresponding point on the line
of the same denomination, on the other leg, it is
Called a transverse or parallel distance.
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The divisions of ‘each sectordl line are bounded
by ‘three parallel lines; the innermost of these iz
that on which the points of the compasses are to
be placed, because this alene is the line which
goes to the center, and ds alone, therefore, the sec-
toral line.

We shall now proceed to give a few general in-
‘tances of the manner of operating with the sector,
and 'then proceed to practical geometry, exempli-
fying its use further in the progress of the work,
as oceasion offers,

Mudtiplication by the line of lines, Make the
lateral distance of ene of the factors the parallel
distance of 10; then the parallel distance of the
other factor is the product.

Example. Multiply 5 by 6, extend the com-
passes from the center of the sector to 5 on the
primary divisions, and open the sector till this dig-
tance become the parallel distance from 10 to 10
on the same divisions; then the parallel distance
from 6 to 6, extended from the center of the sec-
tor, shall reach to 3, which isnow to be reckoned
80. At the sameopening of the sector, the pa-
rallcl distance of 7 shall reach from the center to
35, that of 8 shall reach from the center to 40, &c.

Division by the dine of lines. Muke the lateral
distance of the dividend the paralle] 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
parallel distance of 5 of the same divisions; then
the parallel distance of 10, extended from the
eenter, shall reach to 6.

Proportion by the line of lines.  Make the lateral
distance of the second term the paralel distance
of the first term; the parallel distance of the third
term is the fourth proportional, Example. To
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find a fourth proportional to 8, 4, and 6, take the
lateral distance of 4, and make it the parallel dis-
tance of 8; then the parallel distance of ‘8, ex-
tended from the center, shall reach to the fourth
proportional 3.

In the same manner a third proportional is
found to two numbers. Thus, to find a third
proportional to 8 and 4, the scctor remaining as
in the former example, the parallel distance of 4,
extended from the center, shall reach to the third
proportional 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
the answer multiplied by the number by which
the first 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 purallel distance of the
first term 4 ; then the parallel distance of the third
term 6, shall reach from the center to 6, viz. the
half of 12. Any other aliquot part of a number
™ay be ised in the swme way. In like manner, if
the number proposed be too small to be made the
paralle]l distance, it may be multiplied by some
tumber, and the answer is to be divided by the
¥ame number,

_T-fi protract angles by the line of chords. Case 1.
When the given degrees are under 60. 1. With
iy radius AB, fie. 14, plate 3, on A'asa center,
describe the arch BG. ~ 2. Make the same radius
A transverse distance belween 60 and 60 on the
line of chords. 3. Take out the transverse dis-
linee of the given degrees, and lay this on the
arch from B towards G; which will mark out the
¥ngular distance required.
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Case 2. When the given degrees are more than
60. 1. Open the secior, and describe the arch as
before. 2. Take z or  of the given degrees, and
take the transverse distance of this £ 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
transverse distance.

Cuse 3. When the required angle is less than
6 degrees; suppose3. 1. Open the sector to the
given radius, and deseribe the arch as before.
9. Set off the radius from Bto C. 3. Set off the
chord of 57 degrees backward from C to f, which
will give the arc £'b of three degrees.

SOME USES OF THE SECTORAL SCALES OF S8INES,
TANGENTS; AND SECANTS.*

Given the radius of a circle, (suppose equal to
¥wo inches,) required the sine and tangent of 28° 307
{0 that radis.

Solution. Open the sector so that the trans-
verse distance of Q0 and Q0 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
distance of 28° 30/, taken from the sines, be the
length of that sine to the given radius; or if taken
from the tangents, will be the length of that tan-
gent to the given radius.

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

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

“ Robertson on Mathematical Instruments
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A tangent greater than 45° (suppose 60°) is
Jound thys.

Make the given radius, suppose two inches, a
transverse distance to 45 and 45 at the begin ning
of the scale of upper tangents; and then the re-
quired number 60° 00" 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
Sccant may be sometimes wanted to a greater
number of degrees than can be introduced on the
Sector, they may be readily found by the help of
the annexed table of the natural tangents and se-
Cants of the degrees above 75; the radius of the
tircle being unity.

Degrees. | Nat. Tangent.| Nat. Secant,
76 4,011 4,133
77 4,331 4,445
78 4,701 4,810
79 5,144 5,241
80 5,671 5,750
81 6,314 6,302
82 2115 7,185
83 8,144 8,205
84 0,514 9,567
85 11,430 11,474
86 14,301 14,335
87 10,081 19,107
88 28,036 28,654
50 37,200 57,300

Measure the radius of the circle used apon any
scale of equal parts. Multiply the tabular num-
er by the parts in the radius, and the product
will give the length of the tangent or secant
:?::tght, to be taken from the same seale of equal
arts,

E
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Examene. Required the length of the tangens
and secant of 8O degrees to a circle, whose raduus,
measured on @ seale of 25 parts to an inch, is 473 of
those parts?

tangent. secant.
Against 80 dcgrecs stands 5,071 5,750
The radius 1s . 47,5 47,5
28355 28705
3g697 40313
22084 230306

269,3725 273,5525

So the length of the tangent on the twenty-
fifth scale will be 2007 nearly. And that of the
secant about 2733,

Or thus. The tangent of any number of de-
grees may be taken from the sector at once; if the
radius of the circle can be'made a transverse dis-
tance to the complement of those degrees on the
lower tangent.

Examrre. To find ihe tangent of 78 ffegrefs o
a radius of two inches.

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

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 twelve
degrees; then the transverse distance of g0 and go
will be the secant of 78 degrees,

From hence it will be easy to find the degrees
answering to a given line, expressing the length
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of a tangent or secant, which is too long to be
Measured on those seales, when the sector is set to
the given radius.

hus, for a tangent, make the given line a
transverse distance to 45 and 45 on the lower tans
£ents; then take the given radius, and apply it to
the lower tangents; and the deprees where it be-
“omes a transverse distance is the co-tangent of
the degrees answering to the given line,

And for a secant; make the given line a trans=
Verse distance to g0 and QO on the sines. Then
the degrees answering to the given radius, applied
45 a transverse distance on the sines, will be the
Co=sine of the degrees answering 1o the given se-
Cant line,

Given the length of the sine, tangent, or secant, of
Wy degrees; to find the length of the radius to that
Sine, tangent, or secant.

Make the given length a transverse distance to
s given degrees on its respective scale: then, 7

In the sines.  'The transverse distance of go and
90 will be the radius sought.

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

€ radius sought.

In the upper tangents. 'The transverse distance
Ol 45 and ‘45, taken towards the center of the
S¢ctor on the line of upper tangents, will be the
¢enter sought.

{n the secant. The transverse distance of 0 and 0,
or the beginning of the secants, near the center of
the sector, will be the radius sought.

Given the radins and any hine representing a sine,
angent, or secant; 1o find the degrees corvesponding
4 that [ipe.

OLurron.  Set the sector to the given radius,
ﬂCCOrding as a sine, or tangent, or secant is con-
Cerned

E 2
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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 di-
visions shew the degrees and parts corresponding
to the given line.

To find the length of a wversed sine 1o @ given
number of degrees, and a given radius.

Make the transverse distance of g0 and QO on
the sines, equal to the given radius.

Take the transverse distance of the sine com-
plement of the given degrees.

If the given degrees are less than g0, the diffe-
rence between the sine complement and the ra-
dius gives the versed sine.

If the given degrees are more than g0, the sum
of the sine complement and the radius gives the
versed sine.

To open the legs of the sector, 59 that the corres-
ponding dowble scales of bines, chords, sines, and tan-
gents, may make eack a right angle.

On the lines, make the lateral distance 10, a
distance between eight on one leg, and six on the
other leg.

On the sines, make the lateral distance go, a
transverse distance from 45 to 43; or from 40 to
50 or from 30 ta 603 or from the sine of any de-
orees to their complement.

Or on the sines, make the lateral distance of 45
a transverse distance between 30 and 30.

SELECT GEOMETRICAL PROBLEMS.

Science may suppose, and the mind conceive
things as pu:‘.mble, and ~easy to be effected, in
which art and practice often find insuperable dif-
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ficulties. ¢ Pure science has to do only with
wleas; but in the application of its laws to the use
of life, we are constrained to submit to the imper-
fections of matter and the influence of accident.”
Thus practical geometry shews how to perform
what theory supposes; in the theory, however, it
is sufficient to have only a right conception of the
objects on which the demonstrations are founded ;
drawing or delineations being of no further use
than to assist the imaginution,'nnd lessen the exer=
tions of the mind. But in practical geometry, we
not only consider the: things as possible to be ef-
fected, 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 circle deseribed- about a center, and then de-
monstrate their propertics; but we must actually
delineate them, and exhibit the figures to the
senses: and it will be found, that the drawing of
a strait line, which occurs in all geometrical ope-
rations, and which in theory is conceived us casy
to be effected, is in practice attended with consi-
derable difficulties.

To draw a strait line between two points upon
a plane, we lay arule so that the strait edge thereof
may just pass by the two points; then moving
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
fO_und extremely difficult to lay the rule equally,
with respect to both the points, so as not to be
Dearer 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
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rule; and thirdly, it is very difficult to find a rufe
that shall be perfectly strait.  If the two points be
very far distant, it 1s almost impossible to. draw
the line with accuracy and exactness; a cireular
line may be described more easily, and more ex-
detly, than a strait, or any other line, theugh even
then many difficulties oceur, 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 1o be gf‘,()lllf"l'l'iﬂ-ﬂ]-, which in their description

require the shding of a point along the edge of a

rule, as in the ellipse, and several other curve
lines, whose propertics have been as fully inves-
tigated, and as clearly demonstrated, as those of
the cirele.

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 re-
flections as the effect of too scrupulous exactness,
or as an unnecessary aim at precision; for as the
foundation of all our knowledge in geography,
navigation 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 princi-
pally depend on the exactness with which the in-
struments are made and divided; and that these
sciences will advance In proportion as those are
less difficult in their use, and more perfect in the
performance of their respective operations.

There is scarce any thing which proves more
clearly the distinction between mind and body,
and the superiority of the one over the other, than
a reflection on the rigid exactness of speculative
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geometry, and the inaccuracy of practice, that is
not dirccted by theory on one hand, and its ap-
proximation 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 more
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 logarithms, 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 animals; but this per-
fection, which does honor to the Creator, does
little to them; they are so perfect, only because
they are beasts.

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
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 operations of
General Roy, at Hounslow-heath; operations that
cannot be too much considered, nor too much
Prajsed by every practitioner m the art of geo-
Mmetry. See P]iv;‘fosopf:. Trans. vol. 80, et seq.
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Prosrem 1. Toerect a perpendicular at or near
the end of a givenright line, CD, fig. 5, plate A.

Method 1. On C, with the radius C D, describe
a faint arc ¢f on D; with the same radius, cross
e fat G,on G asa center; with the same radius, de-
scribe thearc D E F'; set off the extent D G twice,
that is from D to E, and from E to F. Join the
points DD and F by a right line, and it will be the
perpendicular required.

Method 2, fig. 5. On any point G, with the
radius D G, deseribe an arc F ED; then a rule
laid on C and G, will cut this arc in F, a line join-
ing the points F and D will be the required per-
pendicular.

Method 3. 1. From the point C, fig. 6, plate 4,
with any radius deseribe the arc #nm, cutting the
line ACinr. 2. From the point r, with the same
radius, cross the are 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 §. 4. Through the points
S and C, draw the line 8 C, and it will be the per-
pendicular required.

Method 4. By the line of lines on the sector, fe. 1,
plate 4. 1. Take the extent of the given line A C,
2. Open the sector, till this extent is a transverse
distance between 8 and 8, 3. Take out the trans-
verse distance between 0 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
through A and B, will be the perpendicular re-
quired; the numbers 6, 8, 10, are used as multi-
ples of 3, 4, 5. )

By this method, @ perpendiculay may be easily and
‘:’-'('}'{}‘(Ifc',{'l-' erecled on the (;rr'oumf. ¥ !

Method 5. Let AC, fig. 7, plate 4, be the given
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line, and A the given point. 1. At any point IJ;

with the radius DA, deseribe the are EAB.

2. With a rule on E and D, cross this arc at B.

3. hrough A and B draw a right line, and it will
¢ the required perpendicular.

Prosuem 2. Lo raise a perpendicular from the
middle, or any othergpoint G, of a given line AB,
Fg. 8, plate 4.

. 1. On G, with any convenient distance within the

Imits of the line, mark or set off the points n and m.
2. From n and m with any radius greater than GA,

escribe two arcs intersecting at C. 8. Join CG by
4 line, and it will be the perpendicular required.

Prosrem 3. From a givenpoint C, Jig. 8, plate
45 ot of q given line AB, o let fall a perpendicular.

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 n m, with
the same, or any other radius, describe two arcs in-
tersecting each otherat S. 3. Through the points
CS draw the line C S, which will be the required

lie,

When the point is nearly opposite to the end of
the line, it is the converse of Method 5, Problem 1,
8. 7, plate 4.

. L. Draw a faint line through B, and any conve-
nient point E, of the line AC. 2. Biseet this line
A D." 3, From D with the radius DE deseribe
M arc cutting AC at A. 4. Through A and B
draw ihe line A B, and it will be the perpendicular
required,

Another method. 1. From A, Jig. Q, plate 4, or
any other point in AB, with the radius AC, de-
Stribe the are CD. 2. From any other point n,
E\’llh‘ the radivs n C, describe ancther are cutting
Hie former in D, 3. Join the point C D by a line
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CGD, and CG will be the perpendicular re-
quired.

ProsrneEm 4. T/ﬁrmf{g;’z a g;r'-lmrz Pr)im C, todraw
a ling parallel to a given strait hne AB, fig. 10,
plate 4.

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

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

PropreM 5. At the given point D, to make an
angle equal to a given angle ABC, fig. 12, plate 4.

1. From B, with any radius, deseribe the arc
nm, cutting the legs BA BC, in the points
nandm. 2. Draw the ine Dr, and from the
point DD, with the same radius as before, describe
the arc rs. 3. Take the distance mn, and apply
it to the arc rs, from rtos. 4. Through the
points D and s draw the line Ds, and the angle
v Ds will be equal to the angle mBn, or ABC,
as required.

Prosrem 6. Tv extend with accuracy a short
strait line to any assignable length; or, through two
_g‘.l"ifi.‘}z ;f\-uiu'{x at a small distance f}'am each o}fzg'r i
drawe a shrait line. :

It frequently happens that a line as short as that
between A and B, fig. 11, plate 4, is required to be
extended to a considerable length, which is scarce
attainable by the help of a rule alone; but may be
performed by means of this problem, without error.
Let the given line be AB, or the two points A
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and B; then from A as a center, deseribe an arch
CBD; and from the point B, lay off BC equal
to BD; and from Cand D as centers, with any
radius, describe two arcs intersecting at B, From
the point A describe the arc F E G, making E F
¢qual to E G; then from F and G as centers, de-
seribe two ares intersecting at H, and so on; then
4 strait line from B drawn through E will pass in
Continuation through H, and in a similar manner
the line may be extended to any assignable length.

OF THE DIVISION OF STRAIT LINES.

_Promrew 7. b bisect or divide a given straif
me AB into two equal parts, fig. 13, plate A.

1. On A and B as centers, with any radius
greater than half AB, describe arcs imtersecting’
€ach other at C and D. 2. Draw the line CD,
and the point ¥, where it cuts A B, will be the
middle of the line. ‘

If the line to be bisected be near the extreme
edge of any plane, describe two pair of ares of dif-
ferent radii above the oiven line, as at C and E;
then a line C produced, will bisect AB in F.

By the line of lines on the secior. 1. Take AB in
e compasses. 2. Open the sector till this extent
B atransverse distance between 10 and 10. 3. The:
€xtent from 5 to 5 on the same line, set off from

- Or B, gives the half required: by this means a
gwven line may be readily divided into 2, 4, 8, 16,
92, 64, 128, 8ec. equal parts.

RoBLEM 8. T divide a given strait line AB
“ita any number of equal parts, for instance, five.

Method 1, fig. 14, plate 4. 1. Through A, one
EXtremity of the line AB, draw AC, making any
angle therewith., 2. Set off on this line from A to

"8 many equal parts of any length as AB is to
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be divided mnto. 8. Join HB. 4. Paralldl to
HB 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 AB. 2. Take
any point D either above or below AB, and
through D, draw D K parallel to AB. 3. On D
sct off five equal parts DF, FG, GH, HI, IK.
4. Through A and K draw AK, cutting BD in
L. 5. Lines drawn thrnugh L, and the points
F, G, I, I, K, will divide the line AB into the
required number of parts. ]

Lhird method, fig. 17, plate 4. 1. From the
ends of the line AB, draw two lines AC, BD,
parallel to each other. 2. In each of these lines,
beginning at A and B, set off as many equal parts
less one, as AB is to be divided into, in the present:
mstance four equal parts, AL, TK, KL, LM, on
AC; and four, BE, EF, FG, GH, on BD.
3. Draw lines from M to E, from Lto F, K to G,
I'to H, and AB will be divided into five equal
parts.

Fourth method, fig. 16, plate 4. 1. Draw any
two lines CE, D F parallel to each other. 2. Set
off on each of these lines, beginning at C and D,
any numben of equal parts. 3. Join each point in
C £ with its opposite point in DF. . 4. Take the
extent of the given line in your compasses, 5. Set
one foot of the compasses opened to this extent in
D, and move the other about till it crosses NG in 1.
6. Join DI, which being equal to AB, transfer
the divisions of DI to AB, and it will be divided
as required. HM is a line of a different length
to be divided in the same number of parts.

The foregoing methods are introduced on ac-
count not culy of their own peculiar advantages,

DIVISION OF STRAIT LI1RES:
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but because they also are the foundation of several
mechzmica] methods of division.

Py OsLEM Q. T cut off from a given line AB
My odd part, as 3d, Lih, ik, $th, Ec. of that line,
Jig. 18, _plcﬁz:: 4.

1. Draw through either end A, a line AC,

Orming any angle with AB. 2. Make AC equal
to AB, 3. Through C and B draw the line CD.
4. Make B D equal to CB. 5. Bisect AC in a.

+ A rule on a and D will cut off a B equal 4d of
g

If it be required to divide AB into five equal

parts, 1. Add unity to the given number, and
alve it, 541=0, 2=3. 2. Divide AC into
three parts; or, as AB is equal to AC, sctoft Ab
€qual Aa. 3. A rule on D, and b will cut off
bB uh part of AB. 4. Divide Ab into four
€qual parts by two bisections, and AB will be di-
vided 1nto five equal parts.
- To divide AB into seven equal parts, 74-1=8,
@=4. 1. Now divide AC into four parts, or bi-
Secta Cin ¢, and ¢ C will be the #th of AC. 2. A
Fule on ¢ and D cuts off ¢ B 2thof AB. 3. Bisect
Ac, and the extent ¢ B will divide each half into
?}”’CC cqual parts, and consequently the whole line
““trﬁ seven equal parts. :
- Lo divide AB into nine equal parts, +1=10
*==5. Here, 1. Make Ad equal to Ab, and dC
wﬂ‘l be fth of AC. 2. Aruleon D and d cuts
Of,} dB % of AC. 3. Biscet Ad. 4. Halve each
of these bisections, and Ad is divided into four
Cqual parts. 5. The extent d B will bisect each
of these, and thus divide AB into nine equal
parts.

If any odd number can be subdivided, as g by 3,
then first divide the given line into three parts,
and tgke the third as a new linc, and find the third
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thereof as before, which gives the ninth part re<
uired.

Method 3. Let DB, fig. 19, plate 4, be the
given line. 1. Make two eguilateral triangles
ADB, CDB, one on each side of the line D B.
2. Bisect AB in G. 3. Draw € G, which will
cut off HB equal 4d of DB. 4. Draw DF, and
make GF equal to DG. 5. Draw HF which
cuts off Bh equal s of ABor DB. 6. Ch cuts
D B in i onefifth part. 7. Ficuts ABink equal
$th of DB. 8. Ck cuts Db in 1 equal 1th of
DB. ¢. Fl cuts AB in m ‘equal 3th of DB.
10. Cm cuts DB at n equal $th part thercof,

Method 3. Let AB, fig. 12, plate 5, be the i
ven line to be divided into its aliquot parts %, 3, &
1. On AB ercct the square ABCD. 2. Draw
the two diagonals AC, D B, which will cross each
other at E. 3. Through E draw FEG paralle]
to AD, cutting ABin G. 4. Join DG, and the
line will cut the diagonal AC at H. 5. Through
H draw IHK parallel to AD. 6. Draw DK
crossing AC in L. 7. And through L draw
MLN parallel to AD, and so proceed as far as
necessary, AG is %, AK §, AN i of AB.#

Method 4, Let AB, fis. 13, plate 5, be the given
line to be subdivided: 1. Through A and B draw
CD, FE parallel to each other. 2, Make CA,
AD; I'B, FE equal to each other. 3. Draw
CE, which shall divide AB into two equal pars
at G. 4. Draw AE, DB, intt:rsmting each other
at H. 5. Draw CH intersecting AB at I, mak-
ing Al +d of AB. 6. Draw DI cutting AE in
K. 7. Join CK, which will cut AB in L, mak-
ing AL equal 3 of AB. 8. Then draw Dg, cut-
ting AE in M, and proceed as before,

# Hooke's Posthumous Works.
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Corornrary. Hence a given line may be accu-
rately divided into an y prime number whatsoever,
Oy first cutting off the odd part, then dividing the
Temainder by continual bisections. i

Prosrem 10.  dn easy, sunple, and very useful
Method of laying down a scale for dividing Imes into
DYy number - of }'gzu.r.l parts, or for reducing plans to
any size less than the original.

If the scale is for dividing lines into two equal
Parts, constitute a triangle, so that the hypothe-
nuse may be twice the length of the perpendicular,

€t it be three times for dividing them into three
€qual parts; four, for four parts, and soon: fig. 11,
DPlate 5, represents a set of triangles so consti-
tuted, ;

To find the third of the line by this scale.

Take any line in your compasses, and set off
this extent 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 AC, and this
distance will be the 1 of the given line. Similar
%o this is what is termed the angle of reduction,
O proportion, described by some foreign writers,
4nd which we shall introduce in its proper place.

Prosuey 11, Tb divide by the sector a given
Strait line jnto any number of equal parts.

Case 1. Where the given line is to be divided
o a pumber of equulr parts that may be ob-
tained by g continual bisection,

In this case the operations are best performed by
Continual bisection: let it be required to divide
AB,ff:g‘- 6, plate 5, into 16 equal parts. 1. Make
AB a transverse distance between 10 and 10 on
the line of lines. 2. Take ont from thence the
distance between 5 and 5, and set it from A or B
08, and AB will be divided into two equal parts.
8. Make A 8 a transverse distance between 10and
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10, and 4 the transverse distance between 5 and 5,
will bisect 8 A, and 8 B at 4 and 12; and thus AB
15 divided into four equal parts in the ponts 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 bi-
sect each of these, we might take the extent of
A 2, and place 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 10, so as to accord with this mea-
sure. 0. Take out the transverse measure between
5 and 5, and one foot of the compasses in A will
give the point 8, in 4 will fall on 7 and 1, on 8
will give 5 and 11, on 12 gives g and 15, and on
B will give 13. Thus we have, in a correct and
easy manner divided AB into 16 equal parts by a
continual bisection.

If it were required to bisect each of the forego-
ing divisions, it would be best to open the sector
at 10 and 10, with the extent of five of the divi-
sions already obtained; then take out the trans-
verse distance between 5 and 5, and set it off from
the other divisions, and they will thereby be bi-
sected, and the line divided into 32 equal parts.

Case 2. When the given line cannot be di-
vided by bisection.

Let the given line be AB, fig. 7, plute 4, to be
divided into 14 equal parts, a number which is not
a multiple of 2.

1. Take the extent AB, 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
AB inte two equal parts, each of which are to be
subdivided into 7, which may be done by dividing
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A7 into 6 and 1, or 4'and 3, which last is pre-
ff?rfﬂblc to the first, as by it the operation may be
finished with only two bisections.

2. Therefore 5pcr‘r the sector in the terms 7 and
7, with the extent A 7: then take out the trans-
verse distarice between 4 and 4, this laid off from

15 gives the point'4, from 7 gives 3 and 11, and
from B gives 10.

3. Make A4 a transverse distance at 10 and
10, then the transverse distance between 5 and 5

Sects A b, and 10B in 2 and 12, and gives the
POt 6 and 8; then one foot in 3 gives 1 and 5,
and from 11, 13 and @: lastly, from 4 it gives 6,
and from 10, 8; and thus the line AB is divided
Ht0 14 equal parts.

Prowvem 12, 7o make a scale of equal parts
cwmimg any given number in an inch.
Example. To construct a scale of feet and inches
M such a manner, that 25 of the smallest parts shall
€ equal to one inch, and 12 of them represent
Gne foot, )

By the line of lines on the sector. 1. Multiply the
81ven numbers by 4, the products will be 100, and
48. 9. Take one inch between your compasses,
Md make it a transverse distance between 100 and
100, and the distance betweert 48 and 48 will

~ 12 of these 25 parts in an inch; this extent set
oft from A to 1, fig. 3, plate 5, from 110 2, &ec. to
12 at B divides A B into a scale of 12 feet,. 3. Set
O one of these parts from A to a, to be subdi-
Vided into 19 parts to represent inches, 4. To

1S end divide this into three paris; thus take the
eXtent A 9 of two of these parts, and make it a
transyerse distanice between 0 and g. 5. Set the

'Stance between 6 and 6 from b to e, the same
Cxtent from 1 gives g, and from e gives n, thus
Miding A a into three equal parts in the points n

F
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and g. 0. By two bisections each of these may e
subdivided into four equal parts, and thus the
whole space into 12 equal parts.

When a small number of divisions are required,
as 1, 2, 0r 3, instead of taking the transverse dis-
tance near the cenier of the sector, the division
will be more accurately performed by using the
following method.

Thus, if three parts are required from A, of
which the whole line contains 90, make AD, fip. 4,
plate 5, a transverse distance between g0 and go;
then take the distance between 87 and 87, which
set off from D to E backwards, and AE will con-
tain the three desired parts.

Example 2. Supposing a scale of six inches ta
contain 140 poles, Lo 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 sel off on the line of lines.
Make three inches a transverse distance between
70 and 70, and your sector becomes the required
seale,

Emmgalg 3. To make a scale of seven inches
that shall econtain 180 fathom: ‘%"’:g_—;-:g,%,
therefore make 8% a transverse between g and g,
and you have the required scale,

OF PRCPORTIONAL LINES,

Provrem 13. 7o cut a given line AT, g 14,
plate 5, into two unequal parts that shall have any
‘g'i-vmjhrnpw‘lxw, ex. gr. of C o D.

1. Draw AG forming any angle with AD.
2. From A on AG set off AC equal to C, and
CE cqual to D. 3. Praw E D, and parallel to it
C B, which will cut AD at B in the required pro-
portion,
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To divide by the sector the line AB, S 1,
Plate 5, in the 131'(_»])01'1'5011 of 3to2. Now as3 and
2 would fall near the center, multiply them by 2,
Derehy forming 6 and 4, which use instead of 3
and g,” As the parts are to be as 6 to 4, the whole
11_“0 will be 105 therefore make AB a transverse

18tance between 10 and 10, and then the trans-
verse distance between 6 and 0, set off from B to
¢, is iths of AB; or the distance between 4 and 4
%ill give A e 2ths of AB; therefore AB is cut in
the proportion of 3 to 2.

Lvample 2. To cut AB, JSig. 2, plate 5, in the

Proportion of 4 to 5; here we may use the num-
€rs themselves; therefore with AB open the sec-
tor at g and g, the sum of the two nuinbers; then
the distance between 5 and 5 set oft from B to ¢,
Or between 4 and 4, set off A to ¢, and it divides
AB in the required proportion,
Note. If the numbers be too small; use their
uimultiples; if too large, subdivide them. '
Corollary. =~ From this problem we obtain ano-
ther mode of dividing a strait line into any number
ot equal parts.

PrO®BLEM 14, To estimate the proportion be=
Ween o or more given lines, us AB, CD, EF 4
7ig. 9, plate 5.

Make AB a transverse distance between 10 and
10, then take the extents severally of CD and EF,
ansl Carry them along the line of lines, till both
Points rest exactly upon the same number: in the
Jrst it will be found to be 85, n the second 67.
_hf.‘l'e{bre ABisto CD as 100 to 83, to EF as
00 1t 07, and of CD to EF as 85 to G7.

’ROBLEM 15, Tb Jind a third proportional to
20 gizen right lines A and B, fig. 15, plate 5.

D L. From the point I draw two right lines D E,

» making any angle whatever. 2. In these

F 9

Cll

1
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lines take DG equal to the first term A, and DC,
D H, each equal to the second term B. 3. Join
G I, and draw CF parallel thereto; then DEF
will be the third proportional required, that is,
2G (A) to DC, (B,) s0is DH (Byto DF.

By the sector. 1. Make AB, fig. 5, plate 5, a
transverse distance between 100 and 100. 2. Find
the transverse distance of B F, which suppose 50.
3. Make EF a transverse distance between 100 and
100, 4. Take the extent between 8§0and 50, and
it will be the third proportional CD required.

Prostem 16. Tv find a fourth proportional to
three given vight lines A, B; C, fig. 16, plare 5

1. From the point ¢ draw two right lines, mak-
ing 'any angle whatever. 2. In these lines make
ab equal to the first term A, ac equal to the se~
cond B, and a d equal to the third C. 3. Join be,
and draw de parallel thereto, and ae will be the
fourth proportional required; that is, ab (A) isto
ac (B.)ysoisad (C)toae.

By the sector. 1. Make the line A a transverse
distance between 100 and 100. 2. Find the trans-
verse measure of B, which is 60. 3. Make ¢ the
third line a transverse measure between 100 and
100. 4. The measure hetween 60 and 60 will be
the fourth proportional.

Prosrem 17. Ty find a mean proporiional be-
tween two given strait bines A and B, fig 17, plate 5.

1. Drow any right line, in which take C E e¢qual
to A, and EA equal to B. © 2. Bisect ACin B, and
with BA, or BC as a radius, describe the semi-
circle ADC. 3. From the point E draw EG
perpendienlar to AC, and it will be the mean pro-
portional required.

By the secior.  Join the lines together, (sup-
pose them 40 and go0) and get the sum of them,
130; then find the half of this sum 65, and half
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the difference 25.  Open the line of lines, so that
they may be at right angles to cach other; then
take with the compasses the lateral distance 65,
and apply one foot to the hall difference 25, and
t!“if‘» other foot will reach to 60, the mean propor-
tional required; for 40 to 60, 5o 1s 60 to gO.

Prosrem 18. To cut a given line AB into ex-
Ireme and mean jn‘opar/fw, ﬁg. 18; pf'dh' 3-

1. Extend AB to C. 2. At A erect a perpen-
dicular AD, and make it equal to AB. 3. Set the
half of ADor AB from A to F. 4. With the
radius F D deseribe the are D G, and AB will be
fiivided into extreme and mean proportion.  AG
1s the greater segment.

By the sector.  Make AB a transverse distance
between 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 AB, a transverse distance between 54
and 54 of the line of sines, then 18 the distance be-
tween 30 and 30 the greater segment, and 18 and
18 the lesser segment.

Prozrem 19. To divide a given strait line in
Z }{L’ same proportion as another given strail line s di-
'vza"ea?, ﬁg 10, }“)[{‘11‘5 5

Let AB, or CD be two given strait lines, the
first divided into 100, the second into 60 equal
parts; it is required to divide EF into 100, and
G H into 60 equal parts.

Make EF a transverse distance in the terms 100
and 100, then the transverse measure between g6
and o set from E to go, and from Fto 10; the
Mmeasure between 80 and 80 set from E to 80, and
from F to 20, and the measure between 70 and70
et from E gives 70, from F 30. The distance

¢tween 60 and 60, gives 60 and 40; and
astly, the transverse measure between 50 and 50
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bisects the given line in the point 50, and we shall,
by five transverse extents, have divided the line
EF into 10 equal parts, each of which are to be
subdivided iuto 10 smaller divisions by problems
11 and 12.

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

Prosrem 20. T find the angular point of to
given lines AK, ¢ P, fig. 22, plate 5, which ncline
#o cach other without producing either of them.

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

1. Draw the parallel lines A+, Ge, K3, 2, Take
any number of times the extents, AN, GO, K P,
and set them on their respective lines; as from N to
v and v, from o to B and ¢, from P to & and 4, and
a line through 4, ¢, v, and another through «, B, v,
will tend to the same point as the lines AB, ¢ P.

Method 2. 1. Through AB and CD, fig. 21,
plate 5, draw any two parallel lines, as G H and
FE. 2. Set off the extent B D twice, from B to
G, and D to H; and the extent AC twice, from
A to F, and from Cte E. 3. A line passing
through F and G will interscet another line pass-
ing through E and H in I, the angular point re-
quired,

The extent FA, G B, may be multiplied or di-
vided, s0 as to suit peculiar circumstances,

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

Solution: by the sector.  Case 1, When the pro-
posed point e is between the two given lines VL
and ab, fig. 23, plate 5.

Through e draw a line av, cutting ab at a, and
VI at V, then from any other point b, in a b, the
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fm*tl}(‘r the better, draw bx parallel to aV, and
Cutting VI in x, make av a transverse distance
‘elween 100 and 100, on the line of lines; take
the extent e v, and find its trunsverse measure,
which suppose to be 60; now make xb a transverse
distance between 100 and 100, and take out the
Wansverse distance of the terms 60, which set off
from x to f, then a line drawn through the points
€and f, shall tend to the same inaccessible point g
Wwith the given lines ab, VL.

Case 2. When the proposed point ¢ is without
the given lines ab and VL, fig. 24.

- Throu gh e draw any line ev, cutting abin a, and

L in v: and from any other point b in ab draw
XF paraliel to ev, and cutting VL in x, make
Ve a transverse distance in the terms of 100; find
the transverse measure of av, which suppose 72;
Make xb a transverse measure of 72, and take out
the distance hetween the terms of 100, which set
off from x to f, and a line ef. drawn through e and
I, 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 ag vou did with 100.

This'pmb]em is of considerable use in many
Efometrical operations, but particularly so in per-
Spective; for we may consider VL as a vanishing
e, and the other two lines as images on the pic-
tare; hence having any rmage given on the picture
that tends to an inaccessible vanishing point, as
Nany more images of lines tending to the same
POt as may be required, are readily drawn. This
Problem is more fully illustrated, and all the va-
ffﬂui cases investigated, in another part of this
work,
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ProsrEm 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 AB,
describe arcs cutting in C. 2. Draw AC and
BC, and the figure ACB is the triangle re-
quired. ‘

An isosceles triangle may be formed in the same
manner.

Prosuem 22. Tomake a triangle, whose three
sides shall be respectively equal to three given lines,
A, B, C, fig.20, j)!afff B, provided any two of them
be greater than the third.

1. Draw a line B.C equal to theline B. 2.0On
B, with a radius equal to C, describe an arc at A,
3. 'On C, with a radius equal to A, describe ano-
ther are, cutting the former at A. 4. Draw the
lines AC and A B, and the figure AB C will be the
triangle required.

Prosrem 23. Upon a given 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 ra-
divs AB, deseribe arcs cutting in C. 3. Draw
AC and CD, and the figure ABCD is the re-
quired square, ‘

ProrrLEM 24. Todescribe a rectanale or paral-
lelogram, whose length and breadth shall be equal to
two given lines A and B, fig. 2, plate 6.

1. Draw CD equal to A, and make DE per-
pendicular thereto, and equal to B. 2, On the
points E and C, with the radii A and B, describe
arcs cutting in F. 3. Join CF and EF; then
CDEF will be the rectangle required.

ProrrLEM 25. Upona givenline AB, to construct
a rhombus, fig. 3, plate 6.

1. On B, with the radius AB, describe an arc
at D. 2. 0On A, with the same radius, describe
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an arc at C, 3. On C, but still with the same

r_udxu;»;, make the intersection ID. 4. Draw the
mes AC, DC, DB, and you have the required
gure,

Having two given lines AB, AD, and a given
angle, to construct a rhomboides.

Make the angle AC D equal to the given angle,
and set off CD equal to AB, and AC equal to

D; then from A, with the distance A B, describe
an arc gt B; intersect this arc with the extent AD,
Set off from D; join AB, BD, and the. figure is
Completed.

PiosLem 26. Having the diagonal AD, and
f’{?f?“ sides AB, BD, DC, AC, fo construct a trape-
Rium, fig. 5, plate O.

raw an occult line AD, and make it equal to
the given diagonal. Take AB in the compasses,
and from A strike an arc at B; intersect this arc
from D with the extent DB, and draw AB, D B;
Now with the other two lines AC, CD, and from
A and D make an intersection at C; join DC, AC,
and the figure is completed.

Progrem 27. Having the four sides and one an-
8le, to construct a trapesivm, fig. 5, plate 6.

Make the line AB equal to its given side, and
2t A make the angle CAB equal to the given an-
gl}’-s and AC equ_:l.l to the given side AC; then
With the extent B D from B, deseribe an arc at D,
intersect this from C with the extent CD; join the
Several lines, and the figure is obtained.

Progrem 28. T find the center of a circle,
Jig. 6, plate 3.

1. Draw any chord AB, and bisect it with the
chord CD. 9. Bisect CD by the chord ET,
iﬁdltheir intersection o will be the center of the

rcie,




74 PROPORTIONAL LINES,

ProBLEM 2Q. 1% describe the circumference of
a civele through any three given points AB C, fig. 7,
plate 6, provided they are not in a strait line.

1. From the middle point B draw the chords
BA and BC. 2. Biscet these chords with the
perpendicular lines n O, n 0. 3, From the point
of interscetion Q, and radius OA, OB, and OC,
you may deseribe the required circle ABC. By
this prE_ﬂ)]cm a porlion of the circumference of
a circle may be finished, by assuming three
points.

ProgreM 30. To draw a tangent 1o a given
cirele, that shall pass through a given point A, fig. 8
and @, plate 6.

Case 1. When the point A is in the circumfe-
rence of the circle, Jfig. 8, plate 6.

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

Cuse 2. When the point A is without the cir-
cle, fir. O, plate 6.

1. - From the center O draw OA, and bisect it
inn. 2. From the point n, with the radius n A,
or n O, describe the semicircle AD O, entting the
givern circle in D, 3. Through the points A and
D, draw AB, the tangent required.

ProsLEM 31, Ty cut aff from a circle, Jig. 10,
plate Oy a segment containing any proposed 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 FA, making an angle of 60 de-
occes, with the fangent FR, and FCA is the
segment required,
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Prosrem 39. O?r a groen line AB 1o describe
ihe Segment of a cirele rf/pah/e of com‘l:mm'r a rrﬁ'm
angle, fie. 11, plate 6.

D raw AC and B C, making the angles ;‘ 5 o
BAC, cach equal to th(‘ eiven angle. Dra ’\_D
Perpendicular to AC, and BD 1)L1puwhcmu to
BC; with the center D, and radius DA, or DB
deseribe the s segment AE B, and any dnnlu ma (h,
m this segment will be c(;uL! to the given angle,
A more eas y solution of this problem mll be given
When we come to apply it to pmcm c.

IROJLJ' M 33. Tb describe an arc of a circle
that shull contain any numper af degrees, without com-
f’f“d‘r‘\' or teithout finding the center of the circle,
Jig. 2, plate B.

(rcmmm( ally by finding pu]nln through which
1]1(’ arc is to pass, let AB bethe given chord.,

Draw AY, making any ‘mﬂh‘ with BA.

X{ any 1)()11h F,in AT nm]\c the angle EF G,
Uill.l] to the Lnul angle. . Through B draw BE
Parallel to ¥ G, and the 11!1u-u‘un.; gives the
Iiﬂml E, in the same manner as ma ny points D,

» &e. may he found, as will be necessary to com-
plete the arc.

This subject will be found fully investigated
hereafie i

ROBLEM 34, To inscribe a circle in a given
!mmrr,’t KB(,, g 13, Ju,/, 5]
151~ ect the angles A and B with the lines AO
U”‘ B o, imlli the point of intersection O,
et fa]] the perpendicular O N, and it will be Lha
df].th of the required circle.
*ROBLEM 35, Toinscribea pentagon, a /,(mfrw,
r”'“ decagon, in a given arele, f/” 15, p/nh ;
Draw the diameters A and CE at right
mfgh‘s to each other. 2. Biseet DB atG. 3. On
s with the radius G C, describe the are CF.




26 FOR THE OCTAGON, &c,

4. Join C and T, and the line CF will be one side
of the required pentagon.

The two sides DC, F Dof the triangle FDC,
enable us to inscribe a hexagon or decagon in the
same circle; for DC is the side of the hexagon,
D F that of the decagon.

Prosrem 36. 1% mnscribe a square or an octagon
ina given circle, fig. 16, plate 6.

1. Draw the diameters AC, B D, at right angles
to cach other. 2. Draw the lines AD, BA, BC,
C D, and you obtain the required square.

FOR THE OCTAGON.

Bisect the arc AB of the square in the point T,
and the line AE being carried eight times round,
will form the octagon required.

Prorrem 87. In a given circle io inscribe an
equilateral triangle, an hexagon, or a dodecagon,

Jig 17, plate 6.

FOR THE EQUILATERAL TRIANGLE.

1. From an y point A as a center, with a distance
equal to the radius AO, describe the arc FO B,
2. Draw the line B F, and make BD equal to B F.
3. Join DF, and D BF will be the equilateral tri-
angle required,

FOR THE HEXAGOX.

Carry the radius AO six times round the cir-
eumference, and you obtain a hexagon.

FOR THE DODECAGON.

Bisect the arc AB of the hexagon in the point n,
and the line An being carried twelve times round
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the circumference, will form the required dode-
cagon,

Prozrem 38. Another method to inscribe a do-
Qecagon in a circle, or to divide the circumference of
@ given cirele into 12 equal paris, each of 30 degrees,
Jig. 18, plate 6.

1. Draw the two diameters 1, 7, 4, 10, perpen-
dicular to each other, 2. With the radius of the
Circle and on the four extremities 1, 4, 7, 10, as
Centers, describe arcs through the center of the
Circle: these ares will eut the circumference in the
Points required, dividing it into 12 equal parts, at
the points marked with the numbers.

Prorrew 39, Tv find the angles at the center,
and the sides of a regular polygon.

Divide 360 by the number of sides in-the pro-
Posed polygon, thus % gives 72, for the angle at
the center of a pentagon. To find the angle
formed by the sides, subtract the angle at the cen-
ter from 180, and the remainder is the angle re-
uired; thus72° from 1807 gives 108° for the an .
gle of a pentagon.

A TARLE, shezving the angles af the centers and cireumfuorences of
regular Jf;ufyga;_rs,j}clm three to fwwelve sides inclusive.

*:

Names, &|Angles at Center.| Angles at Cir.
Trigon 31 120% 0of 60° ooy
Square 4 an. 00 a0 00
Fentagon 5 72 00 108 00
Hexagon (6] 6o .00 120 00
Heptagon i 51 253 128 342
Octagon 8 45 00 135 ©0
Nonagon 9 40 00 140 00
Decagon 10 36 00 144 00
Endecagon |11 32 43.7 147 164,
])L’K]::Cﬂg’im 12 30, 00 150 00
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_ This table is constructed by dividing 360, the
degrees in a eircumference, by the number of sides
in each polygon, and the quoticnts arc the angles
at the centers; the angle at the center subtracted
from 180 degrees, leaves the angle at the circum-
ference.

Propuem 40.  Ina given circle to inscribe any
regular polygon, fig. 14, plate 6.

1. At the center ¢ make an angle equal to the
center of the polygon, as contained in the pre-
ceding table, and join the angular pomts AB,
9. The distance A B will be one side of the polygon,
which being carried round the circumference, the
proper number of times will complete the figure.

Another method, which approxumutes wery nearly
the truth, fig. 10, plate 6.

1. Divide the diameter AB into as many equal
parts as the figure has sides. 2. From the center
O raise the perpendicular Om. 3. Make mn
equal to three fourths of Om. 4. From n draw nC,
through the second division of the diameter. 5.
Join the points AC, and the line AC will be the
side of the required polygon, in this instance a
pentagon, : ;

Prosuem 41,  About any given triangle ABC,
to circumscribe a circle, fig. 21, plate 6,

1. Bisect any two sides AB, BC, by the per-
pendiculars mo, no. 2. From the point of inter-
section o, with the distance OA or O B, describe
the required circle.

ProvreM 42.  About a given circle to circuon-
scribe @ pentagon, fig. 20, plate 6.

1. Inseribe a pentagon within the circle, 2.

Through the middle of each side draw the lines
OA, OB, 0C,OD, and OE. 3. Through the
point n draw the tangent AB, meeting OA and

OBin Aand B. 4. Through the points A and m,
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d_l'ﬂ“f' the line AmC, meeting OC in C. 5. In
ike manner draw the lines C D, DE, EB, and
ABCDE will be the pentagon required.

In the same manner you may about a given eir-
cle circumseribe any polygon.

Proprem 43. _About a GEVen square 1o circuie

Seribe a circle, fig. 29, plate 0.
. "L Draw the two diagonals AD, B C, intersect-
g each otheratQ. 2. From , with the distance
OA or OB, describe the circle ABCD, which
will circumnscribe the square.

Proprem44. On a given line AB to make a
regulay hexagon, fig. 24, plate 6.

1. On AB make the equilateral triangle AO B.
2. From the point O, with the distance OA or
OB, describe the circle ABCDEF. 3. Carry
AB six times round the circumnference, and it will

rm the reguired hexagon.

Prornem 45. Ona given line AB to form a re-
Lular polygomof any proposed number of sides, Jrge 14,
Plate 6,

1. Make the angles CAB, CBA each equal to
1alf the angles at the circumference; sce the pre-
eding table. 2. From the point of intersection ¢,
With the distance C A, describe acircle. 3. Apply
the chord AB to the circumference the proposed
Mumber of times, and it will form the required po-
Ygon,

Progrem 46, On a giver line AB, fig. 25,
Plate G, g4 form a regular --Jl-_:/.-:‘g a1z,

L. On the extremitics of the given line AB
erect the indefinite perpendiculars AF and B E.
= Produce AB both ways to s and w, and bisect
ihc augle nAs and oBw by the lines AH, BC.
4: Make AII and BC cach cqual to AB, and
d_.rii‘-v the line H C. 4. Make ov equal to on, and:
through v draw G D parallel to HC. 5. Draw
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H G and CD parallel to AF and BE, and make
¢E equal to ¢D. 6. Through E draw EF, pa-
rallel to AB, and join the points G F and DE,
! and ABCDEFGH will be the octagon required.
1 Provrem 47, On a given right line AB; fig. 26,
| plage 6, 1o deseribe a regular pentagon.
i 1, Make Bm perpendicular, and equal to AB:
\ 2. Biscet ABinn. 8. On n, with distance n'm,
i cross AB produced in O. 4. On A and B, with
| radius A O, deseribe arcs intersecting at . 5. On
‘ D, with radius AB, describe the arc E.C, and on A
| and B, with the same extent, intersect this arc at
| Eand C. 6. Join AE, ED, DC, CB,; and you
i| complete the figure.
‘ Prosrem 48. Upon a given right line AB,
| Sig. 27, plate 6, #o describe a triangle similar to the
triamgle CDE.

1. At the end A of the given line AB, make
an angle FAB, equal to the angle ECD. " 2. At
! B make the angle AB F equal to the angle CD E.
I 3. Draw the two sides AF, BF, and ABF will
‘ be the required triangle.

. ‘Proerum 49. 7o describe a polygon similar #5 a
given polygon ABCDEF, one of its sides ab lze‘irzg
given, fig. 28, plate 6.

; 1. Praw AC, AD, AF. 2. Set off ab on AB,
| from a tor. 3. Draw rg parallel to BE, meeting’
: AF in g. 4. Through the point g draw gh, pa-
rallel to F €, meeting AC in h. 5. Through the
i puint h draw the parallel hi, 6, Through i draw
i ik parallel to E D, and the ficure Arghik will
be similar tothe figure ABCDEF.

Prornem 50. Do reduce a figure by a scale,
Jig. a8 and 29, iblﬁt&’ 6.

1. Measure each side of the figure ABCDE
with the scale GH. 2. Make ab as many parts
of a smaller scale K I, as AB was of the larger.
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3. be as many of K I, as BC of GH, and ac of
KL, AC, &e. by which means the figure will be
reduced to a smaller one,

9F THE TRANSFORMATION AND REDUCTION
OF FIGURES,

Proprem 51. 7% change a triangle into another
of egual extent, but different height, fig. 1, 2, 3, 4,
f[rih? i

Let AB C be the given triangle, D a point at
the given height.

_ Cuase 1. Where the point D, fig. 1 and 2, plate
¢ 18 either in one of the sides, or in the prolonga-
Uon of g side. 1. Draw a line from D to the oppo-
ite angle C. 2. Draw a line AE parallel thercto
"om A, the summit of the given triangle. 3. Join

E,and BDE is the required triangle.

Case 9. When the point D, fig. 3 and 4, plate 7,
S neither in one of the sides, nor in the prolonga-
Gion thereof. 1. Draw an indcfinite line BD a,
Yorn B through the point D. 2. Draw from A,
the summit of the diven triangle, a line A a, pa-
i“”ff] to the base BC, and cutting the line BD in a.
3. Join a C, and the triangle B a C is equal to the
tangle BAC; and the point D being in the same
e with Ba. 4. By the preceding ecase, find a
Trl;mg]c from D, equal to BaC; i. e. join DC,
draw 4 B parallel thereto, then join DE, and

' B is the required triangle.
Cora/‘]m_wu If it be required to change the tri-
dngle BAC into an equal triangle, of which the
.}‘e‘g]}‘t and angle BDE are gi;{'en: 1. Draw the
definite line BDA, making the required angle
With BC, 9. Take on BDa a point D at the
;@'“"11_1 [!(‘.igllt; and, 3. Construct the triangle hy

'€ foregoing rulgs.

3

.

&
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ProBLEM 52. Tomake anisosceles triangle AEB,
Jig. 5, plate 7, equal to the scalene triangle AC B,

1. Bisect the base in D. 2. Erect the perpen-
dicular DE, 3. Draw CE parallel to-AB. 4.
Draw AE, EB, and AEB is the required tri-
angle. ‘ .

Prosrem 53. T make an equilateral triangle
equal to a given scalene triangle ABC, fig.7, plate 7.

1. On the base AB make an equilateral triangle
ABD. 2. Prolong BD towards E. 3. Draw
CE parallel to AB. 4. Bisect DE at I, on D1
describe the semicircle DFE. 5. Draw B F, the
mean proportional between B E, BD. 6. With
BF from B, describe the arc FG H; with the
same radius from G, intersect this arc at H, draw
BH, GH, and BG H is the triangle required.

Corollary. 1f you want an equilateral triangle
equal to a rectangle, or to an isosceles triangle;
find a scalene triangle respectively equal to each,
and then work by the foregoing problem.

Prosrem 54. Db reduce a rectilinear figure

ABCDE, fig. 8 and 9, plate 7, to another equal to
2ty but with one side less.

1. Join the extremitics B, C, of two sides I E,
D C, of the same angle D. 2. From D draw a
line DF parallel to EC. 3. Draw EF, and vou
obtain a new polygon ABFE, equal to ABCDE,
but with one side less,

Corollary.  Hence every rectilinear figure may
be reduced to a triangle, by reducing it succes-
sively to a figure with one side less, until it is
brought to one with only three sides.

For example; let it be required to reduce the
polygon ABCDEF, Jig. 10 and 11, p]cafe 7, mto
a triangle TAH, with its sammit at A, in the cir-
cumference of the polygon, and its base on the
base thereof prolonged,
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1. Draw the diagonal DF. 2. Draw EG pa-
rallel to DF. 3. Draw F G, which gives us a new
polygon, ABCGF, with one side less. 4. To re-
duce ABCGF, draw AG, and parallel thereto
FH; then join AH, and you obtain a polygon
ABCH, equal to the preceding one ABCGF.
9. The polygon ABCH having a side AH, which
Tay serve for a side of the triangle, you have only
to reduce the part ABC, by drawing AC, and
parallel thereto B1; join AT, and you obtain the
required {riangle TA H.

N. B. In figure 10 the point A is taken at one
of the angular points of the given polygon; in

gure 11 it is in one of the sides, in which case
'Th_ere 1s one reduction more to be made, than when
iL1s at the angular point.

Corollary. ~As a triangle may be changed into
another of any given height, and with the angle
4t the base equal to a given angle; if it be re-
Quired to reduce a polygon to a triangle of a given

eight, and the angle at the base also given, you
Must first reduce it into a triangle by thisproblem,
and then change that triangle into one, with the
ata, as given by the problem 51.

Corollary. Ifthe given figure is a parallelogram,
Jig. 19, plate 7, draw the diagonal EC, and DF
Paralle] thereto; join EF, and the triangle EBF
18 equal to the parallelogram EBCD.

OF THE ADDITION OF FIGURES.

1. If the figures to be added are triangles ot the
Same height as AMB, BNC, COD, DPE,
‘§- 14, plare 7, make a line AE equal to the sum
of their bases, and constitute a triangle AME
:‘?Crcon, whose height is equal to the given height,
Wd AME will be equal to the given triangles.

G 2
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9. If the given figures are triangles of different
heights, or different polygons, they must first be
reduced to triangles of the same height, and then
these may be added together.

3. If the triangle, into 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 triangle, and then that changed into an-
other by the preceding rules.

4. The triangle ohtained may be changed into
a parallelogram by the last corollary.

MULTIPLICATION OF FIGURES.

. To multiply AMB, fig. 13, plate 7, by a
given number, for example, by 43 or more accu-
rately, to find a triangle that shall be quadruple the
triangle AM B. Lengthen the base AE, so that;
it may be four times AB; join M E, and the trian-
gle AME will be quadruple the triangle AM B,
2. By reducing any figure to a triangle, we may
obtain a triangle which may be multiplied in the
samie manner.

SUBTRACTION OF FIGURES.

1. If the two triangles BAC, dac, fg. 15,
late 7, are of the same height, take from the base
B C of the first a part D C, equal to the base d e
of the other, and join AD; then will the triangle
ABD be the difference between the two triangles.

If the two triangles be not of the same height,
they must be reduced t6 it by the preceding rules,
and then the difference may be found as aboves |
or if a polygon is to be taken from another, and 2
triangle found cqual to the remainder, it may bé
casily effected, by reducing them to triangles of
the same height, ‘




DIVISION OF FIGURES, &6

2. A triangle may be taken from a polygon by
dr:lwing a line within the polygon, from a given
Point I on one of its sides. To effcet this, let us
Suppose the triangle, to be taken from the polygon
ABCDE, fig- 10, plate 7, has been changed into
a triangle M O P, jiz. 26, whose height above its
base M P is equal to that of the given point F,
above AB of fig. 16; this done, on AB (prolonged
If necessary) lay off AG equal to OP, join I'G,
and the triangle AF G is equal 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 AB, fo. 16,
Plate 7, the point G will fali thercon, and the pro-
blem will be solved.

But if the base M P exceeds the base AB, G
will be found upon AB prolonged, fig. 17 and 18,
Plate 7 join F B, 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
fﬂ}m(] on the side BC, contiguous to the side AB,
Jom FH, and the quadrilateral figure FABH is
€qual to the triangle M O P.

Case 2. When H, fig. 18, plate7, meets BC

. Prolonged, from ¥ draw FC and HI parallel
thereto; then join FI, and the pentagon FAB

Lis equal to the triangle M O P.

DIVISION OF RECTILINEAR FIGURES.

. 1. To divide the triangle AM K, fig. 18, plate 7,
o four equal parts; divide the base into four
Squal parts by the points B, C, D; draw M D,
?’I C, M B, and the triangle will be divided inte
Our equal parts.
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2. If the triangle AME, fg. 19, plate 7, is to
be divided into four equal parts from a point m,
in one of its sides, change it into another Ame,
with its summit at m, and then divide it into four
equal parts as before; if the lines of division are
contained in the triangle AME, the problem is
solved; but if some of the lines, as mD, terminate
without the triangle, join mE, and draw dD pa-
rallel thereto; join md, and the quadrilateral
mCEd is equal to CmD 1th of AME, and the
triangle is divided into four equal parts.

3. To divide the polygon ABCDEF, jfg. 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 AG M,
whose summit is at G. 2. Divide this triangle
into as many equal triangles AGH, HGI, IGK,
K G M, as the polygon is required to be divided
into. 3. Subtract from the polygon a part equal
to the triangle AG H; then a part equal to the
triangle AG I, and afterwards a part equal to the
triangle AGK, and the lines GH, GR, GO,
drawn from the point G, to make these subtrac-
tions, will divide the polygon into four cqual:
parts, all which will be sufficiently evident from
consulting the figure.

ProsrLEM 55. Three points, fig. 21 to 25, platey,
N, O, A, being given, arranged m any manner on a
strait line, 1o find two other points, B,b, in the same

 line so situaled, that as

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

Make A P:L, and P L=_1\_I_9’ placing
4. 4

ghem one after the other, so that A L_:Eg-
l-)‘
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Observing, 1. That in the two figures 21 and
22, A is placed between N and O; and that AP
18 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
Opposite to A O,

3. In fig. 24, where the point N is situated be-
tween A and O, if AP be smaller than AN, it
Must be taken on the side opposite to AN.

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

Now by problem 17 make M N in all the five

gures 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 1 Ab:: Ab : NB.

Prosrem56. Two lines EF, GH, fig. 27,
28, 29, plate 7, intersecting each other at A, being
given, to draw from C a third line BD, which shall
Jorm with the other two a triangle DAB equal toa
fiven In'frzfig'lt': X.

1. From C draw CN parallel to EF. 2. Change
the triangle X into another C N O, whose summit
'8 at the point C. 3. Find on GH a point B, so
that NO : AB :: AB: N B, and from this point.
B, draw the line C B, and DAB shall be the re-
Guired triangle.

Scholium. ~ This problem may be used to cut off
One rectilinear figure from another, by drawing a

Ine from a given point.

Thus, if from a point C, without or within the.
Uriangle B A H, Jfig. 30, a right line is required to
9¢ drawn, that shall cut offa part D A B, equal to
t[][‘: triangle X, fig. 30; it is evident this may be
effected by the preceding problem.
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If it be required t6 draw a line BD from z
point ¢, which shall cut off from the quadrilateral
figure EF G H,, a portion D¥ G B, fig. 31, equal
to the triangle Z; if you are sure, that the right
line BD will cut the two opposite sides EF, GH,
prolong E F, GH, till they meet; then form a
triangle Z, equal to the two triangles Z and FAG;
and then take Z from AEH by a line BD from
the point C, which is effected by the preceding
problem.

If it be required to take from a polygon Y, a
part DFTHDB cqual to a triangle X; and that
the line BD is to cut the two sides EF, GH;
prolong these sides till they meet in A; then make
a triangle Z, equal to the triangle X, and the fi-
gure AFIH; and then retrench from the triangle
EAG the triangle DAB 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 strait line drawn
from a given point.

Proerem 57. To make a triangle equal io any
grven guadrilateral figure ABCD, frg. 33, platey.

1. Draw the diagonal BD. 2. Draw CE pa-
rallel thereto, intersecting AD produced in E.
3. Join AC, and ACE is the required triangle.

Provrem 58. 1o nwke a rectangle, or paralle-
logram equal 1o a given triangle ACE, Jig. 33,
plate 7.

1. Bisect the base AE in D. 2. Through C
draw CB parallel to AD. 3. Draw CD, BA,
paralle] to cach other, and either perpendicular to
A E, or making any angle withit. And the rect-
angle or paraliclogram ABCD will be equal to the

given triangle.
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Prozrew 59. 1o make a triangle equal to &
geven circle, fig. 34, plate 7.%* )

~Draw the radius OB, and tangent AB perpen-
dicular thereto; make AB equal to three times
the diameter of the circle, and # more; join AQ,
3‘1_1(1 the triangle AOB will be nearly equal the
given circle.

Prosnem 60. To make a square equal to a
given rectangle, ABCD, fig. 35, plate 7.

Produce one side AB, till BL be equal to the
other BC. 2. Bisect AL in 0. 3. With the
distance A O, deseribe the semicircle LFA. 4.
Produce BC to F. 5. On BF make the square
BFRGH, which is equal to the rectangle ABCD.

ADDITION AND SUBTRACTION OF SIMILAR
FIGURES.

Prosrem 61. o make a square equal to the-
Sum of any number of squares taken together, €x. gr.
equal to three given Squares, whose sides are equal 2o
the lines AB C, fig. 30, plate 7.

1. Draw the indefinite lines ED, DF, at right
angles {o each other. 2. Make DG 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 DL equal GH,
DK equal C, and join K L; then will KL be the
Side of a square equal the three given squares. Or,
afier the same manner may a squarc be constructed
€qual to any number of given squares.

Proprum62. 7o describe afigure equal to the sum
’ffl’g}' given number of similar figures, fig. 306, plate 7.

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

* Gapt ) et
squa ;’tr'”l}s this can only be solved but by an approximation; the area, ot
m;:‘”fi of the circle is yet a desiderata in mathematics. See Huerun's Ma-

wirical and Philssephival Dictisnary, 2 Vols. gto. 1796. Epit.
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D to . 3.Draw GH, and thereon describe 2
fignre 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.

Prosrem 63. 7o make a square equal to the
difference of two given squares, whose sides are AB,
€ B; J‘[g_ 875 if’]”‘"t" /it

1. On one end B of the shortest line raise a per-
pendicular BE. 2. With the extent CD from A,
cut BF in F, and B I will be the side of the re-
quired square. -

In the same manner the difference between any
two similar figures may be found.

ProereM 04. T make a figure which shall be
similar to, and contain a given figure, a certain number
of times. Let MN be an homologous side of the
given figure, fig. 38, plate 7.

1. Draw the indefinite line BZ. 2. At any
point D, raisc DA perpendicular to BZ. 3. Make
B D equal to M'N, and BC as many times a mul-
tiple of B D, as the required figure is to be of the
given one. 4. Bisect BC, and describe the semi-
circle BAC., 5. Draw AC, BC. 6. Make AE
equal MN. 7.Draw EF parallel to BC, and
EF will be the homologous side of the required
figure.

ProBrEM 05. T reduce a complex figure from
ene scale to another, mechanically, by means of squares.
Fig. 39, plate 7.

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

RogLEM 60. To enlarge a map or plan, and
Mmake it twice, three, four, or five, e, times larger
than the ariginal, fig. 12, plate 8.

1. Draw the indefinite lineab. 2. Raise a per-
pendicular at a. 3. Divide the original plan into
Squares by the preceding problem. 4. Take the
side of one of the squares, which set off from a to d,
and on the perpendicular from a to e, finish the
Square a ¢ fd, which is equal to one of the squares
Of the proposed plan. 5. Take the diagonal d e,
set it off from a to g, and from a to 1; complete
the square aln g, and it will be double the square
aefd. To find one three times greater, take d g,
and with that extent form the square amoh, which
Will be the square required. With dh you may
orm a square that will contain the given one aefd
our times. The line d 1 gives a square five times
arger than the original square.
Prorrem 67. 1o reduce a map 1, 3d, ith, 5th,
e, of the original, fig. 5, plate 8.
1. Diyide the given plan into squares by pro-
lem 65. 2. Draw a line, on which set off’ from
to B one side of one of these squares. 3. Divide
this line into two equal parts at F, andon Fasa
(Kinter, with FA or B, describe the semicircle

4, To obtain % the given square, at F erect the
Perpendicular F H, and draw the right line AH,
Which will be the side of the required square.
5. For id, divide AB into three parts; take one
of these parts, set it off from A to C, at C raise the
Perpendicular C1, through I draw AT, and it will

¢ the side of the required square. 6. For ith, di-
Vide AB into four equal parts, set off one of these
from B to E, at E make E G perpendicularto AB,
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join BG, and it will be the side of a square :th of
the given one.

Proprum 68, fr; make @ map or //zm 1t propor-
fHon 10 @ given one, c. gr. as three to five, fig. 6,
plate 8.

The original plan being divided into squares,
1. draw AM equal to the side of one of these
squares. = 2. Dmd AM into five equal parts.
8. At the third divison raise the perpendicular CD,
and draw AD, which will be the side of the re-
quired square.

Prosiewm 69. Db reduce figures by the angle of
reduction.  Let ab be the given side on which it is
ng:muf o construct a jgme similar to ACDEy
j"g » 253, Pn’rh’t’

Form an 'mglu LMN at pleasure, and set
0["111? side ABfrom M to L. 2. From I, with ab,
cut ML in K. 3. Draw thc 1ine 1K, and se-
veral lines parallel to, and on both sides of
The angle LM N is called the angle of pw;n)rtmn
or reduction. 4. Draw the diagonal lines B C,
AD, AE, BD. 5. Take the distance BC, and
set it off from M towards Lon M L. 6. Measure
its corresponding line KI. 7. From b describe
the arc no. 8. Now take AC, set it off on M L,
and find its correspondent line fg. ¢@. From a,
with the radius fg, cut the former are no in ¢, and
thus proceed till you have completed the fwuu,

Prosrenm 70. 7o enlarge a figure by the angle
of reduction. Let abede be-the given figure, and
AB the given side s Jig. 8, 1, and 4, pz’aiaS

hn: m, as in the pxu‘ulmw proh]{‘m the an-
gle I M N, by wLunrr off ab from M to H, and
from H with . cutting ML in I. 2. Draw
HI, and parall L]‘w to, and on hoth sides of it.
3. Take the diagonal be, set it off from M towards
L, and take off its corresponding line qr. 4. With
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qr as aradinson B Jescribe the arc mn. 5. Take
the same correspondent line to-ac, and on A cut
mn in ¢, and so on for the other sides.

CURIOUS PROBLEMSE ON THE DIVISION OF
LINES AND CIRCLES.

Proprem 71.  To cut off from any given are of
@ circle a third, o fifth, a seventh, &c. odd parts,
and thence to divide that arc into any mumber of equtl
parts, fig. 7, plate 8.

Ezample 1. To divide the are AK B into three
equal parts, CA being the radius, and C the cen-
ter of the are.

Bisect AB in K, draw the two radit CK, CB,
and the chord AB; produce AB at pleasure, and
make BL equal AB; bisect AC at G; then.a
rule on G and L will cut CBin B, and B E will
be 1d, and CE 2ds of the radius C B; on CB with
C E describe the arc Eed; lastly, set off the extent

e or De from B to a, and from a to b, and the
arc AK B will be divided into three equal parts.

Corollary. Hence having a sextant, quadrant,
&e. accurately divided, 3 the chord of any arc set
off upon any other arc of & that radius will cut off
an are similar to the first, and containing the same
Number of degrees.

Also d, ith, tth, &ec. of a larger chord will
Constantly cut similar arcs on a circle whose radius
15 4d, 3th, 7th, &c. of the radius of the first arc.

{'_E;vamj)h’ 2. Let it be required to divide the are
AK B into five equal parts, or 1o find the ith
part of the are AB.

Having bisected the given arc AB in K, and
f"u“’n the three radii CA, CK, CB, and having
v"Jlmd the fifth part of I B of the radius C B, with
radius CI describe the are In M, which will be
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bisected in n, by the line CK; then take the ex-
tent I n, or its equal M n, and set it off twice from
A to B; that is, first, from A to d, and from d to o,
and oB will be ith of the arc AB.  Again, set off
the same extent. from B to m, and from m to ¢, and
the arc AB will be accurately divided into' five
equal parts, ;

Example 3. To divide the given are AB into
scven equal parts, ~ AB being bisected as before,
and the radii CA, CK, CB, drawn, find by pro-
blem g the seventh part of P B of the radius C B,
and with the radius CP describe the are Pr N;
then set off the extent Pr 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 A1 will bisect 1, 3 into 2,
and 4, 6 into 5; and thus divide the given arc into
seven equal parts.

Prosrem 72. T inscribe a regular heptagon
ma ci-rz.‘fz?, ﬁg. 8, ;N:'I/i' B

In fig. 8, let the arc BD be %th part of the gi-
ven circle, and AB the radius of the cirele. Dj-
vide AB into eight equal parts, then on center A,
with radius AC, describe the arc C E, bisect the
arc BD in a, and set off this arc Ba from Cto b,
and from b to ¢; then through A and ¢ draw Ace,
cutting BD in‘e, and Be will be ith part of the
given circle.

Corollary 1.  Hence we have a method of find-
ing the seventh part of any given angle; for, if
from the extremities of the given arc radii be
drawn to the center, 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,
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C'Jro]lmy 2. If an arc be deseribed with the
radius, it will be equal to the ith part of a cirele
whose radius is AB, and to the seventh part of a
Cl}'c]e whose radius is AC, and to the sixth part
of a circle whose radius is AL, &ec.

Corollary 2. Tence also a pentagen may be

d.(‘l‘ivcrl from a bexagon, fig. 9, plute 8. Let the
given circle be ABCDEF, in which a pentagon
15 to be inscribed; with the radius AC set off AF
€qual 3th of the circle, divide AC into six equal
Parts; then ¢ G will be five of these parts; with
radius C G describe the are G H, biseet AF in q,
and make G P and PH each equal to A q; then
thruugb C and H draw the semi-diameter Cw,
Catting the given circle in w, join Aw, and it will
b¢ oue side of the required pentagon.
. Corollary 4. Hence as radius divides a circle
nto six equal parts, each equal 60 degrees, twice
Tij»tlius gives 120 degrees, or the third part of the
Clrcumference.

Once radius gives 60 degrees, and that are bi-
Sected gives 30 degrees, which, added to 6o, di-
Vides the circumference into four equal parts;
Whence we divide it into two, three, four, five, six
€qQual parts; the preceding corollary divides into

Ve equal parts, the arc of a quadrant bisected di-
Vides it into cight equal parts. By problem 71 we
Obtain the seventh part of a circle, and by this me-
thod divide it into any number of equal parts, even
a prime number; for the odd unit may be cut off

¥ the precedin g problem, and the remaining part

€ subdivided by continual bisection, till another
Prime number arises to be cut off in the same
Manney,

Prosrem 73. T divide a given right line, or
5’:! are o‘f b r?Qi'.t'f{’, it a@ny nztinbes qf f’gfml parts Zj_}r
tie f’h’!;ﬁ of a pair of beawm, or other compasses, the
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distance of whose points shall noi be unearer to each
other than the given line, Jig. 11, jf'Z(If‘é’ 8.

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

Let AB 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 line is to be divided into smaller parts,
BC, CD, DE, EF, FG. Then divide the whole
line AG into as many equal parts as are required in
AB, asGH, HI, 1K, KL, LA, each of which
contains the given line, and one of those parts
into which the given line is to be divided. For
AGisto AL as AT to AB; in other words, AL
i3 contained five times in AG, as AB in AF;
therefore, since AG contains AT, and Lth of AF,
AL will contain AB, and th of AB; therefore
BL is the #th of AB. Then as GH contains
AB plus, FH, which is iths of AB, EI will be
tths of AB, DK #th, CL #ths. Therefore, if we
set off the interval G H from F and H, we obtain
two parts at L and I, sct off’ from the points near
E, gives three parts between DK, from the four
points at D and K, gives four parts at CL, and
the next setting off one more of these parts; so
that, lastly, the extent G H set off from the points
between C and L, divides the given line as required,

To divide a given line AC, or arc of any circle,
info any number of equal parts, suppose 30, fig. 11,

plate 8.

1. Divide it into any number of equal parts
Iess than 30, yet so that they may be aliquot parts
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of 803 as for example, AG is divided into six equal
parts, AB, BC, CD, DE, EF, FG, each of which
4re 1o be subdivided into five equal parts. 2. Di-
vide the first part AB into five parts, by mieans of
ﬂ}c interval AL or GH, as taught in this problem.
i,_l'ui;\\r_, one foot of the compasses be put into the
pomt A, (the extent AL remaining between them

Unaltered) and then into the point next to A, and
*0 on to the next succeeding point, the whole line
AG will be divided by the other foot of the com-
Pisses into 30 equal parts.

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

Or it may be still better to biscet three of the
st five parts, and then to divide four of these
o three, which being set off from every point,.
wall complete the division required,

Corollary. It frequently happens that so many
mall divisions are required, that, notwithstanding
their limited number, they can be hardly taken
P€tween the points of the compasses without error;
11 this case use the following method.

If the whole number of smaller parts can be
Sl_lbdi\'idcd, take so many of the small parts in the
gven line, as each is to be subdivided into, yet so
that they may together make up the whole of the
8ven line, For if the first of these parts be cut
110 as many smaller parts as the proposed number
Tequires every one of them to contain, and the
S4Ime 15 also done in the remaining parts, we shall
“Olain the given number of smaller parts,

. Af 84 parts are to be taken in the proposed line,
st bisect it, and each half will contain 42; bisect

€8¢ again, and you have four parts, each of wh._ichT

H
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is 1o 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 can-
not be thus subdivided, it will be necessary to take
a number a little less or greater, that will be capa-
ble of subdivision; for if the superfluous parts are
rejected, or those wanting, added, we shall obtain
the proposed number of patts.  Thus if 74 parts
are to be cut from any given line of 80 parts; 1.
Biscet the given line, and each £ will contain 40.
2. Bisect these again, and you have four parts to
vontain 20 each. 3. Each of these bisected, you
have eight parts to contain 10 each. 4. Bisect
these, and vou obtain 16 parts, cach to be divided
into five parts. 6. Reject six of the parts, and,
the remainder is the 74 parts proposed.

Or if 72 parts be proposed; divide the line into
24 equal parts, and each of these into three parts,
and you obtain 723 to which adding two, you
will obtain the number of 7.4.

Prosrem 74, 1o cut off from the circumference
of any given are of a circle any number of degrees amd
winules, fig. 3, plate Q.

1. Letit be proposed to cut off from any arc 57
degrees; with the radius ofthe given arc, or circle,
describe a scparate arc as AB, and having set off
the radius from A to C, bisect AC in E, then AE
and EC will be each of them an are of 30 degrees.
Make CB equal to AE, and AB will be a qua-
drant, 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 into nine equal parts, each contain-
ing 10 degrees. Lastly, divide the first of these
into 10 degrees, then sct one foot of the compasses
into the seventh single degree, and extend the
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5‘[?)(’1' to the 50th, and the distance between the
pomts of the compasses will contain 57 degrees,
Which transfer to the given arc. Or at two ope-
Tallons; first, take 50 degrees, and then from the
first 10 take seven, and you have 57 deprecs.

2. Let it be required to cut off from any given
4rc of a circle 45 degrees, 53 minutes, fp. 3,
Plate .

Divide the arc of 53 degrees of the quadrant
QB, whose radius is AC (or rather its equal are
F G) into 60 equal parts, first into 5, and then
One of these into threes or first into three, and
one of these into five. Again, one of these bi-
%ected, and this bisection again bisected, gives the

Oth part of an arc of 53 degrees. :

For the 5th part of the arc FG is FH, con-
taining 19 parts; its third part is FI, containing
four parts; the 4 of F1 is N, which contains two
Parts; and FN again bisected in K, leaves FK the
Goth part of the arc FG; consequently, FK com-
Prehends 53 minutes; therefore, add the are FK
1 45 degrees, and the arc AF will contain 45 de-
8rees 53 minutes.

Corollary. 1f we describe a separate arc LM
With the radius AC, and set off thercon the extent

M of 61 degrees of the given arc A B, and divide

M into 60 equal parts; thus, firstinto two, then

oth of these into three, and then the first of these

Iee into 10 by the former rules, which gives the

Oth part of the arc LM. And as one division
Of the arc LM contains by construction one de-
&ree of the quadrant AB, and one sixtieth part of a

tgree more, that is one minute, therefore two di-
Visions of L M contain two degrees, and two mi-
Rutes over; three divisions exceed three degrees by

'ee minutes, and so of all the rest.

H 2
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Whenece if one division of L M be set off from
any degree on A B, it will add one minute to that
degree; two adds two minutes; three, three mi-
nutes, and so on.

‘When the division 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 as many degrees back from the degree in-
tended, and you will obtain the degree and minute
required. e

PropreM 75. To divide a circle into any uneven
number of .:’gsz parts. . ;i :

Example 1. Let it be required to divide a circle
into 346% equal parts,

Reduce the whole into 3d parts, which gives us
1040; find the greatest multiple of 3 less than 1040,
which may be bisected ; this number will be found
in a double gemnctrivﬂl progression, whose first
term is 3, as in the margin; 768 the ninth number,
is the number sought, as in the margin. Subtract

768 from 1040, the remainder is 272, then 3|2
find how many degrees and minutes this 6|2
remainder contains by the rule of three. 12|2
As 1040 is to 360 degrees, so is 272 to. 242
g4° ¢’ 23”. Now sct off 94° 9" 23" upon 48(2
the circle to be divided, and divide the ¢6|2
remaining part of that circle by continual 192|2
bisections, till you come to the number 3, 384 |2
which will be one of the required divisions 76812

of the 840 equal parts, by which dividing the arc
of 04° @' 28" you will have the whole circle di-
vided into 3403 cqual parts; for there will be 256 -
divisions in the greatest are, and Q0% in the other.
Example 2. Let it be required to divide a circle
into 179 equal parts. Find the greatest number
not exceeding 179, which may be continually bi-
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sected to unity, which you will find to be 128.
S‘lllﬂ.['u(‘-t 128 from 170, the remainder is 51; then
find what part of the circle this remainder will
Occupy by the following proportion, as 179 is to

0, sois 51 to 102° 34" 117; set off from the
circle an arc of 102° 34”7 117, and divide the re-
nmiﬂing part of the circle l_)y continual bisections.
Seven of which will be unity in this example; by
Which means this part of the circle will be divided
Into 198 equal parts, and the remaining 51 may be
Obtained by using as many of the former bisections
45 the space will contain, so that the whole cir-
Cumference will be divided into 17¢ equal parts.

_ Example 3. Let it be required to divide a circle
mto 291 equal parts, to represent the days of the
hoon’s age.

Reduce the given number into halves,” which
gives 5( parts; seck the greatest number, not ex-
ceeding 50, which may be continually bisected to
Unity, which you will find tobe 32. Subtract this
from 50, the remainder 15 27 ; and find, as before,
the angle equal to the remainder by this propor-
tion, as 50 is to 360, so is 27 to 164° 44" 44”; sct
Off 164° 44" 447, divide the remaining part of the
Circle by continual bisections, which will divide
this portion into 32 parts, and from that, the rest
Into 274, making 20% parts, as required.

Example 4. Let it be required to divide a circle
iNto 365° 5” 4¢” equal parts, thelength of a tropi-
cal Year,

Reduce the whole into minutes, which will be
925040; then seek the greatest multiple of 1440,
the minutes in a solar day, that may be halved, and
18 at the same time less than 525¢40; this you will
find to be 368640, which subtracted from 525949,
caves 157300, To find the nwmber of degrees
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that is to contain this number, use the following
roportion; as 525049 is to 157309 multiplied
]‘3\; 360, so is 157300 to 107° 40’ 25" 49",

Now set off an angle of 107° 40" 27” 49" upon
the circle to be divided, and divide thu remaining
part of that circle by continual bisections, till you
come to the number 1440, which in this case is
unity, or one ndtmal solm da) by which, dividing
the arc of 107° 40 ”7 9’” the whole circle will
be divided into 305° 5" 49”; for there will be 256
(h\mom or days, in the greater are, and 109° 5’
4g” in the lesser are,

E.rrma_.ple 5. Let it be required to divide a circle
into 365% equal parts; which is the quantity of a
Julian year.

Reduce the whole into four parts, which gives
us 14613 1024 is the greatest multiple of 2, less
than 1461; when subtracted from 1461, we have
for a ltmaindr 4L,7 Then hy the following pro-
pnrlmn, as 1461 is to #37 X 360, so 15 407 to
107° 40’ 46” 49", the degrees to be occupied by
this remainder.

Set offan angle of 107° 40" 47 upon the circle to
be divided, and divide the remainder by continual
bisections, until you arrive at umt\, by which di-
viding the arc, you will have the whole circle
divided into 3654 parts.

ProsrEm 76. Tb divide a quadrant, or circle,
nto degrees, fig. 10, plate 8.

Let AB be the quadnani C the center thereof,
With the radius AC describe the two ares AD,
B E, and the quadrant will be divided into 1hrec
equal parts, each equal to 30 degrees; then divide
each nfthmc into five parts, by the preceding rules,
and the guadrant is divided into 15 equal parts;
bisect these parts, and then subdivide as already
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i’hrn;'.ctcd, and the quadrant will be divided into
90 degrees.  Other methods will be soon e
Plained more at large.

Prosrem 77. 75 Jind what part any swaller line
orarc,is of a greater, as for example, any angle is of
@ semicirele.

. Take the smaller with a pair of compasses, and
With this opening step the greater. With the re-
m_ﬂinrlcr, or surplus, step one of the former steps;
With the remainder of this, step one the last
8teps, setting down the number of steps cach time.
About five times will measure angles to five se-
Conds,

Then to find the fraction, expressing what part
of the whole the smaller part is,

Suppose the number of steps cach time to be
o c. b, a
9.7.8.2.5, Then 5 X 2 + 1=11,and 11-x
84 5 = 03, and 03 X 7 4+ 11 = 662, and 662
X04+03=06051; so that &% is the fraction re-
Quired.,

1f we call the number of steps abe d e begin-
Mng at the last, the rale may run thus; multiply
4 by b, and add 1; multiply that sum by e, 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
lermg of the fraction,

d. e. b. a.

E«f"w?‘.h/ef 1. Suppose the steps are 3. 5. 1. @. then
OX141=10, 10X 540 =50, and 50 X
3+ 10 = 187; hence the terms are <. Now
189 X 50 = 10620, this divided by 187 gives

> > with a remainder of 148, 148 X 60 = 8880,
L7, gves 47, &e, so that the measure required
8 .56° 47" 29",
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Example 3. Take a semicircle three inches ra«
dius and let the angle be 2 in 1; then the steps
will be4, 2, 1,2, 3, 2. the answer 41° 10" 50”7 g™,

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 a second.

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

This method will be found more accurate than
by scales, or even tables of sines, tangents, &c. be-
cause the measure of a chord cannot be so nicel y
determined 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, therefore, be always some small varia-
tion in the answer; it is however, demonstrably
true, that the answer given by the problem is most
accurately the measure of the given angle, although
you can never delineate another angle, or line, ex-
actly equal to the given one, first measured by
way of example, and this arising from the inequa-
lity of our various scales, our inattention in mea-
suring, and the imperfection of our eyes. Hence,
though to all appearance two angles may appear
perfectly equal to each other, this method will give
the true measure of each, and assign the migutest
difference between them,
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Figure 1, plate g, will illustrate clearly this me-
thod; thus, to measure the angle ACB, take AB
between your COompasses, and step Ba, ab, be,
there will be ¢ D over.

Take ¢ D, and with it step Ac, ef, and youn will
have fB over; with this upcninp; step A g, oh,
and you will have he over, and so on.

Prosrem 78. 7o divide a large gfmf/nm! or
f!‘?“t"]l”. )

We shall here give the prineipal methods used
by instrament-makers, before the publication of
-E\’Il‘. Bird's method by the Board of Longitude,
ieaving it to artists to judge of their respective
Merits, and to use them separalely, or combine
them together, as 0CCasion may require; avoiding
a minute detail of particulars, as that will be found
when we come to deseribe Mr. Bird's method.
IF will be nececessary, however, previously to men-
tion g few circumstances, which, though in com-
mon use, had not been described until Mr. Bird’s
and Mr., Ludlam’s comment thereon were pub-
lished,

¢ In all mathematical instruments, divided by
hﬂil{l, 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 eircle is drawn very near the bounding
circle; it is this that is originally divided. 1t has
been termed the primitive cirele.” 7

 The divisions made upon this circle are faint
arcs, struck with the beam compasses; fine
points, or conical holes, are made by the prick
}’Unch, or pointing tool, at the points where these
CS cross the primitive circle; these arc called
original points.”

.“.Thc wisible divisions are transferred from the
friginal points to the space between the bounding




106 CURIOUS PROBLEMS ON THE

cireles, and are cut by the beam compasses; they
are therefore always arcs of a circle, though so
short, as not to be distinguished from strait lines.”

Method 1. "The faint or primitive arc is first
struck; the exact measure of the radius thercof
is then obtained upon a standard scale with a no-
nius division of 1000 parts of an inch, which if
the radius exceed 10 inches, may be obtained to
five places of figures. This measure is the chord
of 60. The other chords necessary to be laid off
are computed by the subjoined 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 scts off the same chord from 30 to
00°% and not of 30 from 60° to g0°. Some of the
advantages that arise from this method are these;
for whether the chord 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
hercafter) and if the radius unaltered be set off
from the point of bisection, it will give g0 true;
but if the chord 30, as taken from the scale, be
laid off from 60 to 9O, then an error in that chord
will make an equal error in the place of go°.
~ Sixty degrees is divided into three parts by set-
ting off the computed chord of 20 degrees, and
the whole quadrant is divided to every 10 de-
grees, by seiting off the same extent from the
other pomts.

Thirty degrees, bisected by the computed chord
of 15, gives 157, which stepped from the points

* As the radius is to the given angle, so is the measure of
ghe radius to half the required chord.
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already found, divides the quadrant to every fifih
degree, 4

_The computed chord of 6° being laid off, di-
vides 30 degrecs into five parts; and set off from
the other divisions, subdivides the quadrant into
Single degrees. ;

Thus with five extents of the beam compasses,
nd none of them less than six degrees, the qua-
drant is divided into 9O degrees.

Fifteen degrees bisected, gives 7° 307, which sct
f’ﬁ‘ from the other divisions, divides the quadrant
o half degrees.

The chord of 6° 40" divides 20” into three parts,
and set off from the rest of the divisions, divides
the whole instrument to every ten minutes.

The chord of 10° 5 divides the degrees inte
12 parts, each equal to five minutes of a degree.

Method 2. The chords are here sapposed to be
Computed as before, and taken off from the nonius
BCale,

1. Radius bisected divides the quadrant inlo

hree parts, cach equzll to 30 degrm‘.s.

2. The chord of 10° gives nine parts, each equal
o 10 degrees.

8. Thirty degrees bisected and sef off, gives 18
Parts, each equal to five degrees. b

A. Thirty degreces into five, by the chord of '3

en set off as before gives 9O parts, each equal to
1 (l(‘:,‘g:l.ee.

5. The chord of 6° 40
€qual to 20 minufes.

0. The chord of 7° 30 gives 540 parts, each
Cqual to 10 minutes.

7. The chord of 7° 45" gives 1080 parts, each
€qual to five minuates.

Or Mithsd 3. The computed chords supposed,

oives 270 parts, cach
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1. 60 into % gives 8 parts, equal 30°
2. 30 3 equal 15 G ottty 15°
3. 15 3 equal 5 R . S 5>
4. 20 5 equal 6 g0 - - == === §?
5. 20 3 equal 6°40" 270+----~~- 20
6. 15 i equal ¥°80" 540---=---~- 100
7. 15, 30 & equal 7°45 1080 - - -~ ==~ i

Thus may the practitioner vary his numbers for
any division whatsoever, and yet preserve a suffi-
cient extent between the points of his com-
YASSCS.

If the quadrant be divided as above, to every 15.
degrees, and then the computed arc of 16 degrees
set off, this arc may be divided by continual bisec~
tion into single degrees. If from the arc of 457,
9° 20 be taken, or 1° 10’ from 22° 30', we may
obtain every fifth minute by continual bisection.
{f to the arc of 7° 10" be added the arc of 62 mi-
nutes, the arc of every single minute may be had
by bisection,

Or Mz. Birp’s METHOD OF DIVIDING,
Fig. 2, plate Q.

In 1767 the Commissioners of Longitude pro-
posed an handsome reward to Mr. Bird, on con-
dition, among other things, that he should publish
an account of his method of dividing astronomical
instruments; which was accordingly done: and a
tract, describing his method of dividing, was writ-
ten by him, and published by order of the Com-
missioners of Longitude in the same year; some
defects in this publication were supplied by the
Rev. Mr. Ludlam, one of the gentlemen who at-
tended Mr. Bird to be instructed by him in his
method of dividing, in consequence of the Board's
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agreement with him. Mr. Ludlam’s tract was
published in 1787, in 4to.

_I shall use mv endeavours to render this method
still clearer to the practitioner, by combining and
drranging the subject of both tracts.

Mz. Bird's METHOD.

1. One of the first requisites is a scale of inches,
®ach inch being subdivided into 10 eq ual parts.

2. Contiguous to this line of inches, there must
)¢ 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
gla_ﬁs of one inch focus, the 3000ndth part may be
Estimated.

‘3. 8ix 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 60; the second for the chord of 42.40;
the third for the chord of 30; the fourth for 10.20;
the fifth for 4.40; the sixth for the chord of 15
d(‘gl'r:es.

4. Compute the chords by the rules given, and
take their computed length from the scale in the

ifferent beam compasses.

5. Let these operations be performed in the
‘?\’Cnin g, and let the scale and the different beam
Compasses be laid upon the instrument to be di-
vided, 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
Changc in the temperature of the air.

7. The quadrant and scale being of the same
t?mperaturﬁ, describe the faint arc & d, or primi-
Uve circle; then with the compasses that are set
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to the radius and with a fine prick punch, make a
point at a, \\_‘hich 1s to be the o pomt of the qua-
drant; sec fig. 2, plate q.

8. With the same beam compusses unaltered
lay off from a to e the chord of 60°, making a fine
point at e,

0. Biscet the arc a e with the chord of 30°.

10. Then from the point ¢, with the beam com-
passes containing 60, mark the point r, which is
that of g0 degrees.

11. Next, with the beam compasses containing
15, biscet the arc er in n, which gives 75°,

12. Lay off from n towards r the chord of
10° 207, and from r towards n the chord of 4° 407
these two ought to meet exactly at the point g of
85° 20'.

13. Now asin large instruments each degree is
generally subdivided into 12 equal parts, of five
minutes each, we shall find that 85° 20" contains
10.24 such parts, because 20" equal 4 of these
parts, and 85X 12 makes 1020; now 1024 is a
number divisible by centinual bisection.

The last computed chord was 42° 40, with
which a g was bisected in o, and a0, 0 g, were
bisected by trials. Though Mr. Bird seems to
have used this method himself, still he thinks it
more adviseable to take the computed chord of
21° 20/, and by it find the point g; then proceed
by continual biscetions till you have 1024 parts,
Thus the arc 85° 20°, by ten bisections, will give
us the arcs 42° 40/, 21° 80/, 10° 40/, 5°20, 2° 40,
1720/, 40,90, 100, 57

14. To fill up the space between g and r, 85°
20’, and Q0°, which is 4° 40", or 4 X 1248 equal to
50 divisions; the chord of 64 divisions was laid off
from g towards d, and divided like the rest by con-
tinual bisections, as’ was also from a towards b.
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If the work is well performed, you will again find
the points 30, 45, 60, 75, and g0, without any
Sensible difference. It is evident that these arcs,
5 well as those of 15°% are multiples of the arc
9 5; for one degree contains 12 ares of 5 each,
Uf_\‘vhich 15° contains 180; the arc of 30° containg
360; the arc of 60° 720; that of 7 5°, Q00; and,
t]'lt‘rcfom, 90° contains 1080,

M. Graham, in 1725 applied to the quadrant

Wided into 00°, or rather into 1080 parts of five
Minutes each, another quadrant, which he divided
o 96 equal parts, subdividing each of these into
16 equal parts, forming in all 1536. Thisarc is a
¢vere check upon the divisions of the other; but

rd says, that if his instructions be strictly fol-
Owed, the coincidence between them will be sur-
Prising, and their difference from the truth excecd-
Mgty small.

The are of ¢6° is to be divided first into three
“qual parts, in the same manner as the are of go°;
€ach third contains 512 divisions, which number ie
Wisible continually by 2, and gives 16 in each
96th part of the whole.

e next step is to cut the linear divisions from
the points obtained by the foregoing rules. For
HUS purpose a pair of beam compasses is to be
used, hoth of whose points are ‘conical and very
‘Sh"{r]). Draw a tangent to the arc b d, suppose at
© 1t will intersect the arc xy in q, this will be the
tistance between the points of the beam compasses
0 cut the divisions nearly at right angles to the arc,

€ point of the beam compasses next the right
*and is to be placed in the point r, the other point
to fal] freely into the arc x y; then pressing gently
¥pon the screw head which fastens the socket, cut

‘edivisions with the point towards the right hand,
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proceeding thus till you have finished all the divi=
sions ef the limb,

FOR THE NONIUS:

Chuse any part of the arc where there 1s 2
"mm‘ldulw of the 00 and 00 arcsy for example,
it e, the pmm of 6¢°. Dnm the I.uni arc st and
i k, which may be continued to any length towards
A; upon these the nonius divisions are to be di-
vided in points. The original points for the no-
nius of the L,L‘ﬂ arc are m be made upon the arc
s t; the original points for the nonius of the g6th
arc are to bp made upon the arc ik.

Because QO INiO 00, as 15 to 10, there will be 2
coincidence at 15° dml 101)i~ 30" and 32pts, 45°
:md 48pts; 60° and G4pts, go° and 90pts.

. Draw a fangent line to the primitive circle as
b“‘f re, 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
subdivide the divisions of the limb to half'a minute,
which is effected by making 10 divisions of the
nonius cqual 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 ca-
sily be obtained by the Jnﬂowng proportion; if
10 divisions of the nonius p] ite make 55 minutes
of a de gree, what will 32 of those divisions make ?
the answer is 2° 567, the chord of which must be
computed and taken from the gcale of equal parts;
but as different subdivisions by the nonius may be
required, let # be the number of nonius divisions,
m the number of minutes taken in by the nonius b,
16, 32 or 04, and X the arc sought; then asn :
ma:b: X,
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4. Lay off with the beam compasses, having the
‘ength of the tungent QO between the points, the
Pomt q from e, q being a point in the arc s, and
€ an original point in the primitive circle, and the
chord of 32 from q towards the left hand, (the
¢hor( of 32 being the chord whizh subtends 32 ;-
Visions on the nonius plate, or the chord of 2°567;
this chord to be computed from the radins with
Which the faint arc st was struck, and taken oft
the geale of equal parts,) and divide by continual
YISéctionsy ten of those divisions, counting from
4 1o the left, will be the required points.

The nonius bclonging to the g6th arc 15 subject
to ng difficulty, as the number should always be
16, 32, &c. that the extremes may be laid oft from
e divisions of the limb without computation.
L0 be more particular, the length of the tangent
e, or radius, with which the divisions of the
Noniug of the 06 arc are to.be cut, must be found
n the way before directed for the nonius of the
80 arc; the ark i k standing instead of the arc st.
“Aving the tangental distance between the points
OF the compasses from one of the original points
n the primitive g6, lay off a point on the faint arc
'X towards the Jeft hand; count from that point
o0 the primitive g6 circle 17 points to the left
hﬂ.“d» and lay off from thence another point on the
Mbare i k ; the distance between those two points
I the faint arec 1k is to be subdivided by bisec-
tons inty 16 parts, and those parts pointed; from

'08¢ points the visible divisions of the nonius are
10 be ey, .

Mr. Zuilam thinks, that instead of laying the
Pxtent of the nonius single, it would be better to
i gt ofl double or qu:idﬁlpie; thus; instead of 17
POInts to the left hand, count 34 or 08, and that

oth Ways, to the i ghf and to the left, and lay off
1
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a point from each extreme on the faint are 1k:
subdivide the whole between these extreme points
by continual bisections, till you get 16 points toge-
ther on the left hand side of the middle, answering
ior the extent of the nonins.  Nomore of the sub-
divisions are to be completed than are necessary to
obtain the middle portion of 16 points as before.

The nonius points obtained, the rext process is to
transfer them on the nonius plate, which plate is
chamfered on both edges; on the inner edge is
the nonius for the o are, on the outer edge is the
nonius for thegfiare,in the middle between the two
chamfers s a flat part parallel to the under surface
of the nonius plate; upon the flat part the faint
linc of the next operation, i¥ to be drawn.
Ty find the place where the nomius is to begin wpon
the chamfered edge of the nonins plate, measure the
distance of the center 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 center on the flat part of the
nonius plate.

Fasten the nonius plate to the are with two
pair of hand vices; then with one point of the beanr
compasscs in the center of the quadrant, and the
other at’ the middle of the nonius plate, draw 4
faint are 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 are, only
carc 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 nonius
must be cut.
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Mz, Birp’'s METHOD OF DIVIDING HIS SCALY
OF EQUAL PARTS.

Let us suppose that we have 9o inches to divide
Mo goo equal parts, take the third of this nuniber,
Ot 3005 now, the fust power of 2 ahove this is
912; therefore, take eths of an imnch in one pair
of beam compasses, e in another, 2 in a third,
and ¥4 in a fourth; then la y the scale from which
these measures were taken, the scale to be divided,
and the bean compasses near together, in a room
i{(‘.ing the north; let them lie there the whole
Mght; the next morning correct your compasses,
ang lay off %7 three tines; then with the com-
Passes 358, 133 23 bisect these three spaces as ex-
Peditiously as possible; the space 64 is so small
that there is no danger from any partial or unequal
FXpansion, therefore the remainder may be finished
Y continual bisections. The linear divisions are
10 be cut from the points with the beam compasses
4 before described.

The nonius of this scale is 12ths of an inch long,
Which is to be divided into 100 equal parts, as
100 is o 101, 80 15 256 : 258,50 tenths of an inch,
1€ Integer being <. Suppose the scale to be
Wmbered a, every inch from left to right; then
Make 4 fine point (,:.-\;il(.‘ll)-’ against 1%, to the left of o,
ﬁ',(’l_]-l this lay off 258,50 to the right hand, which

’Vlfie after the common method.
you are not furnished with a scale long enough
lo lay off 258,50, then set off %2, and add 8,50,
from diagonal scale.

O Mg, Birp's POINTING TOOL, AND METHOD
OF POINTING.
. The pointing tool consisted of a steel wire <%
ek d‘ﬂm’?tt’n inserted into a brass wire & inch
X2
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diameter, the brass part 27 long, the steel part
stood out %, whole length 3% inches. The angle
of the conical point about 20 or 25 dégrees, some-
what above a steel temper; the top of the brass
part was rounded off, to receive the pressure of
the finger; the steel point should be first tarned,
hardened, and tempered, and then whetted on the
oil-stone, by furning the pointril round, and at
the same time drawing it along the oil-stone, not
against, but from the point; this will make a sharp
point, and also a kind of very fine teeth along the
slant side of the cone, and give it the nature of a
very fine countersink.

In striking the primitive circle by the beam
compasses, the cutling point raises up the metal a
little on each side the arc; the metal so thrown
up forms what is called the bur. When an arc
is struck across the primitive cirele, this bur will
be in some measure thrown down; but if that cir-
cle be struck again ever so lightly, the bur will be
raised up again; the arcs struck across the primi-
tive cirele have also their bur.  Two such rasures
or {renches across each other, will of course have
four salient, or prominent angles within; and as
the sides of the trenches slope, so do also the lines
which terminate the four solid angles. You may
iherefore, feel what you cannot see; when the co-
nical points bear against all four solid angles, they
will gutde, and keep the point of the tool in the
center of decussation, while keeping the tool up-
right, pressing it gently with one hand, and turn-
ing it round with the other, you make a conical
hole, into which you can at any time put the point
of the beam compasses, and fecl, as well as see,
when it is Jodged there.
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RULES OR MAXIMS LAID DOWN BY Mr. Birmn.

1. The points of the beam compasses should
never be brought nearer together than two or three
inches, exce.pt_ near the end of the line or are 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 conical point
beilig formed to a very acute angle; the point to
¢ made by it ought net to exceed the one thon-
Sandth of an inch. When lines, or divisions, are
t‘-{ be traced from these points, a magnifying glass
Of % an inch focus must be used, which will render

1¢ impression or seratch made by the beam com-
Passes sutficiently visible; and if the impression be
10t too faint, feeling will contribute, as well as
SCeing, towards making the points properly.

3. The method of finding the principal points
by computing the chords, 18 preterable to other
Methods; as by taking up much less time, there
'S much less risk of any error from the cxpansion
©f the instrument, or beam COMPASSEs,

4. To avoid all possible error from expansion,

r. Bird never admitted more than one person,
4nd him only as an assistant; nor suffered any fire
m the l‘.UU!l.l} till the principal points were laid
Oowry,

Mr. Bird guards, by this method, against any
Mequality that might possibly happen among the
Original points, by first setting out a few capital
Pomts, distributed equally through the arc, leaving
ihe intervals to be filled up afterwards; he could

Y this method check the distant divisions with
Tespect to each other, and shorten the time of the
*Most essentiul operations,
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5. Great care is to be observed in pointing in-
tersections, which 1s more diffieult than in point-
ing 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 occagion any ine-
quality, provided the point be made in the middle,
between the two short lines traced by the com-
passes.

Now, as Mr. Ludlam observes, if the biseeting
chord be taken exactly, the two fore-mentioned
faint ares will intersect each other in the primi-
tive circle, otherwise the intersection will fall
above or below it,  In either caze, the eye, assisted
by a magnifier, can acourately distinguish on the
primitive cirele the middle between these two
arck, and a point may be made by the pointing tool.

In small portions of the primitive circles, the
two faint arcs will intersect in so acute an angle,
that they will run into one another, and form as
it were a single line; yet even here, though the
bisecting chord be not exact, if the interseetion be
pointed as before, the point will fall in the middle
of the portion to be bisected.

If, in'the course of bisecting, you meet with a
hole already made with the pointril, the point of
the compasses should fall exaetly into that hole,.
both from the right and left hand, and you may
readily feel what you cannot see, whether it
fit or nos if it fits, the point of the compasses will
have a firm bearing against the bottom of the
conical hole, and strike a solid blow against it; if
it does not exactly coincide with the center of the
hole, the slant part of the point will slide down the
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slant: side of the hole, drawing, or pushing the
- other point of the compasses from its place.

Mz, Bird’s method of transferring the diyisions
11_'}' the beam compasses fram the original points, is
founded on this maxim, thas @ right line cawnol be
vt upon brass, so ds accuraiely to. pass through it
given points; but that a circle may be described
trom auy center 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, supposing 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 pownt will bear against it; it fol-
lows, that if the knife be held in a different situa-
tion to or from the rule, it will throw the cutting
point out or in; besides, any hardness or ine-
quality of the metal will turn the knife out of its
course, for the rule does not oppose the knife in
departing from it, and the force of the hand can-
not hold it to it. For these reasons it 18 almost
impossible to draw a knife a second time against
the rule, and cut within the same linc as before.

On the other hand, an arc of a circle may al-
Wways be deseribed by the beam compasses 50 as ta
Pass through a given poiat, provided both points
of the compasses be conical. Let one point of
the compasses be set in the given point or conical
hole in the brass plain; make the other point,
Whatever be its distance, the central, or still pomnt;
With the former point cut the arc, and it will be
Bure to pass through the given point in the brass
Plain, and the operation may be repeated safely,
and the stroke be strengthened by degrees, as the
Moving point is not likely to be shifted out of its
"]“'Ct‘tion, nor the cutting pointto be broken.
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The visible divisions on a large quadrant are
always the arcs of a circle, though so short as not
to be distinguished from strait limes; they should
be perpendicular to the are that bounds them, and
therefore the still or central point of the beam
compasses must be somewhere in the tangent to
that arc; the bounding circle of the visible divi-
sions, and the primitive circle should be very near
cach other, that the are forming the visible divi-
sions may be as to sense perpendicular to both
circles, and each visible division shew the original
point from which it was’ cut.

Another maxim of Mr. Bird's, attributed to
Mr. Grakam, That it is possible practically to bisect
an arc, or right line, but ot to trisect, quinquisect,
&', The advantages to be obtained by bisection
have been already seen; we have now to shew the
objections aganst trisecting, &c.

1. That as the points of trisection in the primi-
tive circle must be matle by pressing the point of
the beam compasses down inte the metal, the least
extuberance, or hard particle, will cause a deviation
in the first impression of a taper point, and force
the point of the compasses out of its place;
when a point is made by the pointing tool, the
tool 18 kept turning round while it is pressed down,
and therefore drills a conical hole.

2. Much less force is necessary to make a
scrateh or faint arc, than a hole by a pressure
downwards of the point of the mm]m;.:c*,

3. So much time must be spent in trials, that a
partial expansion would probably take place; and,
perhaps;, many false marks, or holes made, which
might oceasion considerable error.

Another maxim of Mr. Bird’s was this, that
stepping was liable to great uncertainties, and not
30 be trusted; thatis, if the chord of 16° was gs-
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sumed, and laid down five times in succession, by
turning the compasses over upon the primitive cir-
€I, yet the arcs so marked would not, in his opi-
Hion be equal.

DESCRIrPTION oF Mn. Binn’s sCcALE o
EQUAL PARTS.

It consists of a scale of inches, each divided into
tenths, and numbered at every inch from the left
o the right, thus, 0, 1, 2, 3, &c. in the order of the
Natural numbers.  The nonius scale is below this,
YUt contiguous to it, so that one common line ter-
Minates the bottotns of the divisions on the scale
of inches, and the tops of the divisions on the
Nonius; this nonius scale contains in length 10t
tenths of an inch, this length is divided into 100
“qual parts, or visible divisions; the left hand di-
Vision of this scale is set off from a point 4= of an
nch to the left of 6, on the scale of inches; there-
Ore, the right hand end of the scale reaches to,
4nd coincides with the 10th inch on the scale of
Mches.  Every tenth division on this nonius seale
S figured from the right to the left, thus, 100, go.
80. 70. 60. 50. 40. 30. 20. 10. 0. and thus 0 on
the nonins coincides with 10 on the inches; and
109 on the nonius falls against the first subdivision
Oftenths) to the left hand of 0 on the inches; and

€8¢ two, viz. the first and last, are the only two
Strokes that do coincide in the two scales.

0 take off any given number of inches, deci-
Mals, and millesimals of an inch; for example,
42,704, observe, that one point of the beamn com-
PUss must stand in a (pointed) division on the no-
us, and the other point of the compasses in a
Poted division on the scale of inches.,
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The left hand point of the compasses must
stand in that division on the nonius which ex-
presses the number of millesimal parts; this, in our
example, 15 04.

To find where the other pomt must stand in the
seale of inches and tenths, add 10 to the given
number of inches and tenths (exclusive of the two
millesimal figures;) from this sum subtract the
two millesimal 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 remainder is 46,3. Set then
one point of the compasses 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 be-
tween them 42,764 inches.

This will be plain, if we consider that the june-
tion of the two scales is at the 10th inch on the
scale of inches; therefore, the compasses will
comprehend 36,3 inches on the scale of inches;
but it will likewise comprehend 64 divisions on
the nonius scale. FEach of these divisions is one
tenth and one millesimal part of an inch; there-
fore, 64 divisions is 04 tenths, and 64 millesimal
parts, or 6,464 inches; to 0,464 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 subdivision in the former is
re of an inch, each subdivision in the latter is o
reesth of an inch. By taking a proper number of
each sort of subdivisions (the lesser and the greater)
the length sought is obtained.

The business of taking a given length will be
expedited, and carried on with far less danger of
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in__‘.m"n'lg the scale, if the proposed length be first
ot all taken, wearly, 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 proper division on the nontus, 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
*egulating screw, to fall exactly into the true di-
Vision,
If, when the points of the compasses are set, they
“0 not comprehend an integral number of mille~
Stmal parts, they will not precisely fall into any
two divisions, but will either exceed, or fall shorts
Ctihe exact distance of the points of the compasses
€ 492,7645; if, as before, the left hand point be
¢t in the 64th division of the nonius, then the
fight hand point will exceed 46,3 among the
Mches; if the left hand point be carried one divi-
Slon more to the left, and stand in 65 of the nonjus,
then the right hand point will fall short of 46,2 in
the geqle of inches; the excess in the former case
Cing equal to the defect in the latter. By ob-
Serving whether the difference he equal, or as
8reat again in one case as the other, we may esti-
Mate 1o 1 part of a millesimal.  Sece Mr. Bid's
Fact, P 2:
It ‘may be asked, why should the nonius seale
“Ommence at the 10th inch; why not at 0, and so
'€ nonius scale lay wholly on the left hand of the
Scale of inches ? and, in this case, both scales might
’C.1n one right line, and not one under the other;
Ut in such a case, a less distance than 10 inches
Ceuld not always be found upon the scale, as ap-
Pears from the rule before given. The number 10

Must net, in this case, be added to the inches and
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tenths, and then the subtraction before directed
would not always be possible,

Yet, upon this principle, a scale in one conti-
nued 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,
to the left hand of 0, and in the same line, set off
eleven tenths of an inch (or the multiple,) which
subdivide in Mr. Bira’s way, into ten equal parts.
Such a compound scale would be far more exact
than the common diagonal scale; for the divisions
being pointed, you may feel far more nicely than
you carn 5¢e, when the points of the beam compasses
are set to the esact distance. But to return to
Mr. Bird’s Tract.

The nature of Mr. Bird’s scale being known,
there will be no difficulty in understanding his
directions how to divide 1t. A scale of this kind
is far preferable to any diagonal scale; not only
on account of the extreme difficulty of drawing the
diagonals exactly, but also because there is no
check upon the errors in that scale; here the uni-
form manner in which the strokes of one scale se-
parate from those of the other, 1s some evidence of
the truth of both; but Mr. Bird's method of as-
suming a much longer Line than what 1s absolutely
necessary for the scale, subdividing the whole by
a continual bisection, and pointing the divisions as
before explained, and guarding against partial ex-
pansions of the metal, is sure to render the divi-
sions perfectly equal, The want of such a scale
of equal parts {(owing, perhaps, to their ignorance
of constructing it) is one reason why Mr. Bird's
method of dividing is not in so great estimation
among mathematical instrument makers, as it
justly deserves.
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AN OBSERVATION, OR METHOD OF GRADUA~
TION, oF MRr. SMEATON'S.

As it is my intention to collect in this place
latever is valuable on this subject, I cannot
refrain - from inserting the following remark of
M, Smeaton's, though it militates strongly against
neof Mr. Bird's maxims. Headvises us to coin-
Pute from the measured radius the chord of 16 de-
grees only, and to take it from an excellent plain
Scale, and lay it off five times in succession frony
t‘hc primary point of 0 given, this would give 80
“egrees; then to bisect cach of these arcs, and to
4y off one of them beyond the 80th, which would
8ve the 8s8th degree; then proceed by bisection,
Ull you come to an are of two degrees, which laid
off from the 8sth degree, will give the g0 degrees;
then proceed again by bisection, till you have re-

uced the degrees into quarters, or every fifteen
Winutes. Here Mr, Swmeaton would stop, being
4pprehensiye that divisions, when over close, can-
0t be accurately obtained even by bisection.

If it were necessary to have subdivisions upon
the limb equivalent to five minutes, he advises us
to ¢ ompute the chord of 21° 20" only, and to lay it
Of four times from the primary point; the last
Would give 85°20, and then to supply the re-
Mdinder from the bisected divisions as they rise,
ot from other computed chords,

Mr. Bird asserts, that after he had proceeded by

¢ bisections from the arc of 85° 207, the several
Points of 30. 60. 75. 60. fell in without sensible ipe-
quality, and so indeed they might, though they
Were not equally true in their places; for whatever
TTor was in them would be communicated to all
Connected with, or taking their departure from

wh
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them. Every heterogencous mixture should be
avoided.

It 1s not the same thing whether you #wice take
a measure as nzearfy as you can, and lay it off
separately, or lay off two op(mnﬁ-\ of the com-
passes In suceession analtered; for though the
smme opening, carefully taken oft from the same
scale a second tinte, 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 ponts, will conduet the points
themselves to the center, there may be an error,
which, though insensible to the sight, would have
been tmmlvcl by the more simple process of laying
oftf the opening twice, without altering the com-
}dhh('.‘.

As the whole of the QO are may now be divided
by bisection, it is cqually unexceptionable with

the 00 arc; lm(l consequently, if another are of
90, upon a different radius, was laid down, they
would be real checks upon each other.

Mr. Ramsden, in laving down the original divi-
sions on his dmdmg engine, divided his circle
first into five parts, and each of these into three;
these parts were then biseeted four times; but
being '11>pxchcn~.n(' some error might arise from
quingmisection, and trisection, in or der to examine
the accuracy of the divisions, he described another
circle % inch within the former, by conlinual bi-
scetions, but found no sensible difference between
the two sets of divisions. It appears also, that
Mr. Bird, notwithstanding all his objections 1o,
and declanations against 1hc I)I“.L,Li((‘.’ of ste ]r])mg,
somethnes used it himself,

-
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OF THE NONIUS DIVISIONS.

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

The nonius depends on this simple circum-
Stance, that if any 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 propor-
fion, as the divisions are inore numerous.

Thusg, let us suppose the limb of Hadley’s quad-
fant divided to every 20 minutes, which are the
Smallest divisions on the quadrant; the two ex-
treme strokes on the nonius contain seven degrees,
or 21 of the afore-mentioned small divisions, but
that it is divided only into 20 parts: each of these
Parts will be longer than those on the are, in the
Proportion of 21 to 20; that is to say, they will be
Ohe-twentieth part, or one minute longer than the
divisions on the arc; consequently, if the first, or
Mdex division of the neonius, be set precisely eppo-
Mite 1o any degree, the relative position of the no-
Mus and the arc must be altered one minute be-
ore the next division on the nonius will coincide
With the next division on the are, the second di-
Yistion will require a change of two minutes; the
third, of three minutes, and so on, till the 20th
Sttoke on the nonius arrive at the next 20 minutes
On the are; the index division will then have moved
“Xactly 20 minutes from the division whence it set
out, and the intermediate divisions of each minute
“ave been regularly pointed out by the divisions of

By .
tae nomus.
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To render this still plainer, we must obserié
that the indes, or counting division of the nonius;
is distinguished by the hiark 0, which 1s placed ont
the extreme rlﬂht hand (11‘."\]()“ the mumbers
running l('ruhuh on thus. 20, 15, 10, 5, O.

The index division points out the entire degrees
and odd 20 minutes, subtended by the nh‘}u.la ob-
served; but the intermediate divisions are shewn
by the other strokes of the noniuss; thus, look
.lfnon:r the strokes of the nonius for one that stands
direc l]\ opposite to, or perfectly comceident with
some one division on the limb; this division reck-
oned on the nonius, shews the number of minutes
to be added to what is pointed out by the index
division.

To illustrate this subject, let us suppose two
cases.  The first, when the m('u x division perfectly
coincides with a division on the limb of the guad-
rant: here there is no difficulty, for at whatsocever
division it 1, that division indicates the required
sngle.  If the index divisions stand at 40 degrees,
40 dvgtcc is the measure of the required angle.
If it coincide with the next division bu,ond 40 on
the right hand, 40 degrees 20 minutes is the angle.
B with the second division beyond 40, then 40 (Ie
erees 40 minutes 1s the angle, and so in every other
mstance.

The second case is, when the index line does
not coineide with any division on the limb., We
are, in this instance, to look for a division on the
nonius that shall stand diree t[y opposite to one o

the limb, and that division gives us the odd mi-
nutes, to be added to those pointed out by the
index division: thus, suppose the index division
Jdoes not coincide with 40 degrees, but that the
next division to it is the first coincident division,
then is the required angle 40 degrees | minute.
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I€it had been the second division, the angle would
ave been 40 degrees 2 minutes, and so on to 20
Hﬁmues, when the index division coincides with
the firgt o0 minutes from 40 degrees. Again, let
us Suppose the index division to stand between
30 degrees, and 30 degrees 20 min utes, and that
1¢ 16th division on the nonius coincides exactly
With g division on the limb, then the angle 1s
30 tlcgrecs 16 minutes. Further, let the index
division stand between 35 degrees 20 minutes.
nd 35 degrees 40 minutes, and at the same time
the 19th division on the nonius stand directly op-
Posite to a division on the arc, then the angle wilt
€ 385 degrees 32 minutes.

A GENERAL RULE FOR KNOWING THE VALUE
OF Eacu DIVISION, ON ANY NONIUS WHAT-
SOLVER.

L. Find the value of each of the divisions, or
subdivisions, of the limb to which the nonius is
pplicd. 2. Divide the quantity of minutes or
Seconds thus found, by the number of divisions
20 the nonius, and the quotient will give the va-
¢ of the nonius division. _
ﬁ]Lms, suppose each subdivision of the limb be

30 Minutes, and that the nonius has 15 divisions,
then 3¢ gives two minutes for the value of the
Noniyg,

If the nonius has 10 divisions, it would
8lve three minutes; if the limb be divided to
Very .19 minutes, and the nonius to 24 parts,
"-1_1@11 12 minutes, or 720 seconds divided by 24,
8lves 30 seconds for the required value.

K
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OF INSTRUMENTS FOGR DESCRIBING CIRCLES
OF EVERY POSSIBLE MAGNITUDE.

As there are many cases where ares are required
to be drawn of a radius too large for any ordinary
compasses, Mr. Heywood and myself contrived
several instruments for this purpose; the most
perfect of these is delincated at fig. 5, plate 11.
It is an instrument that must give great satisfac-
tion to every one who uses it, as it is so extensive
in its nature, being capublc of describing ares from
an infinite radius, or a strait line, to those of two
or three inches diameter. When it was first
contrived, both Mr. Heywood and myself were
ignorant of what had been donc by that ever to
be celebrated mechanician, Dr. Hooke.

Since the invention thereof, I have received
some very valuable communications from different
gentlemen, who saw and admired the simplicity
of its construction; among others, from Mr. Niz-
cholson, author of several very valuable works;
Dr. Rotherham, Farl 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 admi-
rable contrivances to answer the purpose of the
artist, that any thing I could say would be alto-
gether saperfluous ; 1 shall, therefore, be very briet
in my deseription of the mstrument, represented
Jig. 5, plate 11, that I may not keep the rcader
from Mr. Priestley’s valuable essay, subjoining
Dr. Hooke's account of his own contrivance to that
of ours. Much is always to be gained from ap
aitention to this great man; and I am sure my
reader will think his time well employed in pe-

rusing, the short extract I shall here insert.
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e

two independent equal wheels C, D.  The pencil,
Or point E, is in a line drawn between the center
Of the uxig of the branches, and equidistant from
each; a weight is to be placed over the pencil
When in use. When all the wheels have their
4xXes in one line, and the instrument is moved in
TOtation, it will describe an infinitely small circle;
N this case the instrument will overset. When
the two wheels C, D, have their horizontal axes
Parallel to each other, a right line, or infinitely
arge circle will be described; when these axes are
Nelined to each other, a circle of finite magni-
tude will be described.

The distance between one axis and the center,
Of pencil,) being taken as unity, or the common
Tadius, the numbers 1, 2, 3, 4, . being sought
Or in the natural tangents, will give arcs of incli-
Nation for setting the nonii, and at which cir-
tles of the radii of the said numbers, multiplied
o the common radius, will be described.

The branches A and B, fig. 5,25/433 11, carry

Q I

[ 0.1 ] [ 5.43

0.2 11.19

0.3 16. 42

0.4 21.48

0.5 20. 34

The com.- ().9’ is the rad;gs oga 3(_) 58
Mon radius 0.7 circle made by 35,

Multiplied 3 0.8 ¢ the rollers when 4 88.40
by 0.0 inclined at these 41. 59
1.0 | angles: Ab5. 5

29 63.2

e 71.34

4.0 75. 58

5.0 78. 42

. 6.0 . L 80. 32
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(o] 4

210 [ [81.52
| 8.0 | 1stheradiusofa | 82.53
0.0 circle made by | 83.40
10.0 & the rollers when < 84,17

The com-
mon radius

multiplied L "
T I 20.0 inclined at these 87. &
y 30.0 angles: 88. 5

L 40.0 J L 88.3

Extracts from Dr. Hooke, on the Difficulty, &e¢
of Drawing Ares of Great Circles. * This thing,
says he, is so diffienlt, that it is alinost impossible,
upvually where exactness is required, as I was
sufficiently satisfied by the difficulties that oc-
curred in atrﬂ\mL a p.ul. of the arc of a cirele of
60 feet for the radius, for the gage of a tool for
grinding telescope 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 perform the opera-
tion; nor by the way, an angular compass, suc L as
deseribed by Guida Da’w[u’a.s, by Clavius, and by
Blagrave, &e.

« The Royal Society met; I discoursed of my
instrument to draw a g1<,'1+ (n(l(‘, and plodut(ci
an mstrumernt 1 had plmltlcd for that purpose:
and therewith, by the direction of a wire about
100 fect long, I shewed how to draw a circle of
that radius, which gave great satisfaction, &ec.
Again, at the last meeting I endeavoured to explain
1hc difficulties there are in making considerable
discoveries either in nature or art; .uld yet, when
they are discovered, they often seem molmuus and
plain, that it seems more diflicult to fm( a reason
why they were not sooner discovered, than how
they came to be detected now: how casy it was,
we now think, to find out & method of printing
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letters, and yet, except what may have happened
in Ching, there is no specimen or history of any
thing of that kind done in this part of the world.

Tow 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 Galiles dis-
Covered its isochronous motion, and thought of
that proper motion for it, &e. And though it
May be difficult enough to find a way before it be
shewn, every one will be ready enough to say
when done, that it is easy to do, and was obvious
o be thought of and invented.”

To illustrate this, the Doctor produced an in-
Straument somewhat similar to that deseribed, Jig. 5,
j?‘]ufe 11, as appears from the journal of the Raoyal
Society, where it is said, that Dr. Hooke produced
4n instrument capable of describin g very large cir-
Cles, by the help of two rolling circles, or truckles
1 the two ends of a rule, made so as to be turned
1 their sockets to any assigned angle.  In another
Place he had extended his views relative to this in-
Strument, that he had contrived it to draw the are
of a circle to a center at a considerable distance,
Where the center cannot be approached, as from
the top of a pole set up in the midst of a wood, or
*om the spindle of a vane at the top of a tower, or

"o a point on the other side of a river; in all
Which cases the center cannot be conveniently ap-
Proached, otherwise than by the sight. This he
Performed by two telescopes, so placed at the
truckles, as thereby to see through both of them
the given center, and by thus directing them to
t 1 center, to set the truckles to their true incli-
Nation, so asto describe by their motion, any part
O such a circle as shall be desired.




Y

S

134 PRIESTLEY 38 METHOD

METHODS OF DESCRIBING ARCS OF CIRCLES
OF LARGE MAGNITUDE. By J. PrigsTrey,
Esa. or 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 eircles, 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
situation 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.

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 scgment of
a circle, are equal one to another.

Let ACDB, fig. 1, plate 10, be the segment of
a circle; the angles formed by lines drawn from
the extremities Aand B, of the base of the segment,
to any peints C and D in its are, as the angles
ACB, ADB, are equal.

This is the 31st proposition of Euclid’s third
book of the Elements of Geometry.

Principle 2. I upon the ends A B, fig.2, plate 10,
of a right Iine AB as an axis, tivo eircles or rollers
CD and EF be firmly fixed, so that the said
line shall pass through the centers, and at right
angles to the plains of the circles; and the whele
be suttered to roll upon a plain withont sliding 1
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1. If the rollers CD and EF be equal in dia-
meter, the lines, deseribed upon the plain by their
Circumferences, will be parallel right lines; and
the axis AB, and every line DF, drawn between
tontemporary points of contact of the rollers and
Plain, will be parallel among themselves.

2. If the rollers CD and EF be unequal, then
ines formed by their circumferences upon the
- Plain wiil be concentric circles: and the axis AB,
and also the lines DF, will, in every situation,
tend to the common center of those circles.

Principle 3. If there be two equal cireles or rol-
lers A and B, fig. 8, plate 10, cach separately fixed
o 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 cach other; and if the appa-
Yatus be rolled upon a plain without sliding:

1. If the axes CI} and E F, be placed in a pa-
talle] situation, the circumferences of the rollers
A and B will trace upon the plain strait lines;
Which will be at right angles to the axes CD
and EF.

2. If the axes CD and EF, continuing as be-
Ore in the same plain, be inclined to each other,
S0 as if produced to meet in some point G, the
Yollers A and B will deseribe in their motions upon
the plain ares of the same, or of concentric eir-
Cles, whose center is a point H, in that plain per-
Pendicularly under the point of intersection G of

€ two axes.

I'shall not stop to demonstrate the truth of the
two last principles, it will easily appear on secing

€ Operations performed. ]
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OF THE SIMPLE BEVEREL.

In the performance of some of the following
problems, an instrument not unlike fig. 4, plate
10, will be found useful. It consists of two rulers,
moveable on a common center, like a carpenter’s
rule, with a contrivance to kecp them fixed at any
required angle. The center C must move on a
very finc axis, so as to lie in a line with the
fiducial edges CB, C D of the rulers, and project
as little’ as possible before them. The fiducial
edges of the legs represent the sides of any given
angle, and their intersection or center C its an-
gular point.

A more complete instrument of this kind,
adapted to various uses, will be described here-
after.

N.B. A pin fixed in the lower rule, passes
through a semicircular groove in the upper, and
has a nut A which serews upon it, in order to fix
the rulers or legs, when placed at the desired
angle.

Proerex 1. Given the three points A, B and C,
supposed o be in the circumference of a cirele foo
large to be described by a pair of compasses; o Jind
any number of other points in that circuwnference.

This may be performed various ways,  As for
example, fig. 5, plate 10.

1. Join AC, which bisect with the line FM G
at right angles; from B, draw BD parallel to
AC, cutting I'G in E; and making E D=EB
D will be a point in the same circumference, in
which are A, B and C,.

By joining AB, and bisecting it at right angles
with IK; and from C drawing Ca pm'a]]u:-] to AB,
cutting IK 1n I, and mukiug La=L.C, a will
be another of the required points,
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_ Cominuinf: to draw from the point, last found,

I}ncs alternately parallel to AC and AB; those
lines will be cut at right angles by FG and 1K
respectively; and l_;:;' making the parts equal on
each side of F G and 1K, they become chords of
the circle, in which are the original points A, B,
and C, and, of consequence, determine a series
of pomnts on each side of the circumference.

It is plain from the constraction, (which is too
evident to require a formal demonstration,) that
the ares AD, Aa, Cec, &c. intercepted between
the points A and D, A and a, C and e, &c. are
€qual to the arc BC, and to one another.

In like manner, joining BC, and bisecting it
at right angles with P Q; drawing A ¢ parallel o

C, and making R ¢/=AR, (¢) is another of the
Tequired points; and, from (¢/) the point last
found, drawing ¢’a’ parallel to C A, and making
¥ N=N ¢, (a') is another point in the same cir-
Cumference; and the arcs comprebended between
Co and Ao are equal to that between AB.
;?uncc, by means of the perpendiculars PQ and

G, any number of points in the circumference
of the cirele, passing through the given ones, A,

and C may be found, whose distanee is equal to
' ‘B, in the same manner, as points at the distance
of BC were found by the help of the perpendi-
Culars [K and FG.

Again, if A, C and (c) or A, Cand (¢/) be taken
4 the three given points, multiples of the are
AC may be found in the same manner as those of

¢ are AB were found as above deseribed.

2. Another method of perforining this problem,
]i as follows, Jfig. 6, plate 10.. Produce CB and

A3 and with a convenient radius on C, deseribe
I.I’C arc D E; on which set off the parts F G, G F,
&e. eqchy equal to DF; draw CG, CE, &c. con-
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tinued out beyond G and E if necessary; takethe
distance A B, and with one foot of the compasses
in A, strike an arc to cut CG produced in H;
and H is a point in the circumference of the circle
that passes through the given points AB C; with
the same opening AB, and center H, strike an
arc to cut C I produced in I, which will be ano-
ther of the required points, and the process may
be continued as far asis necessary. "

The reason of this construction is obvious ; for
since the angles, BCA, ACH, HCI, &e. are
equal, they must intercept equal ares BA, AH, HI
of the circumference.

If it were required to find a number of points
K, L, &c. on the other side, whose distances were
equal to BC, lay down a number of angles CAK,
K AL, &c. each equal to BAC, and make the dis<
tances CK, KL, &c. each equal to BC.

BY THE BEVEL.

This problem is much easier solved by the help
of the bevel above described, as follows. See fig. 5.

Bring the center of the bevel to the middle B,
of the three given points A, B and C, and holding
it there, open or shut the instrument till the
fiducial edges of the legs lic upon the other two
points, and fix them there, by means of the screw
A, (fig. 4); thisis called setting the bevel tq the
given points. Then removing the center of the
bevel, to any part between B and A or C, the legs
of it being at the same time kept upen A and C,
that center will describe (or be always found in)
the arec 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,
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In order to find points without those hmits,
proceed thus: the bevel being sef above described,
bring the center to C, and mark the distance C B
upon the lefr legy remove the center to B, and
I.I}zlrk the distance BA on the same leg; then ])lu—
¢ing the center on A, bring the right leg upon B,
and the first mark will fall upon (a) a point in the
eircumference of the eircle, passing through A, B
and C, whose distance from A is equal to the dis-
tance BC. Removing the center of the bevel to
the point (a) last found, and bringing the right leg
o A, the sccond mark will find another point (a”)
I the same circumference, whose distance aa” is
Cqual AB. Proceeding in this manner, any num-

er of points may be found, whose distances on
the circumference are alternately B C and BA.

In the same manner, making similar marks on
the right leg, points on the other side, as at (¢)
and (c”) are found, whose distances C¢/, ¢’ ¢”, are
Cqual to BA, BC respectively.

It is almost unnecessary to add, that interme-
diate points between any of the above are given by
the beyel, in the same manner as botween the ori-
gmal points.

Pronvem 2. Fig. 7, plate 10. Three points, A,

and C, peing given, as in the last problem, to find
@ fourth point D, situated in the civeumference of the
ctrcle passing through A, B and C, and at a given
mber of degrees disiant from any of these points 3
A for instance.

Make the angles AB D, and AC D, each equal
o one half of the angle, which contains the given
mber of deprees, and the intersection of the

mes BD, CD gives the point D required.

“or, an angle at the circumference being equal
to half that at the center, the are AD will con-
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tain twice the number of degrees contained Dby
either of the angles ABD or ACD. f

ProsueM 3. Fig, 8, plate 10. Given three
poinis, ds i the former :f"l‘f:.f’r’;li';’ii.", to draw a line from
any of them, tending to the center of the circle,whick
Passes /,f!.""'J!'.f‘{“'/_f them all.

Let A, B and C be the given points, and let it
be required to draw AD, soas, if conlinued, it
would pass through the center of the circle con-
taining A, B and C.

Make the angle BAD equal to the complement
of the angle BCA, and AD is the line required.

For, supposing AE a tangent to the point A,
then is EAD a right angle, and EA B=BCA;
whence, BAD=right angle, less the /£ BCA,
or the complement of B CA.

Corollary 1. AD being drawn, lines from B
and C, or any other points in the same circle, aré

*easily found; thus, make AB G=BAD, which
gives BG; then make BCF=CBG, which
oives CF; or CF may be had without the inter-
ventiont of BG, by making ACF=CAD.,

Corollary 2. A tangent to the circle, at any of
the points (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, (/y. 8,) lay the center on A,
and the right leg to the point C; and the other
leg will give the tangent AG’. Draw AD per-
pendicular to AG’ for the line required.

For BAE being=BCA, the £ EAC is the
supplement’ to £ ABC, or that to which the
bevel is set; hence, when one leg is applied to
C, and the center brought to A, the dircction of
the other leg must be in that of the tangent G .
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Pronvem 4. Fig. 9, plate 10.  Three points

z’”’{({ Ziven, as in the former problems, to draw from
@ given fourth point a line tending to the center of a
Gircle j':fe.'.s‘.f'}{q IfH'U.f{Q‘f: the three first jlf/fl?!’-.\‘.
_ Let the three points, through which the circle
18 supposed to pass, be A, B and C, and the given
tourth point D3 it is required to draw through D
4 line Dd tending to the center of the said circle.

From A and B, the two points nearcst D, draw
by the Jast problem, the lines Aa, Bb, tending to
the said center: join A B, and from any point E,
taking in Bb, (the farther from B the better) draw
Ep parallel to Aa, cutting AB in F; join AD
and BD, and draw F G parallel to AD, cutting
DB in G; juin GE, and through D parallel
thereto, draw Dd for the line required.

For, (continuing Dd and Bb till they meet in
0,) since Aaand Bb, if produced, would meet in
the center, and I E is parallel to Aa, we have
BF . BA :: BE : radius; also, since ADand FG
are parallel, BF : BA :: BG : BD; therefore
BG : BD :: BE : radius; but from the parallcl
lines Dd and GE, we haye BG : BD :: BE : BO;
hence. BO is the radius of the circle passing
ﬂ]roug_rh A, Band C.

By the bevel. On D with radius DA deseribe
an arc AK; sei the bevel to the three given ponts
A, Band C, and bring its center (always keeping
thelegs on A and C) to fall on the are AK, asat H;
on A and H severally, with any convenient radius,
Strike two arcs crossin g each other at I; and- the
required line Dd will pass through the points
I and .

For aline drawn from A to H will be a common
chord to the circles AHK and ABC; and the
Hne 1D bisecting it at right angles, must: pass

3 B
Ihr_ough both their centers.
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ProeneM 5. Fig. 0, plate 10, Three points
being given, as before, together with a fourth point,
1o find two other poinis, such, that a circle passing
through them and the fourth point, shall be 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 cirele pass-
g through N, D and P shall have the same cen-
ter 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 E L=E B; and through Band L draw
BLM, cutting Dd produced in M; make AN
and B P severally equal to M D, and N and P are
the points required.

For,since LE is parallel to MO, we have BE :
LE :: BO: MO; but BE=LE by the cons
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 cir-
cumference of a circle concentric to that passing
through A, M and B, or A, B and C,

By the bevel. Draw Aa and C ¢ tending to the
eenter, by problem 3; set the bevel to the three
given points A, B and C; bring the center 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
Cec; and N and Q will be the points reqéred.

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
contained in them will be equal.

Prosrem 0. Fig. 10, plate 10.  Three points
A; B and C, lying in the circuntference of & cir¢le
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being given as before: and a fourth point D, o JSind
anather point ¥, such, that a circle passing through
¥ and D shall touch the other passing through A, B
wnd C, at any of these points; as for instance, B.

Draw BE a tangent to the arc ABC, by pro-

lem 3, corollary 2; and join BD; draw BF,
m:lking the angle DBF=EBD, with the dis-
tance BI; on D strike an arc to cut BF in F;
and F is the point sought.

Since DF=DB, the / DFB=DBF; but
DB¥—DBE by construction; therefore, DF B
=DBE, and EB is a tangent to thearc BDF
At B; but EB is also a tangent to the arc ABC

¥ construction) at the same point; hence, the
arc BD F touches AB C as required.

Prosremy. Fig. 13, plate 10.  Two lines tend-
Mg to g distant point being given, and also a point in
e of thems to_find two other points, (one of whick
Must be in the other given line,) such, that a circle
Passing through those three points, may have its center
Gt the point of intersection of the given lines.

_Let the given lines be ABand CD, and E the
given point in one of them; it is required to find
wo other points, as I and H, one of which (I}
shall be in the other line, such, that a ¢ircle HI Lk
Passing through the three points, shall have its
Center at O, where the given lines, if produced,
Would meet.

From E, the given point, draw E H, crossing
AB at right angles in F'; make FH=FE, and H
1S one of the required points. Trom any point D
i CD, the farther from E the better, draw G D
Parallel to AB, and make the angle HEI equal
10 half the angle GDE; and EI will cut ABin I,
the other required point.

I For, since E H crosses A B at right angles, and

IFis equal to FE, I H will be equal to 1 E,and
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the L/ HEI =/ EHI; also,since GD i pa-
rallel to AB, the £ GDE — / FOE — double
L THE —=double / HET; but HE [ = half
£ GDE by construction; hence, the points E;
Land H are in the circle whose center is O,

By the bevel. Draw EH at right angles to AB,
and make FI{=F F as before: set the bevel to
the angle G DO, and keeping its legs on the
pomts H and E, bring its center to the line AB,
which will give the point L.

Prorrem 8. Fig. 13, plate 10, Twwo lines tend-
g to.a distant point being given, 1o find the distance
of that point.

Let AB and CD be the two given lines, tend-
g 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 F the better) draw D G parallel to AB.
On a scale of inches and parts measure the lengths
of GE, ED and EF separately; then say, as the
fength of GE is to ED, so is EF to EQ, the
distance sought.

For the triangles EG D and E F O are similar,
and from thence the rule is manifest.

OF IXNSTRUMENTS FOR DRAWING ARCS 'OF
LARGE CIRCLES, AND LINES TENDING TO A
DISTANT POINT.

I shall now proceed to give some idea of a few
instruments for these purposes, whose rationale de-
pends on the principles laid down in the beginning
of this gssay.
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1. AN IMPROVED BEVEL,

Lig. 19, plate 10, is a sketch of an instrument
grounded upon principie 1, p. 184, by which the
ares of circles of any radius, without the limits at-
tainable by a common pair of compasses, may he
deseribed.

. It consists of a ruler A B, composed of two pieces
Nvetted together near C, the center, or axis,
and of 3 triangular part CFEID. The axis is a
10]low socket, fixed to the triangular part, about
Which another socket, fixed to the arm C B of the
Puler AB, turns. These sockets are open in the
Tont, for part of their length upwards, as repre-
Sented in the section at I, in order that the point
OF a tracer or pen, fitted to slide in the socket,
May be more casily seen.

The triangular part is furnished with a gradu-
aed are DE, by which, and the vernier at B, the
dngle D CB may be determined to a minute. A
8Toove is made in this are, by which, and by
the nut and serew at B, or some similar contri-
Vance, the ruler AB may be fixed in any required
Position,

A scale of radiiis put on the arm C B, by which
']_1c instrument may be set to describe ares ufgivm'l
Circles, not less than 20 inches in diameter. In
Order to ser the instrument to any given radius,
the number expressing it in inches on CB is

*ought to cut a fine line drawn on C D, parallel,
ad near to the fiducial edge of if, and the arms
4Stened in that position by the screw at B.

I'wo heay y picees of lead or brass, G, G, made
. form of the sector of a circle, the angular parts
ff“"ﬂg of steel and wrought to a true upright edge,
* shewn at H, are used with this instrument,
Whose arms are made to bear against those edges

L
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when the ares are drawn. The under sides of
these sectors are furnished with fine short points,
to prevent them from sliding.

The fiducial edges of the arms CA and CD are
each divided from the center C into 200 equal
parts.

The instrument might be fi urnished with small
castors, like the pentagraph; but little buttons
fixed on its underside, near A, E and D, will ena-
ble it to slide with sufficient case.

SOME INSTANCES OF 1TS USE,.

1. T deseribe an are, whick 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 tothem, and bring at the same time its cen-
ter C (that is, the point of the tracer, or pen, put
into the socket) to the third point, and there fix the
arm C B; then, bringing the tracer to the left hand
sector, slide the bevel, keeping the arms constantly
bearing against the two sectors, till it comes to the
right hand scctor, by which the required are will
be described by the motion of its center C.

If the arc be wanted in some part of the drawing
without the given points, find, by problem 1, p.
136, other points in those parts where the arc i
required. By this means a given arc may be
lengthened as far as is requisite.

2. To deseribe an are of a given vadius, not Jess
“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 CP
tor that purpose: bring the center to the poin'ﬁ
through which the arc 13 required to pass, and dis=
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pose the bevel in the dircction it isintended to be
drawn; place the sectors G, G, exactly to the di-
Visions 100 on cach arm, and strike the arc as
above described.

8. The bevel being set to strike ares of a given
radius, as divected in the last paragraph, to draw
other ares whase radii shall have a given proportion
£ that of the first arc.

Suppose the bevel to be set for describing ares
of 50 inches radius, and it be required to draw
ares of G0 inches radius, with the bevel so sez.

Say, as 50, the radius to which the bevel is set,
15 to 60, the radius of the arcs required; so is the
Constant number 100 to 120, the number on the
drms C A and CD, to which the sectors must be
Placed, in order to describe ares of 60 inches
r&(liu;,

N. B. When it is said that the bevel is se/ to
raw arcs of a particular radius, it is always un-
derstood that the sectors G, G, are to be placed at

0. 100 on CA and CD, when those arecs are
Hrawn.,

] 4. dnarc ACB (fig. 11, plate 10) being given,
O draw other arcs concentric thereto, which shall
Pass through given points, as P’ for instance,

Through the extremities Aand B of the given arc

“raw lines AP, BP tending to its center, by pro-

.°M 3, p. 140. Take the nearest distance of the
8ven point P from the arc, and set it from A to P,
ad from Bto P. Hold the center of the level on
o (any point near the middle of the given arc) and
g its arms to pass through A and B at the same
t“‘_"i‘, and there fix them. Place the sectors tothe
F?lnts Pand P, and with the bevel, set as before
‘rected, draw an arc, which will pass through P’,

¢ given point, and be concentric to the given
arc ACB.

7}
L
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. Through a pomt A, (fig. 14, plate 10) in the .
given line \B to strike an are of a given radius,
and <whose center shall lie in that line, p.;‘/ured if
HECeSSAry.

Set the bevel to the given radius, as above de-
seribed, ((Method 2.)

lhmugh A, at right angles to AB, draw CDg;
l.u the center of {hdw\"d, set as above, on A, and

the arm CA, on the line AC, and draw a line AE
along the cdoc C D of the other arm. Divide the
;moh DAFE into two (‘u]u.ll parts by the line AF,
p].tu the bevel so, that its center bungg at A, the
arm C D shall lie on AF; while in this muatlon
place the sectors at No. 100 on each arm, and then
sirike the are.

6. An arc being given, to find the length of its
radius.

Place the center of the bevel on the middle of
the arc, and open or shut the arms, till No. 100
on CAand CD fall upon the arc on each side
the center; the radins will be found on CB (in
inches) at ‘that point of it, where it is cut by the
line drawn on C D.

If the extent of the arc be not equal to that be-
tween the two Numb. 100, make use of the Numb.
50, Inw hi(‘h case the radius found on C B will be
(h!llblt of that-sought; or the arc may be length-
ened, by problem T hl] it be of an extent ‘:Llih(l-
ent to admit the two Numbers 100.

Many more instances of the use of this instru-
ment might be given; but from what has been
alveady done, and an attentive perusal of the fore-
going pr uhlr‘ms, the principle of them may be

easily conecived.
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2. THE OBLIQUE RULER.

An instrument for drawing lines that are. paral-
lel, iy called a parallel rulers oné for drawing
thes tending to a point, as such lines are oblique
t(_') €ach other, may, by analogy, be called,an of-
ligue ruler, |

R"g. 17 _f,?/d!é’ 10, represents a sim p‘m contrivance
for this purpoese; it consists of a cylindrical -or pris-
Matica] tube A B, to one end of which is fixed the
Yoller A; into this tube there slides another C B
Ofsix or eight flat sides. The tubes slide stiffly,
80.as to remain in the position in which they are
Placed, Upon the end C, serew different rollers,
all of them something smaller than A.

In order to describe arcs, a drawin g pen E, and
4 tracer may be put on the pin D, and are retained
there by a screw G; the pen is furnished with a
Moveable arm E I, having a small ball of brass F
4l the end, whese use is to cause the pen to press
With due force upoen the paper, the degree of
Which can be regulated by placing the arm in dif-
frent positions.
The ruler AB being set to any given line, by
tolling along other lines may be drawn, all of
Which will tend to some one point in the pgiven
Me, or a continuation of it, whose distance will
'€ greater, as the distance between the rollers A
4nd C is jncreased; and as the diameter of C ap-
Proaches that of A all which is evident from
Principle 9, page 134.
 Ttalse appears from the said principle, that du-
T“"{g the motion of the ruler, any poiut in its
'““h‘_ will acenrately describe the arc of a circle,
__]‘""V“‘lg the said poi“m'. of intersection for its center:
T}d%‘-‘01'15'.0qllcntl s the pen or tracer, put on the
P D, will describe such arcs.
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The rollers, as C, which screw upon the end of
the inner tube are numbered, 1, 2, 3, &ec. and as
many scales are drawn on that tube as there are
rollers, one belonging to each, and numbered ac-
cordingly. These scales shew the distance in in-
ches, of the center or point of intersection, reckon-
ed from the middle of the pin D, (agreeing to the
point of the pen 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, ac-
cording as the tube is drawn out.

No. 2 from 600 inches to 300 inches

3 - 300 - 150
4 = 150 - 80
5 - 80 2 40
6 = 40 - 20
/i ol 20 - 10

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 esteem-
ed as parallel.

3. ANOTHER RULER OF THE SAME KIND.

Fig. 18, plate 10. This is nothing more than
the last instrument applied to a flat ruler, in the
manner the rolling parallel rulers are made.

C D 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,
iz screwed on the other end of the axis, and can
be changed occasionally for others of different
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diameters., Scales adapted to each of the rollers
At A, are cither put on the flat sides of the axis
from C to E, or drawn on the corresponding part
Othc flat ruler; and the scales and rulers distin-
guished by the same number: at F is a serew to
raise or lower the end C of the axis, till the ruler
Zoes parallel to the paper on which the drawing
15 made; and at G there is a socket, to which a
d"ﬂwing pen and tracer is adapted for describing
dres,

In using these instruments, the fingers should
°¢ placed about the middle part between the rol-
€rs; and the ruler drawn, or pushed at right an-
gles to its length. The tube AB, fig. 14, and one,
Or both of the edges of the flat ruler, fig. 18, are
divided into inches and tenths.

A. THE CYCLOGRAPH.

This instrument is constructed upon the
third principle mentioned in page 135, of this
*rssay.

Fig. 16, plate 10, is composed of five rulers;
four “of them DE, DF, GE and GF, forming
4 trapezium, are moveable on the joints D, E, F
and (3; the fifth ruler D1, passes under the joint
195 and through a socket carrying the opposite
Joint G. The distances from the center of the
Jomt D, to that of the joints E and F, are exactly
€qual, as arc the distances from G to the same
Jomts, The rulers DE and DF pass beyond
the joints E and F, where a roller is fixed to cach;

€ rollers are fixed upon their ases, which move
reely, but steadily on pivots, so as to admit of no
S}“‘!’““ by which the inclination of the axes can be
varied.  The ruler ID passing beyond the joint

> carries a third roller A, like the others, whose




152 THE CYCLOGRAPH OF

axis lies precisely in the direction of that ruler;
the axes of B and C extend to K. and L.

A scale 1s put on the ruler D1, from Hto 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 cnd I, in that position
of the trapezium. 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 DI, and the axis of the
roller A, are precisely parallel; and in this posi-
tion, the end I, or any other point in D I, will de-
scribe strait lines at right angles to D1I; but on
sliding the socket G towards H, an inclination is
given to the axes of B and C, so asto tend to
some point in the line ID, continued beyond D,
whose distance from I is shewn by the scale.

A proper socket, for holding a pen or tra-
cer, is made to put on the end I, for the pur-
pose of describing arcs; and another is made for
fixing on any part of the ruler DI, for the more
convenient description of concentric arcs, where a
number are wanted.

It is plain from this description, that the middle
ruler DI 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 socket G on the scale; and the instrament is
made sufficiently large, so as to answer this pur-
pose as well as the other.

5_. A DIFFERENT CONSTRUCTION OF THE SAME
INSTRUMENT.

In Fig. 16, plate 10, the part, intended to.be
nsed in 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
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idea of g like instrument, where the trapezium
may be made much smaller, and consequently
1';'-“'_ cumbersome.

DBEC represents such a trapezium, rollers,
Socket, and scale as above deseribed, but much
Sialler, Here the ruler E D is continued a suf-
icient length beyond D, asto A, where the third
roller is ﬁied; 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.

T describe an cllipse, the transverse and conjugate
Qes being given. "

Let AB be the given transverse, and CD the
Conjugate axis, fo. 13, plate 13,

Method 1, By the line of sines on the sector,
Open the sector with the extent AG of the semi-
Uangyerse axis in the terms of go and go; take
Out the transverse distance of 70 and 70, 60 and

0, and so for every tenth sine, and set them off

'om G to A, and from G to B; then draw lines
“;U'uugh these points perpendicular to AB. Make

7 C a transverse distance between 00 and 00, and
SCt off each tenth sine from G towards C, and

1om G towards D, and through these points draw

"es parallel to AB, which will intersect the per-
]Jt‘l'uli_a:ulars to AB in the points A, a,b, ¢, d, e, f,
&h, i,k 1, m,n,o, P> g, B, for half the ellipse,
ln‘ough which points and the intersections of the
Other half, a curve being drawn with a stecady
1and, will complete the ellipse.

Method o, With the elliptical compasses, fig. 3,
{’l;::: 11 ; HPI_le the transverse axis of the (‘rllipti‘(‘}ll
Et‘rc\l\)—:{hb.(is to 1lhv Ivmc- AB, and discharge the
THeWs of both the sliders; set the beam over the




154 METHODS OF DESCRIBING
transverse axis AB, and slide it backwards and
forwards until the pencil or ink point coincide
with the point A, and tighten the screwof that slider
which moves on the conjugate axis; now turn the
beam, so as to lay over the conjugate axis CD,
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 com-
passes; the compasses being thus adjusted, move
the ink point gently from A, through C to B, and
it will describe the semi-ellipse AC B; reverse the
elliptical compasses, and deseribe the other semi-
ellipse BDA. These compasses were contrived
by my Futher in 1748; they are superior to the
trammel which describes the whole ellipse, as
these will describe an ellipse of any excentricity,
which the others will not.

Through any given point ¥ to describe an ellipse,
the transverse axis AB being given.

Apply the transverse axis of the elliptical com-
passcs to the given line AB, 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 el-
liptical apparatus, acting upon the principle of
the oval lathes; the paper is fixed upon the board
AB, the pencil C is set to the transverse diameter
by sliding it on the bar D E, and is adjusted to the
conjugate diameter by the screw G; by turning
the board A B, an ellipse will be deseribed by the
pencil.  Fig. 2, A, plate 11, is the trammel, in
which the pins on the under side of the board A B,
move for the description of the ellipse.

Ellipses are described in a very pleasing manner
by the gewmetric pen, fig. 1, plate 11; this part of
that instrument is frequently made separate.
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T deseribe a parabola, whose parameter shall be
€qual to a given lme.  Fig. 17, plate 13.

raw a line fo represent the axis, in which make

B ¢qual to half the given parameter.  Open the

S€ctor, so that A B may be the transverse distance

"Clween o and go on the line of sines, and sct
off every tenth sine from A towards B; and
thmugh the points thus found, draw lines at right
Angles to the axis AB. Make the lincs A a, 10h,

Oc¢, 30d, 40e, &ec. res vectively equal to the
Chordg of 00°, 807, 70° 60°, 50°, &c. to the radius

* D, and the points abede, &e. will be in the
Parabolic curve: for greater exactness, interme-
Clate points may be obtained from the interme-

late degrees; and a curve drawn through these
Points and the vertex B, will be the parabola re-
Yuired: if the whole curve be wanted, the same
OPerition must be performed on the other side of
1€ axig,

As the chords on the sector run no further than
6o, those of 70, 80 and g0, may be found by
a_kn'ing the transverse distance of the sines of 35°
A0°, 45° to the radius AB, and applying those
dls‘ra.nc.es twice along the lines, 20 ¢, 10 b, &e.

‘g, 4, plate 11, is an instrament for describing
o Parabola; the figure will render its use suffi-
“iently evident to every geometrician. ABCD
S @ Wooden fiame, whose sides AC, BD are pa-
Fillel to each other; EF GH is a square frame of

355 or wood, sliding against the sides AC, BD
Ot the exterior frame; H a socket sliding on the

S If: F of the interior frame, and carrying the
Ef}ﬁcﬂf[ ;3 K afixed point in the board, (the 5_5'.'[1}]:
S5 ;) which may be varied occ-;lsmnall_v); Ea l\
i % thread equal in length to E_l‘ » one end thereof
o Xed at E, the other to the picee K, going over

®Pencil at a.  Bring the frame, so that the pen~
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il may be in a line with the point K5 then slide it
in the exterior frame, and the pencil will describe
one partof a parabola, If the frame E F G H be
turned about, so that E F may be on the other
side of the point K, the remaining part of the pa-
rabola may be completed.

To describe an hyperbola, the wvertex A, and
agyymptotes BH; B being given.  Fig. 18, pl. 13.

Draw Al, AC, parallel to the asymptotes.
Make AC a transverse distance to 45,and 45, on
the upper tangents of the sector, and apply from B
8 many of these tangents taken t1';1nsven=f:!_\,' as
may be thought convenient; as BD 50°, D E 557,
and so on; and through these points draw Dd,
E ¢, &c. parallel to AC, '

Make AC a transverse distance between 45 and
45 of the lower tangents, and take the transverse
distance of the cotangents before used, and lay

them on those parallel lines; thus making D d
equal 40°, EC to 85°, E F to 80°, &c. and these
points will be in the hyperbolic curve, and a line
drawn through them will be the hyperbola re-
fuired.

To assist the hand in drawing curves through a
mumber of pownts, artists make use of what is termed
the bow, consisting of a spring of hard wood, or
steel, so adapted to a firm strait rule, that it may.
be bent more or less by three serews passing
through the strait 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. 0, plate 11, represents an instrument for
drawing spirals; A the foot by which it is affixed
to the paper, B the pencil, a, b, ¢, da running line
going over the cone G and cylinder H, the ends
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being fastenced to the pine.  On turning the frame
I,\ N O, the thread carries the pencil progressively
h'Oﬂ? the cone to the cylinder, and thus deseribes
4 spiral. The size of the spiral may be varied, by
plutiing the thread in different grooyes, by putting
1L on the furthermust cone, or by putting on a
drger cone.

OF THE GEOMETRIC TEN.

The geometric pen is an instrument in which,
h,}’ a circular motion, a right line, a circle, an el-
Ipse, and a great variety of geometrical figures,
May be deseribed.

This curious instrument was invented and de-
f{l'i’éweni by Jokn Bapiist Suardi, in a work entitled
“‘\:“0?'-‘5 Istromenti per la Descrizzione di diverse
Curye Anticli ¢ Moderne, &ec,

Though several writers have taken notice of the
Curves arising from the compound motion of two
Cireles, one moving round the other, yet no one
Seems to have realized the principle, and reduced
It to practice, before J. B. Suards. It has lately

een happily introduced into the steam engine by
= -i_-L‘-SSicurs I¥att and Bolton; a proof, among many
Others, not only of the use of these speculations,
Put of the advantages to be derived from the higher
Parts of the mathematics, in the hands of an inge-
Nous mechanic. There neyer was, perhaps, any
Bstrument which delineates so inany curves as the
Stometric “pen; the author enumerutes 1273, as
Possible to be deseribed by it in the simple form,
and with the few wheels appropriated to it for the

Tt\F&‘(:_‘nt, work.

A ‘g 1, plate 11, represents the geometric pen;
“ B, C, ‘the stand by which it is supporteds the
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legs A, B, C, are contrived to fold one within the
other, for the convenience of packing.

A strong axis D is fitted to the top of the frame;
to the lower part of this axis any of the wheels
(as i) may be adapted; when serewed to it they
are immoveable.

E G is an arm contrived to turn round upen the
main axis D; two sliding boxes are fitted to this
arm; to these boxes any ‘of the wheels belonging to
ihe zzmmdm* pen may be fixed, and then ‘moved
so that the wheels may take into each other, and
the immoveable wheel i; it is evident, that by
making the arm E G revolve ronnd the axis D,
these wheels will be made to revolve also, and that
the number of their revolutions will depend on the
p:'nportilm between the teeth.

fg is an anm carrying the pencil; this arm
slides backwards and forwards in the box cd, i
order that the distance of the pencil from the cen-
ter of the wheel h may be easily 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 1s evident, thcrctow that the revolutions will bu
fewer or greater, in proportion to the difference
between the numbers of the teeth in the wheels b
and 1: this bar and socket are casily 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'tecth in the wheels, and conse-
qmn’h. the relative ulnmL} of the epicyele, or
army g, may be varied in infinitum.

The mm]hu:- we have used are, 8, 16, 24, 32,
40, 49, 50, 04, 72, 80, 88, g0.
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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 pro-
duced.

_To render the description as concise as pos-
sible, T shall in future describe the arm E G by
the letter A, and fg 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
tqual, 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
directions.

To describe the two level figures, see fig. 11,
plate 19. Let the radius of A to B be as 10 to 33,
the veloeities as 1 to 2, the motion in the same
direction.

o describe by this CTRCULAR MOTION, A STRAIT
LINE AND AN ELLIPSE. For a strait line, equal
radii, the velocity as 1 to 2, the motion in a con-
trary direction; the same data will give a variety
of ellipses, only the radii must be unequal; the el-

Ipses may be described in any dircction; see
£ 10, plate 13,

Fig. 13, plate 12, with seven leaves, is to be
ormed 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,
9, 10, are all produced by the same wheels, by
only varying the length of the arm B, the velocity
Yhould be as 1 to 3, the arms are to move in cop-
Wary directions. :
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Fig. 8, plate 12, with eight leaves, is formed by
equal radii, velocities as 5 1o 8, A and B to move
‘; the same way: if an intermediate wheel is added,
‘ and thus a motion produced in a contrary dirce-
tion, the pencil will delineate fig. 16, plaze 12.

The ten-leaved figure, fig. 15, plate 12, is pro-
i duced by equal radii, velocity as 3 to 10, direc-
tions of the motions contrary to each other.

Hitherto the velocity of the epicyele has been
the greatest; in the three following figures the
curves are produced when the velocity of the epi-
| cycle is less than that of the primum mobile.

\ For jig. 7, the radius of A to B to be as 2 to 1,
the velocity as 3 to 2; to be moved the same way,

|w For fig. 14, the radius of A, somewhat less than
the diameter given to B, the veloeity as 3 to 1; to
be moved in a contrary direction.

For fig. 5, equal radi, velocity as 3to 1; moved
Il the same way. These instances are sufficient to
shew how much may be performed by this instru-
ment; with a few additional pieces, it may be
made to deseribe a cycloid, with a circular base,
spirals, and particularly the spiral of Archime-

des, &e.

OF THE DIVISION OF LAND.

To know how to divide land into any number
of equal, or uncqual parts, according to any as-
signed proportion, and to make proper allowances
for the different qualities of the land to be divided,
form a material and useful branch of surveying.

In dividing of land, numerous cascs arise; in
some it is to be divided by lines parallel to cach
other, and to a given fence, or road; sometimes,
they are to interscet a given line; the division 18
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biten to be made according to the particular di-
fections of the parties concerned. In a subject
which has been treated on so often, novelty is,
Perhaps, not to be desired, and scarcely expected.

'0 considerable improvement has been made in
this branch of suryeying since the time of Speidell.

r. Talbot, whom we shall chiefly follow, has
Uranged the subject better than those who pre-
eded him, and added thereto two or three pro-

€ms; his work is well worth the surveyor’s peru=
sal. - Some problems also in the foregoing part of
this work should be considered in this place.

Prowies 1, T divide a triangle i o given
Tatig, by right lines drawon from any angle 1o the op-
Posite side thereof.

L. Divide the opposite side in the proposed ratio.
2. Draw lines from the several points of division
10 the given angle, and then divide the triangle as
Fequired,

Thus, to divide the triangle ABC, fp. 13,
Plate g containing 207 acres, into three parts, in
Proportion to the numbers 40, 20, 10, the lines of
Wision to proceed from the angle C to A B, whose
i:?%qrh 15 28 chains: now, as the rntig of 40, 20, 10,
h_ﬂON:lenu as 4, 2, 1, whose sum is 7, divide AB

0 seven equal parts; draw Ca at four of these
F’?SILS—J Ch at six of them, and the triangle is di-
ed as required.
AF‘f:f&:m)zjrwf_/}'. As 7, the sum of the ratios, i3
"h?u:z BAS (‘h_ains; k]n is 4,2, 1, t0 Lf}, 8, and 4
and llb respectivel ys therefore Aa=16, Ab=s;

4 DB =4 chains.
the; :L know how Iany acres in each part, say, as

SUm of the ratios is to the whole quantity of
» 30 is each ratio to the quantity of acres;

o

M
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J’ 22 00,5 = 41 15,1428567 — triangle ACa
ag{ 7 :20,5::2: 7,571428 = triangle aCb
l w205z 1 385 14 = triangle bC B.#

ProrueM 2. Tu divide a triangular field inte
any number of paris, 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. Re-
duce this trangle by problemn 51, so as to pass
through the given point.

Thaus, to divide the field ABC, fig. 14, plase 8,
of seven acres, into two parts, in the proportion of
2 to 5, for two different tenants, from a pond b.
in BC, but so that both may have the benefit of
the pond.

1. Divide B C into seven equal parts, make Ba
— 5, then Ca==2, draw A a, and the field is di-
vided in the given ratio. 2. Toreduce this to the
point b, draw Ab and ac parallel thercto, join ¢b,
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 4, and
also at the pond 4; at A, with the theodolite, o
other instrument, measure the angle bAa; at @
lay off the same angle Aac, which will give the
point ¢ in the side Ac, from whence the fence
must go to the pond.

2. To divide ABC, fig. 15, plate 8, into thre¢
equal parts from the pond ¢, 1. Divide AB into
three equal parts, A a, ab, bB, and Ca Cb will
divide it, as required, from the angle A; reduce
these as above directed to e¢d and ee¢, and they
will be the true dividing lines.

* Talbot's Complete Art of Land Measuring.
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Prosuew 3. T divide a triangular field in any
Yequired ratio, by lines drawwn parallel to one side,
and cuiting the others.

Let ABC, fig. 16, plate 8, be the given tri-
angle to be divided into three equal parts, by lines
Paralle] to AB, and cutting AC, BC.

Bule 1. Divide one of the sides that is to be cut

¥ the parallel lines, into the given ratio. 2. Find
@mean proportional between this side, and the first

lvision next the parallel side. 3. Draw a line
Paralle] to the given side through the mean pro-
Portionul, 4. Proceed in the same manner with
the remainin g triangle,

Example 1. Divide BC into three equal parts
BD, p P, PC. 2. Find a mean proportional be-
tween BC and DC. 3. Make CG equal to this
Mean proportional, and draw G H parallel to AB.

foceed in the same manner with the remaining
Tl‘mng]c CH G, dividing G C into two equal parts
at I, findin g a mean proportional between CG
Md CT; and then making C L equal to this mean
Praportional, and drawing LM parallel to AB,
1¢ triangle will be divided as required.
square, or rectangle, a rlkombus, or rhomboides,
ay be divided into any given ratio, by lines cutting
"Wo oppasize parallel sides, by dividing the sides into
g € Proposed ratin, and joining the points of division,

‘Ronrev 4. T divide a right-lined figure into
Y proposed ratio, by lines proceeding from ane angle.

RosLEM 5. Ty divide a right-lined flgure into
Dy proposed ratio, by lines proceeding from a given
ont iy one of the sides.

RopLem 6. 1 divide a right-lined figure into
Y proposed ratio, by right lines proceeding from a
8en puint within the said Sigure or field.

% t would be needless to enter into a detail of
€ mode of performing the three foregoing pro-
M 2
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blems, as the subject has been already sufficiently
treated of in pages 84, 85, &c.

ProprLEM 7.% “ [i 5 )'fgrrircd/-o divide any gl-t'z’.iﬂ
quantity of ground into any groen number of parts,
and in proportion as any given numbers.”

Rule. * Divide the given piece after the rule of
Fellowship, by dividing the whole content by the
saum of the numbers expressing the proportions of
the several shares, and multiplying the quotient
severally by the said proportional numbers for the
respective shares required.”

Example. Tt is required to divide 300 acres of
land among A, B, C and D, whose claims upon
it arc respectively in proportion as the numbers 1,
3, 6, 10, or whose estates may be supposed 100L.
300l. 600l. and 1000l per annum.

The sum of these proportional numbers is 20,
by which dividing 800 acres, the quotient is 15
acres, which being multiplied by each of the num-
bers 1, 3, 6, 10, we obtain for the several shaves
as follows:

. s P-
A’sshare = 15 : 0 : 00
B’s share = 45 : 0 : 00
(s share = 00 : O : 00
D’s share = 150 : 0 : 00

Sum = 300 : 0 : 00 the proof.

But this is upon supposition that the land is all of
an equal value.

Now let us suppose the land, to be laid off for
cach person’s share, is of the following different

# Problem 7, an erroneons rule given by a late writer, intro
duced here to prevent the practitioner being led into error.—
From Talbot's Complete Art of Land Measuring, Problem s
page 205, and Appendix, page 410, :
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\:{lucs peracre, viz. A's = 65, Bls=—=8s, C's =12s.
1.1 5 == 15s. an acre; whose sum, 40s, divided by 4,
thewr number, o quotes 10s. for the mean value per
dcre.  And, according to a late author, we must
dugment or diminish cach share as follows :

T 5. &, @.
f‘ 5 : 10 = 15 =~ 30 'A'sshare
5 8 : 10 :: 45 : 56,3 B’s share
‘ 1 12 : 10 :: QO : 45 s share
15 2 10 ;s 150 :' 100 ' T¥s shate

sum of shares=261,3 acres,

“Inch is less than 300, by more than 38 acres, and
shews the Iuh to bt dh\()]LlTL]\,‘ false; for v\hcn
€ach person’s share is laid out as above, there re-
Main 38 acres unapplied; I suppose for the use of

U]\_ \U!\L)’ﬂg
But suppose we change the value of each per-
‘0‘1 s land, and call A’s 15s. B’s 12s.- C’s 8s. and
's 5s. then we shall have

s 5. a. .
V6.2 10, 33 15 310 A’s share
ag 12

2+ 10 :: 45 : 37,5 B'sshare
8 : 10 :: .00 : 112,5 C’s share
5 : 10 ;: 1530 ; 300 D’sshare

sum of the shares 460 acres;

how muygt the surveyor manage here, as he must
Make 460 acres of 300; for “here D’s share only
takes the whole 300, where is he to find the 160
4cres for the other three shares? But enough Ut
1‘”‘*‘ see it truly and methodically per formed i

he next pr oblen.
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ProsrLEM 8. [t is required to divide any given
quantity of land among any groen number of persons,
in proportion to their several estates, and the value of
the lund that falls to each person’s share.

Rude. Divide the yearly value of each person’s
estate by the value per acre of the land that is al-
lotted for his share, and take the sum of the quo-
tients, by which divide the whole given quantity
of land, and this quotient will be a commmon mul-
tiplier, by which multiply each particular quotient,
and the product will be each particular share of the
land.

Or say, as the sum of all the quotients is to
the whole quantity of land, so is each particular
quotient to its proportional share of the land.

Example. Let 300 acres of land be divided
among A, B, C, D, whose estates are 100l. 300l
6001. and 1000l. respectively per annum; and the
value of the land allotted to each is 5, 8, 12, and
15 shillings an acre, as in the example to the last
problem,

Then lO—O:‘?_O, ‘3-(-)-(3:37,5 9.0.9.:50, and
5 12
1000 4 %2 ; .
——==06,666, and the sum of these quotients is
. 300 3
174,166 . . —1,72248, the common mul-
174,160
fiplier :
acres.
1,72248 X 20 = 34,45 A'sshare
hen 1,72248 X 37,5 =— 64,503 B’s share
1,72248 X 50 — 806,124 C’s share
1,72248 X 66,666 — 114,832 D’s share

sum of the shares =1200,000 acres, or
300 very nearly, and is a proof of the whole,
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Let us now change the values of land as in the
fast problem, and sce what each will have for his
share, Suppose A’s 15, B's 12, C’s 8, and D’s 5
300 - 600

00 S 3
7 =0, 600, 520

Q} . . 1
shillings an acre; then-

- 1000
=75,

=200, and the sum of these quo-

)
300

tients is 3 56, t ore =
ts is 306,660, therefore 306,000

= 0,07826

the common multi plier :
ALres.

6,5217 A’s share
24,4565 B's share
73,3605 C's share

105,0520 D’s share

0,07826 x 6,666
then 0,9782(): MO
0,07820 X 7
0,07820 X 200,

[

_the sum of the shares = 290,0097 acres,
Which proves the whole to be right.

_ Example 2. Let 500 acres be divided among
SIX persons, whose estates are as follow; viz. A's
401, B’s 20l. (s 10l. D's 100l. E's 400l and F’s
1000]. per annum, and the value of the land most
Convenient for each is A’s, B's and C's, cach 7s.

's 105, E’s 15s. and F’s 12 s. an acre; now each
Sstate divided by the value of his share of the land,
Will stand thus :

5. L
A7) 40 5,71428
2 7)) 20 | 2,857 14

7 10 1,42857 pL
D 10 % 100 E 10: / quotients;
E15) 400 (  26,66666
F 12 ) 1000 ( 83,33338

Sum of the quotients==120,90008, or 130.
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500 hl i
NOWi::S,S-UJ] 53, the common multiplier;
130
by which, nm]t:p‘nnn each quniuul ve shall
have for'cach share as follows, viz.

dACres.
A= 21,0778
~ B = 10,0018
G == V51049
D= 38,4615
E — 102,5641
F — 320,5127

their sum is = 500,0020, and thus proves
the whole.

N. B. If any single share should contain land
of several difficrent mluu;, then use the means to
divide his estate by.

Also if there be different quantities as well as
values, find what each quantity is worth at its va-
lue, and add their sums together; then say, asthe
sum of the quantities is to this sum; 50 is one acre
to its mean yalue to be made use of.

Now having found each person’s share, they
may be laid out in any form required, by the di-
rections and p"ui,]en% given in the next section.
But when several shares contain land of the same
value, it is best to lay out their sum in the most
convenient form, and then subdivide it.

For dividing of commons, &¢. Surveyors gencrally
measure the land of different value in separate par-
cels, and find the separate value thereof, which
added in diffcrent sams, gives the whole content,
and whole wlut'. £

By problem 1, they find each man’s propor-
tional share of the whole value, and then Jay out
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for cach person, a quantity of land equal in value
to his share; this they effect by first laying out a
quantity by guess, and then casting it up and find-
me its value; and if such value be equal to his
share of the whole value, the dividing line is right;
U otherwise, they shift the dividing line a little,
till 1‘)’ trial they find 2 quantity just cqu:J.] in value
o the value of the required share.

If any single share contains land of several dif-
erent values, each is measured separately, and
their several values found; and if the sum of them
beequal to the value sought, the division is right;
i not, it must be altered till it is so.

OF LAYING OUT ANY GIVEN QUANTITY OF
LAND.

As the quantity of land is generally given in
fdcres, roods, and perches, it is necessary, first, to
Yeduce them to square links, which may be per-
formed by the following rule.

. Lo reduce acres, roods, and perches into square
t)fm(";_
. Rule 1. To the acres annex five cyphers on the
Nght hand, and the whole will be links. 2. Place
ve cyphers to the right of the roods, and divide
this by 4, the quotient will be links. 3. Place
Our cyphers on the right hand of the perches, di-
Vide thig by 16, the quotient will be links. 4.
~Aese sums added together, give the sum of
Square links in the given qu:mtil)}.
2”¢1)$iOBJTI-: M 1. Tolayouta pieee of land, contain-
& 4ny grven number of acres, in form of a square.

Lhis is no other than to determine the side of a
ijt!uaru that shall contain any desired number of
#eres; reduce, therefore, the given number of
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acres to squarc links, and the square root thereof
will be the side of the square required.

ProsrnueM 2. 1o lay out any desired quantity of
land in forim of a parallelogram, kaving either iis
base or altitude given.

Divide the content, or area, by the given base,
and the quotient is the altitude; if divided by the
altitude, the quotient is the base; by the same
rule a rectangle may be laid out,

ProsneM 3. 1o lay out any desived quantity of
land in form of a parallelogram, whose base shall be
2, 3, 4, Te. times greater than its altitude.

Divide the'larca by the number of times the
base is to be greater than the altitude, and extract
the square root of the quotient; this square root
will be the required altitude, which being multi-
plied by the numnber of times that the base is to be
greater than the altitude, will give the length of
the required base.

Prosrem 4. To lay out a given quantity of land
in form of a triangle, having cither the base or the
pﬁrjn’;.z:].iz:zu.’dr g‘é'vt‘f.t.

Divide the arca by half the given base, if the
base be given; or by half the given perpendicular,
if’ the perpendicular be given; and the quotient
will be the perpendicular, or base required.

Prosrem 5. T lay out any given quantity of
land in a regular polygon.

1. Find in the following table, the area of a
polygon of the same name with that required, the
side of which is 1. 2. Divide the proposed area
by that found in the table. 3. Extract the square
reot of the quotient, and the root is the side of the
polygon required,
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_b”' Names. Areas.
.“-](1(,:5
3 | Triangle 0,433
4 | Square 1,
5 | Pentagon 1542
6 | Hexagon 2,508
7 { Heptagon 3,634
8 | Octagon 4,828
9 | Nonagon 6,182
10 | Decagon 7,004
11 | Undecagon | 0,365
12 | Duodecagon 11,196

Proprem 6. 7 lay out any quantity of land in
@ cirgle.

l. Divide the area by ,7854. 2. Extract the
Square root of the quotient, for the diameter re-
Quired,

OF PLAIN TRIGONOMETRY.

Plain trigonometry is the art of measuring ahd
Omputing the sides of plain triangles, or of such
Whose sides are right lines,

As this work is not intended to teach the ele-
Ments of the mathematics, it will be sufficient for
Me just to point out a few of the principles, and
8IVe the rules of plain trigonometry, for those
(:QSCS that oceur in surveying. In most of those
cases, it is required to find lines or angles, whose
aCtual admeasurement is difficult or impracticable;

'€y are discovered by the relation they bear to
501?23: gli\-'*_:‘n lines or angles, a calculation being in-
5 Onu lfor ih'm: purpose; and as the _comparison
L Uhe night line with another right line, is more
ii?-,z\?n.m.lt and easy, than th ¢ comparison of a right

Oacurve; it has been found advantageous to
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measure the quantitics of angles, not by the are it-
self, which is deseribed on the angular point, but
by certain lines described about that are.

If any three parts* of a plain triangle be given,
any required part may be found both by construc-
tion and calculation.

If two angles of a plain triangle are known in
deorees, minutes, &e. the third angle is found by
subtracting their sum from 180 degrecs.

In a right-angled plain triangle, if either acute
angle (in degrees) be teken from go degrees, the
remainder will espress the other acute angle.

When the sine of an obtuse angle is required,
subtract such obtuse angle from 180 degrees, and
take the sinc of the remainder, or supplement.

If two sides of a triangle are equal, a line biscct-
g the contained angle, will be perpendicular to
the remaining side, and divide it equally.

Before the required side of a triangle can be
found by calculation, its opposite angle must first
be given, or found.

The required part of a triangle must be the last
term of four proportionals, written in order under
one another, whereof the three first are given or
known.

In four proportional quantities, either of them
may be made the last term; thus, let A, B, C, D,
be proportional quantities.

As first to second, so is third to fourth, A:B::C:D.
As second to first, so is fourth to third, B: A ::D: C.
As third to fourth, so is first to second,C:D:: A: B.
As fourth to third, so is second to first,D: C:: B: A.

Against the three first terms of every propor-
tion, or stating, must be written their respective
values taken from the proper tables.

% This is imperfectly stated by several writers. One of the

given paris must be a side. A trangle consists of six parts, i
shree sides and three angles, Ebpir,
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If the value of the first term be taken from the
sum of the second and third, the remainder will
be the value of the fourth term or thing required ;
because the addition and subtraction of ]n arithms,
‘fﬂu'spuuria with the multiplication and division
Of natural numbers.

Ifto the complement of the first value, be added
the second and third values, the sum, rcjecting the
dorrowed index, will be the tabular number ex-
Pressing the thing required: this method is gene-
rally ysed when radius is not one of the propor-
tiongls,

The e complement of any ]og_mnmn sine, or tan-
gent, in the common tables, is its difference from
the radius 10.000.000 , or its double 20.000.000.

CANONS FOR TRIGONOMETRICAL
CALCULATION.

. The following proportion ]n to be used when
1\\0 angles of a Umm;lc and aside nppaslu to one
of rhcm is given to find the other side.
. As the sine of the angle oppu'ﬂlu the given side,
15 10 the sine of the maiv upumm iln, uquiud
Sides so is the given side to the side.

2, When two sides and an (lil'“ll. opposite to
Onie of them is given, to find another angle; use
the mlltmmfr rule :
~As the side Up}_)thlt(‘ the given angle, is to the
Side opposite the xeqmr(‘c fuwk : 80 15 the sine of
the given angle, to the sine of the required angle,

‘he memory will be assisted in the f"neo'omfr‘
Cases, by obmr\mq that when a side 1s we n‘tul th
Dmpmhon must begin with an engle; and w hcn an
“ngle is wanted, it m ust begin with a side.

3. When two sides of a munrll and the inclu-

]
E('j“ angle are given, to find thc, other angles and
#lde,
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As the sum of the two given sides is to theil
difference; so is the tangent of half the sum of
the two unknown angles, to the tangent of half
their difference.

Half the difference thus found, added to half
their sum, gives the greater of the two angles,
which is the angle opposite the greatest side. If
the third side 1s wanted, it may be found by solu-
tion 1.

4. The following steps and proportions are to be
used when the three sides of a triangle are given,
and the angles required.

Let ABC, plate 0, fig. 30, be the triangle;
make the longest side AB the base; from C the
angle opposite to the base, let fall the perpen-
dicular CD on AB, this will divide the base into
two segments AD, BD.

The difference between the two scgments is
found by the following proportion:

As the base AB, or sum of the two segments,
15 1o the sum of the other sides (AC4B C); so is
the difference of the sides (AC—B C), to the dif-
ference of the segments of the base (AD—D B).

Half the difference of the segments thus found,
added to the half of AB, gives the greater seg-
ment A D, or subtracted, leaves the less D B.

In the triangle AD C, find the angle ACD by
solution 2; for the two sides ADand AC are
known, and the right angle at D is opposite to
one of them.

The complement of ACD, gives the angle A.

Then in the triangle ABC, you have two sides
AB, BC, and the angle at A, opposite to one of
them, to find the angles C and B.
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OF THE LOGARITHMIC SCALES ON THE SECTOR.

There are three of these lines usually put on the
8ector, they are often termed the Gunter’s lines,
and are made use of for readily working propor-
Qong; when used, the sector is to be quite opened
like q strait rule.

If the 1 at the beginning of the scale, or at the
lefi hand of the first interval, be taken for unity,
then the 1 in the middle, or that which is at the
¢nd of the first interval and beginning of the se-
Cond will express the number 10; and the ten at
the end of the right-hand of the second interval or
end of the scale, will represent the number 100.
Ifthe first is 10, the middle is 100, and the last
l(')(._)(.'); the primary and intermediate divisions in
€ich interval, are to be estimated according to
the value set on their extremities.

In working proportions with these lines, atten-

bon must be paid to the terms, whether arithme-
Ucal or trigonometrical, that the first and third
term may be of the same name, and the second
and fourth of the same name. To work a pro-
Portion, take the extent on its proper line, from
e first term to the third in your compasses, and
“Pplying one point of the compasses to the se-
tond, the other applied to the right or left, ac-
Cording as the fourth term is to be more or less
than the second, will reach to the fourth.

Lxample 1. If 4 yards of cloth cost 18 shilli ngs,
What will 39 yards cost? ‘This is solved by the line
of Numbers; take in your compasses the distance
‘etween 4 and 32, then apply one foot thereof on
the same line at 18, and the other will reach 144,

the shillings required.
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£0 1\ the sine of the an gle opposite the base 36
17’ to the basc. In this ex umplt radius, or the
sine of g0, and the sine of 30° 17 taken from the
hne of sines, and one foot bung then applied to
120 on the line of numbers, and the other foot on
ihe left will reach to 60% the length of the required
base. The foot was applied to the left, because the
fegs of a right-angled triangle are 1L‘~-\ than the
h\]mihcmm

fmm', /e 3. As the cosirie of the latitude 51¢
30, {equal the sine of 38° 30") 1s to radius, so is
the sine of the sun’s declination 20° 147, to the
sine of ‘the sun's amplitude. Take the distance
between the sines of 38° 30" and 20° 147 in your
compasses; sct one foot on the radius, or sine of
90", and the other will reach to 330:i° the sun’s
amplitude required.

Example 2. As radius to the hypothenuse 120

CURIOUS AND USEFUL TRIGONOMETHRICAL
PROBLEMS.

The following problems, though of the greatest
use, and sometimes of absolute necessity to the
surveyor, are not to be feund in any of the com-
mon treatises on surveying. The maritime sur-
Veyor can scarce pr oceed without the knowle dge
of them: nor can a kingdom, province, or county
be accurately surveyed, unlmn the survevor is well
ac qumuud with the use and dpplimtmn of them.
Indeed, no man should attempt to survey a county,
or a sea coast, whois not master of these problems.
The second ])m} em, which is pu.u?.ml» useful
for determining the exact situation of sands, or
rocks, within sight of three places upon land,
whose distances are well known, was first propos sed
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by Mr. Townly, and solved by Mr. Collins, Philo-
SOphical Transactions, No. 69. There is “no
Problem more useful in surveying, than that by
Which we find a Hmhw,hy'dwdvulangesuf
three or more objects, whose reciprocal distances
a“‘knnuwu'but‘dhmancc, and bearing from the
Place of ohservation are unknown.

‘ Previous to the resolution of these problems,
4nother problem for the casy finding the segment
ot a circle, capable of containing a given angle,
18 Uecessary, as will be clear from the following
9Bservation.

" Two objects can only be seen under the same
gle, from some part of a circle passing through
03¢ objects, and the place of observation.
“Iftheangkznndcru&ﬁchthosc(ﬂﬂcctsappcan
bclcssthun 00°, the place of observation will be
Somewhere in the greater segment, and those oh-
JECts will be seen under the same angle from every
Part of the segment.

“If the angle, under which those objects are
S€en, he more than 00°, the place of observation
Will be somewhere in the lesser segment, and those
OYjects will be seen under the same angle from
Every part of that segment®*.” Hence, from the
Suation of three known objects, we are able to
“Clermine the station point with accuracy.

)l“lBLEn. To describe on a given line BC, Jig.
z‘;ﬂ-’ }”]ri{e Q, a segment of a circle, capable of contain-

8 & grven angle.
Method 1, Bisect BC in A. 2. Through the
W of bisection, draw the indefinite right line
-~ Perpendicular to BC. 3. Upon B C, at the
Point C, coustitute the angles DCB, FCB, GCB,

an
th

po

thas D'””.‘v'mpk s Essay on Nautical Sarveying, in which ano-
© Mode of solving this problem is given.
N
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17¢
HCB, 1-(-<'I)C(‘.Ti‘.‘k‘l_\;' equal to the difference of the
angles of the nte nded segments and go degrees:
the angle to hL formed on the same side with the
segment, if the angle be less than goO; but on the
opposite, if the nr-h is to be greater than g0 de-
grees. 4. The W‘Hllw Dy Ry (, H, where the an-
'u*'n lines CD, CF, CG, CH, &. 1111C1<u‘&1
the line D E, will be the centers of the intended
scgmmh

Thus, if ﬂ » intended gegment is to contain an
angle of 120°, constitute on B(, at C, (on the op-
punlc ‘wldt‘ to which you intend the 1(_‘711‘!(‘11( to be
deseribed,) the ¢ uurL DCB ullml to 30°, the dif-
ference ‘mmwn go° and 120°; thenon center 1,
and radins D C, deseribe the segment C, 120, B,
in every part of w hich, ‘the two pomta C (md B
will subtend an angle of 120 degrees

If T want the segment to contain HO degrees at
0, on BC make anangle BC G, upm] 10 degrees,
and on the same side of B C as the intende d seg-
ment; then on G, with radius G C, describe seg-
ment C 80 B, in every part of w lmh Cand B will
subtend an ullg__\l(‘ of BO degrees,

Method 2. By the sector. Bisect B C as before,
and draw the indefinite line D I, make A C radius,
and with that extent open the scctor at 45 on the
line of tangents, and set off on the line DE, the
tangent of the difference between the observed
zmcrh and g0 degrees, on the same side as the in-
tended segment, if thv observed angle is less limll
(0; on the contrary side if more than go degrees-

It the angle is of Q0 degrees, A is the center ol
the circle, and AC the radius.

The intersection of the line D E with any eir-
cle, is the center of a segment, corresp onding 10
half the angle of the \Nrmn" in the ,L\[ cirele-
Hence, if the dm\.um. between the obscrved
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angle and go°, be mare than the scale of tangents
COntaing, find-the center to double the angle ob-
*Crved, and the point where the circle cuts the in-
definite line, will be the required center.

*RoBLEM 1. 10 determine the position of a poiat,
ITom avhence three points or a triangle can be dis-
“Oered, whose distances are known.

. The point is either without, or within the given
L"}Hnglc: or in the direction of two points of the
tiangle, ,

Case 1. When the three given objects form a tri-
“ngle, and the point or station whose position is re-
Ytared, is without the t riangle.

{3‘-'1-‘:”}1]"/8. Suppose I want to dctermine the
Position of a rock D, fig. 27, plate g, from the
Sore; the distances of the three points A, C, B,
OF rather the three sides A C, CB, AB, of the tri-
Ngle A, B, C, being given.

In the first place, the angles AD C, C D B, must
. Measured by an Hadley’s sextant or theodolite;
- 0 the situation of the point D may be readily

“Und, either by calculation or construction.

By construction. Method 1. On A C, fig. 28,
Plaze 9, describe by the preceding problem, a cir-
cle Capable of containing an angle equal to the

(]

Mgle ADC; on C B, a segment containing an
gle equal to the angle CD B; and the point of
. Mersection D is the pl;lce required.

Another method, Make the a ngle EBA, fig. 30,
"g{"‘*f’,,@, equal to the angle ADE, and the angle
i AR equal to the angle ED B.  Through A, B,
;‘?“d the intersection E, describe a circle AEBD 3
ﬁc-l--?n:gh E, C, draw 'E.C_, and p’mdnce it to inter-
CQ‘; I{-‘K? (‘lr‘t‘le at Dy join AD, BD, alnd ﬂu.r distan-

(f,*/D: CD,BD, will be the rcqlm'_f"d distances.

tn(;-{?wd?z!{m:. In L}m triangle _%\B(.,_arc. given

- Hree sides, to find the angle BAC. In the
N2

be
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iriangle AE B, are given the angle BAE, the
angles AB L, '\LB, and the side AB, to find
AlL and BE.

In the triangle AE D, we have the side AE,
and the angles AED, ADE, and consequently
DFA, to find the sides AD.

The angle ADE, <'Id(‘LL]. to the :mglL AEC,
and then taken from 180°, gives the mglc‘ DAE.
The angle CAE, taken from the :lec DAE,
gives the angle CAD, and hence DC. Lastly,
the angle AE L ..}\m from AEB, gives DE B,
and {011-u]uunl\ in the triangle DLB we have
E B, the angle D E B, and the angle ED B, to
find B D.

In this method, when the angle BD C is less
than that of BAC, the point C will be above the
poml E: but the calculation is so similar to the
foregoing, as to require no particular explanation-

W hcn the points E and C fall too nearly toge-
ther, to produce EC towards D with chtdnm,
the first method of construction 1s the most ac-
eurate.

Case 2. Hlhen the given ]‘J/;u‘(’ or station D, fig.
38, plate @, is « without ffu' triangle made by the //Hu
givenobjects ABC, butina line with one of the sides
pr odriced,

Measure the angle ADB, then the Izmblu‘n
may be easily zuolwd (‘11.11(_!' by construction o¥
ealculation.

f)1 construction, Subtract the measured angle

3 B from the angle CAB, and you obtain the
'mglc_ ABD; then at B, on the side BA, draw the
angle ABD, and it ml] meet the produced ‘-ltli
CA .aL D; and DA, DC, DB, will be the re-
guired distances.

By calculation, In the triangle AB D, the angle
D is obtained by observation, “the & BAD is the
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\uﬁplemcm of the angle CA B to 180%: two angrh-.c
of the triangle bcmﬂ' thus known, the third is als
0wn; we have, (‘OI[*LFIULIHI\. in the trjangle

AB D, three anf'}e and one side given to find the
‘“L,th of the other two sides, which are readily

Obtained by the precodmo caAncnNs. ;

Case 3. When the station pr,f;:f is i one of the
Stdeg of the given iummc’, Jig. 1, plate 18.

B)’ construction. 1. l\lmbuw the angle BD G

- Make the angle B A E equal to the observed

n“"'t 3. Draw CD parallel to EA, and D is thie

station point required.

By caleulation. Find the angle B in the triangle

ABY C, then the angles B and B D C being }\mmn
“Pohiam DCB; and, consequestly, as sin. angle

sDC to BC, so 1s sin. angle DC B to B D.

CAse 4. When the .’f;ut: given f']m,u are in &
”imf ]ch’,’ ﬁi? ,.,,,j?l‘(l’ft 13

f'xvhm,'p/. Bemr* at sea, near a strait shore, T ob-
Stryed three Ob](“(,m, A, B, C, which were trulv
aid down on my chart; I w;ahcd to lay down the
Place of a sunken rock D; for this purpose the
dngles ADB, BDC, were Ob%‘rud with Hadley's
Quadrant.

By construction.  Method 1. On AB, fis. 3
Plate 13, describe the segment of a UILL, mpabh'
of mnhnmug the Ohwnul angle ADB. OnuBC
deseribe the segment of a cire h eapable of con-
lining {he qnqlu BDC: the pmm D will be at
the 1:11{rsec‘r10r1 of the arcs, and by joining DA,

s DC, you obtain the required distances.

_?Lﬁ thod 2. Make the angle ACE, fio. 4, plate

» €ual to ADB, and l.}ll. angle E AC eq m] to

2 JL; and from the pmut of intersec uon E,

Ulmunh B, draw a line to ED, to intersect 1hL

arc ATy (‘, join A, D; and T) (,, and DA, Dﬁ

D £, are the lt‘qnnt\l distanece
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(

| By calcudation. 1. In the triangle CAE, fig. 4
plate 13, we h ave all the angles, and the side l&(
to find AE. 2. In the u]"m.lt: ABE, AB, AL,
and the im'lu\l(.u angle are given, to find the an-
gles AEB, ABE. 3.In lhv Tri:uwh‘ B DC, the
angle B.DC and DCB (=ABE) are f-:\cn, and
cmmquvnt y the angle D (,B, and the side B C;
hence it is easy to obtain D B.

Case 5. When the shz!uu f '7]\‘ within the tri-
angle, formed Ly the three given objects, fig. 10,
plate 13.

Let ABC represent three towers, whose dis-
tance from each other is known; to find the dis-
tance from the tower ID, measure the angles AD C,
BDC, ADB.

Construction. On two of the given sides AC, AB,
Jig- 20 ,’Jl'.c!.r 13, describe segments of circles capa-
ble of ¢ nmln.zmy the given ng:lus, and the point D
of their intersection will be the required p] ace.

Another method. Or, we may proceed as in some
of the foregoing cases; making the angle ABE,
Sig. 21, plate 13, nlutl to the angle ADE, and |
BAE L'lll"] BDE; and describe a circle Thmugh
the three {Hnll A, B, E, and join E, C, by the line
E C-, and the poi int 1, where B C intersects the
circle B, A, I, B, E, will be the required station.

Ciasge 6. When the station pont D, fiz. 7, /.,”,,,,
13, falls without the .f, juing le ABC, but the point C
falls towards D.

Thus, let ABC, # Jig. ',-'- plate 13, IC[“[{"«(‘HLTI)IL
towers, whose respective distances from each other
dre Ir.'m';\'u:_ 1‘(.qni"ud 1’!,« ir distance from lhf‘lﬂlﬂt
D. Measure the angles ADC, BDC, and to prove
the trul -m* he observat tions, measure also"A D B.
| Tl. 1, Oy cons iony, method 1. On AC, fig.

s gy o

8 piate deseribe a circle capable of containing
the i3 C, and on A B, one capable of con=
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taiing the angle AD B, and the point of intersec-
tion will be the place required.

Or, it may be constructed by method 2, case 1,
which gives us the point D, fig. 0, plate 13, com-
Pared with fig. 39, plate g. The calcnlation is
upon principles so exactly hike those in method 2,
case 1, that a further detail would be superfluous.

The point of station D found msirumentally.  The
point D may be readily laid down on a draught,
by dz'u\\ing'on a loose transparent paper indefinite
right lines DA, DB, DC, at angles equal to
those observed ; which being placed on the dranght
0 as each line may pass oyer, or coineide \_\'ith, its
Iespective object, the angular point D will then
Coincide with the place of observation. Or,

Provide a graduated semicirele of brass, about
Six inches in diameter, having three radii with
Chamfered edges, cach about 20 inches long, (or
as long as it L'muj' be judged the distance of the
Slations of the three given objects may require)
one of which radii to be a continuation of the dia-
eter that passes through the beginning of the de-
rees of the semicirele, but immoveably fixed o it,
the other two moveable rouund the center, so as to
%€ set and screwed fast to the semicirele at any
angle, In the center let there be a small socket,
orhole, to admit a pin for marking the central point
o0 the draught. When the sloped edges of the
W0 maveable radii are set and screwed fast to the
Semicircle, at the respective degrees and minutes
of the two observed angles, and the whole instru~
Inent moved on the draught until the edges of the

rec radii are made to ]ié‘ﬂ]ong the three stasime-
tric points, each tonching its respective point, i‘hc
Center of the semicircle will then be in the point
Sfstation D which may be marked on the draught,
Wrough the socket, with @ pin.  Such an instris




184 CURIOQUS AND USEFUL

ment as this may be called a station-pointer; and
would prove convenient for finding the point of
station readily and accurately, except when the
given objects were near; when the breadth of the
arc, and of the radii, and of the brass about the
| center of the semicircle, might hinder the points
from being seen, or the radii so placed as to com-
prchend a very small angle between them. 1

The three succeeding problems may occur at sea, in
Jinding the distances and position of the rocks, sands,

&e. from the shore, in many cases of maritime sur-
weying; they are also very serviceable in making @

map of a country, from a sevies of lriangles derrved

from one or more measured bases. '
- Prosrem 1. Given the distance of two objects
AD, fig. 5, plate 0, and the angles ADB, BDC,
- B CA, 1o find the distance of the two stations D, C,
i from the objects A, B.

By construction. Assume d ¢ any number at plea-
surc, and make the angles bd ¢, ad ¢, &c. respec-
tively equal to the angles BDC, ADC, &e. and
join ab; it is plain that this figure must be similar
to that required; therefore draw AB, fig. 4, plase
0, equal the given distance, and make ABC equal
to abec, BAC to bac, and so on respectively;
join the points, and you have the distances re-
quired.

By caleulation. in the triangle ade, we have
de, ade, and acd, to find ad, ac; mbed, we
have in like manner the three angles, and d ¢, to
i find db, dc.

In the triangle ad b, we have ad, bd, and the
l angle adb, to findab. Hence by the nature of
! similar figures, as ab to AB ::dc : DC :: ad
:ADubd:BD:be: BC.
| Prowvrem 2. The distances of three objects A, B,
' C, from each other, aud the angles ADC, CDE,
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CED,CE B, fig. 6, plate 9, being given, to jfind
the sides AD, DC, DE, EC, and E B.

Assume any line d ¢, at pleasure, make the angle
¢d e equal the angle C D E, and angle ¢ e d equal
1o the angle CE D; also the angle ¢da, equal to
the angle CDA, and the angle ceb equal to the
angle CE B; produce ad, be to intersect each
other at f, and join cf.

_Itis evident that the figures cd fe, CDF E, are
Stmilar; therefore, on AC, fig. 7, plate 9, describe
& segment of a circle, containing an angle AFC
€qual to afe; and on CB a segment capable of
Containing an angle CF B, equal the angle ¢ fb;
f?“om the point of intersection F draw FA, FB,

'C; make the angle FCD equal the angle fcd,
and FCE equal the angle fce, which completes
the construction; then by assuming d e equal to
dny number, the rest may be found as before.

This method fails when AD is parallel to BE,
Jig. 8, plate 9; therefore, having described the seg-
Ments ADC, BC, draw CF, to cut off a segment
€qual to the angle CDF, and the right line CG,
1? cut oft a segment equal to the angle CE G;

’:F will be in the right line DE; therefore, join

F, and produce the line each way, till it mnter-
Seets the segments, and the points D, E, will be
the stations required.

,PROI}LE?\-I 8. Four poimts B, C, D, F, fig. 0,
Plate 9, or the four sides of a quadrilateral Jignre,
with 315 angles being given, and the angles BA C,
1_1'?”53 AED, D E“F, knowwon by observation, to find
the ‘/i::);u{z\ /ﬁmji (1} E]é ;’e‘)}:ufi?r;:zmgzmul.fy, the length of

& ) “3 | GRS

W construction. 1. On BC describe the seg-
E‘;‘“- of a circle, to contain an angle equal to

‘ 2. From C draw the chord CM, so that

e ngle B C M may be equal to the supplement
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of the angle BAE. 3. On DF deseribe the seg-
ment of a circle capable of containing an angle
equal to D E I; jomn MN, cutting the twoi.c ircles
at A.and E, the required points.

By calculation. In the triangle B C M, the a mmlr:
BCM, (the supplement of BAE,) and the zmg
BMC, (equal BAC,) and the side BC 11\,gnc.'1,
whence it is easy to find M C.  In the same man-
ner, DN in the triangle DNF may be found;
but the angle M CD (equal angle B C D, less an-
gle BCM) is known with the legs MC, CD;
Lonqr‘qucmh , M D, and the angle ™ D C, will be
readily found.

Fhe angle MDN (equal angle CDF, less
CDM, less FDN,) and '\«I D, DN, are known;
“hcnr_.t, we find MM, and the angles DMN,
DN M.

The angle CMA, (equal DMC added to
DMN,) the angle MAC, (equal MAB added to
BAC,) and the side M C are givens therefore, by
caleulation, M A, and AC will also be known.

In the triann'lc E DN, the side D N, and the
angles E and N are given; whence we find EN,
E D, and, consequently, AE equal M N IC‘-‘;
MA, less EN.

And in the triangle ABC, the angle A, with
its sides BC, AC, are known; hence AB, and
angle B CA, are found.

In the triangle E D, the angle E, with the
sides 18 D, DF, being kumxu J'_,L and the angle
EDF will be found i

Lastly, in the triangle ACD, tllL angle ACD,
(equal bLD less BC A,) and AC, CD, are
given; hence AD is found as 10 LhL same mannct
E C in the tri: angle ECD.,

Note. That in this problem, and in problems 1
and 2, if the two stations fall in a right line with
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either of the given objects, the problem is inde-
terminate. As to the other cases of this problem,
they fall in with what has already been said.

The solution of this problem is general, and
may be used for the two preceding ones: for sup-
pose C D the same point in the last figure, it gives
the solution of preblem 2; but if B, C, be sup-
posed the same points D F, you obtain the solution
of problem 1.

_ Prorrem 4. Having the distance and magnetic
bf’ﬂrm‘g;fr of two points A and B, fig. 10, plate Q, pro-
fracted al any station S, not very oblique to A, to
Jind its distance from these points by the needle

At S, with a good magnetic necedle, take the
bi‘-?tl'ings of A and B in degrees, and parts of a de-
gree; then from these points, draw out their res-
Pective bearings in the opposite dircetion towards
5; that is, if A bears exactly north, draw a line
from the point A exactly south; if it bears east,
10 or 20 degrees southward, draw the line west,
10 or 20 degi'ccs northward; and so for any other
bearing, draw the opposite bearing of B in the
Sime manner, and S, the intersection of these two
Points, will be the point of station, and SA, S B,
the distances required. .

This is an easy method of finding the distance
of any station from two places, whose distances
1ave been accurately determined before, and will
be found very convenicnt in the course of asur-
Vey, and on many occasions sufliciently exact,
Provided the places are not too remote from the
Station, nor the intersection of the bearings too
‘)b_liq_ur:. If the needle be good, a distance of 20
“‘chs is not too far, when the angle subtended by
F“t‘ two places, is not less than 50 degrees, ot
More than 140.
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Pronrem 5. T reduce angles to the center of
the station,

In surveys of kingdoms, provinces, counties,
&e. where signals, churches, &c. at a distance are
used for points of observation, it very often hap-
pens that the instrument cannot be placed exaetly
at the center of the signal or mark of ohservation;
consequently, the angle observed will be either
greater, less, or equal to that which would have
have been found at the center. This problem
shews how to reduce them to the center; ithe cor-
rection seldom amounts to mere than a few se-
conds, and is, thercfore, seldom considered, uniess
where great accuracy is required.

The observer may be considered in three dif-
ferent positions with respect to the center, and the
objects; for he is cither in a line with the center,
and one of these objects, or in an intermediate one,
that is, a line from this center to the observer pro-
duced, would pass between the objects; or he is.
lastly, in an oblique direction, so that a line from
the center to him would pass without the objects.

In the first position, fig. 11, plate 9, where the
observer is at 0, between the center and onc of the
objects, the exterior angle m o n is greater than the
angle men, at the center, by the angle emo;
therefore, taking emo from the observed angle,
you have that at the center.

If the observer is at a, fig. 11, plateQ, the exte-
rior angle m a n is greater than that of men at the
center, by the value of n; therefore, taking this
from the observed angle, you obtain the angle at
the center. But if the observer is further from the
objects than the center, as at i, the observed angle
anin is less than that at the center men, by the
angle m; therefore, by adding m to the observed
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angle, you obtain the angle men at the center.
In the same manner, if the observer is at u, we
should add the angle n to the observed mun, in
order to have the angle m e n at the center.

Cuse 2. When the observer is at o, fig. 12, plate
0, draw a0, and the exterior angle d exceeds the
angle u at the center by the angle m, and the ex-
terior angle ¢ exceeds the angle at the center a,
by the angle n; therefore, m on exceeds the angle
4t the center, by the value of the two angles m
ind n: these, therefore, must be subtracted from
10 obtain the central angle. On the contrary,
I the observer is at a, the two angles m and n
Must be added to the observed angle.

Case 3. Fig. 13, plate 9. When the ebserver is
4t 0, having measured the angles mon, moe, the
Angle i is exterior to the two triangles moi, nei;
therefore, to render men, equal to min, we
Must add the angle n; and to render the exterior
ingle min, equal to the observed angle mon,
We must take away the angle m; therefore, add-
g m to the observed angle, and subtracting n
rom the total, we obtain the central angle m e n.

From what has been said, it is clear, that in the
st cage, you are to add or subtract from the ob-
Seryed angles, that of the angles m or n, which
'S not in the direction of the observer.

n the second position, you have either to sub-
tract or add the two angles men.

In the third position, you add to the observed
ingle, that of the two m or n, which is of the
Same side with the obsetver, and subtract the
Othey,

: T{o know the position of the observer, care must

se taken to measure the distance of the instru-

tg“;ncz_it ﬁ'gm the center, and the angle this cen~
Dakes with the objects.
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An inspection of the figures is sufficient to shew
how the value of the ang "]L"-u m n may be obtained.
Thus, in the Ummlc m oe, we have the angle at

‘{]‘C distance oe, and the distances e m, 0,
‘(“ hich are considered as equal,) given.

OF THE REDUCTION OF TRIANGLES,
PLAIN TO ANOTHER™.

FROM ONE

After the reduction of the observed angles to

the center of each respective station, it is gene-
rally necessary to lvdlu ¢ the parts of one, or of
several hmnnlﬁ to the same level.

Cuse 1. Let us suppose the three ]mmis A, P E,
fio. 15, plate g, tobe equally distant from the cen-
ter of the earth, and that the point R is higher
than these points by the distance or quamm RE;
now it is required to reduce the triangle AP R to
that AP E.

By the following tule, you may reduce the
'mq!f: RAP, RP: \ which have their summits
in the plain of reduction, to the angle EPA,
EAP.

Rule The cosine of the reduced angle 1s equal
to the cosine of the observed .mul(,, divided by
the cosine of the angle of elevation.

These two ‘molu being known, the third E is
Confmqucntlk Lnonn- we shall, hunuu, give &
rule for finding A E P, indq,un'icnt of the Othu
two.

Rule. The eosine of the reduced angle is equal
t0 the cosine of the observed angle, lessened by
the rectangle of the sines of the angles of cleva-
tion, divided by the rectangle of the cogine of the
same angles. p

v v T e . - -
* Traite de Trigonometrie, par Cagnoli,
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The reduction of the sides can be no difheulty.

Cuse 2, Fig. 17, plateg. Let ARr be the tri-

ingle to be reduced to the plain AB e, the points
“ ¢, of the vertical lines R E, r e, being supposed
€qually distant from the center of the carth.

Pl'(i:fouir_w; the plain A Ee to P, that is, till it meets
ﬂ_“‘- line Rr produced to P; and the value of
EAe will be found by the following formulze.

1, Tangent 3 (PA '-1-1'—?:\ ry=tangent 3 RArx
langent § (RAE4-rAe)
tngent 2 (RAE—rAe)
ﬁ‘n(l half difference of PAR and PAr, we obtain
t?(‘ value of each of the angles; the value of

AE and PAe, may be then obtained by the first
Of the two preceding rules, and the difference be-
tween them is the angle sought.

Let C, jfig. 16, plate g, be the center of the
€arth, let AB be the sidcof a triangle reduced to
4 common horizon by the preceding methods; if
1 he required to reduce this to the plain DE, as
these planes are parallel, the angles will remain the
Same; therefore, the sides only are to be reduced,
the mode of performing which is evident from the

Suare,
Methad of referring a series of triangles to a me-
"15!"_14;; line, and another line perpendicular to it.

This method will be found somewhat similar to
M€ used by Mr. Gale, and deseribed at length in
the article of surveying; it is a mode that should
'C adopted wherever extreme accuracy is re-
(:““_r(‘tl, for whatever care is taken to [_;wtravt a
E“("-T'lcs of triangles, the protractor, the points of the
:;E:T]!]?‘ussth, ﬂ“," thiv]:gllc:ss of the line, the inequality
I}Uir:f- paper, &c. will produce in the fixing of the
S of a trmngl.(: an crror, which, though srnall

Hrst, will have its influence on those that sue-~

Knowing the half sum

Vo] vt
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ceed, and become very sensible, in proportion as
_ the namber of triangles 1s augmented. This mul-
tiplication of crrors is avoided by the following
problem. !

Let AB, fig. 14, plate g, be the meridian, CI
the perpendicular, and the triangles oad, dae,
deg, egi, gil, those that have been observed ;
from the point o, (which is always supposed to be
on a meridian, or whose relation to a meridian is
known) observe the angle Boa, to know how
much the point a declines from the meridian,

In the right-angled triangle o Ba, we have the
angle Boa, and the right angle, and consequent-
ly, the angle o a B, together with the side oa,.to
find O B, and B a.

For the point d, add the angle Boa to the ob-
served angle aod, for the £ dob, or its equal
odm, and the complement is the angle mod,
whence as before, to find om and m d.

For the point G, add the angles mdo, o da,
ade, and ¢d g, which subtract from 3060, to ob-
tain the angle gdr, of the right-angled triangle
gdr; hence we also readily, as in the preceding
triangles, obtain r g=mt, which added to mo,
gives to the distance from the meridian. Then
we obtain rd, from which taking d m, you obtain
rm, equal gt, the distance from the perpen-
dicular. ;

For the point ¢, take the right angle rdf, from
the two angles rd g, gde, and the remainder i3
the angle fd e of the right-angled triangle dfe;
hence we obtain fed and d f, which added to d b,
gives b, equal to x ¢, the distance from the me-
ridian; from the same right-angled triangle we
obtain fe, which added to fn, equal to d m, gives
¢ n, the distance from the perpendicular.
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For the point i, add together the angles rg d,
98¢, egi, and from the sum subtract the right
angle rgh, and you obtain the angle ghi of the
“th“—zm’g]cd triangle h gi, and (:uilsczluunt]\; the
angle i, hence also we get hi, equal t Ps which
added 1o to, gives op distance from the meridian ’
and g hy, from which subtracting g t, we obtain th,
€qual p1 distance from the perpendicular.

For the point 1, the angle g hi, added to the
angle 1 g i, gives the angle I gk of the right-angled
tiangle gkl, and of course the angle g 1k, whence
We obtain k1 or t y, which added to to, gives oy
Ustance from the meridian; hence we also obtain
8k, which taken from gt, gives kt, equal 1y dis-

dnce from the perpendicular,

f, before the operation, no fixed meridian was
i—il"(‘n, one may be assumed as near as possible
om the point o3 for the errgr in its position will
Tt gt all influence the respective position of the
Hangles,

TQ » 5
Plete the mathematical studenty who may have a desire to proceed on a coma
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“mmended,
el ; ; »
Iml_;‘j‘i""_*u by Simpson, 8vo. 17553 Maclwrin, 8vo. 1771; Bonnycastle’s
. Netlon, ramo. 1766.
fo o etry. Euclid's Ele t
- ! slemen
Sitnpuon T :
Toa. 2¥0 1768, and Eme
“J."”‘”'r-‘-'-.', by Simpso
1 qto. Paris, 1556

s, 7
\,‘“- I \.‘u‘.-g_.u.(, by Ha
ice % 1581, and N

i - C 1
now ia the press, Svo. by

%; Hutton, 8vo; 1787; Elements, by

“Matical Dictionaryy by Hutton; in 2 yols. 4t0. 1746,

To 1}
any Lese may be added, Emerson’s Mathematical IForks, in 10 vols. 8vo.
#oew publishing ar Cambridge by Vince and Wood, in =-- vols, 8va.

Epi7.

A Loy

0B




[ 104 ]

SURVEYING.

_ Tre practice of surveying may he considered

I as consisting of four parts. 1. Measuring strait

| lines. 2. Finding the position of strait lines with Y
:l respect to each other. 3. Laying down, or plan-
g ning upon paper these positions and measures.
1 4. Obtaining the superficial measure of the land
to be surveyed.

‘ We may, therefore, define land surveying to be
i the art which teaches us to find how many times
, any customary measure 18 contained in a given
! picce of ground, and to exhibit the true boun-
| daries thereof in a plan or map.

A station line is a strait line, whose length is ac-
}‘ curately ascertained by a chain, and the bearing
i determined by some graduated instrument.

An offset is the distance of any angular point in
il the boundary from the station line, measured by
; a line perpendicular thereto.

i The curvature of the earth within the limits of
H,, an ordinary survey, is so jnconsidumb]c, that its
‘i.' surface may be safely considered by the land sur-
| veyor as @ plain. Ina large extent, as a provinces
| or a kingdom, the curvature of the earth’s surface
‘\-I becomes very considerable, and duc allowance
| must be made for it.

All plains, how many sides soever they consist
"|‘ of, may be reduced into triangles, and may there-
il fore be considered as composed thereof; and, con-
i sequently, what is required in surveying, are such
i instruments as will measure the length of a side;
and the quantity of an angle of a triangle.
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GENERAL RULES.

A few general observations, or hints, can (mly
be expected in this place; for, after all that we can
Sy, the surveyor must depend on his own judg-
Ment for contriving his work, and his own skill in
Yseriminating, mmong various methods, that which
15 hest, '

The first business of the surveyor is to take
Such a general view of the ground to be surveyed,
48 will fix a map thereof in his mind, and thence
Yetermine the situations for his station lines, and

'€ places where his instruments may be used to
the greatest advantage.
Having settled the plan of operations, his next
Siness is to examine his instruments, and sce
t 4t they are all in proper order, and accurately
justed, He should measure carefully his chain,
and if there be any errors therein, correct them;
Prepare staves, marks, &e. for distinguishing the
%everal stations.

8 b
he fewer stations that can be made use of, the
will be the labour of the survey; it will also be
II’UI'B accurate, less liable to mistakes while in the-
11&::1, or errors when plotting the work at home.

he station lines should always be as long as
‘Pﬂssﬂ_)]e, where it can be done without rendering
(Ll:?roﬂlncta too .l:u'gu; where great accuracy is re-
¢d, these lines should be repeatedly measured,
ﬂl.Q_hl'bT- great point being the careful mensuration
Sit{t.:)l-lr station .]]l](.‘:i;_:lh‘t! second, to determine the
Etatiotmn' of _phicc:; :u_i‘)t;nnm‘g to them. IFOI' every
iy n line is the basis of the &.m_‘(‘*t:t‘*dmg opera-
S, and fixes the situation of the different parts.
aVOid“; lfurvoyu‘r :zzhm}hl so-cmﬂriw his plan, as to
¢ multiplication of small errors, and par-
o 2

bu

]QSS
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ticularly those that by communication will extend
themselves through the whole operation. If the
estate be large, or if it be subdivided into a great
number of fields, it would be improper to survey
the fields singly, and then put them together, nor
could a survey be accurately made by taking all
the angles and boundaries that inclose it.  If pos-
sible, fix upon, for station points, two or more
eminent situations in the estate, from whence the
principal parts may be scen; let thefe be as far
distant from each other as possible; the work will
be more accurate when but few of these stations
are made use of, and the station lines will be more
convenient, if they are situated near the bounda-
rics of the estate.

Marks should be erected at the intersection of
all hedges with the station line, in order to know
where to measure from, when the fields are sur-
veyed. All necessary angles between the main
stations should be taken, carefully measuring in a
right line the distance from each station, noting
down, while measuring, those distances where the
lines meet a hedge, a ditch, &c If any remark-
able object be situated near the station line, its
perpendicular distance therefrom should be ascer-
tained; in the same manner, all offsets from the
ends of hedges, ponds, houses, &e. from the main
station line should be obtained, care being taken
that all observations from the station line, as the
measure of angles, &c. be always made from
points in the station line.

When the main stations, and every thing ad-
joining to them, have been found, then the estate
may be subdivided into two or three parts by new
station lines, fixing the stations where the best
views can be obtained : these station lines must be
accurately measured, and the places where they




FOR SURVEYING, 107

infersect k edges be exactly ascertained, and all the
Necessary offsets determined.

This effected, proceed to survey the adjoining
](}1(15, by observing the angles that the sides make
With the station lines at their intersections there-
With; the distances of each corner of the field
rom these intersections, and that of all necessary
Officts. '
~ Byery thing that could be determined from
these stations being found, assume more internal
Stations, and thus continue to divide and sab-
fh‘f‘i;l;; till at last you obtain single fields, repeat-

lf“?f the same operations, as well for the inuer as
Or the exterior work, till all be finished.

5 E\-'c.r},-' operation performed, and every observa-
tion made, is to be carefully noted down, as the
“ala for fixing the situations upon the plan. The
Work should be closed as often as convenient, and
M as few lines as possible; what is performed in
Ole day should be -carefully laid down ecvery
Nght, in order not only to discover the regular
Process of the work, but to find whether any eir-
Cumstance has been neglected, orany error com-
Mitted, noticing in the ficld-book, how one field
'8 by another, that they may not be displaced in
1e draft.

If an estate be so situated, that the whole can-
N0t be suryeyed together, because one part can-
N0t he seen from the other, divide it into three or
"OUr parts, and survey them separately, as if they
were lands belonging to different persons, and at
‘5t join them together.

As it is thus necessary to lay down the work as
}ff)u Proceed, it will be proper to find the most
“Olyenient scale for this purposc: o obtain this,
Measure the whole length of the estate in chains,

N consider how many inches long your plan
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! i5 to be, and from these conditions, you will as-
o certain how many chains you have in an inch, and
I thence choose your scale.

: [n order that the surveyor may prove his work,
and see daily that it goes on rig ht, -let him choose
$OMe conspicuous Un;an that may be seen from
all, or greater part of the estate he is surveying, |
dud thcn measure with accuracy the (l]]l‘lL this
object makes, with two of the most convenient
gtations in ilu first round, entering them in the
.ﬁ field-book or sketch WEK‘IL they were taken; when
you pl{)t your first round, you will find the true
b situation of this object by the intersection of the
/. angles. Measure the .mqlL this object makes, '
‘ wxl]n one of your station lines in the second, third,
it &c. rounds: these angles, when p]otted one (Ln af-
1 ter another, will intersect each other in the place eof
i the object, if the work be right; otherwise some
il iistake has been committed, which must be-cor-
!" reeted before the work is carried any further,

I Fields plotted from measured lines only, are al-
‘N‘”‘ ways plotted nearest the truth, when th()-«, lines
E@!.:' form at their mwlmg, unrrlo, ucaﬂy '1ppmdchm*f
{ to right angles.

}“' OF THE MOST ADVANTAGEOQOUS CIRCUMSTANCES
it FOR A SERIES OF TRIANGLES.

i The three angles of every triangle should al-
w Wwvays, if por\slblc hg measured.

i As it is impossible to avoid some degree of errof
in taking of angles, we should be careful so to or-
b der our operations, that this error may have the
b least possible mﬂuencv on the  sides, the exact
\|w measare of which is the end of the operations.

i Now, in a right-lined triangle, it is necessary 19
have at 1LLL~L once side nlmaurcrl mcdmtt_h‘ or im~
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mediately; the choice of the base is therefore the
fundamental operation; the determinations will
be most accurate to find one side, when the base
18 equal to the side required; to find two sides, an
equilateral triangle ig most advantageous.

In general, when the basc cannot be equal to
the side or sides sought, it should be as long as
possible, and the angles at the base should be
€qual.

In any particular case, where only two angles
of 3 triangle can be actually observed, they should

e each of them as near as possible to 455 at any
rate their sum should not differ much from go°, for
the less the computed angle differs from go0’; the
less chance there will be of any considerable error
In the intersection.

DESCRIPTION OF THE VARIOUS INSTRUMENTS
USED IN SURVEYING; AND THE METHOD OF
APPLYING THEM TO PRACTICE, AND EX-
AMINING THEIR ADJUSTMENTS.

The variety of instruments that are now madg
Use of in surveying is so great, and the improve-
Mments that have been made within these few ycars
are so numerous, that a particular description of
¢ach is become necessary, that by seeing their re-
Spective merits or defects, the purchaser may be
€nabled to avail himself of the one, and avaid the
Other, and be also enabled to select those that are

St adapted to his purposes.

The accuracy of geometrical and trigonometri-
¢al mensuration, depends in a great degree on the
CXactness and perfection of the instruments made
se of; if these are defective in construction, or

icult in use, the surveyor will either be subject
13 error, or embarrassed with continual ohstacles.
f the adjustments, by which they are to be ren-
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il dered fit for observation, be troublesome and in-
i convenient, thca}f will be taken upon trust, and the
Al instrument will be used without examination, and
thus subject the survevor to errors, that he can
"".. neither account for, nor correct.

In the present state of science, it may be laid
1 down as a maxim, that every instrument should
It be so contrived, that the observer may easily ex-
amine and rectify the principal parts; for however
careful the mstroment-maker may be, however
perfect the execution thereof, it is not possible

1 that any instrument should long remain accurate-
“*”‘ 1y fixed in the position in which it came out of the
‘ maker’s hands, and therefore the principal parts ;
L should be moveable, to be rectified occasionally
I by the observer.
| ]
JM‘\ AN ENUMERATION OF INSTRUMENTS NECES-
"‘17 SARY FOR A SURVEYOR;
i
J'i!ﬂhj Fewer or more of which will be wanted, ac-
1 cording to the extent of his work, and the accu-
i racy required,
'i=|!' A case of good pocket instruments.
|

i A pair of beam compasses.
NP\ A set of feather-edged plotting scales.
Three or four parallel rules, either those of fig.
\ A, Band C, plate 2, or fig. ¥ GH, plate 2,
i A pair of proportionable compasses.
e A pair of triangular ditto,
A pantagraph.
A cross staff.
":\\ | A circumferentor.

I An Hadley's sextant,
il An artifieial horizon,
1 A theodolite.

A surveying compass,
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-Mcas:uring chains, and measuring tapes.
Riug“s surveying quadrant, '

A perambulator, or measuring wheel.
A spirit level with telescope.

Station staves, used with the level.

A protractor, with or without a nonius.

To be added for county and marine surveying:

An astronomical quadrant, or circular instru=
Ment,

A good refracting and reflecting telescope.

A copying glass.

Fur wmarine surveying.

A station pointer.

An azimuth compass,

One or two boat compasses.

_Besides these, a number of measuring rods, iron
Pins, or arrows, &e. will be found very convenient,
ind two or three offsct staves, which are strait
Pieces of wood, six feet seven inches long, and
about an inch and a quarter square; they should
’¢ accurately divided into ten equal parts, each of
‘}’]li_vh will be equal to one link.,  These are used
9T measuring offsets, and to examine and adjust

¢ chain.

Five or six staves of about five feet in length,
d one inch and an half in diameter, the upper
PArt painted white, the lower end shod with iron,
T“’rbk' struck into the ground as marks.

l‘wmn}' or more iron arrows, ten of which are
Uways wanted to use with the chain, to count the
I_“m_ﬂ)er of links, and preserve the direction of the
Ui, so that the distance measured may be really
n A strait line. #

e (f:i( pocket measuring tapes, in wleath er boxes,
~Oiten very convenient and useful.  They arc
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made to the different lengths of one, two, three,
four poles, or sixty-six feet and 100 feet; di-
vided, on one side into feet and inches, and on the
ather into links of the chain. Instead of the lat-
ter, arc sometimes placed the centesimals of a
yard, or three feet into 100 equal parts.

T —

O THE INSTRUMENTS USED IN MEASURING
STRAI'T LINES.

R

OF THE CHAIN.

The length of a strait line must be found me-
chanically by the chain, previous to ascertaining
any distance by trigonometry: on the exuactness
of this mensuration the truth of the operations
will depend. The surveyor, therefore, cannot be
too careful in guarding against, rectifying, or
making allowances for every possible error; and
the chain should be examined previous and subse-
quent to every operation, 2

For the chain, however useful and necessary, 15
not infallible, it is liable to many errors, 1. In
itself, 2. In the method of using it. 3, In the
uncertainty of pitching the arrows; so that the
surveyor, who wishes to obtain an accurate surveys
will depend as little as possible upon it, using 1
only where absolutely necessary as a basis, an
then with every possible precaution.

It the chain be stretched too tight, the rings
will give, the arrow incline, and the measured base
will appear shorter than it really is; on the other
hand, if it be not drawn sufficiently tight, the
measure obtained will be too long. I have beel
informed by an accurate and very intelligent sur-
yeyor, that when the chain has been much useds
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he has generally found it necessary to- shorten it
every sccond or third day. Chains made of
strong wire are preferred.

 Gunter's chain is the measure u niversally adopted
in this kingdom for the purpose of land surveying,
b_L:irlg exceedingly well adapted for the mensura-
tion of land, and affording very expeditious meg-
thods of casting up what is measured. It is sixty-
six feet, or four poles in length, and is divided mto

100 links, each link with the rings between them

18 7.92 inches long, every tenth link is pointed out
by picces of brass of different shapes, for the more
readily counting of the odd links.

The English acre is 4840 square yards, and
Gunter's chain is 22 yards in length, and divided
nto 100 links; and the square chain, or 22 mul-
Uplied by 22, gives 484, exactly the tenth part of
#n acre; and ten chains squared are equal to one
4cre; consequently, as the chain.is divided into
100 links, every superficial cham contains 100
multiplied by 100, that is 10.000 square links;
and 10 superficial chains, or one acre, contains
100.000 square links.

If, therefore, the content of a field, cast up in
Square links, be divided by 100.000, or (which is
T‘]K‘ same thing) if from the content we cut off’ the
five Jagt figures, the remaining figure towards the
left hand gives the content in acres, and conse-
quently the number of acres at first sight; the
Yemaining decimal fraction, multiplied by 4, gives
the roods, and the decimal part of this last pro-
“uct myltiplied by 40, gives the poles or perches.

Thus, ifa field contains 16,54321 square links,
‘:"Q see immediately that it contains 10 acres.
"”4321 multiplied by 4, gives 2,17284, or 2 roods
And 17084 parts; these, multiplied by 40, produce

4 s " X
®:01360, or 6 poles, 91300 parts.
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Directions for using the chain. Marks are first to
be set up at the places whose distances are to be
obtained; the place where you begin may be called
your first station; and the station to which you
measure, the sceond station.  Two persons are to
hold the chain, one at each end; the foremost, or
chain leader, must be provided with nine arrows,
one of which is to be put down perpendicularly at
the end of the chain when stretched out, and to
be afterwards taken up by the follower, b\‘ way of
keeping an account of the number of chains.
‘When the arrows have been all put down, the
leader must wait till the follower brings him the
arrows, then proceeding onw ards as before, but
wnhﬂut leaving an arrow at the tenth extention of
the chain. 111 order to keep an account of the
number of times which the arrows are thus ex-
changed, they should each tie a knot on a string,
carried for that purpose, and which may be fas-
tened to the button, or button-hole of the coat;
they should also ual] out the number of those ex-
changes, that the surveyor may have a check on
them.

It i3 very necessary that the chain bearers should
proceed in a strait line; to this end, the second,
and all the succeeding arrows, should alw ays be
so placed, that the next foregoing one may be in
a line with it, the place lflul\L‘alLd hom. and that
to which you are advancing; it is a very good
method (o set up a staff at every tem chains, as well
for the purpose of a guide to preserve the rectili-
near direction, as to prevent mistakes.

All distances of offsets from the chain line to
any boundary which are less than a chain, are
most conveniently measured by the oﬂ“‘t staft;
the measure must always be obtained in a diree-
tion perpendicular to the chain,
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The several problems that may be solved by
the chain alone, will be found in that part of the
work, which treats of practical geometry on the
ground. *

DESCRIPTION AND USE OF THE SURVEYING
QUADRANT, FOR ADJUSTING AND REGULAT-
ING THE MEASURES OBTAINED BY THE
CHAIN WHEX USED ON HILLY GROUND, IX-
vexTeD BY R. King, survEYOR.

_ There are two circumstances to be considered
n the measuring of lines in an inclined situation:
the firss regards the plotting, or laying down the
Measures on paper; the second, the arca, or super-
ficial content of the land. With respect to the
first, it is evident that the oblique lines will be
Onger than the horfzontal ones, or base; if, there-
tore, the plan be laid down according to such
Measures, all the other parts thereof would be
?h(‘rcby pushed out of their true situations; hence
It becomes necessary to reduce the hypothenusal

* The best method of surveying by the chain, and now gene-
m_“}’ uzed by the more skilful surveyvors, 1 judg:, a sketch of here
Will be :uzc'\":pl‘;l.l;l: to many readers. It consists of forming the
8tales into triangles, and applying lines wiihin them  parallel
31_151 cuntiguons to every fence and line to be laid down, with
Offsets from these lines when necessary.  The peculiar advan-
tage of this method is, that, after thrée lines are measured and
a.ld down, every other line proves itself

UPon application. Thus, if the t

a
C 1-
%]“ abi he laid down, and the points d
;.i and ¢ piven in the sides, when the ;
I‘-!I:: de 11:15’1;;-.1:11 measured for the pur- ' /x
L el taking a fence contigueus 1o 1t, &£— ¢
¢

Itw

Ul prove itself when laid down, from

ine\:\w extremities being given. This method cannotbe used

t‘hn,-:(,{d;’ where the prineipal lines could not be uljscrvc:.d, or:in

rec‘_ﬂl-l‘__fl‘l.‘-;’.'.rom}s or very dcmch_:tl 11:'.1_".5 of estates; in .-:‘.u:l_l (:‘ﬂ.-Cb

'H.In 5¢ T-“lﬂ be had to the theodolite, or uther angular instru-
« Epir,




206 KixG's SURVEYING QUADRAN T

lines to horizontul, which is easily effccted by
Mr. King's quadrant.

With respect to the arca, there is a difference
ANONY SUrveyors; some LuuLcndmL. that it should
be made according to the hypothenusal; others,
according to the horizontal lines: but, as all have
agreed to the necessity of the reduction for the first
purpose, we need not enter minutely into their
yeasons here; for, cven if we admit that in some
cases more may be grown on the hypothenusal
plain than the htmmutll even then the area
should be given according to both suppositions, as
the hilly and uncven s_}wumi requires more labour
in the working.

The r]uddnmi AB, fig. 1, plate 14, 1s fitted to a
wooden square, which shdm upon an offset staff,
and may be fixed at any height by means of the
sCrew (,., which draws in the dl.LgOI]-i] of the staff,
thus embracing the four sides, and keeping Hu,
Iimb of the square perpeuch(‘nl.u to the staft; the
stafl’ should be ])()mtc(l with iron to prevent wear;
when the staff is fixed in the ground on the station,
line, the square answers the purpose of a cross
staff, and may, if desired, have sights fitted to it.

AR qmdmut 18 three uuhca radius, of brass, i3
furnished with a spirit level, and is fi istened to the
limb D E of the square, by the screw G.

When the several hm s on the limb of the quad-
rant have their first division coincident with their
respective index divisions, the axis of the level is
parallel to the staff.

The first line next the edge of the quadrant is
numbered from right to left, and is divided into
100 parts, which shews the number of links in the
horizontal line, which are completed in 100 links
on the hypothenusal line, and in proportion for
any lesser number,
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The second, or middlemost line, shews the
mumber of links the chain is to be drawn forward,
10 render the hypothenusal measure the same as
the horizontal.

. The third, or uppermost line, gives the perpen-
dicy]yy height, when the horizontal line is equal
to 100.

Ly use the quadrant. Lay the staff’ along the
chain line on the ground, so that the plain of the
Yuadrant may be upright, then move the quad-
fant till the bubble stands in the middle, and on
the seyeral lines you will have, 1. The horizontal

ength gone forward in that chain. 2. The links
10 be drawn forward to complete the horizontal
Chain, 3, The perpendicular height or descent
Made in going forward one horizontal chain.

The two first lincs are of the utmost importance
' surveying land, which canrot possibly be plan-
led with any degree of accuracy without having
the horizontal line, and this is not to be obtained

¥ any instrument in use, without much loss of
time to the surveyor. For with this, he has only
10 lay his staff on the ground, and set the quadrant
bl the bubble is in the middle of the space, which
'S very soon performed, and he saves by it more
Ume jp plotting his survey, than he can lose in the

¢ld; foras he completes the horizontal chain as

© goes forwards, the offsets are always in their vight
Places, and the field-book being kept by horizon-
M measure, his lines are always sure to close.
£ the superficial content by the hypothenusal
sure be required for any particular purpose, he
a5 that likewise by entering in the margin of his
Cl(_i—book the links drawn forward in each chain,
‘@Ving thus the hypothenusal and horizontal
“ngth of every Kne.

Meg
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OF THE PERAMBULATOR, OR

The third line, which is the perpendicula#
height, may be used with success in finding the
hcmht of timber; thus measure with a tape of
100 tut the surface of the ground from the root
of the tree, and find, by the second line, how much
the tape is to be drawn forward to complete the
distance of 100 horizontal feet; and the line of
pupunmu ars shews how many feet the foot of
the tree is above or below the pidu, where the 100
feet distance 1s completed.

Then inverting the quadrant by means of ‘\1&_’"1][3
fixed on the Hldﬂ pllcc the staff in such a posi-
tion, as to point to that part of the tree whose
hu"ht you want; and slide the quadrant till the
bubb]L stands level, you will have on the line of
perpendiculars on the quadrant, the height of that
part of the tree above the level of the place where
you are; to which add or subtract the perpen-
dicular height of the place from the foot of the
tree, and you obtain the height uquuuh

>

OF THE PERAMBULATOR, OR IMPROVED MEA-
SURING WHEEL; THE WAY-WISER, AND THE
PEDOMETER.

Fig. 6, f]m‘(f 17, represents the perambulator,
whmh consists of a wheel of wood A, shod or lined
with iron to prevent the wear; a -,hmt axis is fixed
1o this wheel, which communicates, by a long pi-
nion rod in one of the sides of the Lulmgt,B
motion to the wheei-work C, included in the box
part of the instrument.

In this instrument, the circumference of the
wheel A, Is eight fect three inches, or half a poles
one revolution of this wheel turns a single-
threaded worm once round; the worm takes into
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& wheel of 80 teeth, and turns it once round in 80
evolutions; on the socket of this wheel is fixed
a1 index, which makes one revolution in 40 poles,
O one furlong: on the axis of this worm is fixed
another worm with a single thread, that takes into
2 wheel of 40 teeth; on the axis of this wheel is
nother worm with a single thread, turning about
@ wheel of 160 teeth, whose socket carries an in-
dex that makes one revolution in 80 furlongs, or
10 miles. On the dial plate, see fig. 7, there are
three graduated circles, the outermost is divided
ito 990 parts, or the yards in a furlong; the next
o 40 parts, the number of poles in a f urlong;

& third into 80 parts, the namber of fi urlongs in
10 mijes, every mile being distinguished by its
Proper Roman figure.

This wheel is much superior to those hitherto
Made, 1.Because the worms and wheels act with-
Ut shake, and, as they have only very light indices

O carry, move with little or no friction, and are,
t erefore, not liable to wear or be soon out of or -
“er; which is not the case with the general num-

r of those that are made, in which there is a

O0g train of wheels and pinions, and consequently
Much shake and friction. 2. The divisions on the
8raduated circles are at a much greater distance,
am,l May therefore be subdivided into feet, if re-
duired,” 3 The measure shewn by the indices is

& More accurate, as there is no shake nor any
258 of fime in the action of one part or another.
The instrument is sometimes made with a double
Yheel for steadiness when using, and also with a
' Connected to the wheel-work, to strike the

Mmnber of miles gone over.

h 1S instrument is very urjcful for mcas1.1rin_g

Oads, Commons, and every thing where expedi-

Loy . ; EUE R
"B 15 required; one objection is however made
»
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to if, namely, that it gives a measure somewhat
too long by entering into hollows, and going over
small hills.  This is certainly the case; the mea-
suring wheel is not an infallible mode of ascer-
taining the horizontal distance between any two
laces; but then it may with propriety be asked
whether any other method is less fallible? whether,
upon the whole, and in the circumstances to which
the measuring wheel is usually appropriated, the
chain is not equally uncertain, and the measure
obtained from it as liable to error, as that from the
wheel.

The way-wiser is a similar kind of instrument,
but generally applied to carnages for measuring
the roads or distance travelled.  The best method
for constructing such a one is represented in fig. 8.
plate 17. A piece of plate iron A is serewed to
the inside nave of the wheel; this being of a cur-
vilineal shape, in every revolution of the coach-
wheel B it pushes against the sliding bar C, which,
at the other end, withinside of the brass box ol
wheel-work 13, is cut with tecth, and thercby
communicates motion to the wheel-work in the
box. The bar is re-acted upon by a spring in the
box, so as to drive it out again for the fresh im-
pulse from the iron picee on the nave, at every
revolution. As the wheels of carriages differ in
size, the wheel-work is calculated to register the
munber of revelutions, and shew by three indices
on the dial plate to the amount of 20,000. In
any distance, or journey performed, the length of
feet and inches in the circumference of the wheel
nust be first accurately measured, and that multi-
plied by the number shewn on the dial of the
way-wiser gives the distance run.

By means of rods, universal joint, &e. it is often
made to act within the carriage, so that the person
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May at any moment, without the trouble of getting
- out, see the number of the revolutions of the
Wheel. If the instrument is to be always applied
10 one wheel, a table may easily be constructed to
shew the distance in miles and its parts by inspec-
tion only.

The pedometer is exactly the same kind of in-
Strument as the way-wiser. The box containing:
the wheels is made of the size of a watch case, and
goes into the fob, or breeches pocket; and, by
Means of a string and hook fastened to the waist-

and or at the knee, the number of steps a man
takes in his regular paces are registered, from the
action of the string upon the internal wheel-work,
at every step, to the amount of 30,000. It is ne-
Cessary to ascertain the distance walked, that the
average length of one pace be previously known,
and that multiplied by the number of steps regis-
tered on the dial plate.

OF THE SURVEYING CROSS, fig. 2, plate 14.

The cross consists of two pair of sights, placed
A right angles to each other: these sights are
SOmetimes pierced out in the circumference of a
thick tube of brass about 2% inches diameter, see
‘£ 8, plate 14. Sometimes it consists of four
Sights strongly fixed upon a brass cross; this is,
When in use, screwed on a staff having a sharp
Point at the bottom to stick in the ground; one of

15 kind is represented at fig. 2, plate 14. The
OUr sights serew oft to make the instrument con-
‘Smﬁ‘nt for the pocket, and the staff which is about
qcﬁrm' five feet in length (for both the crosses) un-
T eWsinto three parts to go into a pm’tmﬁuntcau,&c.
for 1110 Surveying cross is a very useful 111‘strnmcn?

Placing of offsets, or even for measuring smal!
P2
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pm‘ 3 of ground; its accuracy depends on th

sights hcm-r exactly at right unrrlu tn each otiw
It may be prmul h\ Ionk’mg at one object through
two of the sights, and 0b~L1\mfr at the same time,
without moving the instrument, another object
through the other two sights; then turning the
cross upon the staff, lm)k at the same ub]uh
through the opposite sights; if they are ar(umtcly
in ﬂu, dircction of the sights, the mstrument 1
gorrect.*

It is usual, in order to ascertain a crooked line
by offsets, h1~.t to measure a base or station line in
the longest direction of the piece of ground, and
while measuring, to find by the cross the places
where pcrl)uuhcu]‘na would fall from the several
corners and bends of the boundary; this is done
by trials, fixing the nstrumerit so, that by one pair
of mqhtq built ends of the line may be seen; and
by the other pair, the corre spondmfr bend or cor-
ner; then measuring the length of the said perpen-
diu.ll'n‘. To be more partwulal let A, h, 115 m;
Jig. 35 p!‘cm 0, be a crooked hedge or river; mea-
sure a strait line, as AB, along the side cn‘ the
foregoing line, and while measuring, observe when
you are ﬂppﬂﬁllt to any bend or corner of the
he dge, as at ¢, d, ¢; from thence measure the per-
pendicular oﬁ'wia, as at ch, di, &ec. with- the
offset staff, if they are not teo lonu if so, with the
chain. The situation of the oﬂmls are readily
found, as above directed, by the eross, or f’\:r,gv

# ] ‘have made some additions to the box crose staff, which
have been found useful and convenient for the packet, where
great accuracy is not required, See fip, 6. A compass and nee;
dle at the Iup A Lu give the bearings, aud a moy eable gr’ulualtfr_
base at B, by rack- work and pinion C, to give an angle to 5" of
a degree by ‘the nonius divided on the box above. Thus the suf-
vey or may have a small theodolite, circumferentor, and cros$
stafl’ all in one instrament. Epiv,
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surveying quadrant; they are to be registered in
the field-book.

Of surveying with ihe chain and eross. What
has been denominated by many writers, surveying
by the chain anly, is in fact surveying by the cross
and chain; for it is necessary to use the cross, or
Optical square, for determining their perpendicu-
lar lines, so that all that has been said, cven by
these men, in favour of the chain alone, s founded
m fallacy. To survey the triangular field ABC,
Jig. 29, plate 9, by the chain and cross: 1. Set up
Marks at the corners of the field. 2. Beginning,
Suppose at A, measurc on in a right line till you
are arrived near the point D, where a perpendicu-
lar will fall from the angle, let the chain lie in the
direction or line AB. 3. Fix the cross over AB,
S0 as to see throngh one pair of sights the mark at
Aor B, and through the other, the mark at C; if
it does not coincide at C with the mark, the eross
must be moved backwards or forwards, till by
trials one pair of the sights exactly coincide with
the mark at C, and the other with A or B. 4, Ob-
-8erye how many chains and links the point D is
from A, suppose 3. 0. 3. which must be entered in
the ficld-book. 5. Measurethe perpendicular D C,
643, % finish the measure of the base line, and the
work is done. 7 his mode is used at present by many
Surveyors, j,u-g[’g[;{y because there is no check ‘wfze?-rt.'f_i}'
10 discover their errors, which must be very great, if
the Survey is of any extent.

To plot this, make AB equal 11.41. AD equal
10 3.0. 3. on the point D erect the perpendicular
DC, and make it equal 6.43. then draw AC;

C, and the triangle is formed.
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OF THE OPTICAL SQUARE, fiz. 4, plate 14,

This instrument has the two prineipal glasses of
Hadley's quadrant, was contrived by my father; it
is in most, if not in all respects, superior to the
common surveying cross, because it requires no
staff, may be used in the haml, and is of course of
great use to a military officer. It consists of two
plain mirrors, so disposed, that an object seen by
reflexion from both, will appear to coincide with
another object seen by direct vision whenever the
two objects subtend a right angle from the center
of the instrument, and serves therefore to raise or
let fall perpendiculars on the ground, as a square
doeson paper, of which we shall give some exam-
ples. Iis application to the purposes of surveying
will be evident from these, and what has been al-
ready said concerning the cross.

Fu; 4, plare14, 1~>’1r(‘presentdtion of the instru-
ment mthfmt its cover, in order to render the con-
struction more evident. There i1s a cover with a
slit or sight for viewing the objects; the object
seen directly, always coincides with the object seen
by reflexion, when they are at right angles to each
other*,

From a given point in a given line, to raise a
perpendicular. 1. The obscrver is to stand with
this instrament over. the given point, causing a
person to stand with a mark, or fixing one at some

convenient distance on the given line. 2. An as-

gistant must be placed at a convenient distance,
with a mark somewhere near the line in which it
is supposed the perpendicular will fall; then if on
looking at one of the objects, the other be seen in

# See the desc rlptmn of a considerable improvement upon ity
after the description of the Hadley's sextant, plaze 19,  EDIT.
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a line with it, the place where the mark of the as-
sistant is fixed is the required point.

From a given point vver a given line to let fall
@ perpendicular. Every strait line is limited and
determined by two points, through which it is sup-
posed to pass'; so in a field the line is determined
by two fixed objects, as steeples, trees, marks
trected for the purpose, &c. For the present ope-
Yation, the two objects that determine must be on
one side the point where the perpendicular falls;
or, in other words, the observer must not be be-
tween the objects, he must place himself over the
1_1'!16:, in which he will always be when the two ob-
Jects coincide: he must move himself backwards
on this line, till the mark, from whenee the per-
Pendicular is 1o be let fall, seen by dir¢ct vision,
Coincides with one of the objects which determine
the given line seen by reflesion, and the instru-
ment will be over the required point.

To measure inacessible distunces by the npiim!
Square.

Required the distance from the steeple A, fig.
20, plate ¢, to B. Let the observer stand with his
Uistrument at B, and direct an assistant to move
about C with a staff as a mark, until he sees it
Coincide by direct vision with the object at A let

in fix the staff theres then let the observer walk
"Llong the line until A and B coincide in the mstru-
ment, gnd BD will be perpendicular to A C:
Measure the three lines BC, DC, BD, and then
the following proportion will give the required dis-
tance, for as D C is to D B, s0 is BC to AB.

Second method. 1. Make BC, fig. 21, plate 0,
Perpendicular to BA. 2. Divide BC into four
Cqual parts, 3. Make C D perpendicular to CB.
4. Bring FEA into one line, and the distance
fom Cto F will be £ of the distance from B to A.
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OF THE CIRCUMFERENTOR, fig. 1, plate 15.

This instrument consists of a compass box, a
magnetic needle, and two plain sights, perpen-
dicular to the meridian line in the box, by which
the bearings of objects are taken from one station
to another. It is not much used in England where
land is valuable; butin America where land is not
so dear, and where it is necessary to survey large
tracts of ground, overstocked with wood, in a
little time, and where the surveyor must take a
multitude of angles, in which the sight of the two
lines forming the angle may be hindered by un-
derwood, the circumferentor is chiefly used.

The circumferentor, see g, 1, plate 15, con-
sists of a brass arm, about 14 or 15 inches long,
with sights at each end, and in the middle thereof
a circular box, with a glass cover, of about 5%
inches diameter; within the box is a brass gradu-
ated circle, the upper surface divided into 360
degrees, and numbered 10. 20. 30. to 360; every
tenth degree is cut down on the inner edge of
the cirele. The bottom of the box is divided in-
to four parts or quadrants, each of which is sub-
divided into QO degrees numbered from the me-
ridian, or north and south points, each way to the
east and west points; in the middle of the box is
placed a stecl pin finely pointed, called the center
pin, on which is placed a magnetic needle, the
quality of which is such, that, allowing for the
difference between the astronomic and magnetic
meridians, however the instrument may be moved
about, the bearing or angle, which any line makes
with the magnetic meridian, is at once shewn by
the needle.

At each end of the brass rule, and perpendicu-
lar thereto, sights are fixed; in each sight there 18
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& large and small aperture, or slit, one over the
other, these are alternate; that is, if the aperture
be uppermost in one sight, it will be lowest in
the other, and so of the small ones; a fine piece
Of sewing silk, or a horse hair runs throngh the
middle of the large slit.  Under the compass box
8 a socket to fit on the pin of the staff; the m-
Strument may be turned round on this pin, or
fixed in any situation by the milled serew; it ay
also be l'Cél_LUl_\," fixed in an horizontal direction hy
the ball and rocket of the staff, moving for this
Purpose the box, till the ends of the needle are
“quidistant from the botiom, and traverse or play
With freedom.
. Occasional variations in the construction of this
Mstrument, are, 1. In the sights, which are some-
‘mes made to turn down upon an hinge, in
Order to lessen the bulk of the instrument, and
Tender it more convenient for carriage; somctimes
11)(:}; are made to slide on and off with a dovetail;
SOmetimes to fit on with a screw and two steady
Pins, 9. In the box, which in some instruments
148 a brass cover, and very often a spring 1s placed
Within the box to throw the needle off the cen-
T pin, and press the cap close aguinst the glass,
to Preserve the point of the center pin from being
unted by the continual friction of the cap of the
feedle, 3, In the needle itself, whith is made of
Ufferent forms. 4. A further variation, and for
H1¢ best, will be noticed under the account of the
"Mproved circumferentor.
he surveying compass represented at fig. 3,
Plate 15,18 a species of eircumferentor, which has
51’2!36119 hce‘n only applied to :ﬁ]i]ii‘.m‘}_‘ purposes;
-Onsists of a square box, within which there is
i‘-{‘nzas-s c‘irclc divi_dcd in-tn 300 degrees; in 113(-:
Crof the box is a pin to carry a4 magnetic
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needle; a telescope is fixed to one side of the
box, in such a manner as to be parallel to the
north and south lime; the tuleacnpc has a vertical
motion for viewing {b_;ulﬂ: in an inclined pl.ml 5
at the bottom of the box is a socket to receive &
stick or stafl for -upp01’tt 1 the instrument.

Do use the cirenwmferentor.  Let AB (,, Jig. 10,
plate g, be the angle to be measured. . The in-
st 1'1uneutburafr ﬁ\Ld on the staff, I:hc‘? its center
over the point B. 2. Set it hmumnal by moving
the ball n its smkt‘l till the needle is parallel to
the bottom of the compass box. 3. Turn that end
of the compass box, on which the N. or fleur de
lis is engraved, nL\t thc eye. 4, Look along BA,
and ohucnc at what degree the needle stands, sup=
pose 30. . Turn lhn, instrument round upon the
pin of the bd“ and socket, till you can see the
object C, and suppose the ncullc now to stand at
125. 6. Take the former number of observed de-
grees from the latter, and the remainder g5 is the
Icquu ed angle.

If, in two observations to find the measure of an
angle, the needle points in the first on one side
360°, and in the second on the other, add what
one wants of 360” to what the other is past 3607
and the sum is the required angle.

This general idea of the use of the circumferen=
tor, it is presumed, will be sufficient for the pre~
sent; it will be more particularly treated of here-
after.

When in the use of the circumferentor, you
look through the upper sights, from the Lndmlr of
the station to the be;mmn it is called a back
sights but when you look Lhroug‘h the lower slit
from the beginning of the station towards the end,
it is termed the fore sight. A theodolite, or any
instrument which is not set by the ncedle, must
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be fixed iy its place, by taking back and fore sights
Al every station, for it is by the foregoing station
\_‘-haL It is set parallel; but as the needle preserves
1s parallelism throughout the whole survey, who-
S0ever works by the circumferentor, need take no
More than oncdsight at every station.
here is, indeed, a difference between the mag-
Netic and astronomic or true meridian, which is
Called the variation of the needle. This variation is
Werent at different places, and is also different at
Werent {imes; this difference in the variation is
Called the variation of the variation; but the in-
Crease and decrease thereof, both with respect to
‘e and place, proceeds by such very small in-
Crements or décrements, as to be altogether insig-
Wiicant and insensible, within the small limits of
N ordigary survey, and the short time required
9 the performance thereof,#

OF THE IMPROVED CIRCUMFERENTOR.

b - . -
! The cxcellency and defects of the preceding in-
i’ Fament both originate in the needle; from the
ligular direction thereof, arise all its advantages;
i € unsteadiness of the needle, the difficulty of as-
aining with exactness the point at which it set-
incs, are some of its principal defects. In this
IProved construction these are obviated, as will
thf The present variation, or, more properly, the declination of
inv Reedle, is pear 229 W, of the north at London; or two points
i Eeneral may be allowed on an instrument to the E. to fix the
nonhn,mndi;m' Its -inclination, ov dip, was about 79° of the
5 w"“polf: below the horizon in the year 1775. The inclination,
aput - 8 the declination of the needle, is found to be continually
ma'c"]l__ng? and, from the observations and hypotheses hitherto
Lf:rmLE; 0L to develope any law by which its position can be de-

ed for any fusure time,  Epir,
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be evident from the following description.  One of
these instruments is represented at fig. 2, plate 15

A pin of about three quarters of an inch diame-
ter goes through the middle of the box, and forms
as it were a vertical axis, on whieh the instrument
may be turned round horizontally; on this axis
an index AB is fastened, moving in the inside of
the box, having a nonius on the outer end to cuts
and subdivide the degrees on the graduated cirele-
By the help of this index, angles may be taken
with muoch greater accuracy than by the needle
alone; and; as an angle may be ascertained by the
index with or without the needle, it of course re-
moves the difficulties, which would otherwise arise
if the needle should at any time happen to be acted
upon, or drawn out of its ordinary position by ex-
traneous matter; there is a pin beneath, whereby
the index may be fastened temporarily to the bot-
tom of the bex, and a screw, as usual, to fix the
whole occasionally to the pin of the ball and socket,
so that the body of the instrument, and the index,
may be either turned round together, or the one
turned round, and the other remain fixed, as oc-
casion shall require. A further improvement is
that of preventing all horizontal motion of the ball in
the sockets the ball has a motion'in the socket every
possible way, and every one of these possible mo-
tions is necessary, except the horizontal one, which
is here totally destroyed, and every other pussibfﬁ
motion left perfectly free.*

# The instrument is made to turn into a vertieal position, and
by the addition of a spirit level to talke altitudes and depressions:
The index AB has been found to interfere too much with the
free play of the needle.  In the year 1701 I contrived an extern®
nonius piece a, fig. 6, to move against and round the graduate
circle 4, either wilh or without rack-work or pinion. 'The cir-
cle and compass plate are fixed, and the nonius piece and outs!
rim and sight carried round together when in use, This has
been generally approved of.  Eoir,
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GENERAL IDEA OF THE USE OF THESE
INSTRUMENTS.

For this purpose, let fig. 1, plate 18, represent
2 field to be surveyed. 1. Set up the circumferen-
tor at any corner, as at A, and therewith take the
Course or bearing, or the angle that such a line
makes with the magnetic meridian shewn by the
needle, of the side AB, and measure the length
thereot with the chain.,

If the circumferentor be a common one, having
10 index in the box, the course or bearing is taken
)y simply turning the sights in a direct line from
A to B, and when the needle settles, it will point
Out on the graduated limb the course or number
9t degrees which the line bears from the magnetic
Meridian.

But if the circumferentor has an index in the
0%, it is thios used. 1.Bring the index to the north
Point on the graduated limb, and fix it there, by
!ustcning the body of the instrument and the under
Part together by the pin for that purpose, and
turn the instrument about so that the needle shall
Settle at the same point; then fasten the under
Part of the jnstrument to the ball and socket, and
mkmg‘ the pin out, turn the sights in a dircct line
rom A towards B, so will the course and bearing

€ pointed out on the graduated circle, both by the
Needle anl by the index. This done, fasten the
ody of the instrument to the under part again,
:_“d hgl\'ing set il‘_w. iu-s'l'z'-_nr}('nl, up at B, turn the
Sights in 2 direct line back from Bto A, and there
asten the under part of the instrument to the ball
and socket: then take out the pin which fastens the
)Od}'.ﬂf the instrument to the under part, and turn
e sights in a direct line towards C; and proceed
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in the same manner all round the survey; so will
the courses or bearings of the several lines be
pointed out both by the needle and the index, un-
less the needle should happen to be drawn out of
its course by extraneous matter; but, in this CAasey
the index will not only shew the course or bearing,
but will likewise shew how much the needle is so
drawn aside. After this long digression to explain
more minutely the use of the instruments, we may
proceed. 2. Set the circumferentor up at B, take
the course and bearing of B C, and measure the

length thereof, and so proceed with the sides C D,

DE, EF, FG, GA, all the way round to the

place of beginning, noting the several courses or
{)mrings, and the lengths of the several sides in a

field-book, which let us suppose to be as the fol-

lowing :

i. AB North # West 21. 00,
2. BC North 55 15 East 18, 20).
3. CD South 62 30 East 14. 40.
4. DE South 40 ‘West 11.

5. EF South 4 15 East 14,

6. FG North 73 45 West 12, 40.
7. GA South 39 West 9. 17,

N. B. Bynorth ;° west, s meant seven degrees
to the westward, or left hand, of the north, as
shewn by the needle: by north 55° 15" cast, fifty-
five degrees fificen minufes to the castward, or right
hand of the north, as shewn by the needle.

In like manner by south 62° 3¢/ cast, is meant
sixty-two degrees and thirt ¥ minutes to the east-
ward, or left hand of the south; and by south
40° west, forty degrees to the westward, or riglﬂl
hand of the south.
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The 21 chains, 18 chains 20 links, &e. are the
lengths or distances of the respective sides, as mea-
sured by the chain.

Fig. 4, plate 15, represents a small circumferen-
tor, or theodolites it 1s a kind that was much used
by General Roy, for delineating the smaller parts of
4 survey. The diameteris 4 inches. It is better
to haye the sight picces double, as shewn in Jig 2.

OF THE COMMON THEODOLITE.

The error to which an instrument is liable,
where the whole dependance is placed on the nee-
dle, soon rendered some other invention necessary
o measure angles with accuracy; among these, the
common theodolite, with four plain sights, took the
lk‘ud, being simple in construction, and easy in use.

The commen theodolitc is represented Jig. 5
plate 14; it consists of a brass graduated circle, a
Moyeable index AB; on the top of the index is a
Compass with a magnetic needle, the compass box
is covered with a glass, two sights, C, D, are fixed
to the index, one at each end, perpendicular to the

_Plain of the instrument. There are two more sights
L F, which are fitted to the graduated circle at the
Points of 360° and 1807 they all take on and off
or the conveniency of packing. In each sight
there is, as in the cireumnferentor, a large and a
Small aperture placed alternately, the large aper-
ture in one sight being always opposed to the nar-
TOW aperture in the other; underneath the brass
Cirele, and in the center thereof, is a sprang to fit
on the pin of the ball and socket, which fixes on a
1hr(’10-lt‘gg-:d staff.
The cirele is divided into degrees, which are
numbered one way 1o 360°, usually from the
tft ta the right, supposing yourself at the center

a
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of the instrument; on the end of the index is 4
nonius division, by which the degrees on the limb
are subdivided to five minutes; the divisions on
the ring of the compass box are numbered n 2
contrary direction to those of the limb.

As much of geometrical mensuration depends
on the accuracy of the instrument, it behoves every
suryeyor to examine them carefully; different me-
thods will be pointed out in this work, according
to the nature of the respective instruments. In that
under consideration, the index should move regu-
larly when in use; the theodolite should always bL
platcd *{m]} hor lzont.:l otherwise the 'mqlcc. mea-
sured by it will not be true: of this position yott
may judge with sufficient accuracy by the needle,
for if this be originally well balanced, it will not be
parallel to the compass plate, unless the instrument
be horizontal; two bubbles, or spirit levels, are
sometimes placed in a compass box at right angles
to each other, in order to level the instrument, but
it appears to me much better to depend on the
needle: 1. Because the bubbles, from their size,
are seldom accurate. 2. Because the operator
cannot readily adjust them, or ascertain when they
indicate a true lével.

To examine the instrument; on an extensive
plain set three marks o form a triangle; with your
theodolite take the three angles of lhh tlmnglﬁ‘,
and if these, when added tnrrcthm, make 1807, yout
may be certain of the justness of your instrument.

To examine . the needle; observe accurately
where the negdle settles, and then remove it from
that situation, hy placing a picce of steel or mag-
net near it; if 1t afterwards settles at the same
point; itis so far right, and you may judge it to be
perfectly so, if it settles plopmh in all situations O
the box, Ifin any situation of the box a deviation
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18 @bseryed, the error is most probably oceasioned
Y some particles of steel in the metal, of which
the compass box is made.

. To examine the graduations; set the index di-
Vision of the nonius to the beginning of cach de-
gree of the theodolite, and if the last division of the
Honius always terminates precisely, at cach appli-
Cation, with its respective degree, then the divi-
0ns are accurate,

Cautions in the use of the instrument. 1. Spread
the legs that support the theodolite rather wide,
nd thrust them firmly into the ground, that they
May neither yield, nor give unequally during the
Observation. 2. Set the instrument horizontal.
8. Screw the ball firmly in its socket, that, in turn-
Mg the index, the theodolite may not vary from

1 objects to which it is directed. 4. Where
ACcuracy is required, the angles should always be
taken twice over, oftner where great accuracy is
Materig], and the mean of the observation must

€ taken for the true angle.

o smeasure an angle with the theodolite, Let
li\ B, Bc, fig. 10, plate @, represent two station
Ness place the theodolite over the angular point,
d direct the fixed sights along one of the lines,
U yon see through the sights the mark A : at thas
SCrew the instrument fast; then turn the moveable
Mdex, il] through its sights you see the other
Mark C; then the degrees cut by the ndex upon
Shg_\‘_.if,‘il'};lguat'e.cl.}i{ﬂbz .'m' ‘l‘itli_’: ‘(Jf the instrument,

v the quantity of the angle. .

Tk 1“‘- fixed sights are always to })c directed to tl-h_'
¢ tlﬁiﬂtloriz :LE:[(I %!1133(' on the index to the next.
Nm___]_f' beginning of the degrees are toxj'al'dﬁ the

Yeyor, when the fixed sights are directed to an
SoJeet, and the figured or N. point towards him in

1r@cting the indéx, then that end of the index to-

Q
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wards the survevor will point out the angle, aad
the south end of the needle the bumnu’. the ap-
plication of the instrument to various cascs that
m.l\ oceur in surveying, will be evident from what
we shail say on that wuh,ul in the course of this
work.

OF HE COMMON PLAIN TARLE, flg.1, plute 17

The tabular part of this instrument is usnally
made of two well-seasoned boards, forming a pua-
rallelogram of about 15 inches long, and 12 inches
broad; the size is occasionally varied to suit the
intentions of the operator.

The aforesaid parallelogram is framed with 3
lulu‘ on cach side to support a box frame, which
frame confines the paper on the table, and keeps
it close thereto: the frame is therefore so contrived,
that 1t 1y be taken off’ and put on at 11 ASUTES
either side upwards. Each side of the frame i
graduated; one side is usually divided into scales
of equal parts, for drawing lines parallel or per-
pendicular to the edges of L]](.' table, and also for
MOTe Lonununl;\ ~h1ft1nfr the paper; the other
face, or side of the frame, is divided into 360°, fromt
a brass center in the middle of the table, in order

that angles may be measured as with a theodolites
on the same fice of the fram ¢, and on two of the
edges, are graduated 180°; the center of thesé
degrees 1s exactly in the middle between the two
anl~.. and about ith part of the breadth from one
of the sides.

A magnetic needle and « compass box, covered

vith a 0? 18 and spring ring, slides in a dovet: ail oR
the undu side of the ‘thc. and is fixed there by 8
finger screw; it serves to point out the cmuuuﬂx
and be a (il\.(.l\ upon the sights,




THE COMMON PLAIN TABLE. 227

There is also a brass index somewhat larger than
the diagonal of the table, at cach end of which a
sight is fixed; the vertical hair, and the middle of’
the edge of the index, are in the same plain; this
edge is chamfered, and is usually called the fiducial
cdge of the index. Scales of different parts in an
inch are usually laid down on one side of the index.

Under the table is a sprang to fit on the pin of
the ball and socket, by which it is placed upon a
three-légoed staff.

1o jﬂf:u;é' the paper on the table. Take asheet of
paper that will cover it, and wet it to make it ex-
pand, then spread it flat upon the table, pressing
down the frame upon the edges to stretch it, and
!(Ccp it in a fixed situation; when the paper is dry
it will by contracting become smooth and flat.

To shift the paper on the plain table. When the
paper on the table is full, and there is occasion for
more, draw a line in any manner through the far-
thest point of the last station line, to which the
work can be conveniently laid down; then take
off the sheet of paper, and fix another on the table;
draw a line upon it in a part most convenient for
the rest of the work; then fold, or cut the old
shect of paper by the line drawn on it, apply the
F(lgc to the line on the new sheet, and, as they lie
In that position, continuc the last station line upon
the new paper, placing upon it the rest of the
Measures, beginning where the old sheet left off,
and so on from sheet to sheet.

To fasten all the sheets of paper together, and
thus form one rough plan, join the aforesaid lines
dccurately together, in the same manner as when
the lines were transferred from the old sheets to
the new one. But if the joining lines upon the
0ld and new sheets have not the same inclination to
the side of the table, the needle will not point o

a 2
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the originat degree when the table is rectified. If
the necdle therefore should respect the same de-
gree of thie compass the easiest way of drawing
the line in the same position isto draw them both
parallel to the same sides of the table, by means of
the scales of equal parts on the two sides.

To use the plain table. Fix it at a convenient
part of the ground, and make a point on the paper
to represent that part of the ground.

Run a fine steel pin or needle through this
point into the table, against which you mast ap-
ply the tiducial edge of the index, moving it round
till you perceive some remarkable object, or mark
set up for that purpose. Then draw a line from
the station point, along the fiducial edge of the
index.

Now set the sights to another mark, or object,
and draw that station line, and so pm(‘uc(l till you
have obtained as many angular lines as are neces-
sary from this station,

The next rvequisite, 1S the measure or distance
from the station te as many objects as may be ne-
cessary by the chan, taking at the swne time the
oflsets to the required corners or crooked parts of
the hedges; setting off all the measures upon their
1'(:\1'}(:(:['1'{(: lincs upon the table.

Now remove the table to some other station,
whose distance from the foregoing was previously
measired: ihen lay down the objects which ap-
pear from thence, and continue these operations
till your work is finished, measuring such lines a3
are NeCessary, and determining as many as you
can by intersecting lines of direction, drawn from
different stations.

It seems to be the universal opinion of the best
suryeyors, that the plain table 1s not an instrument
to be trusted to in large surveys, or on hilly situd
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tions; that it can only be used- to advantage in
Pldlmmfr the ground plot of buildings, u(nrdtnn or
a few small P yareels of land nearly on a level.

Mer. Gardmer, whose .mlhoulx a8 a surveyor is
inferior to 1o one, asserts, that the plain table sur-
veyors, when they find their work net to elose

richt, do often close it wrong, not ouly to save time
«m(l I: lhO‘ll. but the acknow 'h.im"mcnr of an error;
which they are not sure they can amend.

In uneven wmuml where the table cannot in all
stations be set ]um/n‘wm‘! or uniformly in any one
Place, it is impossible 1 'hf work should be true in
c.!]l p'nl\

The contraction and expansion of the paper ac-
cording to the state of moisture in the air, 1s a
source of many errors in plumn for between
2 dewy morning and the heat of t]u sun at noon,
there is a great difference, which may in some de-
gree be allowed for in smx a0 work, but cannot be
remedied in surveys of consider: able extent.

OF THE IMPROVED FLAIN T .\.E-.I.F.f,«'lq'.’_‘.f!’n/f b7

To remedy some of the mnconveniences, and
eorrect some of the errors to which the common
plain table is liable, that which we are now going
to describe has been constructed. Tt is usually
called Beighion's plain table, though differing in
]nrl!l\’ respec 't from that deseribec d l him 1n l]t(‘
& fH/wapFu:a/ Transactions.

It is a plain board, 16 inches square, with a
fame of box or brass round the edge, for the pur-
Pose of heing graduated. On the uh 5, A b -1,
ire two grooves and holdfasts for confining fu :
Or easily removing the paper; they are dw{lly_‘jhf(l

v ‘[urmnn the screws under the table from the
right towards the left, and drawn down and made
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to press on the paper by turning the screws the
contrary way. When the holdfasts are serewed
down, their surface is even with that of the table.
There are two pincers under the table, to hold
that part of the paper, which in some cases lies
beyond the table, and prevent its flapping about
with the wind.

The compass box is made to fit either side of
the table, and is fixed by two screws, and does
not, when fixed, project above one inch and an
half from the side of the table.

There is an index with a semicircle, and teles-
copic sight, EFG; it is sometimes so con-
structed, as to answer the purpose of a parallel
rule. The figure renders the whole so evident,
that a greater detail would be superfluous.

The papers, or charts for this table, are to be
either of fine thin pasteboard, fine paper pasted on
cartridge paper, or two papers pnated together,
cut as square as possible, and of such a length that
they may slide in easily, between the upright
parts, and under the flat part of the holders,

Any one of these charts may be put into the table
at any of the four sides, be fixed, taken out, and
changed at pleasure; any two of them may be joined
together on the table, by making each of them
meet exactly at the middle, whilst near one half of
each will hang over the sides of the table; or, by
doubling them both ways through the middle, four
of them may be put on at one time meeting in the
center of the table. For this purpose, each chart
is always to be crossed quite through the middle;
by these means the great trouble and inaccuracy
in shifting the papers is removed.

The charts thus used, are readily laid together
by corresponding numbers on their edges, anc
thus make up the whole map in one view; and,
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being in squares, arc portable, easily copied, en-
larged, or contracted.

The line of sight in viewing objects may, if that
method be preferred, be always over the center of
the table, and the station lines drawn parallel to
those measured on the land. Underneath the ta-
ble is a sprang to fit on the sockel of a staff, with
parallel p]:nc;% and adjusting sCrews.

Mr. Searle contrived a plain table, whose size
{which renders it convenient, while it multiplies
every error) is only five inches square, and con-
sists of two parts, the table and the frame; the
frame, as usual, to tighten the paper observed
upon. In the center of the table is a serew, on
which the index sight turns; this screw is tightened
after taking an observation.

THEODOLITES WiTH TELESCOFLIC SIGITS.

In proportion as seience advances, we find our-
selyes standing upon higher ground, and are ena-
bled to see further, and distingnish objects better
than those that went before us: thus the great
advances in dividing of instruments have rendered
observers more accurate, and more attentive to the
Necessary adjustments of their instruments.  In-
struments are not now considered as perfect, unless
they arc so constructed, that the person who uses
them may cither correct, or allow for the errors to
which they are Lable.

Theodolites with telescopic sights are, without
doubt, the most accurate, commodious, and uni-
versal instraments for the purposes of surveying,
and have been recommended as such by the most
expert practitioners and best writers on the sub-
Jeet, as Gardiner, Hammond, Cunn, Stone, Wyld,
H“ddﬁ!gtou; &c.




232 IMPROVED. THEODOLITES.

The leading requisites in a good theodolite are,
1. That the parts be firmly connceted, so that
they may always preserve the same figure. 2.The
circles must be truly centered and aceurately gra-
duated. 3. The extremity of the line of sight
should deseribe a true circle.

Fig 1, plate 16, represents a theodolite of the
second best kind; the principal parts are, 1. A te-
lescope and its level, C, C, D. 2. The vertical
arc, BB. 3. The horizontal limb and compass,
AA. 4. The staff with its parallel plates, E.
The limb AA is gencrally made about seven
inches in diameter.

An attentive view of the instrument, or draw-
ing, compared with what has been said before,
will shew that its perfect adjustment consists in
the following particulars.

1. The horizontal circle A A must be truly level.
2. The plain of the vertical circle B B must be truly
perpendicular to the horizon. 3. The line of
sight, or line of collimation,* must be exactly in
the center of the cireles on which the telescope
turns. 4. The level must be parallel to the line
of collimation.

Of the telescope CC.  Telescopic sights not only
enable the operator to distinguish objects better,
but direct the sight with much greater accuracy
than is attainable with plain sights; hence also we
can make use of much finer subdivisions, The
telescope, generally applied to the best instru-
ments, 1s OF the achromatic kind, in order to ob-
tain a larger field, and greater degree of magnify-
ii}g power. In the focus of the eye-glass are two

* The line of collimation is the line of vision, eut by the in-
tersecting point of the cross hairs in the telescape, ;ﬁwv.‘cri_ﬂa{
to the visual line, by which we directly point at objegts with
plain sights, '
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very fine hairs, or mms, at right angles to cach
other » whose intersection is in the p]dill of the ver-
tical are.  The object glass may be movee 1 to
different distances trom 1h<‘ eye WLI%L‘ by turn-
Ing the milled nut ¢ 7, and may h\ ﬂm means be
decommodated to lh( eye of the obsery er, and the
distance of the object. The screws ﬁ'n“ moving
and L](]]]l‘\{”]g the cross hairs are sunk a I]HIL\
Within the eye tube, and at about one inch from
the eye end: there are four of these screws, two
of which are exactly opposite to each other, and
4 right angles to the other two. By c.mutr one
of the screws, and unlmnmg the c)ppoﬂtu one,
the wire connected with it may be moved in op-
Posite directions.  On the outside of the telescope
are two metal rings, which are, ground perfectly
true; these rings are to lay on the supporters ¢, ¢,
dlletl Y& which are fixed to the vertical are.

Of the < u/zm/ are BB. This arc is firmly fixed
ta g long axis which is at right angles to the plain
of the are. This axis i3 sustained by, and movea-

€ on the two supporters, which are fixed firmly
10 the horizontal plate: on the upper part of the
Vertical arc are the two Y’s for holding the teles-
Cope; the inner sides of these Y's are so framed,
5 o be tangents to the cylindric rings of the te-
‘%cope, and therefore bear only on one part.

1¢ telescope is confined to the Y's by two loops,

Which tiirn on a joint, and may therefore be rea-

ily opened and turned back, when the two pins
are taken ont.

One side of the vertical arc is graduated to
€very half degree, which are subdivided to every
Minyge of 1([("“1(‘{ by th nonius. It is numbered
Cach w ay from 0 to 00", towards the eye end, for
anples of altitude: from O to 50°, towards the ob-
3L end, for angles of depression.  On the other
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side of the vertical arc are two ranges of divisionss
the lowermost for taking the u{ﬂ'ight height of
timber in 100th parts of the distance the instru-
ment is placed at from the tree at the time of ob-
servation. The uppermost circle 'is for reducing
hypothenusal lines to horizontal, or to shew the
difference between the hypothenuse and base of 2
right-angled triangle, always supposing the hypo-
thenuse to consist of 100 equal parts; conse-
quently, it gives by inspection the number of links
10 be deducted from each chain’s length, n mea-
suring up or down any ascent or descent, in order
to reduce it to a true horizontal distance, similaf
to those on King's quadrant, p. 205.

The vertical arc is cut with teeth, or a racks
and may be moved regularly and with case, by
turning the milled nut b; there is sometimes
placed about the nonius a steady pin, by which 1t
may be fixed when at the o, or zero point of the
divisions.

Of the compass. The compass is fixed to the

" upper horizontal plate; the ring of the compass 15

divided into 360°, which are numbered in a dire¢”
tion contrary to those on the horizontal Jimb-
The bottom of the box is divided into four parts
or quadrants, each of which is subdivided to every
10 degrees, numbered from the meridian, or nortl
and south points each way to the east and west
points. In the middle of the box is a steel pit
finely pointed, on which is placed the magnetl®
needle; there is a wire trigger for throwing the
needle off its point when not in use.

Of the horizontal limb AA. This limb consists
of two plates, one moveable on the other: the
outside edge of the upper plate is chamfered, t©
serve as an index to the degrees on the lowets
The upper plate, together with the compass; yers
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tical are, and telescope, arc easily turned round by
4 pinion fixed to the serew ¢; d is a nut for ﬁ_\;ing
the index to any part of the limb, and thereby
!n:ik.ing it so secure, that there is no danger of its
being moved out of its place, while the instrument
= removed from one station to another.  The ho-
Mzontal limb is divided to balf degrees, and num-
bereq] from the richt hand towards the left, 10,
20, 30, &e¢. to 360: the divisions are subdivided by
1& nonius scale to every minute of a degree.
On the upper plate, opposite to the nonius, are
2 few divisions similar to those on the vertical are,
EWVing the 100th parts for measuring the diameter
Of trees, buildings, &e.
The whole instrument {its on the conical ferril
5f a strong brags headed staff, with three substan-
al wooden legs; the top, or head of the staff]
Consists of two brass plates E, parallel to each
Sther; four screws pass through the upper plate,
and rest on the lower plate; by the action of these
SCrews the situation of the plate may be varied, so
% 1o et the horizontal limb truly level, or in a
Plain: parallel to the horizons for this purpose, a
Strong pin is fixed to the underside of the plate,
U8 pin is connected with a ball that fits into 2
“ocket iy the lower plate; the axis of the pin and
all are 5o framed, as to be always pcrpendicu]ﬂr to

].“31 plate, and, consequently, to the horizontal
.H']l 3.

7 *
. Lo adiust the theodolire.  As so much of survey-
$ y ¢ 1 ot =y -
"% depends on the accuracy of the instruments,

18 absolutely necessary that the surveyor should
;“ Very expert in their adjustments, without which
. Cannot expect the instruments will properly
SoSWer the purposes they were designed for, or
that his surveys will have the requisite exactness.
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The necessary adjustments to the theodaliter
which we have just described, are, 1. That the 1in€
of sight, or collimation, be cx;u‘tlv in the centel
of lhc m]iml c 1Ings mun(l the telescope, ant
which lie in the Y’s. 2. That the level be 1&!1‘]
lel to this line, or the n};is of the above-mentionet
rings. 3. The horizontal limb must be so sets
tlﬂ'r W ]wn the vertical are is at zero, and the up?
per part moved round, the bubble of the level wi
remain in the middle of the open space.

Previous to the ud]Liku'lcnb place the instru
ment upon the staff, and set the legs thereof firmly
upon the ground, and at about thla feet from
each other, so that the telescope may be at a pro-
per height for the eye, and that two of the serew?
on the staff that are op p(mlL to each other may be
nearly in the direction of some conspicuous ant
distant object.

To adjust the line of collimation. Having set up
the theodolite agrecable to the toregoing duccnnlh
direct the tt]umpr to some distant ol)]cct pla-
cing it so that the horizontal hair, or wire, may
(‘\a&‘tl\f coincide with some well dunwd part of the
object; tarn the telescope, that is, so that the
tube of the spirit level D may be uppermost, an¢
observe whether the horizontal hair still ¢_n|m1d€‘==‘
with the object; if it does, the hair is in its ri{lrht
position; if not, correct half the difference DY
moving the hair, or wire, which motion is effect®
by ecasing one of the screws in the eye tube, an‘
twhtmmg the other; then turn the 1(’]L‘CDPG
round to its former pumlon with the tube of th¢
spirit level lowermost, and make the hair coincide
with the object, by moving the vertical arc; i
verse the telescope again, and if the hair does 0t
coincide with the same part of the object, you mt ust
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'epeat the foregoing operation, till in both posi-
tions i perfectly coincides with the same part of
the n];i‘-_-..,‘..l_ )

The precise situation of the horizontal hair being:
thus ascertuined, adjust the vertical hair in the
Mune manner, 'I.n-,ing.it for thiz purpose in an ho-
Nzontal p(';'_-«iti;-n': the spirit tube witl, rluring the
Ajustment of the vertical hair, be at right angles
0 its former position.  When ithe two wires are
thus adjusted, their intersection will coincide ex-
dotly with the same point of the object, while the
l-‘l'\?:‘,\('opc is turned quite round; and the hairs are
not properly adjusted, till this s effected.

Adiustment of the level. To render the level
Paralle] to the line of collimation, place the verti-
¢l are over one pair of the stafl’ screws, then raise
One of she screws, and depress the other, till the
Jubble of the level is stationary in the middle of
ie plass; now take the telescope ont of the Y’s,
and turn it end for end, that is, let the eye end
4y where the object end was placed; and if, when
0 this situation, the bubble remains in the middle
B before, the level is well adjusted; if 1{, does not,
that ey o which the bubble runs is too highs the
Position thercof must be corrected by turning
With a serew-driver one or both of the screws which
Pass throueh the end of the tube, till the bubble
8 moved half the distance it ought to come to
Teach the middle, and cause it to move the other
Wl by turning the staff’ screws. Return the te-
®SCope to its former position, and if the adjust-
m“ms have been well made, the bubble will re-
I:l‘s!il in the middle; 11 otl}cr_\'x.'i‘c':e, 't_hf;..pwu:is‘s of
tering the level and the staff screws, with the re
}'c"-"'mg, must be repeated, till it bears this proof of
'S dccuracy.  In some instruments there1s € pro-
101 for raising or lowering the Y's a small de-
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gree, in arder more Com'vﬂi-‘u‘rl " to make the hlll{"
ble continue in its place when the vertical arc 1%
at o, and the horizontal b turn round.

1o adjust the level of the horizontal limb, Place
the level so that i may be in a line with two of
the staff screws, then dd]uar it, or cause the bub-
ble to become stationary in the middle of the
open space by means of these serews. Turn the
horizontal limb half round, and if the bubble re-
mains in the middle as before, the level is well ad-
justed; if not, correet half the error by the screws
at the end of the level, and the other half by the
staff’ screws. Now return the horizontal limb t0
its former position, and if it remains in the middles
the crrors are corrected: if not, the process of al-
tering must be puwm‘d till the error is annihilated.
See this adjustment in the dese ription of Ramsden's

theodolite.

When the bubble is adjusted, the hm'izoniil;[_
limb may always be lev elled by means of the stal
screws.

OF THE THEODOLITE, AS IMPROVED BY
RAMSDEN, fir. 2, plale 16.

Among the improvements the instruments ©f
science have received from Mr. Ramsden, and the
perfection with which he has constructed them, W&
are to rank those of the theodolite: in the p}vt‘l“
instance, he has happily combined clegance anc
m‘ﬂtnus of form, with accurgc v of constructions
and the aunum will (‘()llfCI’I])Lﬂt‘ with pleasur®
this 1 1”“““”“‘”*: and the various methods by which
the p arts concur to give the most accarate re wll“

The principal parts of this instrument are how-
ever so similar to the fmc'crmnn that a d(‘\Ll]])lH‘ﬂ,
thereof must, in som de-rzw be a re petition ©
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what has been already described, and requires less
detail here.

FF represents the horizontal limb, of six,
seven, or cight inches in diameter, but gene-
rally of seven inches, so called, because when in
use, it ought always to be placed parallel to the
horizon. [t consists, like the former, of two plates,
the edges of these two are chamfered, so that the
divisions and the nonius are in the same plain,
which is oblique to the plain of the instrument.
The limb is divided into half degrees, and subdi-
Vided by the nonius to every minute; it 1s num-
b.“"(‘d to 360° from the north towards the east: be-
Sides these, the tangents to 100 of the radius are
laid down thereon.

The upper plate is moved by turning the
Pinion G: on this plate are placed, at right angles
10 cach other, two spirit levels for adjusting more
accurately the horizontal limb.

N O Pis a solid piece fitted on the upper hori-
zoutal plate, by means of three capstan headed
SCrews, passing through three similar screws. By
the action of these, the vertical arc may be set per-
pendicular to the horizontal limb, or be made to
Move in a vertical plain.  On this solid piece, are
fixed two stout supports, to carry the axis of the
Vertical are, which arc is moveable by the pinion

» On the upper part of the vertical arc, are the
s and loops to support and confine the tele-
Scope; the Y's are tangents to the cylindric rings
of the telescope, which rings are turned, and then
ground as true as possible, and are prevented from
moying backwards or forwards, by means of two
shoulders, The telescope s achromatic, and
about twelve inches in length, and may be ad-
Justed to the eye of the observer, or the distance
of the object, by turning the milled nut B.  The
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hairs are adjusted by the screws in the eye tube
at A. Under the telescope is fixed a spirit level Gy
the distance of whose ends from the telescope may
be regulate 1 by the screws c¢,

Beneath the horizontal lnnb there is a second
or auxiliary telescope, which has both an horizon-
tal and vertical motion: it is moved horizontally
by the milled serew H, and when directed to any
c_;i.aj._-ct. is fixed in its situation by another mille d
serew: it moves vertically on the axis: there is an
adjustient to this axis, to make the line of colli-
mation move in a vertical plain. By the horizon-
tal motion, this telescope is casily set to what 18
called the backset stations: the under h'h‘é{'an
F\upm“ in view the back object, while the upper
enc 1s direeted to the fore object. U Inderneath
the lawer telescope is a elip to fasten occasionally
the mam axis; this elip is tightened by the finger
serew L, abd when 11-'hhnul a small motion of
ihe adjusting screw K will move the telescope @
few degrees, in order to set it with oreat accuracy-
Bcnmth Lheac is the staff, the nature of which
will be sufficiently evident from what was said
thereon in the lE(‘\k'l'ipiion of the last theodolite;
or by ms [Jutnm of the figure.

To adjust the levels of “the horizontal plate. 1
Place the mstrument on its staff, with the legs
thercof at such a distance from cach other, as \\'i”
give the instrument a firm footing on the grou nd.
2. Set the nonius to 360, and move the instru-
ment round, till one of the levels is either in @
right line with twe of the screws of tlw: }J'dl‘il”‘f-";
plates, or else parallel tosuch a line. 3. By means
of the two last mentioned screws, cause the bub-
ble in the level to become station: ary in the middle
of the glass. 4. Turn the horizontal limb by the
milled nut half round, or till the nonius is at 180;
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and if the bubble remains in the middle as before,
the level is adjusted; if it does net, correct the
Position of the level, by turning one or both the
Serews which pass through its ends, till the bubble
1as moved half the distance it ought to come, to
Teach the middle, and cause it to-move the other
lalf by turning the screws of the parallel plates.
5. Return the horizontal limb to its former posi-
ton, and if the adjustments have been well made,
the hubble will remain in the middle; if otherwise,
t ¢ process of altering must be repeated till it bears
this proof of accuracy., 6. Now regulate the
SCrews of the staff head, so that the bubble remain
I the middle while the limb is turned quite
Tound. 7. Adjust the other level by its own pro-
Per screws, to agree with that already adjusted.
To adjust the level under the telescope. 1. The
Orizontal plate being levelled, set the index of
the nonius of the vertical arc to o, pull outthe
'Wo pins, and open the loops which confine the
telcscupc. 2. Adjust the bubble by its own screws,
8. Reverse the level, so that its right hand end
May now be placed tfo the left: if the bubble con-
Unyeg 1o occupy the middle of the glassit is in its
Nght position; if not, correct one half of the er-
Tor by the capstan screws under the plm'c, and
the other half by the screws under the level,
4. Reverse the level, and correct, if there is any
OCeasion, continuing the operation ull the error
Vanishes, and the bubble stands in the middle in
J("trh positions.
Lo adjust the line of collimation. 1. Direct the
Clescope, so that the horizontal wire may coincide
'rpr 1 some well defined part of a remote object.
51. Turn the telescope 50 that the l:'mb_blc may be
“PPermost ¢ if the wire does not coincide with the
Romg part of the object as before, correct half the
R
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difference by moving the vertical circle, and the
other half by moving the wire, which is effected
by the screws in the eye tube of the telescopes
and so on repeatedly, till the difference wholly
disappears. Lastly, adjust the vertical wire in the
same manmer; when the two wires are propet'l_‘f
adjusted, their intersection will coincide exactly
with the same point of an object, while the teles-
cope is turned quite round.

VARIATIONS IN THE CONSTRUCTION OF THEO-
DOLITES WITH TELESCOPIC SIGHTS.

To accommodate those who may not wish to go
to the price of the foregoing instruments, others
have been made with less work, in order to be af-
forded at alower price; one of theseis 1'{:prcsunic.d
at fig. 5, plate 15. Tt is clear from the figure, that
the diffcrence consists principally in the solidity
of the parts, and in there being 1o rack-work 10
give mofion to the vertical arc and horizontal limb-
The mode of using it is the same with the othets
and the adjustment for the line of collimation, ant
the level under the telescope, is perfectly similar
to the same adjustmentsin the instruments already
described, a further description is therefore un-
necessary.

A larger kind is also made without rack-works
similar to fig. 1, plate 16,

A small one, about four inches in diametel
was invented by the late Mr. Benj. Martin, 12
which the telescope, about six inches in lengths
with a level, has no vertical motion, but the he-
rizontal motion is given by a T;—inimi; and it may
be turned into a vertieal 1305i‘1i01‘1 to take :mgl*‘-‘s
of altitudes or depressions. The divisions by th¢
nonius are to five minutes.
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THE FOLLOWING ACCOUNT OF THEODOLITES
IS ADDED BY THE EDITOR.

It generally happens, that the observer has oc-
Casion to take the vertical and horizontal angles ai
the same time, by portable as well as by larger theo-
dolites; the following is, therefore, recommended as
themost cor nplete and portable instrument hitherto
Made, and is in truth almost the best theodolite in
Miniature. Its construction renders it somewhat
More expensive than those before deseribed. It
18 the one that the late author alluded to in a note,
Page 315 of the former edition of this book, but

ad not time to deseribe it.
. Fig.7, pl.14,is a representationof theinstrument.
The oraduated limb and index plate A, A, are
@hout four inches in diameter, and move by rack
and pinion B; it reads off by means of the nonius
o three minutes of a degree; If the observer
should not object to very fine divisions, it may be
1 two minutes of a degree.  The achromatic te-
€scope C is about six inches in length, and con-
taing g gmall spirit bubble at C, partly sunk into
e tube; it turns upon a long axis, and is
Moved yery accurately by rack and pinion on the
4re ot D, “This arc is necessarily of a short length,
UL admits about 30 degrees motion on each side
Ol 0, foraltitudes or depressions. The staff,
Which from one picce opens into 4 tripod, is about
Ve feet in length, and has the parallel plates of
justment at the top. A small screw from these
S‘C!'Q“’S into a socket under the limb A, and by an
:}3151'11;11 Tim (,{f' 111‘{‘1411, the ]'lorizmn:xl‘ motion only
S 1e theodolite i produced, \\;]mn the plates are
u Perly set by the screws. The telescope rests
Pon a cradle, and by opening the two semicircles
R 2
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., it may be reversed, in order to adjust the
spivit level, or prove its truth to the axis of
the telescope. The adjustments of this little
instrument, being in all respects similar to,
and made, as in those just deseribed, they will be
evident to the reader, and quite unnecessary t0
repeat here.

The instrument, exclusive of its staff, packs
into a pocket mahogany case, of 0 inches 1n
ivnﬂh 4% inches in breadth, and 33 inches in
dep

In BUIVCYS of ve ry gre at extent and unportance,
Qr 1“ "'_" redat 1.”‘“)”()}']‘ 1L ll [)]!L]d]l()n‘\ i L”:”l
mstrament 18 re ]mu. in order that the subdivi-
sions may be greater in number, or the angle taken
MOre ac umhh. to five, two, or even one second
of a degree.  Several plans imw, been suggested.
but 1 dn not at 1)““0”[ see any better principle to
adopt than that of the great one by Mr. Ramsden
hereafter to be described. A pmp\n‘r,unlm re-
duction of ils size, as well as simplifying its ma-
chinery and movements, nccessary only for the
orand purpose that it was applied to, would ac-
commodate the practitioner with as complete an
instrument as he could desire. The diameter of
the horizontal circle I would recommend to be
from about 15 to 20 inches, and the other parts
in proportion. The price, according to the work-
manship, would be from about 60 to 120 guineas,
stand, cases, &c. included.

[n the preceding impression of this work, the
ingenious author, now ¢ de umrd, made the fromn-
tispiece plate a representation of a new the m.uliﬂ
of his own contrivance, the adjustments of whic h
he thought to be more [‘lglluT than those of any
other, and annexed the <L scription and moc le ot
its .1!“'&.‘: tments to his P face. Future 1;m]-. how-




BY THE EDITOR. %45

€ver, on his own part, as well as by the hands of
others, gave me reason to conclude that 1t was
N6t answerable to the intended improvements;
it]l‘hough more complicated and costly than that
Tepresented on fip. 2, plate 16, yet 1t was less sus-
ceplible of accuracy, and not so simple and casy
i the adjustments; I have, therefore, thought
Proper to dispense with it here, and substitute a
short description of the largest, most aceurate and
¢legant theodolite ever made.

It is hardly necessary to acquaint the intelligent
reader, that the theodolite is a kind of general
aneular instrument, not useful merely to ascertain
angles for the surveyor, but ulso for many pur-
Poses in practical astronomy, and other sciences
that have trigonometry as their fundamental basis.
S(_\me years ago it was found neceessary to in-
Stitute a course of trigonometrical operations in
this country and in France, in order to determine
With precision the distance between the Royal
Observatories of Greenwich and Paris.  The late
G“:JDCI'HI Roy was deputed as the chicf manager in
this country. A very accurate theodolite to take
Ingles, and other instruments, were essentially ne-
Cessary; and the General was fortunate enough to
Obtain the best articles and assistance that was
Cver afforded in any mathematical undertaking
Whatever. : 3

The frontispiece to this book gives a general
View of the theodolite, the reader must not ex-
Pect from this a complete representation of all the
Z;}}’_”-lt('r parts. In the General’s account in the

hilosophical Transactions, containing 26 quarto
Pages, and six large plates, replete with explanatory

-‘5_*’“1"-‘5, he confined himsclf only to the deserib-

B of the principal parts; and the limits of this
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work will only admit of a summary description to
convey some 1dea of its plan, and to shew the in-
genious operator the superior utility and accuracy
of the instrument. If a further and more particu-
lar knowledge be desired, it will be best obtained
by a reference to page 135, vol. 80 of the Trans-
actions before cited. A A a hrass cirele three feet
diameter; B the principal, or transit achromatic
telescope of 36 inches focal length, and 24 inchies
aperture, admitiing its adjustment by inversion
on ils supports, as performed by the transits in
fixed observatorics; C a small lanthorn fixed to
an horizontal bar for giving light to the axis of
the telescope upon an illuminator that reflects
light on the wire in nocturnal ohservations; D a
semicirele of six inches radius, attached to the axis
of the transit. Each degree being divided into
two parts, or 30, and one revolution of the mi-
crometer head moving the wire in the field of the
microscope at ¢ three/minutes: therefore 10revolu-
tions produce 30/, which are shewn by a scale of
10 notches in the upper part of the field of the
microscope, each notch corresponding to three
minutes, or 180 seconds, and the head being di-
vided into three minutes, and each minute into
12 parts; therefore 12 parts is equal to five

sceonds.  When the angles of altitude and de-
pression to be determined, are very small, they are
measured by the motion of an horizontal wire in

the focus of the eye glass of the telescope ata, Two

spirit levels are used to this telescope; one to level

the axis, making the long conical axis of the in-

strument truly vertical, not shewn in the platé;

and the other level E is suspended on a rod at-

tached to the telescope, and serves to make it ho-

rizontal when vertical angles are to be taken
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-H}L‘ vertical bar F extending across the top of the
4X1s, 15 supported by two braces G G that come from
”I(i cone, +d above the plain of the instrument.
The great divided cirele is attached by 10 brass

©onical tubes, or radii, to a large vertical conical
4X1s H, of 24 inches in height, called the exterior
AXis.  Within the basc of this hollow axis, a cast
Steel eollar is strongly driven; and on its top is
Mserted a thick bell-metal plate, with sloping
“leeks, which by means of five screws can be
Mised or depressed a little.

l?']ut instrument rests on three feet, one of
Which is shewn at I, united at the center by a
Strong round plate of bell-metal, upon which rises
“Nother vertical hollow cone, going into the
"th(‘!', H, and is called the inferior axig: a cast
Steel pivot in its top, with sloping cheeks, pusses
hmugh the bell-metal plate at the top of the ex-
Lror axis, being ground to fit one another. The
ell-metal base of this interior axis is also ground
10 fit the steel collar of that without it. When
Pt together, the circle is to be lifted up by laying
N0ld of its radii, and the exterior placed upon the
Mierige axis, the cheeks at top, adjusted to their
Propey bearings, will then turn round smoothly
Md steadily, and free from any central shake; the
8reat circle, exterior axis, and upper telescope,
t erefore, are moveable, independent of the lower
Party, '

‘T]]t". feet of the mahogany stand K, form a square
M about three feet four inches at bottom; and by

€ Separation of the legs, make an octagon at the
9P or the first plain; in the center of which is
in Opening, nine inches in diameter. On the
“OP of this lics another mahog:
“F rather greater dimensions than the former, with

iy octagonal plain,
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a circular curb abont ¥ an inch within the plain of
its sides. This hath in its center an open conical
brass socket, three inches in diameter: and on
- four of its r'»]:’,cwitc sides there are fixed four
serews, acting against picces of brass on the top
of thestand. T ]1L plain, with every thing upon it,
may, therefore, be moved in four opposite direc-
tions, until the plummct L, is brought to coincide
with the station points undmeLh, in order to
level the stand. The third or uppermost plain of
mahogany is part of the instrument, being con-
nected hy screws, and carrying the h{m{l]w
whereby it is hlml up for use. In the middle of
this bottom to the i msumnum there 1s another co-
nical brass socket, £ inches in diameter, that turns
casily on that in the center of the octagon un-
derncath. In the cover of this socket is an hole
concentric 1o the instrument, to admit the thread
or wire to pass, which suspends the plummet at L
There is a small box with a winch handle at M,
that serves oceasionally to raise or lower the plam-
met. To the three feet there are screws, such a
at N, for levelling the instrument; and also three
blocks of box wood, and three brass conical rol-
lers under the fect screws, fixed to the lower sur=
face of the mahogany, to give the whole a per-
feetly easy motion; O, O, 0, are three of the fouf
screws attached to Llu U(iagun.ﬂ plain, for aceu~
rately centering the m~.1nunmﬂ by the pluszmet:
P and Q, 1-‘;1|e=(‘|1f two positions of screws 10
give a cireular motion to the entire machine, but
lht‘st having been found to act by jerks from the
great we l("hT. another apparatus or llllTlp :,Ltf’
2, Was d(l‘[\.hlt({ attached to the curbs, consisting
of a brass cock fixed to, and projecting from the
curb of the instrument; the cock being actes
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upon by two screws working in opposite diree-
tions, and which are clamped to the curb of the
Oclagon,

The curb upon which the feet of the instru-
Ment rest, carries the mahogany balustrade R R,
fitted to receive a mahogany cover, that guards
the whole instrument. In this cover are four
Small openings, one for each of the vertical mi-
Croscopes S, S, one for the clamp of the circle,
and one for the socket of the Hook’s joint. This
Cover secures the circles and its cones from dirt,
and serves conveniently for laying any thing upon,
that may be wanted near at hand; and particu-
11{1‘1_\' lanthorns used at night, for reading off the
divisions on the limb of the instrument.

There is a lower telescope T, lying exactly un-
der the center of the instrument, and directed
Ulrongh one of the openings on the balustrade,
and ysed onl ¥y for terrestrial objeets, requires but
4 small elevation, and has an axis of 17 inches in
Ength, supported by the braces attached to the
Cet, [t is moved by rack-work, by turning the
Pinion at V. There is a small horizontal motion
that can be given to the right hand of the axis of
" e end of this telescope. The whole instrament
*ing nicely levelled, the upper telescope at zero,
and Jikewise on its object, the lower telescope

¥ help of this adjustment is brought accurately
O the same mijcl,; from the puiut of commence-
”“:hts from which the angles are to be measured.

Ihere are three flat arms, one of which is re-

Presented at U, fixed by screws to the edge of the

Cll-metal plate. These arms are also braced to
(‘}iﬁ\f‘«'l'c‘i. of the instrument, rising as they project
S\fniﬁ\-;ulfls 10\»’3}'«!5_ the Cnl'c:umhzrcnm‘ of the ('n'qlc,
‘iil'“(ﬁi.w}'ond it about 1% inches. Onearm, 1._\'mg
~Cly over one of the feet, 1s that to which 15 at-

tcha, s
“fied wheels and serews moved by Hosk's joint,
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not seen in the figure, and also a clamp to the
circle. It is this that prodLICu the accurate motion
of the circle. The other two arms, one of which
also lies over a foot, and the other rinuil\ oppo-
site to it, become the diameter of the circle, h av-
mtr thcu extremities terminated on a kind of
HunLLd triangular figure, forming the bases of
pedestals, w hereon stand the vertical MICIrosCOpes
S, 8. The arms, braces, base, &c. are every where
pierced, in order fo lessen weight without di-
nnmshmu strength.

The zmglu are not read off’ in this instrument
11:., a nonius as common to others, but with micros-
copes, and which form the most essential part of
the instrument. But a short account of them can
be given here, an adequate idea can only be ob-
mmul by a reference Lo the Pfu/o.wﬂumf Trans-
actions, page 145 and 14¢9. The horizontal mi-
croscope for the vertical :mglu. has been already
mentioned. The two vertical ones S, S, are used
for reading off the divisions on the opposite sides
of the cirele immediately under them. Each mi-
croscope contains two slides, one over the other,
their contiguous surfaces in the foci of the eye-
glasses. The upper one is a very thin brass plate,
at its lower surface is attached a fixed wire, having
no other motion than what 1s NCCEssary for adjust-
ment, by the left hand serew to its proper dot, 48
h(‘l(ﬂrLLl' to be C\plamul The other slide is of
steel of one entire picce, directly under the for-
mer, of sufficient thickness to permit a micro-
meter screw of about 72 threads in an 4nch to
be formed of it. To its upper surface is fixed the
immoveable wire, which changes its place by the
motion of the micrometer head. This head 1s di-
vided into 60 cqual parts, each of which represents
one second or angular motion of the telescope.
This steel slide jis attached by a chain to the
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‘-"l’}'il'lg‘ of a watch coiled up within a small barrel
adjacent to it in the frame. By this no time what-
€ver is lost, the smallest motion of the head being
Mstantly shewn by a 1‘)1'opon'tiona‘.::]e motion of
the wire in the field of the microscope.

Each microscope is supported between its pil-
ars, and can be a little raised or depressed in re-
Spect to the plain of the circle by two levers. By
this motion distinctness is obtained of the wires,
4nd by the motion of the proper screw of the ab-
Jeet lense, which follows that given to the whole
Wicroscope, the scale is so adjusted, that 15 revo-
Utions of the head shall move the wire over 157,
O one grand division of the limb, equal to goo”,
ach dcgru: on the circle being only divided into

ur parts. To effect this, at the same time the

Xed wire must bisect the dot on a gold tongue,
e moveable wire must also bisect the dot at 180°
o the limb, as well as a first noteh in the magni-
2ed geale at the bottom of the plate. In this ad-
MNstment there is another circumstance ‘to be at-
\tnCd to, viz. that 60 on the micrometer head
ould stand nearly vertical, so as to be conveni-
1{‘;}:]" seen; a few seconds of inclination are of no
)]_nlhcquc-ncc, becanse the dart, or index, being
: Yught to that position, whatever it may ]_Jc', must
Sh‘_‘._‘]}fs remain there, any flf-.mugcmvut of the 1~
Oid‘:‘illt“m (‘,\;ngpl.cd. But 1f, when the wires comn-
" with th[“.u' respective dots, and the first noteh
'111(]0}] the micrometer hcndr should h:}ppen to be
.;{fu,fr”.[\m"h’_ or acl) far from the vertex side as to be
"'1(:\.—(.“'11}} 'ch.ﬁ'hc‘xnt}g then the gold tongue is to be
S d a little by capstan head SCIeWs, wh-w:h act
';:”}31.1_0:1(:.13 ‘ulhvr on the opposite extremitics of
will Li\lﬁ Thus, by ;‘(‘llrtzf‘l:,c(l trials the purpose
0 be e _cff‘c_cic‘c.l, viz. the 60, to which the dzu'i‘. 15
2€ set, will stand in a place casily seen., It is

no . 2 . § -
t 1o be expected that each microscope will give
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: with-
out Joss of time this cannot be done; besides, two
observers will adjust the microscopes differently-
After several trials of the runs in measuring 15 mi-
nutes in the different parts of the limb, one mi-
croscope gave 890”, while the other gave at a me-
dium Q01”; in a year aflerwards, the former gave
900", while the latter gave 804”. These diffe
rences were allowed for in the estimation of an gles
for computation.

The gold tongue mentioned is extremely thiny
and goes close to the surfuce of the circle.” This,
contrivance of a tongtie with a dot was to gu:n‘(l
against any error from any accidental motion given
to the instrument between the observations, and
if any, it immediately detected them. This was als0
a severe check upon the divisions of the instru-
ment. General Roy observes, that it ravely hap-
pens that two observers, reading off with the op-
posite microscopes, differ more than half a second
from each other at the first reading; and judges;
thatin favourableweather for repeatin g the observa-
tion with the telescope, a wonderful degree of accu-
racy in the measure of the angles may be obtained. *

For the auxiliary apparatus, such as the 100 feet
steel chain, far!r.zé’l/i: seaffold, tripod ladder, commor
Hag-staff, tripod for white lights, portable erane, &
the reader will see the account of in the Trans-
actions before cited. The horizontal a ngles taken
by the instrument as regulated by the Generals
since deceased, are to the tenth of a second.

Just Q00 scconds for the run of 15 minutes:

* The weight of the whole instrument was sbout 200 pounds, and e
price; as 1 have been informed, abaie 350 guineas. By the completion of 1€
measurements and the necessary calcuiations, the difference of the pwo mefi
dians miade of 20, as before fixed by Dr, Maskelyne

A second instrument has since been made, and is now us
Cap. Mudgs, and Mr. Dalhy; from whose «kill and ingenui
very azeurate survey of this country will be made. f 4
great circle is divided to 1o minutes, improvements made -in the microscope™
&, by Mr. Romsden, Sze Phitasoplifeal Transactions for 1795




DESCRIPTION, USE,
AND METHOD OF ADJUSTI NG

HADLEY's QUADRANT.*

% A7 the appointed time, when it pleased the
Ef“;'n‘vmc Dispenser of every good gift to restore
irht to a bewildered world, and more particularly
0 manifest his wisdom in the simplicity, as well
a5 in the grandeur of his works, he opened the
glorious scene with the revival of sound astro-
Nomy,” This observation of an excellent philo-
Sopher and physician-y is verified in every instance
of the pmgrczas of sciences; in tach of which we
May trace some of the steps of that vast plan of
WWine Providence to which all things are con-
Verging, namely, the bringing all his creatures to
A state of truth, goodness, and consequent happi-
Jess; an end worthy of the best and wisest of
Yeings, and which we may perceive to be gradu-
ally effecting, by the advancement of knowledge,
the diffusion of liberty, and the removal of error,
that truth and virtuc may at last shine forth in all
e beauty of their native colours.
: It is thus that the discovery of the compass gave
e to the present art of navigation; and when
L 18 art grew of more importance 10 mankind,
5}"11:&: Providence blessed them with the invention
OF Hadley's quadrant, and in our own day and our
OWn time has further improved both it and the art
2 ;]Tl'ta account of }[:z-.‘ﬂc)":l quadrant, . is ctxtt‘act<td from
2l tract T published thereon sometime since, Byo.
t Sir John Pringle’s Six Discourses to the Royal Society.
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of navigation, by the present method of finding
the lungiLi,ldc, which enahbles the mariner to ascer-
tain with certainty his situation on the unvaried
face of the ocean.

Hadley’s quadrant or sextant is the only know"
instrument, on which the mariner can dc'}_mul fl}ﬁ'
determining with accuracy and precision his latt-
tude and longitude, Ttis to the use of this instru-
ment that navigation is indebted for the very greili
and rapid advances it has made within these few
years. It is casy to manage, and of extensive usé
requiring no peculiar steadiness of hand, nor any
such fixed basis as is necessary to other astron0”
mical instruments. It is not the science of navi~
gation only which is indebted to this instraments
but its uses are so extensive in astronomy, that
may, dccompanied with an artificial horizon, \\'il.h
propriety be called a _-fw;r'/:z!fh’ observatory,and in this
work we shall exemplityits application to surveying:

Mankind are ever desirous of knowing to whom
they are indebted for any peculiar or useful disco;
very; it is the tribute of gratitude, and a rewars
to merit. In the present instance there is no dif~
ficulty in giving the information; the 1'espcmi‘-”3
claims of the inventors are easily decided. The
first thought originated with the celebrated DF:
Hooke, it was completed by Sir Jsaae Newion, 89°
published by Mr. Hadley.

Notwithstanding, however, the manifest sup®
riority of this instrument over those that were ih
use at the time of its publication, it was many

years before the sailors could be persuaded *

adopt it, and lay aside their imperfeet and inace™”
rate instruments: so great is the difficulty to T
move prejudice, and emancipate the mind from
the slavery of opinion.
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No instrument has undergone, sinee the origi-
nal mvention, more changes than the quadrant of
{adley; of the various alterations, many have had
o better foundation than the conceit and caprice
Of the makers, who by these attempts have often
"endered the instrument more complicated in con-
Struction and more difficult in use, than it was in
s original state.

ESSENTIAL PROPERTIES OF HADLEY'S
QUADRANT,

It is not my intention under this head to enu-
Merate all the advantages of this instrument; but
Yarely to point out one or two of those essential
Properties which distinguish 1t from every other
Mstrument of the kind, and rank it among onc of
e preatest improvements in the practice of navi-
gation,

It is an essential property of this instrument,
derived from the laws of reflection, that half de-
&rees on the arc answer to whole ones in the an-
8les measured: hence an octant, or the eighth
Part of a circle, or 45 degrees on the are, serves to
f‘nf:nsurcz 00 degrecs; and sextants will measure an
“Ngular distance of 120 degrees, though the are of
V1C instrument is no more than 60 degrees.* It
IS Yom this property that foreigners term that in-

"ment an octant, which we asually call a qua-
r;gnt’ and which in effect it is. This property

“uces indeed considerably the bulk of the in-
“TUment; but at the same time it calls for the
G;[]U;?st accuracy in tl.w. divisions, 45 every error
e arc is doubled in the observation.

*
]ﬂF‘-’T a concise explandtion of the theory, &c, sec my pam-
on this

s instrument, Bvo. EpiT.

Ph
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Another essential, and indeed an invaluable pro-
perty of this instrument, whereby it is l(*mlutg
p:_‘t_uhmh’ ddmnmgcou«. in marine observations, 15,
that it does not require any peculiar steadiness 0f
the hand, nor is liable to be disturbed by the
ship’s motion; for, pm‘.ldud the mariner can se€
distinctly the two objects in the field of his 10~
strument, no motion nor vacillation of the ship
will hindgr his obs servation.

Thirdly, the errors to which it is liable are easily
discov mul, and readily rectified, while the appll’
cation and use of it is facile and plain.

The principal requi isites in a good sextant or
quadrant, are, 1. That it be ':’uourf. and :,o cofl-
structed as not to bend across the pl 110, That
it be accurately divided. 3. That the c.mfz(‘u of
the glasses be perfectly plain and parallel to C“'Lh
other. 4. That the index turn upon a long axis
5. That the motion befree and easy in every parts
and yet without the least shake or 1uk

DESCRIPTION OF HADLEY S QUADRANT,

Fig. 1, plate 19, represents a quadrant, or 06~
tant, of the common construction. The following
parts are those which require the particular atten-
tion of the observer.

1. B C the arc.
II. A D the index, a b the nonius scale.

III. E the index-glass.

IV. F the fore horizon- ggl.m

V. G the back horizon-glas

VI. K the dark glasses or screens,

VII. HI the vanes or sights. ;
VIII. ThearcBC is ("ll.ll.\l the limb or quad rantat
arcy the arc cd lying from o, 10\‘~"d"
the right is called Lhc arc of excess
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OF THE QUADRANT.

The quadrant consists of an arc BC, firmly at=
tached to two radii, or bars, AB, AC, which are
Strengthened and bound together by the twe
races L M.

Of the indew. The index D is a flat bar of
L“LSS, that turns on the center of the octant; at
the Tower end of the index there is an oblong
Opening, to one side of this opening a nonius scale
18 fixed to subdivide the divisions of the arc; at
the bottom or end of the index there is a picce of
brass, which bends under the are, carrying a
Spring to make the nonius scale lie close to the
livisions; it is also furnished with a serew to fix
the index in any desired position.

The best instruments have an adjusting screw
lited to the index, that it may be moved more
SIUWI}’, and with greater regularity and accuracy
thay by the hand. Tt is proper however to ob-
Serye, that the index must be previously fixed
fcar jts right position by the above-mentioned
Strew, before the adjusting screw is put in motion.
Set B C, fig. A.

The civcular ares on the arc of the quadrant
'e drawn from the center on which the index
Jrns: the gmallest excentricity in the axis of the
Wdex would be productive of considerable errors.

The position of the index on the arc, after an ob-
SCTvation, points out the number of degrees and
Winutes contained in the observed angle,

\ OF the index-glass .. Upon the index, and ncar

Y axis, is fixed a plain speculum, or mirror of
i“‘“ﬁ» quicksilvered. Tt is set in a brass frame, and
. 15 dced so that the face of it is perpendicular to

Plain of the instrument; this mirror being
s

Hi
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fixed to the index, moves along with it, and bas
it« direction changed by the motion thereof. .

This glass is designed to receive the image of
the sun, or any other object, and reflect it upon
either of the two horizon glasses Fand G, accord-
ing to the nature of the observation.

The brass frame with the glass is fixed to the
index by the serew ¢; the other screw serves 10
replace it in a perpendicular position, if by any
accident it has been deranged, as will be secn
hereafter.

The index glass is often divided into two parts.
the one silvered, the other black, with.a small
sereen in fromt. A single black surfaee has indecd
some advantages; but if the glasses be well se-
leeted, there 15 little danger to be apprehended ot
error, from a want of parallelism; more is to b€
feared from the surfices not being flat.

Of the horizon glusses F, G, On the radius
AB'of the octant, are two small speculums.  The
surface of the upper one is parallel to the inde¥
olass, when the counting division of the index is at
o on the are: but the surface of the lower one 18
perpendicular to the index glass, when the index 18
at o degrees on the arc: these mirrors reccive the
reflected rays from the object, and transmit them
to the observer.

The horizon glasses are not entirely quil.rkﬁﬂ’
vered; the upper one F, is only silvered on its
lower part, or that half next the quadrant, the
other half being transparent, and the back part of
the frame 15 cut away, that nothing may ixnpudu
the sight throngh the unsilvered part of the glas:
The edge of the foil of this glass s nearly paralle
to the plane of the instrument, and ought. to be
very sharp, and without a flaw.
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~ The other horizon glass G is silveredatboth ends;
n the middle there 1s a transpavent slit, through
Which the herizon, or other object, may be scen.

Bach of these glasses is set in a brass frame, to
Which. there is an axis; this axis passes through the
Wood-work, and is fitted to a lever on the under
Side of the quadrant; by this lever the glass may
?30 turned a few degrees on its axis, in order to set
it parallel to the index glass. The lever has a
contrivance to turn it slowly, and a button to fix
. To seét the glasses perpendicular to the plane
Of the quadrant, there are two sunk screws, one
before and one behind each glass; these screws
Pass through thie plate, on which the frame is fixed,
nto another plate, so that by loosening one, and
t‘ghtening the other of these screws, the direction
Of the frame, with its mirror, may be altered, and
thus he set perpendicular to the plane of the in-
Sttument,  For the lever, &c. sce fig. 13.

Of the shades, or dark glasses, K. There are two
Ted or dark glasses, and one green one; they are
1:-7‘(1(1 to prevent the bright rays of the sun, or the
lare of the moon, from hurting the eye at the
i'll‘!lc of o])r:er\-'atson.‘ They are cach of them set
’t]l‘ 2 brass frame, which turns on a center, so that

'€y may be used separately, or together, as the
llllght‘nuss of the sun may require. The green
%C?S.S _miay ‘bc. used also u]unc, .i{" the sun be
i {l faini; it s also used for taking the altitude
1¢ moeon, and in ascertaining her distance
*om a fixed star.

When these glasses are used for the fore obser~
::l?]?’ they are fixed as at K in fig. 15 when used

the back observation; they are removed.to N.
i af ‘/j‘-é‘ two sfg'lr.t wvanes Hy 1 Eac'h of these vanes.
the }E:"iﬁlforutcd piece of brass; desrgned to direct

ght parallel to the plane of the quadrant.
: s 2
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That which is fixed at I is used for the fore, the
other for the back observation.

The vane I has two holes, one exactly at the
height of the quicksilvered edge of the horizon
alass, the other somewhat higher, to direct the
sight to the middle of the transparent part of the
wnirror, for those objects which are bright enough
to be reflected from the unsilvered part of the
mirror.*

Of the divisions on the limb of the quadrant, and of
the noniws on the mdex. For a description of these
divisions, see page 127.

Directions to hold the instrument. It is recom-
mended to support the weight of the instrument
by the right hand, and reserve the left to govern:
the index, Place the thumb of the right hand
against the edge of the quadrant, under the swel-
ling part on which the fore sight I stands, extend-
ing the fingers across the back of the quadrant,
so as to lay hold on the opposite edge, placing the
fore finger above, and the other fingers below the
swelling part, or near the fore horizon glass; thus
you may support the instrument conveniently, 10
a vertical position, by the right hand only; by
resting the thumb of the left hand against the sides
or the fingers against the middle bar, you may
move the index gradually either way.

In the back observation, the instrument should
be supported by the left hand, and the index be
governed by the right.

Of the axis of vision, or line of sight.  Of the tW0
objects which are made to coineide by this instrt”
mient, the one is seen directly by a ray passing
through, the other, by a ray reflected from, the
same point of the horizon g'l’u,ss to the eye. This
ray is called the visual ray; but when it is consi-,
dered merely as a line drawn from the middle ot
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the horizon glass to the eye-hole of the sight vane,
it is called the axis of vision.

The axis of a tube, or telescope, used to direct
the sight, is also called the axis of vision.

The quadrant, if it be held as before directed,
may be easily turned round between the fingers
and thumb, and thus nearly on a line parallel to.
the axis of vision; thus the plane of the quadrant
will pass through the two objects when an obser-
vation is made, a circumstance absolutely ncees-
sary, and which is more readily effected when the
instrument is furnished with a telescope; within
the telescope are two parallel wires, which by
turning the eye glass tube may be brought paral-
lel to the plane of the quadrant, so that by bring-
ing the object to the middle between them, you
are certain of having the axis of vision parallel to
the plane of the quadrant.

OF THE NECESSARY ADJUSTMENTS.

It is a peculiar excellence of Hadley’s quadrant,
that the errors to which it is liable are casily de-
tected, and soon rectified; the observer may,
thercfore, if he will be attentive, always put his
Istrument in a state fit for accurate observation.
'.lhc importance of this instrument to navigation
s self-evident; yet much of this importance de-
Pends on the accuracy with which it is made, and
the necessary attention of the observer; and one
Would hardly think 1t possible that any observer
Would, to save the trifling sum of one or fwo gui-
Neas, prefer an imperfect instrument 1o onc that
Was rightly constructed and accurately made; or

3t any consideration should induce him to neg-
€t the adjustments of an instrument, on whose
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truth he is so highly interested. But such is the
naturc of man! be is too apt to be lavish on bau-
bles, and penurious in matters of consequences
active about trifles, indolent where his welfare and
happiness are concerned. The adjustments for
the forc observation are, 1. To set the fore horizon
glass parallel to the index glass; this adjustment
15 of the utmost importance, and should always be
made previous 1o actual observation. The second
is, to see that the plane of this glass is perpendi-
cular to the plane of the quadrant. 3. To see
that the index glass is perpendicular to the plane
of the instrument.

Do adjust the fore horizon glass. This rectifica-
tion is deemed of such importance, that it is usual
to speak of it as if it included all the rest, and to
call it ADIJUSTING THE INSTRUMENT, It iss0
to place the horizon glass, that the index may shew
upon the arc the true angle between the objects:
for this purpose, set the index line of the nonius
exactly against o on the limb, and fix it there by
the screw at the under side. Now look through
the sight I at the edge of the sea, or some very
distant well-defined small object. The edgeof
the sea will be scen directly through the unsilvered
part of the glass, but by reflection in the silvered
part.  If the horizon in the silvered part exactly
meets, and forms one continued line with that seen
through the unsilvered part, then is the instrument
said to be adjusted, and the horizon glass to be
parallel to the index glass. But if the horizons
do not comecide, then loosen the milled nut on
the under side of the quadrant, and turn the ho-
rizon glass on its axis, by means of the adjusting
lever, 1ill you have made them perfectly coincide;
then fix the lever firmly in the sitnation thué
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obtained, by tightening the milled nut. This
adjustment ouglht to be rep sated before and after
every astronomical observation.

So important 1s this rectification, that experi-
enced observers, and those who are desirous of
being very accurate, will not be content with the
preceding mode of adjustment, but adopt another
method, which is usually called finding the index
error; 2 method preferable to the forcgoing both
for ease and accuracy.

To find the mdex error. Instead of fixing the
index at o, and moving the horizon glass, till the
image of a distant object coincides with the same
object seen directlys let the horizon glass remair
fixed, and move the index till the image and object
coincide; then observe whether the index division
on the nonius agrees with the o line on the are;
if it does not, the number by which they differ is a
quantity to be added to the observation, if the
index line is beyond the o on the limb; but if the
index line of the nonius stands between o and QO
degrees, then this error is to be subtracted from
the observation.*

We have already observed, that the part of the
arc beyond o, towards the right hand, is called
the are of excess; and that the nomwus, when at
that part, mustbe read the contrary way, or, which
15 the same thing, you may read them off’ in the
usual way, and then their complement to 20 min.
will be the real number of degrees and minutes to
be added to the obseryation.

# This adjustment may be made more accurately, or the
rror betier dgund, by uging the sun instead of the horizon; but
this method requires another set of dark glasses, to darken the
direcy rays of ithe sun; such a set is applied to the best instma-
Meuts, and this method of adjustment is explained inthe follow=
Mg deseription of the sextant,
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T make the index glass and fore horizon g/fm‘
perpendicular to the plane of the instrument. Though
these adjustments are neither so necessary nor
important as the preceding one; yet, as after being
once performed, they do not require to be 1'f:peatctl
for a considerable time, and as they add to the
accuracy of observation, they ought not to be
neglected; and further, a knowledge of them ena-
bles the mariner to examine and form a proper
judgment of his instrument.

1o adjust the index glass. This adjustment con-
sists in setting the plane of the index glass perpen-
dicular to that of the instrument.

Method 1. By means of the two adjusting
tools, represented at fp. 2 and 3, which are two
wooden frames, with two lines on each, exactly
at the same distance from the bottom.

Place the quadrant in an horizontal position on
a table, put the index about the middle of the are,
turn back the dark glasses, place one of the above-
mentioned tools near one end of the arc, the other
at the opposite end, the side with the lines towards
the index glass; then look down the index glass,
directing the sight parallel to the plane of the in-
strument, you will see one of the tools by direet
vision, the other by reflection in the mirror; by
moving the index a little, they may be brought
exactly together. If the lines coincide, the mirror
is rightly fixed; if not, it must be restored to its
proper situation by loosening the screw ¢, and
tightening the serew d; or, wice versa, by tighten-
ing the screw e, and releasing the screw d.

Method 2. Hold the quadrant in an horizontal

osition, with the index glass close to the eyes;
Fook nearly in a right line down the glass, and in
such a manner; that you may see the arc of the
guadrant by direct view, and by reflection at the
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same time. If they join in one direct line, and
?h_o arc scen by reflection forms an exact plane
with the arc seen by direct view, the glass is per-
pendicular to the p'lane of the (;1‘1;1(}1':{112; if not,
the error must be rectified by altering the posi-
tion of the screws behind the frame, as directed
above.

Ty asceriain whether the fore horizon glass be
perpendicular to the plane of the instrument. Having
adjusted the index and horizon glasses a grecul;.-lc
to the foregoing directions, set the index division
of the nonius exactly-against o on the limb: hold
the plane of the quadrant parallel to the horizon,
and observe the image of any distant object at
land, or at sea the horizon itselfy if the image of
the horizon at the edge of the silvered part coin-
cide with the object seen directly, the glass is
perpendicular to the plane of the instrument.  If
it fall above or below, it must be adjusted. "1f the
Image seen by reflection be higher than the object
itself seen dircctly, release the fore screw and
tighten the back serew; and, wvice wersa, if the
mage scen by reflection be lower, release the back
Serew and serew up the fore one; and thus pro-
ceed till both are of an equal height, an d that by
Moving the index you can make the image and
the object appear as one.

Or, adjust the fore horizon glass as directed in
Page 2625  then incline the quadrant on one side
45 much as possible, provided the horizon con-
tinues to be seen in both parts of the glass. If,
when the instrument is thus inclined, the edge of
the sea continues to form one unbroken line, the
Guadrant is perfectly adjusted; but if the reflected
f_‘"—’{‘i;mu bey separated from that seen by direet
1'i‘f““—’ll, the speculum 1s not pcrp{*ﬂdicu’lnr to the
Plane of the gquadrant. And if the ohserver is 1n-
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clined to the right, with the face of the quudruﬂt
upwards, and the reflected sea appears higher than
the real sea, you must slacken the screw heforé
the horizon glass, and tighten that which is be
hind it; but if the reflected sea appears lower, the
contrary must be p(‘rﬁn'rnv(l.

Care must be always taken in these adjustment?
to loosen one screw before the other 1s screwed ups
and to leave the adjusting screws tight, or so as 1@
draw with a moderate force against cach other.

This adjustment may be also made by the suts
moon, or star; in this case the quadr:i'nt may be ‘
held in a vertical position; if the image seen by
reflection appears to the right or left of the object
seen directly, then the glass must be adjusted 83
before by the two screws.

OF THE ADJUSTMENTS FOR THE BACK
OBSERVATION.

The back observation is so called, because the
back is turned upon one of the two objects whos®
angular distance is to be measured.

The adjustment consists in making the refleeted
image of the object behind the observer coincide
with another seen directly before him, at the same
time that the index division of the monius is di”
rectly against the o divison of the are.

The method, therefore, of adjusting it consist®
in measuring the distance of two objeots near’y
180 degrees apart from cach other; the arc passing
through each object must be measured in both 112
parts, and if the sum of the parts be 360 degrees
the speculums are adjusted; but, if mot, the axls
of the horizon glass must be moved till this sui
is obtained,
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Set the index as far behind o as twice the dip* of
the horizon amounts to; then look at the horizon
Thl"i’l!gh the slit near G, and at the same time the
Ypposite edge of the sca will appear by reflection
Wverted, or upside down. By moving the lever
Of the avis, if necessary, the edges may be made
0 coincide, and the quadrant is adjusted.

There is but one position in which the quadrant
tan be held with the limb downwards, witheut
Causing the reflected horizon to cross the part seen
oY direct vision,

If, on trial, this position be found to be that in
Which the plane of the quadrant is perpendicular
10 the horizon, no farther adjustment is necessary
than the fore-mentioned one; but if the horizons
Cross each other when the quadrant is held up-
Tight, observe which part of the reflected horizon
& lowest.

If the right-hand part be lowest, the sunk
Strew which is before the horizon glass must be
Ughtened after slackening that which is behind the
glass; but if the right hand is highest, the con-

Tary must be performed: this adjustment is,
owever, of much less importance than the pre-
Ceding, as it does not so much affect the angle
Measnred.

INCONVRENIENCIES AND INACCURACIES OF THE
BACK OBSERVATION,

The occasions on which the back observation is
10 be yged are, when the altitude of the sun or a
Star is {y be taken, and the fore horizon is broken
Y adjacent shores; or when the angular distance

€ween (he moon and sun, or a star, exceeds 0o

th This is aceording o the height of the observer's eye above
e St el
See, bee Lubersson's Navigation,
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degrees, and is required to be measured for obtain-
ing the longitude at sea: but there are objection
to its use in both cases; for if a known land he @
few miles to the north or southward of a ship, the

. latitude may be known from its bearing and dis-
tance, without having recourse to observatiofi®
and again, if the distance of the land in miles ex~
ceed the number of minutes in the dip, as is almost
always the case in coasting along an open shor
the horizon will not be broken, and the fore obser~
vation may be used; and lastly, if the land be to@
near to use the fore observation, its extreme points
will in general be so far asunder, as to prevent the
adjustment, by taking away the back horizon. In -
the case of measuring the angular distances of the
heavenly bodies, the very great accuracy requiree
in these observations, makes it a matter of impor~
tance that the adjustments should be well madeé
and frequently examined into. But the quantity,
of the dip is varied by the pitching and rolling of
the ship; and this variation, which is perceptibl
in the measuring altitude by the fore observations :
is doubled in the adjustment for the back observ#”

tion, and amounts to several minutes. It is like-

wise exceeding difficult, in a ship under way, to

hold the quadrant for any length of time. so that

the two horizons do not cross each other, and

the night the edge of the sea canno? be accurat® y
distinguished. Al these circumstances coneur t
render the adjustment uncertain; the fore obsc!”
vation is subject to none of these inconve®”
encies.*

_* Nicholson's Navigator's Assistant,
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DESCRIPTION, USE,
AND METHOD OF ADIJUSTING

HADLEY's SEXTANT.

As the taking the angular distances of the
Moon and the sun, ora star, is one of the best and
Most gecurate methods of discovering the longi-
fde, it was necessury to enlarge the arc of the
Octant to the sixth partof a circle; but as the ob-
Servations for determining the longitude must be
Made with the utmost accuracy, the framing of the
Nstrument was also’ altered, that it might be
‘endered more adequate to the solution of this
lfnpﬂrt:mt problem. Hence arose the present
“Onstruction of the sextant, in the description of
AR lich, it is presumed that the foregeing pages have

Cen read, as otherwise we should be obliged ta
*epeat the same observations.
L §0xtztllts are mostly executed (some trfling
“riations cxcepted) on two plans; in the one, all
inc ddjustments are l?f't to the observer: he has it
L s power to examine and rectify every part of
IS ingtrament. This mode is founded on this
g;f;leral principle, that the parts of no instrument

.be so fixed as to remain aceurately n the same

I;f)lfftllfm they had when first put out of the maker’s
nds; and that therefore the principal parts should
eh:}“_f‘de moveable, that their positions may be
b ned and rectified from time to time by the
Server,
Jns.tl[l-nfhe second coqstruc_tion? the principal ad-
. du‘{unJ or that of the horizon glass Eo_r. th.af
m_c)u‘ndﬂror, is rejected; and this rejection is
> ed upon two reasons:
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1. That from the nature of the adjustment it
frequently happens that a sextant will alter even
during the time of an observation, without any
apparent cause whatever, or without being sensi-
ble at what period of the observation such altera~
tion took place, and consequently the observer 13
unable to allow for the error of adjustinent. )

9. That this adjustment is not in itsclf suffi-
ciently exact, it being impossible to adjust a ses
tant with the same accuracy by the coincidence ol
two images of an object, as by the contact of the
limbs thereof: and hence experienced and accus
rate observers have always direeted the index error
to. be found and allowed for, which renders the
adjustment of the horizon glass in this directio®
useless; for it is easy to pluce it nearly paralle] 10
the index glass, when the instrument is made;, anc
then to fix it fundy in that position by screws:
The utility of this method is confirmed by expe-
rience: many sextants, whose indices had beent
determined previous to their being carried out 10
India, have been found to remain the same at theit
return.,

Notwithstanding the probable certainty of the
horizon glass remaining permanently in its situa”
tion, the observer ought from time to time to
examine the index error of his instrument,, to ¢
if it remains the same; or make the proper allow”
ances for it, if any alteration should have taken
place.

One material point,in the forination of a sextant
is s0 to construet it, that it may support its oW?
weight, and not be liable to bend by any incling~
tion of the plane of the instrument, as every flexur®
would alter the relative position of the mirrors, on
which the determination of an angle depends.
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Besides ihe errors now mentioned, to which the
“Cxtant or quadrant, &e. is liable, there is another
which seems inseparable from the construction
and materials of the instrument, and have been
Uoticed by several skilful observers. It arises
from the bending and elasticity of the index; and
the resistance it meets with in turning round its
(_'Qntcr' ey

To obviate this error, let the observer be care-
ul always to finish his observations, by moving the
Wdex in the same direction which was used in
g““ing it to o for adjusting, or in finding the index
Crror,

The direction of the motion is indeed indiffe-
Teut; but as the common practice in observing is
10 finish 1he observations by a motion of the index
M that direction which increases the angle, that
5, in the fore observation from o towards QO, it
Yould be well if the observer would adopt it as a
genera] rule, to finish the motion of the index, by
Pushing it from him, or turning the screw in that
“Wreetion which carries it farther from him. By
mlshing the motion of the index, we mean that

1€ last motion of the index should be for some
ni““utes of a degree at least in Lhe required direc-
on,

DESCRIPTION OF THE SEXTANT.

ir‘LFfé’- 4, plate 19, represents the sextant so
i‘;‘ “}efl,, as not to be liable to bcnd.. Th_c.arc ‘& A,
> tivided into 120°, cach degree is divided into
aré“e pirts, of.cgursc equal to 20 Ipinutcs, which
Ininagam subdivided by the nonius into every half
ﬂongu.tf:’ or 30 scconds: sec the nature of the
"flluc‘:“:’ and t.hc general I‘L.‘ll(.’. for estimating the
‘VCrvlhcrcof .in the preceding part of these Essays.

¥ second division ot minute on the nonius, 1S
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eat longer than the intermediate ones, The
nonius is numbered at every fifth of these longe?
divisions, from the right fowards the left, with
5, 10, 15, and 20, the first division towards the
right hand being to be considered as the index
division.

In order to observe with accuracy, and make
the images come precisely in contact, an adjusting
serew B is added to the index, which may be moved
with greater accuracy than it can by hand; but
this screw does not act until the index is fixed by
the finger screw C.  Care should be taken not 10
force the adjusting screw when it arrives at either
extremity of its adjustment. 'When the index i
to be moved any considerable quantity, the screw
C at the back of the sextant must be looseneds
but when the index is brought nearly to the di-
visionrequired, this back screwshould be tightened,
and then the index may be moved gradually by
the adjusting serew. A small shade is sometimes
fixed to that part of the index where the nonius 18
divided, this being covered with white paper, res
fleets the light strongly upon the divisions.

There are four tinged glasses at D, each ‘of whiclt
is set in a scparate frame turning on a center: they
are used to screen and save the eye from the
brightness of the solar image, and lht"_.f_;‘]:'ll'l? of the
moon, and may be used separately, or togethefs
@8 0ecaslon requires.

There are three more such glasses placed behind
the horizon glass at E, to weaken the rays of the
sun or moon, when they are viewed direet Y
through the horizon glass. The paler glass 1°
sometimes used in observing altitudes at sed; 1o
take off the strong glare of the horizon.

The frame of the index glass I, is firml

v fixed
by a strong cock to the center plate of the indexe
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The horizon glass F, is fixed in a frame that turns
on the axes or pivots, which move in an exterior
fl_‘:‘u'm': the holes in which the pivots move may be
bghtened by four screws in the exterior frame ; G
B a serew by which the horizon glass may be sct
Perpendicular to the plane of the instrument;
§h(mld this serew become loose, or move foo easy,
it may be easily tightened by turning the capstan
headed serew H, which is on one side the socket,
U'“'Uu.gh which the stem of the finger screw
Passes,

The sextant is furnished with a plain tube, fig.7,
Without any glassés; and to render the objects still
More distinet, it has also two achromatic telescopes,
ARG

: : g , Jig. 0, sh
them inverted. It hasa large ficld of view, and
Other advantages; and a little use will goon
dccustom the observer to the inverted position,
ind the instrument will be as readily managed by
Las by the plain tube only. By a telescopé, the
Contact of the images is more perfectly distin-
Buished; and by the place of. the images n the
leld of the 1<*1c§co§m, it is easy to pcrcciﬁ whether
f1e sextant is held in the proper plane for observa-
on, By sliding the tube that contains the eye
gi."m-“l‘-s in the inside of the other tube, the image
O the object is suited to different cyes, and made
0 appear perfectly distinet and well defined.
mwhc 15‘1cs<t0.pcs‘:|rc to be screwed -ill.iu a (‘iI’Ui_L]'.lI‘
ﬂl‘\ivnt I‘\; tlhls rng rests on two points agamnst

' eXterior ring, and is held thercto by two serews:
ﬂgigtmzning one, and tightening the other, the

. of the telescope may be set parallel to the
Plane of the sextant. The exterior ring is fixed

T
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on a triangnlar brass stem that slides in a sockets
anid 1 by means of a screw at the back of the ses-

Lml may be raised or lowered so as to move the

center of the telescope to point to that part of the

horizon glass which she |11 be ]udLrul the most “

for observation. IFie. 8, is a circular head, with

tinged glasses Lo sc rew on the eye end of cither of \

the tele scopes, or the plain tube. The glasses ar®

mm'nm rl in a circular plate, which has four holess

three of these are fitted with tinged glasses, the

fourth is npvn By l]l("“w\lll“ the (mﬂ*m against the

projecting edge of this circular ]}LLLL’. and turning

it round, ‘the open hole, or any of the uun‘td_
glasses, may be brought between the cye g Sm ot !

thf* 1clmu_>pc and the eye.

Fig. g, a small screw driver. Fig. 10, a mag’
1111\111“ glass, to read off the dlwslons by.

[r*jfml 1/716‘ index error of the sextant. To find
the index error, is, in other words, to shew what
number of m‘o"u,m and minutes is indicated bY
the nomnius, w hcu the direct and reflected image®
of an obicct coincide with each other.

The most general and most certain method ¢
ascerts 'nnntl Thl._ error, 15 to measure the diamet
of the sun, by bringing the limb of its image to
coineide with the la'nh of the sun itself seen di-
rectly, ﬂmfr on the quadrantal arc, and on the arc
of excess

If the di imeter taken by moving the index for=
ward on the quadrantal arc be greater the an that
taken on the arc of excess, then half the differenc®
i« to be subtracted; but if the diameter taken ont
ihe arc of cxcess be greater than that by the
drantal are, half the difference is to be added. *
the mnn‘zuh shewn on the arc be the same in bot
cases, the glasses are truly parallel, and there is 89

1(1‘

111:1-‘_
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index error; but if the numbers be different, then
half the difference is the index error.*
It is however to be observed, that when theindex
1S on the arc of excess, or to the right of o, the
Complement of the numbers shewn on the nonius
toao ought to be set down.
Several observations of the sun’s diameter should
¢ made, and a mean taken as the result, which
wil] give the index error to very great exactness.
Example.  Let the numbers of minutes shewn
Yy the index to the right of zero, when the limbs
Of the two images are in contact, be 20 minutes,
and the odd number shewn by the nonius be 5,
the complement of this to 20 is 15, which, added
to 90, gives 35 minutes; and, secondly, that the
NMumber shewn by the index, when on the left of
“Zero, and the opposite limbs are in contact, be 20
Minutes, and by the nonius ¢ 30", which makes
1r)gethcf 20’ 30"s this subtracted from 35" gives
530", which divided by 2, gives 2° 45" for the
Mdex error; and because the greatest of the two
Mumbers thus found, was, when the index was to
the right of the o, this index error must be added
151 the number of degrees shewn on the arc at the
tmlc of an’ observation.
1o set the horizon glass pm*jhﬁmﬂﬂzdﬂr to the plane
% the sextant. Dircet the telescope to the sun, a
Star, or any other well-defined object, and bring
the direet object and reflected image to coincide
Dearly with “each other, by moving the index;
1en set the two images parallcl to the plane of the

“:; ]'Tl other words, the difference between the degree and mi-
‘heL bhe"{"“ by the index: first, W_hcn the lower I:cﬁcch:sl limb of
e ‘S:m 1s exactly in contact with the upper ]m}b o_t the sunj;

Seondly, when the upper cdge of the image is in contact
the lower edge of the object, divided by 2, will be the index

With
SIror

T
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sextant, by turning the serew, and the images will
pass exactly over cach other, and the mirror wil
then be adjusted in this direction,

!i."j 5!"-‘/ n’:'l{',(-J (I "‘-J. ".:"/{1 / 'Il"" j-‘-./il.\i"ﬂ:"'!’: I”'If’f‘,.’l’/‘t‘/ .'“'f‘ !fn’f‘l ;f’jtf"l“'
of the sextant. We have already observed, that it
measuring angular distances, the line of sight, oF
plane of oks swvation, should be pzn‘zillui to the plane
of the instrument, as a deviation in that respect
will oceasion great errors in the observation, ant
this is most sensible in large angles: to avoid
, it telescope is made use of, in whose field
there are placed two wires parallel to each othef’s
and equidistant from the center. These wires
may be placed parallel to the |)|:111'cn{" the sextants
by tarning the eye glass tube, and, consequentlys
by bringing the object to the middle betweet!
thein, the observer may be certain of having the
axis of vision parallel to the plane of the quadrant-

1o adjust the telescope. Screw the telescope #
its place, and turn the eye tube round, that the
wires in the foeus of the eye glass may be 1::11':'.Hl‘
to the plane of the instrument; then seck two ob-
jeets, as the sun and moon, or the moon and @

these

star, whose distance should, for this purpose, en-
ceed Q0 degrees; the distance of the sun and

moon is to be taken great, hecause the same d€7
viation of the axis will cause a greater error, &M
will consequently be more casily discovere®
Move the index, so as to bring the limbs of th®
sun and moon, if they are made use of, exactly i
contact with that wire which is nearest to the plan€
of the sextant; fix the index there; then, by 27
tering 2 little the position of your instrumen’
make the images appear on the wire furthest from
the sextant. If the nearest limbs be now precisel,
in contact, as they were before, then the axis

0
the telescope 18 10 118 rw_s__ijht situation. DBut if th
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Ef:l'n’?_].* of the two objects appear to separate at the
wire that is furthest from the plane ot the mstrit-
ment, it shews that the object end of the telescope
nclines towards the plane of the instrument, and
must be rectified by tightening the serew nearest
the sextant, having previously unturned the serew
furthest from it. If the images overlap each
other at the wire furthest from the sextant, the
object end of the telescope is inclined from the
plane of the sextant, and the highest screw must
be turned towards the right, and the lowest screw
towards the left: by repeating this operation a
few times, the contact will be precisely the same
at both wires, and consequently the axis of the
telescope will be parallel to the plane of the in-
Strument.

T cxamine the glasses of a sextant, or qi drant.
1. To find whether the two surfaces of any one of
the reflecting glasses be parallel, apply your eye
at one end of it, and observe the image of some
object reflected yery obliquely from it; if that
Image appears singly, and well defined about the
edges, it is a proof that the surfaces are parallel ;
ou the contrary, if the edge of the reflected image
appears misted, as if it threw a shadow from it,
Or separated like two edges, it is a proof that the
Wo surfaces of the glass are inclined to each
other: if the image in the speculum, particularly
ifthat image be the sun, be viewed through a small
telescope, the examination will be more perfect.

2. To find whether the surface of a reflecting
&'ass be plane. Chuse two distant objects, nearly
On a leyel with each other; hold the instrunent
N an horizontal position, view the left hand object
Yirectly through the transparent part of ihe hori-
Zon glags, and move the index till the reflected
Mmage of the other is scen below it in the silvered
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part; make the two images unite just at the line
of separation, then turn the instrument round
qlowly on its own plane, so as to make the united
images move along the line of separation of the
horizon glass. If the images continue united
without receding from each other, or varying t their
respective position, the reflecting smmcc 15 a nood
plane. The obscrver must be careful that he
does not gwe the instrument a motion about the
axis of vision, as thatwill cause a bcpamtmn if the
planes be perfect.

To find if the two surfaces of 2 red or dark-
Cnina‘ glass are parallel and perfectly plane. It is
diffic LllL, nay, almost impossible, to procure the
shades puf(,clly parallel and good; they will

therefor e, according to their (lxﬁmcnt combina-
tions, give different altitudes or measures of the
sun :md moon.
The best way to discover the error of the shades,
18 to take the sun’s diameter with a picce of
smoaked glass before your telescope, all the vanes
being removed; then take aw ay the smoaked
glass, and view the sun through cach shade and
the several combinations thercof. If the two
images still remain in contact, the glasses are good 3
but if they separate, the error is to be attributed to
the dark glakam, which must cither be changed,
or the error found in each combination must be
allowed for in the observations, If you use t the
same dark glasses in the observation as in the ad-

justment, there will be no error in the observed
angle,*

* The dark glasses are generally left to turn in their cells; €
that, after one observation has been made, turning either mihuﬂ
h‘llI round, after another observation, half the difference thus
given is the error,  EpiT,
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OF HADLEY S SEXTANT, AS USED IN
SURVEYING.

No instrument can be so conveniently used for
m-]‘ling angles in maritime surveyng as Hadley's
sextant. It isused with equal facility at the mast
head, as upon deck, by which its sphere of obser-
Vation is much extended: for, supposing mamy
islands to be visible from the mast head, and oty
one from deck, no useful observation can be made

¥y any other instrument. But by this, angles may
e taken at the mast head from the onc visible
object with greaf exactness; and further, taking
angles from heights, as hills, or a ship’s st
lead, is almost the only way of exactly describing
the figure and extent of the shoals.

It has been objected to the use of Hadley’s sex-
tant for surveying, that it does not measurc the
hﬁ.l‘izontﬂl angles, by which alone a plan can be
laid down. This observation, however true in
Ulem‘y, may be obviated in practice by a httle
Caution.

If an angle be measured between an objcet on
an elevation, and another near to it in a hollow,
the difference between the base, which is the hori-
Zontal angle, and the hypothenuse, which 13 the
angle ghserved, may be very great; but it these
nbjct‘-ts are nwasm‘c{l, not from each Oihcr, but
from some very distant object, the difference be-
tween the angles of each from the very distant
Object, will be very near the same as the horizon-

tal angle, This may be still further corrected, by
Measuring the angle not between an object on a
Plane and an 01.{]0& on an elevation, but between
”.‘L" object on a plane and some object in the same
“irection as the elevated object, of which the eye
S sufficiently able to judge.
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Howw fo ol

2 the horizontal angle, or mw:’u?
t-’,.’ staince, efze

n two objects, First dd]ut the
sextant, and if the objects are not small, fix on
a shar P top, or corner, or some small dis tinct part
in each to observe: r.hcn, having set the index to
o deg. hold the sextant hor t/OJLLU , as above

duu‘ra *d, and as nearly in a plane p’l“I]!" through
the two objects as you ecan; direct the whl
tMrough the tube to the left hand ob ject, till it i
seen rh:u Iy through the trz mk]*fncm, pd1l of the
horizon glass: Lu};.m‘ that object still in sight,
then move the index till the other nbjuu is scen
by reflection in the silvered part of the horizon
“lw: then bring both O])](‘(‘rw together by the
index, dnd by the inclination of the plane of the
sextant when nec essary, till they unite as one, or
.11 pear to join in one u=1t1m§ line in the middle of
the line which divides the tran sparent and reflect-
ing parts of the horizon glass; the two objects
thus coinciding, or one appearing directly below
the other, the index then shews on the limb the
angle \\}m :h the two objects subtend at the naked
eye. This angle is always double the inclination
of the planes of the two reflec ting glasses to one
another; and, therefore, every degree and minute
the in ir‘\ 18 actually moved from o, to bring the
two objects 10(*(“1]:"" the angle subtended by
them at the eye will be twice that number of de-
grees and minutes, and is accordi n%.\ numbered
so on the arc of the sextant; which is really an
arc of 60 degrees only, but graduated into 120
degrees, as bf.‘f:)m observed.

The angle found in this manner between two
objects that are ncar the observer, is not 1)1'(:(‘ib€“;
and may be reckoned exact only when the objects
arc above half a mile off. Tor, to get the angle
truly exact, the objects should be vicwed from the




AS USED IN SURVEYING. 281

eenter of the index glass, and not where the sight
vaneis placed; therefore, except the objects are so
remote, that the distance between the mdex glass
and sight vane vanishes, or is as nothing compared
to it, the angle will not be quite exact. This 1n-
accuracy 1n the angle between near objeets is called
the pm‘fxll:u{ of the instrument, and is the angle
“_']‘furh the distance between the index glass and
Sight yane subtends at any near object. It is so
Small, that a surveyor will seldom have occasion
to regard ity but if it shall happen that great ac-
Curacy is required, let him choose a distant object
txactly in a line with each of the near ones, and
take the angles between them, and that will be
the true angle between the near objects.  Or, ob-
serve the angle between near objects, when the
Sextant has been first properly adjusted by a dis-
tant object; then adjust it by the left hand object,
which will bring the index on the are of excess
hk‘}"(')ﬂd 0 dt'grc‘cs; add that excess to the angle
found between the objects, and the sum will be
the true angle between them. If one of the ob-
jeets is near, and the other distant, and no re-
Mote object to be found in a line with the near
one, adjust the sextant to the near object, and then
Like the angle between them, and the parallax
Will be found.

an:uy.-;‘]g. To measure the horizental angle
AR C, fiz. 10, Jr'.‘/[./,-‘f(-’ Q, with the sextant. :

I. Set up such marks at A and C, as may be
S¢en when you are standing at B, 2. Set o on
'ﬂlt’ index to coincide with o on the quadrantal
are, 3, Hold the sextant in an horizontal posi-
Yon, Jook through the sight and horizon glass at
the mark A, and obgerve whether the image is di-
eetly under the objects if not, move the index
Bll they coincide, 4. if the index division of the
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nonius is on the arc of excess, the indicated quan=
tity is to be added to the observed angle; but if it
be on the quadrantal arc, the quantity indicated 15
to be subtracted: let us suppose five to be added.
5. Now direct the sight through the transparent
part of the horizon glass to A, keep that object in
view, move the index till the object C is seen by
reflection in the silvered part of the horizon glass.
6. The objects being now both in view, move the
index till they unite as one, or appear in one ver-
tical line, and the index will shew the angle sub-
tended at the eye by the two objects: supposC
75.20, to which add 5 for the index error, ant
you obtain 75.25, the angle required; if the :mglt‘-
be greater than 120°, which seldom happens in
practice, it may be subdivided by marks, and then
measured.

No instrument can be more convenient or ex-
peditious than the sextant, for setting of offsets-
Adjust the instrument, and set the index to go de-
grees; walk along the station line with the octant
in your hand, always directing the sight to the
farther station staff; let the assistant walk along
the boundary line; then, if you wish to make att
offset from a given point in the station line, stop at
that place, and wait till you see your assistant by
reflection, he is then at the point in the boundary
through which that offset passes; on the othc”
hand, if you wish an offset from a given point 0T
bend in the boundary, let the assistant stop at that
place, and do you walk on in the station line til
you sec the assistant by reflection in the octants
and that will be the point where an offset from the
proposed point or bend will fall.

The manner of using this instrument for
solution of those astronomical problems that are
necessary in surveying, will be shewn in its proper

place.

the
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DESCRIPTION OF A NEW POCKET BOX SEX-
TANT, AND AN ARTIFICIAL HORIZON, BY
THE EDITOR.

Fz‘g, 11, plate19,is a rc!prcsexnatirm of a very con-
Venient pocket sextant, and contains a material im-
Provement on the reflecting cross staff before de-
seribed, see fig. 4, plate 14. Inmilitary operations,
a5 well as trigonometrical ones, it has been found
of very essential service. AB a round brass box
three inches in diameter, and one inch deep. AC
Bthe index turning an index glass within the box.
@ a, are the two outside ends of the screws that
Confine an horizon glass also within the box.
An angle is observed by the sight being directed
thrOugh an hole in the side of the box about D,
Upon and through the horizon glass and the se-
ond opening at E, and the angle is read off to
One minute by the divided arc and nonius F, G, H.

y sliding a pin projecting on the side of the box,
8 dark glass is brought before the sight hole, not
Shewn in the ﬁgurc; by pushing the pin at 5,2
Qark screen for the sun is interposed between the
Ndex gnd horizon glasses. 1is an endless screw,
Sometimes applied to give a very accurate motion,
'Ke the tangent screw to the index of a sextant.
T a racked arc and pinion may be applied at
i out ¢, 4, which I think in some respects better.

. The following table is sometimes engraved upon
¢ cover that goes over the box when shut up.
¥ the sextant being set to any of the angles con-

‘:iunk‘d in this table, an height or distance of acces-

s le or inaccessible objects is obtained in a very
Mmple ang expeditious manner.




TABLE

UGSED WITH 1

Mull| Angle. | Angle. {Div.
1| 45° oo | 45200 | 1
2183 26 |26 34 2
3 {72 8 18 206 3
41 75 58114 02 4
& {1 78" 41 1 11 - 19 5
6|80 32 g 28 0
8| 82 152 7 08 8

10 | 84 17 5 43| 10

Make a mark upon the object, if accessibles
equal to the height of your eye from the ¢ erounds
Set the index to any of the mgka Eop this table,
and walk from the object, till the top is brought
by the glasses to coincide with the mark; then, if
the mfrsc be greater than 45°, multiply the dis-
tance by the corre: qzomlmg figure to the .IH‘"I
in the table; if it be less, divide, and the products
or quotient, will be the hun]ﬂ of the object above
the mark. If the object be m.u\vw]).v set the
index to the greatest angle in the table that the
least distance from the nh]ect will admit of, whem,
by moving backwards and forwards, till the top o
the O]J]CCL is brought to a level with the cye, ant
at this place set up a mark equal to the height of
the eye. Then set the index to any of the less¢*
angles, and go ])L.t‘k\\';l ds in a linc from the ob:
ject, till the top is made to appcar on the leve
with the eye, or mark before set; sct here cmolh“
mark, measure the distance bdmm the two markss
and this divided by the difference of . the U‘r““’
in the last column, against the angle m: ulk ust
af, the qlmiltm Wi 1 give the huuht of the uﬂl'*fl’
above the height of the eye, or mark, for i
distance, lrmhlpw the height of the object by the
munerw against cither of “the angles made use€ of}
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and the prmluci'will be the Hstance of the object
trom the place where such angle was used.
1 _1T the index is set at 45° the distance is the
height of the object, and wice versa. 'The index
set to go” becomes a reflecting cross staff, and 1s
used according to the directions in page 282.
The sextants, as before described by the author,
of the best kind, are made of brass, or other me-
tal, The radii now most approved of are from
SIX to ten inches, their arcs accurately divided by
an engine, and the nonii shewing the angles to
30, 15, or even 10 seconds; but the fine divisions
of the latter are liable fo be obliterated by the
frequent cleaning of the instrument.

PTHE ARTIFICIAL HORIZON.

~ In many cases it happens that altitudes are to be
taken on land by the sextant; which, for want of
4 natural horizon, can only be obtained by an ar-
tificial one. There have been a variety of these
sort of instruments made, but the kind now to be
deseribed is allowed to be the only one that can
be depended upon. Fig. 12, plate 19, represent
the horizon fixed up for use. A is a wood or
Mmeta]l framed roof containing two true parallel
glasses of about 5 by 3% inches, fixed not teoo
Yght in the frames of the roof. This serves
10 shelter from the air a wooden trough filled
With quicksilyer. In making an observation by
it with the sextant, the reflected image of the
Sun, moon, or other object, is brought to coin-
Cide with the same object reflected from the
glasses of the sextant; half the angle shewn upon
the fimh js the altitude above the horizon or
evel reguired. It is necessary in a set of obser-

Vitions that the roof be always placed the same

R
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way. When done with, the roof folds up flat-
ways, and, with the quicksilyer in a bottle, &¢
is packed into a portable flat case.

TO SURVEY WITH THE €CHAIN ONLY.

The difficulties that occur in measuring with
accuracy a strait line, render this method of sur-
veying altogether insufficient for measuring 2
picce of ground of any extent; it would be not
only extremely tedious, but liable to many errors
that could not be detected; indeed there are very
few situations where it could be used without
King's surveying quadrant, or some substitute for
it. The method is indeed in itself so essentially
defective, that those who have praised it most,
have been forced to call in some instrument, 45
the surveying cross and optical square, to their
aid. Little more need be said, as it is evident, a8
well from the nature of the subject, as from the
practice of the wmost eminent surveyors, that the
measuring of fields by the chain can only be pro-
per for level ground and small inclosures; and that
even then, it is better to go round the field and
measure the angles thereof, taking offsets from
the station lines to the fences. That this work
may not be deemed imperfect, we shall introduc®
an example or two selected from some of the best
writers on the subject; observing, however, that

frelds that are plotted from measured lines, are alwa)®

ploiied nearest to the truthy when those lines form @
their junction angles that approach nearly to a right
angle.

Example 1. To survey the triangular ﬁc;ld_
ABC, fig. 22, plate 9, by the chain and cross. Set
up marks at the corners, then begin at one of thery
and measure from A to B, till you imagine that
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you are near the point D, where a perpendicular
would full from the angte C, then letting the chain
lie in the line AB, fix the cross at D, so as to see
through one pair of the sights the marks at A and
B; then look through the other pair towards C,
and if you see the marks there, the cross is at its
Tight place; if not, you must move it backwards
and forwards on the line A B, till you see the marks
al C, and thus find the point D; place a muark at
D, set down in your field book the distance A D,
nd gomplete the measure of AB, by measuring
from D to B, 11.41. Set down this measure, then
Teturn to D, and measure the perpendicular DG,
0.43. Having obtained the base and perpendi-
Cular, the area is readily found: it is on this prin-
Ciple that irregular fields may be surveyed by the
¢hain and eross; the heodolite, or Hadley's sextant,
May even here be used to advantage for ascertain-
Ing perpendicular lines. Some authors have given
the method of raising perpendiculars by the chain
Only; the principle is good, but the practice s too
Operose, tedious, and eyen inaccurate to be used
M surveying; for the method, sce Geometry on the
Cround.

Ezample 2. To measure the four-sided figures,
ABCD, fg. 34, plate .

AR 214 PE 210
AF 362 BEF 300
AC 592

Measure cither of the diagonals, as AC, and the
two perpendiculars D E, BF, as in the last pro-
lein, which gives you the above data for com-
Pleting the figure.
%Emmple 3. To survey the irregular field, fg.
=<5 plate 13. Having sct up marks or station
“taves wherever it may be necessary, walk ov?i'
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the ground, and ("{Jl']‘-ldtl how it can be most con=
‘.ullvm]\ divided into triangles and tr: IpezLuInS
and then measure them hy the last two lnuhlum

It is best to subdivide the field into as few sepa-
rate triangles as I)()Hr-‘l')](_‘_. but rather into trape
ziums, by drawing diagonals from corner to corner;
so that the pupuuhulln may fall within the fi-
gure; thus the figure is divided into two trape-
ziums ABCG L: DEF, and the triangle GCD-
Measure the dm;lnn.ll AC, and the two perpen-
diculars G 1\'] B N, then the base G C, and the
perpendicular D q; Jastly, the di agonal D F, and
the two p u]:uuhulhh pE, OG, and \,nu haye
obtained sufficient for yvour purpose.

OF SURVEYING BY THE PLAIN TABLE.

We have already given our opinion of this in-
strument, and slmm how far only it can be de~
pended upon where accur: Icy 1§ re (;unui that
there are Jn.m\ cases where it may be used to ad-

vantage, there is no (lunlml' that it is an {‘\pu.]—
tious umd(‘ of surveying, is allowed by all. I shall,
therefore, here lay clmm the general modes of sur-
veying with if, leaving. it to the’ practitioner 10
select those best ad: IplL‘d to his peculiar circum-
stances, recommending him to use the modes laid
down in example 3, in’ preference to others, where
they may be readily applied. He will also be @
better l‘“l“t‘ than T can be, of the advant: ages of
Mr. Break's method of using the plain table.

Example 1. To take by the plain table the plot
of a lnut of land ABCDE, fig. 80, plate g, &
one station near the middle, from \\I,Uu ¢ all the
corners may be seen.

Let RTSV, Sig. 87, plate 0, represent the plain
table covered with a sh L‘Ct of paper, on which h the
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plan of the field, fig. 36, is to be drawn; go round
the field and set up objects at all the corners
thereof, then put up and level your plain table,
1Ul_'!.ling it about till the south point of the needle
Points to the N. point, or 300° in the compass
20X ; screw the table fast in that position, and then
Yaw a line P p parallel to one of the sides for a
Meridian line. Now choose some point on the
Paper for your station line, and make there a fine
lole with a small circle of black lead round it;
118 15 to represent the station point on the land,
4nd to this the edge of the index is to be applied
When directed to an object.
Thus, apply the edge of the index to the point
O, and direct the sight to the object at A; when
18 is cut by the hair, draw a blank line along the
Qhamfercd edge of the index from @ towards A,
ter this move the index round the point ® as a
“enter, till you have successively observed through
¢ sights, the several marks at A, B, C, D, E;
4nd when these marks coincide with the sights,
“raw blank or obscure lines by the edge of the
Mdex to . Now measure the distance from the
Station point on the ground to each of the objects,
and set off by your scale, which should be as large
% your paper will admit of, these measures on
their respective lines: join the points AB, BC,
fols DE, EA, by lines for the boundaries of the
‘[: d, which, if the work be properly executed,
Vill be truly represented on the paper.
oy, B. It is necessary, before the lines are mea-
2Ured, to find by a plumb-line the place on the
Ound under the mark ©® on the paper, and to
4€e an arrow at that point.
b fx{?mple 2. Let fig. 83, plate 9, represent
tionp!e?c of ground to be surveyed from one sta-
Point, whence all the angles may be seen, but
U
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not so near the middle as in the foregoing instanc€:
go round the field, and set up your ob'je(:ts- at 4
the corners, then plant the table where they may
all be conveniently seen; and if in any place a near
object and one more remote are in the same line:
that situation is to be preferred. Thus, in the
present case, as at @, & coincides with %, and ¢
with &; the table is planted thereon, making the
lengthway of the table correspond to that of the
field. Make your point-hole and circle to reprt”
sent the place of the table on the land, and apply
the edge of the index thereto, so as to sce throug?
the slit the mark at @ cut by the hair; then wif
your pointrel draw a blank line from @ towards 4
do the same by viewing through the sights the s¢-
veral marks ¢, d, e, f, g, keeping the edge of the
index always close to ©, and drawing blank lin®
from @ towards each of these marks.

Find by a plumb-line the place on the gmuﬂd
under ® on the paper, and from this point med”
sure the distances first to g, and proceed on in the
same line to #, writing down their lengths as you
come to each; then go to «, and measure from 1
to @, then set off from your scale the 1':351){1‘.11_‘"3
distance of each on its proper line; afier thi%
measure to ¢, and continue on the line to 4, a7
set off their distances; then measure from @ t@ ™
and from ¢ to ®: and, lastly from @ tof, ff”‘)f
sctt off their distances. Then draw lines in 17
from cach point thus found to the next for bout”
daries, and a line to cross the whole for a meridial
line.

Fig. 33, may be supposed to be two fie
the table to be planted in the N. E, angle
lower field, where the other angles of both
may be observed and measured to.

Example 3. To survey a field represen
fig. 32, plate 9, by going round the same

1ds; and
of the
felds

ted at
either
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Wwithin or without, taking at the same time offsets
o the boundaries; suppose inside.

Set up marks at a, &, ¢, d, at a sinall distance
fom the hedges, but at those places which you
titend to make your station points.

hcn, bcg‘inning at @, pl:-mt your instrument
‘ere, and having adjusted it, make a fine point
© 1 on that part of the paper, where it will be
Wost probable to get the whole plan, if not too
drge, in one sheet; place the index to @ 1, and
(‘!”'ECT the sight to the mark at ® 6, draw a blank
e from @ 1 to © 6, then divect the index to the
et near the middle of the field, and afterwards to
€ mark at @ 2, then dig a hole in the ground
Under ® 1 in the plan, and taking up the table,
Set up an object in it exactly upright, and measure
om it towards ® 2, and find that perpendicular
Against 218, the offset to the angle at the boun-
ry s 157 links, which set off in the plan; then
“,’i‘ﬂsuring on at 375 the offset is but 0, and con-
Mues the same to 698, at both which set off 6 in
€ plan; then measure on to @ 2, and find the
ole 1041 links, which set off’ in the blank line
"awn for it, and mark it ® 2; then taking out
¢ object, plant the table to have ® 2 over the
u?les.whcn placed parallel to what it wason © 13

15, the edge of the index-ruler touching both

Sations, the hair must cut the object at @ 1, and

10 serew it fast.
B Ow setting up objects in the by-angles ¢ and &,
turn the index to view that at ¢, and draw a
Oaﬂk line from ® 2 towards it; then do the same
‘tvards b, ® 3 and the tree, which last crossing
LL‘:I; dl'-:J.WIl towards it from © 1, the i‘ntcr's'ec tion
mﬂﬂi{mnes the place of the tree, which beng re-
G able, as seen from all the stations, murk{ itin
Plan; then measure to @ 412 links, and from &

v 2
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353, and sct them off in the blank lines drawn
towards them: then set off the distance to the
houndaries in the two station lines produced, Vi
151 in the next produced backwards, and 15 1#
the first produced forwards; after this, draw the
houndarics from the angle where the first offsct
was made fo the next, and so on round by 4, ¥
throngh the 151 to the next angle; then, taking
up the table, fix again the object as before, ant
measure on the ® 3, which set oftf 564 links, af
the oftset to the angle in the boundary 27, anc
then draw the boundary from it through the 1
the angle at meeting that last drawn.

Now, taking out the object at © 3, plant the
table so as to have © 3 over the hole, whe”
ptaced parallel to what it was at the former st%”
tioms, and screwed fast; then turn the index *
make the edge touch the place of the tree and ©
3 in the plan, and finding the hair cuts the tre®
turn the index to view @ 4, and draw a blank lin®
towards it; then taking up the table, fix the objec,
as before, and measure on to @ 4, which set ©
471 links, and the offset 23, and draw the bou*”
dary from the last angle through it to the nexts
then measure on in the station line produccd o
the next boundary 207 links, and the distance -
® 4, from the nearest place in the same bouﬂdf”'y,
173, both which set off and draw the boundd®)
from this last through the 207 to the angle.

Now taking out the mark, plant the table 19
have @ 4 over the hole, when screwed fast in the
same parallelism as at the other stations; e
after viewing again the tree, turn the index
view © 5, and draw a blank line towards it; then

taking up the table, fix the object as before; A0
nicasuring on towards @ 6, at 225 the ﬂeﬂreﬂ
. seb

slace of the boundary is distant 121 whic
1 Y s

5 {o
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off bearing forwards, as the figure shews; at 388
the perpendicular offset is 9, and at 712 it is 12,

oth which set off in your plan; then measure on
to ® 5, and set it off at 912 links.

Take out the mark, plant the table to have © 5
over the hole, when screwed fast in the same pa-
vallelism as before; then set up objects in the

y-angles ¢ and 4, and after viewing the tree,
turn the index to view the objects at ¢, &, and & 0,
and draw a blank line towards each; then measure
to¢ 150, and from d 245, both which set oft m
Your plan, and also the distance to the boundary
I the next station line produced backward g5;
and now make up the boundary round by the se-
Veral offsets to the angles ¢ and 45 then taking
Up your table, fix the object as before, and mea-

" Buring {owards @ 6, find at 162 the offset is 32,
g

Which set off; measure on to ® 0, and set it oft’
at 708, and the offset from it to the boundary is
36 links.

Finding the blank line drawn from ® 1 to in-
tersect the point-hole here made for @ 6, do not
Plant the table at ® 6, but begin measuring from
It towards ® 1, and finding at right angles to the
e at @ 6, the offset to the angle is 42, set that
‘ 1n your plan; ' then measuring to ® 1, 582,
Which, measuring the same by the scale in the
Plan, proves the truth of the work; the offset is

ere also 42, which set off, and draw the boun-
Yary from 4, round by the several offsets, through
s last to the angle; then measure on in the sta-
alon line produced to the next boundary 88 links,
Nd set that off also, and draw the boundary from
t:‘: angle at the first offset, taken through it at
: e ﬂnglle at meeting the last boundary: and then
I'ua mel'ldla-r} line be drawn, as in the former, the
ugh plan is completed.
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But if ® 6 bad not met in the intersection, OF
its distance from ® 1 been too much, or too little,
you would very likely have all your work, except
the offsets, to measure and plot over again.

% The plain table surveyors, says Mr. Gardint’s
when they find their work not to close right, do
often close it wrong, not only to save time an
labour, but the acknowledging an crror to thel!
assistants, which they are not sure they can amends
because in many cascs it is not in their powel
and may be more often the fault of the instrument
than the surveyor; for in uneven land, where the
table cannot at all stations be set horizontal, or #
any other ‘one plane, it is impossible the work
should be true in all parts: but to prevent gfc*"t
errors, at every © after the second, view wherever
it is possible, the object at some former ©, besides
that which the table was last planted at; becaus®

"if the edge of the index ruler do,not quite touchs

or but very little covers that @ in the plan, whilst
it touches the ©® you are at, the error may
amended before it is more increased, and if it V&
ries much, it may be examined by planting agail
the table at the former station, or stations,

If a field is so hilly, that you cannot, without
increasing the number of stations, see more tha”}
one object backward, and another forward, a9
there is nothing fit within the field, as the sup”
posed tree in fig. 32, then set up an object 0%
purpose to be viewed from all the stations, if PO
sible, for such a rectifier. .

The lengthening and shortening of the pape’’
as the weather is moister or drier, often causes ™
small error in plotting on the plain table; for ";
tween a dewy morning, and the sun shining h”,
at noon day, there is great difference, and care
should be taken to allow for it; but that canso:
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be done in large surveys, and so ought not to be
eXpected; indeed, those working by the degrecs,
Without having their plan on it, are not liable to
this error, though they are to the former; but
both ways are lable to another error, which 1s,
that the station lines drawn, or the degrees taken,
are pot in the line between the objects, nor pa-
rallel thereto; neither will this error be small n
short distances, and may be great, if each © on
the plan, or the center ased with the degrees, is
not exactly over the station holes; but to be most
€xact, it is the line of their sights that should be
d)rcctly over the hole.

My, Beighton made such improvements to his
plain tables, by a conical ferril fixed on the same
Staves as his theodolite, that the above errors, ex-
cept that of the paper, are thereby remedied; for
the line of the sights, in viewing, is always over
the center of the table, which is as readily set
Perpendicular over the hole, as the center of the
theodolite, and the station lines drawn parallel to
those measured on the land; and the table is set
horizontal with a spirit level by the same four
Screws that adjust the theodolite; therefore some
choose to have both instruments, that they may
Use gither, as they shall think most convenient.

Let fig. 32 now be a wood, to be measured and
plotted on the ouzside; if on coming round to the
first @, the lines meet as they ought, the plan will

©as truly made, as if done on the ingside; but
lere having no rectifier of the work as you go on,
¥ou must trust to the closing of the last measured
]1ne; and if that does not truly close with the first,
you must go over the work again; and, without a
etter instrument than the common plain table,

}Lou cannot be sure of not making an erxor in this
Lage,




OF SURVEYING BY

Suppose the table planted at ® 1 on the out-
side, with paper fixed on it, and objects set up at
all the other stations on the outside, and dry blank
lines drawn from & 1 on the paper towards © 0
and @ 2; these done, take up the table, and set
up an object at @ 1; then, measuring from it to-
wards ® 2, you find at 20 the offset to the first
angle is 38, then at 280 the offset to the next an-
gle is 26 links, both of which set off in the plan;
then at 304 the perpendicular offset to the next
angle is 200; then at 698 the distance of the sameé
angle is 360 bearing backward, as may be seen
in the figure, that by the intersection of these
two offset lines the angle may be more truly
plotted; then measure the distance from this an-
gle to the next 323, and from that to 698 place in
the station line 280, which is the perpendicular
offset; then by the intersection of these, that an-
gle will be well plotted; then at 776 the offset
to angle a is 48, and at 1012 the offset to & is 22
both which set off in the plan, and at 1306 you
make ® 2; now draw the boundaries from the
first offset to the next, &%. to the angle b, AS
there 1s no difficulty in taking the offsets from
the other station lines, we shall not proceed far-
ther in plotting it on the outside; for a sight ©
the figure 1s sufficient.

Some surveyors would plant their table at &
[)Iace between 304 and 698 in the first station
ine, and take the two angles,” which are her®
plotted by the intersection of lines, as the by-
angles « and & were taken at ‘® 2 within the
field; but if the boundary should not be a strait
line from one angle to the other, then their dif-
tance should 'be measured, and offscts taken ¢
the several bends in it,
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You plot an inaccessible distance in the same
manner as the tree in fig. 82; for if you could
€ome no nearer to it than the station line, yet you
might with a scale measure its distance from ®
L or ® 2, or any part of the line between them
10 the plan, the same as if you measured it with
the chain on the land; observing to ‘make the
Stations at such a distance from one another, that
the lines drawn towards the tree may intersect
€ach other as near as possible to right angles,
Urawing a line from ecach to @ 1;* writing down
the degree the north end of the needle points to,
35 1t should point to the same degree at each sta-
Uon; remove the table, and set up a mark at © 1.

The imperfections in all the common methods
of using the plain table, are so various, so tedious,
and liable to such inaccuracies, that this instru-
Ment, so much esteemed at one time, is now dis-
"egarded by all those who aim at correctness in

¢ir work. Mr. Break has endeavoured to re-
Medy the evils to which this instrument is liable,
¥ adopting another method of using it; a method
Which I think does him considerable honour, and
}:"]“ECh I shall therefore extract from his complete

System of Land Surveying,” for the information
O the practitioner.

Example 1. Tv take the plot of a field ABCDEF,

‘& 11, plate 13, from one station theyein.

hoose a station from whence you can see every
®orner of the field, and place a mark at each,
"“Hlfl'nzrinn_’r these with the figures 1, 2, 3, 4, &c.
4L this station erect your plain table covered with

wh In general the markk ® always denotes a station or place
er, p

ofc € the instrument is planted. The dotted lines leading from
b Station to another, are the station lines; the black lines, the
~UNdaties: the dotted lues from the boundary to the station

e are oflsets,
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. paper, and bring the south point of the needle 17

the flower-de-luce in the box; then draw a circl®
O P QR upon the paper, and as large as the pa-
per will hold.

Through the center of this circle draw the
line NS parallel to that side of the table which 13
parallel to the meridian line in the box, and this
will be the meridian of the plan.

Move the chamfered edge of the index on @
till you observe through the sights the severd)
marks A, B, C, and the edge thereof will cut the
circle in the points 1,2,3, &c. Then having
taken and protracted the several bearings, the dis-"
tances must be measured as shewn before.

T% draw the plan. Through the center @and the
points 1, 2, 3, &c. draw lines © A, ® B, ® Cy
® D, ® E, ®© F, and make each of them equ-‘ﬂ
to its respective measure in the field; join the
points A, B, C, &c. and the plan is finished.

Example 2. To take the ja}zt of a field ABCD;
&e. from several stations, fig. 14, plate 13,

Having chosen the necessary stations in the
field, and drawn the circle O P Q R, which yo¥
must ever ohserve to do in every case, set up
your instrument at the first station, and bring the
needle to the meridian, which is called adjusting
the instrament; move the index on the centel
®, and take an observation at 4, B, C, ® 2, H,
and the fiducial edge thereof will intersect the
circle in 1,2, 3, &c. Then remove your instrt”
ment to the second station in the field, and ap;
plying the edge of the index to the center @ a9
the mark ©® 2 in the circle, take a back sight 1©
the first station, and fasten the table in this pos!”
tion; then move the index on the center @, 4"
direct the sights to the remaining angular mﬁrkf‘-‘
so will the fiducial edge thereof cut the circle 1
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the points 4, 5, 6, &c.  The several distances

r'Q(’-lllg measured with a chain, the work in the
field is finished; and entered in the book thus:

THE FIELD BOOK EXPLAINED.

No. | Dist. | No. | Dist.
®1 (o}
1 520 |3
2° [Tadav v er0
3 360 8 470
@2 | 730 | 6 |550
8 | 386 7 550
8

To draw the Plan.

Having chosen ® 1 upon paper to represent
the first station in the field, lay the edge of a pa-
rallel ruler to @ and the mark 1, and extend the
other edge till it touch or lay upon © 1, and
close by its edge draw aline 1,1==520. Then lay
the rnler as before to ® and the mark 2, and, ex-
l_cnding the other edge to ® 1, draw thercby the
Ine 1,2=—344, which gives the corner B, as the
ne 1,1 does the corner 4. After the same man-
her project @ 2, together with the corners C, H.
Agiliu, apply the edge of the ruler to © and the
Point 4, and extend the other edge till it touch ®
2, and draw the line 2,4=—370, which will give
the point or corner D. Thus project the remain-
g corners £, F, G, and the plan is ready for
Closing,

If.‘awmpk 3. To take the plot of several fields
ABCD, BECF, DIHK, and IFGH, from




300 OF SURVEYING BY

stations chosen at or near the middle of each, fig-
15, plate 13. '

Adjust your plain table at the first station i
A BC D, and draw the protracting circles and me-
ridians IV §; then by proposition 1, project the an-
gles or cornersof A B C D, B E FC, and also the
second station, into the points 1,2, ® 2, 3,4, 5, 0-
Again, erect your instrument at the first station,
and lay the index on the center ® and the mark
©® 2, and direct the sights by turning the table
to the second station, then move the index till yout
observe the third station, and the edge thereol
will cut the circlein ® 3. Then,remove the in-
strument to the third station, lay the index on the
center ® and the mark ® 3, and take a back
observation to the first station; after which by the
last proposition find the points 7, 8, ® 4, 9, in the
circle OP QR.  Asto the measuring of distances,
bothinthis and the twosucceeding propositions that
shall be passed over in silence, having sufficiently
displayed the same heretofore; what I intend t@
treat of hereafter, is the method of taking and
protracting the bearings in the field, with the man-
ner of deducing a plan therefrom.

To draw the Plan,

Choose any point @ 1 for your first station;
apply the edge of a parallel ruler to the center @
and the point 1, and having extended the othef
edge to ® 1, draw the line 1,1=370, which wil
give the corner 4. In like manner find the other
corners B, C, D, together with ® 2; which being
joined, finishes the field 4 B C D. After the sam®
method construct the other fields BE F G
DIHK, IFGH, and you have done,
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THE FIELD BOOK.

REMARKS, N7 | Dist. REMARKS.

®1 In ABCD.

The open 370 Field.
380 BEFL,
580

403 DIHK,
440 Ground.

ot @ -
3]

Sir Will. Jones's

@2 In BETI,

2
John Simpson’s | 5 400 Ground.
6 | 400 | IFGH.
7
BEFI closes at | 3
@1 In ABCD.

Return to (@3 | 600

@3 | In DIHK.
TFGH.

Z P

®4 | 630
South | 8 432 Field.

John Spencer's | 9 | 400 | Ground.
DIHK closes at | 4

o4 | InIFGH.
Ed. Johnstone's | 6 |- Ground.
South | 10 | 380 Field.
IFGH closes at | 8

Example A, To take the plot of a field ABCD

B, by going round the same, Jig. 12, plate 13.

Set up your plain table at the first station in the
field; move the fiducial edge of the index on the
Center (), and take an observation at the mark
Placed at the second station, then will the same
hflucial edge cut the circle O Q R in the point 1.
‘hen remove your instrument to the second sta-
ton, and placing the edge of the index on ® and
the point 1, take a back sight to the first, or last




station; then directing the index on the center ©
to the third, or next station, the edge thereof will
cross the circle in the point 2. In like manner the
instrument being planted at every station, a hack
sight taken to the last preceding one, and the in-
dex directed forward to the next succeeding sta
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tion, will give the protracted points 3, 4, 5, 6.

THE FIELD BOOK.

REMARKS. O ek §0. REMARKS.
o1 In ABCDEF.
7 0
50 | 250
85 |' 550
@2 In Ditto.
84 (0]
Comer | 65 | 440
@3 In Ditto.
0
60 | 465
@4 In Ditto,
72 0
58 |365
850 | 750
@5 In Ditto,
40 (0]
08 | 302
60 | 680
@6 In Ditto,
58 (8]
50 | 355
G7 | 663 [|toe1]| Close Ditto.
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Ty draw the Plan.

~ Choose any point ® 1, to denote the first sta-

tion. Laythe edge of a parallel ruler on the cen-
ter @ and the point 1, and extend the other edge
Ull it touch © 1, and draw by theside thercofthe
ine 1,2=550; then apply the ruler to ® and the
mark 2, and extend the other edge to @ 2, and
draw thereby the line 2,3=—=440; again, lay the
¢dge of the ruler to ® and the point 3, and the
other edge being extended to @ 3, draw the line
3,4—465; after the same method lay down the
femaining stations, and the traverse is delineated.
As for drawing the edges, that shall be left for the
learner's exercise,

Example 5. To take the plot of several fields
A, B, C, D, by circulation, fig- 16, plate 13.

From the projecting point @ by last example,
Project the stations in 4, into the points 1, 2, 3,
4; then the instrument being planted at the se-
cond station, from the same projecting pomnt ©
Project that station the second in A into the point
2%, 92 denoting the instrument being planted a
Second time at that station, which is done thus:
13}' the index to ® and the point 2, and take a
ack sight to the first station, that being the sta-
tion immediately preceding that you are at in the
field book . themr on the center © take a fore ob-
Servation at the next succeeding station, and the
index will eut the circle in the point 22, Thus
Project every other remaining station.
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THE FIELD BOOXK.

Return to

il REMARKS. 0. | oL. | O. REMARKS.
! @1 In Field 4,
il 53| o0
80 | 2
Corner | 85 | 610
U o9 OQ;
}i!hl 02 In Ditto. |
ik ol o
‘ u‘ii: 05 | afio
i @3 In Ditto. . |
i 6o| o |‘
il 75 | 368
i ‘i‘ 55 | 650 |
@4 In Ditto
4 50] o
b 48 | 440 |to®1] Close here 4
L
‘ i ‘ Return o ®2 In 4.
i 0
;‘ Corner { 60| 80 |into| B.
i 50 | 402 |
| @5 In B.
b 50 0 |
! 60 | 340
Wil 50 | G50 (
11
il (X ) In Ditto, |
Ll 50 o 1
vl Ag. Hedge | 51 | 500 ‘
i 560 |byoe| for closing C,
i Closes at Cor.of 4 | 50 | 620 = | the Hedge, ‘
682 |toe3| in 4. |

In A.
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THE FIELD BOOK.

REMARKS. \ 0. oL | 0. | REMARKS,
i T s
‘ ®7 { In C.
0 |40
{ 300 | G0
[ =00 | 50
‘ |
‘ @8 ‘ In Ditte.
0 |70
400 | 24

780 | 63 | Close C.
Cross | hedge
820 \ bye | @ at 50601, 6, 4.

Return to I @8 In Ditto.
(4]
60 50 | Corner.
nto D.
2920 50
! 554 40
: e
@0 In D,
0] A}
! 250 {
! —_————
® 10 In Ditto,
0
64 50
530 | 64 [Close D at Cor. B.
into B.
550 m@ﬁiin B.

The bearing being protracted, the plan may be
]L‘“illy drawn lzum what has been already de-
Seribed,

SENRRAL METHODS OF SURVEYING DETACHED
PIECES OF GROUND,

M

Lo survey the l:z.wnm’m Jield, fig. 22, /w’ O»

vith any instrument used for measuring ang

L. Set up marks at the three corners A b G
X
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2. Measure the angle ACB. 3. Measure the two
sides AC, CB.

This method of measuring two sides and the in-
cluded angle, is far more accurate than the old
method of going round the field, and measuring
all the angles. It was first introduced into prac-
tice by Mr. Talbot.

If the field contain four sides, fig. 23, plate O
begin at one of the corners A, 1. Measure the
angle BAD. 2. Measure the side AB. 3. Take
the angle ABC." 4. Measure the side BC, and
angle BCD. 5. Measure the side CD, and tht
angle CDA, and side DA, the dimensions ar¢
finished; add the four angles together, and if the
sum makes 360°, you may conclude that you'
operations are correct; the above figure may be
measured by any other method as taught befor®
by measuring the diagonal, &c. .

If the field contain more than four sides, /¢~
24, 25, 26, plate 9, having set up your marks, e
deavour to get an idea of the largest four-sidet
figure, that can be formed in the field you ar
going to measure; this figure 1s represented 17
the figures by the dotted lines.

Then beginning at A, take the angle B,E\D"
measure in a right line towards B, till you com®
against the angle f, there with your sextant, Oi
eross, let fall the perpendicular fe, as taughtn 1[“:
method of the triangle, observing at how many
chains and links this offset or perpendicular fall®
from the beginning or point A, which note in y(_m;
field book, and measure &£, noting it also 10 you
ficld book; then continue the measure of the un‘j
\B to B; take the angle ABC, and measur® t{t
line BC; take the anglt‘. BCD, and measar¢ 1}11.‘
line CD; take the angle C DA, and meastI® f,n]
line DA; observing as you go round, to let 13
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Perpendiculars where neeessary, and measure them

as specified in the line AB.
“Xample to fig. 26, containing seven sides.

FIELD BOOK.

L A= | 867,35

Ae= 2,08 g0=e i
5,32 = Izt side AB.

£LP— | 88°,,25

4,80 =2d side R C.

£C= | 03°,00
Ey= 1,20 | B8=g4.

4,02 =3d side C D.
LD = | g3°%.,00°

B W
Di= 2,00 1,08 =i k.
4,84 = 4th side D AL

7 N, B. Set the offsets to the right or left of your
Colump of angles and chains, according as they

W 1o the righf and left of your chain line in the
fielq,

TO USE THE COMMON CIRCUMFERENTOR.

Sh“fc have already observed that this instru‘meut
uld neyer be used where much accuracy is re-
E;}:‘{dj for it is scarcely possible to obtain with any
dinty the measure of an angle nearer than to

‘g d"gl't‘cs, and often not' so near; it has there-

Org {
> IDHg been rejected by accurate surveyors.*

* Sec Gardiner'’s Practical Surveying, p. 54,

X 2




TO'USE THE

This instrument takes the bearing of object
from station to station, by moving the index till
the line of the sights coincides with the next std-
tion mark; then counting the degrees betweed
the point of the compass box marked N, and the
point of the needie in the eircle of quadrants.

Thus let it be reguired to survey a large wood,
fig. 81, plate g, by going round it, and observing
the bearmg of the several station lines which en-
COMPass that wood.* _

The station marks being set up, plant the cur~
cumferentor at some convenient station as at «, the
flower-de-liice in the compass box being from you:
direct the sights to the next station rod 4, and s€t
down the division indicated by the north end of
the needle, namely 260° 30, for the bearing of the
needle.

Remove the station rod 4 to ¢, and place the
circumferenter esactly over the hole where the
rod b was placed, measuring the station lines, ane
the offscts from them to the boundaries; noV
move the instrument, and place the center there®
exactly over the hole from whence the rod 5/ was
taken. The flower-de-luce being from you, tw™
the instrument till the hairin the sights coincide®
with the object at the station ¢, then will the porth
end of the needle point to 202° 12, the bearing
of be; the instrument being planted at ¢, and thtz
sights directed to &, the bearing of ¢d, will }”'“‘
331°45". 'In the samc manner proceed to i““k“
the bearing of other lines round the wood, obser*”
ing carefully the following general rale:

> x i~ = ‘ >
Keep the flower-de-luce from vou, and take the

i . " o - +he
bearing of éach line from the north end of th

needle,

#* Wyld's Practical Surveyor, p. 77.
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lines.  bearings. Iinks.
ab 260. 30 19249
be 202. 12 1015
¢ d 3314 45 1050
de 50. 00 v 1498
cf VAQLA S 645
fa 151. 30 1800

Instead of pl mting the circumferentor at every
station 1n the field, the bearir 1o¢ of the several lines
May he taken if 1t be p].:llll—u only at every other
Station.

So if the instrument had been planted at £, and
the flower-de-lucein thebox kepttowards you when
you {ook back to the station a, and from you when
You look forwards to the station ¢, the be: arings of
the lines # b, and b ¢, would be the same as before
Observed: also the h‘.:mgs of the lines cd, and
d e, might he observed at &, and ¢ f d fa, at 1;
So that instead of ].Lmlm_ﬂ the s
times, you need in this case plant it but three
times, which saves some labour.

But, since you must go along cvery station line,
1o measure it' or see it measured, ff e trouble of
Setting down th instrument is not very great, and
then also you may examine the bw g of each
ling ag you go along; and, if you suspect sn error
In the work, by the ncedles being acted upon by
Some hidden magnetic power, or from ),mn own
””“(lkv mn oi)au ving the degrees that the needle
Points to, you “mav correct such error at the next
Station b(fm you 'imx‘ sed.

As when the instrument was planted at @, and

e sights directed at 4, the flower-de-luee from
You, the north end of the needle po nnted to 260°
‘3“, now being come to b, direct the sights back

*0 amark ut «, Lu} ing the flower-de-luce towards

ar
R
‘T'hl([l\ =N
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you: so shall the north end of the needle point 10
260° 30/, as before at ¢, and then you may be
sure the bearing of the line @ 4 is truly observed.
But if the needle doth not point to the same
number of degrees, &c. there hath been some errot

in that observation, which must be corrected.

OF THE IMPROVED CIRCUMFERENTOR, WITH
MR. GALE'S METHOD OF USING IT; A ME-
THOD THAT 18 APPLICABLE WITH EQUAL
ADVANTAGE T0O THE THEODOLITE, &¢.

For the sake of perspicuity, it will be necessary *
to give again the example betore used in page 222,
and that not only because it will exhibit more
clearly the advantages of Mr. Gale’s method,* but
because we shall have occasion to refer to it when
we come to his improved method of plotting; and
further, because I have thought this mode so ad-
vantageous, and the tables so conducive to accu-
racy and expedition, that I have caused occasio-
nally the traversing quadrant to be engraved in
smaller figures under the usual one of the limb of
the theodolite.

Set the circumferentor up at B, fig. 1, plate 18,
take the course and bearing of BC, and measure
the length thercof, and so proceed with the sides
CD, DE, EF, F G, GA, all the way round t0
the place of beginning, noting the several courses
or bearings, and the lengths of the several sides mna
field book, which let us suppose to be as follow

o chains. links.
1. AB North 7 West 21. 00.
9. BC North 55 15 East 18. 20.

# See page 210 of this work for a fuller acconnt of this
method,
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e chains. links.
. CD South 62 30 East 14. 40.
. DE South 40 West  11.
. EF South 4 15 East 14.
. FG North 73 45 West 12. 40.
. GA South 52 West 9. 17.

Oy s

N. B. By north 7° west, is meant seven degrees
to the westward, or left hand of the north, as
b!](:'.ﬁ.'ll by the needle; by north 55° 15" east, fitty-
five degrees fifteen minutes to the eastward, or
Mght hand of the north, as shewn by the ucedle.

_In like manner, by south 62° 30 east, is meant
Sixty_two degrees and thirty minutes to the east-
Ward, or left-hand of the south; and by south
40° west, forty degrees to the westward, or right
hang of the south.

The 21 chains, 18 chains 20 links, &c. are the
engths or distances of the respeetive sides, as
Measured by the chain.

1o survey a field, or iract of land, having irre-
Lular boundarics.

When the boundaries of a survey have erooks
and bends in them, it is by no means necessary to
take a new course for every small bend; the best
and most usual way, is to procecd in a strait line
'om one principal corner to another, and when
You are opposite to any bend in the boundary, to
Measure the rectangular distance; termed the off-
:‘ct, from the strait line to the bend, noting the
Same in the field book, together with the distance
On the strait line from whence such offsets were
Made. The offsets, as already observed, are ge-
Berally measured with an offsct staff.

For the purpose of noting these offsets, 1t 1s ne-
Cessary that the ficld book should be ruled into
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FIVE coLuMNs. The middle column to contaift
the courses and distances: the adjoining columns
on the right and left hand to contain the measur®
of the offsets, made to the right or left hand res-
pectively; and the outside columns on the right
and left hand, to contain remarks made on the
right and left hand, respectively, such as the
names of the adjoining ficlds, or the bearing of
any remarkable object, &c.

Example.  Let fig. 3, plaie 18, represent a field
to be surveyed, whose boundaries are erooked.

Set up the instrument at, or near any conve-
nient corner, as at 1, and take the course, and
bearing, as before directed, uorth 7° wess, noté
this down in the middle column of the ficld hooks
and measure with the chain as before directed, till
you come opposite to the first bend, so that the
bend be at right angles to the station line; note
the distance thus measured, 3 chains 60 links, in
the middle column, and measure the offset from
thence to the bend 40 links, noting the same in
the adjoining left hand column, because the
boundary is an the left hand of the station lin€s
and note in the outside column, the name or owner
of the adjoining field, proceeding in the same
manner all round the field, noting the courses
distances, offsets, and remarks, as in the fol-
lowing:




THE IMPROVED CIRCUMFERENTOR.

P—

REMARKS.

k) .
1. Derman's land

A corner

W e " L
fligen's land

A corner

b, Horne's land

A corner
“ Ward's 1and

To a corner

Ve Corner I

d

A ecorner
1

"y,

nphrey

s land i

FIELD BOOK.

8L

5

1-

e

8.

arainst Win

phrey s, an

man's land.
N. 72 W

0 0 0

0 40 3 6o
0 10 B 45
0 065 15 . GO
0 O 21 00

55%15.E,|
o 0] 9 L0500 6
{ ‘ 6 10 (0 G
0 0 18 20 & O
] 3.
| IS. 69° 30, E.
o0 o 0 oo
| | 7 40 10 9O
!g} ()E 14 40 0 O

|

|

|
I tth, ! ‘t
| S, 407 W, | |
-0 v 6 0 | |
0 40| 8 00 | |
0 E""_’i 11,00+ I
i i | I
| t5th. | t
] | o 1 5 1
| S, 4% 15.E| |
0 6 o 66 | {
B OB a0 T e

o 0 14 00 ‘
ililh. ' ‘
| {
(IN.75 l.,:.,-\.l ‘
0 O 0 0 |(] 0
! A Vo) 8] ."-,‘{?i
{ & 7 S0 '_f‘,‘f
| : 12 40 0 0

313

REMARKS.

To the bound-
ary of the field.

To the hound-
ary of the field,

T'o the bound-
aryof the field.
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FIELD BOOK.

REMARKS, |OF| Station JO| povripre
sets, lines. sets, |
7th.
W.Humphrey's land S.52° W
pllgl Teives (o g f
4 10 |0 G0 To the hound- [
Q- 17 |0 U‘ ary of the field.

To the place of beginning.

To survey a tract of land, consisting of any nuin-

ker of fields lymng togeth

&

1. Take the outside boundaries of the whole -
tract as before directed, noting in your ficld hook
where the particular fields intersect the outside
boundaries; and then take the internal bounda-
ries of the several fields from the place where they
s0 butt on the outside bounds.
Let fig. 4, plate 18, represent a tract of land 10
be surveyed, consisting of three fields.
Tirst, begin at any convenient corner, as at As
and proceed taking the courses, distances, offset®
and remarks, as in the following field book,

FIELD BOOK.

e T S T < TR T —_—
REMARKS, [OF | Station JOfH| - ponrapgs,
sets. lines. sets,
i 1st. At a corner
against  Winterton
farm, and H. Smith’s
land.
S.87° W. |
TLands of 000l 0 00 [0 00 Fastfield. pos S
Ticﬂl')' Smith. 5 50 [1 10| To the corner of &&
11 30 [0 00| and west fields.
5 00 |o 60| Corner of west field:
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FIELD BOOK.

315

——— PR
REMaRgs, |OfF| Station JOF pragapis.
o sets, lines. sets,
] ad., !
N.18°30.W
Hers A 0 .-';.F; 0 16| The ahove corner.
Witerdon farm. g 60 1000
3d,
N 19015 K
0 00 [0 00 West field,
4 10 |0 60
8 g0 (000
4th. {
N. a7° E. {
5 40 [0 40, To the corner of west
000/ 17 00 0 00 ficld and north field.
|
1.Gti1.
e Spasel
g of &1 o yo 6 50 North field,
“ob Williams.j0 00} 16 00 |0 00
Oth,
8.5°15. W. To the corner of north
Wiu- ‘ g Go [0 50, and east ficlds. N. B.
terton farm., 14 30 |0 10) A gate into each field
19 00 (0 ;0; 20 links from the
25 00 [0 00 corner.
7th. i
8.74°30.\W .|
2 30 in g6| East ficld.
7 65 |0 00

To the place of hc'::i;:nl:'u;.
" Gth. At the corner
of east and west field.
viz, The first offset on
the first station line.

Nm‘lh.
8 80 075
16 61 |0 0D

East field.
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SURVEY

AN ESTATE,

FIELD BOQK, |

Jys 22
atation :(lm!

REMARKS. 5
hines. ’ sels,

REMARKS.

Oth. r

Fast, I East field. . l
0 OO (4 0 00! To the corner of 0 ’I‘] |

North ficld, 5 40 |0 60| and cast fields agait®

13 77 |0 00| Wiaterton farm.

10th.

West field. Back to thelast station.
Corner of - west N.62%05. W
.uul nunh I1LiL o co 0 0 00| North field
against Hunten-l0 70 3 40
don farm. ool 7 g2 [0 oo

To take a survey of an estate, manor, and Jord-
skip.  An estate, manor, or lmd‘»[np is in reality
a tract of land, consis Lm“ of a number of fields?
it ditfers in no respect from the last article, €%
(‘Cplms: in the number of fields it inay contain, dl“
the ro: ul~ lane es, or waters th: |L11m\ﬂ run through
it, and is L.I course ~u1\{\{:d in the same manners |

It 18 best 1n the first p]ﬂ(‘c to take the whole ©
the outside boundaries noting as above directé®
the several offsets, 1[1\ several pluces where the
boundarics are intersected by roads, lanes, or W
ters, the 1)11&‘% where the boundarics of the r€5
pective fields butt on the outside bounds, a9
where the gates lead into the 1L~pu tive fields, ant
whatever other objects, as \\mnn ills hun.uw, &e-
that may happen to be worth 1y of ])wnf- taken 8O~ '
tice of. If, however, there should be lldlm, streardt
of water running through the estate, lhun by di-
viding it into two pi nr~_ and no lmdw near the
Luumldu,’ then it will be best to sury ey that i"""
which ]I\‘R on one side of the stream first, and a4
terwards that part which lies on the other side
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thereof: if the stream be of an irregular breadih,

Yath its banks forming boundaries to several ficlds

should be surveved, and its breadih, where 1t en-

“‘1'“ and where it lcaves the estate, be determined
¥ the rules of trigonometry.

I‘I the next pl.-- e, take the lanes or roads, (if

'Hn such there be) that £0 lInU'T' i the estule,
”“ﬁnfr m the same manner as Inluu, where !’.I.c
(l"]hlﬂllr- between the several fields butt on those
4Nes’ or roads, and where the gates enter into
t“M‘ ficlds, and what other objects there may be
“‘J‘Ill H()’l\‘m" Where a lane runs lin(;‘-nh an
CState, it is best to survey in the lane, because in
5o lwnu, you can take the offsets and remarks
’U‘huu the right hand and the left, and thereby
Carry on the i)mmrlmf s on cach side at once. If
. lar ge stream run through and se parate the estate,
I should be surveyed as above-mentioned; but
"Mall brooks running through a meadow, require
('"1\ a few offsets to be taken from the nearest sta-
tion ling, to the principal bends or turning in
”1( brook.

In the last place take the internal divisions or
b”l?ml aries between the several fields, ]ms:mmnrr
at any convenient place, before noted in the ficld

200k, where the internal divisions butt on the out-
Side of the grounds, or on the lanes, &c. noting
dwayy  ever -y remarkable objeet in  the ficld
bu\;k

]-.e.ldmjdle. Let jrn 5, plale 18, represent an
SState 1o be surveyed: hu-m at any conveuient
Place a5 gt A, where the two lanes meet, proceed
T'Dlm-rﬂu courses, distances, &c. as before di-
IL(-W[[ from A to B, from B to C, and so on to
¥, G, H, 1, K,L, M and A, quite round

\‘w

lht ¢ '\1
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Then proceed along the lane from A to N, o
and I, setting the courses, distunces, offscts, an
remarks, as before,

This done, proceed to the internal divisions
beginning at any convenient place, as at O, anc
proceed, always l'ﬂuno' your notes as before direct-
ed, from O to P, Q Aml R, so will you have with
ﬂ‘m notes pr ".mmh taken, the dimensions of the
north field; go back to @, and proceed from Q
to H, and you obtain the dimensions of the c opsee
Take £S5 and SP, and you will have the dimen~
sions of the home field: go back to S, ‘and take
ST, and you will have the dimensions of the lands
applied to domestie purposes of buildings, }';u-ds,
o ml(m and orchards, the particulars .mcl sepa-
rate divisions of which bei ing small, had better be
taken last of all; go down to N, ul\fl take N Ds
noting the offsets as well to the hmuk, as to the
fences s, which divide the meadow from the south
and west fields, so- will you have the dimension®
of the long meadow, w'ru!hu wit h the minutes
for laying duv n the brook therein; go back to U,
and take U B, and you obtain 1h|. dunummh of
the west field, and also of the south field; g9
back again to N, and take N’ W, noting the Oﬂ
sets as well to the brook as to ihL fence “hlth
divides the meadow from the east field, thus wi
vou have the dimensions of the east hc]:l, and the
minutes for laying down the brooks in the med-
dow; then go to L. and take L X, which gives
vou the (hmcn-,mm of the cast mcudow and ‘f’i
the great field ; and lastly, take the 1ntmml divl-
sions of the land, approprutcd to the domestic
purposes ntbu;](lmu‘s yards, orchards, gardens, 8ece

The methed of lemq the field nmcq ig so 11~
tirely similar to the ex dlIlplC already given, that they
would be altogether unnecessary to repeat here-




MANOR, AND LORDSHIP,. 310
’

. To the surveyor there can need no apology for
introducing, in this place, the method used by
My, Milue, one of the most able and expert sur-
¥eyors of the present day: and I think he will con -
Sider himself abliged to Mr. Milne, for communi-
Cating, with so much liberality, his deviations from
the common practice, as those who have hitherto
Made any improvements in the practical part of
“'lu'\'c_\'ing, have kept them as profound secrets, to
the detriment of science and the young practi-
Yoner, As every man can describe his own me-
Wods, in the clearest and most intelligible manner,
have left Mr. Milne's in his own langunage.

Mg, MILxE'S METHOD OF SURVEYING.

“ The method I take to keep my field notes in
Su tveying land, differing materially from those yet
Published; if, upon examination, you shall think it
May be useful or worthy of adoption, you may, if
Yon PI““HC: give it a 1_;] ace in your treatise on sur-
"l’j,'ing'.

What I, as well as all surveyors aim at, in going
flbuut a suryey, 1s accuracy and dispatch; the first
18 only to be acquired by care and good instru-
Bents, the latter by diligence and long practice.

Urom twenty years experience, in the course of
Which T have tried various methods, the following
1S what I at last adopted, as the most eligible for
‘-:.m'r.‘:"il'lg on an extensive survey, either in lingland,
b‘-‘Otlzmd, or any other cleared country.

'l:wing taken a cursory view of the ground thaf,

4m first to proceed upon, and observed the
E’-'dl].'ltlﬁl and clearcst tract, upon which I can mea-
"W g gireuit of three or four miles, I begin at a
Ezli!t L‘Ui’l‘\’k.‘.[l‘lcnl for pl:mi]? g the theodolite upon,

% making a small hole in the ground, as at A,
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plate 20, one assistant leading the chain, the othet
having a wimdc for making marks in the ground,
measure in a direct line from the hole at A to Bs
noting down, as I go along, on the field sketeh
the several distances from place to pl'lcr: and
sketching in the figure of the road, as 75 links t©
the east side of the avenue, 400 links, touching the
south side of the road, swith an offset of 40 links to
the other side, 500 links to the corner of a woods
and 817 to the corner of another wood; which
last not allowing me to carry the line f: lihu, I
make a mark at B, where I mean to plant the in-
strument, and [m(rummg a new line, measurc along
the side of the road 885 links to C, where I make
a mark in the ground, writing the same in my field
sketeh, dme care dl‘\d\ to stop at a place from
which 1]1( 1..«1 station can be seen, when a pole i
placed at it. Beginning a new line, and measur-
ing in a dirm‘. line towards D, I have 345 links t0
a line of trees, 8o links opposite a corner of palec
inclosnres, where I make a mark to have recourse
to, and 803 links to the end of the line, where I
make a mark in the ground at I; from thenc®
meas !'Hll”" in a direct llllC to E, 1 here have 600
links of steep ground, the refore make a mark in
the ground at the bottom of the steepness, so that
when I come to take the angles with the t ‘heodo-
lite, I may take the depression thereof; unn;mm%‘
out the line, I have l(n{) links to a bridge, with
an offset of 20 links to the bridge, and 80 links 1@
the P‘“”Hl‘ at 1247 there is a line of trees on the
Jeft, and here also the line comes to the nort!
side of the road, and 1388 links to the end of the
line at E, and so proceed in like manner round the
circuit to I, G, H, l K, L, M, N; and from tht“‘c
to A where I began. The holes, or marks md
n the gronnd, are ugnc\(‘ntul by round dots on
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the field sketch; steepness of ground is expressed
On the sketch by faint strokes of the pen, as at

» F, &e. Figures ending a station line arc writ-
len larger than the intermediate oncs; offsets are
Written down opposite the places they were taken
@, and are marked either to the right, or left of
the line on the field sketch, just as they happen to
€ on the ground. If the field sketch here given
Was enlarged, so as to fill a sheet of paper, there
Would then be room for inserting the figures of all
the offsets, which the smallness of this does not
admit of,

In measuring these circuits, or station lines, too
Much care cannot be taken by the surveyor to
Measure exact; I therefore, in doing them, always
thoose to hold the hindermost end of the chain
Myself,

The next thing to be done is to take the angles
Or bmrings of the above described circuit, and also
1¢ altitude or depression of the different decli-
Vities that have been measured up or down.

Having previously prepared a sheet of Duteh
Paper with meridian lines drawn upon it, as in
2 “fe 21, also a horn protractor with a scale of
?h‘llns upon the edge thereof, and a small ruler
“Bout a foot in length; and having two assistants
Provided with a pole each, to which are attached
Pumb fines for keeping them perpendicular, and.
“tird assistant for carrying the theodolite; 1 pro-
Seed 1 plant the instrument where [ began to
C:Ei[lsu_r?_, or at any other apgular point in th'c cir-
b 31t the wind blows high, l_ choose a point to
Cllegm,m’ that is sheltered from it, so that the nee-
= ir?ij}’ scttle steady at the magmetic north, w].uch
thcglhpen_sably necessary at first setting off, at

dme time taking care that no iron is so near
Place as to attract the needle.
X

g
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The best theodolite for this purpose is the larg€
one, see fig. 2, plate 16, the manner of using of
which I shall here describe.

The spirit level C, having been previously ad-
justed to the telescope A, and the two telescope®
pointing to the same object, I begin by levelling
the instrument, by means of the four screws M
acting between the two parallel plates N, first 1
a line with the magnetie north, and then at right
angles thercto. This accomplished, 1 turn the
moveable index, by means of the screw G, till 1t
coincides with 180° and 360°, and with the mag-
netic north nearly, serewing it fast by means of the
nut H, and also the head of the instrument by
means of the pin L; I make the north point i
the compass box coincide with the needle very ex
actly, by turning the screw K; both telescopc®
being then in the magnetic meridian, I look
through the lower one I, and notice what distant
object it points to.

Then unscrewing the moveable index by the
aforesuid nut H, the first assistant having bect!
previously sent to the station point marked N
1 turn about the telescope A, or moveable indes;
by mecans of the nut G, till it takes up the poh‘
now placed at N, raising or depressing the teles”
cope by means of the nut E, till the cross hairs of
wires cut the pole near the ground. This don®s
I look through the lower telescope to see that It
points to the same object it did at first: if so, the
bearing or angle is truly taken, and reading it upoy

the limb of the instrument ¥, find it to be 40° 92
S. W. I then take my sheet of paper, and pl;mm]g.
21,

the horn protractor upon the point A, plate =7
along the meridian line, passing through it, [ pric
off the same angle, and with the first ruler draw f‘r%
faint line with the pen, and by the scale set 5
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the length of the line, which I find to be, by my
first sketeh, plate 20, 7600 links; and writing both

aring and distance down, as in plate 21, and
4gain reading off the angle to compare it with
What I have wrote down, I then make 2 signal to
'_thv first assistant to come forward with his poles
I the mean time 1 turn the moveable index about,
tll the hair or wire cut the pole which the second
dssistant holds up at B, and looking through the
OWwer 1C]L';_~'L'npc, to sec that it points on the same
”}?j(‘,ct as at first, I read the angle upon the limb
of the theodolite, 48° 55 S. E. and plotting it off
Upon the sketch with the horn protractor, draw a
Strait line, and prick off by the scale the length to

> 817 links: writing the same down on the ficld
SKeteh, and again reading the angle, to see that I
"ave wrote it down right, 1 screw fast the miove-
ble index to the limb, by means of the screw 1,
in] making a signal to the second assistant to pro-
“Ced with his pole, and plant it at the third sta-
on C, while I with the theodolite proceed to B,
“Wing the first assistant with his pole where the
Mstrument stood at A,

)'tanting the instrument by means of a plumb-
UI‘T_IC over the hole, which t%)c pole made in the
stound at the second station, and holding the

Ovcable index at 48° 55" as before, and the limb
Velled, T turn the limb till the vertical wire in
Sgictt_‘l?sca)pc cuts the pole at A nc‘nrl_y, :m(..l there
the Wit fast. I then make l.hle vertical wire cut
ﬂokpﬂlc very micely by means of the screw K ; then

g through the lower telescope to see and re-
U-;:']-{ what distant object it points on, 1 1005911

dex screw, and turn the moveable index till

Iic(;:c,mml hair in the telescope cuts the pole at C

by ¥ and, making lhc‘* limb fast, [ make it do =0

¥ nicely by means of the screw K, and then fix
S
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the index. Reading the degrees and minutes
which the index now points to on the limb, I plot
it in my field sketch as before, the bearing or angle
heing 48° 30/, and the length 885 links.  Sending
the theodolite to the next station C, the same opé-
ration is repeated ; coming to D, besides taking the
hearing of the line D E, T take the depression from
D, to the foot of the declivity 600 links below ity
which T perform thus: Having the instrument
and the double quadrant level, I try what part of
the body of the assistant, who accompanies me
for carrying the instrument, the telescope i8
against, and then send him' to stand at the mark
at the bottom of the declivity, and making the
cross wires of the telescope cut the same part of his
body equal the height of the instrument, I find
the depression pointed out upon the guadrant 10
be 2 of a link upon each chain, which upon si%
chains is four links to be subtracted from 1383
links, the measured length of the line, leaving
1384 links for the horizontal length, which
mark down in my field sketch, plate 2, in the
manner there written. Also from the high gmund
at D, secing the temple O, I take a bcﬁrir{g to it
and plotting off the same in my field sketch, draw
a strait linc; the same temple being seen from
station L, and station M, I take bearings to it
from each; and from the extension of these thre®
bearings intersecting each other in the point O, 18
a proof that the lines have been truly measurces
and the angles right taken.

Again, from station E to station I, the gropﬂd
¥ises considerably, therefore, besides the hearing:
I take the altitude in the same manner I did the
depression; and do the same with every const”
derable rise and fall round the circuit.
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. Coming 10 HLITI(}U N, and having the moveable
Mdex at 61° 15" N. W, taking up ‘the pole at M,
and making 1.1nt 'Lh(' limb, I loosen the index screw,
and turn ic till T take up the pole at tht hh* sta-
tion A. This bearing (leht to be 40° 55" N, E,
being the same number of degrees and mnmnﬁ it

ore from A south-west, and it it turn out so, or
Within aminute or two, we call it a good closure of
the circuit, and is a proof that the angles lave been
aceurately taken.

But if a greater er Tor appears, I rectify the move-
able index to 40° 557, and t.tkum; upthe pole at A,

Make fast the limb, and take the bearing to M,
ind so return back upon the the circuit again,
till [ ind out the error. But an crror will seldom
Or never Imppcn with such an instrument as here
described, if attention is paid to the lower teles-
Cope; and besides, the needle will settle at the
Same degree (mmut{,s by it cannot be counted)
Wi the l)m. as the moveable index will point out
on the I1mb, provided it is'a calm day, and no
Extraneous matter to attract it. 1f it does not, 1T
then suspect some error has been committed, and
'Cturn to the last station to prove it, before I go
farther,

With regard o p!c)ltmtr off the angles with the

orn protractor in the ficl I, much accuracy is not
Necessary; the use of it bcmw only to kwp the

ield sketch regalar, and to preserve the figare of
the ground ne: lrl\ in its just proportion.

LUmmg home, I transfer from the first field
SRetch, plate 20, all the intermediate distances,
Offsets, and objects, into the second, /:!’n'h’ 21,
Bearly {o their just pm]mmon and then 1 am
rlev to proc ced upon surveying 1}10 terior parts

the cirenit. For (l(mm this, the hittle light
1'“30(10]110 lt‘pi(‘ﬂ.ll‘{tfl at /5'” 4, f;,ﬂ,;‘u 15y OF l‘:t‘
Wore complete one, fig. 7, j!',r/e 14, will be suffi-

3>
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|
cicnily accurate for common surveying, It 1s un- |
necessary for me to describe farther the taking the
angles and mensurations of the interior subdivi-
sions of the circuit, but in deing of which, the
young surveyor had best make use of the horn
protractor and scale; because, if he mistakes a
chain, or takes an angle wrong, he will be soon |
sensible thereof by the lines not closing as he goes
along; the more experienced will be able to fill
n Tho work sufficiently clear and distinet without
them. The field sketch will then be such as i8
given in plate 22, which indeed appears rather
confused, owing to the smallness of the scale ° |
made use of to bring it within compass; but if
tlus figure was t_l]]dll“Ld four times, so as to fill a
sheet qf paper, there would then be. room for, en-
tering all the figures and lines very distinctly.
III\]I)L finished this first circuit; before I begin
to measure another, I examine the chain I have
been usmn by another that has not been in use,
1 and find that it has lengthened more or less, as
i the snound it has g‘onc through was 1un'9;u1 or
smooth, or as the wire of which it 15 made is thick
1 or small; the thick or great wire drawing of
lengthening more than the small.
The careful surveyor, if he has more than twe
or three days chain work to do, will take care 19
1 have a spare chain, so that he may every now ant
!_ then correct the onc by the other. The offset
5
\f
|

T et i e S

il

L = v wavi=

1 staft' is inadequate’ for this purpose, beéing to0

i short. For field surveying, when no uncommon
{!

59

J‘L!‘ﬂ accuracy is required, cutting a bit off any link on
b one 'sldt‘ 50 links, and as much on the other side
| ANSWErk thc purpose. better than taking away the
I rINgs.

| The above méthod is what I reckon the best o
taking surveys to the extent of 100,000 acres:

}.‘.(‘,,Olhl this, an error from small beginnings in the
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mensuration becomes very sensible, notwitl hstand-
g the utmost care; therefore, surveying larger
h,l( >ts of country, as counties or Lnl'rdonu, requires
4 different process. Surveys of this kind arc made
11(»111 a qulmwm geries of ‘mzmc"lu: pmccc‘r!mn
from a base line, ‘in length not less than three
miles, measured upon an horizontal plane with the
greatest possible accuracy. Thomas Milne.”

The following Tables are inserted for the occasional use of the
YyOoung Surveyor.

1. A Table of Leng Measures.

T Bl ey
7.0% inch l[ link |

12 | 142 1 foot

4]
—
~
=\
5

a6 ‘;‘-"_ |

198 | g5 i V6L S5 ipols

702 100 ‘ 66 29, 4 1 chain
7020 | 1000 | 600 | 220 40 10 |i.furl,
U3360 | 8000 | 5280 | 1760 | 320 80 8 |1 mile
‘“_‘“—_ i
= 2. A Table of Square Measures.
9 feet I 1 yard
i
272; | 0% 1 perch
el
4356 484 16 |1 chain
Uil
losgo 1210 40 2L 11 rood
S |
3560 | 4840 | 160 10 4 |1 acre
ey =
“7878400| 3007600 |102400| 6400 | 2560 | 640 |1 milc|

In these Tybles, each per
* and 5ii the Jateral ones

1\‘ B. Perct,

adicular column is of one denomin: ltH m throughs
e equaly bur of different denominatior

the same as pole, and a square chain is the tenth part pf anacre.
Fosy k
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OF

PLOTTING,

OR MAKING A DRAUGHT OF THE LAND FROM
THE FIELD NOTES,

OF PLOTTING, AND OF THE INSTRUMEN'TS
USED IN PLOTTING.

By plotting, we mean the making a draught of
the land from the field notes.  As the instruments
neeessary to be used by the surveyor in taking the
dimensions of land, are such wherewith he may.
measuare the length of a side, and the quantity of
an angle in the field; so the instruments com-
monly used in making a plot or draught thereof,
are such wherewith he m: y lay down the Iength
of a side, and the quantity of an an gle on paper.
They therefore consist in scales of equal parts for
laying down the lengths or distances, and protrac-
#ors for laying down the an gles.

Scales of equal parts are of different lengths and
differently divided; the scales commonly used hy
surveyors, are called Ibulh(‘.r-edgc scales; these aré
made of brass, ivory, or box; in length about 10
or 12 inches, but may be made longer or shorter
at pleasure. Each scale is decimally divided, the
whole length, close by the edges, which are made
sloping in order to lay close to the paper, and num-
bered 0, 14 2, 3, 4, &ec. which are called chainss
and eyery one of the intermediate divisions is ter
links, the numbers are so placed as to reckon
backwards and forwards; the commencement o
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the seale is about two or three of the larger divi-
sions from the fore end of the scale; these are
Bumbered backwards from o towards the left hand
with the pnumbers or figures 1,2, 3, &e. these
Scules are often sold in sets. See fig. 2, plate 22.

The application and use of this scale is easy and
C¥peditious, for to lay down any number of chains
'om a given point in a given line; place the edge
of the scale in such a manner that the o of the scale
May coincide with the given point, and the edge
Of the scale with the given line; then with the pro-
t"_aC-ting pin, point off from the scale the given
Wstatice in chains, or chains and links.

Fig. ¥ G H, plate 2, represents a new scale or
Yather scales of equal parts, as several may he laid
Ywn on the same instrument; cach scale is di-
Vided to every ten links, or tenths of a chain,
“'.ﬁl‘h are again subdivided by their respective no-
flus divisions into si ngle links; the protracting pin
Smoved with the nonius by means of the screw 4,
S0 that the distances may be set off’ with such
8feat accuracy, as not to err a single link in set-
Mg off any extent, which in the seale of four
“Naing in an inch, does not amount to more than

'® 400th part of an inch.

Eg. 1K L, plate 2, answers the same purpose as
e foregoing instrument, and may be used as a
Protracior also.

for Mr. Gale's method of plotting, a method
Yhich will recommend itself to every attentive
““"‘f@}wﬁr, two scales should be used, one of about

.‘r’_‘TlChcs long, the other about 10 inches, each
“Wided on the edge from one end to the other; a
S188p should be fixed on the shorter scale, whereby
- May at pleasure be so fixed to the other scale,
516 move along the edge thereof at right angles,
OF the purpose of laying off perpendicular lines.
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Fig. F GH, plale 2, represents an instrument
for this purpose, with different scales on the part
F G; both this, and that represented at fip, [ K L,
form excellent parallel rules. = They are also made
only with the clasp, if desired. .

The protractor is a circle or semicircle of thin
brass, divided into degrees, and parts of a degree
on the outer edge.

The common semicircular protractor, fig. 2
plate 3, is of six or cight inches diameter, the limb
divided into 180 degrees, and numbered botD
ways, 10, 20, 30, &c, to 180; each d gree 18 sub-
divided into two parts. In the middle of the did=
meter is a small mark, to indicate the center of the
protractor; this mark must be always p]:u_‘.vd on
the given angular point.

The common circular protractor is more usefl}l
then the semicircular one: the outside edge 18 di-
vided into 860 degrees, and numbered 10, 20, 30
to 360; cach degree is subdivided into halves:
In the middle of the diameter is a small marks
which is to be placed on the angular point, whet
an angle js to be protracted; the diameter, repre
scnting a meridian, must be placed on the mer'-
dian of any plan, where the bearing of any ohj'-"'t
18 to be laid down. The application of this instru”
ment is so easy and simple, that examples of 19
use are unnecessary here.

Fig. 7, plate 11, and 4 and 5, plate 17, r(‘preﬁ_fiﬂE
the three best circular protractors; the ]_n'int‘ll’l“
is the same in all; the difference consists in supe”
tiority of execution, and the conveniences that
arise from the construction. Fig. 4, plaie 17> e
a round protractor, the limb accurately divide d to
360°, each degree is divided into two parts, which
are again subdivided to cvery minute by the no”
nius, which moves round the limb of the protracr
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1or, on a conical center; that part of the index
seyond the limb has a steel point fixed at the end,
Whose uge is to prick off the angles; it is in a di-
rect line with the center of the protractor, and the
Wdex division of the nonius, all which iy evident
om an ingpection of the figure.

op PLOTTING, OR MAKING A DRAUGHT OF THE
LAND FROM THE FIELD NOTES,

The common method of plotting is this: take a
Sheet of paper of convenient size, draw a line
Wereon, to represent the magnetic meridian, and
4sign any convenient point therein to represent
the place where the survey commenced; lay the
(f‘d_g(: of the protractor on this meridian line, and

Minging the center thereof to the point so assigned
0 represent the place of beginning, mark off the
Yeorees and minutes of the first course or bearing
¥ the limb of the protractor, and draw a ling
Tom the place of beginning through the point so
Marked, laying off its proper length or distance
¥ the scale of equal parts; this line will represent
the first line of the survey.  Through the point or
‘(:‘min:lliml :'Jf" the said I’irs.t line of the survey,
l'ir‘lliﬁw another line, representing the magnetic me-
X an, parallel to the former; .;mcl lay off’ the
“Ourse or bearing of the second line of the survey
ejryuir]'it‘ protractor, and its length by the scale of
\VLQ‘; purts, as before; and so lpm('ccrl, till the

i be laid down; and you will have a plot or

lﬂ‘l}ght of the survey.

5 d’]” example.  Let 1t be required to make a plot
aught of the ficld notes.

% l;:- Draw any line, :l%'N_‘\S,‘ ﬁlq 1, plate 18,
Present the magnetic meridian, and assign
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any convenient point therein, as A, to 1'Cpt‘C-“wr,
the place of beginning the survey; lay the edge @
the protractor on the line NAS, with the cente”
thereof at the point A, and mark off seven degr®”
on the limb to the westward, or left hand of th¢
north, and draw the line AB through the }‘“i“t
so marked off, making the length thereof 21
chains by the scale of equal parts. 2nly. Dra¥
another meridian line N B S, through the point b,
parallel to the former.*  Lay the edge of the pro
tractor on this second meridian line N B S, wit?
the center thereof at the point B, and mark of
55° 15" on the limb to the right hand, or east’
ward of the north: and draw the line B C throug
the point so marked off, making the length thereof
18 chains 20 links by the scale of equal part
adly. Draw another meridian line N C 8, through!
the point C, parallel to the former; lay the Gt!}_—‘:ﬂ
of the protractor to this third meridian line N €9
with the center thereof at the point C, and lay
down the third course and distance C D, in the
same manncr as before: and so procee:d with 2
the other lines, DE, L F, FG, GA: and if th®
fast line shall terminate in the place of beginnings
the work closes, as it is called, and all is right. But
if the last line do not terminate in the place ©
beginning, there must have been a mistake eithe’
in taking the notes, or in the protraction of them*
in such case, therefore, it will be necessary 10 89
over the protraction zig‘:]‘in, and if it be not fnLlUl‘
then, it must of course be in the field notes; 1@
correct which, if the error is material, they Mm%
be taken again.

* These parallel lines may be drawn with the least grouble

by a parallel rule,
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Mg, GALE'S METHOD OF PLOTTING.

The foregoing method of plotting is liable to
$ome jnaccuracies of practice, on account of hav-
g 3 new meridian for every particular line of the
Sirvey, and on account of laying oft” every new
1111&,‘_7‘3'04# the point of lermination of the preceeding
e, whereby any little inaccuracy that may hap-
Pen in hwifxg down of one line 15 communicated
o the rest.  But there is a second method of plot-
111;1‘;;, by which thesé inconveniences are avoided,
and 1y which also the accuracy or inaccuracy of
X te ficld work is decided with precision and cer-
linty; [ would, therefore, recommend this second
Wethod to the practitioner, as far preferable to any
Sther T have seen.

9% Method. 'Take out from the first table in the
Appendiv to this Work the northings, southings, east-
Mas, and westings, made on each of the several lines
of the survey, placing them in a kind of table in
ey rcﬂ':cﬁi\'t‘ columns; and, if the sum of the
Worthings be equal to the sum of the southings, and
Ne sum of the eastings equal to the sum of the
Westings, the work is right, otherwise not.

hen in an additional column put the whole
Mantity of northing or of southing made at the
€Mination of each of the several Iincs of the sur-

d The trath of this observation cannot but appear selt-eyi-
tent : : T e )

¢ Nt to the reader. Yor the meridians within the limuts of an
-th,llilury o

0 vey having no sensible di Terence from parallelism,
‘.er"‘lfft llt':(iv;?saril_'-! ﬁ»ilc‘j\\,‘_, that if a person travel any way soe-
}>l:1(-(:'u? such small limits, and at length come rnuu_‘d t0 the
llﬁri_ll.\?]lcm he sat out, he must have travclle-'l_ as t’u' ta t.hc

Ward as to the southward, and to the eastward as to the

Rt ¢ . to th
di;i“"‘""ﬂ, though, the practical surveyor will always find it
fficy : 3

-ocult 1o ke his work close with this perfect degree of ex-

Lilece
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vey; which will be determined by adding or st
tracting the northing or souThin;g made on ecach
particular line, 7o or from the northing or southing
made on the preceding line or lines. And 10
another additional colamn, put the whole quantity,
of easting or westing made at the termination of
each of the several lines of the survey, which will
be deterinined in like manner by adding or sub-
tracting the casting-or westing made on each par-
ticular line, #o or from the casting or westing made
on the preceding line or lines.

The whole quantity of the northings or south-
ings, and of the eastings or westings, made at the
terminations of each of the several lines, being thus
contained in these two additional columns, the
plot may be easily laid down from thence, by &
scale of equal parts, without the help of a pro-
tractor.

It is best, however, tousc « pair of scales with @
clasp,* whereby the one may at pleasure be so fas-
tened to the other, as to move along the edge
thereof at right angles, so that the one scale may
represent the meridian, or north and south line;
the other, an ecast and west line. It may also be
observed, that in order to avoid taking the scales
apart during the work, it will be necessary that
the whole of the plot lay on one side of that scale
which represents the meridian; or, in other words,
the stationary scale should represent an assume
meridian, laying wholly on one side of the survey-
On this account it will be necessary to note in @
third additional column of the preparatory table,
the distances of each of the corners or termina-
tions of the lines of the survey, east or west from
such assumed meridian.  In practice, it is rather

# Or que of those at £z, FG I, or 1K L, plate 2.
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More convenient that this assumed meridian should
Ty on the west side, than on the cast side of the
SUryey )
The above-mentioned additional column, as has
een already observed, contains the distance of
®ach of the corners or terminations of the lines of
he survey, castward or westward, from that mag-
Netic meridian which passes through the place of
‘eginning the survey. In order, therefore, that
te gssumed meridian should lay entirely without
e survey, and on the west side thereof] it will only
€ neeessary that its distance from that meridian,
Which passes through the place of beginning,
Should he somewhat greater than the greatest
QRantity of westing contained in the said second
dditional column. Let then an assumed number
Somewhat greater than the greatest quantity of -
“'Cﬁ'ling contained in the second additional co-
U, be placed at the top of the third additional
€olumn, to represent the distance of the place of
Jesinning of the survey from the assumed meri-
Wan, Let the several castings, contained 1 the
Seeond additional column, be added to this as-
SWmed number, and the several westings subtracted
Yom it . and these sums and remainders being
. Spectively placed in the third column, will shew
¢ distance of the several corners or terminations
Q? the lines of the survey from the assumed meri-
Qan, =
’ ]Thc preparatory table l:)c.ing thus made, take a
- et of paper of a convenient size, or twWo Or more
Seets pasted together with alittle paste or mouth
%T-Uc, in casc a single sheet should not be large
“‘(’i‘-gh; and on the left hand of the intended plot
MW a pencil line to represent the assumed meri-
a1, on which lay the stationary scale. Place ihe
OVeable scale to any convenient point on the
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edge of the former, and point off by the edge of
the latter, according to any desired uun‘bu of
chains to an inch, the assumed distance or awin~
ber of chains an.unud at the top of the above
mentioned third column of the preparatory table:
Move the moveable scale along the edge of the
stationary one, to the several north or south dis=
tances contained in the first of the above-menti-
oned additional columns; so will the points thus
marked off represent the several corners or terimi-
nations of the lines of the survey; and lines being
drawn from one point to the other, will of coursé
I'Li)lk'\lli the several lines of the survey.

X ile. et 1t be required to me ke a plot or
:hdtmht of the field notes, p.222, according 1
My, Gale’s method.

The preparatory table will be as follows:

N. and S.[E. and W |1

distances |distances
southings,|from the [fro
westings,|place of
hose respec tive oeginnimeg

. N
Courses and distan-
ces as taken in the|
field.

courses and distances. to the end to the end
of each  |of each
line. line. -
o, E. W, | |
4‘ g 3o
1. N. 2 56N, 20 §6|W. 2 s6E. o4
20N 1405 N. 31 . 3 15 39
2. 8. "’Jl‘;::l.’ 7 N. 24 28 19
4i/S. K43 4 o7iN. 16 2399
§uS 1366 164 N. 2 22 j*
6,343 W13 40] 347 N3 0 %
=08 5 64l Q Fidse

34 68.34 68 28 76

The northings and southings, eastings and v rest-
ings in the above table, arc mk(‘n ﬁmn the first
table in the Appendix ; thus, first find the cours®
7 degrees in the table, and over against 21 chains
in the column marked dist. you nave 20.843 in the
column marked N. S, which, ejecting the right
hand figure 3 for its lml'"mflwnu‘ is 20 'f'h‘“ﬂ
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4 links for the quantity of northing, and in the
column marked E. W. you have 2.55Q, very near
2 chains and 56 links for the westing made on that
Course and distance. 2. Find the next course
55.15 in the table, and over against 18 chains in
the column dist. you have 10 chains 26 links in
the column marked N. S. and 14 chains 7g links
:,“ the column marked E.W. and over against
=0 links in the column dist. you have 11 links in
e column N.S. and 16 links in the column
Jnar_kcd E. W. which, put together, make 10
Chaing 37 links for the northing, and 14 chains
95 links for the casting made on the second course;
40d 5o of the rest.
The north and south distances made from the
R ace of beginning to the end of each line, con-
died in the next column, are determined thus.
N the first course, 20 chains and 84 links of
fﬂl'thit1g was made; on the second course, 10chains
".’7 %inks of northing, which, added to the pre-
:!leng, makes 31 chains 21 links of northing; on
s){.: third course was made 6 chains 65 links of
P"tlung, which subtracted from the preceding
51 chaing 21 links of northing, makes 24 chains
inks of northing; and so of the rest.
luél}c east .zmd‘ west distances made _ﬁ'om the
tain;—dqf hegmmng.m the end of each llil'l\:, con-
Nincq in the next right hand column, are dtt‘cr-
e in the same 11.1:1n11_q?;_111113,‘01'1 t_hc first
SC was made 2 chains 50 links of westing; on
’”(ins{}c]o-ml course 14 chains 25 links of easting,
56 ]i]“{(.nc.h subtracting the preceding 2 chains
ligt &8 of westing, there remains 12 chains 8
19 :h.(?f casting; on the third course was made
p"(.‘-c:c;(rjl‘ms 77 links of easting, which addc:d to the
16 iy, H:g 12 chains 30 links, makes 25 chains
s of easting; and so of the rest.

&
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The distances of the end of each line from the
assumed meridian, contained in the next right
hand column, are thus determined. The first a5
sumed number may be taken at pleasure, providet
only that it exceeds the greatest quantity of west-
ing contained in the preceding column, whereby
the assumed meridian shall be entirely out of the
survey. In the foregoing example, the grcatﬁf‘t
quantity of westing contained in the preceding
column is 2 chains 50 links; the nearest whole
number greater than this is 3 chains, which is 8¢
cordingly taken and placed at the top, to repr¢”
sent the distance between the assumed meridia®
and the place of beginning of the survey; from |
this 3 chains subtract 2 chains 56 links of west :
ing, there remains 44 links for the distance be-
tween the terminations of the first line and the
assumed meridian. The 12 chains 3¢ links ol
casting in the next step, is added to the assume
3 chains, which make 15 chains 39 links for the
distance of the termination, by the second lin¢
from the assumed meridian. The 25 chains !
links of easting in the next step, being added #
like manner to the assumed 3 chains make 2°
chains 16 links for the distance of the terminatio”
of the third line from the assumed meridians 2"
so on, always adding the castings and subtracting
the westings from the first assumed number.

The preparatory table being completed, take
sheet of paper or more, jained together if meces”
sary, and near the left hand edge thereof rule #
line as N. S. fig. 2, plate 18, to represent the 2% '
sumed meridian; on this line lay the stationary
scale, and assuming « as a convenicnt point there!?

_ . ace
to represent the point directly west from the Pl‘lge
of beginning, bring the moveable scale wdtiﬂ

point ¢, and lay off the first number contain€
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the last-mentioned column of the preparatory ta-
ble, viz, 3chains, fromato A, and A will represent
the place of beginning of the survey. Move the
moveable scale along the stationary one to the first
north and south distance from the place of begin-
Ning, viz. 20.84 from a to b, and lay off the cor-
Yesponding distance from the assumed meridian,
0.44, from b to B, and draw AB, so will AB re-
Present the first line of the survey; again, move
l‘hg‘. moveable scale along the stationary one, to the
third north and south distance from the place of
‘eginning, viz. N. 31.21 from a to ¢; and lay off
he corresponding distance from the assumed me-
Tidian, viz. 15.39, from ¢ to C, and draw BC, so
Will BC represent the sccond line of the survey.

Zain move the moveable scale along the station-
ry one to the third north and south distance
Tom the place of beginning, viz. 2:4.56, from a
to d, and lay oft’ the corresponding distance from

¢ assumed meridian, viz. 28.16, and draw C D,
Which will be the third line of the survey. Pro-
Ceed in the same manner till the whole be laid
Qown, and ABCDEFG will be the required
blog,

This method of plotting is by far the most perfect,
“nd the Jeast liable to error of any that has been con-
Ir?‘mg(.l_ It may appear to some to require more
4bour than the common method, on account of

16 computations required to be made for the
pl't‘-pzlmtory table. These computations are how-
tl‘;’gl'h made with so much case and. expedition, by
foin: elp of the table in the appendix, that this ob-

1on would vanish, even if the computation were
OM”;O other use but merely for .P!*f?ﬁmg; ‘Z’lﬂ' v st be
rved that these computations are of maich further
coir:.n- dcto.rmining the area or quantity of land
dined in the survey, which cannot be ascer-

Z 2
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tained with equal accuracy in any other way:
When this is considered, it will be found that ﬂ}“‘
method is not only preferable on account of 115
superior accuracy, but is attended with less labou¥
on the whole than the common method.

If a pair of scales, such as are above recom-
mended, be not at hand, the work may be lai |
down from a single scale, by first marking off the
N. and S. distance on the line N. S. and afier”
wards laying off the corresponding east distanct
at right angles thereto.

o plot the field notes, p.313. 1. Lay down 2k . |
the station lines, viz. 7° W. 21 chains, N. 55. 155 |
Ii. 18. 20, &c. contained in the middle column of
the field book, asbefore directed, without paying
any regard to the offsets, until all the station lin€s:
represented in fig. 3, pl.18, by dotted lines, be Jauc
down; then lay off the respective offsets at ghl
angles from the station line, at the respective dis
tances at which they were taken, as is done at
fiz. 3, a bare inspection of which will make the
work perfectly plain, "

To plot the field notes, p. 314. 1. Lay down‘th‘:
whole of the outside boundaries, the station 110€”
first, the offsets afterwards, as directed in the pres
ceding articles; and then lay down the intern?
divisions or boundaries of the respective fields; i
the same manner as is done in fig. 4.

OBSERVATIONS ON PLOTTING, BY Mg, MILN®

emicil”
The protractor, whether a whole or a seni® h
i 5 sy &
cle, ought not to be less in diameter than sev of
or eight inches, to insure the necessary degre®

: - : 1 The
accuracy in plotting the angles of a survey. -~
degrees on the limb are numbered various Wayz

but most eommonly from 10°20°, &e. 10 360"
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It would be right to repeat the numbers the con-
Wrary way, when the breadth of the limb will ad-
mit of it. Others are numbered 10° 20°, &e. to
180° and the contrary. Surveyors will suit them-
stlves with that kind Dbest adapted to their mode
of taking angles in the ficld; so that in which
Cver way the limb of the instrument they survey
With is graduated, the protractor had best Le the
Same,

Jl is true, a surveyor of much practice will read
off an angle mentally very readily, in which ever
Way the instrument happens to be graduated.

For instance, I have in the field taken the an-
gles made with the magnetic meridian, in which
Case T count no angle above 8¢° 5¢"; if the angle
Comes to g0° 0, I call it due E. or due W. if it-is
80° 50, I writeto it N. E. or 8. E. orelse N. W,
Or 5. W. as it happens to turn out.

Now 8¢° 59’ N. E. upon a protractor numbered

0 360° ¢, and placing 360 to thenorth, reads the
Same; but 89° 59° S. E. rcads 90° 17, and 8¢° 51’
+ W, reads 269° 50'; and lastly, 89° 59" N, W.
Yeads 270° 1”.

Again, if the angle or bearing is due south, it
Teads on this protractor 180°% if 0° 1 8. E. it reads
17¢° 50'; and if 0”17 S. W. it is 180° 1"; and so
s any other intermediate angle or bearing.

The great inducement to surveyors for taking

¢ angles by the bearings the lines make with
} € magnetic meridian, i the having the ncedle as
4 check in the course of the survey; and when the
“Ireuit comes to be plotted, having it in his power

O prick off all the angles, or bearings of the cir-
L, at once planting of the protractor.
his mode of surveying, or taking angles, is
‘:‘1""0 more expeditious, and more accurate than
“Ny other, provided the index of the instrument
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is furnished with a clamp for making it fast to
the limb, while it 1s carrying from one station to
another.

The protractor for plotting this way of survey-
ing had best be graduated 10, 20, &c. to 180, on
the right hand, and the same repeated on the lefts
and again repeated contrary to the former; but as
protractors for general use are graduated 10, 20,
&ec. to 300, I shall here describe a very useful and
convenient one of this latter kind, and then pro-
ceed to give an example of plotting all the angles
of a cireuit by it from one station.

This protractor is represented at fig. 5, plate 17-
Its diameter, from pointer to pointer, is 04 inches;
the center point is formed by two lines crossing
each other at right angles, which are cut on 2
piece of glass. The limb is divided into degrees
and half degrees, having an index with a noniu$

rraduated to count to a single minute, and is fur-
nished with teeth and pinion, by means of which
the index is moved round, by turning a small nut.
It has two pointers, one at each end of the index,
furnished with springs for keeping them suspended
while they are bringing to any angle; and being
brought, applying a finger to the top of the poin-
ter, and pressing it down, pricks off the angle:
There is this advantage in having two pointers:
that all the bearings round a circuit may be faid,
or pricked off, although the index traverses but
one half of the protractor.*

% The protractor, represented fg. 7, plate 11, ia circular, and
of the same diameter as the foregommg; the center is also formel
by the intersection of two lines at right angles to each othe®
which are cut on glass, that all parallax may thereby be avoidet?
the index is moved round by teeth and pinion, The limb 15
divided into degrees and half degrees, and subdivided to every
minute by the nonius; the pointer may be set at any corn—cmeﬂ{-
distance from the center, as the socket which carries it mave?
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Let fig. 5, plate 13, be the circuit to be plotted.
I draw the magnetic meridian N.S. fig.0, plate1s,
and assigning a point therein for station 1, place
the center of the above described protractor upon
it, with 360° exactly to the north, and 180°to the
fouth of the magnetic meridian line N. 8. For
the conveniency of more casily reading off de-
grees and minutes, I bring the nonius to the south
side of the protractor, or side next to me; and
Seeing by the field sketch, or eye draught, sig. 5,
that the bearing from station 1 to station 2 15 87°
30 S, E. I readily conceive it wanting 2° 30" of
being due east, or 90° 0'; therefore, adding men-
tﬂ”)’ 2° 30" to go° o, 1 make 92° 30" on this pro-
tractor, to which I bring the nonius, and then
Make a prick by pressing down the pointer of the
Protractor, and with my lead pencil mark it 1.
The bearing from station 2 to station 3 being 10°
15’ N. E. see fig. 5, 1 bring the nonius, for the
8ake of expedition and ease of reading off, to 10°
15" S, W. which is upon this protractor 190° 15',
and pressing down the north pointer, it will prick
off 10° 15’ N.E. which I mark with my pencil, 2.
The bearing from station 3 to station 4 being
85° 13’ N.E. I readily sce this 1s wanting 4° 47
of being due east; therefore I bring the nonius to
Within that of due west, which upon this protrac-
Or is 265° 13’, and pressing down the IN. E.
Pointer, it will prick off 85° 13" N. E. which I
Mark g

Upon the bar B C, and is fixed thereto by the nut D. At right
:lp.&’,;le‘-» to the bar B C, and moveable with it, there is ancther bar
“¥; on this bar different scales of equal parts are placed, so that
b'z ‘;“Dving a square against the inner edge thereof, ;mgl_:s may

H e = - 1 ek - o o >
v mefdﬁsferrgd to any (llbl..m(‘..L' from th, u;ln’t{ :;,d CLn“tlkTmI:t“:;
whig umber of degrees marked clml‘- vt g ey Bcman

8 will be evident from Mr, Milng's observations,
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The bearing from station 4 to station 5 being

11°5" N.W. 1 bring the nonius to 168° 55, ﬂ”d,

with the opposite, or north-west pointer, prick ©
11° 5" N. W, which I mark 4.

In like manner I prick off the bearings from
station 5 to 6, from 6 to 7, and from 7 to 1, which
closes the circuit; marking them severally with
my pencil 5, 6, 7.

Then laying aside the protractor, and casting
my eye about the tract traced by the pointer ©f
the protractor for the bearing from station 1y
marked 1, I apply the ruler to it and station 1, and

drawing a line, mark off its length by compassts

and scale, eight chains, which fixes station 2.

Again, casting my eye about the tract traced by
the pointer of the protractor, for the 2 bearings
marked 2, T apply the parallel ruler to it and
station 1, and moving the ruler parallel eastwards
till its edge touches station 2, I from thence draw
a line northward, and by scale and COIMpAsses mark
its length, five chains, to station 3. Thus the
bearing 10° 15" N. E. at station 1, is transferred 10
station 2, as will easily be conceived by supposing
the points a, b, moved eastward, preserving thetr
parallelism till they fall into the points of station
2 and 38, forming in fig. 6, the parallelogram
ay b, 3,2,

It is evident this bearing of 10°15" N. E. is by
this means as truly plotted as if a second meridia®
line had been drawn parallel to the first from sta-
tion 2, and the bearing 10° 15" N. E. laid off from
it, as was the common method of plotting previ-
ous to the ingenious Mr. Hilliam Gardiner com
municating this more expeditious and more ace”
rate mode to the public. However, its accuracy
depends entirely upon using a parallel ruler that
moves truly parallel, which the artist will do W&
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1o ook to, before he proceeds to this way of
plotting.

Station 3 being thus fixed, to find station 4,
I cast my eye about the tract traced by the pointer
of the protractor for the bearing marked 3, and ap-
I']ying the p:_u-ulle.l ruler to it and station 1, move
the ruder parallel thereto northward, till it touch
Station 3 and from thence draw a line north-cast-
Ward, and by scale and compasses marking its
length, three chains, station 4 is found.

Now conceive the points ¢, d, moved north-
Ward, preserving their parallelism till they fali into
the points of stations 8 and 4; and thus station 4
135 the same bearing from station 3, as ¢ or d has
from gtation 1.
~ In the same manner I proceed to the next bear-
g 4; and placing the ruler to the point made by
the pointer of the protractor at 4 and station 1,
and moying the ruler parallel till its edge touch
Slation 4; from thence draw a line, and mark off
its length, 5 chains, to station 5. Here e, f, is
transferred to Ath and 5th stations, and the 5th
Station makes the same angle with the meridian
'om the 4th station, as e, or f, does with the me-
Ndian from the first station.

In like manner, applying the parallel roler to
Stfl_tion 1, and the several other bearings of the cir-
Cuit 5, 6, and 7 ; the points g, b, will be transferred
0 5th and 6th, and i, k, to Oth and 7th: and lastly,
e hearing from the 7th station will fall exactly
Mto the first, which closes the plot of the circuit.

It is almost unnecessary to observe, that the
dotteq lines marked a, b, ¢, &c. fig. 6, are drawn
i;ﬁfc only for i]lusn‘nii.ng the (')pcrutiun: a!l that
) Necessary to mark 1 practice are the figures
Djf?’ 3, &ec. round the tract traced by the pointer
tthe protractor, T, MiLnE.
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OF DETERMINING

THE AREA OR CONTENT
OF LAND.

1. TuE area or content of land is denominated
by acres, roods, and perches.

Forty square perches make a rood.

Four roods, or 160 square perches, make an
English acre.

And hence 10 square chains, ,of four perches :
each, make an English acre.

2. The most simple surface for admensuratio?
is the rectangular parallelogram, which is a plan®
four-sided figure, having its opposite sides equd
and parallel, and the adjacent sides rectangular 10
one another; if the length and breadth be cqu:!!-
it is called a sguare; but, if it be longer one way
than the other, it is commonly called an oblong-

TO DETERMINE THE AREA OF A RE(.‘.’I‘A}.'GULAR
PARALLELOGRAM.

Rule. Multiply the length by the breadth, and
that product will be the arca.*

It has been already observed, that the best m¢”
thod of taking the lengths is in chains and Jinks3
hence, the above-mentioned product will give th_ﬁ
area in chains and decimal parts of a chain. Anc
as 10 square chains make an acre, the area in 41>
will be shewn by pointing off one place of the de-
cimals more in the product than there are both i1
the multiplicand and multiplier; which answers ﬂ??
same purpose as dividing the area into chains by10i

* Euclid, Book i, Frop, 3 Scholium,
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@nd the roods and perches will be determined by
multiplying the decimal parts by 4 and by 40.
Example. Suppose the side of the foregoing
Square be 6 chains and 75 links; what is the arca?
Multiply 6.75
by 6.75

3575
25

A%
4050

a~y

G

Acres 4.55025
4 Roods in an acre,

Roods 2.22500
40 Perches 1 a rood.

Perches 0.00000

Acres, Roods, Perches.
Ans. 4 2 0.

Suppose the length of the foregoing oblong be
f‘-b_ai ns and 45 links, and the breadth 5 chains and
15 links; how many acres doth it contain?

Multiply 9.45
by 5.15

4725
045
4725

Acres 4.86075
4

Roods 3.46700

40

Perches 18.68000
N B P

Ans. 4 3 18, (The decimal parts .68 are not
Wworth regarding.)
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If the parallelogram be not rectangular, but ob-
lique angled, the length must be muhxp[ud by lht
perpendicular br c;ldth, in order to give the area.”

3. After the parallelogram, the next most simple

Sl]lflC(., for admensuration 1s the llldn"h’.‘

70 DETERMINE THE AREA OF A TRIANGLE:

Rule.  Multiply the base, or length, by half the

' pmpendmulm let fall iht,reon from the opp(%’tL

angle, and that product will be the area of the 1r*~

anglr_‘

Examples. In the triangle
AB C, right angled at B, let
the base AB be 8 chains and
25 links, and the perpendicu-
lar BC 6 chains and 40 links;
how many acres doth it con-
tain ? A

Multiply 8.25
by (the half of 6.40, viz.) 3.20
16500
2475

Acres 2.64000
4

Roods 2.50000
40

Perches 22.40000

A. R, P
A - RO

# Gee Euclid, Book i, Prop. 35 and 36.

+ Enuclid, Book i. Prop 41, Schelium. Every '{r::cmc'1
came Dase

equal to the one half of a paral]elor*ram, having the
and altitude.

C

It
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In the oblique an-
gled triangle DEF,
let the base DE be
12¢chainsand25links,
and the perpendicu-
far F G, let fall on
the base D Efrom the p
Ovposite angle F, be 7 chains and 30 links; how
many acres doth it contain?

Multiply 12.25

by (the half of 7.30, viz.) 5.05

Acres 447125
4

Roods 1.88500
40

Perches 35.40000

g L
Ans. 4 1 35.

It would be the same thing, if the perpendicu-
ar were to be multiplied by half the base; or, if
the bage and perpendicular were to be multiplied
together, and half the product taken for the area.
4. The next most simple surface for admensu-
Tatlon is a four-sided figure, broader at one end
; an at the other, but having its ends parallel to
ine another, and rectangular to the base.  Its arca
S determined b y the following
anflim't'. ‘Add the breadths at eau;h end together,
: multiply the base by half their sum, and that
}_]ll(-.‘(luct will be the area. Or otherwise, multiply
€ base by the whole sum of the breadtls at each
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end, and that product will be double the area, the
half of which will be the arca required.

Example. Let the base be 10 chains and 00
links, the breadth at the one end 4 chains ant
75 links, and the breadth at the other end 7 chain®
and 35 links; what is the area?

4.7;3}
7 35

2)12.10 sum

0.05 half sum
10.90

54450

G030
Acres 0.50450
-t

Roods 2.37800
40

Perches 1512000

A, R P
Ans. 6 2 15.

5. Irregular four-sided figures are called frapt:
2a. ‘'Thearea of a trapezium may be determin€
by the following

Rule. Take the diagonal length from 09°
extreme corner to the other as a base, and I]lllllii_})]y
it by half the sum of the perpendiculars, falling
thercon from the other two corners, and that pro”
duct will be the area.

Example.In the trape- B ¢
zium ABCD, let the :
diagonal AC be 11 s
chains and QO links; the kY D

perpendicular BF 4A : DE
chains and 40 links, and the perpendicular
3 chains and o0 links; what is the area?
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P 4.40
.00

=1 v
(L -

B
D

» 2)8.30 sum

4.15 half sum
AC 11,00

37350
4135
415

Acres 4.03850
4

Roods 3.75400
40

Perches 30.16000

T ol | S
Ans. 4 3 30.

If the diagonal AC werc multiplied by the
Whole sum of the perpendiculars, that product
Would be double the area; the half of which would

€ the arca required.

6. The area of all the other figures, whether re-
Sular* or irregular, of how many sides soever the
hgl_lre may consist, may be determined either by
Qviding the given figure into triangles, ort rapezia,
ind measuring those triangles, or trapezia, sepa-
Tately, the sum total of which will be the area re-
Quired; or otherwise, the arca of any figure may
%¢ determined by a computation made from the

y h The regular figures, polygons and circles, do not occur in
{T-ll.'tmal surveying. On this head, therefore, I shall only ob-
*Ctve, that the methad of determining the area of a regular poly-
i‘;ﬁ:l\‘:hich is a figure containing any number of equal sides and
“‘Jlli'llh angles, is, to multiply the length of one of the sides by the
ply 1 er of sides which the polygon contains, and then to multi-
i be product by half the perpendicular, let fall from the center
A0y one of the sides, and this last product will be the area.
i he llzngth of the pcrpeudiculal‘, 1{ not gi\’ﬁn: ma}' be deter-

.l&.‘d b); lr-’goanEu}', thu-i:
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courses and distances of the boundary lincs, ac~
cording to an universal theorem, which will be
mentioned presently.

7. The method of dete HHIIIIHQ‘ the area by di-
viding the gucn figure into trapezia and m.lnﬂit >
and measuring those trapezia and triangles hL}J{l’
rately, as in article 5 and article 3 of this parts
15 generally practised by those land measurers,
whu are cmplo*.ml to ascertain the number of
acres in any piece of land, when a regular lant
surveyor is not at hand; and for this purpose
they measure with the chain the bases and per-

pendiculars of the several trapezia and triangles %

the field.

Thus, for exam-
ple, suppose the an-
nexed figure be a
field to be measured
according to this
method, the land
measurer would mea-
sure with the chain
the base BG,and the
perpendiculars HC,
and [A, of the tra-
pezium A B C G;
the base G D, and the
perpendiculars K I,
and L C, of the tra-

Diyide 360 degrees by double the number of sides containe :d 10
the polygon, and that quotient will be half the angle at the ‘-U
ter; then say, as the tangent, or half the angle .1'( the center; !
to half the lcawtl! of one of the sides; so is radius, tothe Pe
;\Ln(h( ular a(msjl‘t be

The area of & circre is thus determined; if the diameter
given, say, as 1 ¢ 18 to 3.141502 :: so is the diameter : to the €1
rumiumu ; or, if the circumference be given, say, as 3. 141 ’“l'
is to 1 :: so is the circumference : to the diameter. Then MU
tiply the circumference by £ of the diameter, and the 1‘10‘1“
will be the arca,

5
B
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OF AN IRREGULAR FIGURE. a5

Pezium G C D F: and the base D I, and perpen-
dicular M E, of the triangle D E T'.

In order to determine where on the base lines
the perpendiculars shall fall, the land measuret
Commonly makes use of a square, consisting of a
Pice of wood about three inches square, wit
4Pertures therein, made with a tine saw, from cor-
€T to corner, crossing each other at right angles
N the center; which, when in use, is fixed on a
Staff, or the crosss; sce igs. 2,8, and 0, plate 14.
~ The bases and perpendiculars being thus mea-
Sured, the area of each trapezium is determined as
N article 5, and the arca of the triangle as i arti-
('!C 3 of this part; which, being added together,
g“;(‘ﬁ the arca of the whole figure required.

I'his method of determining the arca, where the
}\‘hn[c of cach trapezium and triangle can be secn
W one view, 18 L‘qu;l] i ]mizll of accuracy to any
]‘“t"l]](xl whatever. It may likewise be observed,
thag plot or map may be very accurately laid
(‘ Swn from the bases and perpendiculars thus mea-
Ured ; this method, however, is practicable only
l:l]:;f"\‘:)::zl CliL:].I\'\k‘:)ll j‘r{lml? llul -i1)17 05_1}1.11’51&1.".: coulxul
g o, d be altogether impracticable,
Ceanse it would be impossible to see ‘from one
Part of the tract to another, 8o as to divide it into

'€ necessary trapezia and triangles.  But in open

.?‘;.L:,k', the only obicction to this method. is

3 A<

COup

th

'€ great labour and tedionsness of the field work :
g_l.li::"nlill"g';' survey, the number of the trapezia and
i“ﬁ' LF would be so very great, that the measur-
“"(k)-n]t]l 1(111 the .-'it"\’-‘_.il‘ii.l 'lr; s and HF[.}"C"‘]“-'“]“I"S
e 0 )L i very 1“([,”)“'\ business. ’1 I\._f: saine ends
.0“;'- ]u“h‘cl 1‘1:111_}' angwered, w 1.tl} ].]i?TlI]liL‘]}' le-‘s la-
OUU’LL]}‘ _1-"{}‘1“15;‘1]10- COUYSEs ana (sz:fmmtc.% of the
_dary lings, in the manner mentioned p. 310.

A d
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8. Many surveyors who take their field notes i
courses and distances, make a plot or map
thereof, and then determine the area from the plot
or map so made, by dividing such plot or map nte
trapezia and triangles, as in the above figure, ant
measuring the several bases and perpendiculars by
the scale of equal parts, from which the plot or
map was laid down.

2y this method, the arca will be determined
somcthing nearer the truth, butit falls short of that
accuracy which might be wished, because thert
is no determining the lengths of the bases and pert
pendiculars by the scale, within many links; ant
the smaller the scale shall be by which the plot 1*
laid down, the greater, of course, must be the 17
accuracy of this method of determining the arcd-

This method, however, notwithstanding its 1"
accuracy, will always be made use of where table®
of the northing, southing, easting and westing, 2™
not at hand.

9. Proper tables of the northing, southing, cast”
ing and westing, fitted purposely for the surveyor H
use, such as are contained in the Appendix 1o 1L
Tract, ought to be in the hands of every surveyor
By these tables the area of any survey 1s dete!”
mined with great accuracy and expedition, by a°
casy computation from the following

UNIVERSAL THEOREDNM,
ﬂﬁfi'

If" the sum of the DISTANCES, on an eas! :
rUEYs

west line, of the two ends of each line of the st e
from any assumed meridian laying entirely out of 1
survey, be multiplied by the respective NORTHIN 41
SOUTHING made on eack respective line; the pI¥
sprexc between the sum of the NoRTH *T !
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DUcts, and the sum of the souTn prODUCT 8, twill
be double the area of the survey.*

Eor example, et it be required to determine

1€ area of the survey mentioned in p- 310, from
Lhe ficld notes there given.

The northings, southings,eastings and westings,
a8 also the north and south distances, and the east
“nd qwest distances made from the place of begin-
g to the end of each line; and likewise the dis-
lances of the ends of each line from the assumed

a
= Demonstration. Let
™ 5 o c
_AB(JDLI' be any survey, e
4 let the east and west

J0es Aa, Bb, Ce, Dd, B e,
d Ff be drawn from the 3
s of each of the lines of

e survey te any assumed
m“—f‘idian, as N.S. laying
“Ulirely qut of the survey.

@

Su

__.Thcn, I say, the difference between the sum of the products

d il‘i-]gEX;Lb, Bb+Cexbe, Ce+Ddxed; and the sum of
G‘ﬁ Products Dd+ FEe xde, BEe+Ffxef, I'f4+-Aax fa; will be
“ble the area of ARC D E FA. 5 T o

9%, by article 4, the former products will be, respectively,
dﬂu.b!c ‘Lgc areas of the spaces ABba, BCcb, and CDde, and
D“\T sum will of course be double the area of the space Aad
JCBA, In lilke manner, the latter products will be, respec-
al\‘\':ly) double the areas of the spaces D Eed, EFfe, and FAaf;
’l]d their sum will of course be double the area of the space
WD FA. But it is evident, that the difference between
tl':ﬂ Aeas of the spaces Aad D EFA, and AadDCBA, must lb;’
erer e Of the space ABCDEFA; consequently, the dif-
Drf;if-."eAll’etween their doubles must be dounble the area of ABO

Aa?d
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meridian, have been already placed in their respec”
tive columns, and i\p lained in the prep: ndmf“
to the explanation of the method of plotting
there recommended; but it will not be imprope’
to give thema 1)]&((.‘ here again, together w ith the
J‘urllwr columns for determining the area; in (‘lth‘
that the whole, together with the respective uscs
of the several Pﬁlth, may appear under one views

as follows.

Again, - the difference be-
tween the sum of the products 7

Mm -+ Nnxmn, No+Qox
no, (—l:l+l\! X qr; and the sum
of the products Oo+ Pp xop, P}
Pp+ Qgxpq . r-{-L\lm XK rm;

will be double thc area of M N 7
OPQR M.

71

q

ro”
For, reasoning as before, the sum of the first mentioned PL

ducts will be double the area of QqoO QuqoONMRQ + ﬁ"'mﬁ,
and the sum of l'](. last mentioned products \vnll be d““:'
the area of t-)unP(-l —I—iﬁfﬂzm\‘f But it is evidents "'::J.l
(-).qMH Q—_—Qqn()\f\IRO MNOPQR \[ lewu]uLI \[
Qqo0PQ+ MRrmM— QqoONMRQ + M MRrmM =
NOPQRM; and, consequently, the difference of their ¢ o
must be equal to dowbly MNOPQRM. And the like 1l

other P\'):vrlblt tigure.
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The three last columns relating to the area, ar®
the only ones that remain to be explained.

The first of these three columns contains the
sums of the distances of the two ends of each line
of the survey from the assumed meridian; which,
according to the foregoing universal theorem, aré
mubtipliers for determining the area. These are
formed by adding each two of the successive num-
bers in the preceding left hand column together-
Thus 3.00 is the distance of the place of beginning
from the assumed meridian, and 0.44 is the dis-
tance of the end of the first line from the assumed
meridian; and their sum is 3.44 for the first mul- -
tiplier, Again 0.44 added to 15.39 makes 15.83
for the second multiplier; and 15.39 added t0
28.16 makes 43.55 for the third multiplier; and
s0 of the rest.

The north products contained in the next co-
lumn, are the products of the multiplication ©
the several norihmgs contained in the columns$
marked N, by their corresponding mudtipliers in
the last mentioned column, Thus 7.16806 is the
product of the multiplication of 20.84 by 3.44:
an additional place of decimals being cut off, 1@
give the product in acres.

The south products contained in the next 1'ight_
hand column are, in like manner, the products of
the multiplication of the several sowthings in the
column marked 8, by their corresponding multi-
pliers. Thus 28.96075 is the product of the mul-
tiplication of 6.65 by 43.55; an additional plac®
of decimals being cut off, as before, to give the
product in acres; and so of the rest.

The north products being then added mgt"fh‘?"
into one sum, and the south products into another
sum, and the lesser of these sums being suhtmcttzf ‘

from the greater, the remainder, by the ahoy®
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universal theorem, is double the area of the survey:
which being divided by 2, gives the area required:
Viz, 51.73087, equal, when reduced, to 51 acres,
2 roods, and 36 perches 9-10.%

Nothing can be more simple or casy in the ope-
fation, or more accurate in answering the desired
ends, both with respect to the proof of the work,
the plotting, and the computation of the area,
than this process. The northings, southings, east-
Ings and westings, which give the most decisive
Proof of the accuracy or inaccuracy of the field
Work, are shewn by inspection in table 1. From
these the numbers or distances for the plotting are
formed by asimple addition or subtraction. And
the multipliers, for determining the area, are
Ormed from thence, by a simple addition, with
Much less labour, than by the common method of
‘l_lviding the plot into trapezia, and taking the mul-
tipliers by the scale of equal parts.

The superior accuracy and ease with which
SVery part of the process is performed, cannot, it
s imagined, fail to recommend it to every practi-
toner, into whose hands this tract shall fall.

10. If the boundary lines of the survey shall
have crooks and bends in them, which is generally

i¢ case in old settled countries, those crooks and
Ends are taken by making offsets from the station
Nes; as explained in page 311. Inthese cases,
the are, comprehended within the station lines is
®termined as in the last example; and the arcas

}':-h'h must be observed, that, in order to determine the area
i 18 mcthqd of computation, it is indispensibly necessury tl_mt
anut;zveral lines of the survey be arranged regu!a:‘]}', ene after
e b", all the way round the survey, in case they should not
e, CEER 80 taken in the field. because, without such arrange-
1L, the northings, or seuthings made on each line, and the

g e g
.t&ncgg, from the assamed meridian, would not correspond with
© another,
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comprehended between the station lines and the
boundaries are determined separately, as in the
#hird and fourth articles of this part, from the gf=
sets and base lines, noted in the field book; ant
are added or subtracted respectively, according 29
the station lines shall happen to be wwithin or with-
out the field surveyed; which, of course, gives the
area required.

For example.  Let it be required to determin®
the area of the survey mentioned in the examples
page 312, from the field book there given.*

The bearings and lengths of the station lines are

the same as in the last example; and, conse -

quently, the area comprehended within those sta~
tion lines must be the same; viz. 51.73087.
Then, for the area comprehended between the
first station line and the bouandary of the field.#¢
have (see the field book, page 313) first, a bast
line 8.60, and a perpendicular offset 0.40; whichs
according to article 3 of this part, containg an ared
of 0.07200.  Secondly, a baseline 4.85, (being the
difference between 3.60 and 8.45 on the station
line, at which points the offsets were taken,) ant
an oifset or breadth at the one end 0.40, and a
the other end 0.10; which, according to article 4
of this part, contains au area of 0.12125.  Third!¥s
a base line 7.15, (being the difference betwee!
8.45 and 15.60 on the station line,) and an ﬂﬁ“'d‘
or breadth at the one end 0.10, and at the othe”,
end 0.65; which according to the 4th article ©
this part, contains an area of 0.26812. Fourthi)s
a base line 5.40, (being the difference betwee™
15.60 and 21.00 on the station line,) and a pe*”
pendicular offset 0.65; which, according 10 the
ad article of this part, contains an area of 0.17599"
These added together make 0.63687 for the arcd

% A plot of this survey is given in fiz, 3, plate 18
yig Jig ]

—eeee e
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of the offsels
stat

on the first station line;
within the survey, this are:
{ to the above-mentioned arca con-
Prehended within the station lines.

Next, for the area comprehended between the
fecond station line and the boundary of the field,
We have a base line 18.20, and a perpendicular or
offset 0.60; which, according to article 3 of this
part, contains an area of 0.54000. And, as this
Station line is without the survey, this arca must of
Conrse besubitracted from the above-mentioned area.
~ The arcas of all the other offsets are determined
M the same manner, and are respectively as fol-
OWs: viz.

ion line is

Zon I'SQ) | Y Lt /.

Arens of the Otisets.

Te be added. T'a be sub-

tracted. |

A, 00630687 [—— o
0.54000
Q.:4800

; 0.30250 e

On the 1.08875 ‘
On the sivth - U.UHTJ[,)
On the s - 0.27510
Totals - 2.08812 2 15660

The area comprehended avithin the sfation lines,

S0, LA T e R T L S T BT 7308Y
UMisets to Be aaded) : o e iy e ihvs enms et o 2.05812

Pt 1T | TR A 53.81500

Offsets to be subtracted ..oy vensn- s 215000
Bl‘n‘.:lins the area of the survey 1‘1:;111i1':r,i ....... A 51.60230

4

Roods . ... . 2.640506

Perches . .....  25.08240
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11. When the survey consists of a numbcr of
fields l)mu together, it is best to determine the
area of the whole fir st; and afterwards, the area Uf‘
each of the ficlds separately: the sum nf which, it
the work be true, will of course agree with the are?
of the whole; which forms a check on the trut
of the computations.

But here it must be observed, that the boun-
daries of each field must be arranged for the com~
putation, so as to proceed regularly one after ano-
ther all the way round the field; because, as was
observed in the note to the gth article of this ptlftr
without such arrangement, the northing or southing
made on each hne, and thL‘ dmanr‘cb from the
assumed meridian, would not correspond with on®
another.

For example. Suppose it were n,quu"ed to-as
certain the area of the survey mentioned in pag®
314, of the several fields therein contained, from
the field book there given.*

The bearings and lengths of the station lines 07
the outside boundaries are as follow; viz.

= oo ch. I
1st. S. 87 W els i - 15100
2d. N.1B30W....... 0.60
3ds - N Yz SR A A 8.090
4th. N. 37 B el 00
Sthoy 8L L7045 B o8 e 16.00
Gth.. 8. .3 15 Wi .. 722500
gth, 8. ‘74 300 Wi, ik o 7.65

The area comprehended within these station lines,
gcomputed according to the above-mentioned univer-

] R R e e e AT A.66.00 1,0~E
The area of the offsets to be added ........., 050712
(computed as in the last example) e
B v are - o7 47200

* Hee the plot of this spevey in fig, 4, plate 18.
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- {brought forward) Sum...... 0747208
The area of the offsets to be subtracted ... .. .. 2.50715

The area of the whole survey

Fu s PRt 04.00403
4

Roods...... 3.61072
40

Perches ...... 24.78880

Then, for determining the area of the cast field,
We have the following lines, viz.

1st. Part of the first station line in ch. 1.
e el Gk, oy . s e v 5. 87° W. 550
2d, The offsct to the corner of the
BeliRld . . o e ek i N.30°  W. 110
9. The cighth station line in the
btidTaoks 1 FEUN . el North — 166
Ath. The ninth station line in the
HEL Bonlk o o a ) n e N East — 13577

Sth, The offeet from the corner of the
field to the sixth station line in the

S ool ek S 8. 84° 45" E. 0.56
th. Part of the sixth station line in
the field book, +.ovvveennnn.n S. 5°15°'W. 1540
th. The seventh station line in the
T LTt i N O S. 74230 W. 47.65
Pn’t}»ge area Cf.‘:mprchcnded _withip thcsc_lincs, com-~
rm-;: - According to the foregoing universal theo-

T o P T P I WL L E s g AL 22.01036
are here are no offsets to be added in this field, the
Eh(:as of the offsets to be subtracted, compuled as in

ast example; ave. Lol Do oeimee s vE e Py 2.22052

Remaing the area of the east field, Acres......  20.60884
Roods ...... 2.70536

Perches ..,... 31.81440




l have the following lines, viz.

il 5th. Part of the fourth station line

[ The area comy

pured acc

‘ T T 1 R L ey e T
"The

snithe Jastiexample,l o afele i o5

Sum
The areas of the offsels to be subtracted

Remains the area of the west field, Acres

Roods

For ascertaining the area of the
have the following lines, viz.
I 1st, The offset from the south-west-

erly corner to the fourth station

‘ : AR
' 2d. Part of the fourth station line in

3d. The fifth station line in the field
bﬁ;‘uk, TR e AR A s e e Ak §le 5.

Perches . ;.. .

‘! the ‘field book, .....c.vvir... N. 2 q

364 EXAMPLE TO THE

For ascertaining the area of the west field, we

1st. The offset from the south-east-
i erly corner to the first station lipe ch.1
| in the field book,.............. 8. 3 E. 1.10
H 2d. Part first station line in
i NSl borsie . i N S ﬁ;a W .50
il 3d. The second station line in the
il field hook, .. .. et e N.18°50° W (.00
Ath. "The third station line in the
i (5 115 g e R LR e B ey N. 12215 K 8.0

I in the 4eld book, N85 5. 5.40
f Gth. The o Suksa2 e 0.40
il ath. The tenth st : -

3 3. 02° 30" E. 7=
i field book, reversed, .......... South =1 1ok

wehended within these lines, com-
cding to the foregoing universal theo-

A, 22,1804°

s of the offsets to be added, computed as

I line in the field book, .......... N.53°
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ith. Part of the sixth station line in ch.l.
Bl Baoks a5 S L5250 WL 9.00
5_‘-‘51. The offset to the corner, ...... N.84° 45" W. 0.56
Gth. The ninth station line in the
fisld baok, reversed, ..t eoes West — 1357
7th., The tenth station. line in the

e e o R i o ) N. 62730 W.. 7.02

™ . . .
J'ru,' area (‘r.n:i)n'huu:lni k’.‘lthl]l l.h(.‘.‘ivj ]Ii]t‘.—l. com-
Mited according to the foregoing universal theo-

T S e e L R LS T SRR .. A.21.81420
The greas of the offsets to be added, computed as
W the lnst EEAEEIES el ity e et W 5 G 1.25030

Sum
Uhe areas of the offsets to be subtracted

Bemains the avea of the north field, Acres . .... 22.50372
4

Roods . ..... 2.25488

ity

Perches . .. 10.10520

A R, P

The area of the east ficld, .. .... 20 93,

West field, ...... i S e

North ficld, ...... o) SRS V1)

Total ..,.A. 64 5 24

The agreement of this ot/ with the area of ke
"-?f?wh-r} as first ascertained, shews the work to be
fight. We must not, however, in actual practice
“Xpect to find so perfect an agreement as the
“bove, A difference of a few perches, in actual
Practice, is no impeachment either of the field
Work, or of the computations.

For other methods of surveying, and a new

E’]"f” of a field book, see the Addenda to this
work, '




MARITIME SURVEYING.

It was not my intention at first to say any thing
concerning maritime surveying, as that subject
had been already very well digested by Mr. Mur-
I doch Muckenzie, whose treatise on maritime surve)”
| ang ought to be in every person’s hands who 1%
i cngaged in this branch of surveying, a branch
| which has been hitherto too much neglected. A '
\ few general principles only can be laid down 1o ‘
this work; these, however, it is presumed, will be
l found sufficient for most purposes; when the prac-
| tice 1s seen to be easy, and the knowledge there?
readily attained, it is to be hoped, that it will con-
stitute a part of every seaman’s education, and the
more $0, as it is a subject in which the safety of
shipping and sailors is very much concerned. |
1. Muke a rough sketch of the coast or harbou®s
L and mark every point of land, or particular var-
~ tion of the coast, with some letter of the nIphubL‘t 5
either walk or sail round the coast, and fix a sta
| with a white rag at the top at each of the plact®
} marked with the letters of the alphabet. If ther®
;‘ be a tree, house, white cliff, or other remarkablé
v (1l?jcc1; at any of these places, it may serve insted
] of a station staff.* )
‘ 2. Choose some level spot of ground upon whu_:li
\ a right line, called ¢ fundamental base, may b
; measured cither by a chain, a measuring pole; O
a picce of log-line marked into feet; generaly
speaking, the longer this line is, the betters '

% See Nicholson's Navigator's Assistant.
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Sttuation must be such, that the whole, or most
bart of the station-staves may be seen from both
ends thereof; and its length and direction must,
1 possible, be such, that the bearing of any station-
Staff, taken from onc of its ends, may differ at
Cast ten degrees from the bearing of the same staff’
taken from the other end; station-staves must be
8¢t at each end of the fundamental base.
If a convenient right line cannot be had, two
lines and the interjacent angles may be measured,
d the distance of their extremes found by con-
Slruction, may be taken as the fundamental base.

If the sand measured has a sensible and gradual
d‘itli\'ity, as from high-water mark to low-water,
then the len eth measured may be reduced to the
'0rizontal distance, which is the proper distance,
Y making the perpendicular rise of the tide one
Side of g right-angled triangle; the distance mea-
Sured glong the sand, the hypothenuse; and fiom
1ence finding the other side trigonometrically, or
Y protraction, on paper; which will be the true
]“ﬂgth of the base line. If the plane measured be
"0 the dry land, and there is a sensible declivity
“iere, the height of the descent must be taken by
4 Spirit-level, or by a quadrant, and that made the
po.rl{c.mlicul:u' side of the triangle.

Ting bay one strait line of a sufficient lcngﬂl
;’;‘:not be measured, let two or three _lines, 'form-
'8 angles with each other, like the sides of a po-
Dyrﬁ‘{;:a be measured on the sum} along the ui_rcuit
i l(.‘- bay; these angles carcfully taken with a
will <( 911t(', and c'xuc*.t'ly protracted and culcula’r‘e(l,
Lhm{{l\;c t.hc‘ strait dmtm.u:c betweeer 1 the two far-

-3l extremities of the first and last line.

9. Find the bearing of the fundamental base by
s CMpasses, as aceurately as possible, with Had-

iy .
- 8 quadrant, or any other instrument equally
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exact; take the angles formed at one end of the
base, between the base line and lines drawn 1@
each of the station-staves; take hkewise the an-

gles formed between the base line and lines drawt!

to every remarkable objet near the shore, #°

houses, trees, windmills, churches, &c. which may

be supposed useful as pilot marks; from the other

end of the base, take the angles formed betweer

the base and lines drawn to every one of the station

staves and objects; if any angle be greater thatt

the arc of the quadrant, measure it at twice, by

tuking the angular distance of some intermediat®

object from cach extreme object; enter all these:
angles in a book as they are faken.

4, Draw the fundamental basc upon paper from®
a scale of equal parts, and from 1ts ends ru‘«[u‘.t“ui‘-'i‘]?:
draw unlimitted lines, forming with it the zmglfl‘
taken in the survey, and mark the extreme of cae
line with the letter of the station to which its 40~
gle corresponds.  The intersection of every twe
lines, whose extremes are marked with the sam®
letter, will denote the situation of the station OF
object to which, in the rough draught, that Jetter
belongs; through, or near ail the points of intet™
seetion which represent station staves draw a wat~
ing line with a penail to represent the coast.

5. At low water sail about the Larbour, a8%
take the sonndings, observing whether the groud®
be rocky, sandy, shelly, &c. These sounding?
may he entered by small nwmeral ficures in the
chart, by taking at: the samie time the bearings ‘?f
two remarkable objects; in this excursion, be Pt
ticular in examining the ground off points of l:m‘t'
which project out into the sea, or where the water
is remarkably smooth, without a visible causcs @
in the vicinity of small islands, &c. obscrve the S
and velocity of the tide of flood, by heaving the

SCE
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log while at anchor, and denote the same in the
Chart by small darts. The time of high water is
Aenoted by Roman numeral letters; rocks are
Uenoted by small crosses; sands, by dotted shad-
g, the figures upon which usually shew the
“Cpth at low water in feet; good anchoring
Places are marked by a small anchor. Upon com-
g near the shore, care must be taken to cx-
iMine and correct the outline of the chart, by
0A)scr\=-ing the inflections, crecks, &c. more mi-
Dutely,

6. In a small sailing vessel go out to sea, and
.4Ke drawings of the appearance of the land, with
ts hcarings; sail into the harbour, observe the
-Ppearance of its entrance, and particularly whe-
1er there be any false resemblance of an entrance
I}: which s.hips may ])C deceived in[g danger; e~
Nark the signs or objects, by attending to which,
the harhour may be entered in safety; more
eSi’t‘-cially where it can be done, let the ship steer
O the anchoring place, keeping two remarkable

J¢ets in one, or on a line.

7. Coasts are shaded off on the land side:
\[?1":;1(\, ch urc.he& treecs, &c. on shore, are drawn'
th(; }m their proper f‘iguz'cs; in a proper place of
'ir.uf: lart, draw a mariner’s compass, to deno?;c tht:_
the on of the rhumbs, &c.; and on one side of

“Ower-de-luce, draw a faint half flower-de-luce
di\rit(i C[ point ({f' ;'wrth by comp‘uss;. dmw also a
tﬂkcle(‘ scale of miles, or leagues, which must be

! from the same original scale as the funda-
al base,
iauhi‘:l‘ts or plans may be nieatly drawn with In-
Usefy] ‘_ > or the pen and common 3nk? and are as
45 any others, but they are frequently done
B b
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in water colours; for which purpose the beginne’

‘ will derive more advantage from viewing a pl‘tl}“'r

il drawing, or from overlooking a proficient at works {
than fromn a multitude of written instructions.

An example 1o illustrate the foregoing !31"{’!'!"!"’"."

Let ABCDEFGH, fig. 11, plate 23, represe?’ |

! a coast to be suryeyed, and IK L, an adjacen®
island; it is required to make an accurate cha

| of the same.

T make the actual ohservations on shore, By sailing

or walking along the shore, a rough sketch 1s ma £

and station staves set up at the points of land, A, %

C, D, E, ", G, H,and also at I, K, T, on the islands !

precept 1. During this operation, 1t 13 observe®s

that no proper place offers itself at which a fu®]

damental base ean be drawn, so as to commah

i at onee a view of all the stations; it will, there

fore, be necessary to survey the coast in two 8¢

parate parts, by making use of two base lines: .
the coast had been more extended, or il'rcgu]al‘~ :
greater number of base lines might have Dbee”
necessary.  Between the points B and Ca'thg ¢

! ground 15 level, and a considerable number of th. ‘

'- southernmost points may be seen from both point |

I conformable to precept 2; make B C, l’hcrcf”]’ej

the first funfamental base, its length by admé®

| surcment is, found to be 812 fathoms, anc ’iﬂ

“H l}um'mg hy coml_)‘:l,ss‘h'om Bto C, 18 N 11 1'5_'._“

H from cach end of this base, measure with Had

i quadrant the angles formed between it, and ]mg

il drawn to cach station in sight, precept 3, enteh

. tabulate them as follows: =

I First fundamental base BC=812 fathoB?” |

bearing of C from B, N. 11° 14" E.
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o r (&)
Angle AB C=135 07 Angle AC B= 22 54
LB C= 835 00 LGB = 7100
KBC= 56 28 KC B= g1 40
EBC= 4333 ECB=113 50
DBC= 1330 DCB=145 20

After having made these observations, it will
?('- requisite to proceed to the northern part of the
“Oast; in all cases where a coast is surve yed in se-
Pdrate parts, it is best to measure a new funda-
Menta] base for cach part, when it can he conve-
it}ffltly done; a line from the station E drawn to-

ards B, is well adapted to our purpose; let I P,
. refore, be the second base line, its length by
i(q‘ECH.Sl"lrcmcnt is found to lic 778 111}1101@15, ;’11131
Mo 2ring by compass from E to P, N. 38° 20" E.
.. casure the angles formed by lines drawn from
4€h end of this base, as before directed, and tabu-
‘lt(f them as follows:

)(\;’L“Coud Ftl!{(ti!l]l@l‘lt{-ll' ba;e _RP:??S fathoms,

“fng of P, from K. N. 38° 20" E.

o , Q s

Angle 11 £ P=ss 30 Angle HPE= 73 00
L EP="5 32 I PE= 9854

G E P=43 59 GPE=111 00

F E P=27 51 BPE=127.18
Ltl\i\l\ sufficiently apparent, 'that thc'cnnncctiun
by ”"Wl the two parts of this survey is preserved

1€ second fundamental base hcin.g drawn from
by ()ILD-‘]?I F-2 whose situation was bcfbrc_cleter_minc_d
p;u'tict:il'v.at1m'1s' from the first base line: if this
SOnyen Ar position of the second base had not been
from . ent, and it had been taken at a distance

Every point determined in situation from the
Eb2
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i;| first base, the connection would have l’L‘(lllil’C[l. an
ohservation of the bearing of one of the said point?
from cach end of the second base: thus, supposc,
the line IP to be the sccond base ling, instead Of
E P; the position of 1P with respect to the givel
point B, may be known by taking the bearings of
E, from I and P.

All the observations which are required to be
made on shore, being now completed, it will be
adviseable to construct the chart before we pro”
ceed to the other observations on the water, 107
W : by this method, an opportunity is offered of draw=
ing the waving line of the coast with more correet=
ness than could otherwise be obtained.
f GROMETRICAL CONSTRUCTION, fig. 12, pl. 29°

On the point B as a center, deseribe the (‘i"cle.
n e s w, the diameters ns and w e being at rig’
angles to each other, and representing the mer” |
il dian and parallel; from n set off the arc n*" !
equal to the quantity of the variation of the comm” .
pass; draw the diameter N S, and the diamet®
£ W E at right angles to the same; these lines W’
i represent the magnetie meridian, and its pard .
I of latitude.

From the center B, draw the first base "
BC=—s12 fathoms, N. 11° 14" E. by comp#™"
i from one extremity B, draw the unlimited bes,
Ba, Bl, Bk, Be, Bd, forming, 1't‘spev1i\'c[_\f wi
the base, the angles observed from thencc: e &
. the other extremity C, draw the unlimited 0
Ca, €1,Ck, Ce, Cd, forming, respectively ¥ tl -
il the base, the angles observed from thences l_]._
i intersections of lines terminated by the same l‘t
1 ter, will give the stations A, L, K, E, D: P
I eept 4.

liné
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Draw the line BQ, N. 38° 20’ E. by compass,

and from E, draw E P=778 fathoms in the same
Mrection or parallel to it, EP will be the second
Ja5e line; from one extremity E, draw the un-
United lines Eh, Ei, E o, Ef, forming, respec-
Uvely with the base, the angles observed from
f-_lcncc; from the other extremity P, draw the un-
Mited lines Ph, Pi, P g, Pf; the intersections
Ot lines terminated by the same letter will give
the stations H, 1, G, I, precept 4.
; Near the points A, B, C, D, E, F, G, H, draw
a Waving or irregular line to represent the coast ;
Waw also by the help of the points I, K, L, a line
9 represent the coast of the island.

The chart being thus far delineated, it will be
DN?PG!' to make the observations whig are re-
Qtired opn the water.

To MAKE THE ACTUAL OBSERVATIONS ON THE
WATER.

“_l_lfl‘oc.vp'l, 5, sufficiently explains the business to
lich it is necessary to attend on the water; no-
Mg more, therefore, need be added here, except
\\’I]ig}ilt‘-iclalti(Jn of _t.hc.mctht_ul, by the place at
) any observation is made, may be found on
][:ﬁ]:};:zﬂ; the pluf_-c of an observer may _hc deter-
i]]t(‘]i{' by the bearings of 'T\’\‘()'k])l_]\\‘l] objects; the
Cilsi})?gmt practitioner will lhml reasons for oe-
s th‘}-l“__‘." preferring each Qf thesc mct.hgd:«':_ but,
- }‘1- dlsm_ncc in the second nethod is known
s T-hc)y“ estimation, we have given the preference
T észhrst, in the present (.‘.N:l.I!]p'!t‘.: all th{; sound-
!n&‘ﬁm 1( are supposed to bc'.a lu}d down by jch'csu
he i—n( 5 but, to prevent confusion and 1;1‘01:_\_1(_\'.
es of bearing arc drawn only from the points

2N, and O,




374 TO MAKE THE OBSERVATIONS

From the southern extremity M, of the reet of
rocks, which runs off the point I, the bearing ©! '
the stations C and B are taken by the compass, as
follows, viz. C, N. 62° E. and B, N. 85" E. F

On the chart, therefore, from C, parallel to the
rhumb B R, draw the opposite rhumb Cm, S. 02
W, and from B, draw the opposite rhumb B 1
S. 85° W. their intersection M, will be the ¥
tremity of the reef of rocks. 5

Again, from the sand head N, the bearings o
the stations L and K are taken by the compas®
as follows, viz. L, N. 17°W.and K, N.5° E. _

On the chart draw the rhumb Bn, N. 17° W+ J
and from L, parallel to the same, draw the OPF
posite rhumb Ln; draw likewise the rhumb B
N. 5° E. and from K, parallel to the same, dra¥
the oppo#e rhumb K n; the mterscction of thest
two last lines will be the sand head, and the situd”
tion of the point of land O; which lies so that "
cannot be seen from either of these base lines, ¥
determined in like manner from the bearings of
and K, though in practice it may have been more
convenient to settle its place from a single beal™
ing and distance of the station A.

The position of the compass 15 given from hat
of the circle NE S W, made use of in the €0
struction, and the scale of geographical miles ™
found from the consideration, that 1021 fat]lﬁm’
make one geographical mile; take therefore 102
from the smmc scale of equal parts, as was uset _!
laying down the fundamental bases, and it e
cive one primary division for the intended
of miles. 2

To measure a strait line on the surfuace of M:,
sea. First, prepare a measuring line of stro? o
chord, two or three hundred yards in length, “J‘_fL
small pieces of cork of equal thickness ma L"g’
1o it at small distances, all along, like a fishing

scale
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net, so that it may float strait on the surface of
the water: if the line has been well stretched, o
Much used before, it is the better; also prepare
lwo ropes somew hat longer than the greatest
Uepth of the water to be measured, with a pig of
€ad or iron ballast, which we call an anchor, 50
or Go ]JOUI'I(]\ weight, tied by the middle to one
®nd of cach rope, that when it is at the bottom it
May be able to anchor a boat, and bear to be
Strete shed strait without x]nhmfr the place of the
Achor, Let the measuring line be thoroughly
Wet immediately before you be oin to use it, and
then stretched on the water close by the shore,
nd its length measured there with a pole. Then,
W the direction intended to be measured, take two
"emarkable sharp objects on the land in a line,
e near the shore, the other as far up in the coun-
f¥ as you can: if such are not to be had, place
b““}\ on the water at proper distances i that
llwrmn
2. Take the objects, or huoys, in a line, and
ho]dmg one end of the measuring line fast on the
More, ¢ arry out the other 1n a hn.n in that direc-
on, till it is stretched strait at its full length by
9Re man in the boat, and exactly at the end of the
e let another man drop the anchor, which will
Mark one length of it. There keep the boat, and
¢ end of the measuring line, ¢ lu-«.‘ to the anchor
Ope, drm'n tight up and dow n, till another boat
aKes in the other end which was on the shore, and
*Ows farther on, and lays it strait in the divection
M the land marks, or buoys, and there drops ano-
1er anchor, which will mark the sceond length
the measuring line, Go on thus till the whole
Toposed (hat‘mu is measured; and immediately
ter lot the measuring line be again meastired w ith
2 PUIL‘ on the water near the ~.hurt, as at first, and
" the lengths differ, take the mean between then
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for the true length. It is obvious, that to measure
with any exactness this way, the sea must not only
be smooth, but void of a swell, and of all stream of
tide; either of which will hinder the line from ly-
ing strait. This method of measuring a strait lin@
may be convenient on some occasions; and if care
is taken to keep the anchor rope right up ﬂl}d
down when the measuring line is applied to ifs
will be found sufficiently exact for man ¥ purposcs
but not for a fundamental base line from which
other distances are to be deduced.

There is another way of measuring a strait ling
mechanieally, on the sea, which is so well known
to seamen, that it is needless to deseribe it parts-
cularly here: and that is, by heaving the log over
a ship’s stern while she is under sail, and obsery-
ing how many knots of the log line run out in halt
a minute; for the line is so divided that the ship
will run, or is supposed to run, so many miles n
an hour, in a strait course: and twice as much 11
two hours, and so on. But this conclusion 1%
founded on three suppositions, neither of which 1
certain, viz. that the log remains in the same
place during the whole half minute that the line 1
running out from the ship’s stern; that the ship
continues to sail with the same velocity, and als@
in the same direction, during an hmfr, or [wW0s
that she did during the half minute; the contrary
of which is more likely in most cases, For ThG
log line may shrink, or stretch, while it is runming
out; or may drag after the vessel by the wuight
of the line, or by not running easily and readily
off the recl; the swell of the sea may alter the place
of the log; and currents, or streams of tde€
stronger orweaker below the surface than on its e
unsteady helm, lee-way, and varying winds, m4)
change the direction, or celerity of the ship’s mo-
tion; for neither of which can an y certain allow=

, s
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ance be made.  This way, therefore, of measuring
2 strait line, or distance, is not to be depended on
45 exact; but is mentioned here, becanse rocks,
shoals, or islands, sometimes lie so far from the
C0ast, that there is no other way of forming any
lotion of their distance. If any such distance is
10 be measured after this manner, let the log-line
'€ thoroughly wet when it is measured; let the
tngth hetween each knot be 51 feet, which is the
120th part of a geometrical mile, as half a minute
15 +isth part of an hour. Choose neap-tide, as
Much slack water as can be got, and a moderate
eecze of following wind; let the line be run off
the reel so as never to be stretched quite strait;
“nd if the half minute is measured by a watch that
shews seconds, rather than by a glass, it will ge-
Nerally be more exact. Perhaps one second should
€ allowed for the loss of time in calling out at
¢ beginning, and stopping it at the end of the
Ime, cxccpt'thc person who holds the watch can
“ontrive to observe the going out of the red rag at
E](‘- beginning, and also to stop the line himself at
Y€ end of the time; which does not seem a diffi-
Cult matter,

Ty find the distance of two places by the flask and
Yport of 2 gun.  Sound moves 1142 English feet
" one second of time, or 6120 feet, which makes
5 Seographical mile, in 5% nearly; therefore, let
& Zun be fired at one place at an appointed time,
d observe the time that clapses between the
\V;ns]] and report, and so many scconds as you ob-
CIVe, o many times 1142 feet are you distant
oM the place; the operation should be repeated
WO or three times for greater certainty.  The dis-
"ee 1o he measured in this way should never be
(\‘ than two miles, on account of errors that may
HIse iy taking the time,




T0O TRANSFER A PLAN FROM ONE PAPER TO
ANOTHER.

Method 1. By points. Lay the rough plan upon
the clean paper, on which you intend to draw the
fair copy, press them close together by weightss
and keep them as flat as possible; then with 4

- pointrel, or needle point, prick through all the

corners of the plan to be copied; scparate the
papers, and join by lines the points en the cleat
paper. This method can only be used in plans
whose figures are small, regular, and bounded b
strait lines. >

Method 2. By tracing paper. Rub the back o
the rough plan with black-lead powder, and having
wiped off the superfluous lead, lay the blacked
part upon the clean paper, or place a sheet ol
black tracing paper between the rough plan ;u}tl
the clean paper; weights are to be placed as 18
the former method, to maintain the papers in the
same position.

Then, with a blunt point of brass, steel, OF
ivory, trace exactly the lines of the plan, pressing
the paper so much, that the black lcad under the
lines may be transterred to the clean paper; when
the whole of the plan has been thus delineated, &°
over the black-lead marks with common, or India?
ink.

Method 3. By squares.  See prob. 65, page 99-

Method A. By a copying glass. This 1s a 1ar8%
square, or rectangular piece of looking glass, f13¢%
in a frame of wood, which can be raised 1o ;ul}r.
angle, like a desk, the lower end resting upon i]]f.
table; a screen of blue paper fits to the upper €¢ gty
and stands at right angles to it.

S —
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Place this frame at a convenient angle against a
strong light: fix the old plan and clean paper
firmly together by ping, the clean paper upper-
most, and on the face of the plan to he copied;
lil_\‘ them with the back of the old plan next the
glass, namely, that part which you mtend to copy
hrst, "The fight through the glass w ill enable you
10 perceive distinetly every line of the plan upon
the clean paper, and you can easily trace over them
Wwith g peneil; and l.l_u‘\-"ing finished that part which
Covers the glass, slide another part over it, and
Copy this, and thus continue il the whole be
Copied.

Method 5. By the assistance of proportionable and
t}'ff‘u.rg'n{'ur g.‘r,:).rgjmyx('.\‘, ﬁg A and N, ]=/:!/(,’ 1, and
Jig. 12, plate 3. These will, in many instanstan-
Ces, agsist the dranghtsman very much, and lessen
the labour of copying.

Method 6. By the pantographer. There 15 no
Method so casy, so expeditious, nor even so accu-
Tate, as the pantographer. It is an instrument as
Usefy] to the experienced dranghtsman, as to those
Who haye made but little progress in the art. It
Saves a great deal of time cither in reducing, en-
rging, or copying of the same size, giving the
Outlines of any drawing, however crooked or com-
plL’X, with the utmost exactness: nor is it confined
Wany particular kind, but may with equal facility
€ used for copying figures, plans, sca charts,
Maps, profiles, landscapes, &e.

DRSCRIP‘J'“)I\;’ AXD USE OF THE PANTOGRA-
PHER, OR PANTAGRATP H.

I have not been able to ascertain who was the
Wentor of this useful instrument. The ecarliest
dce - ! : it
Ceount | find, is that of the Jesuit Scheiner, about
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the year 1631, in a small tract entitled, Pantagri-
phice, sive Ars nova Delmeandi. The prim‘ip]i"*
are sclf-evident to every geometrician ; the mecha-
nical construction was first improved by my fa-
ther, about the year 1750. It is one, among
other scientific improvements completed by him,
that others have many years after, assumed t0
themselves.

The pantographer is usually made of wood, orf
brass, from 12 inches to two feet in length, and

consists of four flat rules, fig. 10, plare 38, two #

of them long and two short. The two longef
arc joined at the end A by a double pivols
which is fixed to onc of the rules, and works 17
two small holes placed at the end of the other.
Under the joint is an ivory castor to support this
end of the instrument. The two smaller rules are
fixed by pivots at E and H, near the middle of the
larger rules, and are also joined together at thetr
other end, G.

By the construction of this instrument, the four
rules always form a parallelogram. There 15 @
sliding box on the longer arm, and another on the
shorter arm. These boxes may be fixed at any
part of the rules by means of their milled screws:
each of these boxes are furnished with a eylindri®
tube, to carry either the tracing point, crayom
or fulerum.

The fulerum, or support K, is a leaden weights
on this the whole instrument moves when in U5
To the longer instruments are sometimes place!
two moveable rollers, to support and facilitate ﬂ“?
motions of the pantographer; their situation may
be varied as occasion requires.

The graduations are placed on two of the 1'11]‘?':"“
B and D, with the proportions of %, 1, ¥, &e€. to 137
marked on them,
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The pencil holder, tracer, and fulcrum, must in
all cases be in a right line, so that when they arc
set fo any number, if a string be stretched over
them, and they do not coincide with it, there is
an error either mn the setting or graduations.

The long tube which carrics the pencil, or
Crayon, moves easily up or down in another tnbes
there is a string affixed to the long, orinuer tube,
Pasging afterwards through the holes in the three
small knobs to the tracing point, where it may, if
lecessary, be fastened. By pulling this string, the
Pencil s lifted up occasionally, and thus pre-
Vented from making false or improper marks upon
the copy.

Ty reduce in any of the proportions ¥, 35 & 4 Ee.
4 mayrked on the two bars B, and . Suppose, for
Qample, t 15 f'f’guirﬂd. Place the two sockets at +
on the bars B and . Place the fulcrum, or lead
“’(“ighi at B, the pencil socket, with pencil at I,
Md the tracing point at C. Fasten down upen a
Smooth board, or table, a sheet of white paper un-
der t]e pencil D, and the original map, &e. under
e tracing puint C, allowing yourself room enough

Or the various openings of the instrument. Then
With g steady hand carctully movethe tracing point

over the outlines of the map, and the pencil at D
Will deseribe exactly the same figure as the origi-
hal; hut £ the size. In the same manner for any
Othey proportion, by only setting the two sockets
to rihc number of the required proportion.

The pencil-holder moves casily in the socket, to
Sive way to any irregularity in the paper. There
1”'_ 4 cup at the top for receiving an additional
Weight, cither to keep down the pencil to the pa-
PEr, or to increase the strength of its mark.
here is a silken string fastened to the pencil-

hL’ldEr, in order that the peneil may be drawn up
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off the paper, to prevent falsé marks when cross-
ing the original in the operation.

If the original should be so large, that the it-
strument will not extend over it at 1111}' one opera-
tion, two or three points must be marked on the
original, and the same to correspond upon the
copy. The fulerum and copy may then be removed
into such situations, as to admit the copying of the
remaining part of the original; first observing
that when the tracing point is applied to the three
points marked on the original, the pencil falls on
the three corresponding points upon the copy. In
this manner, by repeated shiftings, a pentagraph
may be made to copy an original of ever so large
dimensions.

1o en arge i any Gf the pro'f‘)w*."fw-.'s 1 5y 5 &e.
Suppose 3. You set the two sockets at £, as before,
and have only to change places between the pcm‘ll
and tracing point, .\'iz. 1o pl:u'c the t1':ir:ing p(_mll
at D, and the pencil at C.

Do copy of the same size, but reversed, Plact
the two sockets at 2, the fulerum at D, and the
pencil at B.

There are sometimes divisions of 100 umrqnii[
parts laid down on the bars B and D, to give any
mtermediate proportion, not shewn by the frac-
tional numbers commonly placed.

Pentagraphs of a greater length than two feet
arc best made of hard wood, mounted in brass
with steel centers, upon the truth of which de-
pends entirely the equable action of this usett?
wstrument,




OF

LEVELLING.

Tur necessity of finding a proper channel for
Conveying water occurs so often to the surveyor,
that any work on that subject, which neglected to
Weat on the art of levelling, would be manifestly
imperfect; I shall therefore endeavour to give the
Teader a satisfactory account of the instruments
used, and the mode of using them.

2

A DESCRIPTION OF THE BEST SPIRIT LEVEL,

Fig. 3, plate 17, represents one of the best con-
Structed spirit levels, mounted on the most com-
Plete staves, similar to those affixed to a best the-
Odolite,

The achromatic telescope, A, B, C, is movea-
le, either in the plane of the horizon, or with a
Small inclination thereto, so as to cut any object
Whose elevation, or depression, from that plane,
doeg not exceed 12 degrees; the telescope is about
Wo feet long, is furnished with fine cross wires,
the serews to adjust which are shewn at z, for de-
[_Cl'lnining the axis of the tube, and forming a just
e of sight, By turning the milled screw B,
On the side of the telescope, the object glass is
Moved gutwards, and thus the telescope suited to
d”}‘trcnt eves.

The tube ¢ ¢ with the spirit bubble is fixed to
the telescope by a joint at one end, and a capstan
teaded sorew at the other, to raise or depress it for
Y adjustment. The two supporters D, E, on
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which the telescope is placed, are nearly in the
shape of the letter Y, the inner sides of the Y’s ar€
tangents to the (\hmlru ring of the telescope:
2 & hc lower ends of these s uppurlcn arc let perpen-,
dicularly into a strong bar; to the lower end of
the support E, is a milled nut T, to bring the in-
strament dC(.[lIdU_‘l.} to a level; and at the other
end of the bar at H, is a screw for tightening the
support D at any height.  Between the two sup-
ports 1s a t‘omlmw hr)\ G, divided into four quar-
ters of gO° each, and d]‘w() into 360°, with a mag-
netical needle, and a contrivance to throw the
needle off the center when it is not used; and
thus LUIIH[]U[UI]“ a pcrtm t circumferentor.

The compass is in one piece with the bar, or i
sometimes made to take on and off’ by two sc ru\"
To the under part of the compass is fixed a coni-

cal brass ferril K, which is fitted to the bell-metal
frustum of a cone at the top of the brass head 0f
the staves, having at its bottom a ball, moving 1P
a socket, in the plate fised at the top of the three
metal ]01111.:- for the legs. L, L, are two strong
brass parallel plates, with four adjusting screws
b, b, b, b, “huh are used for adjusting the hoti-
zoui.ll motion. The screw at M is for regulating
this motion, and the screw N for m'lknw; fast the
ferril, or whole instrument, when necessary. BY
thuc two screws the instrument 1s either mm“l
through a small space, or fixed in any pwltlﬂﬂ
with the utmost accuracy. The staves being €%
actly the same as those applicd to the best theo-
dolites, render any further description of them
here unnecessary.,

It is cvident from the nature of this matrumbﬂt
that three adjustments are necessary. 1, To plac®
the intersection of the wires in the t(‘lcsmp& 80
that it shall coincide with the axis of the cylind®
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BEST SPIRIT LEVEL:

tal rings on which the telescope turns. 2. Torend
der the level parallel to this axis. 3. To adjust for
the horizontal motion guite round upon the staves.
1o adjust the cross wwires. 1If, while looking
tlll‘(mgh the telescope at any object, the intersec-
on of the wires does not cut precisely the same
Part during a revolution of the telescope on its
s, their adjustment is necessary, and is easily
Obtained by turning the little screws @, a, 2. The
Wo horizontal screws are to move the vertical
Wire, and act in opposite directions to each other;
One of which is to be tightened as the opposite is
Slackened, (this not being attended to, will en-
Yanger the breaking of the wire) till the wire has
‘een moved sufliciently. The upper screw to the
Orizontal wire is gencrally made with a capstan
'ead, so that by simply turning it to the right or
eft hand, the requisite motion of the wire is pro-
fll(_-t-:.d, and thus the intersection brought exactly
M the axis of the telescope. ;
A5 adjust the spirit level at only ohe station,
When the spirit level is adjusted to the telescope,
the bubble of air will settle in the middle, or
‘irly so, whether the telescope be reversed or
Ot on its supports D, E, which in this case are
1_(’t to be moved. The whole level being placed
~ly on its staves, the bubble of air brought to
Ufl_c n‘i‘ul’(!] e by turning the screw F, the ri ms £, f,
b .‘ur Y’ open, and when the 1(']c.~'c.ope. 15 taken
£ and laid the coutrary way on its %ugports,
Ould the hubble of air not come to rest in the
HUE tt‘, 1t then proves that the spirit ]evc! 1$
ﬂ(jﬁ:lm to ihrc axis of the iLl].D(’, and requires
of u-il.llw]L‘r. The end to which the bubble
5 thl goes must be noticed, and the distance
¢ bubble case, and height of one support,
dllered by turning the screws at ¢ and F,
€ ¢

Y
1
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#ll by trial the bubble comes to the middfe it
both positions of the telescope.  This very facile
mode of adjustient of the level is one great 1=
provement i the instrument; for, in all the old
and, common constructed levels, which did not
admit of a reversion of the telescope, the spifit
level could only bie well adjusted by carrying the
snstrument into the field, and at two distant si2°
tions observing both forwards and backwards
the deviation upon the station staves, and 07
reeting accordingly; which oceasioned no  smé
degree of time and trouble not necessary by the
mproved level. }

To adjust for the horizontal motion. The level
is said to be completely adjusted, when, after the
two previous ones, it may be moved entirely rou™
upon . its staff-head, without the bubble changitf
materially its place.  To perform which, bring the
telescope over two of the parallel plate screws by Vs
and make it level by unscrewing one of thes®
screws while you are screwing up the opposite onér
ill the air bubble is in the middle, and the screW”
up firm. Then turn the instrument a quzu‘“'r
round on its staff, till the telescope 15 directly U‘f'f'r
the other two screws b, 4, unscrewing one sereé®”
and screwing up at the same time the opposit®
one, as before, till the bubble settles again in t":
middle. The adjustment of the staff plates ar®
thus made for the horizontal motion of the instr*”
went, and the telescope may be moved round U_I‘
its stafl’ without any material change of the plac®
of the bubble, and the observer enabled to t‘dkt‘_ﬂ

ange of level points. The level tube is 2°
made to adjust in the horizontal direction by L
apposite screws at its joint ¢, so that its axis f"gi’;
be brought into perfect parallelism to that of *

telescopo,
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The telescope is generally glassed to shew ob-
dects erect. In the common sort of levels with
4 shorter telescope from 12 to 20 inches in length,
and without a circumferentor, th ey arve glassed to
Shew the objects inverted. To an expert observer
this will make no difference; and, there bciug
Ut two eye-glasses instead of four, as in the
Other, about threc or four inches are saved in the
“ngth of the telescope.

A short brass tube, to screen the sun’s rays from
the object glass, is sometimes made to go on the
Shject ‘end ¢ of the telescope, and a screw-driver,
nd steel pin for the capstan-hcaded screws are
Packed in the same case with the instrument. *

~AWo mahogany station staves often accompany
this instrumcn‘f;-Lhcy consist of 1wo parts, each
Part is about five fect ten inches long, so that
Whep they are pulled out to their greatest extent,
ey form a ten feet rod; and every toot is divided
Mto 109 cqual parts. To each of these staves

L Fig. 10, is 2 representation of a brass mounted pocket spirit
bf}:ﬁlj ain‘_{ut six inches in !en_gl h, with th.t-:, hw_nng a 5{;‘uund
om, intended for ordinary purpeses either in levelling a
by :fhﬂr determining ]t:“v'r:l points. When about 12 inches in
f ré , th!l duubh_: sights :mdd adapted to a fitan‘, it may serve
tonducting small parcels of water, or draining a ficld, &c.
T e, 11, is one that [ have constructed with sone improvement,
by o é'ass p(_:r}.\en('!iv.u!:'.lr piuce A, 18 made te elide on oceasionally
they .ovetail. By this picce, and the bottom of the level toge-
1 any standing square pillar, or other ub_i‘m:i, may be sct to the
lt\fcf and perpendienlar at the same time, I'he case of the spirit
:SWings on two pivots; the horizontal position, therefore,
ta ‘st’j]lhg or under surface of a plane may he as readily ob-
ther, 48 any inferior plane in the common way; the spirit level
only o ﬂl\{r‘ﬂys remaining the same, and the position of the base
Whe Bging to admit of a contact with the plane to be levelled,
case also the perpendicular side A, becomes equally

tnadile Wjustment of these packet levels is very easii_",.' proved, or
* OY bringing the bubble in the middle upon-any table or
cc2
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there 15 a sliding vane A, Jig. 0, j'/tlfﬁ 1%, with
brass wire across a square hole made in the vanes
when this wire coincides with the horizontal wire
of the telescope, it shews the height of the appa-
rent level above the ground at that place.

OF LEVELLING.

Levelling is the art which instructs us in finding
how much higher or lower any given point on the
surface of the earth is, than another given point 08
the same surface; or in other words, the differenc®
in their distance from the center of the carth.

Those points are said to be level, which ar¢
equi-distant from the eenter of the earth. The
art of levelling consists, therefore, 1st, In finding
and marking two, or more level points that shal
be in the cireumference of a circle, whose cente’
is that of the earth.  2dly. In comparing the point®
thus found, with other points, in order to ascert®!
the difference in their distances from the carth?®
center, h

Let fig. 1, plate 23, represent the earth; A, I
center; the points B, C, D, E, F, upon the ¢~
cumferenee thereof are level, because they 8¢
equally distant from the center; such are the W&
ters of the sea, lakes, &ec.

- . ! ‘ R
hases if, upon reversion afterwards on the same place prect* ‘m;
7

the bubble keeps to the middle, it is adjusted; if not, by ‘“f’u it
of @ serew-driver turn one of the screws at the proper end, L: ro-
be 9o raised or depressed as to cause the bubble to stand tl“" of
17, at the same time altering the inclination of the l’kmfbﬂ\
which the Jevel is tried, If a bubble stand the reversion “'[ j
tevel upon the plane, both level and plane are right, ?mdl.l_nc;
most expeditious to adjust small levels on a true horizontal P \anE
if the bubble does not stand the reversion, both bublslaﬂﬂll'-I lf' -
are inclined, and both require to be corrected by halt the W
angle of the deviation shewn by reversion, Epit.
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To know how much higher the pomt B, fig. 2,
?’?szte 23, is than C, and C lower than D. We must
tind, and mark the level points, E, F, G, upon the
radii AB, AC, AD, thereby comparing B with E,
C with F, and D with G; we shall discover how
Much B is nearer the circumference of the circle
than C, and, consequently, how much further
from the center of the earth, and so of the other
Points,

OF THE DIFFERENT METHODS OF MARKING
OUT THE EEVEL POINTS.

The first, which is the most simple and indo-
Pendent, is by the tangent of a circle, for the two
EXiremities of the tangent give the true level
Points, when the point of contact is precisely in
the middle of the line. But if the pomt of con-
tﬂg‘rt with the circumference be at one of the extre-
lnflics of the line, or in any other part except the
Middle, it will then only shew the apparent level,
4 one of its extremities is further from the cir-
“umference than the other. Thus the tangent

C, fis.3, plate 23, marks out two true level
Points at B and C, because the point of contact

15 exactly in the middle of the line BC, and its
WO extremities are equally distant from the cir-
“Umference and the center A.

But the tangent B D, fie. 7, plate 23, marks two
fﬂlnts of apparent level, because the point B,
I"f_lere 1t_.mur:i]fcs the Cl]‘(‘urnfc:.rcmrs, Is not the
Mddle of the line; and, therefore, one of its ex-

Cmities B, is nearer to the center than the other
% ; Disf urther from the center, in proportion as
"&'i:? more d.lstant from i:hc point of contaut B;
iL'L‘Ch constitutes the rhﬂ'ar_em:c between the true

“& apparent level, of which we shall speak pre-
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sently. Every point of the apparent level, except
the point of contact, is bigher than the true level-

As the tangent to a circle is perpendicular t0
the radius, we may make use of the radius fto de-
termine the tingent, and thus mark the Jevel
points. Thuslet A, fig. 5, plate 23, represent the
center of the earth, A B the radius, and C, B, Ds
the tangent; the two extremities C, D; are eq ually
distant from the point of contact B, consequently
the angles BCA, BDA, will be equal; the angles
at the tangent point are right angles, and the rd-
dius common to both triangles, and the sides CA
DA, are equal, and the points CD, are two leve
points, because equally distant from the center.

It is cvident from this, that if from any point
the radius two lines be drawn, one on each sidés
making equal angles with it, and being of an equd
lengtli, the extreme points of these lines will be
level points. Thus, if from B, of the radins BAs
two equal lines BC, BC, fs. 6, plate 23, be
drawn, making equal angles, CBA, D BA, the?
will C and D be equally distant from the center’
though the level may be obtained by these obliqu®
lines, yet it is far casier to obtain' it by a line pe*”
pendicular to the radius.

When the level line is perpendicular to the 3~
dius, and touches it at one of its extremes, tH°
other extremity will mark the apparent level, a0
the true level 1s found by knowing how much the
apparent one exceeds it in height.

To find the height of the apparent above the
true level for a cortain distance, square that dis-
tance, and then divide the produet by the diame=
ter of the carth, and the quotient will be the I
quired difference; it follows clearly, that the
heights of the apparent level at different distan® ("‘
are as the squares of those distances; and, conr‘f.«'
quently, that the difference is greater, or smalleTy
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I proportion to the extent of the line; for the ex-
tremity of this line separates more fromn the circum-
frenee of the cirele, in proportion as it recedes
from the point of contact. Thus, let A, fg, 7,
Plate 23, be the center of the ecarth, BC the are
Which marks the true level, and B, E, D, the tan-
gent that marks the apparent level; it is evident,
that the secant A D exceeds the radius A B, by CD,
Which is the difference between the apparent and
true level; and it is equally evident, that if the line
extended no farther than E, this difference would
hot be so great as when it is extended to D, and
that inereases as the line is lengthened.

When the distance does not exceed 25 }'ur(ls,
the difference between the two levels may be neg-
CCted; butif it be 50, 100, &ec. yards, then the
Grror resulting from the difference will become
Sensible and require to be noticed.

A TABLE,

W hich shews the quantity of curvature below the apparent leyel,
in inches, for every chain up to 100.

) ) | O

:E:?' Iniches (.': Inches ! Z| Tnches || &| Inches
2 & = | &

B =3 R=1 3

1/0,00125 |14{0.24 !zyin,gu | 402,00

210,005 {|150,28 250,08 | 452,28

3{0,01125 160,32 1;;'1,05 i

410,02 1171086 ‘[3':)1,13 [ 553,78

510,03 180,40 ;31 1,10 j 0(}{4,50

610,04 10/0,45 4211,257 ' {5555 !

70,06 [20j0,50 331,85 70/6,12

80,08 (210,55 34 4 26(7.,03

gln,m zu‘t).b'o [3811,53 i 80.5,00
](J‘U,l'?. 230,67 i;{'i 1,62 i 851G.03
— j S o | s
110,16 44 0,72 !37 1,7 (a10,12
112/0,18 950,78 481,80 511,28
130,21 3(5%(1_8-1 ‘Hyll,gl ’ UO]-iz,;’»O
—_— e ———
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The first method of finding and marking two
level points, is by a tangent whose point of con-
tact is exactly in the middle of the level line; this
method may he practised without regarding the
difference between the apparent and true levels
but, to be used with success, it would be well t©
place your instrument as often as possible at al
equal distance from the stations; for it is cleaf,
that if from one and the same station, the instri=
ment remaining at the same height, and used 1
the same manner, two or more points of sight b€
observed, equally distant from the eye of the ob-
server, they will also be equi-distant from the cen”
ter of the earth.

Thus, let the instrument, fig.8, plare23, he
placed at equal distances from C, D; L, F, the
two points of sight marked upon the station-staves
C G, DH, will be the level points, and the diffe
renice in the height af the points E, F, will shew
how much one place 1s higher than the other.

Second method. 'This consists in levelling from
one point immediately to another, placing the 11~
strument at the stations where the staves wer®
fixed. This may also be performed without n¢”
ticing the difference between the true and appal'ﬁ‘”t
level; but then it requires a double levelling
made from the first to the second station, and T
ciprocally from the second to the first. _

Thus, let the two stations be BE, fig. 0, plar®
23, the station staves C B, D E, which in the prac”
tice of levelling may be considered as parts of t7°
radii AB, AE, though they be really two perpen.
diculars parallel to each other, without the risk ©
any error, In order toleyel by this method, Pl‘”'lt
the instrument at B, let the height of the ey& flt
the first observation, be at F, and the point of 1€ )

+ i]‘
found be G; then remove the instrument 10
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and fix it so that the eye may be at G; then, if
the line of sight cuts I, the points If and G are
level, being equally distant from the center of the
carth, as is evident from the figure.

But if the situation of the two stations be such,
that the height of the eye at the secont station
could not be made to coincide with G, but only
With H, fig. 10, plate 23, yet if the linc of sight
Eives T as far distant from F as G is from H, the
two lines F G, H 1, will be parallel, and their ex-
tremities level points; but if that is not the case,
the lines of sight are not parallel, and do not give
leve] points, which however might still be obtained
by further observations; but, as this mode is not
Practised, we need not dwell further upon it.

The velocity of running water is proportional to
the fall; where the fall is only three or four inches
1 a mile, the veloeity is very small; some cuts have
been made with a fall from four to six inches; afour
Mich fall in a strait line is said to answer as well as
One of six inches with many windings.

The distance from the telescope to the staff
should not, if possible, exceed 100 yards, or five
Chaing; but 50 or 6o yards are to be preferred.

OF THE PRACTICE OF LEVELLIXG.

1st. Of simple Levelling.
- We term that simple levelling, when level
il""ﬂls are determined from one station, whether
¢ level be fixed at one of the points, or between
lem, ;
] Thus, let AB, fig. 1, plate 24, be the station
if)."‘tb‘ of the level, C, D, the two points ascer-
ined, and let the height




OF THE PRACTICE

Feet: Inches

D

<
-3
<}

from A to C be
from BtoDbe g o ©

their differenceis 3 o 0O
shewing that B is three feet lower
than A.

In this example, the station points of the leve [
arc below the line of sight and level points, as 1%
generally the case; but if they were above, as 1
Jfig. 2, plute 24, and the distance of A to C be si*
feet, and from B to D nine feet, the difference will
be still three feet, that B is higher than A.

od.  Of compound Levelling.

Compound levelling is nothing more than @
collection of many single or simple operations
compared together. Torender this subject cleare?
we shall suppose, that for a particular purpose
were necessary to know the difference in the leve
of the two points A and N, fig, 3, plate 24; A 0%
the river Zome, N on the river Belann.

As I could find no satisfactory examples in any
English writer that I was acquainted with, an
not being myself in the habits of making actud
surveys, or conducting water from one place ¥
another, I was under the necessity of using thos®
given by Mr. Le Febure.

Stakes should be driven down at A and N, €%
actly level with the surface of the water, and thest
should be so fixed, that they may not be chang®
until the whole operation is finished; the groa?s
between the two rivers should then be surveye®
and a plan thercof made, which will greatly 8"
the operator in the conducting of hig businesss =3
this he will discover that the shortest way from -

to N, is by the dotted line AC, GH, H N, a8
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he will from hence also determine the necessary
Bumber of stations, and distribute them propetly,
$ome longer than the others, according to the na-
Lure of the ease, and the situation of the eround.

i this instance 12 stations are used stakes should
then be driven at the limits of each station, as at
A B, C, Dy E, F, &e. they should be driven
about 18 inches into the ground, and be about two
or three inches above its surface; stakes should also

© driven at each station of the instrument, as at
1,93, 4, &oe.

Things being thus prepared, he may begin his
Work; ‘the first stationwill ‘be at 1,-equi-distant
from the two limits A, Bs the distanee from A te

» 160 yards; and, consequently, the distance on
€ach side of the instrument, or from the station
Stake, will be 83 yards.

Write down in the first column, the first limit

i in the second, the number of feet, inches, and
tenths, the points of sight, indicated on the station
Staff at A, namely, 7.0.0. In the third column,
the second limit B in the fourth, the height in-
dicated at the station staff B, namely, 6.0.0.
“stly, in the fifth column, the distance from one
Station staff to the other, in this instance 166 yards.

Now remove the level to the point marked 2,
Which is in the middle between B and C, the two
Places where the station staves are to be held, ob-
b“"'Vinl_n; that B, which was the second limit in the
Prer operation, is the first in this; then write
“Own the observed heights as before, in the first
Columnp B; in the second 4. 6. 03 in the third, C;
'Y the fourth, 5.6.2; in the fifth, 560, the dis-
"Mee hetween Band C.

Hli-::—]:\".‘j..m-m the .illl‘(]lllallil'_\'_f)f the ground at the
e Station, it is not possible to place the instru-
Rt the iniddle between the two station staves,
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find the most convenient point for your station, a3
at 8; then measure exacily how far this is from
each station staff, and you will find from 3 to G
160 yards; from 3 to D, 80 yards: the remaindet
of the operationswill be as in the preceding station:

In the fourth operation, it will be necessary t©
fix the station, so as to compensate for any errof
that might arise from the inequality of the lasts
therefore, mark out 80 yards from the station staff
D, to the point 4; and 160 yards from 4 to Es
and this must be carefully attended to, as by such
compensations the work may be much facilitated-

Proceed in the same manner with the eight re-
maining stations, as in the four former, observing
to enter every thing in its respective column s
when the whole is finished, add the sums of each
column together, and then subtract the less from
the greater, thus from 82:2:5, take 76:9: 7
and the remainder 5 : 4 : 8, is what the ground ¢
N is lower than the ground at A.

£ A0 Bty yards,
A 7= 0 B 6, 0.0 1060
B £ 6 & i 7 250
C 12. 8 6 D 8 40 240
D B v 6 B 4 1.0 250
B 6 10 0O 911 O 250
v R o | G 4= 80 300
G 7 G H 10 0 0 250
H 44 | 8 10 © 110
1 2 JEN S g K 10 0.0 130
K o T L 5° "R£.6 250
L A ¢ 0, M 8 4 3 250
M il B N 723040 250
768 . 9.7 82 2 5 20680
25t

82 2 &

76 9 7

=)
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The next thing to be obtained is a section of
this level; for this purpose draw a dotted line, as
00, fig. 4, plate 24, cither above or below the
Plan, which line may be taken for the level or ho-
rizontal line; then let full perpendiculars upon
this line from all the station points and places,
Where the station staves were fixed.

Beginning at A, set off seven feet six inches
Apon this line from A to a; for the height eof the
leye] point determined on the staff at this place,
draw a line through «, parallel to the dotied line
90, which will cut the third perpendicular at b,
the second station staff; set off from this point
downwards six feet to B, which shews the sccond

tmit of the first operation, and that the ground at

» 1s one foot six inches higher than at A; place
Your instrument between these two lines at the
height of the level line, and trace the ground ac-
Lording to its different heights.

Now set off on the second station staff B, four
feet six inches to C, the height determined by the

evel at the second station; and from ¢, draw a line
Parallel to oo, which will cut the fifth perpen-
“icular at o, the third station staff from this point
Set off 5 feet 6 inches % downwards to C, which
Will be our second limit with respect to the pre-
Ceding one, and the third with respect to the
Ust; then draw your instrument in the middle
“Ctween B and C, and delineate the ground with
3 different inequalities. Proceed in the same
’fl'dnncr: from station to station, to the last N, and
You will have the profile of the ground over which
e level was taken.
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Lo trace more j‘d?'/;’léf.’.ﬁ.']a’i‘g{'.' the /H‘oﬁ/-..’ of ;,-;;‘f}
station. It is necessary to observe in this place,
that if the object of the operation be only to know
the reciprocal height of the two extreme terms, 49
in the preceding example, then the method there
laid down for the profile or section will be sufli-
cient; but if it be necessary to have an exact de-
tail of the ground between the said limits, the
foregoing method is too general; we shall, there-
fore, institute another example, in which we shall
suppose the level to have been taken from A to
by another route, but on more uniforin p;muﬂd.-
and less elevated above the level of the two riverss
in order to forma canal, marked O, P, Q, R, 8, Fs
U, X, Y, for a communication from one river t0
the other.

Draw at pleasure alinc ZY, fig. 5, plate 24, 10
represent the level line and regulate the rest; thent
let fall on this line, perpendiculars to represent the
staves at the limits of cach station, taking caré
thit they be fixed accurately at their respective
distances from cach other.

As the difference between the extreme limits
ought to be the same as in the former example, 13
& feet 4 inches 5%, set ofl’ this measure upon the
perpendicular at o, the first limit, and from o, pro-
longing the perpendicular, mark off at «, the heigh®
determined at the first station stafl] as in the pre-
ceding example; then do the same with the s¢-
cond and third, and so on with the following, t!
this part of the work is finished; there then re~
mains only to delineate in detail the ground be
tween the station staves; the distances are @8
sumed larger in this instance on account of the
detail. ;

T'o get the section of the ground between O and
P, place your instrument at one of the limits as *2
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,-ﬁx_ing it 50 that the cross hairs may answer to the
pomnt b; then look towards the first limit o, rais-
ing or depressing the vane, till it coincides with
the intersection of the cross hairs, and the line of
sight, from one point to the other, will mark the
¢vel or horizontal line.

Now to sct off the height of the brink of the
Tiver above the first limit, drive a stake down
close to the ground at #, upon which place vour
Station staff, and observe at what height the hairs
Mtersect the vane, it will be at 4. 103 then laying
off upon the line 0z, the distance from the first
HWrin to the first stake, from wheneg let fall a per-
Pendicular, and set off thereon 4. 10 to «, which
Zives the height at the fist stake, or, which is the
Same, the height from the edge of theriverabove the
Surface of the water, as is plain from the section.

. Drive a second stake at b, in a line between the’
mits; place the station stafl’ upon this stake, and
Ohserve the height 4. 0. intersected by the cross
h‘iiirs, the instrument still remaining: in the same
Stuation; set off on the level line the distance
Irom the first stake @ to the second b, and then
€t fall a perpendicular, and mark upon it 4. 6. to
"> Which gives us the height of the ground at this
place,

_TU mark out the small hollow ¢, drive down a

Hird stake even with the ground, in the middle
Of it at ¢; butas before in the station line, mark
Upon the level line the exact distance from the
Second stake 2, to the third ¢; then let fall a per=
Pendicular from ¢, and set off thereon 6:8:0

.Pointeqd out by the cross hairs on the staff, which

“termines the depth of the hollow, as may be

¢en by the section.
P i.th respect to the ground between c‘ach &}takc,
1 distances arc now very short, it will be
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easily expressed by the operator, whose |uri‘nm’lli
will settle the small qulml]lwa by a L()Il]pﬂ!l-i?“
with those already ascertaimed,

Procecd thus with the other stations, until you
arrive at the last, and you will obtain an accurate
section in detail of your work; by such a section,
it is easy to form a just estimation of the land to
be dug away, in order to form the canal, by adding
thereto the de 'pth to be given to the vm.ll

Anather exanple of mm[wm”[ levelling. In the
levelling exhibited in plate 25, we have an exam-
ple taken where the %l‘lll{ltlU]l was so steep and
mountainous, that it was nnpowblt to pl'u‘(* the
staves at Lqurll distances from the instrument, of
even to make a reciprocal levelling from one sta-
fion to auother.

Such is the case between the first point A, taken
from the surface of a piece of water, whic h falls
from the mountaing, and the last point K, at the
bottom of & bason, where it 1s proposed to make @
fount.un, and the height is required, at which 2

jet d’eau will play ln conducting the water from

the reservoir A, to the point K of the bason, by
tubes or pipes properly made, and disposed with
atl the usual precaution,

From the manner in which the operator must
proceed in this instance, it is evident, that the 10-
strument should be adjusted with more than 017
dinary care, asthe true distance from one mout
tain to the other cannot be attained without muc?
trouble,

The height is here so great, that it will be n¢7
cessary to go by small ascents from A to 1D, a1
it will’ probably be commodious in some part 9
the work to use a smaller instrument; umluncmh
is a table of the different level points as ascer tain-
cd, which, with the profile and plan, render © this
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part of the work sufficiently clear, without further
xplication.

fly 3 £ it yards.
A 31 6. 0 |2 0O 9 0 a0
) L 3 .0 D 0870 40
D 39 0 E 197,'8, 0 350
E 570 0 F 1% g 0 250
I 10 6 0 G 5, 0, 0 375
G 5 Q-0 H 19 0 0 300
131 5.0 0 K 47 3 O 1000
- 5 ol

35110 <0 1060 9 0 @ 2405

100 g 0O

55 FOH G

Diflerence 51 ¢ 0

Only two levelings are made here between A
nd D, though it is evident from the plan, that
More would have been necessary; but as our de-

S . . .
t';?:‘ll 18 only to shew the manner of proceeding in
U8 particular case, and as more would have con-

U5¢d the plan and section, they are here neglected.
0 the fourth, the height found was 16. 8; but as
the distance K, 350 yards, was considerable, it was
L:]L;:"(fsﬂill‘y to reduce the apparent level to the true
i the same was also done in all .01.}u.‘1' cases
gm:ﬁ‘ 1t \\.’Eib‘ necessary; at the la{ﬂ. himit we first
Yom Ie hmght fl'.('_)]]'l N to o, then from o to I, then
ecte to K, which added togcthcr, andAthcn?cur—'
) d for the curvature, giyes 47. 3. 0. Rnw,
I::fl‘,ld'li'lg cm:}} column together, and t.hen SI‘be
Tl.irmn-]g one tfrom thu. other, \_\'u 4_)bta1n.5l1 te(§t
ab(‘w(:lm:hcx for the height, which the point A is
& Se UT_L‘_ bOlE(JIJl of _I,hu bason, ;u‘nd which will
the jet d’eau to rise about 45 feet.

» d
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OF THE PROFILFE

The general section of this operation is dciim‘:lf'f"
under the plan at fig. 2, and is sufficiently p]}“”
from what has been already said in the preceding
instances.  But an cxact profile of the mountal®
is not so casy, as it would require many operd”
tions, as may be seen in the section; some of thes®
might however be obtained, by measuring from
the level line already mentioned, without moving
the instrument, as at fg. 3.

Example 3, fig. 1, plate 26, Mr. Le Febvr®
gives us in that of a river, being one part of the
river Haynox, from Lignebrak to I‘T)I’Eaflrtrg, ant
the mode he observed m taking this level. )

The first operation was that of having stukf-:
driven at several parts of the river, even with the
water's edge; the first stake A, a little above the
mills at Lignebruk, shews the upper water mar®
when the water is highest, and is our first Jimit#
the stake b shews the low water mark at the sam™
mills, the stake B is the second limit. P!

The stakes C and D, above and below the Iﬂ‘“f
of Mazurance, shew the height of the water?
when at the highest and lowest, and their & ]‘
ference; these stakes form our third and fourth
limits. Lastly, the stukes at E and F, above an®
helow the mills at Pillebourg, mark as before .lh(ﬂ
difference between the highest and lowest stat-“’“;
of the water, and are also the last limits of t
operation. ad

Particular care was taken, that the marks shot
all be made exactly even with the edge of 1‘11:
water, and they were all made at the diffc-i‘l’;.
parts of the river, as nearly as possible at the 31
mstant of time. ' o

The principal limits of the levelling beivg ntht'
determined and fixed, it only remains to pind "
fevel between the limits, according to the methe
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already pointed out, using every advantage that
May contribute to the success of the work, and at
the same time avoiding all obstacles and difficul-
ties that might retard, or injure the operations.

_ The first rule is always to take the shortest pos-
sible way from one limit to the other.

However, this rule must not be followed if
there are considerable obstacles in the way, as
hills, woods, marshy ground, &c. or, if by going
aside, any advantage can be obtained; thus, in the
Present instance, it was found most convenient to
0 from A 2 to B, by the dotted line Acdefgh
1k B, which, although it appears the longest, was
- effect the shortest, as you have only to level
from one pond to the other, at Ac, de, fg, hi,

B (at the top of the plate,) the distances cd, ef,
8h, ik, the surfaces of the several ponds being
dSsumed as level lines, thereby abridging the work
Without rendering it less exact; more so, as it was
ot the length of the river that was required, but
Only the declivity.

Having levelled from A to B, proceed from B
toC, following the dotted line Blmn o C, whence
e obtain the difference in height between the

Surface of the water at A, and that at C.

The next step was to level between C and D,
3bove and below the mills, to find the difference
“tween the water when at its highest and lowest
Muations. From D, levels were taken across the
‘?Ountr_v 1o p; leaving p on account of the pond or
1 ‘€ which was assumed as level, we began at ¢,
~om thence to r, where we left off; beginning
;‘)ium at s, then lcvcl}ing froln thence to #, and so~
G IEO L, above the mills at Villebourg, and finished
» below them.
Y these operations we obtained the knowledge
OW much the waters above and below the mills
D d2
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of Linebruk are higher than those of Mesurancts [
; and these, than those of Fillebourg, with all the
F necessary consequences,  From this example, the |

importaniee of a thorough knowledge of the ground

in order to carry on such a worf; 15 very evident:

this picce of levelling was near five German mile? |
i in length, in a strait line, and nine or ten with the {
i bendings of the river.  For the profile or sectio?
of the foregoing operation, fig. 2, plate 20, firsh
draw the dotted line AG, on which let fall pers
l pendiculars from the prineipal limits AB ch
| produced; then beginning at the highest water-
‘ mark at Lignebruk, set oft three feet to six, for the |
difference between high and low water; from b i
il draw the dotted line be, parallel to AG. From
a the point set off on the perpendicular four feet 1€
‘ B, the difference found between b and B; from
draw Bd, parallel also to AG; then set off three
feet from d to B downwards, for the differenc®
found between B and C, and 45 feet from Cto D:
for the difference in height of the mills at Mas# |
rance.  From D draw the line D e parallel to A G :
and from the point e to L; set off three feet for th
difference of the level between D and B, A
lastly, from E to F, sct off one foot six inches for
the difference between the bigher and lower W&
ters at the mills of Fillebourg, shewing that ther
are 19 feet difference which the upper waters &%
Lingebruk are higher than the lower waters ¢
Villebourg.

The pocket measuring tape of 100 fect

length, with the centesimals of a yard, is founc i
be a useful article in the practice of levelling-

in
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ASTRONOMICAL OBSERVATIONS AT TLAND, WITII
HADLEY S OCTANT AND SEXTANT,

The portabilityof the sextant, its cheapness com-
Pared with other instruments, the ease with which
It 35 used, the accuracy of the observations made
With it, strongly recommend it to the attention of
Surveyors, &c. the only addition necessary to ¢m-
ploy it advantageously in astronomical observations
at land, is an artificial or reflecting horizon.

The best artificial horizon is quicksilver orwater;
Ut as these are always more or less affected by the
Ar, the trough which contains them should be
Covered with a roof, consisting of two parallel
Planes of glass.  See page 285. ‘

If these are parallel, it matters little at what an
gle they are set, and if' any error be suspected, the
trame may be placed sometimes with one’ side,
Sometimes with the other, foremost, taking a mean
of the observations. !

Reflecting surfaces, whether of glass or metal,
“ireular levels, floating planes of glass, &e. are 1ot
0 he depended upon, as they always pive'a differ-
Ot altitude or diameter from that ehserved from
the surfuce of the mercury, orwater, proved by tak-
Mg the sun's meridian altitade, or its diameter
?ll‘t'ft‘('S:ii‘,f(']y' from these different surfaces; this
Mses from the imperfection of the surface of me-
al or glass, which has never been ground per-
fectly Hat.

The parallelism of ‘a glass may be readily exa-
]"‘ll“ltl!, and 1its defects easily discovered: whereas
;“;'(‘ want of a flat surface has scarce been suspeeted,
“3'(‘-‘ parallelism of a glass may be discovered by
_(_)("'1]113; at the moon with it, and receiving her
u‘j‘{:} ”i a very ()]‘,Iiglll_t- nulnm{‘r, S0 ’~ to mlu]{c the
un;;}. detween the direct and 1';'_[1('t'1€¢1 rays as ob-

® ds possible; if it appears single and well de-
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fined, the glass is parallel.  Or a glass may be ac=
curately examined by laying it on a piece of papers
and viewing the top of a wall or chimney, &C:
about 15 or 20 yards distant; for, if the two sur-
faces be not parallel, the object will appear double
and surrounded with a light fringe, and thus may
every part of the glass be examined, and its de-
fects discovered; the examination will be more
perfect if a small telescope be used.

To examine whether a surface be a perfect
plane, take the sun’s diameter very accurately
with your sextant, when its altitude is considera~
ble; then examine in the surface you wish to try
the two images, without altering the index; if it
be concave, the two images will lap over, if con-
vex, they will scparate, and the quantity of this
error may be found by the sextant. 1If; therefor¢
vou use glass, &c. as a reflecting surface for at
artificial horizon, you must ecither allow for the
error, which makes the given altitude too great, !
the glass be comvex, and too small, if concave, O
you must make both your adjustments and obscr”
vations from the same reflecting surface.  But th?
will not entirely obviate the diﬁicully, as the sur-
face is apt to vary from the sun’s heat during?
long course of observations. 2o

The angle, observed by means of the artifict
horizon, is always double the altitude of the stals
&ec. above the horizon; consequently, you cann?®
take an altitude of more than 45° with an octants
or of 60° by the sextant. :

Every thing being ready, and the instrume”
properly adjusted, move backward, till you see t o
reflected image of the sun in the water. If t—h"?
image be bright, turn one or more of the da
glasses behind the horizon gluss_.
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Hold now the sextant in a vertical plane, and
direct the sight to the sun’s image in the artificial
horizon. Then move the index tell vou see the
Other image reflected from the mirrors ‘come down
W the sun’s image seen m the horizon, so as to
touch, but not pass it; then bring the edges in
Contact in the middle, between the wires of the
lelescope, as before directed, and the divisions on
the arc will shew the double altitude.

Correct the double altitude for the index error,

efore you halve it.  Then to this half altitude add
ih(‘ sun’s semi-diameter, and subtract the corree-
Uon for refraction, and you will have the true alti-
tude of the sun’s center above the real horizon.

The altitude of a star must be taken in the same
Manner as that of the sun; the double altitude
Must be corrected for the index error, if any, then

alved, and this half corrected for refraction gives
the truc altitude above the real horizon,

In taking the sun’s altitude, whether for the
Purpose of calculating time, or for double alti-
tdes, it is best to fix the index tosome particular
division of the instrument with great nicety, and

fen wait till the sun is risen or fullen to that al-
tityde,

This is much better than observing its altitude
d moving the screw to it, as the serew when thus
Sudduuly moved is very apt to alter a small trifle
Y the inequality and 1‘§rcs$urc of the threads, after
¢ hand is removed from it; whereas, when it is
1xed to gome division previous to the observation,
: May be repeatedly tried and examined betore

1€ observation is taken.

._A” accurate observer will find that the crror of
::‘} f:"_cxt:mt \t-‘i“ vary aceording as he Eak‘vs it, }h:,-‘

Ving the index backwards or forsards in taking

'C @’ (sun’s) diameter on the guadrantal arc of
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excess; this is owing to some spring in the inde¥,
or inequality in the adjusting screw, which it 19
very diffic ult totally to obviate.

The best way to correct this, is always to move
the index the same way in makmg your observi-
tions, as you did in t'tkmw the error of adjust-
ment; thnunh where a mult number of observa-
tions are ts tkcn it were best both to settle the ad-
]uatmenl and t'lke the observations alternately by
moving the index backwards and forwards, or h"
c\eltnm the objects open, and making them IJP
over f:itnrnatt]v A mean of all these will cer-
tainly be the most free from error, as the errors
will counteract each other.

This may also correct a faulty habit which an
observer may have contracted, in fnrmmn'thc con-
tact between the two ()h]cc‘h: and t]mugh ther¢
mm, seemn to ‘he some :m]}mpmtv in ’rhr‘ modes
vet a mean of them will be much nearer the truth
than any single’ observation, where a i person pre
fers seeming to real ace uracy.

Thé lower limb of the ® or ¢ always eome®
first into contact, when you move the index for-
ward, and the md(\ shews the donble altitude ©
h(‘ ®’s s upper limb, if the moveable sun is u pper
most, but of the lower limb when thé mov t'lb![

st 1s lowermost.

At sea, they generally take the altitude of ﬂ“‘
@’s lower Ilmh hv cause 1t 1s most natural to bring
let to sweep the horizon. But, by tand, it lr
most (‘OFI((_T to take the altitude nf thée @ s uppt
limb: chukc it is hlglw st, and less liable 1©
be 'lﬁ'LCU d by refraction. 2/ Because the scom-
diameter and ILfI'ILUO‘] are l)oth ml:‘rmct:\t‘ andé
the operation is more direct thai'w hen'one is pluss

the ﬁt‘m minus,
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TO TAKE THE ALTICYDE OF ' THE SUN EY
THE FORE OBSERVATION.,

Observations taken by means of the fore horizon
glass are called fore observations, because in them
both objects are before the observer.

Previous to every observation, the instrument
should be examined, in order to sce whether the
idex or horizon glasses be firm, or whether any
Ofthe serews be loose; the horizon glass must also
be adjusted.

One or two of the dark glasses should be placed
before the horizon glass, always proportioning the
Strength of the shades to the brightness of the sun’s
Tays, that the image may be looked at without in-
jl‘lring the eye.

Hold the quadrant in a vertical position, the arc
fl(m-';_m‘zu'ds', either by the braces or the radii, as
May be most convenient, or still better according
tothe foregoing directions. - Let the eye be at the
Upper hole in the sight vane, and the lower part of
the limb a gainst the breast.

. Turn yourself towards the sun, and direct the
Sight to that part of the horizon that lies cliruc"tly
Under it, keeping the quddrant, as near as you can
Judge, in a plane passing through the sun’s center
Md the nearest part of the horizon, moving at the
“une time the index with the left hand; so.as to
Ting the image of the sun down towards the ho-
"Zon; then siving the quadrant round in aline
Parallel to the line of sight; by this means. the
Mage of the sun may be made todeseribe the are
Yiitg circle; with the convex side downwards,
oW that edge’ of the sun whieh is/observed,
JOstrden, o upon the horvizon, orif the herizon just
"Ouches!it like o tangent, without: cutting it, the
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observation is rightly made, and the degrees and
minutes pointed out by the nonius on the ar€
shew the apparent altitude of the sun, Butif the
sun’s edge dip below, or cut the horizon, the -
dex must be moved backward; it, on the eontrarys
it. falls short of it, the index must be moved for-
ward, until it just grazes the horizon. ’

Dr. Maskelyne gives the following adyice: that
in taking the sun’s altitude, the observer shoul
turn his quadrant round upon the axis of visioh
and at the same time turn himself upon his heel;
%0 as to keep the sun always in that part of the
horizon glass which is-at the same distance as the
eye from the plane of the quadrant; and that un~
less care be taken 1o observe thie objects in the
proper part of the horizon glass, the measured an~
gles cannot be true. In this method the reflectet
sun will deseribe an are of a parillel circle roun
the true sun, whose convex side will be down”
wards, and consequently when by moving the 11~
dex, the Jowest point of the arc 1 made to tou®
the horizon, the quadrant will stand in a verticd
plane, and the altitude - above the visible horizo”
will be properly observed.

Great care should be taken that the situation @
the index be not altered, before the quantity it
makes is read off.

The observed or apparent altitude of the $8%
requires three corrections, in order to ebtain the
true altitude of the sun’s center above the Do
rizon.

1. The first correction is to obtain the .L'iI)tiCrVCd
altitude of the sun’s center. '

All astronomical caloulations respecting the
heavenly bodies, arcadapted to their centers; tml .
in taking altitudes of the sun, it ig usual to bﬂ”{"
his lower limb in apparent contact with the o™
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Zon, In this case it is evident, that a quantity
€qual to the semidiameter of the sun must be ad-
ded 1o the observed altitude, to give the altitude
of his center. But if on any occasion, as from
clouds, the altitude of the upper limb be taken, the
Semidiameter of the sun must be subtracted.

The mean semidiameter of the sun is 16 mi-
hutes, which may be taken as a constant quantity
I common observations, as the greatest variation
from this quantity scarcely exceeds onc quarter of
© minute.

2. The second correction is, to rectify the er-
*Ors arising from refraction.

One of the principal objects of astronomy is to

X the situation of the several heavenly bodies.
L is neccssary, as a first step, to understand the
Causes which occasion a variation in the appear-
dnce of the place of those objects, and make us
Suppose them to be in a different situation from
What they really are: among these causes is to be
Teckoned the following.*
The rays of light, in their passage from the ce-
Stial luminaries to our eyes, are bent from their
fue direction by the atmosphere; this bending is
Called refraction, and they are more or less re-
Meted, according to the degree of obliquity with
Which they enter the atmosphere, that is accord-
Mg to the altitude of the object; from this cause,
eI apparent altitude is always too great; the
Mantity (o be subtracted from the observed alti-
“9(‘3 may be found in any treatise on navigation.
Wil‘][ ]'1(:3 following plt‘:lﬁ!}}g‘ illl(.l casy experiment
give the reader an idea of whut is meant by
1 refraction of the rays of light; a wonderful

le

* Adams’s Astronomical and Geographical Fseays,
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property, to which we are indebted for all ‘t'h‘"
advantages of vision, and the assistance we receiV®
from telescopes, &ec.

Lixperiment. - Into any shallow vessel, a basons
put a shilling, and retire to such a distance, %
that you can just see the farther edge of the shil-
ling, but ne more; let the vessel, the shilling, and
your eye, remain in the same situation, while al
assistant fills up the vessel with water, and the
whole shilling will become visible, the rays com~
ing from the shilling being lifted or bent upw;u'df‘
in their passage through the water. For the same
reason, a strait stick put purtl_v into water appc:!l’&
bent.

3. The third correction is for the dip, or de-
pression of the horizon.

The dip of the horizon is the quantity that the
apparent horizon appears below the true horizotts
and is principally occasioned by the height of the
observer’s eye above the water; for, as he is ele
vated above the level of the sea, the horizon ]‘_E
views is below the true one, and the observed alt”
tude 1s too great, by a quantity proportioned to t]u"
height of the eye above the sca: the quantity to b‘.’
subtracted from the altitude will be found n any
Treatise upon Navigation.*

Mr. Nicholson says, that observers at sea genc”
rally choose to stand in the ship’s waist when ﬂ“’f”‘
take altitudes, because the height of the eye abo¥®,
the water is not so much altered by the rhoti}m g
the ship; but this is of no consequence, for ".1
rough weather the edge of the sea beheld from J
small elevation is made. uneven by waves, “'hv'“.
altitudes amount to two or three minutes, ot MOTE?

* See W, Jones's Description of the Had)ey's Quadrant;
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which circumstance pmduuF as great an uncer-
1!111(\ as the rise and fall of the nhurt scen from
the poop, when the ship pitches. These are mi-
Nute causes of error, but not to 'nc disregarded by
those who wish to obtain habits of accuracy and
CXuctness, ;

MERIDIONAL ALTITUDES
The meridian altitude of the sun+ is found by
Atending a few minutes before noon, and taki ng
his altitude from time to tune:; when the sun’s
alt fitude remains tor some time without any coli-
Siderable i increase, the observer must be attentive
o mark the coincidence of the limb of the sun
With the horizon, till it pere Lpubls dips below the
¢dge of the sea. The quantity thus observed is
the aneridional altitude.
TO TAKE THE ALTITUDE OF A STAR.
Before an observer attempts to take the altitude
of @ star, it will be proper for him to exercise him-
Self by viewing a star with the qu.l\lr.mt, and learn-
‘“{.. to follow Lhc motion of the reflected image
Without | losing it, lest he should take the image of
Some other star, 11!51(‘.1(1 of that whose d]‘umdv he
35 desirous to obtain. His quadrant being properly
‘“llnsu,d let him turn the dark glasses out of the
“~'\, and then,
Set the index of the nonius to the o line of
L 'C lil'nh
. Hold the quadrant in_a vertical position,
glu able to the toregoing directions.
3. Look, through the sight vane and the trans-
Parent part of the hiorizon glass, strait up to the
SHr, which will coincide with the upnage scen in

* Nicholson's Navigator's Asgistant,
1 At places where it rises and ssts,
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the silvered part, and form one star; but, as s008
as you move the index forward, the reflected image
will descend below the real star; you must follow
this unage, by moving the whole body of the qua*
drant downwards, so as to keep it in the silvered
part of the horizon glass, as the motion of the in-
dex depresses it, until it comnes down exactly to the
edge of the horizon. _

It is reckoned better to observe close than ope? #
that is, to be well assured that the objects touch
each other; and this opinion is well founded, 3
many persons are near-sighted without knowing
it, and sec distant objects a little enlarged, by the
addition of a kind of penumbra, or indistinct shad-
g off into the adjacent air.

There are but two corrections to be made
the ohserved altitude of a star, the one for the diff
of the horizon, the other for refraction.

s

RULES FOR FINDING THE LATITUDE; THE suN~
ZENITH, DISTANCE, ANXD DECLINATION AT
NOON BEING GIVEN.

The first subject for consideration is, w hether
the sun’s declination be north or south: and, 5¢
condly, whether the regquired latitude be north oF
south. I the latitude, or declimation, be bot?
north, or both south, they are said to be of l!“’
same denomination; but if one be north, and t¢
other south, they are said (o be of different det®”
minations.  Thirdly, take the given algitudt
from QO to obtain the zenith distance. .

Rule 1. 1f the zenith distance and declinatioh
be of the same name, then their difference W%
give the latitude, whose demomination is the ':iil“lf’
with the declination, if it be greater than the 2
nith distance; but the latitude 13 of 2 contrary
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denomination, if the zenith distance be less than
the declination.

~ Rule 2. If the zenith distance and declination
layve contrary names, their sum shews the required
latitude, whose name will be the same as the de-
clination.

Or, by the two following rules you may find the
latitude of the place from the altitude and decli-
tation given.

Rule 1. If the altitude and: declination are of

different names, that is, the one north, the other
south, add go degrees to the declination; from
that sum subtract the meridian altitude, the re-
mainder is the latitude, and is of the same name as
the declination.
 Rule 2. If the meridian altitude and declina-
tion are of the same denomination, that is, bath
north or both south, then add the declination and
altitude together, and subtract that sum from QO
degrees, if it be less, and the remainder will be the
atitude, but of a contrary name. But if the sum
xceeds 00 degrees, the excess will be the latitude,
of the same name with the declination and al-
ttude,

B-‘CAMPLES FOR FINDING THE LATITUDE BY
MERIDIAN OBSERVATION.¥

Example 1. Being at sea, July 29, 1779, the
Meridian altitude of the sun's lower limb was ob-
Seryed to be 84° 10° N. the eye of the observer
Peing 95 feet above the sea. The latitude of the
Place i required,

* Nicholson's Nayigator's Assistant.
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The sun’s declination for the third vear * after
leap year on July 20, is found in Pable I, tebe
18" 46" N.' the dip for 25 feet elevalion is five mi-
nutes, the refraction for 84% s one minute; there-
fore,

Altitude of sun's lower limb 345 10° N.
Add semidiameter 10

34 26
Subtract dip and refraction )

Correct altitude 34 20

Zenith distance or'co-alt. 55 40
Subtract declination 18 4G N,

Remains latitude 36 54 8. or of the contrary
name to the declin.

Example 2. October 26, 1780, sun’s meridi=

onal altitude, lower limb 62° 0g’ S. required the

latitude.  Height of the eye 30 fect.

1780 1s leap year, and.the sun’s declination i0
October 26, is 12° 45° S. The dip for 3o feet
elevation is six minutes, the refraction for G2° i
3 minute.  Therefore,

* The anmual course of the seasons, or the natural year, cor
sisting of nearly 305 days six hours, and the current year being
reckoned 305 days, it is evident that one whale day would ﬁ“
lost in four years il the six hours were constantly rejected. 1°
avold this meonvenicnce, which, if not attended to, would c::ll"“f\.
the scasons to shift in process of time through all the months @
the year, an additional day is added to the month of Febraty
every fourth year; this fourth year is termed leap. year, and 1
found by dividing the year of owr Lord by 457 leap year leaves B0
remainder; other years are called the first, second, or third year®
after leap year, according as the remainder is 1, 2, ar 3, =

The Nauiical Almanack, and Roberison's Treatise on Naigatiahs
contain the best tables of the sun’s declination, &e. &c.
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Sun’s apparent alt. 1. 1. 62°09" S.
+ semidiam —dip and refrac. 01

B

Correct alt. 62 18 4

L

Zenith dis. 27 41 L 8§,
Sun’s declination 12 45 S.
Difference is lat. 14 56 £ N. or of the con-
trary name.

¥

- Example 3. Jan. 7, 1776, altitude of sun’s
lower limb at noon 87° 10” S. height of the eye
30 feet, required the latitude.

Sun's apparent alt. 1. L. 87°10

+ semidiam . —dip. 10 refraction being inconsi-
derable.

Correct alt. 87 20

Zenith distance 2 40 S,
Sun’s declinat. 19 13 N.

Sum is latitude 21 53 N,

Ewample 4. In the year 1778, July 30, the
Sun’s meridian altitude lower limb was 84° 10' N.
Yquired the latitude, the height of the eye being
S0 feet,

Sun’s apparent alt. 1.1. 84° 10/
< gemidiam,— 10

Correctialt. 84 20

Zenith dist.

5 40
Sun's declination 18 28

N.
aQ N_
N.

Difference 1s lat. 12 48

elg{fmanqﬁle 5. Being at sea in the year 1777,
of ‘{i weather prcvcntgd the mc_rldmn observation
Ihcr‘ € sun, but the night proving clear, thf? nor-=

most 'star in the square of the constellation of
Ee
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the Great Bear was observed to come to its Jeast
altitude 30° 10/. Required the latitudes the
height of the eye being 20 feet.
Star's altitude apparent 307 10°
— dip and refraction 6%

Correet altitude 30 03 §
Sfar's co-declimation 27 03 N. A

Swim is latitude 57 06 £ N. by Prob. IL.

Example 6. June 11, 1770, the sun’s men-
dian altitude of the upper limb below the polé
was observed to be 2°08.  The height of the ob-

server’s cye being 16 feet; required the latitude- -l
Sun’s apparent altitude upper limb 2708
~— dip, refraction, and semidiam. 48

Correct alt. 1 30
Sun’s declin, 23°08" N, its comp. 66 52 N.

Sum is latitude 68 22 N,

TOTAKE THE ALTITUDE OF THE MOON AT SE#

The enlightened edge of the moon, or that
edge which 15 round and well defined, must be
brought in contact with the horizon, whether *
be the upper or under edge; in other respects, £
same method is to be used in taking the altitude ©
the moon as was directed for the sun. I

Between new and full moons the enlighte?®
limb is turned towards the west; and during_th"
time from the full to the new moon, the enligh”
tened limb is turned towards the east. d

If that telescope, which shews objeets inverte !;
be used, then the upper edge or limb of the mo°
will appear the lower, the left side will appeaf
right, and the contrary. :
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The wires of the telescope should be turned
Parallel to the plane of the instrument, as by keep-
fug them in a perpendicular direction, they will
Serve at night as a guide for holding the sextant
n a vertical position, which cannot otherwise at
that time be readil y ascertained. :

The moon is generally bright enough to be
Seen by reflection from the unsilvered part of the
glasses; if not, the telescope must be removed
Uearer to the plane of the instrument.

The observed altitude of the moon requires four
Corrections, in order to obtain the true altitude of
ler center above the horizon.

Correction 1. For the semi-diameter. This is
' he found in the Nautical Almanac, page 7,
Uf every month for every noon and midnight at
Greenwich. If the lower limb was observed, add

¢ semi-diameter thus found. If the upper limb
Was observed, it must be subtracted.

Correction 2. For the dip of the horizon to be
Subtracted.

Correction 3. For refraction. This is to be

Subiracted,
Correction 4. 'The moon’s parallax in altitude’
Thls is to be added in the observed altitude. It
3 tobe found in the Requisite Tables to the Nau-
tical Almanae.

To DETERMINE THE LONGITUDE AT SEA, BY
TAKING THE ANGULAR DISTANCE BETWEEN
THE MOON AND ANY CELESTIAL OBJECT,

_ The latitude is obtained at sea without diffi=

Wy, and with as much accuracy as is requisite for

it:utl(_:f*l purposes; but the motion of the earth on

“-’it}?ms prcvcnt_s '0.1.11' ascertamning '1h.c longxtude

the same facilitys and hence it is that most
Ee?
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TO #IND THE DISTANCE

mnethods of determining the longitude by celestial
observation, consists in discovering the different®
of apparent time between the two places under
consideration.

The angular motion of the moon being much
greater than that of any other cclestial body, the
observation of its place 1s much better aclup‘lcd to
discover small differences of time, than similar
observations made with any other instrument-
The only practical method of observing its plac®
at sca, is that of measuring the angular distanc®
between it and the sun and a fixed star.

GENERAL DIRECTIONS.

The most obscure, or rather, the least luminot®
of the two objcets must be viewed directly, an¢
the othér must be brought by reflection in app®”
rent contact with it. -

The well-defined #mage of the moon must b
always made use of for the contact, even though 1‘:
should be necessary for that purpose to make the
reflected image pass beyond the other.

In the night-time it is necessary to tarn doW"
one or more of the green screens, to take off the
glare of the moon, which would otherwise }.n'cv"f“t
the star from being seen.

Wil

40 FIND THE DISTANCE BETWEREN THE MO0
AXD THE SUN.

The central distances of the sun and moon €¥¢"J
three hours of time, at Greenwich, on such G437
as this method is practicable, are set down 1 ’fl_“’
Nautical Almhanac. From these distances 3Uf
are to compute roughly the distance between the!
ncavest limbs at the time of observation.
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 Mr., Ludlam says, the moon should be viewed
directly through the unsilvered part of the herizon
glass, bat the sun by reflection; and, it it be very
bright, from the unsilvered part of the glass.

If the sun be to the left hand of the moon, the
sextant must be held with its face downwards; but
with the face upwards, if the sun be to the right
band of the meon.

Set the index to the distance of the nearest limbs
of the sun and moon, computed roughly as before ;
and, placing the face of the sextant agrecable o the
foreguing rules; direct the telescope to the moon,
putting the sextant into such a position, that if you
19(1!{ edge-ways against it, it may seem to form 2
line passing through the sun and moon, a circume-
Stance that can be only obtained by practice, the
Parent of aptness; then givc the sextant a sweep
or swing round a line parallel to the axis of the
telescope, and the reflected image of the sun will
Pass by the moon to and fro, so near that you can-
hot fail of seeing it,

The ncarest edges, or limbs, may now be
rought into exact contact, by moving the index,
and then using the adjusting screw; observing,

rst, that on giving the sextant a motion round
the axis of the telescope, the images of the sun and
Moon only touch at their external edges, and that
the body of the sun must not pass over, or be upon
the body of the moon. And, secondly, that the
tdge of the sun touch the round or enlightened
€dge of the moon. Then will the index point out
the ohgerved or apparent distance of the nearest
dges of the sun and maon.

But the observed distance requires several cor-
"eetions, hefore the true distance of the centers of
Ne objects, as seen from the center of the earth,
“an be found.
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Correction 1. Is the sum, or their semi-diame-
ters, which is to be added, to give the apparent
distance of the centers of the sun and moon.

"The semi-diameter of the sun for every sixth day,
and of the moon for every noon and midnight, at
Greenwich, are to be found in the Nautical Alma-
nac; from these their semi-diameters are to be
computed at the time of observation, by the rules
to be found in the same work.

Correction 2. Is to free the apparent distance
of the effect of refraction and parallax, which will
then be the true distance of the centers of the sun
and moon, as seen from the earth.

For this purpose, two sets of tables, with direc-
tions how to use them, are to be found among the
Requisite Tables to the Nautical Almanac; being
a set of tables published for that purpose by the
Board of Longitude, 8vo. 1781,

TO TAKE THE DISTANCE BETWEEN THE MOON
AND SUCH STARS AS ARE SELECTED IN THE
NAUTICAL ALMANAC, FOR THE PURPOSE OF
FINDING THE LONGITUDE AT SEA,

The distance of these stars from the moon’s
center for every three hours at Greenwich, is given
in the Nautical Almanac, from whence their dis-
tance from the enlightened edge may be roughly
computed as before,

The star must be viewed directly; the moon is
gencrally bright enough to be seen by reflection
from the unsilvered part of the glasss the proper
shade to take off the glare of the moon is soon
found. When the star is to the left hand of the
moon, the sextant must be held with its face up-
wards; but if the star be to the right hand of the
moon, with its face downwards,
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Set the index to the distance roughly computed,
and placing the face of the octant by the foregoing
rules, direct the telescope to the star. Then place
the sextant so that, if seen edge-ways, it may seem
to form a line passing through the moon and star,
and give it a sweep round a line parallel to the axis
of the telescope, and the reflected image of the
moon will pass so near by the star, that you will
gee it in the ficld of the telescope; a pmof that the
sight is dirccted to the right star.

The enlightened edge of the moon, whether cast
or west, must then be brought into contact with
the star, by moving the index.  To know whether
the contact is perfect, let the quadrant gently vi-
brate in a line parallel to the axis of vision, for the
star should just graze the edge, without entering
at all within the body of the moon; when this is
the case, the index will shew the apparent distance
of the moon from the star, which, when corrected,
gives the true one.

Correction 1. For the semi-diameter of the
moon. This may be found in the Nautical Alma-
nac for cvery noon and midnight, at Greenwich;
and from thence computed, by the rules there
given, for the time of observation, If the observed
or enlightened limb be ncarest the star, the semi-
diameter thus found is to be added; if the enlight-
¢ned edge be the furthest from the star, then the
semi-diameter is to be subtracted.

Correction 2. 1s for refraction and parallax, to
be found from the table as directed before for the
gun and moon.

These corrections being properly made, you
have the true distance of the moon’s center from
Hjc star, as scen from the center of the earth.
From this distance, and the time of observation,
the longitude may be found.
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The star to be observed is always one of the
brightest, and lies in a line nearly perpendicular
to the horns of the moon, or her longer axis; but
if you have any doubt whether the sight be di-
rected to the proper star, set the index to the sup-
posed distance as before, hold the sextant as near
as you can judge, so that its plane, seen edge-
ways, may coincide with the line of the moon’s
shorter axis, and moving it in that plane, seck the
reflected image of the moon through the telescope.
Having found the reflected image of the moon,
turn the sextant round the incident ray, that is, a
line passing from the moon to the instrument, and
you will perceive through the telescope all those
stars which have the distance shewn by the index;
but the star to be observed lies in a line nearly
perpendicular to the horns of the moon, there
will, therefore, be no fear of mistaking it.

TO OBSERVE CORRESPONDING ALTITUDES OF
THE SUN.,

The basis of all astronomical ohservation is the
determination of the exact time of any appearance
in the heavens. By corresponding altitudes this
time may be determined, without the apparatus of
a fixed observatory; they are also useful in finding
a meridian line, and may be easily and acourately
made by a sextant.

For these observations it is necessary to be pro-
vided with a claock. These altitudes should be
observed, in our latitude, at least two hours dis-
tant from noon. The best time is when the sun is
on or near the prime vertical, that is, the east or
west points of the compass.

About these times in the forenoon, take several
double altitudes of the sun, write down the de-
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grees, minutes, and seconds shewn on the are, and
also the exact time shewn by the clock at cach ob-
servation; and let the different observations made
in the forenocon be written one below the other in
the order they are made.

In the afternoon, set the index to the same de-
gree and minute as the last morning obscrvation;
note very exactly the time shewn by the rlocx

when the sun is come down to the same altitude,

and write down the time on the right hand of thc
last morning observation; proceed in the same
manner to find the time by the clock of ali the al-
titudes (ux1e~pnn(lnw to those taken in the morn-
lns:{. and write down each opposite to that morn-
g one to which it corresponds.

TLILL now the first pair of corresponding alli-
tudes, add them together, and to lm f 1ht‘u sum
add six hours; this being corrceted for the change
of the sun’s declination between the morning and
evening obscrvations, you will have. the time of
solar noon derived from this pair of observations.
Do the same for each pair, and take the mean of
the times thus found from each p:m' and you
will have the exact time shewn by the clock at
solar noon.

The time by the clock of solar or apparent noon
being thus obtained, the time of mean noon may
be had by applying 1ht proper eguation of time.

Or thus. Add 12 hours to the time of the
afternoon observation, from which subtract the
time of the forenoon one,® and add half the diffe-
tence to the time of the forenoon or morning ob-

This gives the whole interval between the observations, ta
\\hlL'l if your clock is known to vary much in that time, you
must add the clock's loss, or subtract its gain, during that fnterval,
2nd half this corrected (if necessary) interval must be added to the
time of forenoon, &,
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servation; this will give the time of apparent noon

nearly.

Having this time ncarly, it must be corrected by
the table of equations for equal altitudes, on ac-
count of the sun’s change in declination, in the
mterval between the observations; and you must
also apply the equation of time foupd in the Nau-
tical Almanac with contrary signs, subtracting
when itis <, and adding when it is —.

Example. Equal altitudes taken June 1782.

. East Azimuth. West Azimuth.

B gn:. 15, B, ;. s
a B 55 46 ¢ 3 8§ 44
b 8 57 41 b 3 0 48
c 8 59 27 a 3 4 58
h. m:. s VSR o h, " Lim, - 8l
15 8 44 15 6 48 15 4 58
8 55 40 8 57 41 8 5 27
612y 58 B30 = 6.5 31
3 6 29 3 4,83 3 2 45%
12 2 15 12 2 143 12 2 12%

As the seconds differ add them together,

and divide the
obtain a mean.

Therefore,

15
sum by 3, by which you 173

Bl e

3)42(14
| T 7 T
12 2 14 the mean. !
0 0 0 8 equation for six hours.

12 2 14 8
1 535 1 equation of time sub.

12 0 19 7 clock near 20” too fast for
equal time,

For accurate Tubles of Eguations to Bgual Altitudes, and the

Metbod of finding the

reader to Mr, I#Glys's pamphlet.  8vo. 1704,

Laﬂgz'trmgr at Sea by Time-keopers, 1 refer the
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MERIDIONAL PROBLEMS BY THE STARS, AND
VARIATION OF THE MAGNETIC NEEDLE BY
THE SUN,*

To fix a meridian line by a star, when it can
be seen at its greatest elongation on each side of the
pole. '

Provide two plummets. Let one hang from a
fixed point; let the other hang over a rod, sup-
ported horizontally about six or eight feet above
the ground, or floor in a house, and so as to slide
occasionally along the rod: let the moveable
plummet hang four or five feet northward of the
fixed one. Sometime before the star is at its
greatest elongat