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PREFACE TO SECOND EDITION. 

To this Edition there is an Appendix printed in a sepa

rate form, for the use of teachers, containing the leading 

properties of the Conic Sections, and the Demonstratiolls 

of the Rules of Mensuration. These were in the First Edi

tion, interspersed through the work, partly interwoveu with 

the text, and partly in the shape of notes. It ill hoped that 

the present arrangement will better suit the convenience of 

both teachers and pupils. Several other alterations have 

been made, which, it is hoped, will be found to be improve

ments. 

Teachers should direct their pupils to learn only such 

portions of the work as may be necessary for their intended 

occupations: for most pupils, the first and second sections, 

and a few problems in the fourth and sixth will be quite suf

ficient. 
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MENSURATION. 

SECTION I. 

PRACTICAL GEOMETRY. 

DEFINITIONS. 

1. GEOMETRY teaches and demonstrates the properties of 
all kinds of magnitude or extension; as solids, surfaces, 
lines, and angles. 

2. Geometry is divided into two parts, theoretical and 
practical. Theoretical Geometry treats of the various pro. 
perties of extension abstractedly; and Practical Geometry 
applies these theoretical properties to the various purposes 
of life. When length and breadth only are considered, the 
science which treats of them is called Plane Geometry; but 
when length, breadth, and thickness are considered, the 
science which treats of them is called Solid Geometry. 

3. A Solid is a figure, or a body,. having ~ 
three dimensions, viz., length breath, and A 
thickness; as A. 

The boundari~ qf, a solid< are. surface or superAcieL 
1 
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4. A Superficies, or surface, has length 
and breadth ouly; as B. 

The boundaries of a superficies are lines. 

B 

5. A Line is length without 
breadth, and i3 formed by the mo
tion of a point; as 0 B. . 

O-----B 

'!'he extremities of a line are points. 
6. A Straight 6r Right Line is the shortest distance be

tween two points, and lies evenly betw£'en these two points. 
7. A Point is that which has no parts or ma/l:nitude; it is 

indivisible; it has no length, breadth or thickness. If it 
had length, it would then be a line; were it possessed of 
length and breadth, it would be a superficies; and had it 
length, breadth, and thickness, it would be a solid. Hence 
a point is void of length, breadth, and thickness, and only 
marks the position of their origin or termination in every 
instance, or of the direction of a line. 

S. A Plane rectilineal Angle is 
the inclination of two right lines, 
which meet in a point, but are not in 
the same direction; as S. 

9. One angle is said to be less 
than another, when the Jines which 
form that angle are nearer to each 
other than those which form the 
other, measuring at equal distances B 
from the points in which the Jines 
meet. Take Bn Bm, Ex, and En, 
equal to oue another; then if m n 
be greater than x n, the angle ABC 
is greater than the angle FED. By 
cOllceivi.ng the point A to move to
wards 0, till III n becooies equal to 
x n, the angles at Band E would 
th~u be equal; or by conceiving the 
pOint F to. recede from D, till x n becomes equal to m. n, 
then the aDiles at Band E would be equal. 
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Hence it appears that the nearer the extremities of the 
lines forming an angle approach each other, while the point 
at which they meet remains fixed, the less the an~le; and 
the farther the extreme points recede from each other, the 
vertical point remaining fixed, as before, the greater the 
angle. 

10. A Cirde is a plane figure contained G-' 
by one line called the circumference, which . "-
is every where equally distant from a point A (; )B 
within it, called its centre, as 0; and an arc ./ 
of a circle is any part of its circumference; 
as AB. A 

11. The magnitude of an ~\ C 
angle does not consist in the ':----
length of the lines which form B : 
it: the. angle eBG is less than F; G 
the angle ~BE, though the / 
lines eB, GB are longer than E 
AB, EB. 

12. When an angle is expressed by thre!! letters, as ABE, 
the middle letter always stands at the angular point, and t.he 
other two any where along the sides; thus the a.ngle ABE 
is formed by AB and BE. The angle ABG by AB and G B. 

13. In equal circles, angles have the same ratio to eHt"h 
other as the arcs on which they stand, (33. VI.) Hence 
also, in the same, or equal circles, the angles vary as the 
arcs on which they stand; and therefore the arcs may be 
assumed as proper measures of angles. Every ang-Ie then is 
measured by an arc of a circle, described about the allgular 
point as a centre; thus the angle ABE is measured by the 
arc AE; the angle ABG by the arc AF. 

14. 'l'he circumference of every circle is generally divided 
into 360 equal parts, called degrees; and eve.·y degree i,lItO 
60 equal parts, called minutes; and each miuute into 60 
equal parts, called seconds. The angles are meHsured hy the 
nnmber of degrees contained in the arcs which suhtend 
them, thus, if the arc AE contain 40 del!;rees, or the ninth 
part of the circumference, the angle ABE is said to measure 
40 degrees. 
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15. When a straight line 
rHO, standiDgon another AB, 
makes ·tbeaugle . H ° A eqoal 
to the ;angle HOB, >each of 
these snglesis called a right 
angle; aDd the line BO is 
said to be a perpendicular to 
All. The measure of the 
angle HOA i800 degrees, .. 
or the fourth pal't{)f '360 degJl6es. Heooe a .mght'angIeIt3 
90 degrees. 

16. Au acute angle is less thaD a right angle; as lAOG, 
or GOB. 

17. An obtuse angle is greater than a 'right .sngle,as 
GOB. 

closed by three straight lines, and has three 
18. A plane Triangle is the space en- \?: A 

angles; as A. 

19. A right angled Triangle, is 
that which has one of its angles 
right; as ABO. The side BO, op
posite the right angle, is called the 
hypothenuse; the side AO is called 
the perpendicular; and the side AB 
is called the base. 

2~. An vlituse aJngled Triangle has one A 
of Its angles ohtuse; <as the :trilliDgIe ,B, . 
which hu:s the obtuse angle A. . B 

A 
'~1.Al1;al:Ute 1MbJj'kdT"iomgk has.allits three!l.ng1ea'1Lcute 

as 111 figure A. aIlIlexed to Definition 18. • 
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22. An equilateral Triangle has its 
tbree sides equal, and also its three 
angles; as C. 

23. An isosceles Triangle is that which 
has two of its sides equal; as D. 

24. A scalene Triangle is that which ~ 
bas all its sides nnequal; as E. / E _~ 

'------

5 

25. A quodrilateral figure is a space included by four 
staigbt lines. If its four angles be right, it is called a rec
tangular parallelogram. 

26. A Parallelogram is a plane figure bounded by four 
straight lines, the opposite ones being parallel; that is, if pro
duced ever so far, would never meet. 

2'1. A. Square is a four-sided figure, 
baving all its sides equal, and all its 
angles right angles; as H. 

28. An Oblong, or rectangle, is a 
rigbt-angled parallelogram, wbose 
length exceeds its breadth; as 1. I 

29. A Rlwmbus is a parallelogram ~. 
baving all itssidoB equal, but its 
angles not wight'8J1gles; as K. 
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30. A Rhomboid is
c 

a parallelo-
gram having its opposite sides eqnal, \ M \c. 
but its angles are not right angles, \ 
and its length exceeds its breadth; \1... _____ -

asM. G 
31. A Trapeziltm is a figure included N 

by four straight lines, no two of which , . 
Ilre parallel to each other; as N. -,.,.; 

A line connecting any two of its opposite angles, is called 
a diagonal. r----l 

3~. A Trapezoid is a four-sided figure L~· 
having two ot' its opposite sides parallel; F 
u~ -

33. Multilateral }'igures, 01' Polygoml, are those which 
have mOl'e than four sides. They receive particular names 
fl'om the number of their sides. 'l'hll~, a Penlngon hus live 
sides; a Hexagon has six shIes; a Heptagon, seven; an.Ucta
gon, eight; a N01Vlgon, nine; a Decngon, ten; an Undecilgon, 
elev·en; alld a Dodec'Igon has twelve sirles. 

If all the sides of each figure be equal:it is called a regular 
polygoll; but if ullequal, au irregular polYlCon. L 

~4. The Diameter of a (·irele is a straight line passing 
through the centre, alld terminared both ways by the circum
ferellce; thus AB IS the diameter of the circle. The diameter 
divide~ the ~ircl~ illto two eqna~ parts, ___ 
each of wlilch IS callt'd a semiCircle; /. ~ 
the diameter also divides the circum- I \ 
fereu~e. iuto two equal parts, ellch (_ 0 , 
COllta.lll1t1g 180 degrees. Ally line A ~U' , B 
drawn from the cenf.re to the circuru-
f,·rellce is called the radius, as A 0, . 
OB, or OS. if OS be drawn from 
the. cef~tre perpendicular to AB, it S 
divides the. se;l~lcircle into two equal parts. AOS and BOS, 
eaeh of WlllCh IS called a quadrullt; or one fourth of the I!ircle; 
and t~e arcs AS ann BS contain each 90 degree~, linn they 
al'e sa.ld to be the measure of the angles AOS and BOS. 
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35. A Sector .of It circlE', is ;; p.lrt (,f tIle circle compre
hended under two Radii, not fOrl1Jiflg 
one line, and the part of the circum- M 
ference between them. From this B 
definition it appears that a sector 
may be either greater or less than' 0 J S 
a semicircle; thus A 0 B is a sector, I / 

and is less than a semicircle; and \ / ~ 
the remaining part of the circle is a "-.• ~ l-I 
sector also, but is greater than a semi-
circle. 

36. A Ohord of an arc is a straight line joining its extre
mities, and is less than the diameter; l' S is the chord of 
thl! arc '1' H S, or of the arc TAB S. 

37. A Segment ora circle is that part of the circle con
tftined between the chord and the circumference, and may be 
either greater or less than a semicircle; thus T S H '1' and 
l' A B STare segments, the latter being greater than & 

s.emicircle and the former less. 

38. Concentric Circks are those 
having the same centre and the space 
included between their circumferences 
is called a ring i as F E. 

PROBLEM 1. 
To bisect a given straight line A B i that t.I", to divide it 

inJ;o two equal pa.rts. 

From the centres A ·and .B, with 
any radius, gr~ter Jlian . balf the 
gil-en line A ~, describe two arcJiI 
intersecting each other_at 0 ·and lS, 
then the line joining 0 ·tVwNJ.bi~ 
AB. 
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PROBLEM II. .., 
Tltrougk a given point x to dra.w a ~traigkt line C D par(J.Ud 

. to a given stro.zgkt lzne .A B. 
InA B take any point s :ICy - D 

a~d with the .centre sand ra. C (~) 
dlUS S x describe the arc 0 x; 
with x as a centre and the A . 
Rame radins S x, describe the 0 8 B 
lirc s y. Lay the extent 0 x taken with the compa.sses from 
.. to y' through x y draw CD, which will be parallel to A B. 

, PROBLEM III. 
To draw a straight line C D paral~l to A B and at a g''V/'!/I 

distance F from it. 
In A B take any 

two points x f j 8 
and from the two C/,/ ..... 
points as centres 
with the extent F 
taken with the com· 
passes,describe two A 
arcs, s, l' ; then 

.~~--------~I~---B X of! 
draw a line C D F---
t~nching these arcs at rand s, and it will be at the given 
dIstance fl'om A B, and parallel to it. 

PROBLE~f IV. 
To divide a straight tine A B into any number of equal pa1-ts. 

Draw A K making any angle with A B; and throngh B 
draw B T parallel to A K; take any part A E and repeat it 
,tS often as there are 
parts to be in A B, and H "K 
fl'Om the point B on the ~/' ! 
line B T, take B I, I S, E::; 
S V, and V T equal to A : ! :F:' 
the pa.rts taken on the z::;::r;~:: 's 
1¥\LA- _ K ; _t!l_en join i ! ! . ... i 
:t T, E V. G S. H I, and i -! S 
K il, which will divide 
the lin~ A B into the T 
uumhet of equal parts re<tuired, 11.8 A C, CD. D F, F B. 
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PROBLEM V. 

From a, given point P in a, straight line A B to erect a, 
perpendicular. 

1. When the given point is in, or near the middle of the line. 

On each side of the point P take D 

the centres, x, f, with any radins ~ 
greater than P x, describe two arc~, 
cutting each other at Dj then the 

'q'" po"'o,, P r, P f; .,d r"m j:" 
line joining D P will be perpendicular 
toAB. A ex: p~B 

Or thus: 

From the centre P, with any 
radius P n describe an arc n x '!Jj 
set off the distance P n from n 
to x, and from x to '!Jj then from 

D -... ~.~-
~#",.- ' ....... 

the points x and '!J with the X ._ .. - -___ y 
same or any other radius, de- // --.. , 
scribe two arcs intersecting each 
other at Dj then the line joining ! 
the points D and P will be per- A--'---p-'----B 
pendicular to A B. /I 

2. When the point P is at the end of the line. 

From any centre q out of 
the line, and with the distance 
q B as radiu~, describe a circle, 
cutting A. B in p draw p q 0 j 
and the line joining the points 
0, B, will be perpendicular to 
AB. 

n 
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Or thus: 

Set one IeA' of the C'omJ1!1!:~s 
on B, and with aoy extent B p 
describe an arc p x j set oW the 
,ame extent from p to qj join 
p qj from q as a centre, with the 
~xtent p q as a radius, describe an 
nrc rj produce p q to r, and the 
line joilling r B wilIb.e perpen
dicular to .A B. 

A 

PROBLEM VI. 

- .. r 

From a giLcn point D to let fall a perpendicular u:p/J'n, a gire1/. 
line A 13. 

1. W7ren the point is nearly opposite the middle of tke girm 
line. 

From the centre D, with 
noy radios, describe an arc 
~ y. cutting .A B in x and y. 
:rom x and y as centres, and 
with the i>ame distance as 
radius, describe two arcs 
cutting each other at S; 
t hen t~ line joining D 
"nd S will be perpendicllIat' 
10.A B. 

D 

A "':rc=<. .---., --.. 
B 
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2. 'WMn the point .is nel!rly opposite the end 'If the giwn line, 
and when the gwen ltne cannot be-conveniently produced. 

Draw any lioo D x, which 
bisect in 0; from 0 as a centre 
with the radius 0 x descriuIJ an 
arc clltting A B in y; then the 
line joilling D y will. 08 perpen-
dicula.r to A B. A 

PROBLEM VII. 

1'0 draw a perpendiwlar from 
any angle of a' triangle ABO, 
to its opposite side. 

c 

Bisect either of the sides con
tll:ining the anglll from which the 
perpendicular is to be. drawn, as 
II (J in the point T; then with the 
radius r 0,' and from the centre r, 
de~cribe an arc cutting .A. B, (or 
A B produced if necessary, as 
in the secou'd figure,) in the point 
P; the line joining 0 P will be 
perpendiculal' to A B,. or to' .A. B 
'produced. 

ill A p'-'--- B 
. c 

/ 
AL----;::--__ :;:: ___ ~. F 

PROBLEM VIII. 
Upon a girt'll right line to A B to describe an fIJ"iIateral tritvngle_ 

From the centres. A a.nd B, with ... .s .... 
'h, ";"" I;", A B ~ '''""'' "K";" /1/\ two IIrcs cutting each other at OJ then 
the Iin~s dra.wll from the point 0 to . 
the pOints A and B will form, with 
the given line A B, all eqliilataral iri- A B 
angle, as ABC. 
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PROBLEM IX. 

To make a triall(J'le 1Jllwse sides shall be eq1&al to three gitle71 
"iiltt lines A. H, A. D, and H D. 

From the centre A with the extent 
A D, describe an arc, and from the 
centre H with the radius B D describe 
another arc cutting the former at D j 

then join D A, D B, and the sides 
of the tl"iangle A B D will be respec
tively equal to the three given right 
liues. 

PROBLEM X. 

Two sidr.s A Band HOof a right
allglpA trwngle beillg giCIl'll, to find 
the hyp(Jtlle'lll~se. 

Place n 0 at right anp:les to 
A B ; draw A 0, and it will be the 
hypothenuse required. 

B----O 
PROBLEM XI. 

The !t'!Jpollte~l7ue A ~. an~ one side A 0, of a rigkt angled 
tnangle bemg gtce'll, to find the other silie. 

ni~ect A B in x; with the 
centre x, and x A as radius, 
descrihe an arc; nnd with A 09 
a celltre, and A 0 as rRdius, de
Feri\)e :lIlother arc cuttillA' the 
furmer at 0; thl'n join A 0 Bnd 
o ll; and ABO will be a ri"ht
anl!led triangle, and B 0 the'''re
quired Hide. 

~ A X B 

A c 
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PROBLEM XII. 
To bisect a gil~en angle; that is, to diLide it ildo two equal parts, 
. Let A C B be the angle to be C 
bisected. 

From C as 0. centre, with 
any radius ,C x, describe the 
arc x y; from the points x and 
y as centres, with the same ra.
dius, describe two arcs cutting 
each other at 0; join 0 C, N
and it will bisect the angle A 
CB. 

PROBLEM XIII. 

B 

At a gi'l:el~ point A in a given right line A B to make a angl( 
equ,al to the given angle C. 

From the centre C with any ra
dius C 'Y, describe an arc x y; and 
from the centre A, with the same ra
dius describe another arc, on which 
take the distance 111 n equal to x y; 
then a line drawn from A through 
m will make the angle mAn equal 
to the angle x C y. 

A~ 

PROBLEM XIV. 

n~ 
B 

c~ 
To make an angle containing any prnposed number of degrees. 

1. When the required angle is less than a quadrant, as 40 
degrees. 

Take in the compasFes the extcnt of 60 degrE'cs from the 
line of chol'dR, marked cho. on the scale; and with thi, 
chord of 60 degrees as radius, and 
the centre A, describe an arc x Yi 
take from the line of chords 40 de
grees, which set off from n to m; 
from A draw a line through m; 
and the angle m A 'II will contain 
40 degrees. 
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2. H'nen the required Mlgle is greq4r than a quadraftt, as 
120 de/J;r$. 

From the centre q, with the 
chord of 60 degrees as l'adillil, 
d~scribe the semicircle 'Y x 1t B; 
pet off tin: chord of 90 degr~t's, A 
frlllD B ton, and the remaining 
30 dt'grees from 11 to Xj join 
o Xj und the al1g-le Box will contain 120 dpgreeRj Or'81111· 
tract 120 from 180 degrees, and set off the remailider (60 
degrees) taken from thp lille of chords from,! to xi thenj&in 
x 0, and Box will cont.till 121) degrees as before. 

PROBLEM XV. 
An angle being git'en, to find, by a scale of chords, Iwtl' ma'fl'!J 

degl'eJ!s it contain'S. 

X A ;y B 

From the vertex A us "elltre, 
with the chord of 60 del/,'rees as 
radius, descrihe an arc x Yj take 
the extt'llt x '!I with the cOlllpas:<eR, 
and setting one foot at the begin
ning of the line of chords, t.he other It'g will reach to the 
number of degrees which the angle eonta.ins: but if the ex
tent x'Y shonld reach beyond the scale, find the Dumher of 
degrees in x y, which deducted from 180., will leave- the 
de)1:rees in the angle Box. See figure to the second case 
of tbe last Prohlem. 

PROBLEj\l XVI. 
Upon a gieen rigM line A H, to construct a sqt.o.re. 

With the distance A B as D 
radius, and .A as H centre, de- ~ ___ ------~-_____ " __ -~ C 
scribe the are E DB; aud E . /:(~ 
with the distance A B as ra- .... ", 
din,. find B as a rentl'e, de- .iF \, 
scrihe the arc A F C, cuttiDg 1/ \ 
the former in x; make x E V \ 
equal to x Rj" join E Bj make 
x C and x D eacb equal to A B 
A P 01' F x; then joill .\ D, D t:, C B, and A Den will 
be the req,uired squllre. "" 
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Or thus: 

Dr '-j-.....,.-----. c 
\ 

Draw B C at right angles to 
A B, lind equal to it ; then from 
the ceutres A lind C, with the 
radius A Band C E, descrihe two 
arcs cllttinl! each other at D ; join 
D A alll1 D C, which will cowplde 
the square. 

A'------'B 

PROBLEM XVII. 

To make It rectangular parallelogram of a given length and 
breAdth,. 

Let A B be the length, and 
B C the hreadth. 

Erect E C at right angles to 
A B; throul!"h lJ aud A draw 
CD and A D, parallel to A B 
and B C. 

PROBLEM XVill. 

To find the untre of a giren arde. 

Draw any two chords A C, 
C B; from the points A, C, E, 
as centres, with any radius greater 
than half the lines, descrihe fOllr 
arcs cutting in r x, and y r, 
draw r :z; and y v, and produce 
them till they meet in 0, which 
will be the centre. 
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PROBLEM XIX. 
Upon a git·en right line A B, to describe a rhombus having 

an angle equal to a given angle A.. 

C '. \ 

Ll71fA<[ 
A Y B 
Make the angle CAB equal to the angle at A j make 

A C equal to A B j then from C and B as centres, with the 
radius A B describe two arcs crossing each other at Dj 
ioin D C and D B, which will complete the rhombus. 

PROBLEM XX. 
To find a mean proportional between two given nght linu 

A Band C D. 
Place A Band B C in one 

straight line j bisect A C in 
o j from 0 as a centre, with 
A 0 or 0 C as radius, describe 
a sem icircle A S C j erect the 
perpendicular B S, and it will be 
a mean proportional between 
A Band B C j that is A B : 

~ 
A 0 B C 

B S :: B S : B C. 
A-----B 
B--C 

PROBLEM XXI. 
To di1:ide a giren right line A B into two such parts 

be to each other as x 0 to 0 f. ' 
From the point A draw 0 

A S equal to x 0, aud pro- X I 

duee it till F S becomes 

as shall 

J 

equal to 0 f j join F B, 
aud draw S l' parallel to 
F B j then will AT: 
T B :: x 0: 0/. ~ A 'J.' B 



PRACTICAl, GEOJOiTRY. 

PROBLEM XXII. 

To find a third proportiO'/lal to two given right lines A B, A S. 

Place A B and A S so as to 
make any angle at A; from the 
clmtre A, with the distance A S 
describe the arc S D; then draw 
D x parallel to B S, and A x will 
be the third proportional required; 
that is, A B : AS:: AS: Ax. 

A-----B 
A----S 

~ A D B 

PROBLEM XXIII. 

To find a fourth proportional to three given right lilies, 
A 13, A C, and A D. 

Place the rignt lines A B 
and A C so as to make any 
angle at A; on A B set off 
A D; join B C; and draw 
D S pal'allel to it; then A S 
will be the fourth propor
tional required, viz. A B : 

A B 
A C 
A D 

AC ::AD: AS. 

c 

A~B 
D 

PROBLEM XXIV. 

In a git:en circle to inscribe a sq'UQ,re. 

Draw any two diameters A C, D B 
at right angles to each other; then 
join their extremities, and the figllre A~(I) 
ABC D will be a square inscribed in ~;)(' 
the ~i ven circle. 

If a line be drawn from the centre 0 
o to the middle of A B, and produced 
to f; the line joining f B will be the D C 
side of au. octagon inscribed in the -
circle. 
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PROBLEM XXV. 

To make a regular polygon on a git'tn rilJ.lrt liMe, A.B. 

Divide 360 degrees hy the num-
1."1' of sirles contained in the polygon; 
deduct the quotient from ISO de-
~I'''l'~, and the remainder wiII be the ~, 
lIuluber of degrees in each angle of 
tile pulygon. At the points A and 
II make the angles 0 A B alld 0 B A 
ea.ch pqual to half the angle of the 
polygon; then from 0 8S a centre, 
llnd with 0 A or 0 B as radius, describe a circle, in .whieh 
place A B continually.* 

Or thltS: • 

Tllke the given line A B from the scale of' eqnal part~, 
and multiply the nuruner of equid parts il). it by the number 
in the third column of the followillg table, answering to the 
given uumber of sidt's; the product will give the number of 
equal parts in the radius A 0, 01' 0 B, which taken from the 
scale of equal pltrts in the compasses, will give the radius, 
with which describe a circle, and plltce in it the line A B 
continually, s shown in the first method.t 

'" See Appeudix, DemoostrdiOQ 1. t See Apl'eodix. DemoDstration 2. 
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T.A.BIJE 1: 

WR.en the side {)f the pulygtm.is 1. 

No of -N.ame of the Radius of the circum~cribjng \ngle 0 A B. 0~1 ·';IJe&. Pttlygon. circle. u B A. 

3 Trigon ·5'173503 30 I 
4 'l't:tragon ·7071068 

45 I 5 Pentagon ·8506508 54 
6 Hexa.gon 1, Side = radius. 60 
7 Heptagon 1·1523825 64~ 
8 'Octagon 1·3065630 61i 
9 Nonagon 1·4619022 70 

10 Decagon 1·6186340 72 
n Undeca.gon 1·'17 4 7329 I 73ir 
12 Dodecagon 1·9318516 75 

I 

PROBLEM XXVI. 
I", a. p'Vt:n cirde to inscribe a.ny reg/£Zo,r pnlygnn; or m 

divide the circumference of a given circle into a;n,y number 
of equal parts. ~ 

Divide the diameter A B 
into as many eqnal parts as 
the figure bas sides; erect 
the perpendicular 0 x, from 
the centre 0; divide the ra
dillB 0 y into four equal 
parts, and set off three of 
these pa.rts from y to x; 
draw a line -from x to the A r.--\o--==+-+-l-......,t---l B 
second division z, of the 
diameter A B, and pro
duce it to Cl1t the circum
ference at Cj join A C, and 
it will bathe -side-4C tile 
required polygon.· 

c 
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PROBLEM XXVII. 

To draw a straight line equal to any arc of a circle 
AB. 

Divide the chord A B into four ~ D 
equal partsj and set off one of these A~ \ u, 
parts from B to D j then join D C, .II 

and it will be equal to the length of 
half tte given arc nearly. * 

Or thus: 

From the extremity of the arc A B, 
whose length is required to be found, 
draw A 0 m, passing through the cen
trej divide 0 '11., into four equal parts, 
and set oii" three of those parts from'll. 
to mj draw m B, and produce it to 
meet A C drawn at right angles to 
A mj then will A C be nearly equal 
in length to the arc A B. t 

PROBLEM XXVIII. 

A 

To make a square equal in area to a gi'l,en circle. 

First divide the diameter A B 
into fourteen equal parts, and AI.--------.1 
set off eleven ot' them from A 
to S j from S erect the perpen
dicular S C and join A C, the 
square of which will be very 
nearly equal to the area of the 
gi ven cil:cle.t B 

O .... ·---.-.,...;...-ID· 



PRACTICAL GEOXETRT. 91 

PROBLEM XXIX. 

To construct a diagonal scale. 

Draw an indefinite straight line; set off any diRtanc~ 
A E according to the intended length of the scale; re
peat A E any nnmber of times, E G, G B, &c.; draw 
(J D parallel to A B at any 
convenient distance; then a:: 
draw the perpendiculars A C, 
EF, G H, B D, &c. Divide 
A E and A C each into ten 
equal parts; through I, 2, 
3, &c. draw lines parallel to 
A B ,and throngh x y, &0. 
dra,~{ x F y Z, &c. as in the 
annexed figure. 

The principal use of this 0 
3cale is, to lay down any 
line from a given measllre j 
or to measure any lille auo 
compare it with others.
Whatever number C J<' re
presents, F Z will be the 
tenth of it, and the suu
divisions in the vertical dircc
tion F E will be each olle- CJ.:l 
hnndredth part. Thus, if C F ~ 
be a. IInit, the small divisiolls I... 
in C F, viz. F Z, &c. will be ~ 
I Oth~, and the divisions in 
the altitude wil[be the IOOth 
p,lrts of a unit. If C F be 
t8n, the small divisions F Z, 
~. will be units, and those 

1i"T: 

r-

, 

-- J 
I 

-
- i-- . 

r- c- -
I- -

,--

---- i--- i---- -
III the vertical line, tenths; <: g;, ClOP <:;) 1t,I~ t') 1:'1... '=.) 

It~(}F be a. hundred, the 
others will be tens and units." 
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To take any number oW the scal1l, liS suppose 2 N1i that 
is, 2'38 ; place one foot of the compasses at D, and exteud 
thp. other to the division marked 3; then move the com· 
passes upward, keeping .one foot 011 the line D B, and-tbe 
other 011 the line 3 s, till you arrive at the .eighth illter.-val. 
marked 88, a,nd the extent on the compasses will be that 
required. 'l'his, however, may express 2'38, 23'S, or 23tl, 
according to the magnitude of the assumed uuit. 

No,.,:. If C F were dhiderl into J2 equal p8rt~, each dhision would be 1 iOc," 
and each \'erticlI.I dJVisiun 1·10th of an il1ch, hy making t; ... one foot. 

PROBLEM XXX. 

To reduce a rectilinear figure to a similar om upon eitktJr a 
smaller or a larger scale. 

Take any point 
P ill the figure 
A BCD E, aud 
from this assum
ed pOint draw 
lilies to all the 
angles of the fig
ure; upou one of 
which P A take a 1;;t-''-',:-........ 2'''----.¥:-

e 

P a agreeably 
to the proposed 
scale; then draw 
~, b parallel to .A. 
B, b c to B C, &c. 
theu shall the fig-
ure l!' bc debe -mmila.r .to the original one, lind upon the 
reqUlred scale. -Or measure al\ the sides and diagonals of 
tLe iigur,e bya scare, ·-and lay down the same mea~ures 
respectively from-aDo.tber scale, in the required .propottion. 

Wh,en the figure is complex, the reductipD t.o a different 
?cale IS bes~ accomplished by means of the EidogJ:aph, an 
lllstrument Illvented by Professor WaBaca 01' by meaDs' of 
the improved PeritiOgfAph. ~- - -
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To divide a circle into any 1!l~1I!bCl(' of efjlwl fll rts, having their 
perimeters €fj1Wl also. 

Divide the diameter A B 
into the required number of 
equal parts, at the points C, 
D, E, &c.; the non one side 
describe the semicircles 1, 2, 
3, 4, &c. and on the other A B 
side of the diameter describe 
the semicircles 7, 8, 9 10, 
&c. on the diameters B F, 
B E, B D, B C, &c.; so 
shall the parts 1, 11, 2, 10, 
3, 9, 4, 8, &c. be equal both in area and perimeter.
I,ESLIE'S GEOMETRY. 
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MENSURATION OF SUPERFICIES. 

SECTION II. 

The area of any plane figure is the Fpace contained witt/in 
its boundarie~, and is estima.ted by the number of square 
miles, square yards, square feet, &c. which it contains. 

II. 
LDng J}feasurc. Square Measure. 

12 Inches • 1 Foot. 144 Inche3. . 1 Foot. 
3 Feet . . 1 Yard. 9 Feet . 1 Yard. 
\3 Feet . 1 Fnthom. 36 Feet . . 1 Fathom. 

16! Feet Eng. ~ ~ 1 Pole or 2j2~ }'eet Eng. ~ ~ 1 Pole or 
o! Yards 5 ~ Perch. SOJ Yards 5 ~ Perch. 

40 Perches . 1 Furlong. 1600 Perches . 1 Furlong. 
S Furlongs • 1 Mile. 64 Furlongs . 1 :llile. 

In Ireland 21 feet make 1 pole or perch, and 7 yards 
therefore will make a pole or perch. There are other 
measures used, for which see AruhmetirnZ Tables. 

Land is genera\1y measured hy a Chain of -1 polf~, or 22 
ynrds; it con8ist~ of 100 link8, each link being 22 of a yard. 
See Sl'dion XI. Surveying. _ 

Duodecimals are calculations by feet, int'hes, and partf" 
·.\·hieh decrease by twelves: hence tll!'y take their name. 

:Multiplication of feet, inches, and partR, is sometiml'8 
,'"l1e<1 Cross Multiplication, from the factors being multiplied 
rrosswise. It is nsed in finding the contents of work done 
hy artificers, where the dimensions are taken in feet, inche~, 
and parts. 
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RULE. 

1. Write the multiplier under the multiplicand in 
such a manner, that feet shall be under feet, iuches under 
inches, &c. 

II. Multiply each term of the multiplicand by the numner 
of feet in the multiplier, proceeding from right to left; carry 
1 for every 12, in each product, and ~et down the remaluder 
undel' the term multiplied. 

Ill. ~ ext multiply the terms of the multiplicand by the 
number under the denomination inches, iu the multiplier; 
carry 1 for every 12, as before, but set down each remainder 
one place farther to the right than if multiplying by a num
ber uuder the denomination feet. 

IV. In like mallller proceed with the number in the 
multiplier uuder the denomillation parts or lines, remem
bering to set down each remainder one place farther to the 
right than if multiplying by a number under the denomin
ation inches. And so on with numbers of inferior denomin
ations. 

V. Add the partial products thus placed, and their sum 
will be the whole product. 

IX CROSS )!ULTIPLICATION IT IS 1::Sl:AL TO SAY 

Feet mnltiplied by feet, give feet. 
Feet by inches, give inches. 
Feet by parts, give parts. 

Inches by inches, give parts. 
Inches by parts, give thirds. 
Inches by thirds, give fourths. 

Parts by parts, give fourths. 
Parts by thirds, give fifths. 
Parts by fonrths, give sixths, &c.* 

" In mntirlication. the mul~iplier mlll't always be A..number of times; to t~lk of 
multipl) in~ fed by feet, &c: IS ab"urd, (01' wb~t nohon can be formed of I fept 
tliken 3 tirnelii? However, f;lIIce the. above easIly ~uggest! the eorrect meanJlig. 
lind i~ a condse method of expressJflg the rule, It bas been thought prol,er to 
retain it. See Appendix. Denomination ~ 
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1. Multiply 7 feet 9 inches by 3 feet 6 inches. 

F. I. 

7 . 9 
3 . 6 

23 . 3 
3 . 10 . 6 

27 . 1 . 6 Ans. 

F. I. P. F. I. P. 

2. Multiply 240 10. 8 by 9 . 4 . 6 
9. 4.·6 

2168. O. 0 
80. 3. 6 . 8 
10. O. 5 . 4 

2258. 4. 0 . 0 An.f. 

F. I. P. F. I. P. F. I. P. 

3. Multiply 8 5. by 4. 7. Ans. 38. 6. 11."''' 
4. Multiply 9. 8. by 7. 6. 72 . 6. 
5. Multiply 7. 6. by 5. 9. 43. 1. 6. 
6. Multiply 4. 7. by 3 . 10. 17. 6. 10. 
7. Multiply 7. 5 . 9 by 3. 5.3. - 25. 8 6.2.3. 
8. Multiply 10. 4 . 5 by 7. 8.6. - 79. 11. 0.6.6. 
9. Multiply 75 . 7 . 0 by 9. 8. O. - 730. 7. 8. 

10. Multiply 57 . 9 . 0 by 9. 5. O. - 543. 9. 9. 
II. Multiply 75 . 9 . 0 byl7. 7. O. -1331.11. 3. 
12. Multiply 321 . 7 . 3 by 9. 3.6 -2988. 2. 10.4.6. 
13. Multiply 4. 7 . 8 by 9. 6. - 44. O. 10. 
14. Multiply 39 .10 . 7 byl8. 8.4. - 745. 4. 10.2.4. 

NOH.-AlI thele ean b. solved by the method of aliquot parts, thus :_ 
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F. 

15. Multiply 368 . 7 
137 . 8 

F. 

5 by 137 
4 

8 . 4 

2576 
1104 
368 

6' = ~ 184 3 8 . 6 2 
2' = t 61 5 2 . 10 
4" = ~ 10 2 10 . 5 . 8 • 6' = ~ 

2 68 6 
l' = ~ 11 5 0 

4" = ~ 3 9 8 3 
1" = ~ • 0 11 5 

Ans. 50756 7 10 9 . 8 

PROBLEM I. 

To find the area of a square. 

RULE. Multiply the length A 
of the side by itself, and the 
product will be the area." 

1. Let the side of the square 
ABC D be 6: what is it~ area? 

Am. 6 X 6 = 36, the area. 
2. "'i1a t is the area of a 

iq.ll8.re wh06e side is 15 chaius ? 
AtM. 225. 

3. What is the area of a 
square whose side is 7 feet 9 
illChes ? Ans. 60n,. D 

I 

I 

I 

1 

6 

27 

B 

6 

i 
c 

4. What is the area of a square whose side is 4 7691inks ? 
Ans. 22743361. 

• See Appendix, Demonstration 8. 
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PROBLEM II. 

To find the area of a rectangle. 

RULE. Multiply the length of the rectangle by its breadth, 
and the product will be the area. * 

A 12 B 

~ 
1 , 

I 
, 

-' 

I 

D c 
1. Let the sides of the rectangle ABC D be 12 and 9, 

what is its area? AnI. 12 X 9 = 108, the area. 

2. What is the superficial content of a plank,whose 
length is 5 feet 6 inches, and breath 7 feet 8 inches? 

Am. 42 feet 2 inches. 

3. What is the area of a field whose boundaries form a 
rectangle, its length being 176 links and breadth 154 links? 

Ans. '27104 of an acre. 

4. What is the snperficial content of a floor, whose length 
is 40 feet 6 inches, and breadth 28 feet 9 inches? 

Am. 1164 feet, 4 inches, 6 parts . 

• See Appendix, Demonstration 8. 
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PROBLEM III. 

To find the araa of a rlwmbus. 

RULE. Multiply the 
length by the perpendi
cular breadth, and the 
product will be the 
area." 

1. What is the area 
of II: rhombus, whose 
side is 16 feet, and per
pendicular breadth 10 
feet. Ans. 16 X 10 
== 160 feet the area. 

~-------,; 

29 

2. What is the ('on tent of 0. field in the form of a rhom
bus, whose length is 7'6 chains, and perpendicnlar heip:ht 5'7 
chains? Ans. 43'32 chains. 

3. What is the area of a rhombus, whose side is 7 feet 
6 inches, and perpendicular height 3 feet 4 inches? 

Ans. 25 feet. 

4. What is the area of a rhombus whose length is 3 yards, 
and perpendicular height 2 feet 3 inches? 

Ans. 20 feet 3 inches. 

PROBLEM IV. 

To find the area of a triangle. 

RULE. Multiply the base by the perpendicnlar height, and 
divide the product by two for the area. t 

l. The base of a triangle is 76'5 feet, and perpendicular 
92'2 feet; what is its area? 

Am. 76'5 X 92-2 7 2 = 3526'65 square feet, the area . 

• See Appendix, Demonstration 9. 
t See AI.pendlx. D ... onatralioll 10. 
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2. The base of lI. triangle is 72'7 yards, and the perpen
dicular height of 36'5 yards? 

A1I8. 1326'775 yards. 

3. The base of a triangular field is 1276 links; and perpen
dicular 976 links; how many acres in it? 

Ans. 6 acres 36'3008 perches. 

4. The base of a triangle measures 15 feet 6 inches, and 
the perpendicular 12 feet 7 inches; what is its area? 

Ans. 97 feet 6t inches. 

PROBLEM V. 

Having tke tltreR- sides of any triangle giVM, to jiM its arl!lJ,. 

B 

AL----D~--'C 

RULE 1. From half the ,il:1l of the three sides subtract 
each side separately, then mnltiply the half sum and the 
three remainelers together, and the square' root of the last 
product will be the area of the triangle. * 

RULE II. Divide the difference between the squares of 
two sides of the trinngle by the third side; to balf this third 
side add half the quotient, anel deduct the square of this sum 
from the square of the greater side, the remainder will be 
the square of the perpendicular, the square root of which, 
multiplied by half the base, will give the area of the triangle.t 

• See Appendix, Demonstration 11. 
t See Appendix, Domon,tr.lion 12. 
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1. Given the side A B = 9'2, B C 7'5, and A C = 5'5-
required the area of the triangle? I 

9'2 
7"5 
5'5 

Sum 22'2 

t Sum 11'1- 9'2 = 1'9 ~ : then,J(lU X l'9X 3'6 X 5'6) 
11'1-7'5 = 3'6 = ,J 425'1744 =20'619 the area. 
11'1-5'5 = 5'6 by Rule I. 

Again, 9'22 - 7'52 = 84'61 - 56'25 = 28'39; then 28'39 
+ 5'5 = 5'161818, quotient. 

Now (5'161818 +2) + (5'5 + 2) = 2'580909 + 2'75 = 
53'309 = half quot. plus half third side: then 84'64-
28'41869481 = 56'22150519, and ,J 56'22150519 = 7"498 
= perpendicular; then 7'498 X 2'75 = 20'619 the area as 
before. 

2. What is the area of a triangle whose sides are 50, 40, 
and 30 ? Ans. 600. 

3. The sides of a triangular field are 4900, 5025, and 2569 
links; how many acres does it contain? 

Ans. 61 acres, 1 rood, 30'68 perches. 

4. What is the area of an isosceles triaugle, whose base is 
20, and each of its equal sides 15 ? Ans. 117'803. 

5. How many acres are there in a triangle, whose three 
sides are 380, 420, and 765 yards? 

Ans. \) acres 38 poles. 

6. How many square yards are in a triangle, whose three 
sides are 13, 14, and 15 feet? Ans. 9:\- square yards. 

7. How many acres, &c., in a triangle, whose three sides 
are 49, 50'25, and 25'69 chaios ? 

Ans. 61 acres, 1 rood, 39'68 perches. 
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PROBLE~1 VI. 

To find tJu area of an equilateral triangle. 

RULE. Square the side, and from this square deduct its 
fourth part; then multiply the remainder by the fourth part 
of the square of the side, and the sqnare root of the product 

will give the area." Or multiply A B' by ,.j 3 for the area.t 
4 

1. Each side of a triangular field, ABC, measures 4 
perches, what is its area? 

42 = 16, then 16 -;- 4 = .,\ and 16 - 4 == 12: then 
12 X '." == 12 X 4 = 48, and ,.j 48 = 6·928, the area. 

2. How many acres in a field of a triangular form, each 
of whose sides measures 70 perehes ? 

Ans. 13 acres, 1 rood, 1 perch. 

3. The perimeter of an equilateral triangle is 27 yards, 
what is its area? Ans. 35·074. 

Non:. "'hen the triangle is i.;:oscele!;, the perpendicular is equal to the square 
root of the didereuce beLweell the squares of eithe[' or tb.~ equal sides, aDd half thtt 
Lase. 

PROBLEM VII. 

Gicen the area and altitude of a triangle to find tJu base. 

c Rvu:. Divide the area by the 
altitude or perpendicular, and double 
the quotient will give the base. 

1. Gi'·en the area of a triangle = 
~ 2. yards, and altitude = 4; what 
IS Its base? 

Ans. 12 -;- 4 = 3; then 3 X 2 = 
6 yards, the base .A. B. A&. 

2. A surveyor having lost his field book, and requiring 

• See Appenrl~x. Demonltratinn 13. 
t See A IJJlenJ~x:, Demonstra.tion l.a. 
~See APVeudlX, DeruoD!iltratiQQ 16. 
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the base of a triangular field, whose content he knew from 
recollection was 14 acres, II1H1 altitud~ 7 yards, how lIJueh is 
the base? Ans. 1 !J360 yard~. 

PROBLEM VIII. 
Git'en the arelL of a triangle and its base, to find its altitlld.·. 

RULE. Divide the area by the giveu base, aud tloubl~ tlol' 
quotient will give the perpendicular. 

The reason of this rule is manifest, from tbe last. 
1. Given the area of a triangle = 12, and its lJa~e = Ii; 

what is its perpendicular height? 
Ans. 12 -;- 6 = 2; then 2 X 2 = 4 the altitude. 

PROBLE~l IX. 
Git'en any two sides of a right angled triangle, to find the 

third side, arul thence its area. 
RULE . 

• 1. To the square of the perpendicular add the square of 
the base, and the square root of the sum will give the 
hypothenuse. 

II. The square root of the difference of the squares of 
the hypotheuuse, and either side will give the other. 

III. Or multiply the sum of the hypothenuse, and either 
side, hy their difference; and the square root of the product 
will give the other." 

1. Given the base A C 3, the per
pendicular C B 4; required the hypo
thl'nuse A B ? 

3' + 4' = 25; then,J 25 = 5 ... 
the hypothennse A B. 

2. Giveu A B 5, A C 3; required 
o B? 

B 

5' - 3" = 16; then ,J 16 = 4, 
the side B 0; or, (5 + 3) X (5 - 3 = A'"-----'C 
8 X 2 = 16; then,J 16 = 4, as before. 

3. Given A B 5, B C 4; requir~d A C? 
5' - 43 = 9, then ,J 9 = 3, the side A 0; or (5 + 4) 

X (5 - 4) = 9 X 1 = 9; then,J 9 = 3, as before. Auu 
3 X 4 -;- 2 = 6 the area of the triangle . 

• See Appeudjx:, Demonstration 16. 

'2 
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4. The wall of a building on the briuk of a river is 120 
feet, and the breadth of the river is 70 yards; what is the 
length of the chord in feet that will reach from the top of 
the building across the river? Ans. -241·86 feet. 

5. A ladder 60 feet long, will reach to a window 40 feet 
from the Hags on one side of a street, and by turning the 
ladder over to the other side of the street, it will reach a 
willdow 50 feet from the flags; required the breadth of the 
street? Ans. 77·8875 feet. 

6. The roof of a house, the side walls of which are the 
same height, forms a right angle at the top, the length of 
one rafter being 10 feet, and its opposite one 14 feet; what 
is the breadth of the house? Ans. 17·204. 

PROBLEM X. 
Given the base and perpendicular of a right angled triangle, 

to find the perpendicular let fall on the hypothenuse from the 
right angle; and also the segments into u,hich the hypothenuse 
is divided by this perpendiclLlar. 
RULE. Find the hypotheuuse by Prob. R 

IX. Then divide the square of the greater iJ' 
side by the hypothennse, and the quotient 
will give the greater segment, which de-
ducted from the entire will give the less. D 
Having found the segments, multiply them "'-
together, and the square root of the pro- _ "'-
duct will give the perpendicular." A C 

1. Giveu A C 3 yards, and C B 4, yards; required the 
segments B D, D A, and the perpendicular D C. 

:3' + 4' = 25 : then ..j 25 = 5 = A B. 
42 -;- 5 = 16 -;- 5 = 3.2,= B D; then 5 -3'2 =1·8 =AD. 
Again, 3'2 X 1·8 = 5'76; then..j 5'76 = 2'4 = DC. 
2. The roof of a house whose side walls are each 30 feet 

hi&,h, forms a right angle at the top; now if one of the 
ratte.rs be 10 feet long, and its opposite yoke-fellow 12 
reqlllred the hreadth of the building, the length of the prop 
set upright to support the ridge of the roof and the part of 
the Hoor at which it must be placed? ' 

Ans. Breadth of the building 15'6204 feet, greater segment 

• See Appendix, Demonstration 17. 
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9'2186 feet, lesser aegment 6'4018 feet, and length of the 
prop 57'68 feet. 

PROBLEM XI. 
To find the area of a trapezium. 

RULE. Divide the trapezium into two triangles, by joining 
two of its opposite angles; find the area of each triangle, and 
the sum of both areas will give the area of the trapezium. 

Or, 
Draw two perpendiculars from the opposite angles to the 

diagonal; then multiply the sum of~hese perpendiculars by 
the diagonal, and half the product will give the area. * 

1. In the trapezium A. BCD, the diagonal A. C is 100 
yards, the perpendiculllf DE 35, and BF 30; what is its area? 

DE = 35 J) 

BF=30 A\7 F/ EO 65 
100 

2)6500 B 

3250 the area. 
2. What is the area of a field, whose south side is 2740 

links, east side 3575 links, north side 3755 links, west side 
4105 links, and the diagonal from south-west to north-east 
4835 links? Am. 123 acres 11'8633 perches. 

3. In the trapezium A. BCD, the side A. D is 15, DC 13, 
C B 14, and A. B 12; also the diagonal A C 16; what is its 
area? Ans. 172'5247. 

4. In the trapezium ABC D, there are given A B 220 
yards, D C 265 yards, and A C 378 yards; also A. F 100 
yards, and A C 70 yards; what is its area? 

Am. 85342'2885 yards = 17 acres, 2 roods, 21 perches. 
5. In the trapezinm ABC D, there are given A B 220 

yards, D C 265 yards, B F 195'959 yards, DE 255'5875 
yards; also F E 208 yards; reqnired the area of the trape-
zium ? Am. 85342'2885 yards . 

• Bee ArpeDdj~, Demonstration 18. 
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6. SuppoRe in the trapezium ABC D, on acconnt of o\)l. 
stacies, I can only measure A B, D C, B F, D E, and F D, 
which are respectively 22 yards, 2G yards, l!)-yards, 25 yards, 
and 32 yards, required the area? 

An.!'. 840'55 square yards. 

PROBLEM XII. 
T'I find tJu area of a trapezium inscribed in a circk, or oj 

anyone whose opposite angles are together equal to two 
right angles. 
RUI.F.. Add the four ~es together, and take half the sum; 

from this half sum deduct each side separately; and the 
square root of the product of the four remainders will give 
the area of the trapezium.* 

l. What is the area of a four-sidpd field, who~e opposite 
B.ngles are together eqnsl to two right IlD)!les, the length of 
the four sides being a8 follows, viz., .A. B 12'5, AD 17, D C 
17'5, and B C 8 yards? 

27'5 
12'5 

12'5 
17 

17'5 
8 

2)55 

27'5 

27'0 
17 

27'5 
8 

15 X 105 X 10 X 19'5 = 30712'50' then ,J 
30712'50 = 175'25, the area in yards. ' 

:2. There is ~ trapezium whose oppo~ite angles are-together 
~'j""1 to two rIght angles; the sides are as follows, viz., A B 
"'), .A D 34, D C 35 and B C 16; required its area? 

Am. 700'99 . 

.. See Appendix, Demonstration 10. 
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PROBLEM XIII. 

To find the area of a trapezoid. 

RULE. )Iultiply half the snm of the two parallel sides by 
the perpendicular distance between them, and the product 
will give the area." 

l. Let ABC D be a 
trapezoid, the side A B = 
40, D C = 2.'), C P = 18; 
req uired the area? 

40 
25 

65 -7- 2 = 325 X 18 = 585 orea. 
2. What is the area of a trapezoid, who~e parallel ~irlps 

are 750 and 1225 liuks, and the perpendicular heig-ht 1540 
links ? An.~. 15 acres 33'2 percheR. 

3. What is the area of a trapezoid, whose parallel sirles 
are 4 feet 6 inches, and 8 feet 3 inches; and the perpend cular 
height 5 feet :'< indies? Ails. 36 feet Ii illcllPs. 

4. What is the area of a trapezoid whose parallel sides are 
l-! 76 and 2073 yards, aud perpendicular height 916 yards? 

An-s. 220 acres, 3 roods, 25 perches, 7 yards Irish. 

PROBLEM XIV. 

To find the area of an irregular polygon. 

Ruu:. Divide the figure into triangles and trapeziums, 
and find the area of each separately, by Prohlem IV. 01' XI. 
Add these areas together, and the sum will be the area of 
the poh·gon.t 

l. What is the area of the irregular polygon ABCDEFG A 
the following lines being givt:n ? 

.. C:: ee Arpl'ndix, DemonJitratinn 20. 
t III finding the area of an irregular fignrf'. cirRw a line through the extremo 

tm,:;lell'C tbe hg'lIre. on which let ran perpendiculars frtlm all the tither Itllgles HI 
(hr' I'III~ ~on, which "'ill didJe it iuto triangl~8 and traJ,ez.oiJsj tbt::ll fiud the alea 
01 Ihe ... Ly Problems I V. and XIII. 
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A 0 = 9 
G B = 29 
C n = 11 
G C = 28·4 
F x = 14·5 
C 'Y = 13 
F D = 35 
E z = 7·4 

MENSURATION OF SUPERFICIES. 

A 0 = 9 
On = 11 

2)20 sum 

10 half 
20 diag. G B 

290 area of ABC G A. 
C'Y = 13 
Ez = 7·4 

2)20·4 sum 

1·02 
35 

357·0 area of FeD E F. 
Fx = 14·5 

l G C = 14,2 

205·9 area of G F C. 
290 = area of ABC G A 
357 = area of FeD E F 
205·9 = area of G F C 

An.s.852·9 = area of ABC D E F GA. 
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2. In a five-sided field G C D E F G there is G C = 28 
perches, Fx = 14 percheR, ry = 13 perches, zE = 7 
perches, and FD = 35 perches; required its area? 

Ans. 3 acres, 1 rood, 26 perches. 

3. In the annexed figure, there are given in perches. 
A X = 15 A P = 1 j F R = 10 
X R = 8 P S = 14 E T = 12 
R T = 14 S D = 12 B P = 20 
TD= 6 GX= 5 CS=14 

Required the area? Ans.4 acres, 3 roods, 19t perches. 

A 

:.1 __ E~ /,-- l 

(' ........ i i 
A/ I I 

, I 

\ p \It s! 
X! -Y-T- D 
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: : 
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: 
: 
I 
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PROBLD[ XV. 

To find the area of a 1'egular polygon. 

Rt::LE 1. Add all the sides together and multiply half the 
sum by the perpendicular drawn from the centre of the 
polygon to the middle of one of the sides, and the product 
will give the area. This perpendicular is the radius of the 
inscribed circle. 

RcLE II. Multiply the square of the side of the polygon 
by the number standing opposite to its name in the following 
table, under the word area, and the product will give the area 
of the polygon. 

RULE III. Multiply the side of the polygon by the number 
standing opposite to its name in the column of the following 
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table, headed" Radius of inscribed Circle," and the product 
will be the perpendicular from the centre ,of the polygon to 
the middle of oue of it~ sides; then multiply half the sum of 
the sijies. by this perpeudicular, and the product will give the 
nn~a. * 

TABLE II. 
When the side of the polygon is 1. 

! I 
No of Radiu!I of in. Area of Polygon. 

: &idcs. scnlJedt:llcle. 

--
3 0'2886751 0'4330127 = ~ tan. 30t °=",,3 
4 05000000 1'1000000 = t tan, 45°= 1 X 1 
5 0'6881910 1'7204714= ~ tan. 54°=~""(1+~.v'5) 
6 0'86602:::4 2'5\I80,t12 = ~ tan. 60o=~""3 
7 1'038261, 3'6339124 =It tUIl, 64°f 
8 1'201l0flS 4'::;281211 =I~ tan, f,Ft=2X(1+",,2) 
9 1'31313:::7 6'1818242 =:~ tau, 70' 

10 1'5388418 HlOBOSS = 1',0 tan. 72°=t""( 5 +2.v'5: 
11 1'7028437 9'3656404 = I'i tau, 73°,7, 
L' l'86G0254 11 '19G1524 = 'I tan, 75°=3X (2+.v'3) 

Nor." The railino;: oCthe cjfcumscribed circle, when the side of the polygon is 
1, in"',. be !'een in Table I. 

The expre~J:liol1s in the fOIlTth cohlmn may be seen in Tl'igO'l1omrf'M}. to which 
the IlIlldi jq Tt>fe:'reol fnr a fl111 inve<;tigati"" of them. The tang-ents of the 811J.!le 
00 C ill. the heptagon, IlOllagon, anI.! uudecagon, are e,tt"emely difficult to lie 
found without a tabl~ of tallgents. 

l. 'l'he side of a peutagon i~ 20 yards, and the perpen
dicular from the centre to the middle of oue of the sides is 
13'76382; required the area? ' 

By RULF. 1. 20 X 5 X 13'76382 -;- 2 = 1376'382 -;- 2 = 
688'191. Ans, I.~ 

By RULE II, 20 X 20 X l'j20477 = 688'19, the area as 
before, 

2, The side of It hexagon is 14, aud the pel:pendiculRT from 
the centre 12'1243556 ; required the area? Ans. :;09'2229352. 

3. The side of an octagon is 5'7, required its Rrea? 
.Ans, 156'875596479 . 

• See AI'poadix, D."'OD,truUOIl ~I 
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4. The side of a heptagon is 19'3S yards, what is its area? 
A1ts. 1364·S4. 

5. The side of an octagon is 10 feet, what is its area? 
Ans.4R2·S4271. 

6. The side of a nODagon is 50 inches, what is its area? 
Am. 15454'5605. 

7. The side of an undecagon is 20, what is its area? 
Ans. 3746'25616. 

S. The side of a dodecagon is 40 yards, what is its area? 
Ans. 17913·S43S4. 

PROBLE)I XVI. 
Gil"en the diameter of a circle, to find the cirCltmference.; 

or the circumference to find the diameter, and thence tile 
area. 

RUl.E.* 

I. Say as 7 : 22 :: the given dia- .e\lmfercJJo 
meter: circumference. (,v ~ 

Or, as 113 : 355 :: the diameter : 
the circumference. 

Or, as 1 : 3'416 :: the diameter: 
the circumference. 

II. Say as 22 : 7 :: the given cir
cumference : the diameter. 

Or, as 355 : 113 :: the circumfe
rence : the diameter. 

Or, as 3'1416 : 1 :: the circumference: the diameter. 
1. The diameter of a circle is 15, what is its circumfe

rence? 
7 : 22 :: 15 : 22 X 15 -;- 7 = 330 -;- 7 = 47'142857. 
Or, 113 : 355 :: 15 : 355 X 15 -;- 113 = 5325 -;- 113 

= 47'124. 
Or, 1 : 3'1416 :: 15 : 3'1416 X 15 = 47'124. 
2. The circumference of a circle is SO, what is its dia

meter? 
22 : 7 :: SO : 7 X SO '-;- 22 = 25'45. 
355 : 113 :: SO : 113 X 80 -;- 3:;5 = 25'4647. 

_ 3'146 : 1 :: SO : SO -;- 3'1416 = 25'4647 . 

• See Appendix , Demonstration ~:l. 
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3. What is the circumference of a circle whose diameter 
is10? An.v.31·4285. 

4. What is the diameter of a circle whose circumfere!lce 
is 50? Ana. 15'909. 

5. The diameter of the earth is 7958 miles, what is its 
circumference? Ans. 25000'8528 miles. 

6. The circnmference of the earth being 25000'8528 
miles, what is its diameter? Ans. 7958 miles. 

PROBLEM XVII. 

To find the length of an arc of a circle. 

RULE. I. Multiply the radills of the circle by the number 
of degrees in the given are, aud that product by '01745329, 
and the last product will be the length of the arc. <> 

RULE II. From eight times the chord of half the arc, 
subtract the chord of the whole are, one-third of the 
remainder will give the length of the are, nearly.t 

1. If the arc A B contain 30 degrees, the radius being 
2 feet, what ill the length of the arc? 

30 X 9 = 270, and 270 X .01745329 = 4'7124. Ana. 

D 

K 
2. If the chord AD ofhaIC the arc ADB be 20 feet, and the 

chord A B of the whole arc 38; what is the length of the arc? 
20 X 8 - 38 = 122; then 122 -:- 3 = 46~ feet. Ans. 

'" See Appendix, Demonstration ~ 
t See Appendix, Demon8tration 24 
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3. The chord of an arc is 6 feet, and the chord of half 
the arc is 3t; required the length of the whole arc? 

Ans.7t· 
4. The chord of the whole arc is 40, aud the versed sine* 

or height of the segment 15; what is the length of the arc? 
Ans. 53t. 

:J. The chord A B of the whole arc is 48·74, and the 
chord A D of half the arc 30·25; required the length of the 
arc? 

6. A B = 30, D P = 8; required the length of the arc? 
Ans. 35t. 

PROBLEM XVIII. 

To find the area of a cirdt.. 

RULE 1. Multiply half the circumference by half the 
diameter, for the area. t 

I:Ul.E II. MultiV1y the square of the diameter by ·7854, 
for the area.:/: 

RULE III. Multiply the square of the circumference by 
·07958.§ 

Rl"LE IV. As 14 to 11, so is the square of the diameter 
to the area. 

RULE V. As 88 to 7, so is the square of the circumference 
to the lIfea. 

I. To find the area of a circle whose diameter is 100 and 
circumference 314·16. 

By RULE I. 
31416 

100 

4)31416 

Area 7854 

By RULE II. 
·7854 

100' = 10000 

Area 7854 

By RULE III. 
98696·5 sq. cir. 
·07958 

7854· Area. 

ve:!I ~~~:~::h:':h~~: ~~~~~~~/b~if~b:~~~: is not meant the trigono,metrical 
t See Appendix, DemonstraUon 2"2. 
t See ApP(lndlx, DemoDstration 22. 
~ S~t;: Al'pendix, Demoll.tratioD 26. 
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By RULE. IV. By RULE V. 
1000' = 10000 98696·5 sq. cir. 

11 7 

2)110000 8)690875·5 

7)55000 11 )86359·4 

Area 7857 7850·85 
2. What is the area of a circle whose diameter is 77 

Ans. 38t nearly. 
3. How many square yards are in a circle whose diameter 

is It yard? Ans. 1·069. 
4. The surveying wheel turns twice in the length of 16t 

feet; in going round a circular bowling green it turns exactly 
200 times; how many acres, roods, aud perches in it? 

Ans. 4 acres, 3 roods, 35·8 perches. 
5. The circumference of a fish pond is 56 chains, what is 

its area? Ans. 239·56288. 
6. What is the area of a quadrant, the radius being 1007 

Ans. 7854. 
7. Required the length of a chord fastened to a stake at 

one end, and to a cow's horns at the other, so as to allow 
her to feed on an acre of grass and no more? 

. Ans. 39t yards. 
s. The circumference of a circle is 91, what is its area? 

Ans. 659·00198. 
9. The diameter of a circle is 15 perches, what is its 

area? Ans. 176·715. 
10. What is the area of the semicircle of which 20 is the 

radius? Ans.628·32. 

PROBLEM XIX. 

Given tlu diamder of .0, circle to find .file side of a square r.quol 
tn area to the ctrcie. 

RUL~. Multipl~ the diameter by ·8862269, and the pro
duct WIll be the Side of a square equal in area to the circle. * 

• Bee Appuodlz. DemOll.lraUOD 20. 
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l. If tbe diameter of a circle he 100, wha.t iR the ~irle of 
a square equal in area to the circle? Ans. 88'62269. 

2. The diameter of a cireular fish-pond is 200 f~et, what 
.8 the side of a square fish-poud equal iu area to the circular 
one? . Ans. 171'24538. 

PROBLE:\I XX. 
Given the circnmference of a circle to find the side of a 

squ,are equal in area to the cirde. 

RUl.E. :\Iultiply tbe circumference by '282 948, and tbe 
product will be the side of the square. * 

1. The circumference of a circle is 100, what is the side 
of a square equal in area to the circle? Ans. 28'2 948. 

2. Tne circumference of a round fish,polld is 200 yarrl~, 
what is the side of a square fish-pond equal in area to the 
round one? Ans. 56'41896. 

PROBLE:\1 XXI. 
Given the diameter, to find the sid~ of tl/£. inscribed square. 

Rl'l.E. MUltiply the diameter by 
'70il068,and the product will give 
the side of the inscribed SqU3r<!t 

1. The diameter of a circle is 

D 

100, what is the side of the in- A ·,----1---~C 
scribed square? Ans.70.710C,::;. 

2. The diameter of a circle i~ 
200, what is the side of the ill
Bcribed square? Ans.141·42136. 

PROBLE:\I XXII. 

B 

Gircn the area, of a circle, to find the side of the in!crihed 
square. 

Rn.E. Multiply the area by '6366197, and extr:ld the 
Rquare root of the product, which will give the side of the 
inscribed square.! 

• See Appendix, DemonltraUnn 27. 

1 Se41 AIII1eoJlx, Demonstration 28 
Soo AI'I>eQ(\jl[, DoIllODllrauo.. as. 
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1. The area of a circle is 100, what is the ~ide of the in-
scribed square? Ans. 7'97884. 

2. The area of a circle is 200, what is the side of the in~ 
scribed square ? • 

200 X '6366197 = 127'3239400; then .j 127'3239400 
= 11'2837. Ans. 

PROBLEM XXIII. 
Given the side of a square, to find the diameter of the 

circllmscribed cirde. 
RULE. Multiply the side of the square by 1'4142136, and 

the product will give the diameter of the circumscribed 
circle. * 

1. If the side of a square be 10, what is the diameter 
of the circumscribed circle? Ans. 14'142136. 

2. If the side of a square be 20, find the diameter of the 
circumscribed circle? Ans. 28'284272. 

PROBLEM XXIV. 
Given the .fide of a square to find the circumference of the 

cirwmscribed cirde. 
RULE. Multiply the side of the square by 4'4428934, 

and the product will be the circumscribed circle.t 
1. If the side of a square be 100, what is the circum-

ference of the circumscribed circle? Ans. 444'28934. 
2. If the side of the square be 30, what is the circumfe-

rence of the circumscrilied circle? Ans. 133'286802. 

PROBLEM XXV. 
Given the side of a squ.are, to find the diameter of a circle 

equal in area to the square. 
RULE. Mul~iply the si~e of the square by 1'1283791, aud 

the product Will be the diameter of a circle equal in area to . 
the square whose side is given.t 

• See Appendix, DemonltratioD ao 
t See Ap~.Ddi". DeIllODltratloD 1\; ,8,.. Afl·~nd~", DealputratlU.,. 
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1. If the side of a square be 100, what is the diameter of 
the circle whose area is equal to the square whose side is 
1007 Ans. 112·8379l. 

2. What is the diameter of a circle equal in area to a 
square whose side is 200? Ans. 225'67582. 

PROBLEM XXVI. 

Gimt the side of a square, to find tlte circumference of (£ 

circle whose area is equal to the square whose side is given. 

RULE. Multiply the side of the square by 3'5449076, and 
the product will give the cirt:umference of a circle equal in 
area to the given square.* 

1. What is the circumference of a circle, whose area may 
be equal to a square whose side is 100 ? 

Ans. 354'49076. 
2. Find the circumference of a circle equal in area to a 

square whose side is 300? Ans. 1063·47:l2~. 

PROBLEM XXVII. 

To find the area of a sector of a cirde. 
RULE. Multiply half the length of the arc by the radius 

of the circle, and the lJrodact is the area of the sector. t 
RULE ll. As 360 is to the degrees in the arc of the sector, 

so is the area of the whole circle to the area of the sector.! 
1. Let ACBO be a sector less than a C 

semidrcle whose radius AO is 20 feet, 
and chordAB 30 feet; what is the area? 

First, -J (A O' - AD") = -J 400 
- 225)=13'228 = 0 D; then 0 C-
0D = 20 - 13'228 = 6"772 = CD. 

Again, -J (A D' + CD') = -J 
:!:!5 + 45'859984) = 16'4578 = A 
U, the chord of half the arc . 

• See Appendix, DemonitratioD 33. 
t S •• AppeDdlx, DomollltratioD M. 
I See Appelldi:<, D.moDI tratloll 16. 
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Hence, by problem XVII. the arc .A. B is 33'8814; then' 

33'887 -1 X 20 = 338'874, the area required. 
=! 

2. Let.A. E F BOA be a sector 
greater than a semicircle, whose ra
dius A 0 is 20, the chord E B 38, 
and chord B F of half E F B 23; 
required the area? 

23 = chord B F 
8 

184 
38 = chord BE 

3)146 

48'661l &c. = arc B F E 
20 

973! area, 

C1 

3. What is the area of a sector whose arc contains 18 
degrees, the diameter being 3 feet? 

'7854 
9 

Then 360 : 18 :: 7'0686 : the area of the sector; 
Or, 20: 1:: 7'0686 : '35343. Am. 

4. What is the area of a sector whose arc contains 147 
degrees 29 minntes, and radius 25 ? Ans. 804'3986, 

5, What is the area of a sector whose arc contains 18 
degrees, the radius being 3 f~et? Am. 1'41372. 

PROBLEM XXVIII. 

To find the area of the segment of a Cl,rdt. 

ROLE I. Find the area of the sector having the same arc 
with the segment, by the last problem; find also the area 
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of- the triangle, formed by the chord of the segment and the 
two radii of the sector. Then add these two areas together, 
when the segment is greater than the semicircle, but find 
their difference when it is less than a semicircle, the result 
will evidently be the answer. 

1. What is the area of the segment C 
A C B D A, its chord A B being 24, 
and radius A E or E C 20? 

(.J A E' - A D') =.J (400 - A ~--t=---;"\ 
144) = 16 = DE; E C -E D = 
20 - 16 = 4, = CD; .J(A D' + 
DC') = .J(U4 + 16) = 12'64911 
= A C; then (A C X 8, - 24 = a 

3 
25'7309 = arc A C B, F 

And 12'8654,=half arc 12 = AD 
20 = radiuB 16 = D A 

257·308=areaofsectorEBCA. 192 = area of .6. ABE 
192' = area of .6. ABE 

65'308=area of segment ABC A. 

2 Let A G F B A be a segment greater than a semi. 
circle, there are given the chord A B 20'5, F D 17'17. 
A F 20, F G 11'5 and AE, 11-64, required the area of the 
segment? 
(F G X_~8~) __ A_F (11-5 X 8) - 20 2 h I h 

~ = = 4, t e engt 
3 3 

of the arc A G F (Problem XVII_); then 24 X 11-64 = 
279-36, area of sector A E B F G A (Problem XXVII). 
Again, F D -E F = 17'17 -11.64 = 5.53 = E Dj then 
A B XED 20'5 X 5-553 
----:2:0-· = 2 = 56'6825 the area of the trio 

angle ABE, which beiljg added to the area of the sector 
\lefore found will give the area of the segment, viz. 279'36 
+66-6825 = 336'0425 the area. of the legment A G F B A, 

s 
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RULE II. To two-thirda of the product of the ch~1'!l&'!-d 
versed sine of the segment, add the cube of the ve1'lled'~ipv 
divided by twice the chord, and the sum will give the areaof 
the segment, nearly. 

When the segment is greater than the semicitcle, find the 
area of the remaining segment, and deduct it from the area 
of the whole circle, the rema.inder will give the Jl-rea of the 
segment.* . 

3. What is the area of the segment A C B, IeBlr than a 
semicircle, its ch0rd being 18'9, and height Or versed sine 
DC 2'41 

A B X D C = 18'9 X 2'4 = 45'36, and i A B X D C 
2'43 

= !!. X 45'36 = 30'24' then --- = '36571' hence 
3 '2 X 18'9 ' 

30'24 + '36571 = 30'60571 the area. 

. Non:. If two chorcltl of a circle cut one another, the ft!e~ contained by 
the r;egments of one of them is equal to tbe rectangle contained by the lepIDti 
of tho other. This is the 35th PropOIition of Book HI. of Euclid. 

4. Required the area of the segment A G F B whose height 
F D is 20, and chord A B 20 ? 

A B 20 
-2- = 2' = 10 = AD, and A D!= 100; butAD- == FD 

AD' 100 
X DC.'. C D = F D = 20 = 5. 

The area of the segment A C B is, by tire last case, 
69'7916; and the area of the whole oircle by Problem 
XVIII. is 490'875; then 490'875 - 69'7916 = 421'0834 
= lI.rea of the segment AGFB. 

5. ~hat is the area of the ge~ment A G- F-B, greater than 
a semlclrcle, whose chord A B 18 12, and versed sine 18? 

.Au. 297'81034. 
t C ·f , ~ '0 
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RuLE III. Divide the height of thc segment by the 
diameter of the circle, to three places of decimals. Find the 
quotient in the column Height of the Table at the end of 
the practical part of this treatise, and take out the correa
ponding Area Seg., which multiply the square of the dia
meter, and the product will be the area of the segment 
required.* 

Non: J. JC the qllOtient oC the height by the diameter be greater than '5 sub. 
tract it from I, and ftnd the Area Seg. corresponding to the remainder, which 
aublract from '7854 Cor the correct Area Seg. 

NOTF. II. If the quotient of the height by the diameter dnes Dot terminate in 
three Jigures, find the Area 8eft. correSpOD(Jing to the first three decimal figures 
of the qootient, subtract it lrum the next greater Area Seg., multiply the fe· 
mainder by the fractional part of the quotient, and add the product to the afea 
.egment fint taken out of the table. When great accuracy is not required, the 
frsctional part may be omitted. 

6. Let the diameter be 20, and the versed SlOe 2, required 
the area of the segment ? 

-h = '1, to which answers '040875 
l$quare W diameter, 400 

16'35 area. 

7. What is the area of a segment, whose diameter is 52, 
and versed sine 2 ? 
'. h = '~38J\ which is the tabular versed sine. Then to 

;038 answers ·oDln 63, and the difference between this area 
and the next is '000385, which multiplied by h gives '000177 
which addlld to '009763 gives '009940, which is the area cor
responding to the versed sine '038 Ii. Then 521 X '009940 
::;:: 26'87""6 is the are:,!. required. 

PROBLEM XXIX. 

T" find tIM a'rea of Q, zone, or the space indwded by twn 
parallel cAords and the arcs wntained betwcen them. 

RULE. Join the extremities of the parallel chords towards 
the anmeparta, and these conneCting lines will cut off two 

• See Append;'" D.moD.I~ation 37. 
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equal segment!!, the areas of which added to the area of the 
t"apezoid then formed will give the area of the zone. 

1. Suppose the greater 
chord A B = 30, the less 
C D 20, and the perpen
dicular distance Dx = 25, ~ 
required the area of the 
zone A B D C. y 

t(AB-CD)=xB=t B 
(30 - 20) =5: then,.J(xD" Ak----~:----il~ 
+ xB')= DB =,.J(25· + 
5') = 25'49, A B -13 x 
=Ax = 30- 5 = 25, and 
(Ax X Bx) -;-.Dx = Fx = 
(25 X 5) -;-. 25 = 5, D x + F x = D F = 25 + 5 =30j 
t,.J (C D' + D F2) = t C F = G z = t,.J (20' + 301

) = 
18'027, the rariius of the circle; (DB X Ax)-;-. 2Dx = Gy,. 
= (25'49 X 25) -;-. (2 X 25) = 12'145j G Z--'- G y = zy = 
18'027 - 12'745 = 5'282, the height of the segment A z C, 
36'05) 5'28 ("146, the tabular area segment aoswering to' 
which is '071033, then '071033 X (36'05)" = 92'315 = ~he 
area of the segment A z C,' , 

t (A: B + CD) X D x = H 30 + 20) X 25 = 625 the 
area of the trapezoid A B DO: then 625 + 92'315 X 2 
= 809'63 = the area of the zone. " 

2, Let the chord A B be 48, the chord CD 30, the chord' 
.>\. C 15'8114; what is the area of the zone A B D C 7 

Ans, The diameter C F = 50: height of the segment 
A z C = 1'2829, area by the table of segments = 13.'595. 
Area of the zone A B D C = 534'19, 

3, Let A B = 20, C D = 15, and their distance = I7!j 
required the area? Am. 395'4369, ' 

4, Let A B = 96, CD = 60, and their distance = 26; 
reqlJired the area? Am. 2136''752'7 . 

• Se. ApJ18IIdis, Demonltration 88, 
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PROBLEM XXX. 

To find tke area of a circular ring, or of tke space included 
between two concentric circles. 

RULE. Multiply the snm of the two diameters by their 
dilfllrllllce, and the product arising by ·7854 for the area of 
the ring." 

1. The diameter A B is 30, 
and C D 20 j what is the area 
of the ring XX? 

30 
20 

50 sum 
10 differeuce 

500 
·7854 

392·7000 area of ring XX. 

2. What is the area of the circular ring, whcn the diam-
eters arll 40 aud 30 ? Ans. 549·78. 

3. What is the area of a circular ring, when the diame-
ters are 50 aud 45 ? Am. 373·065. 

PROBLEM XXXI. 

To find tke area of a 'part of a ring, or of tke segment of 
a sedor. 

RULE. Multiply half the sum of the bounding arcs by 
their distance asunder, and the product will give the 
arell·t 

• See Arpendix. ne-mctnJtration st. 
t &eo ArpeDdix, D.aiOllltralioD 40. 
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1. Let A B be 50, and a b 30, and the 
distance a A 10; what is the area of the A 
space a b B A? 

Ans.
50+30 

X 10=400. 
9 

2. Let A B=60, a b=40, and a A 
=2; required the area of the space 
a b B A ? A1IoS. 10'0. 

3. J .. et A B=25, it b =15, and a A. 
=6; required the area of the segment 
of the sector? Ans. 120. 

PROBLEM XXXII. 

c 

To fond the area of a [nne, or tlte space i9tci'llded between tM 
imersectiug al'CS of two eccentric circles. 

RULE. Find the areas of both segments which form the 
lune, and deduct the less from the greater; the remainder 
will evidently be the area required. 

1. Let the chord A B= C 
40, E C=12, and E D=4; ~ 
what is the arelJ, of the lune . 0 .. 
AD B C A? 

By note page 50, (A E- . 
-:- E C) + E C = diameter A -"'*"----"'B 
of the circle of. which A C B is an arc;:; and (A E2-:-E D) 
+E D=the dlametel" of the circle Of 'which .A. D B is a.n 
arc; h(1nce (20- -:- 12) + ;= 45'3; and (20- -:- 4) + 4 
= 104 are the two diameters. 

12-:- 45'3= '264. 4-:: 104='038. 

The A,.rea Seg.all.,.wering to '2.64- is' '165780, and 
(45'3)' X '165780 = 340'1954802 = area. of the segment 
A E Be A? 

The Area Seg:answering to '03Sis '009763, and 
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(Ht4)' x- '009163 = 105'596608 = area of the segment 
A E B D Aj then 340'1954802-105'596608=2.34'5988722 
=the area of the lune. 

2. Let the chord A B be 40, and the heights of the seg
ments E C and E D 15 and 2 j required the area of the 
lnne? - Am. 388'5. 

PROBLEM XXXIII. 

TO MEASURE LONG IRREGULAR FIGURES, 

JVhen irregular figures, 'Mt reducible to any known figure, 
present themselves, their contents are best fO'lJ,fU/, by the 
flUtlwd of equi-distant ordinates. 

, ltULE. Take the breadths in several places, at equal dis
tances and divide the sum of the first and last of them by 2 
for the arithmetical mean between those two. Add together 
this mean and all the other breadths, omitting the first and 
lllst, lind divide their sum by the nomber of parts so added, 
the quotient will give the mean breadth of the whole, which 
being multiplied by the given length will give the area of 
the figure, very nearly. 

It i8 not necessary sometimes to take the breadths at 
equal distances, but to compnte each trapezoid separately, 
and the sum of all the separate areas thus found will give 
the area of the entire, nearly. -

Or, add all the breadths together and divide by the 
nomber of them for a mean breadth, which being multiplied 
by the length, as before, will give the area, nearly. 

1. Let the ordinate A D be 9-2, b /'1, c g 9, d It 10, B C 8-8 
and the length A B 30; required the area? 
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9'2 AD 
8'8 Be 

2)18, 

9 mean breadth of Drst and last. 
Uf 
9 c &' 

10 d" 

4)351nm 

8'75 mean breadth of all. 
30 

262'50 area of the whole figure. 

2. The lepgth of an irregnlar figure is 39 yal'ds, and its 
..,.,breadths, in five equi-distant places, are 4'8, 5'2, 4'1, 7'3, 

and 7'2; what is its area? Ana. 215'475 square yards. 

3. The length of an irregular figure is 50 yards, aud its 
breadths, at seven equi-distaut places, are 5'5,6'2, 7'3, 6, 
7'5, 7, and 8'8; what is its area? Ans. 342'05 square yards. 

4. The length of an irregular figure being 37'6, and the 
breadths, at nine equi-distant places, 0,4'4, 6'5, 7'6, 5'4,8, 
5'2, 6'5, 6'1; what is the area? A?N. 218'315. 
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EXERCISES. 

1. Find the area of a square whose side is 35'25 chains. 
Ans. 124 acres, 1 rood, 1 perch. 

2. Fiud the area of a rectangular board, whose length is 
,2t feet, and breadth, 9 inches. Ans. 9f feet. 

3. The sideR of three squares bemg 4, 5, and 6 feet, what 
is the length of the side of a square which is equa.! to all 
three? Ans. 8'7749 feet. 

4. Required the area of a rhomboid whose length is 10p1 
chains, and breadth, 4 '28 chains? 

Ans. 4 acres, 1 rood, 39 perches. 

5. There is a triangle whose base is 12'6 chams, and alti-
tude 6'4 chains, what is its area? Ans. 40'32. 

6. Find the area of a triangle whose sides are 30, 40 and 
50 yards. Ans. 300 square yards. 

7. There is a triangular corn field whose sides are 150, 
200, and 250 yards, determine the number of acres contained 
in the field, and the expense of reaping the corn at 9s. 6d. 
per acre? 

Ans. Content of the field, 3 acres, 15 perches; expense of 
reaping, £1 9s. 5d. 

S. What must the base of a triangle be to contain 36 squ:m 
feet, whose vertex is to be 9 feet from the base? 

Ans. 8 feet. 
8' 
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9. What must be the altitude of a triangle equal in arell 
to the last, whose base is 12 feet? Ans. 6 feet. 

10. The height of a precipice standing close by the side 
of a river is 103 feetl;8.J;ld a line o~ ~Q, feet will reach from 
the top of it to the opposite barik; reqU.ired the breadth of 
the river? Ans. 302·97 feet. 

H. A ladder 12t feet in lengt~ stands upright against a 
wall, how far must the bottom of it be pulled out from the 
wall so as to lower the top 6 inches? Ans. 3t feet, 

12. A persoQ, wisQing' t.o mea
sure the distance from a' point 
A, D.t one side ora Call1,,l, to an 
object 0, at the other, and hav
ing no . instrument but a book, 
placed a corner of it on the point 
A, and directed an edge of it, 
as in the figure, in a straight 
liue with the object 0, and drew 
the straight lines A B, A C; he 
then placed, the book so that a 
corner of it rested on the 'point 
B, at the distance of eight times 
its length from the point A, and 
directed all. edge of it, as before, 
to the object 0, and drew the 
straight line B C which met A C 
at the distance of three times the 
length of the book from A· hQW 
llIany times the length of th~ book 
is the object ° from the points A 
and B? 

AM. 21! and 22·78 times. 

13. What is the area of II- trapezium whose diagonal is 
70'5 feet, and the two perpendiculars 26·5 and 30·2 feet? 

AM. 1998·675 square feet. 
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U. Wh8,t is the ar~a of a trapezium whose di!logonal is 
108 ft~t '!Hacb!l!l, B.nd the perpeudiculars 56 feet 8 inches, 
and 60 feet 9 inches? Ans. 6347 feet 36 iuches. 

Hi. What i$ the area of a trapezoid whose two. parallel 
sides are 75 and 122 links, and the perpeudicular distance 
154 1~nk8 ? Ans. 136~9 square liuks. 

16. 'A field in the form of a trapezoid, whose parallel sides 
a.re 6340 .and 4380 yards, ,and thll perpendicular distance 
between them 121 yards, lets for £207 14s, per annum; 
Willl.t is that per acre? Ans. £1 lis. 

11. Two opposite angles of a four sided. field are together 
equal to two right angles, and the sides are 24, 26, 28, and 
30 yards; what is its area? . 

Ans. 723'99 square yards, nearly. 

18. Req.uired \he area of a figure similar to that annexed 
to the first question under Problem XIV., whose dimensions 
are dQuble of those there given ? 

Ans. 3411'6. 

19, What is the side of an equilateral triangle equal in 
area to a square, ,whose side is 10 feet? 

Ans. 15'196 feet, nearly. 

20. Reqnired the area of a regular llonagou, one of whose 
sides is 8 teet, and the perpendicular from the centre = 
10'99 feet? Ans. 395'64 square feet. 

21.. Reqnired the area of a regula.r decagon; one of whose 
sides is 20'5 yards? Ans. 3233'491125 square'yards, 

22. A wheel of a car turns round 4400 times in a distance 
of 10 miles;' what is its diameter? 

Ans. 3,819708 feet. 

23. If the diameter of a circle be 9 feet, what is the length 
of the circumference? Ans. 28t feet, nearly. 
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24. Required the leugth of an arc of 60°; the radio of 
the circle being 14 feet? Am. 14'660172 feet. 

25. The chord of au . arc is SO feet and the height is 8 
feet, what is the length of-the arc? Am. "S5t feet, nearly. 

26. The diameter of a circle is 200, what is the area of 
the quadrant? Am. 7854. 

2'r. The diameters of two coucentric circles are 15 and 
10, wha.t is the area of the ring formed by those circles? 

Am. 98'1 Ta. 

- 28. The circumference of a circle is 628'32 yards, what is 
the radius of a conC'll.ntric circle of half the area? 

Am. 141'42. 

29. What is the side of a square equal in area to the circle 
whose dmmeter is 3? Am. 2'6586807. 

30. The two parallel chords of a zone are 16 aud 12 and 
their perpendicular distance is 2, what is the area of t~e 
zone? Am. 28'376. 

31. The le~gth of a chord is 15, and the heights of t~ 
segments of CIrcles on the same side of it are 7 and 4· what 
is the area of the lune formed by those segments ? ' . 

Am. 38, nearly. 

32. The base and perpendicnlar of a right-angled triangle 
are each 1, what is the area of a circle having the hypothennse 
for its diameter. An. •. 1'5708. 

33. If the a.rea. of a circle be 100, what is the area of the 
inscribed square r Am. 6S·66. 
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CONIC SECT-IONS. 

SECTION III. 

OF THE ELLIPSIS.* 

PROBLEM I. 

The tranSllerse and conjugate diameters of a'll ellipsis being 
given, to find the area. 

RULE. Multiply the transverse and conjngate diameters 
thgether, and the product ariSing by '7854, and the result 
will be the area. t 

1. Let the transverse axis be 35, and the conjngate axis 
25; required the area? 

35X25X'7854=687'225 A'IIS. 
2. The longer diameter of an ellipse is 70, and the shorter 

50; what is the area? Ans. 2748'9. 
3. What is the area of an ellipse whose longer axis is 80, 

and shorter axis is 60 ? Ans. 3769'92. 
4. What is the area of an ellipse, whose diameters are 

50 and 45? A,lS. 1767'15. 

PROBLEM II. 

To find the a1'ea of a'll elliptical ring. 

RULl!:. Find the area of each ellipse separately, and their 
difference will be the area of the ring . 

• For de6nitiun. or the 8Uipll. (or. II it i. frequently written. elliplI) and. the 
other Conic Section!. See Appendix, Properties of the Conio SectioAi. 

t Se. Al'pttDdhl, D.moD,lratloD 41. 
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Or, From the pr.educt of the two diameters of the great~r 
ellipse deduct the product of the two diameters of the l~ss and 
multiply the remainder by '7854 for the area of the rmg.- . 

1. The transverse diameter A B is 70, and the conjng. 
C D 50; and tP.e ~a.nsyer~ ~01eW'; E ". of another ellipse 

D 
having the same centre 0 is 35, and the j:onjugate G R is 
25; "required the area of the ellip~ical space between their 
circnmferences ? 

70 X 50 X '7854 = 2148'9.; .. nd,35 X 2{) X ',\854 
= 687'2.25; then 2748'9 - 687'225 = 2061'675 .=;:;. arei 
of the elliptical ring. 

70 X 50=35.Q.o 
35 X 25= 8~5 

2625 X ·7854=2061·li7&=area. 
2.. Th~transverse and conjugate diameters of an ellipse 

are 60 and 40, and of .another 30 itJld lQ; reqnire\l the area 
of the space between their circumfel'euc.es? Ans. ~6~9:34. 

3. A. gentIem,aQ. has an elliptical fIl;nv~ garden;. whose 
greater dhu,!-et:er is 30, and less 24 feet; and has. ~rdered. 0. 

gravel walk to be made round it of 5 feet 6 inches in width; 
reqnired the area of tile ",alit! A1lS. 371'4942 feet. 

PROBI!,EM III. 
Given the Might of an elliptical segment; whiJs~ base u pa

r(Ll/4 . to ~tMr, of tk,e QXe.~ of t4e ellipse, and, ,~ two axes 
of tke ellipse, to jiiul the area. . . 
RULE. Divide the height of the segment by that diameter 

of whicn it is a part, to three places of decilifll.ls, find the 
" '! ,. 
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qnotient in the colnmn Height of the Table referred to in 
page 51, and take out the correspondent Area Seg. Multi
ply the Area Seg. thus found and both the axes of the ellip
sis together, and the result will give the area required.* 

1. Required the area of an elliptical segment R A Q 

A~--+-p~+'O~----~H 

Q D 

whose height A P is 20 j the tranverse axis A B being 70, 
and the conjugate axis () D 50 ? 

20 -7- 70 = ·285~ = the tabular versed sine, the corres
ponding segment answering to which is ·185166; then 
·185166 X 70 X 50 = 648·081, the area. 

2. What is the area of an elliptical segment cnt oft" by a 
chord parallel to the shorter axis, the height of the segment 
being 10, and the two diameters 35 and 25 ? 

Ans. 162·0202. 

3. What is the area of an elliptical segment cut oft" by a 
chord parallel to the longer axis, the height of the segment 
being 10, and the two diameters 40 and 30 ? 

. Ans. 275·0064. 

4. What is the area of an elliptical segment cut off by a 
chord parallel to the shorter diameter, the height being 10, 
and the two diameters 70 and 50 ? Ans. 240·884 . 

• See Appendix, DemollitratioQ. 43. 
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PROBLEM IV. 

To fi1Ul the circumference of an ellipse, by having the two 
diameters given. 

RULE. Multiply the sum of the two diameters by 1'5108, 
and the product will give the circumference nearly; that is, 
putting t for the transverse, c for the conjugate, and p for 
3'1416; the circumference will be (t+C,) X t p.* 

1. Let the transverse axis be 24, and the conjugate l8j 
required the area? 

(24 + IS) X 1'570S = 42 X 1'570S = 65'9736 is the 
circumference, nearly. 

~. Required the circumference of au ellipse whose trans-
verse axis is 30, and conjugate 20 ? Ans. 7S'~4. 

3, Required the circumference of an ellipse whose dia.-
meters are 60 and 40 ? Ans. 157'08. 

4, What is the circumference of an ellipse whose dia.-
meters are 6 and 4? Ans. 15'708. 

5. What is the circumference of an ellipse wl;!,osedia.-
meters are 3 and 2 ? Ans. 7·S54. 

PROBLEM V. 

To find the length of any arc of an ellipse. 

RULE. Find the length of the circular arc x y, inter
cepted by 0 C, 0 B, and whose radius is half the sum of 
o C, 0 B: and it will be equal to the elliptical arc B C, 
nearly·t 

NoT''.: The neare!' the axes .of the .l.lip~e Approach towards equ'ality, the more 
"X8Ct the result of the "perallon by (hIS Rule; and the lesa theeUiptic,alarc the 
lle3rer jts exact length will approach the arc :r 11. ' 

• See Appendix, Demonstration 44. 
t See Appendix, DemoultratioQ 46. 
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l. Let the axis A D be 24, C K 18, and 0 T 3; reo 
quir~d the length of the arc Be? 

Here we have T D = 9, and A T = 15; then from the 
property, of the ellipsis, we have A O' : 0 C· :: A '1' X 

.A _-~--'--jD 

K 
9' X 9 X 15 9 X 9 X 15 

T D : TB' 12 X 12 16' and 0 B = 

9 X 9 X 15 
,.J (0 T' X T B') = ,.J(9+ 16 ) = 9'21616, the 

radius of the circle of which G B is an arc; bot 0 C is the 
radius of the circle of which C V is an arc; therefore the ra. 
dius of the circle of which x Y is an are, is t 0 C + } 0 B 
= 9'10808. But by Trigonomet1'y," H B -+ 0 B = 3 -+ 
9'21616 = '325515, is the sine of the angle C 0 H, 
or arc x y, tc;> the radius I, answering to 18'9968 degrees. 
Therefore, by Problem XVII. Rule I, the length of the arc 
x y is '01745 X 18'9968 X 9'10808 = 3'0192, which is also 
equal to the length of the elliptical arc C B, nearly. 

2. Given A D 30, C K 20, and 0 T 5 j requirE>d the 
length of the arc B C? Am. 5'03917186255. 

3. Given A D 40, C D 30, and 0 T 5 j required the 
length of the arc B C ? Ans. 5'033880786. 

JIlt may be done withnnt Trigonometry, by first finding the length of the 8ro 
o B by Rule II. Prob. XVII. Sec. 2, thon 0 G : 0 Y : : G B : Y Z. 
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PROBLEM VI. 

Given the diameter and abscissas, to find tke ordinate. 

RULE. Say, as the transverse is to the ,conj~ga.te,so 
the square root of the rectangle of the two abscissas,' 
tile ordinate. * 

1. In the ellipse A C D K, the transverse diameter A 
i~ 100, the conjugate diameter C K 80, a.nd the absei81 
D T 10; required the length of the ordinate T B ? 

100; 80 ;; -J (90 X 10) ; T B = 24. (Seethe last figure 

2. Let the transverse axis be 35, the conjugate 25, 0.1 

the abscissa 7; required the ordiuate ? Ans. 10. 

3. Given the two diameters 70 and 60, and the abscis; 
10; required the ordinate? ' Ans. 20'991:6. 

PROBLEM VII. 

Given tke transverse, axis, conjugate and ordinate, to fi1 
tke abscissas. 

RULE. As the conjugate is to the transverse diameter, 
is the square root of the difference of the squares of tl 
ordinate and semi-conjugate, to the distance between t 
ordinate and centre. Then this distance being added 1 
and subtracted from, the semi-diameter, will give the t1 
abscissas·t 

1. Let the diameters be 35 and 25, and the ordinate 1 
reqilired the abscissas? . 

By the Rule 35+35 ,( [25J'-10')_ 35+21 
2-25'" 2 - ~= 

and 7 the two abscissas. 
2. Let the diameters be 120 and 40, and the ordins 

16; reqnired the abscissas ?Ans. g6 and 24 . 

.. See Appendix, Demonstration 46. 
t See Append;':, DemQDitratlon 47. 
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PROBLEM VIII. 

GiV/!/n tire conjugate axis, ordinate, and abscissas, to find the 
transllerse axis. 

RnE. Find the square root of the difference of the 
squares of the semi-conjugate axis and the ordinate, which 
add to, or subtract from, the semi-conjugate, according as 
the less abscissa or greater is given. 

'fhen say, us tl1ll Iquare of the Qrdinate is to the rectangle 
of the conjugate, and the abscissa, so is the sum or differ
ence found above to the transverse required. * 

1. Let the ordinate be 10, and the less abscissa 7; what 
is the diameter, allowing tbe conjugate to be 25 ? 

,J( [22
5]2_10,)= 7'5; then 7'5 + 12'5 = 20; then 

102 : 25 X 7 :: 20 : 35 the transverse required. 

2. Let the ordinate be 10, tbe greater abscissa 28, and 
the conjugate 25; required the transverse diameter? 

Ans.35. 

PROBLEM IX. 

Given tire transverse axis, ordinate, and abscissa, to find the 
conjugate. 

RULE. The square root of the product of the two ab· 
scissas is to the ordinate, as the transverse axis is to the 
conjugate. t 

1. Let the transverse axis be 35, the ordinate 10, and 
the abscissas 28 and 7; required the coojugate ? 

. 35 X 1 0 35 X 10 
,J (28 X 7) : 10 :: 35 : ,J(28X7)=--1-4- -

25, the conjugate. 

·8ee Appendix, Demonstration 48. 
I &ee API'e.udil<, Demonstration 49. 
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2. Let the transverse diameter be 120, the ordinate 16, 
and the abscissas 24 and 96; required the conjugate 7 

Am. 40. 

OF THE PARABOLA. 

PROBLEM X. 

Given tke base· and height of a pfirabola to find it. area. 

N'qTE. Any double ordinate, A B, to the axil ofa 
parabola may be called itfil base, and the abscissa 0 
o V, to that ordinate it, height. ~ 

RULE. Multiply the base by the S 
height, and ~ of the product will be '1' 
the area.* C G p 

A D B 

1. Required the area of a parabola, whose height is 6 and 
base 12? 

6 X 12 X t = 48 the area. 
2. What is the area of a para.bola, whose base is 24, and 

height 4 7 -Ans. 64. 

S. What is the area of a parabola, whose base is 12, arid 
height 2? Am. 16 . 

• See Append;", Demonltratlon ~. 
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PROBLEM XI. 

To find the area of the zone of a parabola, or the space 
between two parallel double ordinates. 

RULE I. When the two donble ordinates, their distance, 
and the altitnde of the whole parabola are given j fiud the 
area of the whole parabola, and find also the area of the 
upper segment, their difference will be the area of the zone. 

H. When the two double ordinates and their distance are 
given j to the sum of the squares of the two double ordinates, 
add their product, divide the sum by the sum of the two 
double ordinates, multiply the quotient by t of the altiturle 
of the zone, and the product will be the area of the zone. * 

1. Given A B 20, S T 12, and D x 8; what is the area 
of the zone A S T B, the altitude D 0 being 12·5 ? 

(20 X 125) X ~ = 166i = area of the parabola ABO, 
and (12 5 -8) X 12 = 54, and 54 X ~ = 36; hence 166} 
- 36 = 130! the area. 

III. When the altitude of the whole parahola is not given. 
2. Suppose the double ordinate A B = 10, the double or

dinate S '1' = 6, aud their distance D x = 4 j what is the 
area of the zone A S T B ? 

10' + 62 + lOX 6 
10 + 6 = 12!j then 12t X 4 X ~ = 33i, 

tbe area as before. 
3. Let the double ordinate A B = 30, C P= 25, and 

their distance D G = 6 j required the area of the zone 
A B PC? Ans. 1651' •. 

PROBLEM XII. 

To find the le:ngth of the curve, or arc of a parabola, cut off 
by a double ordinate to the a..xis. 

RULE. 

-1. Divide the double ordinate by the parameter, and call 
"", qnotient q. 

• See Appendiz, Demonstration 61. 
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II. Add 1 to the square o~ the quotient q, and call the 
square root of the sum s. 

III. To the product of q and s, add the 4Jperbolic loga
rithm of their sum, then the last sum multiplilld by half the 
parameter, will give the length of the whole curve i)n both 
sides of the axis. 

Pntting c for the curve, q fQr the quc;>tient' of the double 
ordinate divided by the parameter, s for J (1 + (ii) and a 
for half the parameter; then -

c = a X {q s + hypo log. of (q + s.)}* 
NOTE, The commOll logarithm of any number multiplied by 2'8OJ/685008 giv .. 

the hyperbolic logarithm of the same number. 

1. What is the length of the curve of a parabola., eut off 
by a double ordinate to the axis, whose length is 12, the 
a.bscissa being 2 ? 

x = 2 and '!I = 6; then a = '!I ~: ::::; 31 = 9, 

and q = '!I = f = i, also s = J (1 +ql) = J (1 + t) 
a 

= J (lj = t J (13 = 1'2018504 = S. Then i + 
1'2018504 = 1'868517, whose common logarithm is 
'271497, which beiug multiplied by 2'302585093, pro
duces '6251449 for its hyperbolic logarithm; and also t + 
1'2018504 = '8012336; the sum of these two is 1'4263785, 
therefore 9 X 1'4263785 = 12'8374065, is the length of the 
curve required. 

RULE II. Put 'Y equal to the ordinate, and q equal the 
quotient arising from the division of the double ordinate by 
the parameter, or from the division of double the abscissa 
by the ordinate; tlleu the length of the double cUfve will be 
expressed by the infinite series, 

q' q< 3q" 
2'Y X (1 + u- 2.4.5 + 2.4.6:1' &c') 

"See ApP~J;ldj~, DernoJ1~tratlon 6~. 
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Non:. This series ,viII converge no longer than till q = 1. For when a i. 
greater than I, the serjes will diverge. 

Let the last example be resumed, in which the abscissa is 
2, and the ordinate 6. 

Hence, 2 X 2 -:- 6 = t = q; then employing t instead 
of q in the last series, we get 

(2)' (a.). (2.)8 
12 X (1 + L - _3_ + 3 X _3_) = 12·837 the 

2.3 2.4.5 2.4.6.7 
length of the curve as before. 

RULE III. To the square of the ordinate, add t of the 
square of the abscissa, and the square root of the sum will 
be the length of the singl,' curve, the double of which will 
be the length of the double curve, nearly." 

~OTl';. The two first rule .. are not rccommclli.led in practice.-The practical 
application of this is much simpler, and is therefore to be employed in preference 
to either. 

Retaining the same exampl .. , in which x = 2, and y = 6, 
we shall get v =,J (y2 + t :c') = ,J (36 + V) = 6·1291, 
and C = 12·85~2, nearly. 

2. Required the length of the parabolic curve, whose ab-
scissa is 3, and the ordinate 8 ? Ans. 17·435. 

PROBLEM XIII. 

Given any two abscissas and the ordinate to one of the:m, to find 
the corresponding ordinate to the second abscissa. 

HXLE. Say, as the abscissa, whose ordinate is given, is to 
the square of the given ordinate, so is the other gi,ven abscissa 
to the square of its corresponding ordinate.t 

l. If the abscissa x 0 = 10, and the ordinate x S = 8, 
what is the ordinate A D, whose abscissa D 0 is 20? 

x 0 : x S' :: DO: A D', viz. 10 : 64 :: 20 : 128, the 
square root of which is 11·313, &c. = AD . 

.. See Appendix. Demonstration 53, 
t See Appendix, Demonstration 64. 
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2. If 6 be the ordinate corresponding to the abscissa 9, 
required the ordinate corresponding to the abscissa 16? 

.Am. 8. 

PROBLEM XIV. 

Given two ordi'TULte.r 0IfId the abscissa correspnndi'lll to om of 
tne:m, to find the abscissa corresprmding to lhe other. 

RULE. 8ay, as the square of the ordinate whose abscissa 
is given, is to the given abscissa, so is the square of the 
other ordinate to its corresponding abscissa. * 

1. Given 8 x = 6, x 0 = 9, and A D = 8; required 
the abscissa 0 D? 36 : 9 :: 64 : 16 = 0 D. 

2. Given S z = 8, x 0 = 10, and A D = 9; required 
o D ? Ans. 12'656. 

PROBLEM XV. 

GiVIm two ordinates perpendknlar to the axis a'lld their dis
la.nee, to find the corresponding abscissas. 

RULE. Say, as the difference of the squares of the ordi
nates is to their distance, so is the square of either of them 
to the corresponding abscissa. t 

1. Given 8 x = 6, A D = 8, and x D = 7; required the 
abscissas? 

(64 - 36) : 7 :: 64 
28 : 7 :: 64 : 16 = 0 D, and 
28 : 7 :: 36: 9 = 0 x. 

2. Given S x = 3, AD = 4, and x D = 2; required 
the abscissas'? Ans. 44 and 24 . 

• S~e Appendix, Demonstratinn 54. 
t See Aoppedix; D_onltration '* 
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OF THE HYPERBOLA. 

PROBLEM XVI. 

Giren the transverse and conjugate diameters, and any 
abscissa, to find the corresponding ordinate. 

RULE. As the transverse is to the conjugate, so is the 
meau proportional between the abscissas to the ordinate." 

1. If the transverse be 24, the conjugate 21, and the 
less abscissa A D 8; required the ordinate? 

NOTE. The len abscissa. added to the transverse gives the greater. 

24 : 21 .. ,.J (32 X 8) : 21,.J ~!2 X 8) 

ordinate. 

14 the 

2. If the transverse axis of an hyperbola be 120, the less 
abscissa 40, the conjugate 72; required the ordinate? 

Ans.48. 

:::. The transverse axis being 60, the conjugate 36, and 
the less abscissa 20; what is the ordinate? Ans. 24 . 

.. See Appendix, Demonstration 66. 

4 
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PROBLEM XVII. 
". 

Given tJle tra'llSt'erse, conjugate, a'1id ordinate, to find tlu 
abscissa. 

Rl"LE. To the square of half the conjugate, add the 
square of the ordinate, and extract the square root of the 
sum. Then say, 

As the conjugate is to the transverse, so is that square 
root to half the sum of the abscissas. 

'l'hen to this half sum, add half the transverse, for the 
greater abscissa; and from the half sum take half the trans
verse for the less abscissa." 

1. If the transverse be 24, and the conjugate 21; re
'luired the abscissas to the ordinate 14 ? 

10'5 = t conjugate 14 = ordinate. 
10'5 14 

110'25 
196 

196 

306'25 the square root of which is 17'5; then 21 : 
24 :: 17'5 : 20 = half sum, 2'.) + 12 = 32 the greater 
abscissa, and 20 - 12 = 8 the less abscissa. 

2. The transverse is 120, the ordinate 48, and the con-
jugate 72; required the abscissas? Ans. 40 and 160. 

PROBLEM VIII. 

Given the conjugate, ordinate, and abscissas, to find tke 
transverse. 

Rru:, To or from the square root of the sum of the squares 
of the ordinate and semi-conjugate, add or subtract the semi
conjugate, according as the less or greater abscissa is used; 

• See Appendix, Demonstration 67. 
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then, as the square of the ordinate is to the product of tho 
abscissa and conjugate, so is the sum or difference, above 
fouud, to the transverse. * 

1. Let the conjugate be 21, the less abscissa 8, and its 
ordinate :!!; required the transverse? 

21' 
21 X 8 X ..j (14'+ T) + lOt 

14' 

= 3 X ..j (32 + 42) + 3) = 3 X (5 + 3) = 24 the trans
verse. 

2. The conjugate axis is 72, the less abscissa 40, the 
ordinate 48; required the transverse? A·ns. 120. 

3. 'rhe conjugate is 36, the less abscissa 20, and its 
ordinate 24; required the transverse? Ans. 60. 

PROBLEM XIX. 

Gil-en the abscissa, ordinate,. and transverse diameter, to 
find the conjugate. 

RnE. As the mean proportional between the abscissas 
is to the ordinate, so is the transverse to its conjugate.t 

1. What is the conjugate to the transverse 24, the less 
abscissa being 8, and its ordinate 14 ? 

24 X 14 . 
----)= 21 the conJugate . 
.J(32X~ 

2. The tranSVl'rse diameter is 60, the ordinate 24, and 
the less abscissa 20; what is the conjugate? Ans. 36. 

PROBLEM XX. 

Gircll any two abscissas, X, x, and their ordinates, r, y, to find 
the tTansver.~e to which they belong. 

RnE. Multiply each abscissa by the square of the ordi· 
nate belonging to the other; multiply also the square of 
each abscissa by the square of the other's ordinate; then 

.. See Appendix, Demondratinn 68. 
t Se. Appendix, Demonstration 6Q. 
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divide the difference of the latter products by the difference , 
of the former; and the quotient will be the transverse dia
meter to which the ordinates belong.'" 

1 If two absciassas be 1 and 8, and their corresponding 
ordinates 4f and 14, required the transverse to which they 
belong? 

8' X 41. X 41. - l' X 142 35 X 35 - 14 X 14 
Here •• -

1 X 142 - 8 X 4i- X 4f 14 X 14 - 35 X 41 
5 X 5 - 2 X 2 21 X 8 

- 2 X 2 ~ 5 X t 1 = 24, the transverse. 

PROBLE~I XXI. 
To find tke area, of a 'paa A NOB, bO'l.llJUled on om side 

by the cu.rve of a hyperbola, by rrWlin8 of equi-distamt 
ordinates. 

Let A N be divided into any given number of equal parts, 
A C, C E, E G, &c., and let perpendicular ordinates A B, 
C D, E F, &c., be erected, and let these ordinates be ter
minated by any hyperbolic curve B D F, &c.; and let A = 
A B + N 0, B = C D + G H + L M, &c., and C = E F 
+ I K, &c.; then the common distance A C, of the ordi
nates, being multiplied by the sum arising from the addition 
of A, 4 B, and 2 C, and one-third of the product taken will 

. A+4B+2C be the area, very nearly. That IS, X D= 

the area putting D = A C.t 
• s •• A.ppendlx, DemOD.tratioD 80. 
t lie. Appendix, DemonltratioD 81 . 

• 
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l. Given the lengths of 9 equi-distant ordinatc8, viz., 14, 
15, 16, 17, 18, 20, 22,23, 25 feet, and the common distance 
2 feet; required the area? Ans. 300i feet. 

2. Given the lengths of 3 equi·distant ordinates, viz., A B 
= 5, C D = 7, and E F = 8, also the leng-th of the base 
A E 10; what is the area of the figure A B FE? 

AILs. 681 feet. 

3. If the length of the asymptote of a hyperbola be I, and 
there be 11 equi-distallt ordinates between it aud the curve, 
the common distance of the ordinates will then be 1"0' and 
froll] the nature of the cUl've their lengths will be H, H, 
H, H, H, H, H, H, H, H, H; what is the area of the 
curved figure? Ans. ·693150:H. 

This formula will answer for finding the area of all curves 
by using the sections perpendicular to the axis. The greater 
tile !lumber of ordinates employed, the more accurate the 
resul t; but iu real practice three or Ii ve are in most cases 
sufficient. 

PROBLE:\[ XXII. 

7;) find the length ()f any ()re of an hyperbola beginning at the 
'Vertex. 

RUl.E. 

I. To 19 times the square of the transverse, add 21 times 
the square of the cOlljup:ate; also to 9 times the square of the 
trailS verse add, as before, 21 times the square of the con
jugate, and multiply each of these sums by the abscissa. 

II. To each of these two products, thus found, add 15 
times the product of the trausverse and the square of the 
coujugate. 

J II. Then, as the legs of these results is to the greater, so 
i!\ the ordinate to the length of the curve, nearly.· 

• See Append!", Oemoll.lraUoll 12. 
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1. In the hyperuola B A C, the transverse diameter is BO, 
the conjugate 60, the ordiuate B D 10, and the abscissa 
AD 2 ; required the length of the arc B A C? (Fig. p. 73.) 

Here 2 (19 X 80' + 21 X 602
) = 2 (121600 + 75600)= 

394400. 
And 2 (9 X 80' + 21 X 602 ) = 2 (57600 + 75600) = 

266400. 
Whence 15 X 80 X 60' + 394400 = 4320000 + 

314400 = 4714400. 
And 15 X 80 X 60' + 266400 = 4320000 + 266400 = 

4586400. 
47144000 

Then 4586400 : 4714400 :: 10 : 4586400 = 10·279 

=AB. 
Hence ABC = 10·279 X 2 = 20·558. 

2. In the hyperbola B A C, the transverse diameter is BO, 
the conjugate 60, the ordinate B D 10, and the abscissa A D 
2·1637; required the length of the aTC A B ? 

Ans. 10·3005. 

PIWBLE.~l XXIII. 

Given the transverse axis oj a hyperbola, the conjugate, and tM 
a bscissa, to fi1ul the area. 

RULE. 

I. To the product of the transverse and abscissa, add ~ of 
the square of the abscissa, and multiply the square root of 
the sum by 21. 

II. Add 4 times the square root of the product of the 
transverse and abscissa, to the preceding product, and divide 
the sum by 75. 

Ill. Divide 4 times the product of the conjugate and ab-
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scissa by the transverse; this quotient, multiplied by the 
former quotient, will give the area of the hyperbola, ncarly _ * 

1. In the hyperbola B A C, (see figure, page 73,) the 
transverse axis is 30, the coujugate 18, and the abscissa 
A Dis 10; what is the area? 

Here 21 -./ (30 X 10 + ~ X 102
) = 21 -./ (300 + 

i l-.j.2:);,i) = 21 -./ (371-42851) = 21 X 19272 = 
40-1"7l:l j 

And 4 -./ (30 X 10) + 404"712 _ 4 X 11-3205 + 404"712 
15 - 15 

= 69-282 ~5 404-n2= 41~:94=6-3199_ 

Whence 18 X 10 + 4 X 5-3199 = 24 + 6-3199 = 
30 

151-6776, the area required_ 

2_ What is the area of an hyperbola whose abscissa is 25, 
the transverse and conjugate being- 50 and 30 ? 

Alls_ 805-0909_ 

3_ The transverse axis is 100, the conjugate 60, and ab-
scissa 50 ; required the area? Ans_ 322-3633584_ 

• See AppeDJjx~ Demonstration 63. 
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MENSURATION OF SOLIDS. 

SECTION IV. 

DEFINATIONS. 

1. A solid is that which has length, breath, and thick
ness. 

2. The solid content of .any body is the number of cubic 
inches, feet, yards, &c., it contains. 

3. A cube is a solid, having six equal Bides 
at right angles to one another. 

4. A prism is a solid whose 
ends are plane figures which 
are parallel, equal, and simi
lar. Its sides are parallelo
grams. 

It is called a triangular prism, when its ends are triangles j 

a square prism, when its ends are squares' a pentagonsl 
prism, when its ends are pentagons j and so ~n. 

5. A parallelrpipedon is a 
solid having six rectangular 
Bides, every opposite pair of 
which are equal and parallel. 
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6. A. cylinde1' is a round solid, 
having circular ends, and may be 
conceived to be described by the re
volution of a rectangle about one 
of its sides, which remains fixed. 

7. A. pyramid is a solid, having a plane 
figure for its base; and whose sides are tri
angles meeting in a point, called the vertex. 

Pyramids have their names from their 
bases, like prisms. 

When the base is a triangle, the solid is 
called a triaugular pyramid; when the base 
is a square, it is called a square pyramid; 
and so on. 

8. A. ame is a round pyramid, having a 
circle for its base. 

9. A. $pMTe is a round solid, which may 
be conceived to be formed by the revolutiou 
of a semicircle about its diameter which 
remains fixed 

8] 

10. The axis of a solid is a line joiuing the middle of both 
ends. 

11. When the axis is perpeudicular to the base, the solid 
is called a right prism or pyramid, otherwise it is oblique. 

12. The height or altitude of a solid, is a line drawn from 
its vertex, perpeudicular to its base, and is equal to the axis 
of a right prism or pYl'li.mid; but in an oblique oue the alti
tude is the perpendicular of a right-angled triangle, whose 
hypothenuse is the axis. 

13. When the base is a regular figure it is called a regular 
prism or pyramid; but wheu the base is au irregular figure, 
the solid on it is called irregular. 

U. The segment of any solid, is a part cut off from the 
top bJ a plane parallel to its base. 

4· 
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15. A frustum is the part remaining at t.he bottom, after 
the segment is cut off. 

16. A zone of a sphere is a part intercepted between two 
planes, which are parallel to each other. 

17. A circular spindle is a solid gene-
rated by the revolution of a segment .. = ... 
of a circle about its chord, which re- .... _ ... 
mains fixed. 

18. A wedge is a solid, having arec
tangular base, and two of its opposite 
sides meeting in an edge. 

19. A prismoid is a solid, having for 
its two ends two right-angled p:l.\'ullel
ograms, parallel to each other, and it, 
upright sides are four trapezoids. 

20. A sepheroid is a solid, generated 
by the rotation of a semi-ellipsis abont 
one of its axis, which remains fixed. 

When the ellipsis revolves round the 
transverse axis, the figure is called a 
prolate, or oblong spheroid; but when 
the ellipsis revolves round the short axis, the fignre is called 
an oblate spheroid. 

2l. An elliptical spindle is a solid, 
generated by the rotation of a segment _ ::;.. 
of an ellipsis about its chord. ...._ 

:B. A parabolic conoid, or paraboloid, is 
a solid generated by the rotation of a 
semi-parabola about its axis. 
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23. An ungula or MOJ, is a part cnt off a solid by a plane 
o hliq ue to the base. 

PROBLEM 1. 

To find the solidity oj a cube. 

RULE. Multiply the side of a cube by itself, and that 
product again by the side, for the solidity required." 

1. If the side of a cube be 4 inches, required its solidity? 

ii---+--+-

2 t----t---t--li--V 

,3 f---t--!---!--l" 

Here, 4 X 4 = 16, the number of cubes of 1 inch deep 
is the square E F G D, and as the entire solid consists of 
four such dimensions, its content is 16 X 4 = 64 cubic 
inches. 

2. What is the solidity of a cubical piece of marble each 
side being 5 feet 7 inches? Al1S. 174 feet, nearly. 

3. A cellar is to be du!!", whose lpngth, breadth, and depth, 
are eaeh 1:2 feet 3 inches; required the lIumber of solid feet 
in it? Ans. 1 s:-:s feet 3 inches, nearly . 

• See Appendix, Demoll"tratioD 64. 
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PROBLEM II. 

To find the solidity of a parallelopipedon. 

RULE. Multiply continuu.lly the length, breadth, and depth 
together for the solidity. * 

1. What is the solidity of a parallelopipedon ABC D 
E F G, the length of A B being 10 feet, the breadth A G 4 
feet, and thickness A D 5 feet? 

A B X A G X A D = lOX 4 X 5 = 200 feet. 

2. A piece of timber is 26 feet long, 10 inches broad, aDd 
8 inches deep; required its solid content? Ans. 14! feet. 

3. A piece of timber is 10 iuches square at the ends, and 
40 feet long; required its content? Am. 27t feet. 

4. A piece of timber 15 inches square at each end, and 
18 feet long, is to be measured; required its coutent, and 
how far from the end must it be cut across, so that the piece 
cnt off may contain 1 solid foot? 

Ans. The solidity is 28'125 feet; and 7'68 in length will 
make one foot. 

5. What length of a piece of sqnare timber will make one 
solid foot, being 2 feet 9 inches deep, and 1 foot 7 inches 
hroa.d? 

.Ins. 2'756 inches in length will make one solid foot . 

• See Apl,endix, Demob&tration 64. 



MENSURATIO!'l OF SOLIDS. 85 

PROBLE:II III. 

To find the solidity of a prism. 

RULE. Multiply the area of the base by the perpendicular 
heigLt, and the product will be the solidity." 

1. What is the solidity of a prism ABC FIE, whose 

G 

A II 

bnse C A. is a. pentagon, each side of which being 3'75, and 
heig-h t 15 feet? 

When the side of a pentagon is 1, its area is 1'720477 
(Table II.); therefore 1'720477 X 375' = 24.1942 = 
the arca of the base in square feet j hence 24'1942 X 15 = 
362'9 J 3 solid feet, the content. 

2. What is the solidity of a square prism, whose length is 
5l feet, and each side of its base l! foot. 

Am. 9! solid feet. 
3. What is the 80lidity of a prism, whose base is an equi

lateral triangle, each side being 4 feet, and height 10 feet? 
Ans. 69'282 feet. 

4. ,\'II"t quantity of water will a prismatic vessel contain, 
it3 b~,e being a squa.re, each side of which is 3 feet., and 
height 7 feet 7 Ana. 63 feet . 

• Sefl AprendUt, Demon,tration 64. 
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PROBLEM I\'. 

To find the solidity of a cylinder. 

RULE. Multiply the area of the base by its height, and the 
product will be the solid content. * 

G B 

A-"=------t----t--::1 L 
N 

l. What is the capacity of a right cylinder A B G C, 
whm;e height, and the circumference of its base, are each 
20 feet? 

First 3_1
2
4°16= the diameter, half of which multiplied by 

half the circumference will give the area of the base (Prob. 

XVIII. Sec. II_), that is, 10 X :3"}1:16 = '7~~4 = the 
~) ij 

area of the end; then--'- X 20 = 636-61828, the content. 
-78;),,[ 

2_ What is the content of the oblique cylinder A B FE, 
the circumference of whose base is 20 feet, and altitude A C 
20 feet? 

As before, the area of the base is'7!~4; then'7~~4 
X 20 = 636-61828, the solid coutent, as before. 

3. The length of a cylindrical piece of timber is 18 feet, 
and its circumference 96 inches; how many solid feet in it? 

Ans. 91-676 feet_ 
4_ Three cubic feet are to be cut off a rolling-stone 44 

inches in circumference; what distance from the end must 
the section be made? Ans. 33-64 inches . 

.., Se€'! Appendix: Demonstration 64 
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PROBLE~l Y 

To find the content of (1 solid formed by a plane passing 
parallel to tIle axis of a cylillder. 

RULE. Find by Prob. XXYIII., Sec. II., the urea of the 
base, which, multiplied by the height, will give the solidity.* 

l. In the cylinder A B G 0, whose diameter is 3, and 
height 20 feet; let a plane L K }Ia;;:; parallel to the axis, 
aud 1 foot from it; what is the solidity of each of the two 

. prisms into which the cylinder is divided ?-(See the last 
figure. ) 
S 0 3 l 1 
GO = (2 - 1) ;- 3 = :3 = 6 = '166~ the tabular versed 

sine, to which, in the Table of Circular Segments, corres-
ponds the area '0860411 7 
which takeu from '78539816 
leaves the other segment '69D35699 

Then 3' = 9 which X '08604117 = 7'7437053 = seg 
DO :\. 

Also 9 X '69935699 = 6'2D421291 = seg. D G N. 
Hence 20 X 7'7437053 = 15'48740 = the slice LKAO 

K D; and 20 X ji'2V4:H6D9 = 125'88434 = the slice 
L K B G :\ D. 

2. Suppose the rightcylinfler, whose length is 20 feet, and 
diameter 50 feet, is cut by a plane parallel to, and at the 
distance of, 21'75 feet from its axis; required the solidity 
of the smaller slice? Ans. 1082'95 feet. 

PROBLE:\[ n. 
Tn .fiNd Ihe solirlil!f of fl p!framid. 

RnE. )[nltiply the area of the base by the one-third "f 
the heIght, and the product will he the solidity·t 

---;----=:-:c.-----

'ScP. .~ 1 ~ll.:ndj_,. Pel'H !1,.,trallon 6-1. 
! f:'-'t '\l'I'en,~~·'\, r(,r.lrn:·tr:'llinn 6" 
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1. What is the solidity of a square pyramid, each side of 
itl; base being 4 feet, and height 12 feet? 

4 X 4 = 16 the area of the base: 
Then 16 X If = 64 feet, the wlidity. 
2. Euch side of the base of e, triangular pyramid is 3, and 

height 30; required its solidity? Ans. 38'97117. 
3. The ~pire of a church is an octagonal pyramid, each sidG 

at t,he base being 5 feet 10 inches, and its perpendicular 
height 45 feet; also eal:h side of the cavity, or hollow part, 
at tlle base is 4 feet 11 inches, and its perpendicular height 
41 feet; it is required to know how many solid yards of stone 
the spire contaius. 

Ans. 32'19738 yards. 
4. The height of a hexagonal pyramid is 45 feet, each side 

of the hexagon of the base being 10 ; required its solidity? 
Ans. 3897'1143. 

PIWBLE.\l VII. 

To find the solidity of a cone. 

RULE. Mnltiply the area of the base by one-third of the 
height, and the product will be the solidity?* 

l. The diameter of the base of It cone is 10 feet, and its 
perpendicular height ,12 feet; what is its solidity? 

10' = 100 X '7854 = 78'54; then 78'54 X V = 
1099'56 feet. 

2. The diameter of the bn.se of a cone is 12 feet, and its 
perpendicular height 100; required its solidity? 

Ans. 3769'92 feet. 
3. The ~pire of a church, of a conical form, measures 

3", 6992 feet round itg base; what is its solidity, its perpeJr 
dicular height being 100 feet? Afl.S. 3769'92 feet. 

4. How many cnbic yards in an upright cone, the ciream
f,'renee of the base being 70 feet, and the slant height 30? 

A1l.S. 134'09 . 

• See AppeX>dix. Demon.tratioD 66. 
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5. How many cubic feet in an oblique cone, the greatest 
slant height being 20 feet, the least 16, and the diameter of 
the base 8 feet? Ans. 25465ti5St; feet. 

PROBLE:~I VIII. 

To find the solidity of the frustum of a pyramid. 

RULE. Add the areas of two ends and the mean propor
tional between them tog-ether; then multiply the sum by one
third of the perpendicular height, and the product will give 
the solidity.* 

1. In a ~qnare pyramid, let .A 0 = 7, P D = 5, and the 
hei>!:ht 0 Q = 6; the solidil y ot' the frustum is required. 

1 X 1 = 49 = the area of the ha~e. 
5 X 5 = 25 = the area of the Sf'dion S D. 
7 X 5 = 35 = the mean proportiollal between 49 and 25. 

49 + 35 + 25 
. cTherefore, 3 X 6 = 218 = the coutent of 

the fru~tum . 
. 2. What is the ('ontpnt of a rrnt~gonal frustum, whose 

height is 5 feet, each side of the base 1 foot 6 inches, and 
each side of the less end 6 inches. 

Ans. 9'31925 cubic fpet. 
,,-3. What is the content of a h('xa~ollal frustum, whose 

height is 6 feet, and the side of the greater end 18 inche'. and 
of, the less 12 inches? Ans. 24'681724. 

4, How many cubic feet in a squared piece of timber, the 
HeaR of the two ends beiDg 504 aDd 372 inche~, alJd its 
1~~_.3)!.feet ? AilS. 95'44 1 feet . 

• See Appendix, Donlon.tration 61. 
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5. What is the solidity of a squared piece of timber, its 
length being I S feet, each -side of the greater base 18 inches, 
and each side of the small end 12 inches? 

Ans. 28'5. 

PROBLEM IX. 

To jind the solidity of the frustum of a cone. 

RVLE. Add the two ends, and the mean proportional 
hetween them together, then multiply one-third of the sum 
],)' the perpendicular height, and the product will be the 
content. * 

1. How many solid feet in a tapering round piece of tim
ber, whose length is 26 feet, and the diameter of the ends 
~:! and 1 S inches respectively? 

Here 22' X '7854 = 380'134 inches, the area of the 
greater end, and 

ISO X '7:';54 = 254'47 inches = the area of the less end, 
(3S0'134 X 254'L17)~ = 311'OlS = the menn proportional 
III·tween the areas ot" the ends; then by the rule 
2:,447 + 380'134 + 311'OlS 

3 X 26 X 12 = 98345 cubic 

inches = 56'9 cubic feet, the answer . 

. 2. How many cubic feet in a round piece of timber, the 
dlaillet.er of the greater end being 1~ inches, and that of the 
less 9 lUches, and length 14'25 feet? 

Ans. 14'68943 feet. 

3. What is the solid content of the frustum of a cone, 
whose height is 1 foot 8 inches, and the diameters of the 
ends 2 feet ·1 inch'es, and 1 foot 8 inches? 

Ans.5·284 . 

... Sec Appendix, Demollstration 68. 
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l'ROULE~l X. 

To find the solidity of a wedge. 

RULE 1. Add the three parallel ~uge, tllgdher, alHI mul
tiply one-third of the ,UII, Ily the area of that ,ectioll of the 
wedge which is perpendicular to these three edges, and the 
product will give the coutent." 

NOTF. When the quadrangular sides are pal';{llelng-rnms. the wp.!g-e is a trian. 
gUbH prism, ha\'jng for its base the- 111;1 ngle li II C. \\ hen the q lId.( I dJlKlb <11 e 
1 ('ctalll..utl;.I .. \ 0 is the h('ight of the I'Ji~1I1. and the area (,j the tlld!!!!:h .. II () t' 
n1 11i'qdl"r\ 1,y.\ 0 will give its COIl~"J!f; whell the triangle.B 0 C is isosceles RIlJ 
lleq,elldicuiar to the 1,laue A 1_ tile \\ edge is 01 the common kimJj C G- J!> its 
e.dge, and.\ It B 0 its i){h'k. 

HL·l.r. II. To t"'i,'" the length of the hase, add thr length 
of the ,·<i,l!0, multiply thp snm by the breadth of the base, and 
the prl)dllct by tl,e I'l'i.,..]d of the wed~·l·, aud olle-sixth of 
the !:t,t l,rnduC't will I'e the ,olidilY, li1,,1 is, (2 L + l) X 
,: b Ii, I,." I'utlill~' L = I: I;. til(' Iell.c:·th off the base l = 
IT (', t!Je lellgtl, of the eug-p, b = ,\ I:, th" breadth of the 
IJa:;,~, h = the perl'cudieular IJcigl!t of the \\cdge.t 

l. Ld A 0 = 4, G C = :), I: B 2t, the perpendicular 
1) T = U, and p the perpendicular distance of B R from 
the plane of the face A C = 3t feet; required the solid 
CC," tell t ? 

~ + H + 2} 3~ 
----3--- X 12 X 66t cubic feet . 

... SeE: Appendix. Demomtration 69. 
t See Avpondix, DemoDfitraLlvn 70. 
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2. The perpendicular height from the point T to the mid
dle of the back A B is 24'8, the length of the edge C G 110 
inches, the base R B 70 illches, aud its breadth A R 30 
iuchesj required the solidity? 

Ans. 31000 cubic iuches. 

3. How many cubic inches in a wedge whose altitude is 14 
inches, its edge 21 inches, the length of its base 32 iuches, 
aud its breadth 4! inches? 

Ans. 892'5 cubic iuches. 

PROBLEM XI. 

To find the solidity of a prisT/wid, which, is the frustum 
of a wedge. 

RULE. By either of the foregoing rules, find the solidity 
of two wedges whose bases are the two ends of the frustum, 
and height the distance between them, and the sum of both 
will Iw the solidity of the prismoid or frustllm. * 

1. In the prismoid A B P Q, there is given R B = 18, 
A 0 = 27, P D = 21, S Q = n, B 0 = 12, D Q = 4, 
and B I = 30 j what is its solidity? 

ucffi), .... ~ 
Cj 0 

C1"j ~ 
, r.:J til ~ 

18 + 27 + 21 30 X 1~ 
3 X --2--= 3960 = the content of the 

"J + 0j + 01 30 X 4 
greater wedge, and - - 3 - X -2-- = 1440, the 

content of the other; then 3960 + 1440 = 5400, the con
tent of the frustum . 

• See Appendix, Demonstration 71. 
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2. Whnt is the solidity of a piece of wood in the form or 
9. prismoid, whose end, are rectangles, the length and breadth 
of aile being 1 foot 2 inches and 1 foot respectively, alld the 
corresponding sides of the other 6 alld 4 iuches respectively; 
the perpendicular height being 30! feet? 

Ans. 18'074 cubic feet. 

Non:. Tne following rule will aD5Wer for any prbmoid, of whatever figure 
each eu.d may be. 

Ruu:. If the basel be dissimilar rectanglE's. t9ke h"o corresponding dimenc:ionlt, 
aoil multiply eA.ch by the sum 01 t10uhle tlie other t1imen~iOIl of the same end, an..! 
the dimell&ion of the other end CVIJe~I'ODdlll~ to this last dimelil-inllj then hlul
tiply tlie ium of the IHUducts Ly t4e height, and oue.liixlh of the last lJroduct 
will be the liulidlt)'.· 

PROBLE:\l XII. 

To find the solidity of (l, cylindroid; or the frustum of an 
elliptical conc. 

ROLE. 

I. To the longer diameter of the greater end, add half the 
longer diameter of the less end, and multiply the sum by the 
shorter diameter of the greater end. 

II. To thc longer diameter of the less end, add half the 
longer diameter of the greater end, and multiply the sum by 
the shorter diameter of the Jess end. 

III. Add the two preceding prodncts together, and mul
tiply the sum by '2618 (one-third of '7854) and tilen by the 
heioht; the Just product will be the solidity.t 

1. Let ABC D be a cylindroid, the base of which is 
an ellipsis, whose two diameters are 40 and 20 inches, tho 

• See A ppendix, Demonstration 7~. 
t See Apl-'endix, UemoDatl'alioD i3. 
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top a circle, whose diameter is 30 inches; what is its "Qlidity, 
allowing the height to be 10 feet? 

m 

H 

(A B + teD) X G H = (40 + 15) X 20 = 1100 
(C D + tAB) X 111 P = (30 + 20) X 30 = 1500 

sum = 2600 
Then (2600 X '2Ii1" X ]0) li~Olj8, which, divided by 

144, gives 47'27 feet, the answer. 
2. 'I'he truns,er.<c dimneter of the greater base of a cylin

droid is I;}, and conjugate 8; the trallsv~rse diameter of the 
less base 10, and conjui!'ate 5'2; what is the solidity of the 
cylindroid, its height 1Il'ill~' I:.!? Ans. 721'93968. 

3. The transverse diameter at the top of the cylindroid 
is 12 inches, aud cOlijugate I; the louger diameter at the 
bottom is J.! illl~hps, and shorter I:.!, and its height 10 feet; 
required it; solidity? Ans. 6'78 feet. 

PROBLE}I XIII. 
To find the solidity of a sphere. 

RULE I. ~lnltiply the cnbe of the diameter by ·5236, I)Jld 
the product ".vill be the l'Cmtent. . 

Rl"LE II. .Multiply the diameter hy the circumference of 
the sphere, and the product multiplied by olle-sixth part of 
the diameter will be the solidity.' 

-'to See Appendix, Demonstration 74. 
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1. Suppose the earth to be a per
fect sphere, and its diameter 7957l 
miles, how many solid miles does it 

95 

contain? A 
7957l X 3'1416 = the circum- B 

ference of the earth (Prob. XVr., t:i~c. 
11.); then 

7!1;17~ X 3'1416 X 7!:i;)lf = 198943750 = the surface of 
the ~I'ltere; then 
1!1~!:i-ic)1GO X 7(J51t X t = 2t)~S574377t)0 miles the solid
ity by Rule II. 

Again, '5236 X d3 = '5236 X (7957n 3 = 263858149120 
miles, the solidity by Rule I., which gives the result too great 
on account of takiug ';)236 a little too great. 

2. What is the solidity of a sphere, whose diameter is 24 
inches? A'Ils. 1:l:JS'2-ilj4 cubic inches. 

3. What is the solid content of the earth, allowing its 
circumference to be 25000 miles? 

.Ll'ls. 2li3:--:;):--:14!)l ~o miles. 

4. Required the solidity of a globe whose diameter is 30 
fect? .fIllS. 14137-:.l. 

PROBLEM XIV. 

To find the solidity of I/If scgll/mt of a sphere. 

RULE I. From three times thl' diameter of the sphere de
duct twice the height of the seg'ment; multiply the remain
der by the square of the heig-ht. and that product by ·5231.i; 
the last product will be solidity.* 

RULE II. To three times the square of the radius of the 
segment's base add the square of its 1Il'i~'ljt; multiply this 
sum by the height, and the prodl1!'t hy ';:'2:::li; the last result 
will be the solidity . 

• See Append.ix, Demonstration 75. 
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1. What is the solidity of each of 
the frigid zones, tlJe diameter of the 
earth beillg 7957l mil"g and half 
the breadth, or arc of the ruaridian 
intercepted between the polar circle 
and the pole 23t degrees; that is, 
A D = 23t degrees, supposing A B 
to represent the polar circle. 

By Rule I. 
As 1 (= tabular radius): 39i8t (= radius of the earth) 

::OS29399 (= tabular versed sine of 23t degrees): 
330'0074946, the versed sine, or height of the segmellt. 

Then ·.j2:C:1i It, = (3 d-2 It) = '5236 X 330'0014946' 
X 23213'2350108 = 1323G7!Ji10, the solid content. 

By Rule II. 
As 1 : 3978t ::,l\IS1491 (= the tabular sine of 23t 

de~rees) : 1586·5i:l8:l.'l:lG, the radius of the base. 
Then '5236 It X (3 T' + It') = '5236 X 330'0014946 

X 7660544'936 = 132368029969, the wlidity. 
2. Let A B D 0 he the segment of the sphere, whose 

solidity is required. 'l'he diameter A B of the base is 16 
inches, and the height 0 D 4 inches. 

A'Ils. 435'6352 (!nbic inches. 
3. Required the solidity of the segment of a sphere, whose 

diameter is 20 feet, and the height of the segment 5 feet? 
Ans. 654'5 feet. 

PROBLEM XV. 

To find the solidity of the jTu.stum or zone of a sphere. 

RULE. 

I. To the sum of the squares of the radii of the two 
ends, add t of the square of their distance, or of the height 
'.If the zOlle; this Sum mnltiplied by the height of the 
'tone, and the product again by 1'5708, will be the solidity, 
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II. For the middle zone of a sphere. To the ~ql1are of 
the diameter of the end add two-thirds of the square of' the 
height; multiply this sum by the Leight, and theu Loy 'j::;:,-1, 
the last result will be the solidity. 

Or, From the square of the diameter of the ~p],pr~, .1.,
duct one-third of the square of the height of the middle ZOl"': 

multiply the remainder by the height, aud tllen Ly 'i~: j, 
the last result will be the solidity." 

1. Required the solidity of the 
frustum of a sphere, the diameter 
of w hose greater end is 4 feet, the 
diameter of the less end 3 feet, and 
the height 2t feet? 

(2' + 1'5' + t X 2'5') X 1'5708 
X ~5 = 8! X 39:21 = 3:2 1:25,the 
solidity of the frustum. 

2. What is the solidit.y of the temperate zone, its bre~dth 
being 43 degress, the radius of the till' lleing 1586'57282526, 
alld the radius of the base :;tJ4~ 86750538, and height 
~Oli:2 2655 ? 

(3li41l1l6750538· + 1586'57:!,<';:?,-,:?lj' + ! X 2062'2655') 
X :!Oti:2'2655 X l'5iUIl = 1 i :.!-1~11 ;)tj X 2002'2955 X 1'5708 
= 558177,8668, the solidity of eacL temperate zOlle. 

3. Required the solidity of tLe torrid zone, which extends 
23t degrees on each side of thp equator, the diameter being 
7957f miles, and the height 317314565052? 

(795775 2 - t X 3173'14505052') X 3173'14565052 X 
'7854 = 149455081137, the answer. 

4. What is the solidity of the middle zone of a sphere, 
whose top and bottom diameters are each 3 inche~. and 
height -1 inches? Ans. 61 it;4'l, 

5. What is the solid content of a zone, who~e grentpr 
diameter is 20 feet, less diameter 15 ft!et, and the hl'i!!:ht 
10 feet? Ans. lti9'o8 . 

• See Arpendlx, Demonstration 76. 
6 
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6. How many solid feet in a zone, whose greater diameter 

is 12 feet, and less diameter 10; the height being 2 ? 
Ans. 195'8264. 

PROBLE.\! XVI. 

To find the solidity of a circular spindle. 

ReLF.. Find the distance of the chord of the generating 

circular segment from the centre of the circle, and also the 

arra of the segment. 
Then, from one-third of the cnbe of half the length of the 

Rpindle or half chord of the segment, subtract the product 

of the central distance, and half the area of the segment; 

the remainder multiplied by 12'5664, will give the solidity.* 

1. Let the axis A C of 
a circular spindle be 40 V B 

inches, and its greater di- "" <{}i,~y~~-y--ro--"""'''''''\ 
ameter B L 30 inches; what _ 
is its solidity? A Ie 

20' --:- 15 = 26~-, then f F I 

26~+15=4q.thedia- I'" '. /, 
meter of the cird~. Again, I '-, S / I 

\ ........... ,..,."" I 

4~1-3,~O. '.1\, --IL---~ ;,/ ~ ;:. [i~, the central 

~~~. , / 
NolV 15--:-41~ ='36, the ", ,// 

area segment corresponding - ______ ~ 

to which is '254550, which 'r 

mnltiplied by the sqnare of 41!, produces 441'92708 the 

area of the generating segment A B a, the half of which is 
2~1)·~lti354. 

Lastly! (203
--:- 3)-I;,t X 220'96354)=1377'71268, and 

t.hlS lllultiplied. by 12'5664 produces 17312'88862 cubic inches 
the solidity required. ' 

... See Appendix, Demonstration 77. 
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2. The axis of a circular spindle is 48, and the middle 
diameter 36; required the solidity of the Rpindle ? 

Ans. 29916'6714. 

PROBLE~1 XYII. 

To find the solidity of tlie middle frustum of a circular 
spindle. 

RULE. 

r. Find the distance of the centre of the middle frustum 
from the centre of the circle. 

II. l'ind the area of a segment of a circle, the chord of 
which is equal to the length of the frustum, and height half 
the difference between its greatest and least diameters; to 
which add the rectallgle of the length of the frustum and 
half its least diameter; the result will be the generating 
surface. 

III. From the square of the radius subtract the square of 
the central distance, the square root of the remainder will 
Ili ve half the length of the spindle. 

IV. From the square of half the length of the spindle 
take one-third of the square of half the length of the middle 
frustum, and multiply the remainder by the said half length. 

Y. ~lultjply the central ,Ii.·tam·(' hy the generating Rurface, 
and subtract this l'rotlild from the preceding; the remainder, 
multiply by 6'::!83:!, will give the ,olidity.* 

1 Required thp solirlity of the middle fru.'tllm of a circular 
8pindle, the length D E belllQ" 40, the greater diameter Q F 
3:.l, and the least diameter P ~ :14 ? 

First :10' -:- 4 = 100, and 100 + 4 = 104, the diameter 
of the circle. 

Ai!"ain, 52 - 16 == 36, the central distance. Also, t (32 
- 24) = 4, and 4 -:- 104 =03:-i,"a, the area segment cor-

• 800 Appendix, Demonstration 78. 
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responding to which is '009940, which, multiplied by the 
square of 104, prod'H.:es 101'51104, the area of P L Qj and 
4U X l2 = 480 the area of the rectangle P DEL. 

Hence 101'51104 + 480 = 587'51104, the area of the 
generating surface P D L E. 
~ ext,..) (52' - 36') = ,..) (1408) = 8 ,..) (22) = B 0 

half the length of the spindle j 
400 

And (1408 - - X 20 = 25493,. 
3 

Then 36 + 587'51104 = 21150'39744, and 
(25493t - 21150'39144) X 6'2832 = 27287'5347, the 

requil'ed solidity. 
2. What is the solidity of the middle frustum P S R L of 

a circular spindle, whose mid.dle diameter F Q is 36, the 
diameter P S of the end 16, aud its length D E 40? 

Ans. 29257'2904. 

PR013LE~f XVIII. 

To find tlte solidity of a spltertJid. 

nnE. :\fllltiply the ~qllare of the revolving axis hy the 
fixed axis, and this product again by ::,236 for the solidity.* 

1. What is the solidity of a prolate C 
~pheroid whose longer axis A 13 is 55 Effi-- F 
iuches, and shorter axis C D 33 ? 4. 0 B 

Here 33' X 55 X -5236 = 31361'022 
cubic inches, the answer. D -

¥ .. What is the solidit.y of an oblate spheroid, whose longer
aXIs IS 100 feet, and shorter axis 6 ? 

Ans. 31416 cubic feet.-
3. What is the solidity of a prolate spheroid, whose axes-

are 40 and 50? Ans. -t1888. 
4. What is the solidity of an oblate spheroid, whose axes 

are 20 and 10? Ans. 2094'4 . 

• s..e AI'pendix, DeDloD.tra(JoD 79. 
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PROBLE.\! XIX. 

To .find 1M. solidity of the segment of a spheroid, the bnse 
of the segment being parallel. to tM. TI!'colcing axis of tile 
spheroid. 

CASE I. 

r,(;LE. From three times the fixed axis, deduct twice the 
ll~ight of the segment, multiply the relliaiudt:r uy the square 
of the height, alld that product by '5236. 

Then say, liS the square of the fixed axis is to the sqU:lre 
of the revoh'iug axis, so is thc product f'ouud above to tIle 
solidity of the spheroidal segmeut." 

1. What is the content of the segment of a prolate 
spherolu, the height 0 C beill:; 5, tht: fixed axis 50, alld 
the revolving axis 30 ?-See la~t figure. 

50 X 3-5 X :2 = 150-10" 140; then 
140 X 5' = 3500, 3ud 3.)00 X5~0ll = 1832'6; then 
:!,j : U :: 1:-;02'6 : 11.-,\:1,:)1;, the auswer. 

c.\~r: H. 

TYhcn the base is cllipliwl, or prrpendicula r to the rn'oh-illg 
aXIs. 

TIr-LF.. From three times the re"olving nxi" tnke douhle 
the llei~ht; multiply that ddI'erelice by the square of the 
hcig-ht, and tht: product again by ·5:l36. 

Then as tbe revoh'jllg 3X:S to the fixed axis, so is the 
last product to tbe conteut. t 

2. What is the content of the segment J.~ 

0' "'p"'''i~, wh~ '"d "xi, i, 50, re· tIJ 
voll'lng- aXIs ,,0, and hClght 6? E--"-] .... -,'. F 

30 X 3 - 2 X f) = 90 - 1 J = 78; 
Then 78 X 6z = 2H08j and 2808 X ·5236 A B 

= 14.02688: 
Then 30 : 50 :: 14702688 : 2450'H8, 

the answer. C 

.. See A ppel,d,x, Dt'mnn~tratlon FO. 
t s... AI'I"'udu., Dc"",~.traLWI1 &1. 
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3. In a prolate spheroid, the transverse or fixed aX18 18 

100, the conjugate or revolving axis is 60, and the height of 
the segment, whose base is parallel to the revolving axis is 
10 j required the solidity? 

Am. 5277'888. 

4. If the axis of a prolate spheroid be 10 ILnd 6, required 
the content of the segment, whose height is 1, its base being 
parallel to the revolving axis? Ans. 6'277888, 

PROBLEM XX. 

To find the solidity of the middle ZO'M of a .'pheroid, the di· 
ameter of the ends being perpendicular to the fixed axis, the 
middle diameter, and that of either end being given, together 
with the length of the ZO'M. 

RULE. To twice the square of the middle diameter, add 
the square of the diameter of the end j multiply the sum by 
the length of the zone, and the product again by '2618 for 
the solidity. * 

1. What is the solidity of the C 
middle zone of an oblate spheroid, H.-·F: . 
the middle diameter being 100, the It 
diameter of the end 80, and the 
length 36? 

100' X 2 + 80. == 26400; then A 
26400 X 36 = 950400, and 950400 

k 
~, 
o~B 
J y X '2618 =.:.248814'12 the answer. 

L',,-, E..,...--I 
2. What is the solidity of tlle . D 

middle frustum of a spheroid, the greater diamete~ being 30 
the diameter of the end 18, and the length 40 ? ' 

Am. 22242'.528. 
-------------- .. ---_._._--_ .. _-

• See Appendix. Demonstration 82. 
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PROBLEM XXI. 

To find the solidity of a parabolic conoid. 

RULE. Multiply thc square of the diameter of its base by 
'3927, and that product by the height; the last product will 
be the solidity. * 

l. What is the solidity of the parabolic 
cOlloid, whose height j, 10 fel'!, and the 
diameter of its iJa,;e 10 feet? 

10' X ',,\J:17 = 3\J':n; then ,,~I:lj X 
10 = ::l\I2', , the solidity required. 

:!. Wh~t is the solidity of a paraholic 
cOlloid, whose height is :;0, :Llld the dia-

c 

meter of it, base 40 ¥ A B 

3. What is the contcnt of the pal'abolic conoid, whose 
altitude is 40, and the diameter of its base 12 ? 

Ans. 2:261'952. 

4. Required the solidity of a parabolic conoid, whose 
height is 30, and the diameter of its base 8 ? 

Ans. 753'984. 

PROBLB~I XXII. 

To fi.nd the solidity of the frllstllill of a parabolic conoid. 

r~rLf;. Multiply the sum of the squares of the diameters 
of the two ends by the height, and that product by '3927; 
thc last product will be the soliJity.t 

• See Appendix, Demonstration 83. 
t See Appendix, Demonstration 8.1. 



104 lIENStJ'RATION OF SOLIDS. 

1. The greater diameter of the 
frustum is 10, and the less diameter 
5; what is the solidity, the length 
being 12? C~D 

A~B 109 = 100 
5" = 25 

125. Then 125 X 12 = 1500, and 
1500 X ·3927 = 589'05, the solidity. 

2. The greater diameter of the frustum of a parabolic 
cono:d is 20, the less 10, and the height 12; whMt is the 
solidity? Ans. 2357'4. 

3. The greater diameter of the frustum of a parabolic 
c<?noid is 30, the less 10, and the height 50; required t.he 
solidity? Ans. 19635. 

4. The greater diameter of the frustum of a parabolic 
conoid is 15, the less 12, and the height 8; required the 
solidity? Ans. 1159·8408. 

P~OBLEM XXIII. 

To find the solidity of a parabolic "spindle. 

RULE. Multiply the sqnare of the middle diameter by 
·7854, and that prodnct by the length; then T\ of this 
product will be the solidity." . 

1. The middle diameter C D, of C 
a parabolic spindle is 10 feet, and ~ 
the length A B is 40; reqnired its A ~B 
wM~? D 

10' X ·7854 X 40 = 3141·6 feet. 
Then II X 3141·6 = 1675·52 feet, the answer . 

• See Appendlz, DeIllO'lStratiOD &. 



~IE:\SCRATIO:\ OF SOLIDS. 1(j5 

2. The middle diameter C D, of a pard.bulie il~Ul.:tl is l:.l 
feet, and the length .A. B is 30; re<p.ir<:d the bO!ldl'.f r 

Ans. IS{Jf,·5616. 

3. The middle diameter cr J. parabolic spindle is 3 feet, 
and the length 9 feet; requi,lJ its solidity? 

Ans. 33'92928. 

4. The middle diameter of a parabolic spindle is 6 feeli. 
and the length 10; required its sOlidity? 

Ans. 150'7968. 

5. The middle diameter of a parabolic spindle is 30 feet, 
and the length 50; required its solidity? 

Ans. 18849'6. 

PROBLE:'I XXIV. 

To find the solidity of the middle frustum of a parabolic 
spindle. 

RoLE. To double the square of the middle diameter, add 
the square of the diameter of the end; and from the sum 
subtract /. of the square of the difference between these 
diameters; the remainder multi~lied by the length, and that 
product by '261S, will be the solidity." 

1. In a parabolic spindle, the 
middle diameter of the middle frus
tum is 16, the least diameter 12, 
and the length 20; required the 
solidity of the frustum? Aijll" 

Here 2 X 16' + 12' - _4_ X t' = 512 + 144 - 6'4 = 
649'6; hence 649'6 - 20 X "2618 = 3401'3056, the solidity 

• See Appendix, DemoDltration 86. 

5* 
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~. The buug diameter of a cask is 30 inches, the head 
uiameter 20 inches, and the length 40 inches; required its 
content in ale gallons, allowing 282 cubic inches to be equal 
to one gallon? Ans. 80'211 gallons. 

3. The bung diameter of a cask is 40 inches, the bead 
diameter 30 inches, and the length 60; how many wine gal
lOlls does it contain, 231 cubic inches being eqnal to one 
gallon? Ans. 276'08 gallons. 

PROBLEM: XXV. 

To find the solidity of a hyperbolic conoid. 

RULE. To double the hei.~ht of the solid add three times 
the transverse axis, mnltiply the sum by the square of the 
radius of the base, and that product by the height, and this 
Ia~t product by '5236; the result di
vided by the sum of the height and 
transverse axis, will give the solidity.* 

1. Required the solidity of a hyper
bolic . conoid, whose height Y m is 50, 
the dLameter A B 103'923048, and the 
transverse axis V E 100? A B 

Here (2 X 50 + 3 X 100) X (103
0

923048)2 = 400 X 2700= 
2 

1080000 0 and 1080000 X 50 X '5236=188496 th l"d"t 
, 150 ' e so I I y. 

2. What is the content of an hyperboloid whose altitude 
is 10, the radius of its base 12, and the tran~verse 30 ? 

Anso 2073 0 451151369 . 

... See Appendix, Demonstration 87. 
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PROBLEM XXVI. 

7~, find the solidity of the frustum of a hyperboloid, or 
hyperbolic conoid. 

l{ULE. ']'0 four times the square of the middle diameter, 
add the sum of the squares of the greatest a,nd least diame
tl'r,;; multiply the result by the altitude, and that prodnct by 
'1 :~O~I for the solidity', * 

1. Required the solidity of the 
frustum ACE H D B of a hyper
bolic cOlloid, whose greatest diame
ter A B is 96, least diameter E H :;4, 
middle diameter C D 764~64352, 
all,l tlle altitude 1It 'II. :,!C) ? . 

Here 4 CD' + A I:' + E H' = 
(5SH X 4) + U~li) + ~!116 = 
35-196, and 3,'j496 X :25 X '1309 = 
116160'(j6 the answer. 

" [' 

2. What i~ the .,()liltity of a hyperboloidal cask, its bung 
diameter being :i:l incliPR, its head diameter 24, and the 
diamder in the middle between the bung and head ~ ,J 310, 
and its length 40 inches? 

Ans. 24998'69994216 inches. 

PRODLE:JI XXVII. 

To find the solidity of a fmstum of an elliptical spindle, 
&r any other solid formed by the revolution of a come 
.~ection about an axis. 

:ll·LE. Add together the sqnares of the greatest and least 
diameters, and the square of double the diameter in the 

• See Appendix, Demonstration SQ. 
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middle between the two; multiply the sum by the length, 
and the last product by ·1309 for the solidity. * 

1. What is the content of the middle frustum C D I H of 
~ny spindle, the length 0 P being 40, the greatest, or middle 

F 

A~-4~~---r----- B 

diameter E F 32, the least, or diameter at either end C D 24, 
and the diameter G K 30-157568? 

Here 32' + (2 X 30-157568)' + 24' = 5237·89 snm; 
Then 523789 X 40 = 209515·6, and 
209515·6 X ·1309 = 27425·7 the answer. 

2. What is the content of the segment of any spindle, the 
length being 20, the greatest diameter 10, the least diameter at 
either end 5, and the diameter in the middle between these 8 ? 

Ans. 997·458. 

PROBLE:\1 XXVIII. 
To find the solidity of a circular ring. 

RULE. To the thickness of the ring add the inner diame
ter; multiply the sum by the square of the thickness, and 
the product by 2.4674, for the ~olidity_t 

1. The thickness of a cylindrical 
ring is 2 inches, and the diameter 
CD 5 inches; required its solidity? 

(2 + 5) X 4 = 28; then 28 X 
2·4674 = 69·0872 cubic inches, A B 
the answer. 

2. Required the solidity of an 
iron ring whose axis forms the cir-

• Sea Appendix, Dernonstration 89. 
t See Appendix, Demonstration 90.. 
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cnmference of a circle j the diameter of a Rection of the ring 
2 inches, and the inner diameter, from side to side, 18 inches? 

Ans. 197-3925 cubic inches. 

3. The thickness of a cylindrical ring is 7 inches, and the 
inner diameter 20 inches j required its solidity? 

Alls. 3264-3702_ 

4. What iR the solidity of a circular ring, whose thickness 
is 2 inches, and its diameter 12 inches? 

Am. 138-17 H cubic inches. 
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THE FIVE REGULAR BODIES. 

SECTION V. 

DEFINITIONS. 

A regular body is a solid contained under a certa.in number 
of Rimilar and eqnal plane figures. 

Only five regular bodies can possibly be formed. Because 
it is proved iu Solid Geometry that only three kinds of equi
lateral and equi-angular plane figures joined together can 
make a solid angle. 

1. The tetmedron, or equi-lateral 
pyramid, is a solid having four trian
gular faces. * 

2. The hexaedron, or cube, is a 
solid having six square faces. 

3. The odatdron is a re
gular solid having eight tri
angular faces . 

.. If figure. similar to those annexed to the definitions bo drawn on pasteboard rtf cut out, by cutting through the bounding lines:, an'd if the other lines be cut 
~ed ~W't:r::::!e~eD the part. be turned up and glued together, the bodi •• do. 



THE REGULAR BODIES. lli 

4. The dodecaedron has twelve pentagonal faces. 

5. The Uosaedron has twenty triangular faces. 

PIW13LE~I I. 
To find the solidity of a tetraedron. 

RULE 1. Multiply,'" of the cube of the lineal side by the 
Iuare root of 2, and till' product will he the solidity. 
Rn,; II. ;,[ultiply the cube of the length of a side of the 

ody hy the tabular soliditY,and tLe product will be the solidity 
r the body. * This rule is general for all the regular bodies. 

1. If the side of each face of a 
,traedron be 1; required its soli
ity? 

Here h X 13 X ,..j 2 = i. X 
l:l = '117::)5113, the solidity. 

2. The side of a tetraedron is 

c 

:2 j what is its solidity? 'D 

Ans.203·6467. A ~= ____ -"D 

• See Appendix, Demonstration 01. 
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PROBLEM II. 

To find tlu solidity of a hexaedron, or a cube. 

RULE. Cube the side for its solidity.* 
1. If the linear side of a hexaedron be 3, what is its 

contcnt? Ans. 3 X 3 X 3 = 27. 

PROBLEM III. 

To find tlu solidity of an octaedron. 

RULE. Multiply the cube of the side by the square root 
of 2, and t of the product will be the content·t 

1. What is the solidity of an octaedroo, when the linear 
side is 1 ? 

D 

13 X -J 2 X t = t -J 2 = F~--++""" 
·4714045. 

2. What is the solidity of the 
octaedron, whose linear side is 2 ? 

Ans. 3·7712. 

PROBLEM IV. 

To find the solidity of a dodecaedron. 

RULE. To 21 times the square root of 5 add 47, and 
d.ivide the sum by 40; multip~y the root of the quotient by 5 
times the cube of the iloeal side, and the product will be the 
solidity·t 

• See Appendix, Demon~tr8tion 64. 
t See Appendix, Demonstration ~. 
I See Appendix, Demonstration 93. 
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1. If the lineal side or the dodecaedron be 1, what is its 
lidity? 

H .A. 1 tl 5 A' 
I 47 X 21 "j 5 

ere =, consequen y '" 40 

66311896, the content. 

2. The side of a regular dodecaedron is 12 inches; how 
Illy cubic inches dOlls it contain ? 

Ans. 13241·8694592. 

PROBLEM V. 

To find the solidity of an icosaM,ron. 

RULE. To 7 add three times the square root of 5, take 
If the sum, multiply the square root of this balf sum by 
of the cube of the lineal side, and the prodnct will be 
uolidity.* 

• See .Appeudls, DeIllOllltnUOII G4. 
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B 

l. What is the solidity of an icosaedron, whose lineal side 
is 1 ? 

Let the side be denoted by A. Then A = 1, and con· 
sequently 
1. A' I 7 + 3 J 5 
6 '" 2 

t J 7 + 3 J 5 = 2'18169499, 
2 

the content. 
2. What is the solidity of an icosaedron, whose lineal side 

is 12 feet? Ans. 3769'9689 feet. 

Note. The follOWing table may be- collected from the examples given in the 
foregoing rules each of which has heen demonstrated under its partIcular hea~. 
It has also been demonstrated that the cubE' (If the lineal siJe of any regulauohd 
multipli~d by ~he tabular numher corre,;ponding to the figure, will g.hre its ~on. 
tent. It lS psrucularly recommended to the pupil to employ the. general rule,gn'en 
in Problem I. wh~never the content of any of the five regular bodies is required. 

TABLE III. 

Showing the solidity of the five regular bodies, the length 
of a side in each being 1. 

~o. of Names. Solidity. sides. 

4 Tetraedron .. , '1178511 
6 Hexaedron ... 1'0000000 
8 Octaedron ... '4714045 

20 Icosaedron 
'" 2'1816950 

12 Dodecaedron ... 7-6631189 

'-. '-
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PROBLEM VI. 

To jind the surface* of a tetraedron. 

RULE I. Multiply the square of the linear side by the 
quare root of 3, and the product will be the whole surface.t 

RULE II. Multiply the square of the leugth of a side of the 
,ody, by the tubular area corresponding to the figure, and the 
Iroduct will be the surface of the body. This is a general 
ule for finding the surfaces of the regular bodies. 

1. If the side of a tetraedron be 1, what is its surface? 

Here, 12 X ,J 3 = ,J 3 = 1'7320508 = the whole 
urface. 

2. The side of the tetraedrou is 12; what is its surface I 

Ans. 240'4153152. 

PROBLEM VII. 

To jind the surface of a hexaedron, or cube. 

RULE. Square the side and multiply it by 6, and the product 
lill be the surface.! 

1. If the side be 1, what is the surface of a hexaedrou ? 
12 X 6 = 6 the whole surface. 

,) If the side be 4, what is the surface of a hexaedroll? 
AilS. 96 . 

• Though t1le next section treats exclusi\'~ly of the surfaces of solid'l,. and W(lul,l 
lerefore Ileem to be the p,ol,er place for this problem and the foUow.ng (lnh III 
Ill> 5eetion. yet.it baa ~e~D. thought more cOn\'enicnt t~ place to~ethcr the rule!> 
Jtb for finding thp ~olldltle., onll surfaces of tho"E'. CIII iOUS bodieS. 

t :-:e·· Al'penchx, lJemonlltr8tion ~J.). 
t Sec Al'p~ndh, Demonstration !IU. 
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PROBLEM VIII. 

To find the surface of an octaedron. 

RULE. Multiply the square of the side by the square root 
of 3, and double the product will be the surface. * 

1. If the side of an octaedron be 1, what is its surface? 

2 X 12 J 3 = 2 J 3 = 3·Hi41016 = the whole surface. 

2. If the side of an octaedron be 12, what is its super-
ficies? Ans. 498·8306304. 

3. If the side of an octaedron be 4, what is its surface? 
Ans. 55·4256256. 

PROBLEilI IX. 

To find tke superficies of a dodecaedron. 

RGLE. To 1 add i of the root of 5; multiply the root ot 
the sum by 15 times the square of the lineal side, and the 
product will be the surface.t 

1. If the lineal side be 1, what is the surface of a regular 
dodecaedron ? 

Here 12 X 15J(1 + !,..j5) = 15J(1 + l,..j 5)= 
20·645728807, the surface. 

2. What is the surface of a dodecaedroD, whose lineal side 
is 2 ? Ans. 82·58292 . 

• See Arrendix, Demonstration 97. 
t See AVI",ndix, Demonstration 98. 
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PROBLK\I X. 

To find the superficies of an icosaedron. 

RCLE Multiply five times the square of the lineal side by 
the square root of 3, and the product will be the surface. * 

1. The side of an icosaedron is 1, what is its surface? 

5 X 12 X ,.j 3 = 5 ,.j 3 = 8'66025403. 

2. What is the surface of an icosaedron whose side is 2 ? 
Ans. 34·04l. 

3. What is the surface of an icosaedron whose side is 3 ? 
Ans. n·9423. 

Not~ In finding the superficial content of the regular hodies, it is particulally 
rec'.mmelld~d tu employ Ihe ~cner8J ,'ule gl\-en In PrnLJlpm VI, in practice in 
JlleJcI~nce to any other The p.u"ticnlar rlJlc~ given fur each.<;,oIJC.1 are iutrotluceti 
1lltrely to tilld toe tabular numlh:~r:j by wu.ich tile vupil is to work. 

From the examples given in the preceding Tules, ill which the lim'al iide of 
each. regular aiolid is 1. tile following tabular numl.leu may be collected. 

TABLE IV. 

Showing the surfaces of the five regular bodies, when tile 
linear side is 1. 

Numher I 
(If &.Ides. , 

Name •. Surface. 

'-41 Tetraedron 1'7320508 
6 Hexuedron 6'0000000 
8 Oct:1~dron 3'4641016 

13 Dodecuedron 206451288 
20 Icosaedron 8'6602540 

• See Appendb, Demonstration 90. 
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SURFACES OF SOLIDS. 

SECTION VI. 

PROBLEM I. 

To find tire slbrface of a prism. 

RULE. Multiply the perimeter of the end of the solid by 
its length, to the.product add the area of the two ends, and 
the sum will be the surface.* 

C D 

• See Appendix: Demonstration 100. 
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1. If the side H I of the pentagon be 15 feet, and height 
I D 10, what is its surface? 

25 X 5 = 125, the perimeter; 
Then 125 X 10 = 1~50 = the upright surface; 

25' X 1',20477 = 101.j·298l:l5 = the area of one end; 
And 1075'298125 X 2 = 2150'596250 == the area of both 

ends. 

Then 2150'5196250 + 1250 = 3400;,%2.5 = the entire 
surface; 

2. If the side of a cubical piece of timber be 3 feet 6 
inches, what is the upright surface and whole superficial 
content? . 

A ~ 49 feet upright surface. 
ns. i 73 feet 6 in. whole superficial content. 

3. If a stone in the form of a parallelopipedon be 12 feet 
9 inches loug, 2 feet 3 inches deep, and 4 feet 8 inches broad, 
what is the upright surface and whole superficial coutent ? 

5 lili feet 4 in. Ii ~ec. upright surface. 
Ans. {I ~l, feet 4 in. Ii sec. whole sup. content. 

PROELE~i II. 

To find tlte surface of a pyramid. 

RULE. ~iultiply the ~lant hcil!,'ht by half the eirt'l1l1l
ference of the k,,(', ano the product will be the surface of 
the sides, to which add the area of the base for the whole 
surface* 

NOlt. The dant height of R rrramid i<: th(' 1't'rJ,('noliclIlllr 'li!'f~n.('p from. the 
vertex to the OlidJlc of (Inc of I h,~ Hdes. 81lrl tbe J'PI 1'l'Il.lll' ular llt:lgll t IS a sh-alght 
Hne drawn from the vertex til !~IP middle ufthe 1'<iJ!e 

, See AJVlendb:. Demonstration 101. 
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c 

1. The slant height of a trianglllar pyramid is 10 feet, ant 
each side of the base is 1 j what is its surface? 

Half circumference == 1 
lSlant height - 0 

Upright Rnrfllce 
Ar~a of the base 

!i:: 15 
= '433013 

The entire lInrfaee == 15'433018 
2. The perpendicular height of it, heptagonal pyt1'tnia, 

13'5 feet, and each side of the base 15 inaheR; required it 
surface. Ans. 65'0128 feet. 

PROBLE:\1: III. 
To find the sluface of a cont. 

RULE. ':\[ultiply the slant beight by half the circnmferenc 
of the base, and the product, with the area of the base, wi 
be the whole surface. * 

4.., .... 
J 

·1 

.. see Appendix. DemonltratioD 102. 



SURFACES OP SOLIDS. 1~1 

1. What is the surface of a cone whose side is 20, and the 
circumference of its base 9 ? 

Here 20 X ! = 90 = the convex surface. 
9' X 'OJ 958 = 6"44598 = the area of the base. 

Then 90 + 6'44598 = 96'44598 = the whole surface. 

2. The perpendicular height of a cone is 10'5 feet, alld 
the circumference of its base is 9 feet: what is its super-
fici~s? An •. ,)4,1336 feet. 

PROBLE~1 IV. 
-To find the superficies of the frustum of a right, regular 

pyramid. 

RULE. Add the perimeters of the two ends together, alld 
multiply half the sum by the slant height, the product wtll 
be tile urri~ht surface; to whieh add the areas of both ends, 
aud the SUIll will be tl;e whole surface.· 

1. 'Vhat is the superfieies of the fl'ustnm of a 
8ljl1'He pyramid, each side of the g:reat"r base 
A B I.pi,,~ 10 inches, alld each side of the le'~ 
base CD -i inches, and slant Ilei.l!ht 20 inehes ? 
Here 10 X -i = 40 the perimeter of the greater 

base. 
And 4 X 4 = 16 the perimeter of the less end. 

811m 56, the half of which is 2,. 

C~\ 
~J~ 

A F B 

Then 28 X 20 = 5flO = tile IIpr:g:ht snrfare. 
10 X 10 = 100 = the area of tl,p ;,!reater \"1-1'. 

4 X 4 = 16 = the area of the I",s end. 
Hence 560 + 100 + 16 = Gi6 = the whole snrface. 

2. 'Vhat is the superficies of the frustum of an octa:!oll"d 
pVI'arnid, elt·;h side of the grater hase bein.!.(" 9 inchp~ ... :teh 
~,d~ of the less base is 5 inches, and the helg-ht 10'.,) fpet ? 

Ans. 52 59 f .. ,-t 

• See Appendix~ DemoDstration 103, 

6 
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PROBLEM V. 

To find the .mperficies of the frustum of a cone. 

RULE. Add the perimeters of both ends together, and mul· 
tiply half the sum by the slant hei~ht, to which add the areas 
of both ends, for the whole 8uperficies.* 

1. If the diameters of the two ends C D and A Bare 7 
and 3, and the slant hei.'.\·llt D 13 9, what is the whole snrface 
of the frustum A 13 CD: 

7 + 3 -- X 3·1416 X 9 = 141·372, the convex surface. 
2 

7 X 7 X ·7854 = 38·4846, the area of the base C D. 

3 X 3 X ·7S54 = 7·0686, the area of the end A B. 

Then 141·372 + 45·5532 = 186·9252 = the who!! 
~urface of the frustum. 

2. \Vhat is the superficies of the frustum of a cone, whosl 
greater diameter is 18 inches, and less diameter 9 inches 
and the slant height 171'0592 inches? 

Ans. 7572·981. 

• See Appendix, Demonstration 104. 
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PROBLK\1 'iT 

To find the superficies of a wedge. 

RULE. Find the area of the hac:k, which is a right-angled 
parallelogram; fiud the areas of both rill!,;, which are tri
:IIJ~'les; and also of both ,ides, which are trapezoids; all 
these areas added together will evideutly ]Je the w hull' 
ourface. * 

1. The back of a wedg-e is 10 inches 
lon.c;, ami :2 inches broad, each uf its 
faces is 10 incl"" from the (·dc;l· to the 
back j required its whole slll!'aL:(" ? 

10 X :2 = :2u = the aI''''' vI' the hack. 
10 X 10 X :2 = :21111 the arc:as of both 

fac:cs. 
,J ( .A. Eo - E/') = ,J ·100 - 1) = 

9'1I4~' = A J'; tlll'lJ 
9'949 X 2 = 19'~~'" = areas of hoth 

cuds. 

B 

·1 

i1 
I, 

Hence :l00 + :2U + 1 ~"8~9 = ~:}9'S9S 
fa<:c of the wedge. 

= the whole snr-

:2. The back of a wcLi~c is ~o inches long, and 2 inches 
hroad; each of its fa(,(,s is 10 ilJches from tlit" back to the 
edge; what is its whole surfaL:e? Ans. 4:)~'~D". 

PROBLE.:\1 Y II. 

To find the area of the frnstum of a u-edge 

RnE. Find the areas of the back and top sections; of 
the til''' [aces; and of the two ends; the sums of all till' 
"'parat\" results will evidently be the whole surface . 

• See Appendix, Demollstration 105. 
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1. The length and breadth of the A D 
back are 10 and 2 inches, the length 1!ll~.I1!~ 
and breadth of the upper section are B C 
10 and 1 inches, the length of the 
edge from the back to the upper sec-
tion is 10 inches; required tile whole 
surface? F 
lOX 2 = 20 = the area of the back. , •• ,' 
10 X 1 = 10 = the area of the upper Fifi 

section. G 
10 X 10 X 2 = 200 = the areas of both faces. 

2 -1 B -2 = t = '5, and -J (100 - '25) = 9'98 = y. 

Then (2 + 1) X 9'98 = 29'94 = areas of both ends. 
Hence 20 + 10 + 200 + 29'94 = 259'94 inches, the answer. 

2, The length and breadth of the back are 10 and 4, the 
length and breadth of the upper section are 5 and 2, aDd 
the length of each of the faces is 20; required the wholE 
superfices? Ans. 410'78. 

PROBLEM VIII. 

To find the surface of a globe or spM.re. 

RULE. Multiply the diameter of the Rphere by its circuD 
fereuce, aDd tile product will be its convex surface." 

1. What is the surface of a globe, whose diameter is 2 
'Dches? 

24 X 3'1416 = 75'3984, the circumference: 
75'3984 X 24 = 1809'5616 inches, the answer. 

2, What is the surface of the earth, its diameter. beir 
~957l, and the circumference 250qO miles? 

Ans, 198943750 square miles. 

t See AppeodiK, Demon.lraUon 107, 
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PROBLEM IX. 

To fi1Ul the CO'It'l:e:t surfau of any segment, or zQne of a 
sphere. 

R~J.E. Multiply the circumference of the whole ~phere by 
the height of the segmeut, or zoue, and the product will be 
the couvex surface.* 

1. If the diameter or the earth be 7970 miles, the height 
of the frigid zoue will be 252·361283 wiles, what is its 
surface? 

Here 79~0 X 3·1416 = the circumference; then 
7910 X 3·1416 X 252·361283 = 6318161·101182216 
miles. 

2. If the diameter of the earth be 7970 miles, the height 
of the temperate zone will be 2143·6235535 mil~'; wklt is 
itll surface? AilS. 536i322V·bl:n3453:l miles. 

3. If the diameter of the earth be 7910 miles, the height 
of the torrid wue will be 311b·030:321 miles; what is its 
surface? Ans. 19513211·600166504 miles. 

Non:. By adding the ;;urraees of hath fdgiJ znne'l anc1 buth temperate 1.one" 
to the ,,,dolce uf the toni.! z.one, the sun} 19955/:l.J9 "\4, is tue SUI face of tlle 
earlh in Iqueue mile:i. 

4. The diameter of a sphere is 3, the height of the seg-
m~lIt 1; what is its convex surface? Ans. 9·4248. 

5. The circumferellee of a spl-.ere is 33, the height of the 
segmeut i~ 4; what is its convex surface? AilS. 132. 

PROBLK\1 X. 
To find tlte mrface of a cylinder. 

RUI.E. Multiply the circumference by the length, and the 
product will be the convex Furfuce; to which add the area 
of the two ends, and the sum will be the surface of the entire 
solid·t 

• See Appen!lix., DemonQtrat.inR lOS. 
t See A1'lt.udi~ DemOll.llraUOD lU9. 
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1. What is the entire surface. of a cylinder, whose length 
is 1 0 feet, and its diameter 5 feet? 

3~1416 
5 

15'7080, then. 15'708 X 10 = 157'08 the convex 
surface. 

5 X 5 X '7854 = the area of the base; then 
2 X 5 -X 5 X '7854 = 50 X '7854 = 39'2700 the area 

of botb bases; then 
157'08 + 39'27 = 196'35, the answer. 

2. Required the superficial content of a cylinder, whose 
diameter is 21'5 inches, and height 16 f-eet. Ans; 95'1 ft. 

3. What is the surface of a cylinder whose diameter is 
20'75 inches, and its length 55 inches? Ans. 29'595 ft. 

PROBLEM XI. 

To find the slbperficies of a circular cylinder. 

RULE. Add the inner diameter to the thickness of the 
ring, multiply the sum by the thickness, and that product by 
9'8696 for the superfices, * 

1. The thickness A C of a cylindrical ring is 2 inches, 
the inner diameter CD 5 inches; required its superficial 
content. 

Here (2 + 5) X 2 = 14; then 14 X 9'8696 = 138.1744 
square in(!hes . 

• See Appendix, Demonatration 110. 
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PROBLEM: XII. 

To find the surface of a partllle1opipcilun. 

RCLE. Find the area of the sides and ends, and their sum 
Nill be tll~ surface. 

1. What is the surface of a parallelopipedon, whose length 
s 10 feet, breadth 4, and depth 2? Ans. 136 feet. 

10 X ·1 = 40 = the area of one face. 
10 X 4 = 40 = the area of its opposite face. 
lOX 2 = 20 = the area of oue face. 
10 X 2 = 20 = the area of its opposite face. 

4 X 2 = :;, = the area of one end. 
4 X 2 = 8 = the area of its opposite end. 

136 = the surface of the whole solid. 

2. The length of a parallelopipedon is 5, breadth 4, and 
icpth 3; what is its surface? Ans. 94. 



SECTIO~ VII. 

DESCRIPTION OF TH~ CARPENTER'S RULE. 

This in~trument is sometimes called the sliding rule, and 
is IIsed in measuring timber and artificer's work~. By it 
dimellsions are taken and contents computed. 

It conHists of two eqnfll pieces of boxwood, each one foot 
10111(, conllected hy a fuidilll( joint. 

Olle face of the rule is divided into inches and half quar
ter~, or elg'llths. 011 the same side or face are several plane 
scales, divld~d by ding-olial lines into twelfths; these are 
chi~tly used ill plulilliug dimcIIsions which are taken in feet 
alld illcht's. The edge of the rule is divided decimally; that 
is, eaeil foot is diviLled into tell eqnal parts, and each of those 
aguiu iuto 10 equal parts. By means of this last scale, 
dlluellsiolls are taken in feet, teliths, anLl hundredths; and 
thell multiplied 8S common decimal Humbers. 

III Clue of these equal pieces there is a slider, on which are 
marked the two letters B, C; on the same face are marked 
the Idters A, D. The sume uumbers serve for both the~e 
two miLldlc liues, the one being above the numbers, and tbe 
other htlow. 

Tllree of these lines, viz., A, B, C, are called double lines, 
as they proceed from 1 to 10 twice over. These three lines 
are eXHctly alike both in division and numbers, Slid are 
numhered from the left hand towards the right, 1, 2, 3, 4, 5, 
6, 7, 8, 9 to I, which stands in the middle; the numbers then 
go on, 2, 3, 4, 5, fi, 7, 8, 9 to 10, which stands at the right
halld elld of the rule. 

'l'he~e four lilies are logarithmic ones· the lower line D, 
is It sillgle Olle, proceeding from 4 to 40: and is called the 
gil't lille, from its use ill fillding; the content of timber. 

Upon it are also marked W G at 17'15, A G at 18'95, 
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and 1 G at IS·S. These are the wine, ale, and imperial 
guag-e poillts. 

Ou this face is a table of the value of a load, or 50 rul".; 
feet, of tiruuer, at all prices from 6 ptuce to 2 shiJliIl"~ p. r 
foot. to 

To ascertain the values of the figllres 011 the rule, wh'el, 
ha\'e 110 determinate value of their 0'.111, IJlJt depPlld "10" 

the value St"t Oil the ullit at the left hand of that part nl II,e 

rule marked 1,2, 3, ~e.; if the lirst ullit he r"II.,oI I. the 
1 in the middle will be 10, the other fig-ul'es tll<Jt foliow 
will be 20, 30, 40, &c., nlld the 10 at the rig-ht-Ilar,,] I' lid 
will be 100. If the left-hHlld nnit ue tHlled 10, the 1 ill 
the middle will be 100, Hud the following fig-nres "ill ),e 200, 
300,400, 500, &(:.; and the 10 at tire ri;!ht hawl "lId 11111 

be 1000. It ti,e 1 at the left-h:Ulrl elld I.e called 100, the 
midrlle I will, he 1000, Hllrl Uue followillg: fii-!lIres will he 2000, 
3000, 4000, &c., and the 10 at the ri)!'Iot halld "dl he 
10,000. Frolll this it "1'1'""rs that ti,e v"I" .. s uf all the 
fignres depelld UpOIl the vallie sd Oil the first ullit. 

'rhe use uf the douhle Jille A, E, is to filld H fOllrth propor
tioual, aud also to tillLl the areas of plalle ligures. 

The use of tue several Jiues described here is best learned 
in practice. 

If the rule he unfolded, and the slider moyen out of the 
grove, the bH('k part of it will be ~een divided like tire ed!>e 
of the rule, all Illeasnrillg- 3 f.'et ill 1t-lIgt.h. 

SOllie rules hHve Oil,er scales und tables delinenterl "POll 
them; ~uch as a tal,le of bUHl'd r"e:t,lJr~, Olle of tiutl ... r 
measure, another for ~howirll!" whllt lellgth fur allY breath 
will IUHke a 'qulll'e foot. TI.ere is Hlso a lill" showiug wuat 
length for any thickuess will wake a solid foot. 



130 

THE USE OF THE SLIDING RULE. 

PROBLEM I. 

To multiply numbers togetlur. 

Set 1 on B to the multiplier on A; then against the mo 
tiplicand on B, stands the product on A. 

1. Multiply 12 and 18 together. 
Set 1 on B to 12 on A; then against 18 on B stands tb 

product 216 on A. 
2. Multiply 36 by 22. 
Set 1 on B, to 36 on A; then as 22 on B goes beyon 

the rule, look for 2'2 on B, and against it on A stands 79'~ 
but as the real multiplier was divided by 10, the prodm 
79'2 must be multiplied by 10, which is effected by takin 
away the decimal point, leaving the product 792. 

PROBLEM II. 

To divide one number by another. 

Set the divisor on A, to 1 on B; then aga.inst the div 
dend on A, stands the quotient on B. 

1.. Divide 11 into 330. 
Set the divisor 11. on A, to 1 on B; then against tb 

dividend 330 on A, stands the quotient 30 on B. 
2. Divide 7680 by 24. 
Set 24 on A, to 1 on B; then because 7680 goes beyon 

the rule on A, look for 768 (the tenth of 7680) on A, an 
against it stands 32 on B; but as the tenth of the dividen 
was taken that the number should faIl within the compass 0 
the scale A, the quotient 32 must be multiplied by 10 whic 
gives 320 for the answer. ' 
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PROBLEM III. 

To square any number. 

Set 1 upon C, to 10 upou D; then if yon call the 10 UpOIl 
D 1, the 1 on the 0 will be 10; if you call the 10 on D, 10, 
then the 1 on 0 will be 100; if you call the lOon D, I lIO, 
then the 1 on 0 will be 1000; this being understood, you 
will observe that against every number on D, stands its 
square on C. 

1. What are the squares of 25, 30, 12, and 20 ? 
Proceeding according to the above directions, 0:25 stands 

against 25, 900 against 30, 144 against 12, 400 against 20. 

PROBLEM IV. 

To extract the square root of a number. 

Set lor 100, &c., on C, to lor 10, &"., on D; then against 
every number fonnd on 0, stands its root Oll D. 

1. What are the square roots of 5:!!I and 1600 ? 
Proceeding according to the above directions, opposite 

529 stands 23; opposite IGOO stands 40, and so on. 

PROBLE~I V. 

To ji1Ul a mean proportional between two I/llIn",:I"'< as 9 
and 25. 

Set the nnmber 9 on C, to the same 9 on D; then al.!;ainst 
25 on 0, stands 15 on D, the required mean proportion;". 

The reason of this may be seen from the proportion, viz., 
9 : 15 :: 15 : 25. 

1. What is the menn proportional between ~~ and 4:10 ? 
Set one number 29 011 C, to the ~allle on D; then against 

the other number 430 on C, stands II:! on D, which is the 
mean proportional, nearly, 
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PROBLEM VI. 

To find a third proportio1lal to two nuthbers, as 21 and 32. 

Set the first number 21, on B, to the the second, 82, on Ai 
tl,en against the second, 32, on B, staude 48'8 on A, which 
is the r~quired third proportional. 

PROBLEM. VII. 

To find c,.f OiJ,rth pr'OporlW'lfial to tkru git'en numbers. 

Set the first term On '8, to the second on A i then against 
the third term on B, stHnds the foorth on A. 

If either of the middle numbel's fall beyond the line, take 
one-tenth part of that number, and increase the fourth num· 
bel' fonnd, ten times. 

1. Find a fourth proportional to 12,28, and 114. 
Set the fir~t term, 12, on H, to the ~econd term, 28, on 

A; then against the third term 114 ou B, stands 266 on A, 
which is the answer. 

TIMBER MEASURE. 

PROBLE~l I. 

To find the superficial content of a board or plank. 

Rt;u:. )fultiply the length by the breadth and the product 
will be the area. • 

!":OTP: '\\'l.~n the plllnk Is brl"lll.lil"r at nne end than at the other add both end. 
together, tlnd takt:: hiilt the sum for a mean bl'sadtb. . 
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lIY THE CAltPEl>TER'S 'rtuu:. 

Set 12 on B, to the breadth in inches on A j then ~g~inst 
the length in feet, on B, will be found the superfices 011 A 
ill feet. 

1. If a board be 12 feet 6 inches long, and 2 feet 3 inches 
broad, how many feet are contained in it? 

12 . 6 12'5 
2 . 3 2'25 

25 . 0 
3 1. 6 

28 . 1 . 6 Ans. 

625 
250 

250 

28.125 Ans. 

BY THE CARPENTER'S RULE. 

As 12 on B: 27 on A:: 12'5 on B: 28'125 on A. 
2. What is the value of a hoard whose lenlCth is 8 feet 6 

inches, and breadth 1 foot 3 inenes, at 5d. per foot? 
Am. 4 ... 5d. 

3. What is the vallie of a bonrd whose length is 12 feet 
!) inches, and breadth 1 foot 3 inches, at 5d. per foot? 

An.y. 65. 7~d. 
4. "'hat is the value of a plank whose breadth at olle pnd 

is 2 feet, alld at the other end 4 feet, at 6d. per foot, tbe 
lellgth being 12 feet ? An.~. I",. 

5. How many square feet in a board, whose breAdth at 
one enrl is 15 inches, and at the other 17 inches the lellgth 
Leing 6 feet? All,. 8. 

6. How many sqll~re feet In II, plank, whose lenl!th is ::0 
feet, and mean breudth 3 feet 3 inches? An.s. u5. 

rttoBL'.£M Jr. 

To find tk .oclid u'ntmt of sqluJ,red or four-sided timber. 

Rt:I.E. Take half the sum of the breadth and depth in the 
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middle (that is, the quarter girt), square this half sum, and 
multiply it by the length for the solid content.* 

BY THE CA.RPENTER'S RULE. 

As 12 on D: length on C:: quarter girt on D : the solid 
content on C. 

1. If a piece of squared timber be 3 feet 9 inches broad, 
2 feet 7 inches deep, and 20 feet long; how many solid feet 
are contained therein? 

3 . 9 
2 . 7 

2) 6. 4 

3 . 2 quarter girt. 
3 . 2 

9 . 6 
6.4 

10 . 0 . 4 square of the quarter girt. 
20 length of the piece. 

200 . 6. 8 solid content. 

BY THE CARPENTER'S RULE. 

As 12 on D : 20 on C :: 38 on D : 200,J- on C. 
2. A squared piece of timber is fifteen i1iches broad, 15 

inches deep, and 18 feet long; Low many feet does it con
tain? 

AilS. 2St feet, which is the accurate content, as the breadth 
and depth are equal. 

3. What is the solid content of a piece of timber whose 
breadth is 16 inches, depth 12 inciJes, "and length 12 feet? 

. Ans. 16 feet . 

• This rule, which is g'eneraliy employed in practice, is far from being correct, 
when the breadth and depth differ materially from each other, and the tin::ber 
does not taper. 
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RULE II. Multiply the breadth in the middle by the 
depth in the middle, and that product by the length, for the 
solidity ... 

4. The length of a piece of timber is IS feet 6 inches, 
the breadths at the greater and less end 1 foot 6 inches, and 
1 foot 3 inches, and the thickness at the greater and less end 
1 foot 3 inches, and 1 foot; what is the solid content? 

1'5 1'25 
1'25 1 

2)2'75 2)2'25 

1.375 mean breadth. 1'125 mean depth. 
1'125 mean depth. 

B 
As 1 : 

C 
As 1 : 

C 
As 1St: 

1'315 me au breadth. 

1'546875 
18'5 length. 

28'6171875 solid content. 

BY THE SLIDING RULE. 

A B A 
131': : Hit 

C 
223 the mean square. 

D 
1 
D 
12 

D 
223 14'9 quarter girt. 
D C 

: : 14'9 : 28'6 the content, 

Note. When the piece to be measured tapers re~ularly from one end to the other, 
either take the mean breadth and depth in the middle, or take from the dimensions 
at both ends, lind half their IUrr. for the mean dimension. This, however, though 
very easy in practice, is but a very imperfect approx'imation. 

When the piece to be measured does not taper regularJy, but is thick in some 
perla and small in otben, in this case take several dimensions; add them 

.. This rule is correct when the timber does not taper; but when the timber 
tapers considerably, and the breadth and depth are nearly equal, the rule is \'ery 
errnneous. 1'he measureI', therefore, ought to consider the shape of the timber 
be is about to measure before h~ applies either of the above rules. 
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.n tngether. Butt divide their Sl1m by the number of djmensioDI so taklD. aDd UII 
the qt.lotjeHt as the Illean djmeulojuD 

RULI<: III. Multiply the sum of the breadths of the two 
endti by the sum of the depths, to which add the produ('t of 
the breadth and depth of each elld; one-sixth of this sum 
multiplied by the length, will give the exal't solidity of any 
piece of squared timber tapering regularly _" 

5. How many feet in a tree, whose ellds are rectangles, 
the length and ureadth of olle beillg 14 and 12 illehes, and 
the corre~polldillg dimensions of the other 6 and 4 inches; 
also the length 3Ui feet_ 

14 12 
6 4 

20 16 

32 = - square feet. 
~ 

12 X 14 = IGS 
6 X 4 = 24 

20 X 16 = 320 

512 square inches. 

Then t X 32 X 30! = IS":' feet, the solidity. 
\! ~1 

6. How many solid inches in a mahogany plank, the le.ngth 
and breadth of one end being 91t and 55"inches, the length 
and breadth of the other end 41 and 29} inchel', and the 
lelJgth of the lJlauk 47 t illches ? 

Ans. 12G340'59375 cubic inches. 

PROBLE:\1 III. 

Gil'en the breadth of a rpctangular plank in inches, to fi-nd 
how muclt in length will make a foot, or any other rlll:l.""red 
qUAntity. 

RL"LE. Divide 144, or the area, to be cutoff, by the breadth 
in inl!he~. and the quotient will be the length in incbes. 

,.. This rul~ is correct. bejng tbat gh ~n for finding the 8<;}idjty of the fJrilmoid
whIch ties. 

Let B nnd b be the bTeadths of the two ends, D nnd d the -dpptll., 
a.nd L the length: t (B D + (B + b) X (D + d) + lJ d) X L = f.I>~ 
tl"lle 8ulidity, as in tht; rule for the prismOid_ 
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The Carpenter's role is furnished with a scale which an
swer~ the purpose of this rule. It is called a table of board 
meHsure, and is in the following form: 
'0 0 I 0 I 0 I 5 0 I-il-t-"'--tj--l-n-("-he-,,-. ~ 

12 G I 4 I 3 I:>, 2 I 1 1 Feet. 

I 2 I 3 I 4 I 5 G I 7 il Bread t.h
J 

If the breadth be 1 inch, the length standing a~aillst it 
is 12 feet; if the breadth ue 2 incites, the length standing' 
against i~ is 6 feet; if the breadth be 5 inches, the length is 
2 feet 5 IIIches, &c. 

When the breadth goes beyond the limits of the table on 
the rule, it mnst be shut, and then you are to look for the 
breadth in the line of board measure, which runs along the 
rule from the table of board measure, aud OHr aga:llst it 
on the opp08ite side, in the scale of inches, will be fouud 
the length r!'quired. For example, if the breadth be 9 
inches, you will find the length against it to be 16 inches; 
if the breadth be 11 inches, the leugth will be found to be a 
little above 13 inches. 

1. If a hoard be 6 ioches broad, what length of it will make 
a square foot? Ans. 2 feet. 

2. If a hoard be 8 inches broad, what length of it will make 
4 square feet? Ans. 6 feet. 

3. If a board be 16 inches broad, what length of it will 
make 7 square feet? Ans. 5t feet. 

When the board is broader at one end than at the other, 
proceed according to the following: 

RULE. '1'0 the sqna.re of the product of the length, and 
narrow end, add twice the contilluul product of these qUHn
tities, viz., the length, the difference between the breadths of 
the end", and the area of the part required to be cut. off ; 
extract the square root of the ~um; from the result dedllet 
the product of the length a.nd narrow end, and divide the 
remaillder by the diff~rence between the breadtbs of the 
t!uds.* 

• See A.l'petldis, Demonstration 111. 
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If it were required to cut off 60 square inches from the 
Rmaller end of a board, A D being 3 inches, C E 6 inches, 
aud A B 20 inches. 

C 

A~~--rx~--------~B 

D~----~S~----____ ~ 

E 

1 
Here A x = 2 B C (,.j \ ( B X A D)' + 4 Be X A B 

X 60 l-A B X AD) = -Ii- (,.j 1 (20 X 3)' + 6 X 20 X 60 I 
-20 X 3 = 14'64, the length required. 

PROBLEM IV. 

To find how much in length will maJ.·e a solid foot, or OIIIIJI 
otMr required quantity, of squared timber, of equal dime'll
sions from end to end. 

RULE. Divide 1728, the solid inches in a foot or the 
solidity to be cut off, by the area of the end in inches, and 
the quotient will be the end in inches. 

1. If a piece of timber be 10 inches square, how much in 
length will make a solid foot? 

10 X 10 = 100 the area to the end; then 1728 + 100 
= 17'28 Ans. 

2. If a piece of timber be 20 inches broad, and 10 in'ehes 
deep, how much of it will make a solid foot? 

Am. 8H inches. 
3. If a piece of timber be 9 inches broad, and 6 inches 

deep, how much of it will make 3 solid feet. Am. 8 ft. 
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On some carpenters' ruleR, there is a table to answer the 
purpose of the last rule; it is called a 'rable of Timber, and 
is ill the followiug form: 

II_I _U_I_O_I_O I ° I U I 11 I 
141 I ,;f) Ill) I ~514 I 2 I 
)--I-):!I 81 41 51 1;1 il 

,j i \J I IUghes. 
21--nFeet. 
c; I 9 I Side of square., 

PROBLE~I Y. 

To find the solidity of round or unsq lwred timber. 

Itn.E 1. Gird the piece of timber to be measured round 
tl,,~ middle with a string, bke one-fourth part of the girt and 
s'illarc it, and multiply this square hy the length for the solidity 

BY THE SLIDI:-(G RCLE . 

. \s the length on C : l:l or lOon D :: quarter girt, in 
1 :ltlld or 10ths ou D : content on C. 

NIH F:. When the tree is very irregular, divj(le it into several lengths and find 
the sol1Jily of each I,al t separately; or add all the girts together, and di .. · jJe the 
bum by the number (,1 them 

1. Let the length of a piece of round timber be 9 feet 6 
inches, and its mean quarter girt 4:! inches; what i, its 
content? 

;c:.~ qnarter girt. 
3·;) 

12·25 
9·5 length. 

1.16375 content. 

3 . t. quarter girt. 
3' Ii 

10.6 
1.9 

12.3 
9.6 length. 

110.3 
6.1. 6 

116.4. 6 content. 
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BY THE SLIDING RULE, 

.As 9'5 on 0 : 10 on D:: 35 on D : US} on OJ 
Or \J'J : 12:: 42 UO}, 

RrLE II, MUltiply the area corresponding to the quarter 
girt m inches, by the length of the piece in feet, and the 
Vt'oduct will ue the solidity, 

NOH:. It may sometimes bappen that the quarter girt exceeds the limit!! nltbe 
table j in this case, tdke half of it, and foul' tillles the coo tent thus found will give 
th~ reqUlred content. 

A TABLE FOR MEASURING TIMBER, 

Quarter Area. 
Quarter I Are., I Quarter Area. 

Liut. Uilt. Ujrt. 

---- -;~I Inches, Peet, Inches, Inches, Feet, 

tl '~GO I~ I'OuO 18 2'~50 

6, ·:272 1,)1 
1'042 I 18! 2'376 ~.j 

6~ ':l(l4 I'll I'Otl5 19 2'606 
64 '~17 1::; 1 'l:llJ 19k 2'640 

I 
~4 

7 -340 13 1'174 20 2'777 
7~ -364 13i 1'21U 20! 2'917 
H '3;)0 13! l' :.!ti;j 21 3'062 

! 7~ -417 1<l4 1'313 21! 3'209 

8 '444 14 1'361 22 3'362 
8~ '4j:! 144 1-410 2~1 3'616 
8~ ';:;01 IH 1',160 ~3 3'6i3 
8./ '5:;1 14~ 1'511 23i 3'833 

9 '562 15 1,562 24 4,000 
94 '094 154 1-616 24! 4'168 
9i -626 15! I'6G8 25 4'340 
94 -659 15{ 1'722 25! 4'516 

10 -694 16 l-i77 26 4-694 
104 -730 164 1-833 26i 4,876 
lUi -766 16! 1-890 27 ~'062 

10./ -803 16S 1'948 27! 5'2i:J2 

11 '840 17 2'006 28 5,444 
114 -878 174 2'066 28! 5'640 
IIi '918 IH 2'126 29 5,840 
114 -959 17! 2-187 29. 6'044 

I 
I 
I 
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2. If It pipce of rOllnd timher be 10 fe€'t long, ~nrl tbe 
qllarter J[irt 12t illche~; nquin-d the wlidity. Ans. 1 O·~.'i. 

To lind the Rulid ('ontent by this table, look for tile qu~rt('r 
)!:irt 1 :Z!. in tlip "olumn markpd, Qllarter Gil't, and in adjoill
I".,,' Coillllln marked, AreR, will be foulld 1 08i), which IIilllti
I,Led hy the length, 10 f<!et, will goive 10'85 feet for the >oliLl 
cOlltellt. 

3. A piece of ronnd timber is 20 feet long, nnd the quarter 
girt 14t; bow mauy feet are coutained therein? 

Ans. 28'2 f;>et. 

4. How manv solid feet are contained in a tree 40 f"et 
long, its quarte; girt being 9 iuches? Ans. 224S. 

5. How many wlid feet in 9. tree 32 feet lon~, its qltHrie!" 
girt lJt'ill~ 8 incues? Ails. 14~OS. 

6. How mRny solid feet in It tree 8t feet Ion!!" its qltHrter 
girt heing 7t inches? Ans. 3315 feet. 

I. nl'quireci the content of fl tref', whose l€'ng-t.h is 40 
feet, and quarter girt :Zit inches? An .•. :: 10 OS feet. 

8. "'hat is the content of a tree, whose leng-th j, 30 feet 
6 inches, and quarter girt :':It inci,es ~ .11115. ltiO'18ii feet. 

9. Heqnired the content of n pipee of timher, whose length 
is 25 feet 9 illl:hes, and quarter girt 1 ~~ inch .. , ? 

"·1 liS. ~~l'071 fed. 
10. What is the solid content of a piece of timber, whose 

lclJ~tll is 12 feet, aud quarter girt 13t iuches? 
Ans. 15'18 feet. 

11. What is the ~olid content of a piece of timber, whose 
quarter girt is 14~ inches, and length 38 feet? 

Ans. 57'418 feet. 

When the square of the quarter is multiplied by the 
length, the product g-ives a resllit lIearly one-fourth Ie', th"l1 
the trne qllautitl, in the tree. Th'R rule, hOlve,·er. i, illvHrial.[y 
prHetised I,v timher merch8nts, And is not lihly to he ,,1'0-
lisht-d. When the tree is in the form of a ('vlinder, its .. nil· 

tent ouO"ht to be found by Proh. 1 Y. See. n'., which Jriv,'s 
the coutent greater than that found by the last rule, nearly in 
the proportion of 14 to 11. Notwitbstandillg that tbe true 
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content is not fouud by means of the square of the quarter girt, 
yet 80me allowance ought to be made to the purchaser on ac
count of the waste in squaring the wood so as to be fit for use. 
If the cylindrical tree be reckoned no more than what the in
scribed square will amount to, the last rule, which is said to 
g'i,e too little, gives too much. When the tree is not per
fectly circular, the quarter girt is always too great, and there
fore the content, on that account, will be too great. 

DOCTOR HUTTON recommends the following rule, which will 
give the content extremely near the truth: 

RULE. Multiply the square of one-fifth of the girt, or cir
cumference, by twice the length, and the product will be the 
content. 

BY THE SLIDING RULE. 

As double the length on C : 1:2 or 10 on D :: t of the 
girt, in 12ths or 10ths on D: content on C. 

12. Required the content of a tree, its length being 9 feet 
6 inches, and its mean girt 14 feet. 

ft. in. p. 
14 + 5 = :l'S =2.9.7 = t of the girt; then 

ft. in. 
2'S 9 . 6 2 . 9. 7 
2.8 2 2.9. 7 

7'84 
19 

19. 0 

148'96 content. 

C D D C 

5.7. 2 
2.l.2.3 

1. 7. 7.1 

7.9. 11 . 10.1 
19 

184. 9. 8. 11 . 7 content. 

.As 19 : 10 :: 28 : 149, content by the Sliding Rule. 
Or 19 : 12 :: 33'6 : 149, content without it. 
Dr. GREGORY recommends the following rules given by 

Mr. Andrews; 
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Let L denote the length of the tree in feet and decimals, 
and G the mean girt in inches. 

RULE I. Making no allowance for bark. 

LG' 
~;JO·l 

content. 

LG' 
cubic feet, customary; and 1807= cubic feet true 

nl'LE II. Allowing t for bark. 
LG' LG2 

cubic feet, customary; 23'"'0 = cubic feet, true 
3009 v 

content. 

RULE III. Allowing lo for bark. 

1(1' 
2ti45 
content. 

LG' 
cubic feet, customary; 2231 cubic feet, true 

RULE IV. Allowing ,'2 for bark. 

LG' 
= cubic feet, customary; -1' 

2 00 2,42 
content. 

cubic feet, true 

"'ha t is the solid content of a tree, whose circumference 
or girt is 60 inches, and length 40 feet? 

By Rule I. 
40 X 60' . 
-~~- = 62-2' cubiC feet, customary. 

2:';04 

40 X 60' . 
-~~- = 79i cubiC feet, customary. 

ltiu7 

By Rule II. 
40 X 60' . ---:--- = 47'85 cubiC feet, customary. 

3009 
40 X 60' = 61 cubic feet, true content. 

2360 
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By Rule III. 
40 X 60' . 
-:l"":'i:l"":'4:-::5- = 50'61 cubic feet, customary. 

40 X 6J' ---- = 64'54 cubic feet, true content. 
:!:!31 

By Rule IV. 
40 X 60' . -....:.....:.-- = 52'47 cubIC feet, customary. 

21.J2 
40 X 60' . 2150 = 66'97 cubic feet, true content. 

When the two ends are very unequal, calculate its content 
by the rule given for finding the solidity of the frustum of a. 
cone, and deduct the u~ua I allowance from the result. 

'Vhen it is required to find the accurate content of an irre
gular body not reducible to any figure of which we have 
already treated, provide a cylindrical or prismatic vessel, 
capable of containing the solid to be measured; put the solid 
illto the vessel, and pour in water to cover it, marking the 
height to which the water reaches. Then take out the solid, 
and observe how much the water has descended in conse
quenee of its removal; calculate the capacity of the part of 
the ves~el thus left dry, and it will evideutly be equal to 
the solidity of the body whose coutent is required. 

ARTIFICERS' WORK. 

Artificers com'pnte their works by several different mear 
sures : 

Glazing and masonry by the foot. 
Plastering, painting, paving, &c., by the yard of 9 square 

feet. 
Partitioning, roofing, tiling, flooring, &c., by the square of 

100 sq uare feet. 
Brick-work is computed either by the yard of 9 square 

feet, or by the perch or square rood, contailling 272t square 
feet, or 30t square yards; 272t and 30t being the squares 
of 16t feet and 5t yards respectively. 
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CARPENTERS AXD JOINERS' WORK. 

1. OF FLOORI:-:'G. 

To measure joists, multiply the breath, depth, aud length 
together for the content.* 

If a floor be 50 feet 4 inches long, and 22 feet 6 incbes 
broad; how many squares of flooring are in that room? 

50'333 50 4 
22'5 22 6 

251665 1107 4 
100666 C)" 

~;) 2 
100666 

----- 100) 11,32 6 
100) 1132"4925 

11'325 
11'3249 squares. 

Ans. 11 squares 32l feet. 

2. If a floor be 51 feet G inches Ion!!:, and 40 feet 9 inches 
broad, how many squares are contained ill that floor? 

Ans. 20'986 squares. 
3. If a floor be 36 feet :3 inches long, and 16 feet 6 inches 

broad, how many squares are coutained in that floor? 
An.~. 5 squares 9,~t feet. 

4. If a floor be 86 feet 11 inches long, and 21 feet 2 
inches broad; how many squares are contained in it? 

Ans. 183972. 
5. In It naked floor the girder is 1 foot 2 inches deep, 1 

foot broad, and 22 feet long; there >lr~ 9 bridgings, the 
scantling of each (viz. breadth and depth) being 3 inches, by 
6 inches, and length 22 feet; 9 binding joists, the length of 

• Joi.tl receive various namel, from their position; lut"h U g:irden, bin~i~g'. 
Jollll, trimming-joilol', commOD j.oh;t. ceiling.jni.sts. ce. Wben gnden a~d JOIJ;tI 
or B.oorlng are deligned tn b.ar consider.b.l. wei,bt. they .houW be let JDCD the 
"'all a, .... h 0,,4 abo", t ..... tlluu oI 'b. 1JW:,kn_ oI til. ,.,all. 

1 
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each being 10 feet, and scantlings 8 inches by 4 inches; the 
ceiling-joists are 25 in nnmber, each 7 feet long, and their 
scantlings 4 inches by 3 inches; what is the solidity of the 
whole? Am. 85 feet. 

6. What wonld the flooring of a honse three stories high 
come to, at £5 per square; the house measures 30 feet 
long, and 20 broad; there are seven fire-places, * two of 
which measure, each 6 feet by 4 feet, two others, each 6 
feet by 5 feet 6 inches; two, each of 5 feet 6 inches by 4 
feet; and the seventh 5 feet by 4; the well-hole for the stairs 
is 10 feet by 8 ? Am. £69 2s. 

OF PARTITIONING 

Partitions are measured by squares of 100 feet, as floor
ing; their dimensions are taken by measuring from wall to 
wall, and from floor to floor; then multiply the length and 
height for the content in feet, which bring to squares by 
dividing 100, as in flooring. When doors and windows are 
not included by agreement, deductions must be made for 
their amount.t 

1. A partition measures 173 feet 10 inches in length, 8,nd 
10 feet 7 inches iu height; required the number of squares 
in it? Ans. 18'3972 squares. 

~. A partition between two rooms measures 80 feet in 
length, and 50 feet 6 inches in height; how many squares 
in it? Ans. 40~ squares, 

3. If a partition measure 10 feet 6 inches in length, and 
10 feet 9 inches in height; how many squares in it? 

Ans. 1 square 12t feet. 
4. ~hat is tte ~umber of squares in a partition, whose 

length IS 50 feet 6 mches, and height 12 feet 9 inches? 
Ans. 6 squares, 43 feet, lOt inches . 

• Fire-places, &c., are of course to be deducted. 
_ t 1'he beit and strongelt partitions are thOle made with framed work. The 

king,p08t!t are meu.ured u roofing, the rest as tlooriug. 
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In roofing, tbe lengtb of the rafters is equal to the length 
of a string stretched from the ridge down the rafter till it 
meets the top of tbe wall. 

To find tbe content, multiply this length by the breadth 
and depth of the mfters, and the result will be the content 
of one rafter; and that multiplied by tbe number of them 
will give the content of all the rafters. * 

l. If a house within the walls be 42 feet 6 incbes long, 
~nd 20 feet 3 inches broad; how many squares of roofing in 
that bouse? 

ft. 
42·5 
20·25 

2125 
850 

8500 

860·625 flat. 
430·3125 

100)1290·93i5 

12·91 squares. 

ft. in. 
42. I; 
~o . 3 

840 
6l. 10. 1 
3i 10. 7 

:-:1\0 . 8 flat. 
430 . 4 

100)1:Z~H 

12 : 91 

2. Wbat cost the roofing of a house at 115. per square; 
the length within the wallR- b~in~ ;,0 f,·et \1 inches, and the 
breadth 30 feet; tbe roof being of a true pitch? 

Ans. £1:l 115. 2Hd. 
-------- -_._.-

• "~orkmen generally take the flat and half the flat of any h(llF{', taken within 
the walls, to he the measure of the roof of the Ilame house. ThIS. how("\ cr. j,; 
oDly when the ronf is of a true pilch. The usual pitches are the common. (lr trlle 
pitchefl, ill which the rafters are thrf"e-fourth .. of th.:> hreadth of the blld,lwg: tile 
Gothic l.itch is \\ hen the longth of tbe princip~l rafters is eqllH.I, to t~e hrcaJ,th of 
t,l;etl~~li~:I!:!f:h the pediment pitch is when the perpendicular height IS t wU-llllltlis 

When the covering of the building j!'l to ht' phLin tiles or i'=1ntp~, the roo~ j" r{cne. 
rally 01 a true or common pitch i the Gothic. pitch is used Will'!1 t~F' covenng IS of 
putile.j the pediment pitcb is ulled when the ruof is covered With h: .. J. 
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3. What number of squares are contained in a house, 
whose length within the walls is 40 feet, and breadth 18 
feet; the roof being common pitch? 

Ans. 10 squares and 80 feet. 

4. How many sqnares in the roof of a buildinl!. the length 
of the house being 60 feet, and the lellg·th of the raft~r 14 
feet 6 iuches? Ails. 17 squares and 40 feet. 

5. How many oquares in a building, whose length is 50 
feet. and length of the raft!"!" 15 feet? 

Ans. 15 squares. 

6. How many Fquares in tIle roof of a buildinl!, wllo,e 
length is 37 feet, the length of the rafter being 13 feet? 

Ans. 9 squares and 62 feet. 

7. How many squares in the roof of a building, whose 
length is 70 feet 6 inches, the length of the rafter heing 14 
feet 6 inches? Ans. 20 squares and 44t feet . • 

8. How many squares in the roof of a building, whose 
length is 50 feet, and the length of a string reaching acl'O,S 

the ridge from eave to eave beillg 30 feet? 
Ans. 15 squares. 

NOTF-. All the timbers eomr1oyed in roofing are meas\11'pd like thoiie u~('d in 
tloorillg. eXl~~"t where thple j.q a nece .. sity fill' cutting Onll'8rsliel pieces e.qllal 
to. or exceedlilg:.!1 "mati alld 2 f ..... t l .. ng. In ,hi .. ca,e the amtHlnt Hf the ,'lec.eR 
so cut Hilt mll~l he deducted from (Jle cuntent of the whole I,ieee fnllnt1 flOm It! 
grcalt:~t scallduigs. , \Vhen the piE'ces cut ont dc) nut amnllnt to the abuve dimen. 
Slon,. the}" are cousidel'ed as u::teJe!:ls, and tbert:fore no deductiun j:, to be mu.de 
fur tht:m."" 

"" In the allo\'e figure K is cAlled thp king.JlO1ilt. And in me"flurin~ the l'iel"e5 ('lit 
out of It, the IiIhortelilL length is to be 1ii1..-=n. '1' B is called the tie.bea.m, wbich l,r~ 
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10. Let the tie-beam T B be 36 feet long, 9 inches broad, 
d 1 foot 2 inches thick; the killg-post K 11 feet 6 inches 
~II, 1 1'001 !'road at the uottom, and 5 inches thick; out of 
is flost are sawn two equal pieces from the "Ide" each, 
-t IUlig and 3 illches uroad. The braces B B, are 7 feet 
nches 101lg', and 5 inches by 5 illches square; the rafters 
l~ Itre 19 feet long, 5 illches broad, allL! 10 illches deep; 
~ ~tl'uts ~ S are 3 feet 6 inehes long, 4 inches broad, alld 
illcnes deep; what is tbe llleaSUreluent for wOl'kwausLip 
d also for materials? 

ft. in. p. 
31 6 o 80lidity of the tie-beam T B. 

4 9 6 solidity of the king-post K. 
2 7 3 ,ulidity of the braces B B. 

13 2 4 solidity of the l'afters H, B .. 
11 8 solidity of the struts S S. 

53 . 0 9 solidity for workmanship. 
1 5 6 solidity cut frow thl:: kiug-post. 
-----
51 7 3 soliJity for materials. 

OF W AINSCOTTINO. 

Wainscotting is measured by the yard square, which is 9 
IlLre feet. 

[n takillg the dimensions, the string is made to ply close 
~r the curnice, swellillg pallels, Ulouldillg, &c. Tile height 
the room from the flour to the ceiling beillg thus tlLkell, is 
l dimensioll, alld the compass of the room takell all roulld 
tiuur i" thl:: secolld dimell:;ioll. 

" the tafter. R R (rom I1Tesliling nut the wall. ~h~ bractl B B spn"~ to 
11gthell the rafler~ i the !!Ilrlltl S S sen'f' for a sJnlller I'urp,olle, lJc ..... ,lel 
IIt;theuing the railers, the brace. and struts sen ~ to hmd the luuf t06ctlh:r. 
I:U he.i1i·ruom !b requil'ed, th.J rliIten are lirace..l SJLDV!Y by R JL 
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Doors, windows, shutters, &c., where both their sides are 
planed, are considered as work and half; therefore in mea
suring the room, they need not be deducted; but the super
ficial content of the whole room found as if there were no 
door, wiudow, &c., then the contents of the doors and wiu
dows must be found, and half thereof added to the content 
of the whole room. 

When there are no shutters, th~ content of the windows 
must be deducted; chimneys, window-seats, check-boards, 
sopheta-boards, linings, &c., must be measured by them
selves. 

'Vindows are sometimes valued at so much per window, 
and sometimes by the superficial foot. The dimensions of a 
window are taken in feet and inches, from the under side of 
the sill to the upper side of the top-rail; and from the ont
side to outside of the jambs. 

'Vhen the doors are panelled on both sides, take double 
the measure for the workmanship. 

For the surrounding architrave, girt round it and inside 
the jambs, for one dimension, and add the length of the jambs 
to the length of the cap-piece, (taking the breadth of the 
opening for the length,) for the other dimension. 

Weather-boarding is measured by the yard square, and 
sometimes by the square. 

Frame-doors are measured by the foot, or sometimes by 
the yard square. 

Staircases are measured by the foot superficial. The 
dimensions are taken with a string passing over the riser 
and tread for one dimension, and the length of the step for 
the other. By the length of the step is meant the length of 
the front and the returns at the two ends. 

For the balustrade, take the whole length of the upper 
part of the hand-rail, and girt it over its end till it meet the 
top of the newel-post, for oue dimension' and twice the length 
Of. the baluster upon the landing, with the girt of the hand
raIl, for the other dimension. 

Modillian cornices, coves, &c., are generally measured by 
the foot superficial. 
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Bead~, stolL', a.·tr,I~·al...;. ft)pill,::". fiikl.~. l'OXillg~ to windows, 
ikirtil't-},O.l/·.j,·, allcl lI'al";'-II'UIIO:', are paid fol'~ by lineallllea
mre. 

}'rontispieces are measured by the foot superficial, and the 
lrchitrave, frieze, and cornice, are measured separately.* 

To find the contents of the foregoing work, multiply tile 
two corresponding dimensions together for tile superficial 
~ontent. 

I. A room, or wainscot, being girt downwards over the 
mouldings, measures 12 ft. () in, and 130 ft. 9 in. in compass; 
bow many yards does that room contain? 

ft. in. 
130 9 

12 . 6 

1560 
65 4 6 
6.0 0 
300 

1S1.5Ans 

ft. 
130'75 
12'5 

65375 
26150 

13075 

fI)1634'375 ft. 

1 S 1 yards, 5 ft. 

,. Halu~ter is a sm ... ll column 01' pillal, used for bahl'.trades. 
Balustrade is a row of balusters. joined h.1 a rail; ~f'l \"ing for 8 :'est to the arms, 

.r as dll inclosure to balconies. 'IW:llfC8ses, attarH, &c. 
(ornlce is the tliill.1 und Ilj'J"'I"Oll)st I'"r! of th!. entaLht'lre of a column, or the 

Ippermllst ornament ot allY "(dJl!i:"tUI1~ &c 
lienu IS a round mU,. .':I!I,.:, can'~ 1 hh.l~ [;".1'-::: JLl nc'_ k] : :e'. There is aLw a kind 

Ifplbin h~l!ld, uftf'n ~et nn the {"d:!"E" (If eacb fa"cja {,j an ,tl'_'lIitrave, on the upper 

~d~~('o~i!~~~·~';~~~'~~\~;:~·tl>.71 t~1~"lh':I\IJ7 t~';'t~ /:,~::·,I1I',I'~';l~~·'~J~"l::J~~ on the capital. It i. 
upp0,",ed to l"C'pre"'':llt the \',', "q"d ()P<I'TI III tl'ld,er LuJ!,lld~~. in Wllich it 1& 

ometime~ calJ,~,i tLe mat.tcr ].! .... '·e or !e;lt' :'I'lr'l'~ In cbiI1l11(\'S it is called the 
nalitel'l'ief"{, .-\.rc'1)t"ave.1' ':-, are tho.liI" whlt~h ~a\le an ar','hitra\e 11" tn6 
Imhs aud over tbe d."lr- ,o\n ilJfrat"e tnnJow~ of tImher are URu!:llly rahed out 
.1 the liolid lI!11ue!, and IWlIlf:tillll"'i rill.! motlJllinl{~ are struck anu laid on. 

Astr:agal IS a small roU'l1! mortlding, t"ncoJTJf,ass'llg the top of. the lihart of e. 
olumfl, like a ring or b: lin let Th~ sliaft kj'mJnat'~l- at the top wIth an B.itr8.ial, 
,nd at bottom ... :iTb a fill ... : 'bleb II, tbi, !.! 1('1 1_ ,- JlJf',l &zja 
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2. If the wainscot of a room be 15 ft. 6 ill. high, and the 
Cc'Ulpa3s of the room I·U ft. 6 in.; how mallY yards are con· 
tained ill it '( Ans. 215/i yards. 

3. If the window-shutters about a room be 60 ft. 6 in. 
uroad, aud 6 ft. 4 in. high; how mauy yards are contained 
therein, at work and a half? Ans. 63H yard •. 

-!. A. rectangular room measures 129 feet 6 inches round, 
;\ud is to be wainscotted at 3s. 6el. per square yard; after 
due allowance for girt of cornice, &e., it is 16 feet 3 incheR 
Iligh; the door is 7 feet by 3 feet 9 inches; the winnow· 
~hutterB, two pair, are 7 feet ;; iuches by 4 feet 6 incbes; 
t;l~ eheek·boards round them co rue 15 in<:hes below the 
dwttcrs, aud are 14 inches in breadth; the lining.boards 
rOllnd the doorway are 16 inches broad: the door and win· 
dow·shutters being' worked on both sides, are reckoned 8S 

work and half, and paid for accordingly; the chimney 3 feet 
9 inches by 3 feet, not ueiug- ellclosed, is to be dedncted from 
the superficial cOlltent of the room. The estimate of the 
charge is required. An ... £43 4s. 6td. 

5. The height of a room, taking in the cornice and mould· 
ingH, is 12 feet 6 inches, and the whole compass 83 feet 8 
inclJes; the three window·shutters are each 7 feet 8 inches 
by 3 feet 6 inches, and the door 1 feet by 3 feet 6 inches; the 
door and shutter, being worked on both sides, are reckoned 
work and a half. Required the estimate, at 6s. per sqnare 
yard. Ans. £36 12s. 2td. 

OF BRICKLAYERS' WORK. 

OF TlLIKG OR SI,ATING. 

Tiling aud slating are measured by the square of 100 
fL'd. There is no material difference between the method 
"n:ployed for fin?ing the. estimate of roofing aud tiling; 
bricklayers sometimes reqlllre double measure for hips aud 
valleys. 
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When gutters are allowed double measure, the usual mOfl." 
B, to measure the length along the ridge tile, and add it to 
he contents of the roof: this makes an allowance of one foot 
n breadth along the hips or valleys. Double measure is 
lBually allowed for the eaves, so much as the projector is 
Iver the plate, which is generally 18 to 20 inches. 

When sky-lights and chimney-shafts are not large, no 
dlowance is to be made for them; but when they are large, 
;heir amouut is to be deducted. 

1. There is a roof covered with tiles, whose depth on 
loth sides (with the usual allowance at the eaves) is 30 feet 
) inches, and the length ·U feet; how many squares of tiling 
~re contained therein? 

ft. in. 
30' 6 
42 

1260 
21 

100)1281 

12 . 81 

ft. 
30.5 

42 

610 
1220 

100)12,810 

12 sqnares 81 feet. 

2. There is a roof covered with tiles, whose depth on 
both ;;ides (with the nsual alluwance at the eaves) is 40 feet 
9 inches, and the length 4. feet Ii inches; required the num
ber of squares coutained therein? 

AilS. 19 squares S5~ feet. 

S. What will the slating of a house cost at £1 E-s. (,d. 
per square; the length being 43 feet 10 inches, a~d tlte 
breadth 27 feet 5 inches, on the lIatj the eaves I'ro.l,·ctlng 
II; illl·lles on each side-true pitch? Ans. £~4 !)s. fold. 

4 What is the content of a slated roof, the length being 
Lj feet 9 inches, and the whole girt 34 feet 3 incIJt·~ ? 

Ans. 174'104 yards. 
;' 
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OF WALLING. 

Brick-work is estimated at the rate of a brick and a half 
thick; ,0 that if a wall be more or less than the standard 
thickue>s, it mUBt be reduced to it: thus, multiply the super
ficial content of the wall hy the number of half bricks in the 
thickness, and divide the product by 3. 

The superficial content is found by multiplying the length 
by the height. Bricklayers estimate their work by the rod 
of 16t feet, or 272+ square feet. Sometimes 18 feet are 
allowed to the rod, that is 324 square feet; sometimes the 
work is measured by the rod of 21 feet long, and three feet 
high, that is, 63 square feet; in this case, no regard is paid 
to the thickness of the wall in measuring, but the price is 
regulated according to the thickness. 

When a piece of brick-work is to he measured, the first 
thing to be done is to ascertain which of the above measures 
is to be employed; then, having multiplied the length and 
breadth together (the dimensions being feet) the product is 
to be divided by the proper divisor, namely, 272'25, 324, 
or 63, according to the measure of the rod, and the quotient 
will be the measure in square rods of that measure. 

'1'0 measure any arched way, arched window, or door, &c., 
the height of the WilldolV or door from the crown or middle 
of the arch to the bottom or sill, is to be taken, a.nd like
wise from the bottom or sill to the spring of the arch, that 
is, where the arch begins to turn. Then to the latter height 
add twice the former, aud lllultiply the sum by the breadth 
oi' the window, door, &c., and oue-third of the product will 
be the area, sufficiently uear the truth for practice. 

1. If a wall be 72 feet 6 inches long, and 19 feet 3 incheR 
high, and [) bricks and a half thick, how many rods of 
brick-work a.re contained thereiu, when reduced to the 
standard? 

N'OH:. 'I'he slandm"d means: a wall a brick and a half thick, therefere to reduce 
liny wall to the standard, mUJLiply the superficjal content of it by the ~umber of 
holf bricks iu its thickncs!'I, lind divide by 3. 
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ft. in. 
7~ 6 
19 3 

648 
72 

18 1 
9 6 

1395 j 

6 
0 

6 
11 

272)~117(IS rods. 

(j,'l):!:!l(3 quarters, 

17 feet. 

Non:. That 6S-06 i. the fourth part or 27:.? 'lt3, and 68 is one.fourth of 27:!. 

In redncing feet into rods, it is usual to divide 272, reject
ing the decillJal '25. Dy this method, the auswer fouud 
above is about -1} feet to" much. 

2. How many rods of stautlard brick-work are in a wall 
whose length is 57 feet :; illl,hes, aud IlI'i.edlt :!! feet 6 inches; 
the wall being' 2t bricks thick? 

AI/,~. 8'5866 rods. 

:3. The end wall of a house is 28 feet 10 inches long, and 
55 feet t; ind'es hi/!:h to the ea ve<; 20 feet high is 2t bricks 
thick, unother 20 feet "i~h 2 hril'k, titil'k, and tl'I' remai"ing I., fl'ct :-; inches is I! hril'k" thick, ahove which is a tri:"'~l\
J",' /!:able one briek thick, which ris(>s -l~ ,·o"rs,·, "I' bri,'b, 
oi' \,uich every -I cour,,·, make a foot. \\'I'<lt is the whole 
coutent iu standard measure? 

Alls. 2~,;;62 yards. 
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OF CHIMNEYS. 

When a chimney stands by itself, withont any party-wall 
being adjoined, take the girt in the middle for the length, 
and the height of the story for the breadth; the thickness 
is to be the same as the depth of the jambs; if the chimney 
be built upright from the mantle-piece to the ceiling, no 
deduction is to be made for the vacancy between the floor 
(or hearth) and mantle-tree, on account of the gatherings of 
the breast and wings, to make room for the hearth in the 
next story. 

When the chimney-back forms a party-wall, and is mea.
sured by itself, then the depth of the two jambs is to be 
measnred, and the length of the breast for a length, and the 
height of the story for the breadth; the thickness is the 
same as the depth of the jambs. That part of the chimney 
which appears above the roof, called the chimney-shaft, is 
measured by girding it round the middle for the length, and 
the height is taken for the breadth. 

In consideration of plastering and scaffolding, the thick
ness is generally reckoned half a brick more than it really 
is ; and in some places donble measure is allowed on account 
of extra trouble. 

l. Let the dimensions of a chimney, having a double fun
nel towards the top, and a double shaft, be as follows, viz., 
in the parlour, the breast and two jambs measure 18 feet 9 
incbes, aud the height of the room 12 feet 6 inches; in the 
first floor, the breast ami two jambs girt 14 feet 6 inches, and 
the height 9 feet; in the second floor, the breast and the 
iambs girt 10 feet 3 inches, and the height is 7 feet; above 
the roof, the compass of the shaft is 13 feet 9 inches, and its 
height 6 feet 6 inches; lastly, the length of the middle par
tition, which parts the fuunel, is 12 feet, and its thickness 1 
foot 3 inches; how many rods of brick-work, standard mea
sure, are contained iu the chimney, double measure being 
allowed, the thickness It bricks? 



1st. 

2nd. 

Srd. 

ft. in. 
18 . 9 
12.6 

225.0 
9.4.6 

234.4.6 

ft. in. 
14 .6 
9 

130.6 

ft. in. 
10.3 
7 

71 . 9 

ft. in. 
4th. 13 . 9 

6.6 

82.6 
6. 10. 6 

89. 4.6 
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5th. 
ft. in. p. 
1. 3 . 0 

12 

15 . 0 partition. 
234 . 4 . 6 parlour 
130 . 6 . 0 first floor. 

71 . 9 . 0 second floor 
89 . 4. 6 shaft. 

541 . 0 . 0 sum. 
2 

272)1082.0.0double. 

68)266(3 rods 3 quarters. 

62 feet. 

A'lZs. 3 rods, 3 quarters, and 62 feet. 

MASONS' WORK. 

To masonry belong all sorts of stone·work. The work is 
sometimes measured by the foot solid, sometimes by the foot 
in length, and sometimes by the foot superficial. Maso[Js, 
in taking dimensions, girt all their mouldings in the snme 
manner as joiners. 
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Wa~ls, columns, hlocks of 'stone 01' marble, &c., are- l"ea
surcd by the solid foot, aud pavements, slabs, chimneY-I\ie"~s, 
&c., by the sqnare foot, 

In estimating for the workmanship, square measure is 
generally used, but for. the materials, solid measure. 

In the solid mea~ure, the length, hreadth, and thickness, 
are multiplied together. , 

J n the superficial measure, there must be taken the length 
and breadth of every part of the projection, which is seen 
without the genel'al upright face of the building. 

1. If a wall be 82 feet 9 inches long, 20 feet 3 inches 
high, and 2 feet 3 inches thick; how many solid fcet are 
contained in that wall ? 

3 
6 = 
3 

3 ~ • 

~ • 1. 
2 
1. 
2 

ft. in. 
82.9 
20,3 

1640 
20.8.3 
10.3.0 
5.0.0 

------
1675 . 8 . 3 

2.3 

3351. 4. (j 

4Hi. II ., Of 

3770. 3.6f 

ft. 
82''15 
20'25 

41375 
16550 

165500 

1675'6875 
2'25 

83784375 
335137liO 

33513750 

3770.29687;' A1!s. 

2. If a wall be 120 feet 4 inches long, and 30 feet 8 inches 
high; how many superficial fcet are contained therein? 

Ans.3690!. 
3. If a wall be 112 feet 3 inches long, and 16 feet 6 inches 

high; how many superficial rods of 63 square feet are con-
tained therein? Ans. 29 rods 25 feet. 

4. What is the value of a marble slab, at 8s. per foot,the 
length being 5 feet 7 inches, and breadth 1 foot 10 inches? 

An§. £4 Is. 10.". 
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PLASTEREHS' WORK. 
Plasterers' work is of two kinds, viz., ceiliug which is 

vlastering upon laths; and rendering, which is plastering 
up au walls. These are measured separately. 

The content is sometimes estimated by the foot, sometimes 
lJY the yard, and sometimes by the square of 100 feet. Eu
ricbed mouldings are calculated by the running foot or yard. 

Dednctions are maue for chimneys, doors, windows, &c. 
In plastering timber partitions, where several of the large 

braces and other large timbers project from the plastering, 8. 

fifth is usually deducted. 
Whitening and colouring are measured in the same manner 

as plastering. In timbereu partitions, one-fourth, or one
fifth of the whole area is nsually added, to compen~ate for the 
trouble of colouring the sides of the quarters and braces. 

In arches, the girt rounu them is multiplied by the length 
for the superficial content. 

1. If a ceiling be 40 feet 3 inches long, and 16 feet 9 
inches broad, how many square yards contained therein? 

ft. ill. ft. 
40 . 3 40'25 
16 . 9 16'75 

640 20125 
6=} 20. 1 .6 28175 
3=t 10 . 0 . 9 2-l150 
3=t 4.0.0 4025 

----
9)674 .2. 3 9)67n875 

Ans. 74 yards 8 feet. Ans. U'9097 yards. 

2. The leugth of a room is H feet 5 inches, brea~th 13 
feet 2 inches, and height 9 feet 3 inches to the under Side of 
the cornice, * which projects 5 inches from the w~lI, on the 
upper part next the ceiling; required the quantity of ren-

IF Cornice •. fe.toons, &c., are put on afteT the room js plutered and are Dot, 01 
courae, tak.eD into aCclJWlt by the pl~terer. 
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dering and plastering, thert' being no dednction bnt for One 
door, which is 7 feet hy 4 ? 

Ans. 53 yards 5 feet of rendering, IS yards 5 feet of ceiling. 

3. The circnlar vanlted roof of a chnrch measures 105 feet 
6 inches in the arch, and 275 feet 5 inches in length; what 
will the plastering come to, at Is. per yard. 

Ans. £161 8s. Std. 
4. The length of a room is IS feet 6 inches, the breadth 

12 feet 3 inches, and height 10 feet 6 inches; to how much 
amount the ceiling and reudering, the former at Sd., and the 
latter at 3d. per yard; allowing for the door of 7 feet by 3 
feet S, and a fire-place of 5 feet square? 

Ans. £1 13s. 3d. 

PLUMBERS' WORK. 

Plnmbers' work is rated by the pound, or by the hundred 
weight of 1121bs. Sheet lead, used in roofing, guttering, &c., 
weighs from 6 to 12 pounds per square foot, according to 
the thickness; and leaden pipes vary in weight per yard, ac
cording to the diameters of the bore. 

The following table shows the weight of a square foot of 
sheet lead, according to its thickness; and the common 
weight of a yard of leaden pipe according to the diameter of 
its bore. 

Thickness of Poundil to a Bore of Pounds per 
lead. squarf> foot. leaden pipes. yard. 

Inch. 

~o 5'S99 Of 10 .. 6'554 1 12 
1 7'373 11 16 • • 1 S'427 It 18 7 
1 9'831 }.:! 21 • • 1 11'797 2 I 24 • I 
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1. A piece- of sheet lead measures 
length, and 7 feet 9 inches in breadth; 
8t tbs. to the square foot? 

:20 feet 6 inches in 
wllat is its weight at 

ft. in. 
20.6 

7 .9 

143. 6 
15 . 4 . 6 

158.10 . 6 

1025 
1435 

1435 

15S'875 
S!-

1271'000 
39',19 

---- cwt. qrs. lbs. 
112)1310'719(11 . 2. 22f, nearly. 

112 

190 
112 

28)78(2 
56 

22 

2. What weight of lead Tif of an inch thick will cover a 
fiat, 15 feet 6 inches long, and 10 feet 3 inches broad, the 
lead weighing 6Ibs. to the square foot? 

Ans. ~ cwt., 2 qrs. ItIb. 

3. What will be the expense of covering and guttering' a 
roof with lead, at 18s. per cwt.; the length of the roof ueing' 
43 feet, and the girt over it 3:! feet; the !,nttering' b~illg' ;j i 
feet in length, and 2 feet iu breadth, allowing- a square fuot 
of lead to weigh 8llbs. ? 

Ans. £104 15s. 31d. 
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4. What will be the expense of 130 yards of leaden pipe 
of an inch and half bore, at 4d. per lb., admitting each yard 
to weigh 18lbs. ? Ans. £39. 

PAINTERS' WORK. 

Painters' work is computed in square yards Every part 
IS measnred where the colour lies, and the measuring line is 
forced into all the mouldings and corners. Double measure 
is allowed for curved mouldings, &c. 

'Villdows are done at so much a-piece. Sash-frames at a 
certain price per dozen; sky-lights, window-bars, casements, 
,\: c., are charged at a certain price per piece. 

To measure balustrades, take the length of the hand-rail 
for olle dimension, and twice the height of the baluster upon 
the landing, added to the girt of the hand-rail, for the other 
dimension. 

i\ 0 general rule can be given for measuring trellis-work; 
but, however, double the area of one side is often taken for 
the measure of both sides. 

1. If a room he painted whose height (being girt over the 
moulding) is 16 feet 4 inches, and the compass of the room 
120 feet 9 inches; how many yards of painting in it ? 

ft. in. 
120 . 9 

16 . 4 

1920 
4=!-40.3 
6=t 8.0 
3=t 4.0 

9)1971l . 3 

Ans. 219 yards 1 foot. 

ft. 
120'75 

16'3 

36225 
72450 

12075 

9)1968'225 

Am. 218'691 yards. 
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2. A g~lItleman had a room to be painted, it, leng·th 
being 24 feet 6 inches, breadth }I, feet 3 inche~, and height 
12 feet 9 incbeR, also the size of the door i feet by 3 feet 
Ii inches, and the size of the wiUUOW-:lbutters to each of the 
windows, there being two, is 7 feet 9 inches by 3 feet (5 
inches; bnt the breaks of the windows themselves are::; fed 
6 inches high, and 1 foot 3 iuches deep; what will be the 
expense of giving it three coats, at 2rl. per yard each; tlll~ 
size of the fire-place to be deducted, being 5 feet by,') feet 
6 inches? Ails. £:3 3s. lOtd. 

3. The length of a room is 20 feet, its breadth }.l feet G 
inches, and height 10 feet 4 inches; how many yards of 
painting in it, deducting a fire-place of 4 feet by 4 f,·"t 4 
inches, and two window·shutters each 6 feet by 3 feet :! 
inches 7 Ans. 73lr yards. 

GLAZIERS' WOHK. 
Glaziers take their dimensions either in feet, inches, and 

parts; or feet, tenths, and hundredths, They compute their 
work in square feet. 

Windows are sometimes measured by taking the dimen
sions of one pane, and multiplying its superficie~ by the 
number of panes. But generally they take the length and 
breadth of toe whole frame for the glazing. Circular win
dows are measured as if they were square, taking for their 
dimensions their greatest length and breadth. 

1. If a pane of glass be 3 feet 6 iuches and 9 parts long, 
and 1 fuot 3 iHche,.; and 3 parts broad; how many feet of 
glass in that pane? 

3. 6. 9 3'56 
1. 3. 3 1271 

3. 6. 9 
10, 8. 3 

10. 8,3 

AM. 4. 6, 3. 11 , 3 

2492 
2492 
712 

356 
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2. If there be 10 panes of glass, each 4 feet 8 inches 9 
parts long, and 1 foot 4 inches and 3 parts broad; how many 
feet of glass are contained in the 10 panes? Ana. 64·0407. 

S. There are 20 panes of glass, each 3 feet 6 inches 9 
parts long, and 1 foot 3 inches and 3 parts broad; how many 
feet of glass are in the 20 panes? Ans. 90·9224 ft. 

4. If a window be 7 feet 6 inches high, and 3 feet 4 
inches broad; how many square feet of glass contained 
therein ? An.~. 25. 

5. How many feet iu an elliptical fan-light of 14 feet 6 
inches in length, and 4 feet 9 inches in breadth? 

Ans. 68 feet 10 inches. 
6. What will the glazing of a triangular 8ky-light come 

to at 20d.; the base beiug 12 feet 6 inches, and the perpen-
dicular height 6 feet 9 inches? An$ . .£S lOs. Sld. 

P A. VERS' WORK. 

Paver's work is computed by the square yard; and the 
content is found by mUltiplying the length by the breadth. 

1. What will be paid for paving a foot-path, at 4s. the 
yard, the length being 40 feet 6 inches, and the breadth 7 
feet 3 inches? 

ft. in. 
40.6 
7.3 

283.6 
10. 1 . 6 

Ans. 293 . 7 . 6 

ft. 
40·5 

7·25 

2025 
810 

2835 

Ana. 293·625 feet. 

:!. What will be the expense of paving a rectangular court
yard, whose length is 62 feet 7 inches, and breadth 4.4 feet 
.'i inches; and in which there is a foot-path, whose wlv'-
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length is 62 feet 7 inches, and hreadth ;) feet 6 inches, this 
at 38. per yard, and the rest at 2s. 6d. per yard? 

.1I1s. L:~\' Us. 3td. 
3. What is the expense of paving a court, at 3s. 2d. pt'r 

ynrd; the length being 27 feet 10 inches, and the hrpadtll 
14 feet 9 inches? Ans. £1 4s. 5}d. 

4. What will the paving of a walk rODnd a circular howl
illg-green come to, at 2s. 4d. per yard, tile diameter oi' the 
howling-green being 40 fcct, and the breadth of the walk 
;) feet? Ails. 1. ~ 3s. 3isd. 

How wany yards of paying in an elliptical walk 4 feet 
broad, the longer diameter being 60 feet, and shorter 50 ? 

Ans. 82'379. yards. 

VAULTED A.~D .\RCHED ROOFS. 

Arched roofs are either domes, vaults, saloons, or groins. 
Domes are formeu of arches Rpringing frow a circular 

or polygonal base, and meetiug in a point directly over the 
centre of that base. 

~:doolls are made by al'('hes connecting the side walls of a 
building to a flat roof or ceiling. 

(; roills are made hy the intersection of vaulted roofs with 
each other. 

Ynulted roofs are sometimes circular, sometimes elliptical, 
and sometimes Gothic. 

Circular roofs are those of which the arch is a part of the 
circumference of the circle. 

Elliptical roofs are those of which the arch is a part of 
the circumference of an ellipsis. 

r.ot"i,~ roofs are made by the meeting of two equal circu
I"," areh,·" exactly above the span of the arch. 

I; roins are generally measnred like a paralleopipedon, and 
f~,," ,·,mtent is foulld by multiplying the length and breadth 
"I" : I,e : ""t: by the height. 
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Sometimes one-tenth is deducted from the solidity thus 
found, and the remainder is reckoned as the solidity of the 
vacuity_ 

PROBLEM I. 

To find the solidity of a circular, elliptical, or Gothi: 
vaulted roof. 

RULE_ Find the erea of one end, by one of the foregoing 
rules, and multiply the area of the end by the length of the 
roof, or vault, and the product will be the content_ 

Non:. 1Vhen the arch is a segment of a circle, the area is found by Proh. XXVl1 r 
Sec. II. When the arch is a segment of an ellip!<iis, multiply the span by the height) 
and that product by -7854 for the area of th~ eud. When it is a Gothic arch. nuo 
the area of an isoscele!l triangle, who~e ua"e is equal to the span of the arch. and 
its sides equal to the two chords of the circular segment of the arch; then add the 
areas of the two segments to the area of the triangle, and the sum will ghe the 
area of the end. 

1. What is the content of a concavity of a semi-circular 
\Taulted roof, the span being 30 feet, and the length of the 
\Tault 150 feet? 

30 X 30 = 900; then 900 X -7854 = 706-86, hence 
706'86 -;- 2 = 353-43 the area of the end; 
then 353-43 X 150 = 53014-5 the content_ 
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2. What is the solid content of the vacuity A 0 E B of a 
Gothir: vault, whose spun A B is 60 feet, the chord B 0, or 
A 0, of each arch 60 feet; the distance of each arch from 
the middle of the chords as D E = 12 feet, Ilnd the leugth 
of the vault 40 feet? 

In this example, the triangle ABO equi-lateral, and its 
area is t A B' J 3 = 900 J 3 = 1557. Again, t (B 0 X 

D E' 1')' 
DE) + 2B 0= i (60 X 12) + (jO~ ~ = 494} = area of 

segment 0 E B, and 494~ X :! = 988t the areas of the two 
segments 0 E Band 0 H A; then 1551 + 9881) X 40 
= 101832, the solidity required. 

Let M L K L rerrp~t'nt a ,,~rppndicular section of a 
vaulted roof (Gothic.) Til" "1"I,n A B is 60 feet, the thick
ness of the wall M A, or B L. at the spring of the arch = 4 
feet, the thickness 0 P at tile crown of the arch = 3, and 
the length of the roof = 40 feet, the chord A 0 or 0 B = 
60 feet, and the .versed siue D E 12 feet; required the 
solidity of the materials of the arch. 

First; J (A O' - A C") = J (60' - 30') = 51'96 = 
SO, the height of the vacuity of the arch, and S 0 + 0 P = 
51'96 + 3 = 54'90 = S P; ~,~aiu, A B + M A + B L = 
60 + 4 + 4 = 68 = ~I L, and 1\1 L X S P = the area 
of the rectangle .M K K L; heuce 1\1 L X S P X 40-
1018:-i3::l (the solidity of the vacuity A 0 H by the last 
Problem), gives the solidity of the materials; that is 
63 X 54'96 X 40 - 101832 = 41659'2 feet, the solidity 
required. 

:';01 J:. "·hen the arch A 0 n i .. an ellipti('al <.:eg-ment, its area multiplied by the 
lenglh of the rOllf gives the solidity of the ,·acuity, and M L multiplied, br S P, 
an ... the proLluct h) the length of ~he arch. gi,'es the soli~I~): of ,the cubiC figure 

~l!o:i::~ i,,8nt1/: ~r!'~ ~:cdtj~~e i~I~~"~e ~fLt~e ~~~Olr:tdjt!~.~:s !l~~e~~~'I~IlJfo~ 
ltrjd~e mEl)' be calculated after tile' H ';1~ manner, hy arldillg the soHdities ofT, '1', 
ttud 01 tbe battlements, to the holidity as found in this Problem, 

3. Required the capacity of the vacuity of an illiptical 
vault, whose span is 30 feet, and height 15 feet, the length 
of the vault being 90 feet. An •. 31808'7 feet. 
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PROBLEM II. 

To find the concave or eonvex surface of a oi/·cular, 
elliptical, 01· Got/tic vaulted roof. 

HI·LE. Multiply the length of the arch by the length of 
the vault, aud the product will be the superficies. 

Non: To find the length of the arcD, make a line pIr close to it. quite across 
from s.w.e to ilide. 

1. What is the surface of a vaulted roof, the length of the 
arch being 45 feet, (lnd the length of the vault 140 feet? 

140 X 45 = 6300 .,quare feet. 

a Hequired the surface of a vaulted roof, the length of 
the arch being 40 feet 6 inches, and the length of the vault 
100 feet? AilS. 4050 feet. 

3. Whut is the surface of a vaulted roof, the length of the 
arch being 40.ii feet, and the length of the vault 60 feet? 

A'1Is. 2430 feet. 

PROBLE~I III. 

To find tllB solidity of a dome, having the height and the 
dimensions of its base given. 

RULE. Multiply the area of the base by the height, and 
two-third sof the product will give the solid content. * 

". This rule is correct on1r in one case, namely. when the dome is half a sphere, 
and in thiS case the hejgc.t is eqnal to the radius of the circular ba!ie It jj; a 
well-kn,)wn property that the solidity of a sphere is two-thirds of that of a C) linder 
havmg the same ba~e and height. But the solidity of a cylinder is fOl1nd h) mnl. 
tiplymg the area of its base hy the height. Hence the reason of the rille when 
applJed to this pa.rticular case. No ~eoeral rille can he given to answer every case, 
as some domes are circular, some ellip:lcal, some Jlolygonal, &c. j they aTe of 
various heights. and their sides of different curvature When the height of the 
dOlnt, is equal tn the radius of its base, (the curved sides being circular or ellip
tical quadrant.). or to half the mean proportional betwe~n the two axes of its 
elliptical base, the above rule will answer pretty well; but with (illY otber 
dimonG~orllJ it ou«ht not to be uie-d. 
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1. What is the solid content of a dome, in the form of a 
hemisphere, the diameter of the circular base being 40 feet? 

40' X '1854 = 1256'64 = the area of base. 
I (1256'64 X 20) = t (25132'8) = 16155'2, answer. 

2. What is the solid content of an octagonal dome, each 
side of its base being 20 feet, and the height 21 feet? 

Ans. 27039'1917 cubic feet. 

3. Required the solidity of the stone-work of an elliptic!LI 
dome, the two diameters of its base being 40 and 30 feet, 
the height 17'32 feet, and the stone-work in every part 4 
feet thick. Ans. 9479'086848 cubic feet. 

PROBLEM IV. 

To find the superficial content of a dome, the height and 
dimensions of its base being given. 

RULE. Multiply the square of the diameter of the base 
by 1'5708, and the product will be the superficial content." 

For an elliptical dome, multiply tbe two diameters of its 
base together, and the product resulting by 1'5108 for the 
superficial content, sufficiently correct for practical purposes. 

1. The diameter of the base of a circular dome is 20 feet, 
and its height 10 feet; required its concave superficies? 

20- X 1'5108 = 628'32 feet, the answer. 

2. The two diameters of an elliptical dome are 40 and 
30 feet, and its height 17'32 feet; required the concave 
surface? Ans. 1884'96 square feet. 

3. What is the superficies of a hexagonal spherical dome, 
each side of the base being 10 feet? Ans. 519'6152 . 

• This rul. il eoM'Ut oDly -When the dome I. circular, and ita height oqual to 
thu radiul of the bue.-Boe Appendix, Demonstration 112. . 

8 
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PROBLEM V. 

To find the solid content of a saloon. 

RULE. i\T ultiplythe area of a transverse section by the 
cOIupass or circumference of the solid part of the s~loou, 
t;,j;~11 round the middle part. Subtract this product from 
tile whole vacuity of the room, supposing the wails to go 
ll)Jri!!ht from the spring of the arch to the flat ceiling, and 
tIle diffl,rence will be the Ull:me" aswill appear evident from 
the following example. 

1. 'Ylwt is the solid contellt of a saloon with a circular 
quadrantal a.rch of ::l feet r'Hlius, ~pringillg over a rectan
gular room of 20 feet IOllg and Ilj feet wide. 

2' X '7854 = 3'1416 = area of t!IC quadrant C D A F. 
2 X ::l -:- 2 = 2 = area of the triangle CD F; then 3 1416 

2 = 1'1416 = area of the segment D A F. :1'011', 
2 X 2 = 4 = ai'ea of the rectangle CD E Fj then 4 -
3'1416 = '8584 = area of the section D E FAD. 
,J \2' + 2') =,J8 = 2'S2S4271. 2 X 16 + 2 X 20 = 
72 = the compass within the walls. t (2'8284271 _ :!) 
=tl4:l136=ESand2,S:lS4271:'4142136:: 2: '2928932 
~ E y: hence 72 = ("2928932 X 8 = 69'6568544 = the 
cIrcumference of the middle of the solid part of the saloon; 
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therefore 69'6568544 X '8584 = .j~·79344381696 = the 
coutent of the solid part of the saloon. 

20 X 16 = 320 the area of the room floor, and 320 X 2 
. = 640 = the solidity of the upper part of the room; then 
1140 - 59'79344 = 580.20656 feet, the solidity of tht) 
saloon. 

:!. If the height D E of tne saloon be 3'2 feet, the chord 
D E' = 4'5 fect, and its versed sine = 9 inches; what is the 
solid content of the solid part, the mean compass being 50 
feet. 

Ans. 138'26489 feet. 

PROBLEM VI. 

To find the superficies of a saloon. 

RULE. Find its breadth by applying a string close to it 
across the surface; find also it.s lell~th by measnring along 
the middle of it, quite round. the room; then multiply thest! 
two dimensions together for the superfici'!l content. 

1. The girt across the facE' of thE' ~aloon is 5 feet, and its 
mean compass 100 feet, wha.t is its superficial content? 

100 X 5 = 500, the answer. 

2. The girt across the face of the saloon is 12 feet, and 
it mean compass 98; required its surface? 

Ans. 1176 feet. 
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SECTION VIII. 

S P E C I F I C G R.A V I T Y. 

1. The specific gravity of a body is the relation which the 
weight of a given magnitude of that body has to the weight 
of an equal magnitude of a body of another kind. 

In this sense a body is said to be specifical1y heavier than 
another, when under the same bulk it weighs less than that 
other. On the contrary, a body is said to be specifical1y lighter 
than another, when under the same bulk it weighs less than 
that other. Thus, if there be two equal spheres, each one 
foot or one inch in diameter, the oue of lead and the other 
of wood, then since. the leaden sphere is found to be heavier 
than the wooden one, it is said to be specifical1y, or in specie, 
heavier, aud the wooden sphere specifically lighter. 

2. If two bodies be equal in bulk, their specific gravities 
are to each other as their weight, or as their densities. 

3. If two bodies be of the same specific gravity or density, 
their absolute weights will be as their magnitudes or bulks. 

4. If two bodies be of the same weight, the specific 
gravities wiII be reciprocally as their bulks. 

5. The specific gravities of all bodies are in a ratio com· 
pounded of the direct ratio of their weights, and the reci· 
procal ratio of their magnitude. Hence, again, the specific 
gravities are as the densities. . 

6. The absolute weights or gravities of bodies are in the 
compound ratio of their specific gravities and magnitudes or 
bulks. 
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7. The magnitudes of bodies are directly as their weights, 
and reciprocally as their specific gravities. 

8. A body specifically heavier than a Huid, loses as mneh 
of its weight, when immersed in it, as is equal to the wei!("ht 
of a quantity of the Huid of the same hnlk, or magnitude; 
if the body be of equal density with the Huid, it loses all it; 
weight, and requires no force but the Huid to snstain it. If 
it be heavier, its weight in the Huid will be only the difference 
between its own weight and the weight of the same bulk of 
the Huid j and therefore it will require a force equal to t!Ji~ 
difference to snstain it. But if the body immersed be lighter 
tb&n the Hnid, it will require a force equal to the difference 
between its own weighi and that of the same bulk of the 
fluid, to keep it from rising in the Huid. 

9. In comparing the weights of bodies, it is necessary to 
consider some one as the standard with which all other bodies 
may be compared. Rain water is generally taken as thc 
standard, it being found to be nearly alike in all places. 

A cubic foot of rain water is found, by repeated experi
ments, to weigh 62t pounds avoirdupois, or 1000 ounce~, and 
a cubic foot containing 1728 ("ubie inehes, it follows that a 
cubic inch weighs ·03611;8(IS 14 q of a pound. Therefore if the 
specific gravity of any body he Illultiplied by ·03616898148. 
the product will be the weight of a rnbic inch of that LOlly 
in pounds avoirdupois; aud if tltis weight be Dlultipli!:'d by 
175, and the product be divided hy 144, the quoticr.'~ will 
be the weight of a cubic inch in pounds troy, 144 pounds 
avoirdupois being exactly equal to 175 pounds troy. 

10. Siuce the specific gravities of bodies R:e as the,ir abso
lote gravities nnder the same bulk; the speCific 9"ravlty of.R 
floid will be to the specific gravity of any body Immersed 1D 

it, as the part of the weight lost by the solid is to the. whole 
weight. Hence the specific gravities of different HUlds are 
8.8 the weights lost by the same solid immersed in them. 
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PROBLEM I. 

To find the specific gra'Lity of a body. 

CASE I. Men the body is heavier than water. 

Weigh the body first in water, and Aft.erwards in the open 
n.ir; the difference will .give t.he weight lost in water; then 
say, as the weight lost ill water is to the ahsolnte weight of 
the hody, so is the specific gravity of water to the specific 
gravity of the body. 

CASE II. H'7zen the body is lighter than the water. 

Fix another body to it, RO heavy as that both may sink in 
water together, as it compound llln~3. IV eigh the compound 
mass and the he'1\"ier body separately, both in the water and 
open air, and find how mnch eaf'h lOi;es ill water, by taking 
its weight in water from its weight in the open air. Then 
say, as the differencp of these remainders is to the weight of 
the lighter body in air, so is the specific gravity of water to 
the specific gravity of the lig'hter body, 

CASE I II. For a fluid of a ny kind. 

Weigh a body of known specific gravity both in the fluid 
and open air, and find the loss of weight by subtracting the 
weight in water from th,' weight out of it. Then say, as 
the whole, or absolute w(·ight is to the loss of weight, so 
is the specific gravity of the solid to the specific gravity of 
the fluid. 

The usual way of finding the specific gravities of bodies 
is the following, viz :-

On the arm of a balance suspend a globe of lead by a fine 
thread, and to the other arm of the balance fasten an equa.l 
weight sufficient to balance it in the open air; immerse the 
glolJe into the flnid, and observe what weight balances it 
then, by which th" lost weight is ascertained, which is pro
portional to the specific gravity, 
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Immerse the globe successively in all the fluids whoiiP 
proportional specific gravity YOll require, observing the 
weight lost in each; then these weights lost in each will j,p 

t.he proportions of the flnids '()lI!:,ht. 

Examples.-Case I. 

1. A piece of platina wei;:hed ><3'1886 ponnds ont of 
water, and in water, only i9';,711 pounds; what is its spe
cific gravity, that of water heing 1000 ? 

83'18~6 -79'5717 = 3'6169 pounds, which is the weight 
lost in water; then 3'G169 : s:: 1~"6 :: 1000 : 23000 the 
,pecific gravity, or the weight of a cubic foot of metal in 
ounces. 

2. A piece of stone weigheu 10 Ills. in the opeu air, but 
in water only 6f Ibs.; what i, its specific gravity? ~ _ ~ 

Ans. ,,0, ,. 
Eflll?lpirs.- (,(lSI' II. 

3. If a piece of elm weigh 1;j Ill,. in the opeu air, and 
tl,at a pi~('e of copper, which weil:l,,; 1" Ibs. in open nir, nud 
161bs. in water, is affixed to it, nnd that the corupolllld 
weighs 61bs. in water; requir~<l the' ,pe<:ific gravity of the elm'! 

Copper. 
18 in air. 
16 in water. 

2 loss. 

Compound. 

33 
6 

27 
:2 

As ~5 : 15 :: 1000 : 600, the 
specifiC' p:ravity of the elm. . 

4. A piece of cor~ weighs ~o Ibs. in open air, and. a pl.ece of 
p:fIlnitl' heing" affixed to it, which weighs l~n.Ibs. ID aIr, a~d 
onlr HI Ib,. in water, the componnd mass weIghs 16~ Ill-. 10 

water; reqnired the specific gravity of the cork? Ans. 24U. 

Efn.mples.-Case III. 
5. A piece of cast iron weighed 259·1 ou~ces in a.fluid, and 

298'1 ounces out of it; f!'qnirerl the specific gravity of the 
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fluid, allowing the specific gravity of the cast·iron to be 
7645. 

298'1 - 259'1 = 39, loss of weight in the iron; then 
298'1 : 39 :: 7645 : 1000, the specific gravity of the fluid; 
showing the fluid to be water.* 

6. A piece of lignum vitre weighed 42t ounces in a fluid, 
and 1661- out of it; what is the specific gravity of the 
fiuid, that of the lignum vitre being 1333 ? 

Ans. 991 is the specific gravity of the fiuid, which shows 
it to be liquid turpentine or Burgundy wine. 

TABLE OF SPECIFIC GRAVITIES. 

Spec. Grav. wt. cub. in. 

Platina 19500 
oz. 

1l·285 
Do. hammered 20336 II-777 
Cast zinc 7190 4161 
Cast iron 7207 4'165 
Cast tin 7291 4'219 
Bar iron 7788 4'507 
Hard eteel 7816 4'523 
Caet brae. 8395 4858 
Cast copper 8788 5'085 
Pure cast silver 10474 6061 c ... t lead 11352 6'569 
Mercury 13568 7872 
Pure cast gold 19258 11145 
Amber 1078 wt. cub. ft. 
Brick 2000 12300 
Sulphur 2033 lli 06 
Cast nichel 7807 4513 Cast cobalt 7811 4520 
PaVing stones : 2416 15100 
Common stone 2520 15750 
Flint and epar 2594 16212 Green glass 2642 
Whitegl .... 2892 
Pebble 2664 166'50 

., TD this ,manner '!lay the specie. of a fluid or a 80lid be aecertaiDed, by meaDI 
of Its Ipecl.6.c gravlty. and the above table This table Ius beeD taun frOID 
OAgor)". work for praotica.l men. 



S1ata 
Pearl. 
Alaba.ster 
Marble 
Chalk. 
Limestone 
Wax 
Tallow 

~!:.rWax 
Honey 
BODe of an ox 

SPECIFIC GRAVITY. 

Ivory . . 
Air at the earth', surface 
Liquid turpentine 
Olive oil . 
Burgundy wine 
Distilled water 
Sea water 
Milk. 
Beer 
Cork 
Poplar 
Larch . . 
Elm and West India ftr 
Mabogany 
Cedar 
Pitch ]line 
Pear Tree 
Walnut 
Elder tree 
Beech. . 
Cherry tree . 
Mapel ud Riga fir 
A.h and Dant.io oak 
Apple tree 
Alder. . 
Oak, Canadian 
Box, French . 
Logwood . 
Oak, English . 
Oak, 60 years old 
Ebony 
LignWD ntal 

Spec. Grav. 

2672 
2684 
2730 
2742 
2784 
3179 

897 
945 
989 
965 

141m 
1659 
1822 

14 
991 
915 
991 

1000 
1028 
1030 
1'034 

240 
383 
544 
556 
560 
596 
660 
661 
b71 
695 
696 
715 
750 
760 
793 
800 
872 
912 
913 
970 

1170 
1331 
1333 

177 

wt. cuh. ft. 
lbs. 

167 00 

17138 
17400 
19368 

15'00 
23'94 
3400 
34'75 
35 00 
37'25 
4125 
41·:n 
4194 
43'44 
43.50 
4468 
4687 
4750 
49'56 
5000 
54'50 
6700 
57'06 
51·87 
7312 
8318 
811'31 
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PROBLE~I II. 

The -,peaJie gra1'ity of a body, and its weight being git'W, tl 
find its solidity. 

RULE. Say, as the tabular specific gravity of the body i! 
to its weight, in ounces avoirdupois, so is 1 cubic foot to the 
("olltent. 

1. What is the solidity of a block of marble that weighs 
10 tons, its specific gravity being ~742? 

First, 10 tons = 200 hnndreds = 22400 pounds = 358400 
ounces : then 

2742 : 358400 :: 1 
1 

2742)358400(13013~\ 
2i42 

8420 
~:l~ti 

19.J.0 
2) __ (·70 

2742 H'IT 

2. How Illar;y cu1.i(' inches in an irregular block of 
marble which weighs 112 pouuds, allowing its specific 
gra vity to be 2520 ? A Its. 1228HH cubic inches. 

3. How Illany cubic inches of gunpowder are there in 1 
pound weight, its specific gravity being 1745? 

Ans. 15i nearly. 

4. How many cubic feet are there in a ton weight of dry 
oak, its specific gravity being 925 ? Ans. 38tH. 

PROBLEM III. 
The linear dimensions, or magnitude of a body, being given, 

and also its specifie gra'Lity, to find its weight. 
RULE. One cubic foot is to the solidity of the body, as 
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the tal)ular specilic :lTayity tlf the body is to the weight in 
a~"):r,lIJPc)is OUIH'e . ..:, 

1. \\'[",1 j, till> we;:':)J: of a vecc of dry oak, in the form 
of a parallelopipeuon, \\[IU~~ leugtlJ is 56 iuches, breadth 18 
inches, alld depth 1::l ? 

[,tj X l~ X U = 12096 cubic iuches, the solid content. 
Then 11~8 : 12096:: \J;-U : 6524 ounces = 40,~ pouuds, 
the weight required. 

~. What is the weight of a block of dry oak, which nlPa
sures 10 feet lllll~, 3 feet broad, and 2t feet <lP"Pi it,s 'pl·t'ilie 
I'ravity ),l'ilJ~ 925? All'. ,L)c;:iH [I)." 

3. "-liat is the weight of a blork of marble, who," length 
is 63 feet, and its breadth and tllll'kllC"';, raelJ I:! feet? 

Ans. (j94h'u tOllS. 

PROBLE~I IY. 

To find the quantities of tltV ingredients in a gircll compound. 

RULE. Take the difference of eYery pair of the three spe
cilic gravities, viz_, of the compollud and l'aeh illgredieut; aud 
mul tiply the difference of eyery t 11'0 by the thinL 

Then as the greater product is to the whole weight of the 
!f)mpound, so is ea('h of the otller proJucts to tlle weights of 
the two ingredients." 

1. A l'UlllpositiulI of II :!ll,,;. ]'l'i"g walle of tin alit! copper, 
whose specific gravity is fOllud to be 8j84; what is the 
quantity of each ingrt'uient, the specili" gravity of tin Leing 
7320, and of copper \10110 ? 

9000 9000 ~:~4 

14, :.'il:20 

14 jE.'l~O 

216 
j;j:!O 

1;,,,11 :!O 
) \ 1:)],1)00(1 

11:.. :: I 1.:.~1l:.!0 

14(j4 diff. 
9000 

131il'000. Tll<'l1 
100 Ills. copper. 

12 Ius. tilL 

• For the rea .. en of tlll~ rule, set! \llq;<t, .:.1 Total ill the IIcCQud book. of Anlh· 
malic, pullhlhed by the Cumlll;."Jn!,("~ 
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2. Riero, king of Si(;ily, furnished a goldsmith with a 
quantity of gold, to make a crown. When it came horne, 
'he suspeded that the goldsmith had used a greater qualltity 
of silver than was lIe"p~"ary in the composition; and applied 
to the famous mathematician, ~~rehillledes, a. Syracusian, to 
discover the fraud, without defacing the crown. 

To ascertl1in the quantity of gold and silver in the crown, 
he procured a mass uf g'ulu mHi another of silver, each ex
actly of the same w .. i~:ht with the crown; justly considering 
that if the crown were of jJure guld, it would be of eljllal 
bulk, and therefore displace an equ,d qnantity of water with 
the golden mass; nuu if of silver, it would be of equal bulk, 
and di'l'laec an equal quantity of water with the silver lIlass; 
but if of a mixture of the two, it would displace an inter
mediate quantity of water. 

N ow suppose that each of the three weighed 100 ounces; 
and that on immersing them severally in water, there were 
displaced 5 ounces of water by the golden mass, 9 ounces by 
the silver mass, and I) onnces by the crOWD; what quantity 
of gold and silver did the crown contain? 

A ~ 75 ounces of gold. 
1IS. l 25 ounces of silver. 

N:0n:; Q.1;1estio.ns rel!1ting to specific gravities may be wrought by the rules of 
Alligation In AllilimetJc, as well as by any Algebratc proeess that might be em· 
ployed. 

PROBLEM V. 

To find how many inches Ii floating body will sink in a fluid. 

RULE. Find, by Problem III. the weight of the floating 
body from its solidity and specific gravity, and that will be 
the weight of the fluid which it will displace. 

Theu say, as the specific gravity of tbe fluid is to 1728 
cubic inches, so is the weight of the body, in ounces, to the 
cubic inches immersed. The depth will be found from the 
given dimensions. 
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1. Suppose a piece of dry oak, in the form of a parallelo
pipedon, whose length is 56 inches, breadth 18, aud depth 
12, is to he Hoated upon common smooth water, on its 
broadest side j how many inches will it sink, its specific 
gravity being 932 ? 

By Problem III., the weight' of the piece of oak is 6524 
ounces, which, by the preliminary part of this section, is the 
weight of the water displaced. 

Then 1000: 1728:: 6524: 11273'472 cubic inches of oak 
immersed. Therefore, 11273'472 7 (56 X 18) X 11"184 
inches the depth it will sink. 

To find 'how far it will sink, allowing it to float on its 
narrower side, 11273'472 -;- (56 X 12) = 16'776 inches. 

2. How many inches will a cubic foot of dry oak sink in 
common water, allowing the specific gravity of the oak to be 
970 ? Ans. 11'64. 

PROBLEM VI. 

To find who,t weigltt may be attaclted to a floating body, so 
tltat it may be just covered with a git'en fluid. 

RULE. Multiply the cubic feet in the body by the differ
ence between its specific gravity and that of the fluid, and 
the product will be the weight in onnces avoirdupois, just 
sufficient to immerse it in the fluid. 

l. What weight must be attached to a piece of dry oak, 
56 inches long, 18 inches broad, and 12 inches deep, to keep 
it from rising above the surface of a fresh-water lake; the 
specific gravity of the water being 1000, and that of the 
oak 932 ? 

Here 56 X 18 X 12 = 12096 cubic inches. 
Then 12096 7 1728 = 7 feet. 

Then (1000 - 932) X ,. = 68 X 7 = 476 onnces = 29 
pounds 12 ounces. 
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~. What weight, fixed to a piece of dry oak, 9 inches 
lon~', 6 inches broad, and 3 inches deep, will keep it 
from ri~illg above the slll-face of common water, the specific 
gravity of water being 1000, and that of the oak 970 ? 

Ans. 2H ounces. 

3. A sailor had half an aoker of brandy, the specific gra
vity of the liquor was 927, the cask was oak, and contained 
21 G cubic iuches, aud its spe('ific gravity was V32; to secure 
his prize from the em;tom-house officers, he fixed just a.~ 
much lead to the cask as would keep it uoder water, aud 
then t.hr"w it into the sea; what weight of lead was neces
sary for his purpose? 

Ans. The cask of brandy contained 1371 cubic inches, 
the weight of sea-water of an eqnal bulk was 817'20486 
onncps, the cask \ni~'hed 116'5 ounces, t.be brandy 
619'6093j~" both tOg'c,ther weighed 736.19375 ounces. 
'rile difference between the specitic gravity of lead and sea
water is to this remainder, as the specific gravity of lead to 
its \reig'ht in ounces, wb,ch II ill be found to be 89'09'(95 
uunces, or 5 pouuds \J OUllces. 

PIWBLE:\l VII. 

To find tlte solidity of a body, ligllter titan a fluid, which 
u'ill be sufficient to l'l'LZ;ent a budy much hea'Cier titan the 
fluid, from sinking. 

Rl'LE. Find the solidity of tbe bod:' to be floated; from 
its wC'ight and 'll€cific gravity, by Problem II. Find also 
the weight of au equal bulk of the fluid by Problem III. 
Then say, as tbe diffen·nce betwpen the. Fpecific gravity of 
the fluid, and tbat of the body lighter tban .the fluid, is to 
the tliU'el'en(~e 1.etll'eeu the w'>ig-ht of the body to be floated 
and the 1I,·igbt of an equal bulk of the fluid, so is 1,23 to 
t\ce sulidity of the lighter boJy iu cubic inches. 

1. How many solid fept of yellow fir, whose specific gravity 
is 651, will be sufficient to keep a brass cannon, weighing 56 
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cwt., aBoat at sea, the fpecjfic gra ,.j tv of 1 ,ra,s being 8396, 
lind of sea water 1030 ? . 
First, 56 cwt. = 100352 ounces, weight of the body to be 
Boated, 

Then, 8396 : 100352 :: 17:2.-; : 206E,::l.675 cubic inches in 
the cannon. 

And, 1728 : 20~53'675 :: 1030 : 12:310'!l28,~, the weight of 
sea-water equal lD bulk to that of the cannon. 

Hence, 1030 - 657 : 100352 - 1:23IO'~I:2~!l :: 1728 : 
407868'5545 cubic inches = 236'031~ feet, the answer. 

2. The specific gravity of lead is 11 :-)2;" of cork 240, and 
of ~ea.-water 1030; n~w it is required to know how many 
cubic lIlches of cork Will be sufficient to keep 49i pounds of 
lead aBoat at sea? Ans. 1570))4 cubic inches. 

TO FIXD THE TOXXAGE OF SHIPS. 

1st.-YF.S5ELS AGROUXD. 

By the Parliamentary Rule. 

PROBLE;\I YIn. 

For a ship or vessel, the len~th is to be measured on a 
straight line along the rabbet of the keel, from a perpendic
ular, let fall from the btLek of the main post, at the height 
of the wing-transom, to a perpendicular at the height of the 
upper deck (but the middle deck of three-decked ships), 
from the forepart of the stern; then from, the length between 
t.hese perpendiculars subtract three-fifths of the extreme 
breadth for the rake of the stern, and 2t inches for every 
foot of the height of the wing-transom above the lower part 
of the rabbet of the keel, for the rake abaft; and the re
mainder will be the length of the keel for tonnage. 

The main breadth is to be taki-IJ ftom the outside of the 
outside plank, in the urotLdest part of the ship, either above 
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or below the wales, deducting therefrom all tha tit exceeds 
the thickness of the plank of the bottom, w ilich suall be ac
counted the main breadth; so that tile moulding breadth, or 
the breadth of the frame, will then be less than the main 
breallth, so found, by donble the tilickness of the plank of 
the bottom_ 

Then multiply the length of the keel for tonnage by the 
main breadth, so taken, and the product by half the breadth, 
then divide tile whole by 94, and the quotient will give the 
tonnage_ 

In cutters and brigs, where the rake of the stern-post ex
ceeds 2! inches to every foot in height, the actual rake is 
generaiJy subtracted instead of the 2! iuches to every foot, 
3S before mentioned_ 

L Let us suppose the length from the fore-part of the 
,tern, at the height of the upper deck, to the after-part of 
the stern-post, at the height of the wing-transom, to be 155 
feet 8 inches, the breadth from out to outside 40 feet 6 
inches, and the height of the wing-transom 21 feet 10 
inches, what is the tonnage? 

ft_ 
40-6 breadth. 

deduct 3 

40-3 
3 

5) 120-9 

24"lt = 24-15 
21-10 height of wing-transom_ 
2i multiply_ 

12)541.-
4-55 + 2·!-l5 = 28-70 

155-66 - 2:-:170 = 126_96 = length_ 
126-96 X 40-25 + 20-125 

94 = 1094, the answer_ 
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2. Suppose the length of the keel to be 50.5 feet breadth 
of the midship-beam 20 feet; required the tonnage? 

Ans. 107'4. 

3. If the length of the keel be 100 feet, and the breadth 
of the beam 30 feet; what is the tonnage? Am. 478. 

2nd.-vESSELS AFLOAT. 

Drop a plumb-line over the stern of the ship, and mea
sure the distance between such line and the after-part of the 
stern-post, at the load water-mark: in a parallel direction 
with the water, to a perpeudicular point immediately over 
the load water-mark, at the fore-part of the main-stem, sub
stracting from such measurement the above distance, the 
remainder will be the ship's extreme length; from which is 
to he deducted three inches for every foot of the load draught 
tlf water for the rake abaft, and also three-fifths of the ship's 
breadth for the rake forward, the remainder shall be 
esteemed the just length of the keel to find the tonnage; 
and the breadth shall be taken from outside to outside of 
the plank, in the broadest part of the ship, either above or 
below the main-wales, exclusive of all manner of sheathing 
or doubling that may be wrought upou the sides of the 
ship; then multiply the length of the keel, taken as before 
directed, by the breadth, as before taught, and that product 
by half the said breadth, and dividing the product by 94, 
the quotient is the tonnage. 

3rd.-sTEAM VESSELS. 

The length shall be taken on a straight line, along the 
rabbet. of the keel, from the back of the main-stern I?ost to 
a perpendicular line from the fore-part of the malll-stem 
under the bowsprit; from which deducting the length of 
the engine-room, and subtracting. three-fifths of the bread th, 
the remainder shall be esteemed the just length of the keel 
to find the tonnage; and the breadth shall be taken from 
the outside of the outside plank in the broadest place ?f 
the ship or vessel, be it either above or below the mUlll-
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wales, exclusively of all manner of doubling planks that 
may be wrought IIpon the sides of the ship or vessel; then 
IUllltiply the length and breadth so found' together, and 
that product Ly half the saUle breadth, and dividing by 
94, the quotient will be the tonnage, according to which 
all sllch vessels shall be measured. 

Non:. Under certain penalties nothing but the fuel can be stowed in the 
engluc-room. 

Some divide the last product by 100, to find the tonnage 
of killg's ships, and by 95, to find that of merchant's ships. 

FLOATING BODIES. 

1. The buoyancy of casks, or the load which they will 
carry, without sinking, may be estimated by reckoning 101bs. 
avoirdupois to the ale gallon, or tlklbs. to the wine gallon. 

2. 'l'he huoyancy of pantoons may be estimated at abont 
half a hundred weight, or 50lbs. for each cubic foot. There
fore a pantoon which contained 96 cubic feet, would sus
tain 48 hundred wright before it could Sillk. 

N.B.-This is an approximation, in which the difference between A and! 
\'iz, 0'2 of tho wbole weight is allowed for that of the pantoan itself. 

3. The principles of buoyancy are very ingeniously 
applied in the self-acting flood-gate, which, iu the case of 
COlllmon sluices to a mill-dam prevents inundation when 
a. ~uddrn flood OCCIII'S. By means of the same principle 
it is that a hollow ball attached to a metallic lever of about 
a foot lOlli!", is made to rise with the liquid in a water-cask, 
and thus to close the cock and stop the supply from the 
l,ipe, just before the time when the water would otherwise 
run ol"l'r the top of the vessel. 

The property of buoyancy has also been successfully em
ployed in raisillg ships which had sunk under water, and in 
pulling up old piles in a river when the tide ebbs and flows, 
A large barge is brought over as pile a the water begins to 
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ri,e; a str()Il,~' chain whicl! hus l,c(,11 pl'.'rious]y fix('.] to the 
pile IJY a ring .. l\:('., i, mal Ie to ,(!'ird t 11(' ba r~'I', lllld i, t hell 
firmly fastened; then, as the tide rises, the I,ar,;.;e rises also, 
and by means of its buoyant fOI'l:e draws up the pile with it. 

III a case which actually 0"1'111'1'1'11, a harg-e of ;-)0 feet lon/!" 
B feet wide, 6 deep, aud Lll'll\\ill,~ two feet wat!'r WllS C.11-

pl'JH'll. Then 50 X l:.l X (6-2) X -4 =~O~7:l XII; 

:= 1~)~ X 7~ = 1:14.1 + 2,:; = 1:),14 l'wt, = Gil! tOllS, 

nearly, which is the measure of the force with which the 
barge acted in pulling up the pile, 
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SECTION IX. 

WEIGHT AND DIMENSIONS OF BALLS AND 
SHELLS. 

The foregoing problems furnish rules for finding the 
weight and dimensions of balls and shells. But they may 
be found much easier by means of the experimental weight 
of a ball of a given size, and from the well-known geome
trical property, that similar solids are as the cubes of their 
diameters. 

PROBLEM I. 

To find the weight of an iron ball from its diameter. 

RULE. Kine times the cube of the diameter being divided 
by 64, will express the required weight in pounds. * 

1. The diameter of an iron shot is 5 inches; required its 
weight? 

5 X 5 X 5 = 12:' = cube of the ball's diameter. 
Then 125 X 9 -;- 64 = 17 Hlbs., the answer. 

2. The diameter of an iron shot being 3 inches· required 
its weight? Ans.' 3·Slbs. 

3. The diameter of an iron shot is 5·54 inches; what is 
its weight? Ans. 241bs . 

• See Appendix. Demonstration 113. 
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PROBLEM II. 

To find the weight of a lea~en ball, by hating its diameter 
gzre'/l. 

RnE. Multiply the cube of its diameter by 2, and divide 
the product by 9, and the quotient will give the weight in 
pounds.* 

1. What is the weight of a leaden ball of 5 inches dia
meter? 

5 X 5 X 5 = 125 cube of ball's diameter. 
Then, 125 X 2 -:- 9 = 250 -:- 9 = 27~ lbs., answer. 
2. What is the weight of a leaden ball whose diameter 

is 6·6 inches? Ans. 63·888Ibs. 
3. What is the weight of a leaden ball, whose diameter 

is 3·5 inches? Ans. 9·53 Ibs. 
4. What is the' weight of a leaden ball, whose diameter 

is 6 inches? Ans. 48 lbs. 

PROBLEM III. 

Having the weight of an iron ball, to determine its aUlmeter. 

RULE. Multiply the weight by 7·h then take the cnbe 
root of the product for the diameter.t 

1. What is the diameter of an iron ball, whose weight 
is 42 lbs. 

4:2 X 7t = 298~. 
Then, ~ 298 = 6·685 inches, the answer. 

2. Required the diameter of an iron ball, whose weight 
is 24Ibs.? Am. 5·54 iuches . 

• See Appendix. Demoulltration 114. . 
t Twa rulo il obvioUi from Problem I., beIng the CODverlie thereof. 
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3. What is the diameter of au iron ball, whoRe weight 
is 3'S lbo;, ? Ans. 3 inches. 

PROBLEM IV. 

Having the weight of a leade:n ball, to determine its diameter. 

Rn.E. Multiply the weight by 9, and divide the product 
by ~; and the cube root of the quotient will express th~ 
diameter." 

1. What is the diameter of a leaden ball, whose weight 
is 64 lbs. ? 

li4 X 9 = 576. 
Then, [;76 -:- 2 = 288. 

lieuce, ,y 288 = 6'6 inches, the answer. 
2. Required the diameter of a leaden ball, whose weight 

is 27t Ibs. ? Ans. 5 inches. 
3. What is the diameter of a leaden ball, whose weight 

is 63'888 lbs. ? Ans. 6'6 inches. 

PROBLE~I V. 

Having given the external and internal diamete:r of an iro?1 
shell, to .Iilld its weight. 

RaE, Find the difference between the cubes of the two 
diameters, and multiply it by 9 ; divide the product by 64, 
and the quotient will express the weight in pounds.t 

1. What is the weight of an 18-inch iron bomb-shell, 
whose mean thickness is It inches? 

18 - 2t = 15t = internal diameter. 
Then, IS' = 5832 the cube of external diameter. 

(15.5)3 = 31:2,]'::-;75 the cube of internal diameter. 
"\l1f1. 5,,32 - 3723'875 = 2108'125 = difference of cubes. 

H('llce, 2108'] 2;') X 9 -:- 64 = ~96'45Ibs" the answer . 

• This rule i".mIlTlifest from .Problem III., being its converse. 
t See AppendiX, Ltemonstrahon 11ol. 
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2. What is the weight of a 9-inch iron bomb-shell, whose 
mean thickness is q. inch. Ans. 7:2·14Ibs. 

3. What is the weight of an iron bomb-shell, whose ex
ternal diameter is 9·8 inches, and internal diameter 7 
inches? Ans. 84t Ibs. 

PROBLE)l VI. 

To find how much powder will fill a shell of given dimensions. 

RULE. Divide the cube of the internal diameter in inches, 
by 57·3, and the quotient will express the auswer." 

1. What quautity of powder will fill a shell, whose iuter
nal diameter is 10 inches? 

First, 10 X 10 X 10 = 1000 = cube of diameter. 
57·3)1000(17·451bs., answer. 

573 

4270 
4011 

2590 
2292 

2980 
2865 

115, &c. 
NOTE. IIi liome recent works, the cube of the diameter is divided by 59'32, for 

the weight of powder in pounds. 

2. How many pounds of gunpowder are required to fill a 
hollow shell, whose internal diameter is 13 !llches ? 

Ans. 37 Ibs., accordmg to the note. 
3. Required the number of pounds of powder that will fill 

a. shell whose interna.l diameter is 7 inches? 
, An ... 6lbs. by the rule in the text . 

• See Appendix, Demonstration 116. 
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PROBLE~I VII. 

To find ww much pcnoder will/ill a 1'edangular box of given 
dimensions 

RULE. l\fultiply the length, breltdth, and depth togethel 
in Inches, and the last resnlt by '0322, and the last product 
will gi I'e the weight in pouuds. * 

1. How many pounds of powder will fill a rectangular 
box, whose length is 16 inches, breadth ]2 inches, and depth 
6 inches? 

] 6 X 12 X 6 = 1152 = content of the box. 
Then, 1152 X '0322 = 37'0944, the answer. 

2. How many pounds of powder will fill a rectangular 
box, whose length is 10 inches, breadth 5 inches, and depth 
2 inches? Ans. 3·22Ibs. 

3. How many pounds of powder will fill a rectangnlar 
box, whose length is 5 inches, breadth 2 inches, and depth 
10 inches? Ans. 3·22Ibs. 

PROBLE:\f VIII. 

Having the length and diameter of a cylinder, to determine Iww 
many pounds of gunpowder will fill it. 

RULE. MUltiply the square of the diameter by the length, 
and divide the product by 40, for tbe weight in pounds.t 

1. The diameter of a hollow cylinder is 10 inches, and the 
length 14 inches; how many pounds will it hold? 

10 X 10 = 100 = square of diameter. 
Then, ]00 X 14 = 1400. 

Hence, 1400 -;- 40 = 35 lbs., the answer . 

• See Appendix~ Demonstration 111. 
t See Appendix, Oemonatration 11 .. 
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2. The diameter of a hollow cylinder is 5 inches, and its 
length 40 inches; how much powder will it hold? 

Ans. 251bs. 

3. The diameter of a hollow cylioder is 5 inches, and the 
length 12 inches; how many pounds will it hold? 

Ans. 7·5Ihs. 

PROBLEM IX. 

To find what portion of a cylinder will be occupied by a 
given quantity of po'wder, the diameter of the cylinder 
being given. 

RULE. Multiply the given weight of powder by 40, and 
divide the product by the square of the diameter of the 
cylinder, and the quotient will be the pounds required.* 

1. The diameter of a hollow cylinder is 10 inches; how 
mnch of it will hold 50 Ibs. of powder? 

50 X 40 = 2000. 
Then, 2000 -:- 100 = 20 inches, the answer. 

2. How much of a cylinder of 14 inches diameter, will 
hold 10 Ibs. of powder? Ans.2·05. 

3. How much of a cylinder, 12 inches in diameter, will 
hold 144lbs. of powder? Ans. 40 inches. 

PILING OF BALLS AND SHELLS. 

Iron-shot and shells are usually piled in horizontal course~, 
either in a pyramidical or in 8, wedge-like form; the ha,p 
"eing eitb tr an equi-lateral triangle, a square, or a rectangle 

t See Appendix, Demollitration 119. 
\l 
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Those piles whose bases are triangles or squares, terminate 
in one ball at the top: but piles whose bases are rectangles 
terminate in a single row of balls. 

III triangnlar and square piles, the number of horizontal 
rows of courses, is always equal to the number of balls in 
oue side of the bottom row. 

And in rectangular piles, the number of rows is eqnal to 
the number of balls in the breadth of the bottom . 

. \.Iso the number iu the top row or edge, is one more 
thau the difference between the length and breadth of the 
bottom row. 

PROBLE~I 1. 

To find the number of balls in a 1'ectangular pile. 

RULE. ~Iultiply the number iu one side of the bottom 
row, by that number iucreased by 1, and the result by the 
same number increased by ~; then the one-sixth of the 
last product will give the number of balls required.* 

1. Required the number of shot in a complete triangular 
pile, one of whose sides contains 22 balls? 

~2 = the number in one side of base. 
2:3 = the number + 1. 

66 
44 

506 
24 = the number + 2. 

2024 
1012 

6)12144 

2024 = the number of shot in the pile . 

• See Appendjx, Demon.tration 120. 
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2. Required the number of shot in a complete triangular 
pile, one side of whose base contains 15 bails? 

Ans. 680 balls. 
3. Required the number of balls in a triangular pile, each 

side of the base containing 30 balls? Ans. 4960. 

PROBLEM II. 

To find the number of balls in a square pile. 

RULE. Multiply continually together the number in one 
side of the bottom course, that number increased by 1, and 
double the same number increased by 1; then one-sixth of 
the last product will be the answer. * 

1. How many balls are in a square pile of 30 rows? 
30 = number in one side. 
31 = number in one side + I. 

930 
61 = twice the uumber iu oue side + 1. 

6)56730 

9455 answer. 

2. Required the number of shot in a complete square 
pile, one side of whose base contains 19? Ans.2470. 

3. How many shot in a finished square pile, when a side 
of the base contains 21 shot? Ans. 3311. 

PROBLEM III. 

To find till!. number of shot in a finished rectangular pile. 

RULE. Add 1 to three times the number of shot contained 
in the length of the base, subtract the number of shot in the 

• See Appeodis. DemoDstration 1'21. 
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breadth of the base, multiply the remainder by the said 
number increased by 1, and this result again by the num
ber in the breadth; then olle-sixth of the last result will 
give the number of shot in the rectangular pile." 

1. Required the number of shot in a finished rectangular 
pile, the length of the base containing 59, and its breadth 
con tainiog 20 balls ? 

59 = the Ilnmber of shot in the length. 
3 

177; then 177 + 1 = 178, and 178 - 20 = 158. 
158 X 21 = 3318, and 3318 X 20 = 66360. Hence 

66360 -7- 6 = 11060, the answer. 

2. How ma.ny balls are in a rectangular complete pile, the 
length of the bottom conrse being 46, and its breadth 15 ? 

Am. 4960. 

PROBLEM IV. 

To determine the number of balls contained in a pzl,e which 
is 'lint fini.~hed, the highest C01~rse being complete, and the 
number of balls in each side thereof being given. 

RULE. Find the number of shot which would be con
tained in the pile if it were complete. Find also the 
number in that complete pile, each side of whose base con
tains one shot fewer than the corresponding side of the 
uppermost course of the unfinished pile, a.nd the difference 
between these results will evidently give the number of balls 
in the unfinished pile. 

1. How many shot are there in an unfinished triangular 
pile, a side of whose base contains 23, and a side of the 
uppermost course 7 shot? 

". See Appendix, Demonstration hl:2. 
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23 = number of balls in the base. 
24 = number of balls in the base + l. 

552 
25 

6)13800 

2300 = number of the pile when complete. 

6 
7 

42 
8 

6)336 

56 number of balls in the imaginary pile. 
Therefore, 2300 - 56 = 2244, the answer. 

2. How ma?y balls in an incomplete square pile, the side 
of the base bemg 24, and of the top 8 ? Ans. 4760. 

3. How many balls are there in the incomplete rectan
gular pile of 12 courses, the length and breadth of the base 
heing 40 and 20 ? Ans. 6146. 

DETERMIXING DISTAXCES BY SOUXD. 

The velocity of sound, or the space through which it is 
propagated in a given time, has been very differently esti
mated by philosophers who have written on this subject. 
We shall, however, take it to be 1142 feet in a second. 

From repeated experiments it has been ascertained that 
~"ul)d moves uniformly, or, to speak more philosophically, 
that the pulses of air which excite it move uniformly. The 
~'elocity of sound is the same with that of the rerial waves, 
aud does not vary much whether it go with the wind 01 

against it. By the wind, no douht, a certain qnantity of air 
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is carried from one place to another, and the sonnd is some
what accelerated while its waves move through that part of 
the air, if their directiou be the same as that of the wind. 
But as the velocity of sound is vastly swifter thau the wind, 
the acceleration it will thereby receive is but inconsiderahle, 
being at most but ,/. of the whole velocity . 

. The chief effect perceptible from the wind is, that it in
creases and diminishes the space through which souud is 
propagated. The utmost distance at which sound has been 
heard is about 200 miles. It is said that the unassisted 
human voice has been heard from Old to New Gibraltar, a 
distance of about 12 miles. Dr. Derham, placing cannon at 
different distances, and causing them to be fired off, observed 
the intervals between the flash and report, by means of which 
he found the velocity of sound to be as above stated. 

1. Having observed the flash of a cannon, I noticed by 
my watch that 5 seconds elapsed previous to my hearing 
the report; determine my distance from the gun. 

1142 
5 

5ilO feet, the answer. 

2. Being at sea, I saw the flash of a cannon, and counted 
8. seconds betweeu the flash and the report; required the 
dlstance? Ans. 1 ,7. mile. 
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SECTION K. 

GAVGIXG. 

Gauging is the art of measuring the capacities of vessels, 
such as caskR, vatR, &c. 

1'he bu!;;ine>s of !-!:uagillg is generally performed by means 
of two instruments, namely, the gauging or sliding rule, 
aud the gaugiug or rli"gollul rod. 

1. OF THF. GAt:GI\:'; Rl I.E --L8AllBETTER's. 

By thi~ illstrulIlI'lIt is cOllll'utPd the contents of casks, &c., 
aft,'r the dilllensions have i,e~n taken. It is a square rule, 
having variolls log:al'ithlnic lin,·s on its fonr faces, and three 
sliding piecps cupable of ht'ill!!· T"Overi throngh grooves in 
which they fit, in three uf t.hese faces. 

Ou the first face ~rp (It·linpatcd three lines, namely, two 
marked A B, on which JUnltiplil'ation n'"l division are per
forme(l; allli. the third mark~d ,,\1 D, sig·nili~s malt depth, 
and serves to gua!-!:e malt. The middle one B is on the 
sliller, and is a kiml of douhle linc, heing m~rked at both 
('d~·.·, of the slider, for applying' it to i,uth the lines A and 
,,\1 ll. Th.>se three lilli'S !Il'l' all of the same radins, or dis
tance from 1 to 10, each containiug' twice the lellgth of the 
radius. A and Bare nnmhered ann placed exactly alih, 
P:"'1. comlllellcin).!; at 1, which mar be either I, or 10, 100, 
&<'., or I, or ·01, '001, &c. 'Vhatl'ver the 1 at the be
ginni/lg' is I"f'timatl"d at, the middle division, 10, will be 10 
tim('''; a" milch, anrl tbe last divi~ion 100 timl's a~ mnch, 
1 :ut I 011 , I,,· lillf~ :II D is opposik 2:l~O, or more exal'tly 
~:ll~·:l on the otber lines, which nllmber 2218·2 denotes 
the cubic inch in an imperial malt bushel; and its divisions 
numbered retrograde to those of A and B. On these t \\0 
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lines are also several other marks and letters j tbus on the 
liue A and .JI B, or sometimes only B, for malt bushel, at the 
number 2:l18'2, and A for ale, at 282, the cubic inches in 
au old ale gallon; and on the line B, is W, for wine, at 231, 
the cubic inches in an old wine gallon, 

These marks are now usually omitted upon the rule, since 
the late new Act of Parliament for uuiformity of weights 
and measnres, and G for gallon is put at :l1 h~H tbe inches 
in an imperial gallon, * whether for ale, wine, or spirits, 

Ou many sliding rules are also found s i, for square ill
scribed at '707, the side of a square inscribed in a circle, 
whose diameter is 1; s e, for square equal at '886, the side 
of a square which is equal to the same circle; and c for cir
cumference, at 3'1416, the circumference of the same circle, 

On the second face, or that opposite the first, are a slider 
and four lilies marked D, C, D, E, at one end, and root 
square, root cube at the other cnd; the lines C and D COll

tailling, respectively, the squares and cubes of the opposite 
numbers on the lines D, D; tbe radius of D being double to 
that of A, B, C, and triple to tbat iJf E; therefore whatever 
the first 1 on D dellotes, the first on C is its square, and the 
tirst on E its cube; that is, if D be)!;in with 1, C and E will 
begin with 1; but if D begin with 10, C will begin with 100, 
and E with 1000; and so OIl, 

On the line C are marked 0 cat '0,96, for the area of the 

• Until 5. Genrge IV., in which a uniform Systpm of ~·eights and measure. 
W3.S e .. tahII&hed untler the dennminatio" of I:'IIP)RUL 'V.:Ir.Hl"S ...... 0 "'UA"l"(~:S 
tt~t:re were, amongst other SOUICt'!i o.r incunvenience, different m ea .. u rei;. though 
ot the same name. for ale and wJne. A gaUnn of ale c-ontain~lt ~82 cuhic 
inc-heR, and a gal10D of wine 231; a bushel of malt contained 'lJbO 4:.! cubic 
in,·hes . 
• '1'1) ~edl1ee old m~asure into new, say, as the numher of cllbic inches in the 
Impalal stan(lan.l 15 tn the number of cubic inches in the old standard. so if( the 
r~:::~I;r~t~.e~~~!~~S or bushels, ~c., old measure, to the nurnb(lr tlf gallons, Gte., 

. "\\'I~:II ~reat Hcenr~c-~· .is not r~quired. old wine ganone:: may be rellueell to 
~mpel.~~l g.dlons hy dl\"J,lmg by 1 :2; Rnr! the old ale gallnns may be leduced to 
11~l'el.lal ~8Hofll by multiplying by tiO. and. divid.ing the product by fig; and old 
01 \Vmel.le~ter bushels may he reduced to Impenal llu!>heJs by multiplyiDg by 
SI, and dlVldmg the product by 3-2. 
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circle whose circumfereuce is 1; and 0 d ; at ',854, for the 
area of the circle whose diameter is 1. 

On the line D are marked G S, for gallon square at 
1665, and G R for gallon round at 18'789; also M S for 
malt square at 47'097, and M R for malt round at 53'144, 

'I'hese are the respective gauge-points for gallons and 
bushels, The first 16'65 is the side of a square, which at 
an inch depth holds a gallon; the second 18'789, the dia
meter of a circle, which at an inch depth holds a gallou ; 
the third 47'097 the side of a square, which at an inch 
depth holds a bushel; the fourth, 53'144, the diameter of a 
circle, which at an inch depth holds a bushel. 

On the third face are three lines: one on a slider, marked 
N; and two on the stock, marked S Sand S L, for segmeut 
standing and segment lying, which serve uUaging, standing 
and lying casks, 

And on the fourth side, or opposite face, are a scale of 
inches, and three other scales, marked spheroid, or 1st variety, 
2nd variety, 3rd variety; the scale for the fourth or conic 
variety, being on the inside of the slider in the third face, 
'fhe use of these lines is, to find the mean diameter of casks, 
On the inside of the two first sliders, besides all those 
already described, are two other lines, being continued from 
one slider to the other, 

The one of these is a scale of inches, from 2t to 36, and 
the other is a scale of ale gallons, between the correspond
ing number 435 and 3'61; which form a table, to show, 
in ale gallons, the contents of all cylinders whose diameters 
are from 12t to 36 inches, their common altitude being 1 iuch, 

VERIE'S SLIDING RULE, 

This rule is in the form of a parallelopipedon, and is 
generally made of box, 

1. The line marked A, on the face of this rule, is calle(1 
GUllter's line, and is numbered, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
At 2218'192 is fixed 0. brass pin, marked 1M, B, signifying 
the cubic inches in a imperial bushel; at 277'274 is fixed 

H" 
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allotller brass pin marked nr, G, denoting the number 1./1 

cubit; inches ill an imperial gallon. 
=:!. TIle line marked B is on the slide, and is divided 

t'x:Jetlv like that mnked A. There is another slide B, on 
the opposite side, which is used along with this. The slide 
Oll the first f:lee is called the sec01ul radius, and that on 
the oJI]>osi te face, the first radius. The two brass ends, 
when placed togetller, make a double radius, !lumbered 
from the left-hand towards the right. At 2'17':fi4, on the 
secolld radius, is a fixed brass pin, marked 1M, G, denoting 
th~ cubic illches in an illlperial g-allon; at 314 is fixed 
another brass pin, marked C, signify ing the circumference 
of a (,Ircle whose diameter is 1. These lines are nsed and 
read exactly as the lines .\ alld H, on the carpenter's rule, 
whieh have been already d('.-cri lwei, 

3. The back of one slide 01' radius, marked B, has 
the diroensiolls for imperial gallolls, and bushels, green 
stareh, ury starch, hard soap hot, hard soap cold, greeu 
suf't sO:'I', white soft soap, flint glass, (\i:c, , &c., as in table, 
}1:t.!.!'p :!()I •. 

The back of the other slide or radius, marked B, contains 
the ~':In ~"-I'''W ts corresponding to these divisors, where S 
deDotes 'q nares, and C cireles. 

4. The line :\I D on the rule, deuotiug malt depth, is a 
Jine of lllllllhers commenciug at :.!:.!~1·192, aud is num
],el'l'u froUl the left to the right-hand 2, 10, 9, 8, 7, 6, 5,4, 
3. '1'1, ,s rille is used iu malt gauging. 

5. 'fhe two slides B, just described, are always used 
together, either with the line A, :\1 D, or the line D, which 
is on the Ol'posite face of the rule to that already described. 
Til.. line il is num bered from the left-hand towards the 
~'ight, I, 2, ?, 31, to 32, which is at the right-band end; it 
IS then contulUed from the left hand end of the other edge of 
the rnle, :U, 4, 5, 6, 7, 8, 9, 10. At 16'651 is a brass pin 
(~ .S, sigl~ifying: a gnoge square, \,einl; the square guage
pOInt for ImpeI'lal g~lIons. At 18'71:19 is fixed a brass pin, 
~Ial'~ed G I{, denotmg go /I gc round, or circular gauge point 
tor Impel'lal gallons. At 47097, M S signifies malt square; 
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the Rquare gauge-point for malt bushels. A.t 53'144, M R 
dellotes malt T01£nd, the round or circular gange-point for 
Inalt bushels. The line D 011 this rule is of the same natnre 
as the line marked D on the carpenter's rule, which has beeu 
already described. The line A and the two slides B, are 
U';d.! together, for performing multiplication, division, simple 
pruportion, &c.; and the line D, and the same slides B, are 
useu together for extracting the square and cube roots. 

6. The other two slides belonging to thi~ rule are marked. 
C, and are divided in the same manner, and used together, 
Itke the slides B. 

The back of the first slide or radius, marked C, is divided, 
next the edge, into inches, and numbered from the left-hand 
towards the right, I, 2, 3, 4, 5, &c., and these inches are 
again subdivided into 10 equal parts. The second line is 
luarked spheroid, and is numbered from the left hand towards 
the right I, 2, 3, 4, 5, 6,1, x. The third line is marked second 
variety, and is numbered I, 2, 3, 4, 5, G. These lines are 
used, with the scale of inches, for finding a mean diameter. 

The back of the second slide or radius, marked C, Iw;; 
several factors for reducing gO!).!, of one denomination to 
others of equivalent values. TllUs I X. to Y1. 6. I signifies 
that to reduce strong beer at Ss. per barrel, to small beer at 
Is.4d. you are to multiply by 6. I VI. to X. 17. I sigllifies 
that to reduce small beer at Is. 4d. per barrel to strong beer 
at 8s. per barrel, you arc to multiply by '17. I C 4 lJ.J to X. 
:n. I signifies tha.t 27 is the IDul ti!Jlier for reducing cider at 
4s. per barrel to another at 8s., &c. 

7. The two 'slides C, just deseribed, are always used toge
ther, with the lines on the rule marked Seg. St., or S S, ,(~!!'
mellts stalldillgj and Seg. L y or S L, segments lyillg; for 
lllbl"ing casks. The former of these lilies is numbered I, 
2. 374, 5,6,7,8, whieh stands at the right hand endj it then 
"'oes on from the left-hand on tire other edge 8, 9, 10, &c., 
~" 100, the latter is numbered iu the same mallller 1, 2, <:, 
4. which stauds at the right haud end; it then goes on from 

, !ef .. hsod flO the other edge, 4, 5, 6, 7, &c., to 100. 
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PROBLK\1 1. 

To find the several multiplien, diri.wrs, and galbge-points 
belonging to the several measures now used 

MULTIPLIERS FOR SQUARES. 

As 277'274 solid inches are contained in one imperial gal. 
lon, and 2~18'19:l solid inches in an imperial bushel; then it 
is obvious that if 1 be divided by 27,'274, and 22Un92,' 
respectively, the quotients will be the multipliers for imperial 
gallons and bushels respectively. 

Hence the method of finding the following multipliers is 
obvious :-

277'n 1) 1'00000('0036065 mllitiplier for imperial gallons. 
2n ~ Hi:l) 1'00000(,0004508 multiplier for imperial bushels. 

X ow it is manifest that if the solid inches contained in any 
vessel be multiplied by the first of these multipliers, tLe pro
duct will be the imperial gallons that vessel will contain; and 
if multiplied by the other, the product will be the imperial 
bushels. 

MULTIPLIERS AND DIVISORS FOR CIRCLES. 

It has been shown that when the diameter of a circle is 1, 
the area of that cirde is '7~5398, &c., '7.-;[,4, nearly; then 
by dividing the solid capacity of any figure by '7~;j4, the 
quotient will be the proper divisor for the square of the 
diameter of a circular figure. Theu to reduce the area at 
one inch deep into gallons, divide '7854, or '785398, &c., 
by :],7'214, and ~:l18'1!)~, alld the qnotients will give the 
multipliers for imperial gallons and bushels respectively; 
and ',854 divided illto :l77'2H and 2218'IH:l, will give the 
divisors for the imperial gallons and bushels. 

~17'2'1)'785398('002832 multiplier for imperial gallons. 
2218'192)'785398('003.54 multil'li~l' for imperial bushels. 
'785398)277'274(350'0362 divisor for imperial gallous. 
'785398)2218'192(2824'2897 divisor for imperial bnshels. 
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The gauge-poiuts are found by extracting the square root 
of the divisors. 

GAUGE-POINTS FOR SQUARES. 

-J 277'274 = 16'651 imperial gallons. 
-J 2218'192 = 47'097 imperial bushels. 

GAUGE-POINTS FOR CIRCLES. 

-J 353'0362 = 18'789 imperial gallons. 
-J 2824'2897 = 53-144 imperial bushels. 

In this manner the numbers in the following table were 
calculated. 
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ber will fall ofr the rule; hence ID many C8"e" it will he necessary to find a 
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PROBLEM II. 

To find the area, in imperial gallons, of any rectilineal plane 
figure, 

RULE, By the rules given in Mensuration of Superficies, 
find the area of the figure in inches, which being divided by 
217'274, or multiplied by '0036065, will give the area in 
gallons. * 

1. Suppose a back or cooler in the form of a parallelo
gram to be 100 inches ill lellgth, and 40 in breadth; 
required the area in imperial gallons. 

100 X 40 = 4000 the area in inches, which divided by 
277'274 the quotient 14'426 = the number of imperial 
gallons; or if we multiply 4000 by '0036065, the product 
14'426 is the number of imperial gallons as before. 

BY THE SLJDI:s'G RULE, 

I 
On A On B On A On B 

As 277'274 : 40 :: 100 14'4, nearly. 

2. If the side of a square be 40 inches, what is the area 
in imperial gallous ? Ans. 5'77 gallons. 

3. If the side of a rhomhns be 40 inches, and its perpen
dicular breadth 37 inches; required its area in wine gallons. 

Ans, 5'41. 

4. What is the area of a ~qnare cooler, in imperial gallons, 
the side being 144 inches? Ans, 74' i 85, 

5. Allowing the side of a hexagon to be 64 inches, and 
the perpeIJdicnlar from the centre to the middle of one of 

• 'l°he areas of plane ligure .. , in gauging. Are expresr;ed ~n gallon!;, or bushels 
Fur there will be as mallY solid inches in any \'esgel of o.ne Jocb deep. 88 ther~ a~f" 
superficial iDChp8 in its base. What i, coiled .in,gaugmg 8 '~rfllCe o.r ar~a IS m 
reality a Jlurfa.ce of oue inch deep. wh!ph, multlplJed by tbe be.gbt, WIll gn-e tb, 
whll]e eOD.lebt In galloni or bushel... . 
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the sides 55'42 inches; required its area in imperial gallons 
and malt bushels? 

A \ 3S'"3S imperial gallons. 
w. i 4'S malt bushels. 

PROBLEM III. 

The diameter of a circnlar ressel being giren in inches, to ji1ul 
it s area in imperial gallons. 

RULE. Multiply the square of the diameter by '002832; 
or divide the square of the diameter by 353'036, the product 
or quotient will give the area iu imperial gallons. 

When it is required to find the area in any other deno
mina tion than imperial gallons, use the proper mnltiplier 
or divisor for the required denomination, as given in the 
table, page 206. 

1. The diameter of a circlliar vessel is 32'6 inches; re
qnired the area in imperial gallons? 

(32'6)2 = 10()2·16. Then,-
1062'76 X '011:2)-(:::2 = 3'01 gallons. 

Or, 1062'76 -:- 353'036 = 3'01. 

BY THE SLlDll\G RULE • 

.As IS'78 is the circular gauge-point for imperial gallons. 
say 

OnD OnB OnD OnB 
.As 18'78 : I :: 32'6 : 3 

2. If the diameter of a circular vessel be 10 inches, what 
is the area in imperial gallons? Ans. '283. 

3. Suppose the diameter of a circular vessel is 30 inches, 
what is its area in imperial gallons? Ans. 2'548. 

4. What is the area in imperial gallons of a round vessel. 
whose diameter ill 24 inches? A,u. 1'631. 
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PROBLE~I IV. 

Given tM transverse and cnnjllgate diameter of an elliptical 
ressel, to find its area in imperal measure. 

RULE. Multiply the product of the two diameters by 
·002832; or divide the product of the two diameters by 
353·036; the product or quotient will give the imperial gal
lons required 

When any other denomination is required, the proper 
multiplier or divisor in the table is to be employed. 

1. Suppose the longer diameter of an elliptical vessel is 
10, and the shorter diameter 6, required the area in ale 'Ilnd 
wine gallons. 

Here, 10 X 6 = 60. 
Then, 60 X ·002832 = ·1'i of a gallon. 

2. The transverse or longer diameter of an elliptical vessel 
is 20, and the conjugate or shorter diameter 10 inches; what 
is the area in imperial measnre ? An.<. ·566 of a gallon. 

On A On B On A On B 
As 353 : 20 :: 10 : ·566 of a gallon. 

S. Snppose the transverse diameter of an elliptical vessel 
is 70 inches, conjugate 50 inches; required its area in 
imperial gallons and malt bushels? 

5 9·914 gallons. 
Ans. ~ 1·24 malt bushels. 

NOTII! A. venell are Jeldom or ne1rer made truly elliptical. being generally 
oVila, the area found hy the above rule is not correct, except the vesse~ be a 
truly mathematical elliplis j when the vessel is of an oval form, the area IS best 
round by the method of equi.distant ordinates. 

Let ABC D ·be the oval vessel whose area is required, 
and let .A Band C D be the transverse and conjugate dia
meters, at right angles to each other, the former being 102'~ 
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A 

D 

inches. Divide this transverse (102'8) by some even number 
which will leave a small remainder, the quotient will be the 
distance of the ordinates; which distance may be laid off on 
both sides of the conju"':He dianwter a number of times equal 
to half tbe even number by whiph the transverse was divided, 
then with chalk and a parallel rlller, draw the ordinates 
throuf!:h the points I, :l, 3, 4, ,\:". 'l'hen, by Problem XXI., 
Sec. III, the area muy he found, which being multiplied 
or divided by the proper tabular numbers, will give the 
area in gallons, &c. Or, 

1st. Add together the tirst and last ordinates. 
:lllli. Add t~gether the even ordinates, that is, the 2, 4, 6, 

8, 10, &c., and multiply the sum by 4. 
3rd. Add together t.he odd ordinates, except the first and 

last; that is, add the ordinates 3, 5, 7, 9, &c., and multiply 
the sum hy 2. 

4th . .\Iultiply the sum of the extreme ordinates by their 
di,tauce from the ellrve. 

5th. Add the three first found sums together, and multiply 
the sum by the common distance of the ordinates, and to the 
product add the fourth found sum, and divide the total by 3, 
and the quotient resulting by 277'274, or 2218'192, for the 
area in imperial gallons, or malt bushels, respectively. 
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First, 102·8 -;- 10 = 10 the distance of the orJinates 
Muoder, and the remainder 2·8 is double the distance of 
the extreme ordinates froll the curve; that is, 1· 4 = .A. 1, 
or B 1l. 

Now let U8 suppose the lengths of the ordinates to be 
20, 40·2, 57, 66·6, 73, 75, 73, 66·6, 57,40·2, 20, respectively 
beginning at I, and proceeding to 1l. 

~ 1 - 20 
1st. lll;: 20 

40 inches, sum of the first and last. 
1·4 

56 

2nd. { !~H:! 
8=66·6 

10=40·2 

3,d { 

288·6 X 4 = 1154"4 
3=57 
5=73 
7=73 
9=57 

260 X 2 = 520 

Then, 40 + 1154·4 + 520 = 1714·4 sum of first three sums. 
10 

171H 
56 

3)17200 

5733·3; then, 
5733·3 -;- 277·274 = 20'64 gallons. 

5133·3 -;- 2218·192 = 2'58 malt bushels. 
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When the vessel is not circnlar, or elliptical, it is best to 
measure the equi-distant ordinates, which, thongh ever so 
unequal, will, by proceeding as above, serve to find the area 
of the base. vVhenever the vessel is an irregular curved 
figure, the area should be invariauly found by the method 
of equi-distant ordinates, as the true result cannot be found 
by allY other methou. 

4. 'Yhat is the area, in imperial measure, of an ellipse, 
whose trausverse axis is ~-1, and conjllgate 18 ? 

Ans. 1'223-1 gallons. 

PROBLE.\f V. 

To find the content of /L prism, in imperial gallons. 

RULE. Find the area of the base, by Problem II., in 
gauging, which, being multiplied by the depth within, will 
give the content in gallons. 

Or, find the solid content by mensuration, and divide that 
content by 277'274 for imperial gallons . 

.A vessel, whose base is a right-angled parallelogram, is 
49'3 inches in length, the breadth 36'5 inches, and the depth 
42'6 inches; required its content in imperial gallons? 

Here, 49-3 X 36-5 X 42'6 = 76656-57. 
Then, 76656'57 -;- 277'274 = 276-465 gallons. 

And 76656-57 -:- 2218'192 = 34-558 malt bushels. 

BY THE SLIDING RULE. 

On B On D On B 
49-3 : 49'3 :: 36'5 : 42-42. 

OnD OnD OnD 

16-65 ~ : 42'6:: 42'42 527'6 gallons. 
46'37 \ { 34'5 malt bushels. 
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'2, Each side of the square base of a vessel is 20 inches, 
aod its depth 10 inches, what is the content in old ale 
gallons? Ans. 14.28 gallons. 

3. The side of a vessel in the form of a rhombus is 20 
inches, breadth 15 inches, and depth 10 inches; required the 
content in old ale gallons? Ans. 10'638 gallons. 

4. What is the content in old wine gallons of a vessel iu 
the form of a rhomboid, whose longest side is 20 inches, 
breadth from side to side 8 inches, and depth 10 inches? 

Ans. 6'88 wine gallons. 

PROBLE~I VI. 

To find the content of any ressel, whose ends are squares or 
rectangles of any dimensions. 

RULE. Multiply the sum of the lengths of the two ends, 
by the sum of their breadths, to which add the areas of the 
two ends; this sum, multiplied by one-sixth of the depth, will 
give the solidity iu cubic inches; then divide by 277'274, or 
2218'192 for the content in imperial gallons, or malt bushels. 

1. Suppose the top and bottom of a vessel are parallelo
grams, the length of the top is 40 inches, and its breadth 
30 inches; the len<rth of the bottom is 30 inches, and its 
breadth 20; and th~ depth 60 inches; required the contents 
in imperial gallons? 

40 + 30 = 70 sum of the lengths. 
30 + 20 = 50 sum of the breadhts. 

3500 product. 
40 X 30 = 1200 area of the greater base. 
30 X 20 = 600 area of the lesser base. 

5300 
10 one-sixth of the depth. 

53000 solidity in cubic inches. 
Then 53000 -:- 277'274 = 191'146. 
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BY THE SLlDll'G RULE. 

Find a mean proportional (,J (40 X 30) = 34'64), be
tween the len~th and breadth at the top, and a mean propor
tional ( ,J (30 X 20) = ~44!'), between the length allu 
breath at the bottom; the slim of these is 59'13, twice a 
mean proportiollal between the leugth aud breadth iu the 
middle. Theil, 
On D On B On 0 On B 

11".1;.-,: 660 •• :H'-!9: _ __ sum . II Imperia ~ 
34'64 : --- ~ 191146" I 

59'13 : __ . ga OilS. 

2. SIlI'P(N' the top and bottom of a vessel are parallelo
i!Ta ltl:; , til<" I~lIgth of the top is 100 inches, and its breadth 70 
ill~ll("; the lellgth of the lJ"ttulll 80, and its brea.dth ;,(i, 
and the depth 42 illche,; what is its content in imperial 
g-allolls? Ail", 31.)2'59 imperial ga.lIons. 

'l'HE GAL'GIXG OR UUOOXAL ROD 

The diagonal rod is a Rqn~l"e rule, haviDg four faces, and 
is generally 4 feet Iun,,', I t folds t()gether hy joints, This 
instrument is pmployed hoth for g'auging and measuring 
c:hk:;, and computillg their COli tents ; and tbat from one 
dilll~nsion ollly, lIamely, 1 he diagollal of the cask, or the 
I'·lI;.(tl, from the middle of the hllllp:-hole to the meeting of 
the l':l"k with the "ta,'c opposite the hung; being the longest 
Iille that can he drawn from the middle of the buug-hole to 
nny part within the cask. 

On one fnce of the rule is a scale of inches for measuring 
this diagonal; to which are placed the areas, in ale gallons, 
of circles to the corresponding diameters, in like mallllPr 
as the lines on the under sides of the three slides in the 
sliding rnle, 

0" the opposite face, there are tlYO scales of ale and wiue 
p:nllolls, expressing the contents of casks havinO' the cor-
responding diagonals. 0 
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All the other line~ on the in~trnlllent Sore similar to those 
on the sliding rule, and are used in the ,,, me manner. 

Example. The diap;.onal, or di,tance between the middle 
of the bung-bole to 'the most distant part of the cask, ll~ 
found by the diagonal rod, is 34'4 iuc:lcs: what is tbe con
tent in gallons? 

To 34'4 inches cOITe~pond, on the rod, 90~ ale guJlons, 
or ill wine gallons, 9::l! imperial gallons, the content re
quired? 

Non:. The cont~nt~ shown h,· the rod lin~wer to the most coDtmon form of 
clISks, and faU in between the '2nd and 3rd varieties following. 

OF CASK~, M\ DI'I"JDF:D INTO VARIETIES. 

Casks are usually didued into four varieties, which are 
easily distinguished by the curvature of their sides. 

l. The middle frustum of a spheroid belongs to the first 
variety. 

2. The middle frustum of a parabolic spindle belongs to 
the second variety. 

3. 'l'he two equal frustums of a paraboloid belong to the 
third variety. . 

4. A.nd the two equal frustums of a cone belong to the 
fourth variety. 

If the content of any of these he found in inches by their 
proper rules, and this divided by 277'274, or 2218'2, the 
luotient wilt be the content in imperial gallons, or bushels, 
:espectively. 

PROBLEM VII, 

To find tire content of fl, "essel, i1~ tire form of the f rll stJ, :'\ 
of a cone. 

RuL1r.. To three times the product of the two diameters 
~d the square of tu,,:r dlfferene€' mUltiply the sum by one-
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third of the depth, and divide the prodnct hy 3530362 for 
imperial gallous, alld by 2824,289 for mult oushels. 

1. ~hnt i~ the content of a cone's frllstum, whoi'e p:reater 
rl ialilPter is 20 illches, least diameter 15 inches, and depth 
21 iuchell ? 

~o X 15 X 3 = 900 
20 - 15 = 5&52 = 25 

925 X 7 = 6475. Then, 
353'0362)6475(18'34 imperial gallons. 

294'12)6475(22'01 wine gallons. 

2. The greater diameter 01' a conical frustum is 38 inches, 
the less diaruettr 20'2, aud depth 21 inches; what is the con-
tellt in old ale gallolls? Ans. 51'07 gallons. 

PROBLE~I VIII. 

To find the content of the frustum of a square pyramid. 

Rl'LF.. '1'0 three times the product of the top and bottom 
side~, add the square of their difference, multiply thpir slim 
by one-third of the depth, and divide the product by 282 
and 231, for old ale and wille gallons, respectively; aud by 
:2j7~i4, for imperial gallons. 

1. Suppose the greater base is :20 inches, the less hase 15 
inches, sud depth 21 inches; required the centent in old wiue 
!.D~a.bure ? 

~o X 15 X 3 = 000 
20 - 15 = 5 
Then, 5 X 5 = 25 

925 X 7 -;- 231 = 27'8 galloDs. 

:':")1 r: The ('t'ntent nf thf" frtlstum ('If fl pyramid jCl found jn"t like that ofa cone, 
"\ Ilh Ihe exc: .. ption of the htbuJar dh"jF;or. or multiplier, tbe cune re-quinug tht! 
cu\,;ul .... ,r ,,,cluJ', aud. the rrramid the square onEt. 
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PROBLEM IX. 

To find the content of a globe. 

RULF:. Multiply the diameter of the glohe by its circum
ferellce, alld the resulting product by olle·,ixth of the di,.
meter; then tbe last product multipled or divided Lv tile 
circular factor, will give the content in gallons. • 

1. Let the diameter be 34 inches, what is its content? 
3! X 34 X 34 X '5236 = 205i95iU 

Then, 20579'5744 -:- 2~2 = iZ'UiiZ old ale g:nllons. 
Aud, 20519'5744 -:- 231 = b9U!:l old wiue gallons. 

RuLF. II. Or cube the diameter of the g-Iobe, which mnl
tiply hy '00188S (t of '002832) for the cOlltellt iu imperial 
gallons. 
34'= 39304; then 3!l30! X '001888 = 74'2 imperial gallons. 

2. What is the content of a glohe in old ole and wine 
measure, the diameter Leing 20 iuehes ? 

A ) 14,,,4:-> old a.le gallonR. 
ns. l U-I'128 old wine gallons. 

3. Required the content of a glubular vessel, whose d:a
meter is 100 iilcbes ? 

Ans, 1888! imperial gallons. 

PROBLE)! X. 

To find the content of the segment cf a sp1.erc, as the risillg 
crown cf a copper stjll, 4-,c. 

Rn.E. l\[pasure the diameter, or chord of the spg-mPllt, 
and the altitude just in the middle. :"Ililitiply the ~qual"t' "I" 
hnlf the diumetl'r by 3; to the product !Hid the ~quare ot the 
altitude; multiply this snm hy the altitudp, and the prodllct 
aj!uin hI' '001856, or '00:!266, for old ale or w\tle lllea>UI'c, 

r~s'lect(vely, and by '00188S for imperial gullous, 
10 
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1. The diameter of the crown of a copper still is 27'6, its 
depth 9':2; required its content? 

Here, ::l1'o -;- :2 = 13'8 
Then, 138 X 138 X 3 = 571'32 

9':2 X 9'2= 84'64 

imperial gallons. 

655'96 sum. 
9'2 depth. 

6034'832 X '001888 = 13'39 

PROBLEM XI. 

To gauge {/ ropper h(11"ing either a concal"e or com'ex bottom; 
or what is called a falling bollom, or rising crown. 

Rn". If the side of the vessel be strai)!ht with a falling 
hOttolll, filld the content of the se;.!'mellt (' y D, hy Proh. X,; 
fill(1 also the content of the upper part A B D C, by Prob. 
Y II.; the sum of both will give tlle contellt of the copper. 

A ---------- B Arrr ,------

I ----- ------- I 

c\jJ C~D 
y Y 

"'hpn the ('opper hAS It rising crown, find the content of 
A n () D, Ity Proh, YII, from which deduct the content of 
the <,'C!'lIlellt C x I), and the remainder will be the coutent 
of the vessel .A. B D x C. 
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PRODLE~I XII. 

To gauge a vessel whose side is curred from top to bottom . 

. Take the diameters ~t equal d:-Lllle,'s of :;, 3, 4. or .j 

!Dches, accordillg a,; the case lIlay require; if tlte ~i,it: of 
the vessel be consideralJly curVl·d, tbe nllmber of dialueters 
that will be required will be considerable; ti,l' It:~s the cllr
vature of the ,ide, the Ie,,, the nuwber of diailldel:; tLlUt 
willlJe required. 

To gauge the vessel, or cUI'rc'r, """ D D C, fasten a piece 
of pack-thread to A and B, as A F D; then with some eon-

venient instrument find tit .. lli,tHnce a C of the deepest 
part of the copper, which let us surrose to be -1 j inches. 

By means of the same instrllnwnt mensure tlw di.,tance 
() F from the top of the crown F the middle of A H; which 
let 1IS slIppose to be 4~ inehe", tili, deducted from a C, n, 
will leave [) (= 0 G) the height of the crown. 

To find the diameter C D, of the boltom of the crou: n. 

~r .. asllre the top diameter A D, which sllppose to he !l!l 
illciles: then hold a thread, so tilat H plnmnlt't atta<.:hed to 
the pnd thPJ'eof, may hallg just over C, alld lII~aSlll'e _\. a = 
DE, each of which let us adwit to be 1 j'o inche~; add 
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thpse togethpr, and deduct their sum (35) from 99, and the 
rem:lillder (64) will evidently be equal to C D, the diame
ter at the bottom of the crown. Measnre the diameter m. 0 

n, whieh touches the top of the crown, which suppose is 65 
iuches. 

Now, liS this copper is not considerably cnrved, the dia
lJleters may be taken in the middle of every 6 inches of the 
depth, whieh snppose to be as in the second column of the 
lu:ll)lI'illg table; to each diameter find the area iu imperial 
~"llons, by Prob. III., which write in the third column; 
lind abo the eontent of every 6 inches, corre~poDding to 
r IIP;e diameters, which write in the fonrth COIUIIID of the 
t,ddp; lastly filld the cOllteut of the crown by Pro\). X., and 
~u"truct it from the cOlltellt 1)1' A B D G C, the remaiuder 
will gi ve tile cn pacity of the copper. 

Or thus, C D beillg 64 inches, the area answering to it 
i, 111;IU~. this multiplied by half the altitude of the crown, 
\ iz, by ~ ;'. ,~i ves 290035 gallons, the content of the crown. 
'rne cOlltellt of the part m. n D U is 5S'\I~~~ gallons, from 
whieh the eOlltent of the crown being deducted, the remain
der (29'!lllii' gallous) is the quautity of liquor which covers 
tIle erOlVn. 

I rarts of I· . I !'ontent Ofe .. rrl tll~ Jeplh. DJametel s. I Areas. 6 welles. 

--6-95-3-11 2.51257 154'3542 
6 90') 2:2'9948 1:n9688 
6 S;)' 20'--1653 122'791S 
6 SO' IS'US4 IOS'nO! 
6 75~ 16'011:i3 96'1098 
6 -I 70'5 14'07S6 8~,4 il6 
6 66' 12'3387 7-1'0322 

The ,Ulll 

To cover crown 

The whole content 

778'498S 
29'9167 

S08415!l 
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PROBLE~l XIII. 

To find the content of any close cask. 

Whatever be the form of the cask, the following dimen-
sions must be tuken; that i~, 

1'he UUII).!: diameter, ~ 
1'he head diameter, within. 
1'he lell~th of the cask, , 

On Ilcconnt of the d.fficnlty in ascertaining- the fig-ure of 
the cask, it is not, ill mallY cases, easy to fiud the exact 
cOlltellt8 of casks. 

In takillg the dimensIons of a cask, it is e>sential that the 
bUllg-hole he in the Illiddle of the cask, Hnd also that the 
bUllg-stave, and the stave opposite to it, are uoth regular amI 
even within. 

It is l.kewise essential that the heads of casks are eqnal 
Ilnd truly circular; and if so, the distallee between the illside 
of the chimb to the ont~ide of the opposite stave, will be the 
head diameter within the cask, nearly. 

From the variety in the forms of casks, no g-eneral rule 
could be given to answer every form; two casks may have 
equal head diameters, equal bung diameters, nllll equal 
leugths, and yet their contents may be very unequal. 

PROBLE~I XIY. 

To find the content (f a cas!" of the first variety. 

RVLF.. To the square of the head uiampter add douhle 
the square or the hung diameter, A,nd mnltiply the ~llfJl hy 
the length of the (,8I'k. 'l'hen multiply the lfi~t prodl:ct by 
'0009*, or divide oy 1059'1, the product or qnotient \nll uc 
the coutent in imperial glillons. 

1. What is the content of a ~phe
roidal ('ask, whose length is 40 inches, 
bung diameter 32 inches, and he lid 
diameter 24 incbes ? 
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24 X 2-1 = ;,,(; 
32 X 32 1024 

2 

2048 
576 

2624 X 40 = 104960 
'0009t 

944640 
34987 
Illili:l 

99'12~D imperial gallons. 

BY THE (;.H:l,J~G RULE, 

Set 40 on C, to tlJe G I:, 
2-! on D, stands 

1:0)'79 on D, against 
li4'99 on C, 

32 on D, stands llG:! onC. 
+ llG':l 

3)297'39 

99'13 gallons. 

2. Wh~ t is the content of a spheroidal cask, whose length 
is 20 inches, bung diameter 16 in('he~, and bead diameter 12 
inches? 

.. S 12'3G old ale g·,,]Jons. 
_111". t 1 .. ,,(',(1 old wine gallons. 

To .fillrt the content of a cask by the mean diameter. 

RnE. :'lllltiply the difference of the head and bung 
diameters )'Y 'GS for the first varidy; hy '62 for the second 
variety; by 'ii:) for the third; and by '5 for the fourth, when 
the difTerence between the head and bung diameters is less 
than f inches; but ",i,,'!! the difference between these exceeds 
6 inches, multiply that cliffe'rence by '7 for tbe first variety; 
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hy '64 for the second; by '51 for the third; and hy '52 for 
tbe fOl~rth. Add this prodnct to the head diameter, and the 
sum will ~e a mean diameter. Square this mean diumeter, 
Dod multiply the square by the length of the cask· this 
pro.duct ~ultiplied, or divided, by the proper multiplier or 
dlVlsor, will give the content. 

By resuming the last example but one, we have 
Bung diameter 32 29'6 mean diameter. 
Head diameter 24 29'6 

816'16 square. 
40 length. 

5'6 359'5)35046'40 
24 ----

91'6 gallons. 
mean diameter 29'6 

In the same mannpr the content for the second variety 
will be 94'46 ale gallons; for the third variety 90'81 ale 
gallons; and for the fourth variety 83'34 gallolls. 

PROBLEM XV. 

To find the content of a cask of the second 'I-·ariety. 

RULE. To the square of the head diameter add double 
the square of the bung diameter, and frOID the su~ deduct 
two-fifths of the square of the difference of the dlameter~; 
multiply the remainder by the length, and the product agalll 
by '0009* for the content in imperial gallons. 

1. What is the content of a cask, 
whose length is 40 inches, bnng dia
meter 32 inches, and head diamet!:!!' 
24 inches 7 
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32 - 24 = 8; then 8' = 64, and i of 64 = 25'6 
24' = 516, and 32' = 1024, then 1024 X 2 = 2048 
2048 + 516 = 26:!4, and 2624 - 25'6 = 259~l"4 

40 

103\136 
103936 X '0009! = 98'1617 gallons. 

PROBLEM xn. 
To .find the content of a cask of the third variety. 

B l"U~. 'fo the square of the hung rliamet~r arid the square 
of the head diameter; multil'ly the sum by tile length, alld 
the last product by '0014 j t.i for the answer in imperial 
gallolls. 

Let us resume the last example: thus 
32' = lO:!4 
24' = 5iG 

1600 X 40 = 64000 
'001416 

90 624 imperial gallons. 

PROBLE~1 XVII. 

To find the content cf a cask of tlte fourth 7:aritty. 

RUl.E. Add the squ3re of the difference of the diameters 
to 3 times the square of their sum; multiply the snm by the 
lell~th, and the Ilist product by '000236 for the coutent in 
gallolls. 

Resnming- still the last example 32 
+ :24 = 56, and 56' X 3 = 3136 X 
3 = 9,108, "lid S2 = 64, then 940S 
+ 64 = 9412; then 9472 X 40 
31Hl:)l:)0, alld 3iSSl:)0 X '000236 = 
1)9'41668 imperial gallons. 
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PROBLE~l XYIII. 

To find the content of any cask by Dector Hutton's gPl:eral 
rule. 

RULE . .Add into one sum, 39 times the ~qnHft· of t I,,· 
bung dil)m~ter, 25 times th~ sqnare of tile lw~d diallil-fl-i'. 
and 26 times the product of the two diameters; thell II,uiri/dy 
the sum hy the length, aud the product ugaill by 'OOO;)! t luI' 
the cOllteut ill gallolls. 

1. What is the content of 3. ca,k, whose Jenl!th is 40 
inchps, and the bung and head diameters 3~ and 24 ? 

32' = 1024 2·1' = 516 3:l X 24 = iii.':; 
39 25 :lli 

39f136 
14400 
19968 

14400 

74304 X 40 = 2972160 
'0003 1t 

93'45i9 gallons. 

ULLAGI~G. 

PROBLE}I XIX. 

To u1la ge a lying co.s!'·. 

19!J68 

This is the finding what quantity of liquor is conla:nul 
in 8. cask when partly empty. . 

To ullllge a IVing cask, the wet and dry Inches mnst he 
known, as also "the contellt of the cask and bung diam~ter. 

10' 
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Ituu:. Take the wet inches, and divide them by the bung 
diameter; fiUll the quotiput in the column of versed sines, 
in the tuLle at. the elld of the prati- <>~,;;_~~t~ 
cui part of thIs book, and take out /'"'" -, ~~\ 
it.-; corresponding segment j multiply i " "---,,± ",-,0, \ 
tbis seg'ment by the whole content I, ~-T , ,.1.: 
ot" tile cask, and the product aris- \ .. ; ""-. ___ -~:;;,"~ 
ill;;' Ly It for the ullage required, '--~~0~f~;~' 
Mm·ly. 

1. Find the ullage for S wet inches, the bung diameter 
being :::2 inches, alld the content 92 ale gallons? 

32) ~ ('2\ whose tabnlar segmcut is '153546. 
Then, '1::'::;;)4G X 92 = l-l,126232. 

And 141:2G232 X It = 17'65779 gallons. 

PROBLEM XX. 

To ullage a s/(/ ndil1g cask. 

1: LLE, Add together the ~quare of the diameter at the 
surface of the liquor, the square of the diameter of the near, 
est end, Itud the slluare of douLle the diameter takeu in the 
middle between the other two j multiply the snm by the 
length between the surface and nearest end, and the product 
arising by '00047:2 for the gallons in the less part of the 
cask whether empty or filled. 

1. What is the ullage for 10 wet inches, the three diame
ters being :.l4, :n, and 29 inches? 

2-1' = 576 
29' = 841 

(2 X 27)' = 2916 

4333 
10 

43330 

43330 
'000472 

86660 
303310 

173320 

20'45176 gallons. 
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PROBLEM XXI. 

To jin4·tk content of an 1tngnla, or flonf, of tlte frustum of 
a cone. 

RULE. For the less hoof, multiply the product of the Ibs 
diameter aud height, by the product of the greater diameter 
multiplied by a mean proportional between both diameters, 
less the square of the less diameter, and this last di vided by 
three times the circular factor multiplied by the difference 
of the diameters, gives the conteut of the less hoof. 

1. CD = 30, A B = 40, Cd = 
20, required the content of the less A II 
hoof. 
40 X 30 = 1200, and -J 1200 

= 34'6 mean. 
30 X 20 = 600, 1st product. 
40 X 34'6 = 1384, 2nd product. 
30 X 30 = 900 

484 remainder. 
484 X 600 = 290400 

40 - 30 = 10, then 359 X 3 X 10 = 10770, and 
290400 -;- 10770 = 26'96 gallons. 

RrLE. For the greater hoof multiply the product of the 
greater diameter and the height of the frnstum, by the 
square of the greater diameter made le8S by the product of 
the le88 diameter multi pled by a mean proportiollai between 
those diameters: this remainder, divided by three times the 
circular divisor multiplied by the difference of the diameters, 
gives the coutent of the greater hoof. 

Resuming the last example we have 
40 X 40 = 1600 

20 X 40 = 800, 1st product. 
40 X 30 = 1200, and -J 1200 = 34'6 

34'6 X 30 = 1038, 2nd product. 
40 - 30 = 10. 
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Then 1600 - 1038 = 562 
800 

85!> X 3 X 10 = 10770)449600, last product. 

41' 74 old ale galloD8 

PROBLEM XXII. 

To guage a still. 

Fill the still with water, and draw it off in another ve8~el 
of 80me reg-ulHr for"" whose cOlltent is easily computed. 
This is by far the most accurate method that can be em
ployed. 

Or gauge the ~houlrler hy itself, Hnd gauge the hody hy 
takillg" a greater lIulliber of diameters at lIellr and equal dis
tallces thronglront, fin;t coverillg the bottom, if there be any 
cavity, with w3ter, the quantity of which is known. 
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SECTIOX XI. 

LAXD SUR\"EYIXG. 

Land survpying is that art which enahles us to (!ive a 
true plan or representation of allY field or parcel of laud, 
aud to determine the superJicial conteut thereof. 

In meHsuring lAnd, the nrpa or supprficial content i~ always 
expressed in Hcre~, or in IIcres, rood,. and perches; eaL:h 
acre containing -1 roods, and each rood -10 perches. 

L~nd is measured with a cl,nin, <,ailed Gunter's chain, of 
~ 1,,,I,'s, or :::! yanis in lenl;tll, \\'liich ,'oll,ists ot' 100 "qu .. l 
lillb, .aeli lilfk hein,!!; ,",,00 of a yard I,)n:.;, or ,'u". of a foot. or 
j()~ iul'iles. 10 square eliaills, or 10 eliaill8 in leu,!!·th alld 
1 ill I'r~adt.h, wake nn anl'; or 4~-10 ''Iuare yar<i>, lell 
~qnare poles, "I' 100,000 '(['l<Irf' links mak" nn a'T,'. The 
lell~Th {If lines measilred wit II :t "liain, are ,!!I'lieral!y 'f't <10110 

ill IlIlk' a, int"gel','; f'very chain I,,'in~' 100 links in leng'tll. 
Tlwrefort', after the content is foulld, it will be in 'q"are 
lillb, aml as 100,000 square lillb m>lke an acre, it \I iii [,e 
ne,'p',ary to cut off five of the figures on the right hand for 
clet.::lllal", and the re,t will be a.L:re~. The deci,"als >Ire re
':llleU to roods hy multiplyinj:r hy 4, and cutting oft· fiv~ fi;!llres 
n, ht:fore for decimals, which dec,mal part is redllcerl to 
n"r(:;les by multiplying hy 40, and cutting off Jive ligures 
11'0111 the product. As an example: 

;-;,Ippose the length of a rectangular piece of ground to be 
~:I:.! l'l,ks, alld it,., breadth UC,:l; rpqllired the lIulUber ot' 
:H:, "', IUUU" aud perches it COlllt1.US ? 
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792 3'04920 
385 4 

3960 
6336 

2376 

304920 

'19680 
40 

7'8i200 

A. R. P. 

Ans.3. O. 7. 
The statute perch is 5t yards, but the Irish plantation 

perch is 7 yards; hence the length of a plantation link is 
10 08 inches. 

PROBLEM I. 

To 1IIC11 ",nrc a line or distance on th.e gronnd, two persons 0 re 
employed; the forr1llost, for the sake of distinction, is called 
the leader, the hindermost, the follo-wer. 

Tell small arrows or rods, to stick in the ground at the 
end of each chain, are prol'ided; also some station-staves, or 
long poles with coloured flags, to :'et up in th~dire('tioll of 
the line to be measured, if there do not appear some marks 
naturally in that direction. 

'fhe leader takes the 10 arrows ill one hand, and one end 
of the chain by tbe ring, in tbe other; tbe follower stallds 
at the beginning of the line, bolding the ring at the end of 
the chain in his hand, while the leader drags forw8,rct the 
chain by the other end of it, till it is stretched straight 
and the leader, directed by the follower, by moving his band 
to the right or left, till the follower see him exactly in a line 
with tbe mark or direction to be measured to; then both of 
them holding the chain level and stretched, the leader 
sticks an arrolV npright in tbe ground, as a mark for the 
follower to corne to, and advances anotber chain forward 
be:ll~ directed in his position by the follower standing at 
the arrow, as before, as also by himself, now and at every 
succeeding chain's length, by moving himself from side to 
side, till the follower and ba,ck-mark be in a direct line. 
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Having then stretched the chaiu and stuck down an arrow 
as before! the follower takes np' the arrow, and thus they 
proceed tIll the 10 arrows are employed, or in the hands of 
the follower, and the leader, without an arrow, is arrived at 
the end of the eleventh chain length. The follower then 
sends or brings the 10 arrows to the leader, who puts one of 
them down at the end of his chain, and advances with his 
chain, as before. And thus the arrows are changed from 
one to the other at every 10 chains' length, till the whul~ 
line is finished, if it exceed 10 chains; and the number of 
cbauges shows how mallY time, 10 chains the line contains, 
to whieh the follower adds tue arrows he holds in his hand, 
lind the number of liuks of auotla'r chain over to the mark 
01' end of the lill~. TilUs. if the whole line measure 36 
chains 45 links, or 364.') link,. the arrows have been changed 
three times, the follower 'will Im\'" ;) arrows in his hand, the 
leader 4, and it will iJ(~ 1.-, liuk, fro III the last arrow, to be 
taken up by the follower, to tile clid of the line. 

In works on Surnl ilic:' it is usual to describe the various 
instrnments used in tilt· ~;trt. The pupil, however, will best 
learn the use of these il,strullleut, w heu actua.lly engaged in 
the practice. The chid' iustrumeuts employed are the chain, 
the plain table, the theodolite, the cross, the circnmferentol', 
the offset staff, the peraw lmlator, used in measuriug roads, 
and other great distauces. 

Levels, with telescopic or other sights, arc used to find 
the levels between two or more places, or how much one 
place is higher or lower t~an the other. 

Besides all these, various scales are used in protracting 
and measuring on paper; such as plane scales, line of 
chords, protractor, compasses, rcdueing scales, parallel and 
perpendicular rulers, &c. 

THE FIELD-BOOK. 

In surveying with the plain table, a field-book is not 
required, as everythiug is drawn on the table immediately 
when it is measured. But when the theodolite, or any other 
instrument is used, some sort of a field-book is used in order 
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to reg-ister [til that is done relative to the survey in halld. 
'l'his book eVl'ry one contrives and rules as he thinks fit. 
It is, however, usually divided into three columns. The 
middle column contains the different distances on the 
chain-line, augles, bearings, &c., and the columns 011 the 
right and left are for the offsets on the right and left, w hith 
are set against their corresponding distances in the middle 
colulllll; as also for such remarks as \Day occur, and may be 
proper to note in drawing the plan; such as houses, ponds, 
castles, churches, rivers, trees, &c., &c. 

But in smaller surveys, an excellent way of setting down 
the work is, to draw by the eye, 011 a piece of paper, a fignre 
resembling that which is to be measured; and then write 
the dimensions, as they are found, against the corresponding 
parts of the fignre. This method may be practised even in 
larger surveys, and is far superior to any other at present 
practised. A specimen of this plan will be seen further on. 
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FORM OF THE FIELD-BOOK. 

I 
Stations. i OlI'set. and remarks on the Offsets and remarks on the 

left. Be&.rings, and 
right. Distances. 

i I 0 1 
104 0 25' 

00 
Cross a hedge 24 67 Brown's barn. 

a brook 30 L?lI 
7cl4 
9;·4 Tree. 
736 Ij 7 Stile. 

._--

:-; .J 

I 6Y 25' 
00 

House corner 61 40 
67 

1 Footh'path 15 R4 44 
95 

467 14 Spring. 
976 

-
0 3 
54° 17 

62 20 Pond. 
124 

Clayton's hedge 24 630 

I 
767 
767 30 Stile. 
305 
760 
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In this form of a field-book 0 I is the first station, where 
the all)[le or bearing is 104 0 '26'. On the left, at 67 links 
in the distance or principal line, is an offset of 24; and at 
.UO an offset of 30 to a brook on the right: at 67 Brown's 
1);\ rn is situated; at !.Ij4 is an offset of 20 to a tree, and at 
i 36 an offset to a stile. 

And so on for the other stations. 
A line is drawn under the work, at the end of every 

station, to prevent confusion. 

PROBLEM II. 

To make angles and bearings. 

Let it be required to take the bear- ~c 
ings of the two objects B, C, from the c 
station A. 

In this problem it is required to ~" B 
measure the aIlgle at A, formed by 
t 11'0 lines, passing from the station A, through two objects 
Band C. 

1. By measurement with tIle chain, 4-c. 

Measure with the chain any distance aloIlg the two liIles 
A B, A C, as A b, A c; then measure the distance be; and 
this being done, transfer the three sides of the triangle Abc 
to paper, on which measure the aIlgle cAb, as in Problem 
XV., Practical Geometry. 

2_ nrillt the magnetic needle and compass. 

Turn the instrument, or compass, so that the north end 
0;' the needle may poiIlt tc the flower-de-Iuce. Then direct 
the sights to a mark at B, 1I0ting the degress cut by the 
needle. Next direct the sights to another mark at C, notiIlg 
the dpgrees cut by the needle as before. Then their sum 
or difference, as the case may be, will give the number of 
degrees in the angle CAB. 
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3. nril" the theodolite, 4·c. 

Direct the fixed sig'hts along th~ line A B, by turning 
th,' instrument about till yon see the mark B through these 
':c";!", and in that position ,crew the instrument fa,t. 
'1':"'11 turn the moveable index about till, through its sights, 
yon see the other mark C. Then the degrees cut by the 
illCIE'X, on the graduated limb or ring of the instrument, 
show the number of degrees in the angle CAB. 

4. nril!l the plain table. 

Having covered the table with paper, and fixed it on its 
stand, plaut it at the station A, and fix a fine pin, or a 
POillt of the compass in a proper point of the paper, to 
n~I'I"'~rllt the station A, ('1""" hy th~ sirle of this pin, lay 
the fiducial cd,t;'f' of the iud,'x, all,j turn it alJout, still touch
ing the pin, till one ol,.i',"·(, B ran be ,('(,II throll"h .tbe 
sights; theu by the firlllcial ,·(1,,'" of the index draw a line. 
By a similar process dr:i II' another line in the direction of 
the object C. And it is done. 

PROBLK\1 Ill. 

To measure the o.tfsets. 

Let Abc d e f !f be a crooked bedge, ri\-er, or brook, 
s"" and A G a b:l,e line. 

]{ .. ~ill at the point \, an,ll,"'''''''''' towards (;; awl.wIH·u 
you "ome opposite to any of t h,. corners b r d, c".:", \II Inch IS 
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ascertained by means of the cross-staff, measnre the offsets 
B b, C c, D d, &c., with the chain, and register the dimen
sion, as in the annexed field-book. 

91 
57 
98 
70 
84 
62 

Offsets 
Left. 

FIELD BOOK. 

785 = A G. 
634 
510 
340 
220 

45 
o A go Xorth. 

Base line A G, or I Offsets 
, 0 Station. Right. 

To lay down the plan. 

Draw the line A G of an indefinite length; then by a 
diagonal scale, set off A B equal to 45 links; at B erect the 
perpendicular B b equal to 62 links taken from the same 
scale. N ext set off A C equal to 220 links, or 2 chains 20 
links, and at C erect the perpendicnlar C c, equal to 84 
links; in the same way set off A C equal to 340 links, or 3 
chains. 40 links, and at D erect the perpendicnlar D d equal 
to 70 links. Proceed in a similar manner with the remain
ing offsets, and straight lines joining the points Abc d, 
e, &c., will complete the figure. 

To find the wntF1nt. 

Some authors direct to add up aU the perpendicnlars B b 
C c, &c., and divide their sum by the number of them the~ 
mUltiply the qnotieut by the length A G. This m~thod, 
however, should never be used, except when the offsets B 
b, C c., &c., are equally distant from each other. 
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When the offsets are not equally distant from each other 
which indeed is generally the case, this method is en'one: 
OUSj therefore the following method ought to be employed. 

Find the content of the space A B b as a triangle, by Pro· 
blenl V., Section II. Find the contents of the fignres B C r b, 
C D d c, &c., as trapezoids, by Problem XIII., Sectiou II" 
Ill" sum of all these separate results will be the content of 
the figure A G g fed c b A. 

The actnal calculation is as follows: 

CALCULATION. 

C= 45AC= 220iAD= 340-"E= 51OAF= 634AG= I sb = 62 AS = 45 AC = ~20 AD = 340 AE = 510 AF = 
784 
634 

i 

90oc= 175cD= 120DE= 170EF= 124GF= 151 
270 
-- Bb = 62 cc = 84 nd = 70 Ee = 98 F/ = 57 
2700 cc = 84'Dd = 70 >:e = (IS Ef = 57 Gg= 91 

-- ,Sum 1401 Sum 154 SumlGsl Sum 155 Sum 148 
BC = liG1CD = 120 DE~. 170u =_124 FG = ~ 

Prod, 2·,550, 18480 :':R5W)1 1(l~20 22348 
I I 

These respective products are evidently double the true 
contents of the respective figures A. B b, B C c b, C D d c. 
&c., that is, 

2790 = double area of A B h. 
25550 = donble area of Bee b, 
18480 = double area of C D de. 
28560 = double area of DEe d. 
19220 = donble area of E F f e. 
22348 = donble area of EGg f. 

2) 116948 = donble area of the whole in square links. 

58474 = area. in square links. 

'58474 == area in acres = 0.&" 2R., lS·558u. 



238 LAND "T:RI"EYISG. 

2. Required the plan and content of part of a field, from 
the following field-book: 

AC 45 . 62 C h 
Ad 220 • 84 d i 
Ae 340 j 70 k 
Af 510 88 f l 
Ag 634 57 g In 

I AB _i~5 91 B n 

Ans. OA., 2R., 12p. 

h t l n 

/CJ~'h1--:1 
A Cae f9 .B 

PROBLEM IV. 

To measure a field of a triangular form. 

1. By the chain. 

Set up marks at the three cor-
ners A, B, C, and measure with the ffiC 
chain, the distance A D, D being 
the point at which a perpendicular 
demitted from C, would meet the 
line A B; measure also the distance 
DB; hence you ha YC the measure 
of A B. Next me3811re the perpen- A D B 
dicular DC; then ft'om the two 
dimensions A B nnr! D C, the coutent may be found by 
Problem IV., Seotio'1 II. 
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Let AD = 794, A B = UBI, DC = 826 links. 
1321 X 826 -:- 2 = 5-i5513 links. 

Then, 545573 -;- 100000 = .,)'45573 acres. 
45573 X 4 = 1'~:!:l~I:2 roods. 

8:2292 X 40 = :3;2'916:-;0 perches. 
Hence the answer 5.,., lR., 33p., nearly. 
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:.!. What is the area of a trianglar field, whose base is 
1:2'25 chains, and height 8'5 chains. Ans. 5A., OR., 33p. 

2. By taking one or more of the angles. 

~Ieasnre two sides A B, A C, and the angle A, included 
between them; then half the continual product of the two 
sides, and the natural sine of the contained angle will give 
the area.* 

Or, measure the two angles A and B, and tbe adjacent 
side A B, from which the figure may be planned, and the 
perpendicular C D fOUIld, which perpendicular being multi
plied by half the base A B, will give the area. Or by mea
suring the three sides of the triangle, its area may be found 
by Problem V., Section II. 

PROBLE~I V 
1. By ti,e chain. 

To survey a four-sided field. 

Measure the diagonal .\ C, and, as before directed, mea
sure the perpendiculn rs D E and B F: then the area of each 

D 

A~~ 
B 
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of the triangles ABC, A D C may be found, as jn the 
last problem, and both areas being added together, will 
give the content of the four-sided figure .A BCD. 

1. Let A C = 592, D E = 210, B F = 306 links. 
592 X 210 = 1243~0 double area of ABC. 
592 X 306 = 181152 double area of ABU. 

2)305472 double area of ABC D. 

1'52736 = area of ABC D. 
4 

2'10944 
40 

4'37760 
Hence 1A., 2R., 4 P., the answer. 

2. By taking one or more of the angles. 

Measure the diagoual A C, also the sides A D and A B. 
Next measure the augles D A C and B A C: then the area 
of each of the triangles ABC and A D C may be fouud 
by case 2, last problem. 

2. Required the plan and content of a field by the follow
ing field-book: 

FIELD-BOOK. 

-- 1360 = AB. --
-- 1190 625 
342 600 --
-- D D go East. -- D 

B 

Offsets I Station D, Offsets 
Left. or base line. Ri~ht'l 

c 
AM. 6A., 2R., 12p. 
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How many acres are there in a four-sided field whose 
dia~onal is .4-75 cha~us, and the two perpendicular~ falling 
on It, from Its opposite angles, 2-25 and 3-6 chains respec-
tively? Ans. lA., 1&. 22-3p. 

PROBLEM VI. 

To survey a field of many sides by the chain only. 

Let ABC D E F G be the field whose content is required. 
Set up marks at the corners of the field, if there be none 
there naturally. Consider how the field may be best divided 

B 

into trapeziums and triangles; measure them separately, as 
in the two last problems: and the sum of all the separate 
results will give the area of the whole field. 

In this wa.y of me!l.Suring with the chain, the field should 
be divided into trapeziums and triangles, by drawing diago
nals from comer to corner, so that all the perpendiculars 
may be within the figure. 

The last figure is divided into two trapeziums ABC G, 
G D E F, and the triangle G C D. Iu the first trapezium 
measure the diagonal A C, and the two perpendiculars G m 
and B n. In the traogle G C D, measure the bas? G C, 
aud the perpendicular D q. Finally, measure the diagoulil 

11 
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F D, and the two perpendiculars G 0 and E p. Having 
drawn a rough fignre resembling the field, set all these mea
sures against the corresponding parts of the figure. Or set 
them down thus: 

I-A rn 135 ~ 130 rn G 

A 0 550 n 
I

A n 415 180 B 

, 0 q 152 ~ 
I 0 G 440 ~ 230 q D 

~
F 0 206 ~ 190 G F 288 ~ 0 

F b 520 80 P E 

CALCULATION. 

130 + 180 = 310, 550 -:- 2 = 275, 
275 X 310 = 85250 = ABO G. 

440 X 230 -:- 2 = 50600 = 
o GD. 

] 20 + 80 = 200, 520 -:- 2 = 260, 
260 X 200 = 42000 = D E F G. 

1'878502 = ABODEFG. 
4 

3'51400 
40 

20'56000 

1A., 3R., 20·56p., answer. 

Other methods will naturally present themselves to an 
ingenious practitioner who has read the preceding part of 
this work, or who has been previously acquainted with the 
principles of Mathematics. Every surveyor ought to be well 
acquainted with Plane Geometry at least. This, with a 
knowledge of Trigonometry, would be sufficient for the pur
pose of most surveyors. 

The content of the last figure may be found by measuring 
the sides A B, B 0, 0 D, D E, E F, F G, G A; and the 
diagonals A 0, 0 G, G D, D F, by which the figure is 
divided into triangles, the content of each of which may be 
found by Problem V., Section II. 
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2. lWjuired the plan a?ul content of a field of an irregular 
form from tl/R. following. 

FIELD-BOOK. 

I, \/00 = EG' 
268 550 I 

I _ OF, go S.W, 

1---i--1-10-0-=-HEI=-i 

I 280 790 I I 
- 350 : 410 1- 10 H, go East: 

140 

200 

/-

1180 = CH 
710 
350 

DC, go S."
I 

-150 

" OffsetsIStation;;, 0, orl Offsets,' 
: Left. ! Base Lines. Right . 
.. ___ _ _. __ ,_ ---l 

Ans. lOA., lR., 24·64p. 

PROBLEl\1 YII. 

To survey a .field Ii·it h the theodolite, 4-c. 

1. Prom one PI,illt or statiun, 

When all the angles can be seen from one point, as sup
pose C. 
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Having placed the instrument at C, turn 
it about till, through the fixed sights, the E 
mark B may be seen. Fixing the instru- ~'" D 
ruent in this po~ition, turn the moveable A _____ ~" 
index about, till the mark A is seen through C 
the sights, and note the degrees on the in-
strullwnt. In the same manuer, turn the B 
iudex successively to the angles E and D, taking care to 
Bote the degrees cut otf at each; by which you have all the 
angles, viz, Be A, BeE, BCD. ="low, having obtained 
the angles, measure the lines C E, C A, C E, CD; entering 
the re8pective measures agaill~t the corresponding part of 
a rough figure, drawn to resemble the figure. 

2. By going round the field. 

Set up marks at B, C, D, &c. Place the instrnment at 
the point A, and turn it about till the fixed index be in the 
direction A B, and then screw it fast: turn the moveable 
index in the direction A F, and the degrees cut off will be 

the angle A; next measure A B, and planting the instrument 
at B, measure, as before, the angle B j measure the line 
B C, and the angle C: and so proceed round the figure, 
always measuring the side as you go along, as also the 
ang-les. 

The 32d Proposition of the 1st Book of Euclid affords an 
easy method of proving the work: thus, add all the internal 
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BngIes, "~, n, (', &c., of the fig-nre to!!ether, and their ~um 
must. Le equal. to twice. as many ri.:,;·llt augles as the figure 
has sides, w<l!ltmg four right angles. But when the fi!!lll''' 
has a re-enteran t angle as F, measure the external ulJO"le 
which is Ie',; than two right angles, llUd dednct it from fuu;' 
right all.ldes, or 360 degrees, the remainder will o-ive the 
internal angle (if such it may Le called), which i:;0 greater 
than 1:)0 degrees. 

When the field is surveyed from one station, as in the 
~rst case iihown above, the conteut of the figure is found as 
III the second case of Prob. 1\-., ,ince we have two sides 
and the angle included between them in each triangle of the 
figure. 

PROBLK\I YIII. 

To suruy a field leillt crooked hedges. 

Measure the lengths anu positions of lines rnnning as 
near the sides of the field a, yon can; and, in proceeding 
along these lines, measnre the oli:,ets to the different comers, 
as before taught, and join the ends of the offsets; these 
connecting lines will represent the required figure. When 
the plane table is nsed, the plan will be truly represented 
on the paper which COI"ers it. Bnt when the survey is made 
with the theodolite, or other instrument, the different IJlca

Bures are tu be noted in tile fiel<l-book, from wllich tile sides 
and angles are laid down on ~L mal', :tfter retuflling frolll 
the field. 

In surveying the piece ABC DE F G H I K L ~I, set up 
marks at s E F x. Begin at the station s, and measure tile 
lines s E, E F, F)', X s, as also their positions, or the 
angles E s Y, S E F, E F .r, and F x S; and in going along 
the four-sided figure s E F x, measnre the olbe!s at II., b, d, 
" kIm as before taught. By Illeans of the figure s E F x, 
a~d' of the offsets, the ground is easily planned. 

Wilen the principal lines are taken within the figure! as 
in the above case, the contents of the exterIOr portIOns 
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s (' B A, C D E, , ..... , .. wust 1", added to the area of tb., 
quadralateral s .r F E. Bllt \l1"~1! the principal liDes ar,' 
taken outside the Iku:·". th., If(,rtion' included between them 
ILnd the bounrhri .. , of tlJl! 1:,',ld "I"<' '0 be deducted from the 
content of the quadralat"ml, uuJ the remainder will gil'c 
the true coutpnt of th,· Ii ·'d. 

~~:~:0=:;~ -'---i--T--~--T------'-----f 
\ : IF: 

A \, c D :G 

·\ .... ::1 M H --.--) 
\ i 

\ :1 
L ! 

\.-----_______ . ______ i 
d lC--

When there are ob~tructions within the figure, such as 
wood, water, hills, &c., measure the lengths and positions 
of the four-sided fi~l1re abc d, taking care to measure the 
offsets from the different corners as you go along. 
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PROBLEM IX. 

To surt"ey any piece of land by two stations. 

Choose tv,:o stations, from which all the corners of the 
ground can be seen, if possihle; measure the distance be
tween the stations; at each station take the angles formed 
by every object, from the station line, or distance. Then 
the station liue, and these different angles being laid down 
from a regular scale, and tl", external points of intersectiol1 
connected, the connecting lines will give the boundary. 

The two stations may he taken within the bounds, in one 
of the sides, 01" without the bounds of the ground to be 
~urveyed. 

F 

Let m and 7t be two statiuns, from which all the marks 
A, B, C, &e., can bl! seen, plant the in~trument at .m and by 
it, measure the angles Am 11, B 7It 11, C m n, &~. :\ I'xt mea
sure m n, and plantin~ the instrument at II, meaSt.ll·e the ~n
~des A II ?II, B 71 111, C n 111, &,:. Th:se oh~('rv~t!Ons b~lDg 
planned the lines joining the point,> ot external IDtersectl?U, 
will give a true map of the ground. The method of findlllg 
tht' content will be shown further on. 

The principal objectB on the ground may be delineated 011 
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!lIP Ill"p, I)}, rnf'R~IJI':1I1l' tlie Illip.'lp~ fit enell st:ltion, \I hi"h· 
('v"I'." o,jt'Cf. IlJak,,~ \lilh ritE' ~I>lr,oll lillP 111 n. \\'ill'li all tie 
u"j.'ct,; 10 I.e ,11I"o.'yed C~IIII"t I. .. ~e~1I f,tlw t,\O "raTtllI~, 
rill-II Il.l't,,, 01' luur 111.',1' he u"cd, 0/' a~ 111"11,1' /1- IU",v I,t' iuulJd 
IJ'Tt~~:-i;.l'y; lukiuJ.!' CHl'e to tlJ~n~ure tilt~ d ~t.i':lllc~·ln)111 out: ~:r:t~ 

Lila ru iUlotht·"; placill!.!' t.he ill~tl·Ullltllt at e\'~r\' :-;:af;OlJ 6d:tJ 
oiJ"'I'Y,I'g' Ihe. ,",!!Ies iorlllt'd hy "II I.he v.sii,I,,· oldt'Clli 'Will; 

till' r""l'l-d,Ye "(.,,I.UII 1,lIe; then th~ illtel'!\t'd,oll of tile Jillt''' 
1111'111'"15 1.111'''''' r .... p .. ctivt: all)!I .. ". will give the po~it:ol's of ail 
thc 1',III.Hk .. ble oloj"cl.~· tllUs olosen-eu. 

III this mlll1nl'r'lll>lY Yl'ry extensive slIr\,{'y" he t:lliellj anu 
the'I'0;;itiulis of II.Us, rlV"'I'S, coa~ts, .'tc" a.certaincd, 

PHOBLE~I X. 

To surrey a large estate, 

Thl' following- method of SUI'vl'yillg' a large e~tate wa~ first 
g';Yt'lI 1:,1' EIIII' 1', 011, ill hi, ., SIII'\'I'ying," vage 41. It lUIS 

\;""11 fuilowed by Hnltoll alJd Kc;th. 

'\"hen Tl,,· estut!, iH very Ial'ge, lind contains It g-reat nllm-
1",1' "I' fi,.Jri~, if, ClIIIIIOt. h(! ut.:,'ul'alt'ly surveyed und pl"lIIwd 
1..1' IIlf.'lI'ltrtll).!' each field s~p:l1':itel~', IIlId tllt'll adding 1111 the 
~"p"I'>lle r"~J1hs togTthHj I Ill!' by taking all the II n1-!les, alill 
JlIl'''':lll'illl!: ti,e l;olllloari," rhat ,,"l'iw'e it. For in t.he~e 
,'",ps lh~ "'11,,]1 ,-nol'S will be so lIlultipled us to l'eudel' it 
nry !lIuch distorted, 

1. '\Y"lk ove~r the estnte two or three tiUle~. in order to 
p,d " 1.wI'f~'·L ifiea of it, .!igure, And to hl'lp your memory, 
111'1 kl' " I'oll!-!'h draft. of it 011 paper, ill~ertillg the I1nlll~S of 
~;,": Ii 'Il'!','lIt lidds within it, aud lIoting down the prilJc:pal 
illl.lel't.~. 

:Z. C: oo-e two or more elevnted pll1ce~ in the e~tnte for 
.r0llr 'tario,,":, frmn \\'hich yOIl cnn ~ee all the principal P'll'ts 
uf. it j alldl~t ~!l\,-se staLioLl.llUe as 1'11,1' dietaut fro.1Iil each other 
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as po~sihle, 8S the fewer stations TOil hllve to command the 
wholc, the Illore exact the work w:1i be. 

In selecting' the stations, care should he taken that. the 
Ii[)e~ which connect thelll IIlHy I'UII alollg' the lIoulidaries of 
the estat.e, 01' SOlne of tue hedge~, to w hich otrs~t~ way be 
takcn when lIecessary. 

3. Take such angles, between the station~, as you think 
nece,s>lI'Y. and llleaSIII'C the distance fl'olll station to station, 
!llwa."s in a I'ight linc; tiJese things lIIust lie done till YUII 
get as II1;LfIY lines anti Ilng'les us an: sufficient for deter
lIlining" all the station points, In llIe'lsuring any of these 
Htatiou distllnces, l1l'iI'k accurately where these lines lIIed 
with JUly hedges, li.tches, roads, lanes, patlls, rivulets, &c" 
and wlll:re allY r~lUul'k;Lble ui'je,'[ is plaet!d, hy lueasuring its 
distance frolll the station lint!; and where a perpendicular 
fl'OIil it cuts tha.t line; and always miud, in any of these obo 
sel'vatioIH, thitt you be ill a l'ig-h t liue, which you /lIay easily 
kllow hy ta king a back·sig-itt anu fore·sight, along the st>ttiull 
line, In going along allY main station line, take olf,et; tu 
the Plld.' uf all Ir"d;,;-'", anu to any pOlld, huu,;e, mill, bl'idge, 
&"., Oillit.tilig lIothiilg'. tlrat is l'elll1U'kable. All the~e things 
lIIust be noteJ dowlI; for these are the uata by which the 
placl" of such ohjects are to be Liderlllllled 011 the plan, 

Be c'lreful to set up marks at the intersectiolls of all 
hedge;.: with the station line, that you may know where to 
measllre frolll when you cOllie to survey tlltJ particular fields 
that ure crossed by th is line, 

The~e fields mnst be measnred as soon as vou have com
pleted yuur st ,tiOIl lille whilst they are fresh iIi yonr memory, 
111 t.lris III Iliner all the ~tation l:nes must be measnred, all<1 
the ~;tu:ltions of all ndjacent objects determined. It will be 
propel' to l"y dowl! tire work Oil paper erery night, that yon 
lll.l,)' ""~ Irow you go on. 

oj, \\',th respect to the internal ports of the estate, they 
lIl'l"l be detel'lrlined hy new Htatioll lines; for, after the 
Iliaiu st.lltioll~ are determined, and eve,.y thing adjoining to 
them, thea the' estate must be subdivided into two or three 

11' 
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l"lrl, by new station lines: taking the iunel' stations at proper 
plaees, where you call have the best view. Measure these 
station Iiues as you did the lirst, and all their intersections 
witll hedges, ditches, ronlk &e., H Isu take offsets to the 
beuds of hedges, aud to such objects as appear near these 
lines. Theu proceed to survey the adjoining fields by taking 
tue aIH.!'!es which the sides make with the station Jiue at the 
illterse~tioTJs, and measnring the distances to each corner 
1'1'0111 tllese intersections; for, every station line will be a basis 
to all future operations, the situation of every ohject being 
clItirely dependent ou the III ; and therefore they should be 
taken of as great leugth as possible: and it is best for them 
to run along some of the hrdges or bonndaries of one or more 
fields, or to pa,s through SOUle of their angles. 

All things being determined for these stations, you must 
take more inner stations, and continue to divide and sub
divide, till at last you corne to single fields; repeating the 
"arne work for the inner stations as for the outer ones, till 
tue whole is finished. The oftener you close your work, and 
the fewer lines you make use of, the less you will be liable to 
error. 

5. Au estate may be so situated that the whole cannot be 
surveyed together, because one j.Jart of the estate may not 
he seen from another, In this c:ase you may divide it into 
three or four parts, and ,'IIrY,,}, these parts separately, as if 
they were !allds belonging to different persons, and at last 
join them together. 

6. As it is neces,;ary to protract or lay down the work as 
you proceed in it, you must have a scale of due length to do 
it by. '1'0 get such a scale, measnre the whole length of the 
estate ill chains; then consider how mallY inches long the 
map is to be; and from the:;e you will know how many dJaills 
yon must have ill an inch: then make your scale accordingly, 
or choose olle already Illade. 

j. The trees in every hedge-row may be placed in their 
proper situation, which is soou done by the plane table; but 
may be done by the eye without an instrument; and being. 
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tbus taken. by guess in " rough draft, they will be exact 
enough, belUg' ol1ly to look at; except it be such as are at 
any remarkable places, as ut the ends of hedg-es, at stiles, 
gate~, 6.:1'., alld these must be measured or taken with the 
plane t:IlJle, or some other instrument. Dut all thi~ need 
not be doue ti!l the draft is finished. And observe, iu all 
hedges, what side the gutter or ditch is on and to whom 
the fence belongs. ' 

PROBLE:~1 XI. 

To snrrey (/, town or city. 

. To survey a town or city, it will he propl'l' to have an 
Instrument fpr taking angles, su('h as a theodolite or plane 
table; the latter is a \'~rY convpnient instrument 1>"I'>1I1,e thfl 
min lite parts may bl' dr;wn upon it on the ~p~t. A chain 
of ,-,I) feet long, divided iuto ;,0 lilJk~, will be more rOIl

venient than the common ,ufl','yillg chain, and an otr,cl. 
stall' of 10 feet long will he nry w'cful. Bl'.~·in at till' 
meeting of tWI) or more of till' principal ,Ir .. ..!s, throug-h 
which you ("1I1 have the 11l11:,!;,'st pro'p"I·I:.:, to ):'e( llle long-est 
;.tation lines. There hnvill;:' lix,'" the instruments, drllw 
lines of direction along till'se stn'ct" usillg' two men as 
marks, or poles ,,,t in woodell pedestals, or perhaps SOIl](, 

remarkaLle places ill the Iiolls." at the farther end" as 
windows, doors, corners, 6.:1'. l\Ieasure these lines with 
the ('hain, takillg uf]'sel, with the staff, at all corners of 
,tl'l~"ts, bendings, or windillgs, and to all remarkaLle ob
j .. ..t', :IS churches, markets, halls, colleges, eminent build
ill~'s, &,.. Then remove the instrument to another statiOli 
alolle; one of these lines, and there repeat the same 
process as before. And so continue until the whole i. 
finished. 

Thus, fix the in.strument at A, and draw lines in the direc
I i01,,'; of all the streets meetillO' there; then measure A C, 
Iloting the street at x. At th~ second station C, draw the 
directious of all the streets meeting_ there; measure rrom ~ 
t<) D, Doting the place of the street K, as you pass by It. A 
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the third station D, take the direction of nil the streets 
nleeting there, and lIIeasure D S, notin~ the cro~s stl'eet at 
'1'. Proceed in like lIIanner through all the principal 
streets, after which proceed to the smaller and intermediate 
streets; and last of all to the lanes, allpys, COllrts, yards, 
and every other place which it may be thought proper to 
represent iu the pIau. 

PROBLEM XII. 

To compute the content cf any SUTUy. 

1. In small and separate piece~, the method A'enerally 
em!'ioyed iR, to compute their contents from the measures 
of the lines taken in surveying- them, without drawing any 
correct map of them: rules for this purpose have been given 
in the preceding part of the work. But in large pieces, and 
whole estate", consisting of a J!'reat number of fields, the 
u,ual method i~, to make an unfinished tmt correct plan of 
the whole, and from this plan, the boundar:es of which 
include the whole estate, compute the coutellts qnite inde
pendent of the measures of the liues ana angles that were 
t8~en in 8urveyiGg. Divide the plan 0" the survey into 
triangles and trapeziums, by drawing new ~es through it: 



l~eA,ure all the lJU,p~ nlld ~wl'pelld;,'ular' (If ,Ill th~,op IIP\I" 

h;!II1'e~, loy IIlpali' of the ,c,de i'l'tlJll w.iI:!:" t,he ,,1'111 \I ::,_ 

al'aWl1, HII~ frulll the~e d'IIH . .'1i:-';fHIS eOlllflllte tl;l~ l Ulltt'II~"'. 
~'hethel' tf,aligle"., O!' tl':J!WZIIJIIJ'. Ly tue pl'opel' 1'1I!.-:; IlIr 
tilJdlllg tIle al'ea~ ot ~udl ligur~", 

The chief diflil:uity ill compiltillg COI";,,t, ill liud'ng tIle 
COllt!'uts or lalld houllded Ily curved or nn' il'l'e!!'lllill' lill<". 
or ill reducing ~Ut:ll crookeu ~lcJes 01' bOIlIJ(jal'l\'s~to ,rLII!,:!,t 
lilies, that "hall e 111.:1 0" \' "II equal are:, with tho"e ('I ovi" d 
~.des, !tIId so obtllill the al'eft of the curved ti<rure 1,1' 1I1t'''IIS 

of the l'i,~ht-ljl1ed oue, wbich iu gelleral \I 1111 .... "(1 fl':.!;tz:UIJI, 

The redlldioll of !:I'ookcd fidts to sfl'aigl,t OIil'S I, ";I,I!.' 

pel'fol'llled III u~ : 

Apply u 1101'",,-),:1'1' or <Ik tl'l'<'allnc!''' " th" ,To.,k,',l '" 
ill SlIell II """JlIt'I', that tia .. ,'II' ill 1"11'1" I'ill .. ft' 'nil! I 

crook,·f! figure I,y It, II"'), 1.1' t'ql"" 10 tl:",-" 1;.1\"" II .. 

I.tll" fJl'uctice will ellulll" :"" 10 I'X",llIde IXI,,;tl)' ",_ Will I, 
:.:' you il1('iudt': tllf'lI, with :I p"lIeil, dr.lw a I.lIe :1I1IIi':-:" (I.e 

thread or I,o/'",,-I,:,il', D.) tl,,~ ~alJ',~ hI' t.he ot:Jt'r ~"lt" of 
rl,(' tigut'e, lUIJi .""" will thll' '""I'I' the -Ii;:'''''\' l'I'dllt'pd to a 
f;ITHi).!'llt ... siued fig-lire equal to tl::~ t'llrn:-d Ollt'; tbp CII!ITt-'llt 

of which, I'eill;!, cO'"I"!te'] '" 1",10 . ., uil'eckd, "i.I be tile 
COlJleut of the curved figure I'n'J,"-e<l, 

'I'he he~t way of US:II:,!' the thrt'ad or hor~e-1Jll;r is, 10 ~tr'I'~' 
a s!lIull Flplldp!' how with it, "ill,,;,!, uf wlwleI.ollc or wile, 
which will kepp it stretdltd, 

If it W"I'C I't'qllirpd to find the cOlltpnts of thr. ,follo'", illl! 
crook"tl-,<ided fig-III'e; draw tlHe fOil I' dotted .tra:)!'l.t Ill:> ,

A 13, B C, C D, 11IId D .-\. (·x,.)lIdillg' liS milch fl"liU II .. ' 

~Uf\'I'\, liS is !llk,," ill hv the stm:)!'ht lill!"; 1 . .1' which Ii" 

crook't'n ti"lll'e i,; reduc"d- to a q,dll-(.lIerl Ollt', both "ql,,,1 " 
urt'a, 'l'h~1I drllw the dillg'ollal 13 D, which he:lI);' IJlt"'~JI""" 
by a proper fesla, and multiplied by hlllf the ~1l1J1 ",. rIll' 
perpendiculars let filII from A and C upo~ B D (meatiurc-! 
011 the same scale), will give the area requlre4, 
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Many other methods might have been given for computing 
the contents of a survey, but they are omitted, the above 
being, perhaps, the most expeditious. 
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MISCELLANEOUS PROBLEMS. 

. 1. The three sides of a triangle are 12, 20, and 28; what 
IS the area? An.,. 60 ,J 3. 

2. Fi?d the difference between the area of a triangle 
whose sIdes are 3, 4, and 5 feet; and the area of an equi. 
lateral triangle having an equal perimeter? 

Ans. '!l~>-l of a square foot. 
3. There is a segment of a sphere, the diameter of whose 

hase is 24 inches, and its altitude 10 inches; required its 
solidity? Alls. 2785'5f>2 inches. 

4. There is a bushel in the form of a cylinder, whose depth 
is 8 inches, and breadth 18t inches; required to determine 
the breadth of auother cylindrical vessel of the same capa· 
city as the former, whose depth is only 7t inches? 

. Ans. 19.107 inches. 
5. A ladder 40 feet long, may be so planted, that it shall 

reach a window 33 feet from the grollnd on one side of the 
street; and by only turning it over, without moving the foot 
out of its place, it will do the same by a window 21 feet high 
on the other side; what is the breadth of the street? 

Ans. 56 feet 7l inches. 
6. In tnrning a one-horse chaise within a ring of It certain 

diameter, it was observed that the onter wheel made two 
tu~ whil!! the inner made but one; the wheels were both 
4 'feet high; and 8upposiDi tbem fi%ed at tbe ltatutable 
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di~tance of 5 feet a~llnrler on the Hx]~-trpe, what WAR the 
"il'culuferc[wc uf the track described hI" the ollter whep] ? 

.A liS. 63 feet, Ilc~rly. 
j. A cal,ie which is ::; feet lOll.!.!', and 9 inehe~ ill ('Olllr:ll'~, 

\\"I."i;.\h,:!~ Ills.; what will a fathom of tlrat cuule weig-h, which 
1D[''',ur("s u foot ahout ? Am. 7~B' Ih:;. 

~, lio\\' IUHIIY solid cu],c~, a side of whkh equals 4 
illclIPs, may be cut out of a large cube, whose ,ide is b 
iuches ? AilS. 8. 

9. Determine the areas of an eqnilateral trian,!:;'I,', a "(lu"re, 
:.t hexagon, tile perimeter of each heillg o!O fed t 

Ans. 7o'Vb0035 - 100 - 115'47. 
10. A 1"'I'>on want, a "ylilldrit'ul v",;,el 3 feet depl'. that 

Nh,,11 ('ontaill Iwiee as fIIm·1t us Another <'vl:lldl'ical ve~sel 
whose dialileter is 3~ f""I, Hlld allitude 5' fed; tilld the 
diameter of the reqll,rcd "("",el ? A'ils. 0'39 feet. 

II. Three per.-olls hav;lI2,' bought a conical sug-ar-Ioaf. 
wi,h to divide it illto tlll~~ (,qual l"lrts by ~ectiolls pandlel 
to the hase; it is required to !il,d t.he altitude of each persou's 
share. the ,t1titllde of the IouI' [,,·ill," 20 ill~h~, ? 

An". Alrltllde of the "pper part. = 13'b6i, of the middle 
part = 3604, of the lower part :Z'5~b indies. 

12 There is a frustnlll of 1\ pyralll:d, whORe basf's arc 
regular od,'gOllsj eHch ~;de of tile greater l.J:lse is 21 inches, 
allu eat:h siJIl of the Ie's "'lse 9 illche". Hud its perpendit.:uldr 
lellgtll 15 feet, how lUany sol:d feet are COlltn illed in it? 

Ans. 119'2 feet. 
13. Reqnirillg to find the heig-ht of a May.pole, I pro· 

cured a stHfl' 5 feet ill lellgth, and placill~ it ill the ~nnshiue, 
perpendit:uiar to the bor,zoll, I found ils sharlow to be 4'1 
feet. N"xt I measured the shadow of the ~lay-pole, which 
I fOUlid to be 65 fe~t; from thiti date the heigh t of the pole 
is requ:red ? .1111-5. 79.26 feet. 

U. Given two sides of an obtuse-angled triangle, which 
are 20 and ,0 polesj required the third s:de, thllt the tri-
a.ugle {!lay ~ntaillj~s.t lUI. !loCHlof land? , 

A.n.s. 58'$76 or 23'099. 
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15. A circular fi~h-pond is to be mnde in n ~arden that 
shall take up just hMlf IlII acre; what must he thl< lell;!,'t" of 
the chord that strikes the circle? Ans. 2i f yards. 

16. A $entleman has a gnrden 100 feet lonf!', filld 80 feet 
broad .. ~ow a STavel walk is to be made of 311 eClull1 width nil 
r.ound It; what must the breadth of the wulk be, to tHke up 
Just half the ground? Ans. 12'9::;46 feet. 

17. A silver CIlP, ill form of It frustum of a cone, whose 
top diameter is 3 illches, its bottom diameter 4, and its alti
tude 6 inch ell, being filled with Iiqnor, a person drallk out of 
it till he could see the middle of the bottom; it is required 
to find how much he drank? Ans. '152127 ole galiolls. 

18. I have a right cone, which rost me £5 l3s. 7d., at 
lOs. It cubic foot, the diameter of its base heing to iv, ultiru<ie 
as 5 to 8; and would have its convex surface divided in the 
same ratio, by a plune parlln .. 1 to the base; the upper part 
to be the greater; rf'quired the slant height of each part? 

A ~ 3'9501)486, t.he slant !:eight of the upper part. 
'IlS. ~ 1'0854612, the slant height of the ullder P'lI·t. 

19. How many acres of the earth's sllrface may be seen 
from the top of a steeple whose height is 400 feet, the earth 
being supposed to be a pprfed ~phere, whose circumference 
is 25000 miles. Ans. 12120981'338267112 acres. 

20. Two boys meeting Ill. a farm·honse, hnd a tRnkaI'd of 
milk ~et down to them; the one being very thirsty drallk till 
he could see the centre of the bottom of the tankard; the 
other drank the rest. N OIV, if we suppose tho t the milk 
cost 4!d., and the tankard measured 4 inches diameter at 
the top and bottom, and 6 inches in depth; it is required 
to know what each boy hRd to pay, pI'oportionable to the 
quantity of milk he drsuk ? 

~ 14'1802815 farthings for the firRt. 
Am. l 3'8191185 farthings for the second. 

21. If the linear side of a certain cube, be increased one 
inch the surface of the cube will be increased 246 square 
incb~8: determine the side of the cube. 

Au. 2.0 iAchel. 
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22. If from a piece of tin, in the form of a sector of !I. 

circle, whose radius is 30 inches, and the length of its arc 
36 inches, be cut 8nother sector whose radius is 20 inches; 
Ilnd if then the remaining frustum be rolled up so as to form 
th'e frustum of a cone; it is required to find its content" 
snpposing that one-eighth of an inch to be allowed off its slant 
heigbt for the bottom, and the same allowance of the circum
ference, of both top and bottom, for what the sides fold 
ol'er each other, in order to their being soldered together? 

Al1S. 685'3263 cnbic inches. 
23. Three men bonght a grinding-stone of 40 inches dia

meter, which cost 20s., of which sum the-first man paid 9s., 
the second 6s., and the third 5s" how much of the stone mu~t 
each man grind down, proportionably to the money he paid? 

Ans. The first man mnst grind down 5'167603 inches of 
the radius; the secoud 4'8~·;2:.J\)7 inches, and the third 10 
inches. 

24. There is a frustulll of a cone, whose solid content is 
20 feet" and its length U feet; the greater diameter is to the 
lesJ as 5 to :!; what are the diameters? 

A ~ 2'02012 feet. 
l1S. l '80804 feet. 

25. A farmer borrowed of his neighbour part of a hay
rick, which measured 6 feet in length, breadth, and thick
ness; at the next hay-time he paid back two equal cubical 
pieces, each side of which was 4 feet. Has the debt beeu 
discharged? Ans. No; 88 cubic feet are due. 

26. 'I.'here is a bowl in form of the segment of an oblong 
~pheroid, whose axes are to each other in the proportion of 
3 to 4, the depth of the bowl one-fourth of the whole trans
verse axis, and the diameter of its top 20 inches; it is re
quired to determine what number of glasses a company of 
10 persons would ha.ve in the contents of it when filled 
lIsiug a conical glass, whose depth is 2 in~hes, and th~ 
diameter of its top an inch and a half. 

Am. 114'0444976 glasses each. 
27. If a cubical foot of brass were to be drawD into wire 
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of it. of an inch in diameter' it is reqnired to determine the 
length of the said wire, allow'ing no loss in the metal? 

Ans. 55~ miles . 
. 28. How many shot are there in an unfinished oblong 

pile, the length and breadth of whose base beinO' 48 and 30 
and the length and breadth of the highest co~r8e be:ng 24 
and 6? Ans. 17356 . 
. 29. How many shot are there in an unfinished oblong 

pIle of 12 courses; length and breadth of the top contain 
40 and 10 sbet respectively? Ans. 8606 shot. 

30. Of what diameter mnst the bore of a call non be cast 
for a ball of 24 ponnds weight, so that the diameter of the 
bore may be .'-. of an inch more than that of the baIl Y 

Ans. fJ"757098 inches. 
3l. What is the conteut of a tree, whose leng-th is 17 t 

feet, and which git·ts in five different places as fo\1ow8, viz., 
in the first place 9'43 feet, in the second 7'92, iu the third 
6'15, in the fourth 4'74, and the fifth 3'16? 

Ans. 42.5195. 
32. What three numbers will express the proportions sub

sisting between the solidity of a sphere, that of the circum
scribing cylinder, and circumscribing equilateral cone? 

Ans. 4, 6, 9. 
33. Given the side of an equilateral triangle 10, it is re

quired to find the radii of its circumscribing circle? 
Ans. 5ii36. 

34. Given the perpendicular of a plane triangle 300, the 
sum of the two sides 1150, and the difference of the seg
ment of the base 495; required the base aud the sides? 

Ans. 945, 375, and 7::-:0. 
35. A side wall of a house is 30 feet high, and the op

posite one 40, the roof forms a right angle, at the top! the 
lell"ths of the rafters are 10 feet lind 12; the end 01 the 
~h~.ter is placed on the higher wall, and 1'ice rers.a; required 
the length of the upright, which supports the rIdge of the 
roof, and the breadth of the honse ? 

Ans. 41'803, length of upright, and 12 feet the breadth 
of the house. 
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A T"'\"BLE 

OF THE AREAS OF TilE SEGMENTS OF A CIRCLE, 

IViIO.'. di"met.r IS 1, and supposed 10 Le divided into 1000 <qual p.ul., . 

. ----
-Ilil; 'lliIiIOI~ -O3~ 1-0097ti3 -075 I'O~ i,ln °1i:! ·O·J~:!j:! 
':i()~ '00011'.1 '03" 'lIiU148 '0,'; ·U:!7.2~~1 -113 -UI .. i"·J4 
'lid:: '\lOI)~!n 'IHII Oi0537 '07, 02ir-:.!1 -]]4 ·U'Y,~.~ 
'004 0,)(,;)37 '041 1°10\)31 '0,8 ,U:!~;);ltj ']15 'U~Oltj5 
-00·:; 'UIIOEII -O'~ -011:330 ·O'\! . 02S"~IJ -110 '0.3(1801 
'U()d 1.~ltI·; 18 -1l4;l '01I,:i4 'OHO LJ2·.Q;,·j -]17 -0;;144"; 
. till, . ()1.H)j"7~) -OH '01214:l -0:-11 'O:Hl;t7H -1l8 ·tI·':lOVO 
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262 AR~AS OF THE SEGMENTS OF A CIRCLE_ 

U(iShl·1 Area ;";(f! I Height. . -\rea ~~g I Hl::ighl. i Are" ~(;;. I Height. l A,,!. !., . 
.. 

-32~ -225093 -372 -266111 -415 -308110 -458 -350748 
-330 -22tl03a -373 -2ti7078 -416 -309095 -459 -351745 
-331 ':;2tjn74 -374 -268045 -417 -310081 -41;0 -352742 
-332 -227915 -375 -269013 -418 -311068 -461 -3537311 
-333 -22d858 -376 -269982 -41!l -312054 -462 -354736 
-334 -229801 -377 -270951 -4:W -313041 -463 -355732 
'::::).) -230745 -378 -211\)20 -421 -314029 -464 -356730 
';3:313 -231tl89 -379 -27!l8~jO '4~2 -315016 -465 -357727 
'0;)7 '2:3:!u;{4 -380 -2i38,jJ ·423 -316004 -466 i -35872-5 
-338 -2:33580 -381 -2;4832 -424 -316992 -467 

I 
-359723 

-339 '::!:J4;J:;t3 -382 -275803 -425 -317981 -468 -360721 
-:,:40 '235473 -383 -276775 -426 -318970 -469 -361719 
-341 -236421 -384 -27".748 -427 -319959 -470 -362717 
-:; 12 '3373ti9 -385 ':::78721 -428 '320948 '471 '363715 
'343 '238318 -386 -:l7!l1l94 '4::!H '321938 -472 -364713 
';::44 ':l392t38 '387 -280G68 -430 -3229:l8 -473 -365712 
-345 -240218 -388 '281tjtj~ -4:;t '323918 -474 -366710 
'346 ':lUlu,] -389 ·~~:..!u17 '432 '32490!J -475 -367709 
'347 '242121 -390 ·2~:n5~:2. -433 -325900 -476 -368708 
-348 '243074 -3!l1 '284508 -434 -326892 -477 -36!l707 
-349 '244026 -392 1'28;).)44 '4:35 '327882 -478 -37070r. 
-350 '~H['SO -393 1'2tHjEdl -436 -32887-1 -469 -371705 
·3·jl '2459J4 '394 · ~8, 1~~ '4:)7 1'~:!986G -480 -372764 
'352 '246889 '395 · :!8!.q;C ··1:,>! 1'330858 -481 '373703 
'3:j;) ·:lJ7~4.j -39ti '2~~l-!j;J -439 '331850 -482 -374702 
-35! -248801 -397 '2(104:32 '440 -332843 -483 '3i5702 
-355 -249757 -3!l8 · 2,1]411 -441 '333836 -484 '376702 
-3£iti ·~.jIl715 -399 · :!~):"!:-~ClO -442 -334829 -485 -377701 
-357 ·~·jlGi:1 '400 I • :!~):~: :;)!) -44~ '335822 -486 -378701 
-3·'>8 '25:!I);n '401 "'2H4;;HI -444 -336816 -487 -379700 
-35:1 ·2·)85~~O -402 1-:295:1:l0 -445 '337810 -488 -380700 
-3tiO '2·345,,0 -403 '2Hligll -446 '338804 -489 -381699 
-361 -,;.j5510 -404 -297292 -447 '339798 ·490 -382699 
'3t):.! ·:)·-,6!71 -40·5 ·:!n8:.!7R '448 '340793 -491 -383699 
·:3 .. n ':):)74:33 '406 '2992·;6 -449 -341787 -4!l2 I -384699 
'31l4 '2:;83(}i) -407 -3002:18 -450 '342782 -493 -385999 
'365 '2;j[j357 -408 '301220 '451 -343777 -494 -386699 
-366 -260320 -409 -302203 -452 '344772 -495 -387699 
-367 ':!,;1:l<l4 '410 -303187 '453 '345768 '4UI, '388699 
'3158 . ~r)~~,tH '411 '304171 -4,j4 '346763 -497 -389699 
-369 '263213 -412 -305155 -455 -347i59 -4!l8 -390699 
'370 '2.,4178 '41:1 '306140 • -l;j ~ j -348755 '499 -391699 
-371 '2135144 -414 '307125 -457 -349752 -500 -392699 




