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New system of determining the solid contents of a body of a
( Extract from the *“ Quebec Daily Mercury”

Mr. Baillairgé’s lecture on Wednesday evening last
before the Literary and Historical Society of Quebee, pro-
ved once more how very interesting, even in a popular
sense, an otherwise dry and abstruse subject, may be-
come, when ably handled.

The lecturer showed the relationship of geometry to all
the industries of life. He traced its origin from remote
antiquity, its gradual developement up to the preseut
time. He showed how it is the basis of all our public
works, and how we are indebted to it for all the construe-
tive arts ; its relationship to mechanies, hydraulies, uptics,
aud all the physical sciences. T'he fairer portion of man-
kind, said Mr. B., have the keenest, most appreciative
perception of its advantages and beauties, as evidenced in
the ever-varying combinatious so cuunningly devised iu
their desigus for needle tracery, laces aud embroidery. He
showed its relationship to chemistry in erystallization and
polarization ; to botany aund zoology in the laws of
morphology ; to theology, and so on. In treating of the
circle and other conic sectious, he drew quite a poetical
comparisou between the engineer who traces out his curves
among the woods and waters of the earth, and the astro-
nomer who sweeps out his mighty circuits amidst the
starry forests of the heaveuns. The parabola was fully
illustrated in its application to the throwing of projectiles
of war, also as evidenced in jets of water, the speaking
trumpet, the mirror and the reflector, which, in light-
houses, gathers the rays of light, as it were, into a bundle,
and seuds thewm forth together on their errand of hunanity.
In treating «f the ellipse, this almost nagic curve which
is traced out in the heavens by every planet that revolves
about the sun, by every satellite about its primary, he
alluded to that most beautifal of all ovals—the face of
lovely woman. He showed how the re-appearance of a
comet may now be predicted evea to the very day it
heaves in sights, and though it has been absent for a cen-
tury, and how in former ages, when these phenomena
were unpredicted, they burst upon the world in unex-
pected mnoments, carrying terror everywhere and giving
rise to the utnost anxiety and consternation, as if the end
of all things were at hand ; in a word, Mr. Baillairgé
went over the whole field of geometry and mensuration,
both plane and spherical ; a difficult feat within the limits
of a single lecture ; and kept the uudience, so to say, en-
tranced with interest for two whole hours, which the pre-
sident, Dr. Anderson, remarked : were to hin as but one ;
and no doubt it must have been so to others, since Mr.
Wilkie, in seconding the vote of thanks proposed by Capt.
Ashe, alluded to the pleasure with which he had listened
to the lecture as if, He said, it were like poetry to him,
instead of the unpromisiug matter foreshadowed in the
title. Mr. Baillairgé next explained in detail his stereo-

metrical tableau, which we hope to see soon introduced
into all the schools of this Dominion. He showed how con-
ducive it will be in shortening the time heretofore devoted

to the study of solids and even to that of plan
superficies, spherical trigouometry, geometrie
perspactive, drawing the developement of sur|
and shadows, aud the like. Mr. Wilkie, so

tunicy had been afforded himn of proving the
corroborated Mr. B.’s statement in relation to
saving in time, where many abstruse proble:
nerally required hours or days to solve, eau no
be, as Mr. Baillairgé asserts, so generally app
as has been certified by so many persons in
over their own siguatures,) with the help of
mula and tableau, be performed in as wany
say nothing of the use the models are in in
glance a knowledge of their nomeneclature or
an acquaintanceship with their varied shapes
He showed how, tv the architect and engineer
aud mechazie, the inodels are suggestive of tl
relative proportions of buildings, -roofs, dom
quays, cisterns and reservoirs, cauldrous, vats
and other vessels of capacity, earthworks «
comprising railroad and other eattings and e
the shaft of the Greek and Roman column
winey timber, saw-lors, the cunping teut, tl
splayed opeuniung of a door or window, nich o1
a wall, the vault or arched ceiling of a chuarel
billiard or the cannon ball, or. on a larger scal
earth, sun and planets. Mr. Baillaireé, we 1
received an order for a tableau from the Mini
cation of New-Brunswick, with the view of i
into all the schools of that Proviuee ; and Mr
writing to- Mr. Baillairgé, from Frauce, on
January last, to advise him of the granting .
patent for that conuotry, says that Messrs. Hun
the Président aud secretary of the society for
lization of education in France, have intima
tention, at their next general meeting of havio
of distinction conferred on him for the bene

-invention aud discovery are likely to coufer «

Mr. Giard, in writing to Mr. Baillairgé, oun th
Houn. Mr. Chauveau, Minister of Public Iustr
¢ 11 se fera un devoir d’en recommander I'ac
‘¢ toutes les maisons d’éducation et dans toute
From the Seminary and Laval University.

writes : ¢ Plus ou étudie, plus on approfoudit
¢ du cubage des corps, plus on est enchan

. “ one marvels) de sa simnplicité, de sa clarté

“ sa grande généralité.” Rév. Mr. McQu
¢ gball be delighted to see the old and tedio
¢ superseded by a formula so simple and so e
ton, or Yale College, United States : ¢ cousi
¢ bleau a most usefal arrangement for shov
¢ riety and extent of the applicatious of the fo
College I’Assomption ¢ will adopt Mr. Ba’'l
‘¢ tem as part of their course of instruction.”
has written to the author that * the rule is




>ntents of a body of any shape, by one and the same rule.
bec Daily Mercury” of 30th Marck, 1872.)

’lids and even to that of plane and convex
rienl trigouometry, geometrieal projection,
ring the developement of surfaces, shades,
d the like. Mr. Wilkie, so far as oppor-
afforded hin of proving the caleniatious,
B.’s statemeut in relation to the immense
vhere many abstruse problems which ge-
1urs or days to solve, cau now (if the rule
irgé asserts, so generally applicable, and,
fied by so mauny persous in testimonials
guatures,) with the help of the new for-
1, be performed in as wany wminutes ; to
10 use the models are in imparting at a
|ge of their nomenclature or names, and
hip with their varied shapes and fignres.
to the architeet and engineer, the buailder
e models are suggestive of the*forms and
ms of buildings, .roofs, domes, piers and
nd reservaoirs, cauldrouns, vats. easks, tubs
s of capacity, earthworks of all kinds,
ad and other eattings and embankmeunts,
Greek and Roman column, sqnare and
iw-lors, the eunping teut, the square or
of a door or window, nich or loophole in
or arched ceiling of a church or hall, the
unon ball, or. on a larger scale, the moon,
auets. Mr. Baillairgé, we may add, has
* for a tableau from the Minister of Edu-
runswick, with the view of introducing it
ls of that Proviuee ; and Mr. Vaunier, in
Baillairgé, from Frauce, on the 10th of
advise him of the granting of his leiters
muotry, says that Messrs. Hunbert & Noé,
d secretary of the society for the genera-
iion in France, have intimated their in-
1ext general meeting of having some mark
fferred on him for the benefit which his
icovery are likely to coufer ou edueation.
iting to Mr. Baillairgé, ou the part of the
eau, Minister of Public Iustraction, says:
woir d’en recommander 'adoption davs
ous d’éducation et dans toutes les écoles.”
wry and Laval University. Mr. Maingui
n étudie, plus on approfoudit cette formule
corps, plus on est enchanté (the more
e sa simnplicité, de sa clarté et surtout de
1éralité.” Rév. Mr. McQuarries, B. A.
ted to see the old and tedious processss
a formula so simple and so exact.” New-
ege, United States : * cousiders the ta-
iseful arrangement for showing the va-
t of the applications of the formula.” The
ition ¢ will adopt Mr. Ba'llairgé’'s sys-
their course of instruction.” Mr. Wilkie
o author that * the rule is precise yud

¢ gimple, and will greatly shorten the processes of calcu-
lation. “ The tablean,” s1ys this ecomnetant judge, ¢ com-
¢¢ prising as it does a great variety of elementary models,
“ will serve admirably to educate the eye, and mnust great-
¢ 1y facilitate the study of solid mensuration.” ¢ Again,”
says Mr. Wilkie. ¢ the Government wonld confer a boou
4 on schools of the middle and higher class by affording
‘ access to so snggestive a collection.” There are others
who, irrespective of considerations as to the comparative
accuracy of the formula, or of its advantages, as applied to
mere mensuration, are awake to the fact that the models
are so much more snggestive to the pupil and tle teacher
than their e e representation on a blackboard or on paper,
and who, in their written opinion, have alluded especially
to this feature of the proposed system. M. Joly President
of the Quebec Branch of the Montreal School of Arts and
Design, in a letter ou the subjects to Mr. Wearer, the Pre-
sident of the Board, ana after having himself witnessed
its advantages on more than one oceasion, says, in his
expressive style, ¢ the difference is enormous.” Professor
Tousaint, of the Normal School, Dufresne, of the Mont-
magny Academy, Boivin, of St. Hyacinthe, and many
others, are of (the sane opinion ; among them MM. R. S.
M. Bouchette, O’Farrell, Fletcher., St. Aubio, Steckel,
Junean, Venner. Gallagher, Lafrauce. and the late Brother
Anthony, &ec., &e. Neither will it be forgotten that the
professors of the Laval University, after reading the enun-
ciation of Mr. B.’s formula. as given in his treatise of 1866,
expresse:d themselves thus : ¢ Uu donte involontaire s’em-
pare d’abord de l'esprit, lorsqu’on lit le No. 1521 ; ¢ mais
‘ un examen attentif des paragraphes suivants, dissipe
¢ bientdt ce doute et 'on reste étouné & la vue d’une for-
“ mule, si claire, siaisée & retenir et dont Papplication est
¢ si géuérale.” Mr Fletcher, of the Crown Lands De-
partinent, says : “ I have compared. iu the case of seve-
“ ral solids, the results obtained by yoar mode of enmnpu-
¢ tation with those resulting from the ordinary and more
‘“ lengthy processes, and congratulate yon sincerely on
¢ your enuuciation of a formula so brief and simple in its
¢ gharacter, and so precise and satisfactory in its results.”
Mr. Baillairgé also took oceasion during his lecture to
allude. in other relations, to his treatise on geometry and
mensuration, in which he showed he has introdnced mauy
important modifications in the usual mode of treating the
subject of plane and spherical geometry and trizonometry.
In conclusion, we must add that the Council of Publie
Instruction, at its last meeting, appoiuted a Committee,
composed of the Lord Bishop of Quebee, and of Bishons
Langevin and Labrecque, to report to the Couneil at its
next general meeting in June, and who, it nay be taken
for granted, after the many flattering testimonials in re-
lation to the util” v and many advantages of the stereo-
metrical tablean .or purposes of education, eannot but
recommend and direct its adoption in all the schools of
the Dominion.
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THE

STEREOMETRICON.

OricINATOR : C. BAILLAIRGE, M. S.

MgrMBER OF THE SOCIRTY FOR THK GEXKRALIZATION OF EDUCATION 1IN FRAXCR, AND
OF BKVERAL LEARNED AND SCIeNTIFIC SOCIETIKS ; CHEVALIKR OF THE
OKDER OF S1. SAUVKUR DK MONTK-REALK, ITALY ; KTC., KTC.
FELLOW OF THE RoYAL Socikry, CANADA.

MEASUREMENT OF ALL SOLIDS BY ONE AND THE SAME RULE.

UNIVERSAL APPLICATION OF THE PRISMOIDAL FORMULA.,

THIRTREN MEDALS AND S8KVENTKEN DIPLOMAS AND LKTTKERS AWARDKD THE AUTHOR
FROM Russia, FrRANCE, ITALY, BELGIUM, JAPAN, EIC.

ProMoTER : THOMAS WHITTY,
PROFESSOR AT ST. DENIS ACADEMY, MONTREAL,

Comprises 200 Solids representative of all conceivable elementary forns, as of
the Component parts of Compound bodies.

Name and deseription of each solid. What it is represeutative or suggestive of,
" or that of which it forms a compoueut part.

Nature and name of opposite bases and of middle section, as of lateral faces
aund remainder of boundiug Area, including every species of Plane,
Spherical, Spheroidal, and Conoidal figures.

Division I, classes Ito X : pluue faced So'ids and Solids of single eurvature.
. Division II, classes XI to X37: Solids of double curvature.

QUEBEC
PRINTED BY C. DARVEAU
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The Stereometricon : nomenclature and gereral feature of each of the
200 solids on the board ; see the diangram at the beginning of this
pamphlet ;

The Areas of Spherical Triangles & Polygons to any radins or dia-
meter : a paper read before the Royal Society of Canada in 1833.

On the general application of the prismoilal formula : a paper read be-
fore the Royal Society of Canada in 1832, .0 cviiiaceicnaainnn

TABLES

1. Squares and Square Roots of numbers from 1 to 1600...c.cua....

II. Cireumferences and areas of circles of diameter ¢ to 150, advan-
g by §.. s dinnins e st e LR g T o e S RS SR

IIL. Circumferences and areas of circles of diameter {5 to 169, advan-
Cing bY Pfecccccicncanacaaaiaaaciie. SRS I R A

IV. Cirenmferences and areas of circles of diameter 1 to 50 feet, ad-
vancing by 1 ineh or ygeeeccaaaa - S Lo e s e SR e i

V. Sides of Squares equal-in area to a circle of diameter 1 to 100 ad-
vancing by }...... AR S TR B R e e R i e

VI. Lengths of circular ares to diameter 1 divided intc 1000 equal
parts....c.ceccacanan-- esecesccecccecaacns cecccnccaaaa feesacene

VII. Lengths of semi-elliptic arcs to transverse diameter 1 divided
into 1000 equal varts.cceeeeeeaana... LeRa e B IR SR T e %

VIIL. Areas of the segments of a circle to diameter 1| divided into
1000 equal parts....eceea-- o eess LS00 SUSUT Ut e e et P

IX. Areas of the zones of a circle to dinmeter 1 divided into 1000
equal parts...c.ccecccecccacacceccetiiccaccccccccaacanaan

X. Specific gravities or weights of bodies of all kiuds : solid, fluid,
lignid and gazeous cceceeeeeaocaanaananns Soodseiiiaiacinians .k

61
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]
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THE STEREOMETRICON

OriGINATOR : C. BAILLAIRGE, M .S.

Member of the Society for the Generalisation of Education in France and of geveral learned
and scientific Sociceties : Chevalier of the Qrderof St. Sauveur de Monte. Reale, Italy ;
Fellow of the Royal Society of Canada, etc., etc.. etc.

Measurement of all solids by one and the same rule.
Universal application of the prismoidal formula.

TLirteen Medals and seventeen Diplomas and letters awarded the author,
from Frane:, Russia, Italy, Belgium, Japan, etec.

Provorer : THOMAS WHITTY, professor at St. Denis Academy, Montreal, etc.

RULE: To the sum of the opposite and parallel end areas, add
Jour times the area of a section midway between and parallel to the
opposite bases; multiply the whole by } part of the length or height
or diamete, of the solid, perpendicular to the bases ; the result will be
the solidity or volwme, the capacity or contents of the body, figure or
wvessel under consideration.

For application of the rule and examples of all kinds fully worked
out, see “XKey to Stereometricon.”

For areas of all kinds, plane, and of single and double curvature,
see also “Key to Stereometricon,” with tables of areas of circles to
i eighths, tenths and twelfths of an inch, or of any other unit of measure,
1 tables of segments and zones of a circle, ete., ete., at end of « Key.”
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The tablean comprises 200 models, disposed in 10 horizontal and

20 vertical rows, series, families or classes.

The solids may be indif-

ferently placed, and numbered from the right or left and from below

upwards or the contrary.

The solids are representative of all conceivable elementary forms and
figures, as of the component parts of all compound bodies.

DIVISION 1.

Plane faced solids and solids of single curvature, or of which the
surfaces are capable of being developed in a plane.

CLASS 1.

Prisms,

Note.—The author uses the term ‘trapezium’’ and not * trapezoid,” as the termination
“‘o0id "’ conveys the idea of a solid as paraboloid, hyperboloid, conoid, prismoid, ete.

For the same reason he uses the French ““trap

Name of solid, object of which it
is representative or suggestive, or
of which it forms a component part.

Reference to “Key to Stereome-
tricon,” for computation of contents
and of factors necessary thereto.

1—The cube or hexaedron —
one of the five platonic bo-
dies
Representative of any other rec-
tangular prism, of a building or
block of buildings or of one of the
component parts thereof ; a brick or

iform ! i

d of trapezoidal

Nature and name of opposite bases
and middle section, lateral faces
and remainder of bounding surface.

Reference to page or paragraph of
“Key” for calculation of areas and
of factors necessary thereto.

Each of its three pairs of opposite
and parallel faces or of its six faces
or bases and middle sections, per-
fect and equal squares. For de-
veloped surface. See “Key to Ster.,”
page 131.

Representative of the floor, ceiling,
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cut store, a ~wdestal, a die or dado;
a pier cr qury . Lux, chest, pack-
age of m ~chaudise or parcel; a
cistern, bin, at or other vessel of
capacity; a pile of bricks, stones,
lumber, books, ete., ete., ete.

“Key to Ster.,” p. 61, par. (78).

2 —A right isosceles triangular
prism
On end, a triangular block or
building ; on its base, a ridge roof;
on one of its sides, the roof of a pent-
house or lean-to. “Key to Ster. p. 61.

3 —A right regular pentagonal
prism.

On end, the base or component
part of the shaft of a pentagonal pier
or column; on one of its sides, a
baker’s, butcher’s or other van;an
ambulance, ete. “Key,” page 61.

4—A right regular octagonal
prism.
Base or shaft of a column, a pier
or post, a bead, baluster, hand-rail,
ete. “Key to Ster.,” page 61.

5—Oblique hexagonal prism
An inclined post or strut or the
section of a stair-rail, a baluster on
a rake, etc. Mitred section of a rail
or bead. “Key to Ster,,” page 64.

wall or partitions of a rectangular
room or apartment, or of the bases
and sides of the various objects
mentioned under the name of the
solid.

See “Key to Ster.,” page €0.

Its opposite and parallel bases
and middle section, equal right-
angled isosceles triangles. Its
sides or lateral faces rectangles.
For areas, see “ Key to Ster.,” pages
19, 22 and 60. Sides suggestive of
those of objects alluded to.

Its opposite and parallel bases and
middle section, regular and equal
pentagons; sides or lateral faces,
rectangles.

Areas suggestive of those of ob-
jects mentioned in adjoining co-
lumn. “Key,” pages 35 and 19.

Its parallel and opposite bases and
section, regular and equal octa-
gons;its sides or lateral faces, rec-
tangles. “Key,” pages 36, 19.

Its parallel bases and section,
symmetrical and equal hexa-
gons; its sides, parallelograms.
“Key,” pp. 26,19 and 63. compute
half of sym. hex. as a trapezium.




6—Oblique rectangular prism.
On end, an inclined strut or post,
etc; on its parallelogram base, the
pier of a skew bridge, portion of a
_mitred fillet, etc.
See “Key to Ster.,” page 64.

7—Oblique prism or parallelo-
pipedon.
Section of mitred fillet on an in-
clined or oblique surfaee, ete.

8—A righ rectangular trapezi-
form prism, or a prism of
which the base or section is
a rectangular trapezium,

On end, a pier or block of that
shape ; on its larger parallel face or
base, the partially flat roof of a
pent-house or lean-to ; the base of a
rectangular stack of chimneys on a
sloped roof or gable, a corbel, ete.
See “Key to Ster.,” page 61.

9—A right trapeziform prism.
On end, the splayed opening of
a door or window or loop-hole in a
wall; on broader base, a partially
flat roof ; on its lesser parallel base,
a bin or through or other vessel of
capacity, section of a ditch excava-
tion or of a railroad embankment on
level ground, a scow or pontoon.

10—A right or oblique polygo-
nal compound prism, decom-

el 7 Rl

Two of its three pairs of opposite
and paralled faces or bases and
sections, equal rectangles; the
other bases and section, equal pa-
rallelograms. “Key,” page 63.

Each of its three pairs of parallel
faces or bases and sections, equal
parallelograms.

Its opposite and parallel bases
and section: on end, equal rec-
tangular trap-cziums; its lateral
faces, rectangles; on either of its
parallel sides or faces: its bases,
rectangles; its lateral faces, rec-
tangles and trapeziums See
“Key to Ster.,” pages 60 and 29.

May be treated indifferently as
a prism or prismoid.

On end, its bases and section,
trapeziums, and sides, rectan-
gles ; on either of its parallel faces,
its bases and section, rectangles;
its sides, rectangles and trape-
ziums.

N. B. Its solid contents, like
those of Nos. 2 and 8, may be com-
puted either as prisms or prismoids.

Rule for solid contents : multiply
one-third the sum of the three vert-
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posable into right or oblique
triangular prisms or frusta of
prisms

An excavation or filling, ete.

A spoil bank or a horrowing pit.

Each frustum or component part
may be treated as a prismoid, one
of its sides being the base.

i e

ical edges or depths of each of the
component triangular prisms, or
frusta of triangular prisms by the
area of a section perpendicular to
sides or horizontal, and add the
results. Page 67, rule II, “Key.”

CLASS 1IL

Prisms, Frusta and

11—A right regular triangular
prism.

On end, a triangular building,
pier or block ; on one of its sides, the
gable of a wall, the roof of a gabled
house, ete.

“Key to Ster.,” page 61.

12—Lateral wedge or ungula
of a right hexagonal prism,
by a plane through edge of
base,

Portion of a mitred bead or hand-
rail, end of stair baluster under
hand-rail, ridge roof of an octagonal
tower against a wall; base of a
chimney stack on a sloped roof or
gable,

Ungulae of Prisms.

Its parallel bases and section,
equal equilateral triangles ; its
faces, rectangles. Compute as
prismoid with rectangular bases,

the upper base then being an arris
or line,

One of its parallel bases a regu-
lar hexagon ; its middle base a
half hexagon or trapezium ; its
upper base a line ; its lateral faces
a line, a rectangle, triangles and
trapeziums ; its sloped face a
symmetrical hexagon or 2
trapeziums, base to base.




il e

13—Lateral ungula of a right
hexagonal prism, by a plane
through opposite angles of
the solid.

Base of a chimney stack, vase or
ornament on a sloped roof or gable,
ete.

N. B.—This solid and the last,
are not prismoids according to the
definition thereof, page 163, par.
(206), “Key to Ster. ;” but the up-
per half, folded over and applied to
the lower half, evidently completes
the prism, and hence the solidity is
exactly obtained by the prismoidal
formula, as it is of a like frustum of
a cylinder or of an ungula thereof
by a plane through edge of base.

14—Central wedge or ungula

of a right hexagonal .prism ;-

a prismoid.

A wedge, the ridge roof of a
tower, the base of a chimney stack,
vase or ornament between two
gables.

15—An oblique trapeziform
prism.

The partially flat roof to a dormer
window, the roof of a building abut-
ting against another roof, the splay-
ed opening of a basement window,
mitred portion of a batten or moul-
ding, section of a ditch excavation,
or of an embankment on a slope.

One of its opposite and parallel
bases, a regular hexagon ; the
other, a point ; its middle section
a half hexagon or two rectan-
guliar trapeziums base to base;
its lateral faces, trapeziums and
triangles ; its plane of sectiun, a
symmetrical hexagon, which,
for area, regard as two equal tra-
peziums base to base, compute and
add.

See “Key to Ster.,” page 29.

Or the symmetrical hexagon may
be decompcsed into a rectangle and
two equal triangles, for computa-
tion of area.

One of its parallel bases, a hexa-
gon ; the other, a line ; its middle
section, a symmetrical hexagon
or two trapeziums, base to
base ; its lateral faces, triangles
and trapeziums.

See “Key to Ster.,” page 29.

Treated as a prismoid : its oppo-
site and parallel bases, unequal
rectangles ; its lateral faces, tra-
peziums.

The factors of its middle section
arithmetical means between those
of its opposite and parallel bases,
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16—An oblique triangular Treated as a prismoid : one of
prism. ; its opposite and parallel bases, a
The roof of a dor:er window or rectangle ; the other, a line ; its
of a wing to a house with a sloped lateral faces, equal triangles and
r00f, a mitred moulding or fillet, etc. parallelograms.

17—Frustum of a right trian- As a prismoid : one of its parallel

gular prism, bases, a rectangle ; its opposite
Ridge roof of a building against base, a line ; its middle section, a
a wall, a mitred moulding, ete. rectangle.

18—Irregular frustum of an Considered as a prismoid : one
oblique triangular prism. base, a trap=zium, the other, a
Ridge roof of a building of irre- 1line ; its middle scection, a trape-
gular plan abutting on the unequal- zium ; its ends, non - parallel

ly sloped roof of another building, triangles; its sides, trapeziums.
ete.

19—A right prism on a mixti- Parallel bases and section mix-
linear base. tilinear

fizures, decomposable
On end, the unsplayed opening into a rectangle and the segment

of a door or window in a wall, ete. or half of a circle or ellispis ; the
Note, for area of segment of cir- lateral face, a continuous rect-

cle or ellipse, “ Key,” pages 33, 44, anile.

61,53, 57, tables IL, III, IV, VIII.

Note.—The segment of a circle
or ellipse may be equal to, less or
greater than a semi-circle.

20—Regular frustrum of an As a prismoid : one Mase, a
oblique triangular prism. rectangle ; the other, a line;
A ridge roof, mitred fillet, etc,  the middle section, a rectangle.




21-The dodecahedron, or
twelve-sided solid, one of the
five platonic bodies.
Assemblage of twelve equal py-
ramids with pentagonal bases, their
apices or summits meeting in the
centre of the solid or of the cir-
cumsecribed sphere.
The capital or intermediate sec-
tion of a pentagonal shaft or column,
a finial or other ornament.

22 —A rectangular wedge, the
head or heel broader than
the blade or edge.

The frustum of a triangular prism,
or may be treated as a prismoid,
using either of its three pairs of
parailel bases.

An inclined plane, a low pent
roof, an ordinary wedge, etc.

23 - A rectangular wedge or
inclined plane the head or
heel of equal breadth with
the edge or blade.

A right triangular prism, body
of a dormer window or base of a
chimney stack on a low or steep
roof, ete.

L ¢ )
CLASS III.

Frusta of Prisms, Prismoids, Wedges.

The six pairs of parallel bases or
twelve component faces of the solid,
equal and regular pentagons ;
the middle section a regular
decagon, the side of which is
equal to half the diagonal of the
pentagon, tor area of which see
“ Key to Ster.,” page 36, rule II;
or compute one of the component
pyramids and multiply by twelve.
For developed surface, see “Key to
Ster,” page 132.

On end : its opposite and parallel
bases, a rectangle and a line ; its
middle base orsection, a rectangle.
On one of either of its other two
pairs of parallel bases; one base, a
trapezium, the other, a line ; the
middle section a trapezium ; side
faces, a rectangle and triangies.

Each of its three pairs of parallel
bases, a reetangle'and a line ; its
middle sections, rectangles, res-
pectively equal to half the corres-
ponding bases. May also be treated
as a triangular prism, with bases
and section equal triangles.

e A\ bt it M
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24 —An igosceles wedge, the
edge or blade broader than
the heel.

May also be considered, the frus-
tum of a triangular prism or pris-

moid with three pairs of parallel
bases.

25—Frustum of a right rec-
tangular trapeziform prism,
or a prismoid.
A roof, partially flat, abutting
against a vertical wall at one end

and in rear, against a sloped roof
at the other, etc.

-1t

As a prismoid : one of its pairs of
parallel bases, a rectangle and a
line ; middle section, a rectangle ;
each other pair of parallel bases, a
trapezium and a line ; middle sec-
tion, a trapezium.

As a prismoid : its opposite and
parallel bases, rectangles; the
longer side of the one corresponding
to the shorter side of the other ; its
middle section, a rectangle ; all
its lateral faces, trapeziums.

26 —Irregular frustum of an ob-
lique trapeziform prism.
A roof between two others not
parallel, irregular section of a ditch
or embankment.

27—Frustum of a right isos-

celes trapeziform prism, a

prismoid.

On its larger base, a roof, section
of an embankment, ete.; on its
lesser base, a bin or vessel of ca-
pacity ; the capital of a pilaster, a
corbel ; on end, a splayed opening
in a wall,

28—Frustum of an isosceles
triangular prism, a prismoid.
Ridge roof with ends unequally

sloped, mitred moulding, ete.

As a prismoid : its opposite and
parallel bases and middle section,
trapeziums ; its lateral faces, tra-
peziums,

Factors of middle section arith-
metic means between those of the
bases.

As a prismoid: its opposite and
parallel bases and middle section,
rectangles ; lateral faces, trape-
ziums.

In all such solids, the half way
factors need never be measured, as
they are always means between the
parallel bases of the trapezium faces.

As a prismoid : one of its opposite
and parallel bases, a rectangle ; the
other, a line ; its middle section, a
rectangle. “Xey,” page 19.
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29—Frustum of a trapeziform
prism, a prismoid.

A flat roof, etc.;on its lesser
parallel base, a bin or reservoir, a
vehicle of capacity, a scow, a pon-
toon ; on end or its parallel faces
vertical, the splayed opening of a
window.

30—A prismoid on a mixtili-
r.ear base.

The roof of a building, circular
at one end or coved celling of a
room ; on its lesser base, a bathing
tub, etc.; vertically, the splayed
opening of a circular headed window
in a wall.

Asa prismoid: its opposite paral-
lel bases and middle section rec-
tangles ; its lateral faces, trape-
ziums, Factors of intermediate sec-
tion or middle base, arithmetic
means between those of the end
bases.

“Key to Ster.,” page 29.

Its opposite and parallel bases
and middle section, mixtilinear
figures; the one a rectangle and
a semi-circle j the other two, rec-
tangles and semi-ellipses; its
arched end developed, a sort of tra-
pezium with curved bases; its area
equal to half sum of bases by mean
breadth or height.

CLASS IV.

Prismoids, etc.

81—The icosahedron, or twen-
ty-sided solid; one of the
five platonic bodies.

An assemblage of twenty equal
pyramids on triangular bases, their
apices or summits meeting in a
common. point, the centre of the
solid or of the circumscribed or
inscribed sphere.

The ten pairs of parallel bases or
twenty component faces of the solid
are equal equilateral triangles.
Its middle section, a regular do-
decagon. Its middle section pa-
rallel to two opposite apices or to
the bases of any two opposite pen-
tagonal pyramids of the solid, a
regular decagon, whose side is
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A finial or other ornament, etc.
More expeditious to treat it for
solidity by computing one of its
component pyramids, and multiply-
ing the result by twenty.

32—A prismoid, both its bases,
lines. Irregular triangular
pyramid,

Dormer or gablet abutting on a
sloped roof. Component section of

No. 79. “Key ” p. 165, par. (212).

33—A prismdld on a trapezi-
form base.
A cutting or embankment, etc.

84—A railroad prismold on a
side slope.
Section of a railroad cutting or em-
bankment on ground, sloping late-
rally or in one direction only.

35—A railroad prismold on a
grade and side slope, or on
ground sloping both lateral-
ly and longitudinally.

Its narrow base upwards, an em-

bankment ; the same downwaids, a

cutting or excavation.

36 —A square or rectangular
prismoidal stick of timber.
A squared log, a tapering post,

equal to half that of one of the
edges of the solid. For developed
surface, see “ Key to Ster,” p. 133.

Its opposite bases — considering
the solid as a prismoid resting on
one of its parallel edges—lines ;
its middle section a rectangle.
See “Key to Ster,” page 164,
par, (208).

One of its paralled bases, a trape-
zium ; the other, aline ; its middle
section, a trapezium,

Its end sections or bases and middle
parallel section equal quadrila-
terals, for area of which see “ Key
to Ster.,” page 30.

This prismoid is a prism on an
irregular base, and may be so
treated.

Its opposite and parallel end bases
and middle section, quadrilaterals,
the factors of the widdle section
being all arithmetic means between
those of the corresponding end
areas.

Its end bases and middle section
squares or rectangles.
Timber is usually measured by
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the shaft of a chimney or high
tower, a rcducer between rectangu-
lar conduits of unequal size, etc.
Note.—25 per cent. of the whole
or true content is 33} per cent., or
one-third of the erroneous result.

37—A prismoidal stick ot' wa-
ney timber
A log of waney timber; on end,
the shaft of a chimney, a high tower,
a tapering post.

38—A concavo-convex pris-
moid or curved wedge.
A corbel, spandrel, finial, etc.;a
brake, a cam, etc. “Key to Ster.,”
par. (141).

39—A recto-concave prismoid,
or frustun of a curved wedge.
A corbel, spandrel, buttress, etc.
May be decomposed, as also No. 38,
into two sections for more exact
computation of solid contents.

40—Frustum of a rectangular
trapeziform prism, a prismoid
A flat roof in a rectangular cor-

ner; on its lesser base, an angular

corbel, a sink, cistern, bin, ete.

multiplying its middle section into
its length. This gives an erroneous
result ; the more tapering the timber
is, the more so. If it tapered to a
point the error would be 25 per
cent., or one-quarter of the whole
in defect.

Its opposite bases and middle
section, symmetrical octagons,
for area of which see *Key,” p. 176,
par. (272), or squares or rectangles
with chamfered corners or angles.

Its opposite bases, a rectangle
and a line ; its middle section, a rec-
tangle ; its developed faces, trape-
ziums ; sides, mixtilinear tri-
angle.

Its opposite and parallel bases and
middle section, rectangles ; its de-
veloped faces trapeziums ; its late-
ral faces mixtilinear trapeziums

Forareas see “Key,” page 57.

As a prismoid, its opposite and
parallel bases and middle section,
rectangles ; its lateral faces, tra-
peziums.

“Key,” page 104, par. (141),
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CLASS V.

Prismoids, etc.

4I—The octahedron or eight-
sided figure ; one of the five
platonic bodies.

Assemblage of eight equal pyra-
mids on triangular bases, their apices
meeting in a common point, the
centre of the solid ; or twoquadran-
gular pyramids, base to base.

Its four pairs of parallel bases or
eight component faces, equilateral
triangles ; its middle section, a
regular hexagon ; its middle sec.
tion through opposite apices and
perpendicular to intervening arris
or edge a lozenge; through four
apices, a square. For developed
surface see “ Key to Ster,” page 132.

42— A prismoid,one of its bases

a square,the other an octagon

Base or capital of a column, roof
of a square tower, a tower, pier,
vessel of capacity, component sec-
tion of a steeple, etc.

43—A prismoid, its opposite
bases, a square and a eircle,
Base or capital of a column, roof of

a square tower, a tower, pier, vessel

of capacity, a lighthouse, a section

of steeple or belfry, a reducer be-
tween a square and circular conduit.

44—A prismoid, its bases une-
qual squares set diagonally.
Representative of the same ob-

jects as solids, Nos. 42 and 43,

Its opposite and parallel bases, a
square and an octagon ; the mid.
dle section, a symmetrical octa-
gon ; its lateral faces, trianglesand
trapeziums. For area of symme-
trical octagon, see “Key,” par. (272)

One of its opposite and parallel
bases a square ; the other, a cir-
cle ; the middle section, a mixti.
linear figure or a square with
rounded corners.

Its lateral surface capable of de-
velopment into a plane trapezi-
form figure, one base circular, the
other polygonal.

Its opposite bases wunequal

squares Bset diagonally to each
other; the middle section, a sym-
metrical uctagon ; its lateral faces,
triargles.
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45—A prismoid its bases a hex-
agon and a rectangle.
Representative of nearly the

same objects as the three last solids.

46—The lateral frustum of a
rectangular prolate spindle.
Roof of a square tower, compo-

nent part of a steeple, etc.

47—A prismoid, its bases, an
ellipsis and a square.
A reducer between an elliptic
and square conduit, a roof, etc.

48—A prismoid, its bases a
symmetrical hexagon and a
line.

Ridge roof, coping or finial to a
post, panel ornament, ete.

49 —-A prismoid, its bases, a
symmetrical hexagon and a
lozenge

Flat roof, ornament, ete.; on its
lesser base, a fancy basket, a disk,ete.

50—A groined ceiling or the
half of a rectangular oblate
spindle.

A roof, panel ornament, ete. For
more exact computation of contents,
decompose into two parts.

One of its bases, a hexagon ;
other a rectangle ; its middle sec-
tion a symmetrical cctagon j its
lateral faces, rectangles and tri-
angles.

Its parallel bases and section,
squares ; its lateral surface, mix-
tilinear figures capable of de' -
opment into plane surfaces. Ior
area of these see “Key,” page 57.

Its middle section, a mixtili-
near figure or approximate oval.
Its lateral surface developed, a
curved trapezium, one base
curved, the other polygonal. See
“Key to Ster.,” page 166.

Its middle base, a symmetrical
octagon ; its lateral surface, trian-
gles. For symmetrical hexagon,
area equal to double that of half
the figure, which is a trapezium.

Its middle section or base, a
symmetrical decagon ; itslateral
faces, triangles. Area of hexagon,
double that of component trapezium.

Its base and middle section,
squares; its opposite base, a point ;
its lateral faces, mixtilinear fi-
gures.

For areas of mixtilinear figures
see “Key to Ster.,” page 57.
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51—The tetrahedon, or four-
sided figure ; one of the five
platonic bodies. A regular
triangular pyramid.

Apex roof of a triangular building,
finial or other ornament, the com-
ponent element of the icosahedron
and octahedron.

52~ A regular square or rec-
tangular pyramid.

The spire of a steeple, a pinnacle,
roof of square tower, a bin, a vessel
of capacity, a finial or other orna-
ment, ete.

53 —A pyramid, two ofits faces
perpendicular to base. The
ungula of a rectangular
prism on either of its bases.
An apex roof, section of cutting

or embankment, component portion

of other solids, a roof saddle.

54—Frustum of a right trian-
gular pyramid.

Roof, base or capital of a post or
column, base of a table-lamp or
vase, a vessel of capacity, component
section of other solids.

A
CLASS VI,

Pyramids and Frusta of Pyramids,

Its base and middle section,
equilateral triangles, the lesser
equal in area to one-quarter the
greater, its upper or opposite base,
a point ; its faces, triangles. For
development of surface see “ Key
to Ster.,” page 131. For area of
bases and faces, see page 36, rule II.

One of its parallel bases, a
square ; the other, a point ; its
middle section, a square, of which
the area is one quarter that of the
base. Lateral faces, isosceles tri-
angles.

Its base and middle section, tri-
angles ; apex, a point. Factors of
middle section half those of the base:

Affords a demonstration of the
tHeorem that in right-angled spheri-
cal triangles the sines of the sides
are as the sines of the angles.

Its parallel bases and middle
section similar triangles ; lateral
faces,” trapeziums. Factors of
section arithmetic means between
those of bases.




65—Frustum of an oblique
triangular pyramid.

Flat roof of triangular building
abutting against a sloped or battered
wall ; portion of a ditch excavation,
component portion of other solids.

E6—Frustum of a right rectan-

gular pyramid.
Flat roof to tower ; redacer bet-

ween conduits of varied size, com-
ponent portion of an obelisk, capital
or base of a post or column, a bin,
vat or other vessel of capacity, the
body of a lantern, etc., ete.

57—A regular octangular or
octagonal pyramid.
Roof of a tower, spire of a steeple,
finial or other ornament, a funnel,
strainer or filter, etc.

Logqg

Its bases and middle parallel
section, similar triangles ; lateral
faces, trapeziums ; factors of
section, arithmetic means between
those of the bases. For areas see
“Key to Ster.,” pages 19, 22 and 29.

Its opposite bases and middle

section, squares or rectangles
whose factors or sides are each

equal to half the sum of the corres-
ponding sides of the bases, or
arithmetic means between them.
For areas see “ Key to Ster.,” pages
19 and 29.

Its base and middle section,
similar octagons ; lesser area
one-quarter of the greater; its
upper base or opposite one, an apex
or a point ; lateral faces, isosceles
triangles.

58—The frustum of a regular
octagonal pyramid.

On its broader base, a roof, tower,
pier, quay, component part of a
steeple, etc.; base of a column, lamp
or vase, etc.; on its lesser base, a
vat, bin, vase, or other vessel of
capacity ; the body of a lantern,
ete., ete.

Its opposite and parallel bases
and middle section, regular octa-
gons ; factors of section means to
those of the bases ; its lateral faces,
trapeziums. For expeditious
mode of arriving at area of octagon,
see “Key to Ster.” page 176 or
page 26, rule II. Developed surface
a regular polygonal sector or tra-
pezium.

‘.!5"4— »
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59—Irregular and oblique
pyramid on a quadrilateral
base.
Apex roof of an irregularly
shaped building against a battered
wall or roof, a roof saddle, etc.

60—Frustum of a pyramid

with non parallel bases.

Decomposable into the frustum
of a pyramid with parallel bases,
and an irregular pyramid, by a
plane parallel to the base and
passing through the nearest corner
or point of the upper, or non
parallel base.

Its base, a quadrilateral or
irregular trapezium ; its sum-
mit or apex, a point. Middle sec-
tion similar to base and equal in
area to one-quarter that of base.

When decomposed for computa.
tion of solid contents : bases and
section of frustum, similar trian-
gles ; bases and section of compo-
nent pyramid or upper portion
similar quadrilaterals. This
pyramid has its base in one of the
lateral faces of the solid.

CLASS VIL

Cylinder, Frusta and Ungulae.

61—A right cylinder or infini-

tary prism. °

A tower or circular apartment ; a
bin, vat, tub, bucket, pail, vase,
drinking vessel, cauldron or other
vessel of capacity ; a road or other
roller: the cylinder of a steam or
other engine ; a gasometer, the barrel
of a pump, ete., ete., ete.

Its parallel bases and middle
section, equal circles ; its lateral
surface developed in a plane, a
rcectangle ; its height, that of the
cylinder ; its length, the circum-
ference of the solid.

For areas of circles calculated to
eighths, tenths and twelfths of unity,
see tables IL, IIL, IV. at end of
“Key to Ster.”

62—Frustum of lateral ungula
or wedge of a right cylinder.
May represent a cylindrical win-

Its base, a circle; its opposite
base, a semi-circle or other seg-
ment ; its middle section, a seg-
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dow or opening in a sloped roof
abutting to a vertical wall or sur-
face, the liquid in a closed cylindri-
cal vessel held obliquely, base to
chimney or vase partly on a hori-
zontal, partly on a gabled wall.

ment greater than a semi-ecir-
cle; its plane of section the seg-
ment of an ellipsis; its cylindrica]
surface decomposable by lines pa-
rallel to bases into trapeziums-
For areas of segments, see table
VIIIL, “Key,” pages 53, 38, 44.

63—A rectangular circular
ring ;
The difference between two con-
centric cylinders, or a solid annulus.
Horizontal section of a tower
wall, cross section of a brick, iron
or other conduit, section of a boiler,
vat, tub, or other vessel of capacity,

ete., ete.

64—Centraiungula or wedge
of a right cylinder.

Ridge rtoof of a tower, a wedge,
loop hole in a wall component
portion of compcund solid, a finial
or other ornament, a strainer, etc.

Its bases and parallel section,
concentric annuli; its interior
and exterior surfaces continuous
rectangles. The area of annulus
equal to the difference of the inner
and outer circles, or to the breadth
of annulus into half the sum of its
circumferences. See “ Key,” p. 39.

Its base, a cirecle ; its opposite
base, a line ; its middle section, the
zone or a circle ; its sloped faces,
each a semi-ellipsis. Its eylindri-
cal surface decomposable into tra-
peziums by arcs parallel to base.
See tables IL., ITI. IV, IX. of
“Key to Ster.,” alsc pages 38,46, 53.

65—Frustum of central wedge

or ungula of cylinder No. 64

Flat roof of tower or other buil-

ding, base or capital of rectangular
pillar. vessel of capacity, component
portion of compound rolid, base of
chimney stack or vase between two

gables,

Its greater base a circle; its
lesser base, the central zone of a
cirgle ; its intermediate base, the
zone ‘of a circle ; its lateral faces,

equal segment of equal ellipses.
Its eylindrical surface decomposable
into trapeziums parallel to bases.
See “Key to Ster.,” page 51,
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€6—Lateral ungula of right
cylinder or recto-cylindrical
wedge.
Lunette or arched headway of a
door or window, ete, in a sloped
roof, component of a compound

“solid, the liquid in an inclined cy-

lindrical vessel, base of a salient
chimney shaft over a roof, etc., ete.
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Its base, a semi-cirele ; its inter-
mediate base or middle section pa-
rallel to base also a segment ; its
opposite base, a point ; its plane of
section or sloped face, a semi-ellip-
sis. Its curved surface developed
an approximate parabola, tra-
peziums. etc. See “ Key,” pages
38,44, 51, tables IL., IIL,IV., VIIL

67—Frustum of lateral wedge
orungula of a right cylinder.
Lunette to arched opening in a
sloped roof or ceiling abutting on a
vertical wall or surface ; liquid in
an inclined closed cylindrical ves-

sel ; base of engaged celumn against
a battered wall, etc.

68—Irregular ungula or wedge

of right cylinder

Lunette to a partially circular
opening in an inclined ceiling, ete.
Component portion of a compound
solid. For areas, see “ Key to Ster.,”
pages 44, 46, 53, articles (61) and
(62), tables VIII. and IX.

Its parallel bases and middle
section, segments of a circle, less
than, more than, and equal to
half ; sloped face, the excentrie
zone of an ellipsis; cylindrical
surface, trapezium parallel to base.
For areas of segment, see “Key,”
page 44, rule I, rule IT., table VIIL,;
for zone of ellipsis,see p. 53, art.(62).

Ist base, the segment of a cir-
cle greater than half; its op-
posite base, a line ; its middle sec-
tion, an eccentric zone of a cir-
cle; one of its side faces, the seg-
ment of an ellipsis ; the other
plane face, an eccentric zone of
an ellipsis.

69—Concavo-convex prismoid
or cylindro-cylindrical solid
or concave frustuni of a
wedge or ungula of right
cylinder i
Deposit of sediment in a cylin-

drical sewer, section of additional

One of its bases, the lune of a
circle greater than a semi-cir-
cle ; the other the lune of a cir-
cle less than a semi-circle ; the
middle section, a lune equal or
thereabouts to a semi-circle. Its
side surfaces, convex and concave
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excavation or filling, or difference

between two lunettes.

70—Frustum of an oblique
cylinder.

May be decomposed into an
oblique cylinder and the ungula
of one by a plane parallel to base,
and passing through nearest point
of other base.

CLASS

Oblique Cylinder, Frusta,

71—Oblique cylinder or infini-
tary prism
Mitred section of conduit, hand
rail, moulding ; inclined column,
post, strut or brace, etc.; inclined
cylindrical opening in a wall, etc.

72—O0btuse frustum or ungula
of oblique cylinder.

Oblique lunette inclined upwards
or arched headway to a circular or
elliptical opening in a sloped roof
or ceiling. Component mitred por-
tion of hand-rail, bead molding, etc.

73—Acute frustum or ungula
of oblique cylinder.
Representative of same as No.

approximate trapeziums. For
areas of lunes, see “ Key,” page 47,

When decomposed, its bases and
section ellipses ; the base of ungu-
la, an ellipsis equal to each of those
of the inclined cylinder ; its middle
section half an ellipsis. For un-
gule, see Nos. 72,73, 75.

VIIL

Ungulae, Cylindroids, etc.

Its parallel bases and section
equal ellipses; its lateral surface
capable of development into a plane
mixtilinea! fizure. See * Key to
Ster.,” fig. n. page 57. For area of
ellipsis, see page 51 of same.

One of its opposite bases, an
ellipsis of ‘sligh eccentricity j
its opposite base, a point ; its mid-
dle section, a semi-ellipsis equal
to half of base ; its plane of section
or lateral face, an ellipsis of
greater eccentricity ; its lateral
cylindrical face developed, a figure
like m page 57 of “ Key. ”

Same as No. 72. For developed
cylindrical surface, see fig. h. page
57 of “ Key to Stereometricon.”




iums. For
y,” page 47.
;s bases and
1se of ungu-
sach of those
; its middle
3. For un-
5.

jids, ete.

mnd section
eral surface
nto a plane
se * Key to
For area of
Jame.

bases, an
sntricity j
t ; its mid-
psis equal
e of section
:Nlipsis of
i its lateral
d, a figure

* developed
fig. h. page
tricon.”

72 bt inelined downwards.

For area ot ellipsis, “Key to
Ser.” pages 51 and 53.

74 Concave unzula or frus-
tum of oblique cylinder.
Representative of same as No.

73, but in arch roof or ceiling in-

stead of sloped roof.

Same as No. 73, with curved
instead cf plane section. Its cylin-
drical surface developed similar to
fig. h, page 57 of “ Key;” its cur-
ved or concave section developed
an oval or fig. like a, p. 57, “Key.”

75—F'rustum, ungula or wedge
of right cylinder.
Base of chimney shaft on sloped
roof, or same as No. 72 not inclined.

Same as No. 72. For developed
cylindrical surface, see fig. g; for
ellipsis, fig. b. p. 57, “Key.”

76—A cylindroid ; its bases, a
circle and an elipsis; infini-
tary prismoid,

Base or capital of elliptic column,
reducer or connecting link be‘ween
a circular and an cliptic conduit;
a tub, vat or other voss:l of capa-

E city ; a hat with elliptic or oval head

and a circular crown, ete.

77—Cylindroid or infinitary
prismold ; its bases, an elip-
sis and a circle.

Same as No. 76, or frustum of a
conic metallic vessel, which has
become flattened or battered at one
end.

Its middle section, an ellipsis of
which the conjugate or lesser dia-
meter or axis is an arithmetic mean
between those of the opposite bases.
For area of circle, see table II, 111,
IV, and of ellipses, p. 51, “Key.”
Lateral surface developed, a plane
trapeziform fig ; its greater base,
convex; lesser, concave; its area,
equal to periphery of middle section
"into mean height.

Its lateral surface developes into
aplane trapeziform figure, with
greater periphery convex ; and les-
ser concave. Area equal to peri-
phery of middle section into mean
height.
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782 —Cylindroid ; its bases ellip-
ses at right angles to each
other.

Capital or base of elliptic column,
connecting link between conduits;
metallic envelope or tube flatten-
ed at ends ir opposite directions.

79 —Cylindroid or prismoid;
its bases an ellipsis and a
line.

Ridge roof to elliptical building or
tower ; a hut, camping tent, a strai-
ner of filter ; a finial or other orna-
ment.

80—A compound solid; a cy-
linder and a cone.

A tower or other building, a hut,
tent, or camp with conical roof; a
bay rick, canister, finial ; reversed:
a cauldron, cistern, tub, filter, ete.

Factors of middle section, arith-
metic means between those of the
bases. Lateral surface developed, a
plane trapeziform figure of
area equal to periphery of middle
section into mean height, page 51
of “Key.”

Middle section, a mixtilineal
figure with factors, arithmetic
means between those of bases. For
area of middle section, page 57 of
“Key.” Lateral surface developed,
a plane trapeziform figure ; its
base, convex ; its opposite base, an-
gular. Area equal circumference of
middle section mean height.

For cylinder, see No. 61, class
VII; for cone, see No. 81, class IX.
The developed surface of a right
cone is the sector of a cercle.
For area, see “ Key,” page 42.

CLASS IX.

Right and inclined Cone, Frusta, Ungulae, etc.

81—A right cone or infinitary
pyramid.
Roof of tower, spire, finial or
other ornament, pile of shot or shells,
cornet, filter or strainer, funrel, etc.

Its base, a cirele; its opposite
base, a point ; its middle section
a circle equal in area to one
quarter that of the base. Its lateral
surface developed, the sector of a
circle. For area of circle, see tables
11, 111, IV, “Key to Ster.”
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82 —Fru-tvm of a right cone,
considered as a prismoid
A tower, quay, pier, base or ca-
pital of a column, flat roof of tower,
component portion of a spire, a

salting tub, ete. , reversed: a butter
firkin, a tub or vat in a brewery or
distillery, etc., a drinking goblet,
bucket, pail, dish, basket, lamp
shade ; a vessel of capacity, the plug
of a stop cock, ete., etc.

83—Inclined or oblique cone.

Loop hole in a wall, the liquid
or fluid substance in a conical ves-
sel inclined to the horizon ; a finial
or ornament adapted to a raking
cornice or pediment, ete.

84—Frustum of inclined cone.

Unequally splayed circular open-
ing in a wall; a coal scuttle: re-
ducer or connecting link between
two conduits of different diameters
laid eccentrically ete.

85 —Flat or low cone.

Roof to tower or circular con-
struction; cover of a box, basket,
cauldron, ete, ; finial or other orna-
ment; a chinese hat, a pile of shot
or shells, a sun shade ; reversed : a
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Its opposite and parallel bases
and middle section, cireles; its la-
teral surface developed, the sector
of a circular ring, or a curved
trapezium. The diameter of mid-
dle section an arithmetic mean be-
tween those of the opposite bases.
For area of bases and section see
“Key to Ster.,” page 38, for lateral
surface, page 43. Tables of areas of
circles to eighths, tenths & twelfths,
IL, 111, IV.

Its base and middle section, sim-
ilar ellipses—the latter equal in
area to one quarter the former ; the
upper base, an apex or point; la-
teral surface developed an irregu-
lar sector, which, for computation
of area, divide into triangles.

Its opposite and parallel bases
and middle section, similar ellip-
ses; its lateral surface developed
portion ofan eccentric annulus,
art. 39, page 33, of “ Keyto Ster.,”
Diameters of middle section, arith-
metic means between those of bases.

Its base, a circle ; opposite base
or apex, a point; its middle sec-
tion, a circle equal in areato one
quarter that of base; its lateral face
developed in a plane, the sector
of a circle.
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spinning top, bottom of cauldron or
reservoir, a funnel, stainer or filter,
ete.

86 — Frustum of a low or
” surbased cone.

Flat roof to a pavillion, tower,
ete.; a hat, the cover of a vessel
of capacity ; an unfinished or trun-
cated pile of shot or shells; a lamp
shade ; a finial or other ornament ;
the bottom, base, top or other
component section of a compound
solid, as of No. 100 ; reversed : a
dish, pan, saucer, cauldron, cistern,

For area of circle, see tables II,
111, IV, of “Key to Ster.;” for
sector, see page 42 of same.

Its opposite bases and paralled
middle section or intermediate base,
circles ; diameter of middle section,
an arithmetic mean between those
of the opposite bases ; the lateraj
area developed ina plane, the sector
of a circular annulus.

For areas of circles, see tables II.,
111, IV. of “Key to Ster.,” sector,
page 43 of same.

87—Paralolic conic ungula by

a plane parallel to side of

cone.

Lunette to a circular headed
opening in a wall and sloped
ceilling ; liquid in a closed conic
vessel inclined to the horizon.

N.B.-For ratio of chord of middle
section or segment to that of base,
see “ Key to Ster.,” page 143, where
it is shown that the squares of the
chords are proportional to the
abscissae.

The base, the segment of a
circle; the opposite base,a point ;
the middle section, the segment of
a circle ; the plane of section a
parabela. For areas of segment,
see “ Key to Ster.,” page 44 and
table VIII.; for area of parabola
page 54 of same. The lateral surface
developed an approximate sector
of a circle. The height or versed
sine of middle section segment is
half that cf base.

88 Frustum of parabolic
conic ngula by a plane
parallel to base of cone.
Splayed opening or embrasure to

a segment-shaped window or loop

hole in a wall ; lunette to opening

The parallel bases and miudle
section, segments of a cirele ;
the lateral plane face or figure, the
zone of a parabola, for area of
which see “ Key to Ster.,” page 55,
art, (66);the developed conical
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in sloped ceiling terminating in a
vertical surface ; liquid in a closed
vessel in the shape of the frustum
of a cone, No. 82, when inclined
from the vertical.

For chord of middle segment,
measure solid or compute by page
143 of « Ster.”

surface, an approximate sector
of a circular annulus or, more
correctly, a trapezium with
curved concentric or parallel
bases, for area of which see note
page 29, “Key to Ster.,” For area
of segment, table VIII, and page
44 of same.

89—Frustum of a right elon-
gated cone.

Shaft of Crecian column, tapered
post, high tower or chimney shaft,
fununel, pipe reducer, speaking
trumpet or horn, plug of a stopcock
or tap, deep drinking goblet, or
other vessel of capacity large or
small, shaft of a gun, component
portion of many compound solids,
ete.

90—A compound solid, com-
posed of or decomposable into
the frustum of a right cone
and the segment or half of a
sphere or spheroid.

May represent a piece of ord-
nance, a deep conical vessel with
hemi-spherical, hemi-spheroidal or
segmental bottom or top to it.

For hemi-sphere, hemi-spheroid,
or segments thereof, greater or less
than half, see classes 18, 19, 20.

For diameter of middle section
in segment of spheroid, see *“ Key
toSter.,” pages 139 and 140, where

Like No. 82, its opposite and
parallel bases and middle section
circles ; diameter of middle section
equal to the half sum of those of
the bases ; the developed lateral
surface, the sector of a concen-
tric annulus.

For areas of circles to eighths,
tenths and twelfths, see tables II.,
IIL, IV., of “ Key to Ster.;” for
that of sector, page 43 of same.

For nature and areas of bases
and middle section of the component
frustum or a cone and of its lateral
surface, see Nos. 82 and 89.

For areas of bases and middle
section of hemisphere or hemisphe-
roid or of the segment of either,
greater or less than a hemisphere,
see tables IL, IIL, IV. in “Key to
Ster.”

For diameter of middle section
in hemisphere or in segment
thereof, see “ Baillairgé Geometry,”
par. 539 or “Key to Ster.,” par. 154,
where 0a =y Co. oD., and oD =
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AB:CD:: yAo.oB: 0o M and
CD: AB:: y(Co.0D: o0 M, or,
the rectangle under the required
radius of the
spheroid is equal to that under the
of the
product of the abscissas of the first

and either axis

square root rectangle or

axis and the other axis.

diam. AB minus versed sine oC';
or, the square of the half cord equals
the rectangle under the versed sine
and remainder of the diameter ; or,
may be obtained directly by mea-
suring the solid.

CLASS X.

Conic Frusta and Ungulas, ete,

91 —Conic wedge or central
ungula of a cone by planes
drawn from opposite edges
of the base to meet in the
axis of the cone.

Ridge roof to a tower, splayed

opening or embrasure to a long

narrow vertical loop hole in a wall;
component section of compound
solild  of a cone and cylinder or
of cones
apices in opposite directions.

having their bases or

The base, a eircle ; the parallel
upper base, an arris or line ; the
middle section parallel to bases,
the zone of a circie ; the lateral
plane faces equal segments of
equal ellipses, each greater
than half; the curved or conical
faces developed, equal eurvilinear
triangles

For areas, see pages 38, 46, 53
and 57, and tables IL, III, IV, of
« Ster.” For area of zone, see table
IX, of same.

92—Frustum of a conic wedge
or of the central ungufa ofa
cone by a plane parallel to
base ; or, may be considered the
frustum of a right cone, laterally
and equally truncated on op-
posite sides.
Arched and splayed embrasure

in a wall, component portion of a

compound solid.

The base, a circle ; the opposite
and parallel base, a zone of a
circle ; the middle section, a zone ;
the lateral plane faces, equal seg-
ments of equal ellipses the
developped conical surfaces resol-
vable into trapeziform figures,

For area of trapezium, page 29,
« Key to Ster.”
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a cone, by a plane passing
through edge ot base.

Splayed embrasure to elliptic
opening in wall and through sloped

roof or ceiling; ete.

94—Lateral elliptic conic un-
gula, by a plane passing
within the base.
The liquid in an inclined conical

vessel, lunette head of opening in
sloped roof or ceiling ; base of struc-
ture rising from an inclined surface,
roof, pediment, etc.

For area of parabola see key to
Ster., page 54 ; for area of hyper-
bola, page 55, or figure e, page 57 ;
for ellipsis, page 51 and 53.

95 —Central ungula of cone or
conic wedge, by planes
through opposite edges of
upper or lesser base and
meeting in the axis of the
cone.

An embrasure, etc., ete.

The plane lateral faces, segments
of ellipses if cutting planes more
inclined to base than side of cone;
if less, hyperbolas ; if equally, pa-
rabolas.

93—Lateral elliptic ungula of

Its base, a cirele ; its upper or
opposite base, a point ; its middle
section parallel to base, the seg-
ment of a circle ; its plane face
an ellipsis; its conical surface
developed a concavo - convex
figure like h, page 97 of «“ Key to
Ster.”

The base, a segment ot a eir-
cle ; the upper base, a point ; the
middle section,a segment of a
circle ; the plan¢ lateral face, the
segment of an ellipsis ; the de-
veloped conical surface asin No. 87
or 94. If the cutting plane be pa-
rallel to side of cone the face will
be a parabola; if at an angle
greater than side of cone to base,
a hyperbola ; if less, an ellipsis,

Bases and sections same as No,
91 ; developed conical surface, a
concavo-convex triangle com-
putible as per page 57 of “Key.”

The lateral plane faces, equal
segments of equal ellipses,
equal parabolas or equal hy-
perbolas, as case may be.—See
No. 94.
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96 TFrustum of conic wedge,
No 85, by a plane par.llel to
the base.

An embrasure ; a reducer or con-
necting link between a rectangular
and circular conduit, ete.

97—Concave ungula of a cone
or a conical recto-concave
wedge. -

Lunette of circular headed open-
ing in wall, reaching through vault-
ed, groined or arched ceiling; cone
scribed to cylindrical surface, or to
a shaft of elliptical section.

98 —Portion of frustum of right
cone, by a plane through
both bases.

Splayed segment headed opening
in wall, liquid in closed tub lying
on its side; base or capital of half
column against sloped wall; com-
ponent section of base or capital of
clustered, gothic or other column.

99.—Lateral conic ungula or
wedge, by a plane through
edge oflesser base of frustum
Embrasure, liquid in inclined co-
nical vessel, section of conical elbow
or mitre, base of chimney stack to
sloped roof. May be treated also as
lying on its lateral plane face.

Tts base, a eirele ; other base and
middle section, zones of circles,
for areas of which see “Key to
Stereometricon, table IX. :

The base, the segment of a cir-
cle; the other base, a point or
curved arris; its intermediate base
or section, or its bases or sections
if divided for computation of cubi-
cal contents, segments of circles.
Its sides like No. 94.

Its parallel end bases and mid-
dle section, segments of cirgles ;
its conical surface developed a
figure of trapezium form, having
parallel or concentric arcs of circles
for its bases; its plane face, the
zone of an ellipsis or of a para-
bola or hyperbola according to
inclination of cutting plane.

Its base, a circle; opposite base,
a poiat; intermediate section a
segment of a circle; its plane
face an ellipsis, its conical surface
developed a concavo-convex figure
like g or h, page 97 of Ster. but with
concave base. Treat on circular base
as easier of computation.
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100—A compound solid com-
posed of, decomposable or resclv-
able into two coniec frusta and
a low or flat cone.

May represent a covered dish, a
basket or hamper, a vase, a finial or
other ornament, an urn, a cauldron
= on a stand, etc., ete.

All its areas to be used in com-
putation of solid contents or capa-
city are cireles, and can be mea~
sured to eighths, tenths or tweltths
of an inch or other unity, and the
areas found by mere inspection in
tables II., III. and IV. at end of
Baillargé’s “ Key to Ster. ”

DIVISION 2.

Solids of double curvature, or of which the surfaces are not capable
of development in a plane.

CLASS XI.

Concave Cones, Frusta and Ungulae.

10I—Right concave cone or
spindle.

Camping tent ; roof of tower, pa-
villon, hut, ete.; spire, funnel,
strainer, trumpet ; finial or other
ornament.

May be decomposed into two or
more frusta by planes parallel to
base, to admit of more accurate de-
termination of solid contents.

Its base and parallel sections,
circles ; its upper or opposite base,
an apex or point. Itslateral surface
not capable of development in a
plane or into a sector of a circle as
is the case with a regularright cone,
but may be readily and very ap-
proximately computed by division
into continuous trapeziums by
lines parallel to circumference of
base. See “Key to Ster.,” page 96,

102—Frustum of a right con-
cave cone between parallel
planes.

Its bases and parallel sections,
circles. Intermediate diameters
not, as in No. 82, arithmetical means
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Tllustrative of most of the objects
mentioned in No. 82, which see.

For more accurate computation
of contents, divide into two sections
or more, according to greater or

lesser curvature of the solid, and
treat each section as a separate
prismoid and add the results.

between those of the opposite or
end bases, but must be measured or
computed. Lateral area may be
conceived as made up of a series of
super or juxta-posed continuous
trapeziums.

103—Inclined concave co.le.
Finial, or ornament on a raking
cornice ; liquid in an inclined ves-
sel, ete., as for No. 101, may be
decomposed by imaginary planes
parallel to base into two or more
sections or slices, so that slant side
of each may be sensibly a straight
line. See p. 103, par. 139 “ Key.”

104—Frustum of oblique con-
cave cone between parallel
planes.
Representative of same as No. 84.

Its base and section, approxi-
mate ellipses of slight excen-
tricity or ovoid figures ; its other
base, a point.

In developing the lateral surface
into a series of continuous trape-
ziums, the lines are not as in the
right cone parallel to base or to
circumferences of parallel sections
but are drawn equidistant from the
apex, thus leaving at the base a
figure like h, page. 57 of “Key.”

Its bases and sections parallel
thereto, approximate ellipses or
ovoid figures. See remarks to
No. 102 :

105 - Flat or low concave cone.
Representative of many of the
objects mentioned in No. 85.

Its bases, a cirele and a point ;
section, a circle j lateral area
reducible to continuous trape-
ziums, par. 126, “ Key to Ster.”

106—Frustum of flat or low
cone.
Representative of objects under
‘head of No. 86.

Its bases and section, circles,
for areas of which see tables II.,
IIL. and IV. of “ Key to Ster.,” to
eighths, tenths and twelfths of inch
or other unity.
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107—Ungula of concave cone
by a plane through outer
edge of base.
See No. 92, as to what it repre-
sents, ete.

by a plane cutting the base.
See No. 93 as to what it repre-
sents, ete.

109—Ungula of hollow cone by
a plane through edge of
lesser base of frustum.
See No. 99, base of chimney
stack to a sloped roof.

110—Frustum of (No. 109) un-
gula by a plane parallel to
base.
See Nos. 98, 116, 126.
Base or capital of a column, or
i base of chimney shaft, etc., on or
outside of sloped roof or gable.

111—Right paraboloid or para-
bolic conoid.
Dome, hut, hive, roof, finial or
other ornament, shade, globe, cover,
hood, cowl, ete. ; reversed : a filter,

ERT. . e

CLASS XII.

See No. 92.
reducible
triangles.

to trapeziums

Lateral surface
and

Base and sections, ovoid figures ;
areas, page 57 of Key.

108—Ungula of concave cone Bases and section. segments of

circles ; upper

base, a point.

Lateral surface as No. 107.

Base, a circle ; opposite base,a
point ; middle section, the seg-
ment of a circle ; lateral area,
trapeziums and triangles.

Its base, a circle ; other base, a
segment of a circle ; its middle
section parallel to bases, also a
segment. For areas of segments
of circles, see “ Key to Ster.,” table
VIIL, or rules, page 44 of same.

Ungulae, ete.

Paraboloid or Parabolic Conoid, Frusta and

Its base and middle section,
circles; its opposite base or apex,
a point ; its lateral surface resol-
vable into a small circle at apex,

and continuous trapeziums. The
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cauldron, or other vessel of capacity,
the bowl of a cup or drinking
goblet, ete., ete.

112 Frustum of right parabo-
loid, between parallel planes.
Represents  mostly the same

objects as the frustum of a cone,

No. 82.

See page 142 “ Key to Ster.”

113—O0blique paraboloid.
« Key to Ster.,” page 142.
Liquid in a parabolic vessel
inclined to the horizon, metal in an
inclined crucible, finial or ornament
on an inclined or raking molding
or pediment, ete.

114—Frustum of oblique para-
boloid between parallel
planes.
Represents same as frustum of
inclined cone No. 84, “Key to
Ster.,” page 142.

115—Parabolic wedge or cen-
tral ungula of paraboloid.
See No. 91.

116—Portion of a paraboloidal
frustum, by a plane through
its greater base and edge of
other or opposite base.

squares of its intermediate diame-
ters, proportional to abscissae. See
“ Key to Ster.,” page 96.

End and middle bases, circles ;
squares of diameters proportional
to abscissae. For areas of circles,
see “ Key to Ster.,” tables IL, IIL,
and IV.

Its base and middle section,
similar ellipses ; its opposite base
or other end, an apex or point. For
areas of ellipses see “Key to Ster.,”
page 51 ; for lateral area see No.
103.

Its bases and middle section,
similar ellipses; for areas of
which see “ Key to Ster., page 51.
For lateral area, see No. 103 or
reduce to trapeziums by lines
from base to base.

Lateral or paraboloidal surface
capable of approximate develop-
ment. See No. 91.

Its lesser base, a eirele ; opposite
base, the segment of a circle ;
middle section, also a segment.
Its lateral plane face, the segment
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117—Lateral ungula of parabo-
loid
Very similar to No. 92, as to
what it represents.

118 —Lateral ungula of parabo-
loid; elliptic, parabolic or
hyperbolic, according as pla-
ne of section cuts the base at
an angle less than, equal to,
or greater than that of the
side and base.

119—Obtuse eliptic ungula of a
paraboloid,by a plane through
edge of lesser base of frus-
tum.

Base of chimney stack, ete., to
sloped roof ; base of vase, statue,
etc., on a pediment; a lunette,
scoop, ete. :

120 —Frustum af a paraboloid
between non-parallele bases.
“Key to Ster.,” page 145.
Lunette through a vertical wall

and inclined ceiling, etc. For com-

putation of solid contents decom-

-_—35 —

See No. 98 as to what it repre-

partly on a horizontal and partly

of an ellipsis. This face would be
a parabola if angle of face equalled
that of side ; if greater, a hyperbola.

Its base, a circle; opposite base,
a point ; middle section, the seg-
ment of a circle. Its plane face
an ellipsis,

Its base, the segment of circle ;
its middle section, a segment j its
upper or opposite base, a point ; its
plane face, the segment of an el-
lipsis, parabola or hyperbola,
according to angle of plane of sec-
tion.

Its base, a eirele ; middle section,
a segment ; other base, a point ;
its plane face, an ellipsis. For a-
reas of segments of circles, table
VIII of “ Key to Ster.” For area of
ellipsis, page 51 of same.

Its factor areas, circles and a
segment; its plane face, an ellip-
sis. For areas of segments of circles,
table VIII of “Key.” Area of
circle, tables II, III and IV, of
same; ellipsis, page 51 of same;



e O
pose into a frustum with parallel lateral area, page 95 ; solidity, page

bases, and an ungula by a plane
parallel to base, through nearest
point of upper base.

145 of same.

CLASS XTIL

Hperboloid or Hyperbolic Conoid, Frusta and
Ungulae, eto.

121 —Right hyperboloid or hy-
perbolic conoid.
Page 146, “Key to Ster.” Repre-
sentative of same as No. 111.

122 —Frustum of right hyper-
boloid.
Representative of same, nearly
as Nos. 112 and 82.

123—Oblique hyperboloid.
See “ Key to Ster.,” p. 146. Re-
presentative of same, as No. 113,

124 —Frustum of oblique hy-
perboloid.
Representative of same, nearly
as Nos. 84 and 114.

125--Hyperboloid wedge or
central ungula.
Similar solid to No. 95 of a cone

and representative of same objects.

For intermediate diameter or that
of middle section, see “Key to
Ster.,” page 147, 3rd line, or by
direct measurement.

Except for diameter of middle
section, same as No. 112, or the
diameter may be measured directly.

Same as No. 113, except for dia-
meter of middle section for which
see “Key to Ster.,” page 147, line
3, or the diameter may be mea-
sured.

Same as No. 114, except for dia-
meter of middle section for which
see “Key to Ster.,” page 147, line
3, or may be had by measurement.

Except for diameter of middle
section, same as No. 91 or 95. For
area of zone, see “ Key to Ster.,”
page 46 or table IX of same.
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126 —TUngula of hyperboloid by
a plane through edge of base.
For solid content, treat as pris-

moid or by par. 185 of “Key.”
Solid similar to No. 93 of cone,

or to No. 117 of paraboloid.

127—Frustum of hyperboloid
wedge.
Similar to No. 116 of paraboloid.
Base of chimney stack, etc., resting
partly on a sloped roof.

128—Ungula of hyperboloid by
a plane through base.
Similar to No. 118 of paraboloid.

129 —Frustum of hyperboloid
wedge, or of central ungula
of hyperboloid.

Similar to No. 92 of cone.

130 —A compound solid: two
equal frusta of cone or co-
noid, base to base.
Illustrative of a keg or cask, barrel,

hogshead, ete., of any size or shape.
Treat one-half of solid as Nos.

92, 112,122, and double the result.

i S

Its base, a cirele ; middle sect-
ion, the segment of a circle;
other base, a point. Plane lateral
face, an ellipsis, its lateral surface
of double curvature, as all such
figures are, not capable of [develop-
ment, but reducible as required.

Bases same as in No. 116. La-
teral area developes into trapezi-
ums by lines parallel to bases. For
areas of circles, segments, zones,
see tables of “XKey to Ster.”

Bases and section same as No.
118 of paraboloid. See table VIII,
of “Key to Ster.,” for areas of seg-
ments.

Same as No. 92. For area of
circles to eighths, tenths & twelfths,
see tables 1I, III, and IV of « Key
to Ster.” For area of zone, see table
IX, of same. Lateral surface de-
composable into trapeziums.

See “Key toSter.,” fig. on page
155, for mode of measuring half-
way diameter, when the half solid
is not the frustum of a cone, but
that of a conoid or of an ellipsoid
or spheroid. When of a cone middle
diameter equal to arithmetic mean
of end diameters.
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CLASS XIV,

Sundry Solids.

131—Three axed spheroid.

Sze “ Key to Ster.,” page XXXIX.
May for measurement be supposed
to lie or stand on either of its sides
or apices.

Representative of a pebble, a bean,
spindle, torpedoe, a shell fish, a
flattened ellipsoid, etc., ete.

132—An ovoid or solid of the
shape of an egg.
Divide into two or three sections
and treat separately as conoid,

segment of sphere or spheroid, and
frustum of conoid.

133—Circular disc with round-
ed edge.

Treat as a compound solid, to
wit : a flat or low cylinder,and
a ring semi-circular or seg-
mental in section. Add the
results.

134—Twisted prism.

Portion of a circular stair rail, a
twisted pillar or column, spiral
ornament, ete,

All its sections, ellipses ; all its
parallel sections, similar ellipses.
For areas of ellipses, “Ster.,” page
51. Lateral area, see general for-
mula, page 95, “Key to Ster.” Or,
as with the spheroid, suppose the
surface divided as a melon is or
orange into ungulae, terminating
in apices or poles of the fig.

All parallel areas perpendicular
to longer or fixed axis, ecircles,
which find ready calculated for all
sized diameters to eighths, tenths
and twelfths of an inch, or other
unity of measure, tables II., IIL.,
and IV., of Key to Ster. For late-
ral area, see page 96 of same.

For cylinder, see No. 61. For
ring compute area of section
thereof as semi-circle or seg-
ment, and multiply into circum-
ference. For area, mean circum-
ference of ring into circumference
of section.

Its bases and sections similar
and equal figures. The Ilateral
surface of each face can be deve-
loped in a plane, a trapezium or
rectangle. :
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135—A compound solid.
Two frusta of cones, their
lesser basses joined.

A windlass, spool, handle, shaft,
axle-tree, ete.

Treat half the solid as the frus-
tum of a cone, and double the
result, either for solid content or
area of figure.

136—A compound solid. Treat one half the solid as frus-
Two frusta of hollow cones tum of cone No. 102, and double

. joined by their lesser bases. the result.

A windlass, spool, handle, shaft, Lateral area resolvable into con-

= axle-tree, etc. tinuous trapeziums.

137—Compound solid.
Two frusta of concave cones

. joined by their greater bases

A windlass, shaft, axle-tree, etc.

Treat half the solid, and double
the result. For areas of circles, see
tables II., ITI. and IV. of Ster.

138 — Compound solid.

The segment or half of an
elongated or prolate spindle,
No. 151, and the segment or
half of an oblate spindle, No.
141, or the segment of a sphere
or spheroid, classes XVII, and
XIX., a buoy, ete.

Sections perpendicular to axis,
circles ; Area resolvable into con-
tinuous trapeziums, a ecircle
and the sector of a circle. The
circle at apex of segment of sphere
or spheroid ; the sector at apex of
spindle. See page 55 of “Key to
Ster.”

139 —Compound solid like the
last with hollow cone in-
stead of spindle.

A finial or other ornament, a
cul-de-lampe or pendant,.

Sections perpendicular to axis,
circles. Lateral surface, conti-
nuous trapeziums, a cirele, and

the sector of a circle at apex of
cone.

140 — Compound solid : the

Bases and sections, circles.
frustum of a sphere or sphe-

Lateral surface resolvable into




)

roid and a hollow cone.

A Moorish dome, a minaret,
chimney of a coal oil lamp, a
decanter, a vase, a pitcher.

continuous trapeziums. See

general formula, page 95 of “ Key

to Ster.” .

CLASS XV.

Oblate or ‘Flattened Spindle, Frusta, Segments,
Sundry.

141—Oblate spindle, . as two
equal segments of sphere or
spheroid base to base.
A quoit, ete.

142—Semi-oblate spindle by a
plane parallel to fixed axis.
Floating caisson to entrance of

dock, ete.

143—Middle frustum of oblate
spindle.
Fixed caisson or
Treat as prismoid.

coffer-dam.

144—Lateral frustum of oblate
spindle, between planes pa-
rallel to fixed axis.
A flag-bottomed boat or other
sailing vessel or a caisson, etc.

Treat onme half as segment of
sphere or spheroid, and double the
result. See classes 17 and 19.

Treat its two halves together as
one segment of sphere or spheroid.
See classes 17 and 19.

The bases and middle section
each a double segment of a
circle or ellipsis, or two seg-
ments thereof, base to base.
Table VIIL, “Key to Ster.”

The bases and section half-way
between them, double segments
of circles or ellipses, for areas
of which see table VIIL, « Key to

- Stex.,” and page 53 of same.
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145—Lateral frustum of oblate Bases and middle section, double
spindle truncated at one segments, base to base. of

end. circles or ellipses truncated at
A flat-bottomed boat or other one end. For areas, see page 57
sailing vessel. “Key to Ster.”

146—Lateral frustum of oblate Bases, double segments of
spindle truncated at both circles or ellipses truncated at
ends. both ends. Divide into trapeziums
A flat-bottomed boat or pontoon, and compute areas by page 57
a scow, lighter, etc. “Key to Ster.”

147—Quarter of an oblate sphe- Its base and middle section,

roid, No. 181. semi-circles, if treated on its

The arched ceiling, roof or vault broader base ; if on its lesser face,
of the apsis of a church or half- its base and middle section, semi-
groined ceiling of a circular apart- ellipses. On whatever base it
ment. On its lesser base, the head stands, treat as if on broader base,
of & shallow niche in a wall, etc. it being easier to compute circles
than ellipses.

148—A compound body, a cone, Treat separately as cone No. 81,
and the segment of a sphere and as segment of sphere, No. 173,

or spheroid. or of spheroid No. 182.
A buoy, covered filter, etc.

149—Elliptic ring, or may be Compute half of solid as the la-
called an eccentric ring. teral frustum of a half-prolate spin-
Treat as circular or cylindrical dle or the frustum of an elongated
ring, taking for bases, its least, its cone: The solid may be conceived
greater, and its mean sections; axd to be formed of the middle frustum

for length the mean of the inner of an elongated spindle bent till iis
and outer circumferences. ends meet.
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150 —Compound solid : a cylin-
der and the segment of a
spere or speroid.

A mortar, a tower with domed
roof, a hall or room with groined
ceiling, a hut, hive, hood.

For area of sphere or spheroid,
see page 95 “Key to Ster.,” or page
105, 110, 124, Ex. 3. Areas of cir-
cles tables IT., ITI. and IV. of same.
Half-way diameter in segment of
circle or sphere a mean proportio-
nal between abscissae of diameter.

CLASS XVI.

Prolate or Elongated Spindle, Frusta, Segments, etc.

151—Prolate spindle.
A shuttle, a torpedoe, a cigar, a
sheath, case, etc.

152—Semi-prolate spindle by a
plane through its greater or
fixed axis.

A boat or sailing vessel, a canoe,
etc.

153—Semi-prolate spindle by a
plane perpendicular to fixed
axis.

A hut, roof, filter or vessel of ca-
pacity, a minaret or finial.

154—Middle frustum of p'ro-
late spindle between planes
perpendicular to fixed axis.
A cask or keg, puncheon, hogs-

head, etc. ; see page 155 “Key.”

Its sections perpendicular to axis,
circles. Decompose its lateral area
into continuous trapeziums and
a sector.

For solidity, compute planes per-
pendicular to fixed axis, as seg-
ments of circles, semi-circles,
while the sections parallel thereto
are not so readily computed.

For greater accuracy, divide into
a frustum and segment, compute
and add cubical contents. Areas of
bases, tables II., IIT.and IV, of
“ Key to Ster.”

See page 149 of “ Key to Ster.,”
and for lateral surface, page 95 of
same. See page 155 of same. Bases
and sections, circles, tables IT,, IIT.
and IV, of Key to Ster.”

o
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155—Semi-middle frustum of
prolate spindle.
The liquid in a cask lying on its
side, a boat with truncated ends.
Compute as No. 154 and take half.

156—Lateral frustum of pro-
late spindle by planes paral-
lel to fixed or longer axis
A flat-bottomed boat or other
sailing vessel.

157—Eccentric frustum of a
prolate spindle by planes
perpendicular to fixed or
larger axis of solid.

The shaft of a Roman column.

Compute each frustum from centre

and add the results.

158—Middle frustum of elon-
gated spindle by planes per-
pendicular to fixed or longer
axis,
The shaft of a windlass, a drum
or pulley, a cigar, torpedoe, etc.

159—A curved half:spindle or
cone.
A horn, powder flask, tusk or
tooth of an elephant, etc., a sup-
porting bracket from face of wall.

Bases and middle section, semi-
circles, see page 160 of “Key to
Ster.” Lateral surface decomposa-

.ble into trapeziums.

Treat as prismoid, the greater
base, a double segment of a cir-
cle. The other base and section,
oval figures for areas of which
see page 57 of “Key to Ster.”

Its bases and .sections, circles,
for areas of which to eighths, tenths
and twelfths of inch or other umt
of measure, see tables IL., III. and
IV, “ Key to Ster.”

Its lateral surface decomposable
into continuous trapeziums, or
nearly equal to length of side into
mean circumference.

Its bases and sections, circles,
for areas of which see “XKey to
Ster.,” page 38, or tables II., IIIL
and IV. of same.

Lateral area equal nearly length
of curved side into mean of circum-
ferences.

Base and sections ecircles or
ellipses of slight eccentricity.
Lateral area decomposable into con-
tinuous trapeziums and sector
at apex.

P
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160—Frustum of’a prolate spin-
dle between non parallel
bases.

Decompose into a frustum
with parallel bases and an un-
gula by a plane through nearest
point of one of the bases.

Base and sections parallel thereto,
circles, base of ungula a circle ;
middle base of ungula, a semi-eir-
cle; apex of ungula or opposite
base, a point ; lateral surface, con-
tinuous trapeziums, and a fig.
like h, page 57 “ Key to Ster.”

CLASS XVIIL

Sphere, Segments, Frusta and Ungulae, etc.

161—The sphere.

A billiard or other playing ball,
the ball of a vane or steeple, sphe-
rical shot and shell, school spheres,
lamp globe or well, component part
of compound solid, etc. Solid con-
tent mav be had by ~omputing one
of the component ungulae and mul-
tiplying into number thereof.

162.—A hemisphere.

A dome, arched celling, globe,
shade, cover, hut,hive, etc. ; revers-
ed : a bowl, cauldron, copper, vase,
ete.

Contents more easily computable
as half of those of a whole sphere,
where there is no intermediate dia-
meter to calculate or measure,

The opposite bases, points ; the
middle section, a circle. The area
of surface admits of approximate
development into a series of equal
figures in the shape of the longitu-
dinal section of a prolate spindle,
or of double segments of a cir-
cle, base to base.

Surface equal to four great cir-
cles or to four times that of a great
circle.

Its base, a circle ; opposite base,
a point ; its middle section, a eir-
cle, the half diameter of which
equals the square root of the rec-
tangle under the versed and su-
versed sines or portions of the dia-
meter of the sphere. The lateral
area equal to two great circles of
the sphere, :
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163.—Segment of a sphere less
than a hemisphere.
Representative of same objects
as No. 162, cover or bottom of a
boiler. Solid contents also equal to
one of the component ungulae into
the number thereof.

164.—Segment of sphere, great-
er than a hemisphere.
Representative of same as No.
162, and of a Moorish or Turkish
or horse-shoe dome.

165. — Middle frustum of a
sphere.
Base, capital or middle section of
a column or post, a puncheon, hogs-
head, ciusher, roller, lamp shade,
ete., ete.

166. — Lateral frustum of
sphere.

Base or capital of column, coved
ceiling, cauldron, dish, soup plate,
saucer, etc. Radii of bases and sec-
tions proportional to square roots
of rectangles of portions into which
such radii or ordinates divide the
diameter of which the solid forms
a part,

Base and section, cirecleg ; other
base, a point; radius of middle
section for area thereof, equal to
root of rectangle of parts into which
it divides the diameter of the sphere
of which the segment forms part.
For lateral area see “XKey to Ster.,”
page 110, or General Formula,
page 95.

Its base and section circles ;
other base a point ; radius of middle
section the root of rectangle of
parts into which it divides diameter
of sphere. Lateral area, see “ Key
to Ster.,” pagec 117 and 123.

Bases, equal circles ; middle
sections, a circle; see tables of
areas of circles to eighths, tenths,
and twelfths of an inch or other
unity of measure, IL., III, and IV.
of “ Key to Ster.”

Bases and section, circles; lateral
area resolvable into continuous
trapeziums ; or lateral area may
be had very nearly at one operation,
if the frustum be low or flat and
that its lateral curvature be not
considerable.
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167.—Sherical wedge or cen-
tral ungula of a sphere by
planes from opposite edges
of base of hemisphere to
meet in apex.
Component portion of a com-
pound solid.

168.—Frustum of a spherical
wedge or central ungula
between parallel planes.

Component portion of compound
solid.

169 —Spherical pyramid, ob-
tuse-angled and triangular.
Tlustrative of the tri-obtuse-

angular spherical triangle, and of

the fact that the sum of the angles
of a spherical triangle, may reach
to six right angles, when each of the
component angles increases to 180°.

170.—Frustum of sphere be-
tween non-parallel bases.
Elbow or connecting link between
two portions of a rail or bead ; base
of a vase or other ornament on a
raking cornice.

Its base, a cirele ; opposite base,
a ridge, or axis, or line; middle
section, the zone of a circle; its
plane faces, circles; and lateral
area resolvable into trapeziums
and triangles

Base, a circle ; other base and
middle section, zones of circles.
For areas of zones, see table IX.
«Key to Ster. ”

Base, a spherical triangle
having three obtuse angles;
apex or opposite base, a point ;
middle section, a similar tri-
obtuse angular spherical trian-
gle, and whose area is equal to
one-quarter that of base, its factors
being halves of those of base, and

Pxi=1

Decompose into frustum and un-
gula of a sphere by a plane parallel
to one of the bases and passing
through nearest point of other base,
or more readily and exactly, com-
pute whole sphere, and deduct seg-
ment,
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CLASS XVIIL

Spherical Ungulae, Sectors, Pyramids and Frusta.

171 —Quarter-sphere or rectan-
gular ungula of a sphere.
Domed roof to a semi-circular

plan, vault of the apsis of a church,

head of a niche, “ Key to Ster., ”

page 117.

On its base : one base, a semi=
circle; opposite base, a point;
middle section, the segment of a
circle. On end : each of its oppo-
site bases, points; its middle sec-
tion, the sector of a circle. Only

Compute as a whole sphere, and
divide by 4, or treat as an ungula.
See opposite par.

one area to compute, and easierand
quicker than a segment.

172.— Acute-angled spherical

ungula.

Component portion of the ball of
a vane or steeple; natural section
of an orange, or of a ribbed melon,
section of a buoy, cauldron, etc.,
ete., elbow of two semi-cylindrical
mouldings, etc., at an obtuse angle.

Its opposite bases, points; its
middle section, the sector of a
circle ; the spherical surface, the
component of a hollow metallic or
other sphere or spherical vessel, or
of the covering for a racket or other
playing ball, ete.

For spherical area see “Key to
Ster.,” page 117.

173 —Obtuse-angled ungula of
a sphere.
Head of niche reaching into a
sloped ceiling; elbow of two half-
beads at an acute angle, etc.

Opposite bases points; middle
sections, the sector of a ecircle;
its plane faces, semi-cirecles. Sphe-
rical area, page 117 “Key to Ster.”
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174 - Spherical sector or cone,
or, to avoid computing spherical

- areas, may be treated as a com-
pound body, a cone and the
segment of a sphere.

A buoy, a finial or ornament, a
top, ete., a covered filter. For areas
of circles see tables II, III and IV,
of “Key to Ster.”

175—Frustum of a spherical
sector between parallel
spherical bases.

Portion of a shell or bomb or
hollow sphere. To avoid comput-
ing spherical areas, treat as frus-
tum of cone, adding greater and
deducting lesser segment.

176—Hexagonal spherical py-

ramid.

Its base illustrative of a spherical
polygon, page 127 of “Key.”

Component portion of a solid
sphere or ball; keystone of a vault,
finial or other ornament ; decompo-
sable for computation into six equal
triangular spherical pyramids, “Key
to Ster.,” page 129. See rule for
spherical areas at end of this pam-
phlet.

171—Frustum of hexagonal
spherical pyramid between
parallel bases.
Keystone of vault. Component

Its base,a spherical segment ;
the other base, a point; middle
section, a spherical segment con-
centric to the base and equal in area
one quarter of base ; its height equal
to radius of sphere, its lateral face
developed, the sector of a circle.
See “Key to Ster.,” page 110.

Its bases and middle section pa-
rallel thereto, concentric and si-
milar segments of spheres of
corresponding radii. Its height
the length of slant side. Solidity
also equal to difference between
whole and partial spherical sectors.

Its base, a regular six-sided
spherical polygon; its middle
section a figure similar to the last,
and equal in area to one-quarter
thereof; its opposite base, a point,
the centre of the sphere of which it
forms part. For area of base, see
“Key toSter.,” page 127. For area
of component spherical triangle of
base, see page 123 of same. Its
plane faces equal sectors cf a
circle.

Its bases and middle section, si-
milar spherical polygons ; factor
of middle section, as in cone, an
arithmetic mean between those of
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cle, or cencavo - convex trape-
ziums, Seerule atend of this work.

178— Half-quarter or one-
eighth of sphere or tri-rec-
tangular spherical pyramid.
Termination or stop to chamfer

on angle of wall or pillar.

Compute whole sphere and di-
vide by eight.

Its base illustrative of the tri-
rectanguler spherical triangle,
page 123 of “ Key.”

May compute for solid contents
as the half of an ungula where
only one area is required, that of a
sector of a circle. See rule at end
of this work.

179—Acute equilateral trian- Base and middle section similar
gular spherical pyramid.

equilateral spherical triangles,
Its base illustrative of the equi-

for areas of which, see “Key to
lateral spherical triangle. Ster.,” page 123, and rule at end

of this work.

180—Frustum of triangular
spherical pyramid.
Tllustrative in its bases of simi-
lar spherical triangles. Keystone of
a vault to a triangular plan.

Bases and middle section, simi-
lar spherical triangles whose
areas are as the squares of the cor-
responding radii ; or factors of
middle section, arithmetic means
between those of the opposite bases.

CLASS XIX.

Oblate Spheroid, Frusta and Segments.

181—Oblate spheroid.

Representative, in a less exag-
gerated ratio of its diameters or axes,
of the Earth and planets which are

Treated perpendicularly “to its
fixed axis, its opposite bases are
considered points, asin the sphere,
a plane touching the solid only in
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flattened at the poles or extremities
of fixed axis and protuberant at the
equator. An orange, lamp-shade, or
globe, or bowl.

182—Semi-oblate spheroid by
a plane perpendicular to its
fixed or lesser axis.
Elliptical celling, dome, cauldron,
basin, dish, vase, shade, globe, ete.

183—Semi-oblate spheroid by
a plane parallel to its fixed
or lesser axis
Dome or ceiling to an elliptic
plan; glass globe or shade, dish
cover, hut,a trough, cauldron, ete.

184—Segment of oblate sphe-
roid, greater than half by a
plane perpendicular to fixed
axis,
Turkish, Moorish or horse-shoe,
dome or ceiling; a cauldron or cop-
per, ete.

185—Middle frustum or solid
zone of an oblate spheroid be-
tween planes perpendicular to
fixed or shorter axis.

Representative of same as No.
165.

a point; its middle section, a
circle. If considered parallel to its
fixed axis, its middle section, an
ellipsis. For spheroidal surface or
area, see N, 161.

Base, a circle ; opposite base, a
point ; middle section, a circle ;
for diameter of which, if not from
direct measurement, see “ Key to
Ster.,” page 139, line 10 and page
140, line 20.

Equal in area and solid contents
to No. 182 and of easier and quic-
ker computation, if considered
such, the factors being ecircles
instead of ellipses. As it stands,
its base and middle section, simi-
lar ellipses.

Its base and middle section,
circles ; opposite base, point.
Spheroidal surface continuous
trapeziums and a circle at apex.
For areas of circles, see tables II.,
III. and IV. of “Key to Ster.” For
factors of middle section, see No.
182.

Opposite bases and middle sec-
tion, circles ; for areas of circles
to eighths, tenths and twelfths of
an inch or other unity, see tables
IL, II1. and IV. of “Key to Ster.”
Spheroidal area, see page 95 of
same,
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lesser axis of solid.

187—Segment of oblate sphe-
roid less than half, by a
plane parallel to its fixed or
lesser axis.
Representative of same as as No.
183.

spheroid by planes parallel

to fixed or shorter axis.

Coved ceiling of elliptic plan ; re-
versed : a boat, a scow, a vessel of
capacity, ete.

sphernid by a plane inclined
v axis of solid
Liquid or fluid in a semi-sphe-
roidal vessel inclined from the ver-
tical. Finial on a pediment or
sloped surface.

190—Frustum of oblate sphe-
roid between non-parallel
bases.

Decompose into a frustum with
paratlel bases, and an ungula by
a plane parallel to one base and
drawn through nearest point of

- 5] —

186 — Middle frustum or solid
zone of oblate spheroid by
planes parallel to fixed or

188 —Lateral frustum of oblate

189—Halt or segment of oblate

Its bases and middle section si-
milar ellipses, for areas of which
see page 51 of “Key to Ster.”
Spheroidal area, page 95 of same,

Its base, an ellipsis ; opposite
base, a point ; middle section, an
ellipsis similar to base. For fac-
tors of middle section, see No. 182.

Its opposite parallel bases and
middle section, ellipses, for areas
of which see “Key to Ster.” p. 51.

Its spheroidal surface decompos-
able into continuous trapeziums
of variable height.

Its base and middle section, si-
milar ellipses ; its opposite base,
a point ; its spheroidal surface tra-
peziums, with ellipsis at apex
and a curvilinear triangle at
base of shape similar to fig. h. page
57 of “Key to Ster.,” or lateral

area may be divided and computed
as triangles,

Bases and middle section of com-
ponent frustum with parallel bases,
ellipses ; base of ungula, an ellip-
sis ; middle section of ungula the
segment of an ellipsis ; its other
base, a point.

For factors of middle sections,




By

other base, or compute whole sphe-
roid and deduct segments.

see “ Key to Ster.,” page 139, line 10
and page 140, line 20, where 4B :
CD::y/ d00B:0MandCD: AB::
VvV Co.0oD: oM.

CLASS XX.

Prolate Spheroid, Frusta and Segments.

191—Prolate spheroid
Representative of a lemon, melon,

cucumber, ete. ; a case, sheath, ete.
The work of computation expe-

dited by treating circles instead of

ellipses; that is, areas perpendicular
instead of parallel to fixed axis.

Its middle section perpendicular
to fixed or longer axis, a circle;
its opposite end bases, points.
Spheroidal  surface, continuous
trapezoids, or a series of double
segments base to base as the
component ribs a of melon. May
treat as plane segment with length
of cord equal to semi-elliptical set-
tion.

192—Semi-prolate spheroid by
a plane parallel to fixed axis.
Vaulted ceiling to elliptic plan;
reversed: a boat or other sailing
vessel, a cauldron or vessel of ca-
pacity, etc., etc.

193 —Semi-prolate spheroid by
a plane perpendicular to
fixed axis.

A hive, hut, roof or dome to cir-
cular tower or apartment ; reversed :

a copper or boiler,

For solid contents and spheroidal
surface, treat perpendicular to fixed
axis, where factors are cireles or
semi-circles instead of ellipses.
For areas of circles, see tables II.,
III. and IV. of “Key to Ster.”

Base, a circle; other base, a
point ; middle section, a circle.
For radius of middle section, see
formula given in No. 190, or at
page 139, line 10, page 140, line
20 of “Key to Ster.” Spheroidal
area, sce No, 191.
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195—Middle frustum or solid
zone of prolate spheroid by
parallel planes perpendicu-
lar to fixed axis.
A cask, keg, barrel, puncheon,
hogshead, etc., “ Key.” page 138.

196—Middle frustum or solid
zone of prolate spheroid by
parallel planes oblique to
axis.

A boss on raking strut, etc.

197—Lateral frustum or solid
zone of prolate spheroid by
planes perpendicular to fixed
axis.

Coved ceiling, base of column,
etc. ; reversed: capital of column,
dish, basin, bowl, tub, hamper or
basket, stew pan, cauldron or other
vesscl of capacity, etc., ete.
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194—_Segment of prolate sphe-

Base and middle section, circles;
its other base, an apex or point.
Its spheroidal surface resolvable
into continuous trapeziums and
a circle at apex.

End bases, equal circles; mid-
dle section, a circle. Unlike the
middle frustum of a spindle, the
solid contents of this solid are ob-
tained exactly by treating the whole
figure at once.

Opposite bases and middle sec-
tion, similar ellipses. Spheroidal
surface, trapeziums of which take
mean height.

Bases and section, eircles, for
areas of which see tables II., III.
and IV. “Key to Ster.” For dia-
meter of middle section, measure
solid or compute by formula of
page 139, line 10 ; page 140. line
20, where it is shown that the rect-
angle under the required radius,
and either axis of the spheroid, is
equal to that under the square root
of the rectangle or product of the
absciss® of the first axis and the
other axis,
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198 Lateral frustum or solid
zone of prolate spheroid by
planes parallel to each other,
and to longer or fixed axis.
Coved ceiling of elliptical plan,

etc. ; reversed : a flat-bottomed boat,

a scw, a dish, basket, etc., etc.

199 —Segment of prolate sphe-
roid by a plane inclined to
axis.

Liquid in spheroidal vessel in-
clined from the vertical, a scoop,
scuttle, ete.

200—Frustum of prolate sphe-
roid between mnon-parallel
planes.
The one, perpendicular to fixed
axis, the other oblique or inclined
thereto.

Its parallel bases and middle
section, similar ellipses ; for areas
of which see “Key to Ster.” page
51, Its lateral area resolvable into
continuous trapeziums of vary«
ing height if parallel to bases, but
of uniform height, if lines be drawn
from extremities of fixed axis.

Its base and middle section, si-
milar ellipses ; its other base, a
point ; its spheroidal surface re-
solvable by circles drawn from ex-
tremity of fixed axis, into a circle,
trapeziums and a triangle.

Decompose into frustam with
parallel bases, and an ungula. Com«
pute separately, and add ; or com-
pute whole segment due to frustums
and deduct lesser segment.
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THE AREAS OF
SPHERICAL TRIANGLES & POLYGONS

TO ANY RADIUS OR DIAMETER.

Read before the mathematical, physical and chemical section of the
Royal Society of Canada, May 22nd 1883.

Last year I laid before this section of the Royal Society my pro-
posal to substitute in schools the prismoidal formula for all other known
formulae pertaining to the cubing of solid forms.

I then showed that on this sole condition, the eomputation of soli-
dities, even the most difficult by ordinary rules, as of the segments,
frusta and ungulae of Conoids and Spheroids, was susceptible of gene-
ralisation and of being taught in the most elementary institutions.

I then submitted that the advantage of the proposed system con-
sisted in this; that while he who had gone through a course of mathe-
matics would, in three months thereafter or out of college, have complete-
ly forgotten or have inextricably mixed up in his mind the numerous
and ever varying formulae for arriving at the contents of solids ; the
simple artisan, on the contrary, who at an elementary, school would have
been taught the universal formula, and who from the fact of having to
learn but one, could not forget it nor mix it up in his mind with any
others, could apply it always and everywhere during a life time without
the aid even of any book excepting may be, to save time, a table of the
areas of circles or of other figures lengthy of computation,
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What I then did for the measurement of solid forms, I now propose
to do for the mensuration of areas of spherical triangles and polygons
on a sphere of any radivs; I mean a simple and expeditious mode of
getting at the doubly curved area of any portion of the terrestrial
spheroid as of every sphere great or small : interior or exterior surface of
a dome for example or of one of its component parts, as well of the bot-
tom or roof of a gasometer, boiler, or of one of the constituent sections
thereof, descending even to the surface of the ball of a spire, a shell, a
cannon or a billard ball.

TO THIS END :

The area of a sphere to diameter I. being =3.141,592,653,589,7934-
Dividing by 2, we get that of the hemisphere =1,570,796,326,794,396,5
This divided by 4=area of tri-rectglr sph. triangle =0,3¢ ),081,698,724,1

—90=area of 1° or of bi-rect. sph. tri, with sp. ex=1° =0,004,: 3,120,985,8
=60= % ofl orof « “« & « 1 =0,000,072,722,052,166,43
~60= ¢ of1”orof « “« « “ 17 =0,000,001,212,034,202,77
—10= % of0.1”orof &« &« & « 0.17  =0,000,000,121,203,420,277
~10= &« of001"orof « « « « 0.01" =0,000,000,012,120,342,027,7
=10= « of 0.001” orof ¢ « & « Q001" =0,000,000,001,212,034,202,77

Find the spherical excess, that is, the excess of the sum of the
three spherical angles over two right angles, or from the sum of the three
spherical angles deduct 180°. Multiply the remainder, that is, the
spherical excess, by the tabular number herein above given: the degrees
by the numker set opposite to 1°, the minutes by that corresponding to
1’ and so on of the seconds and fractions of a second; add these areas
and multiply their sum by the square of the diameter of the sphere of
the surface of which the given triangle forms part ; the result is the area
required.
EXAMPLE.

Let the spherical excess of a triangle described on the surface of a
sphere of which the diameter is an inch, a foot, or a mile, ete., be 3°—
4’'—2.235". What is the area ?

Area of 1° = 0.004,363,323,1299858 X 3 = 0.013,089,969,389,955
« 1 = 0.000,072,722,052,166,43 X 4 = 0.000,200,888,208,664
« 1”7 = 0.000,001,212,034,202 X 2 = 0.000,002,424,068,404
« 0.1 = 0.000,000,121,203420 X 2 = 0.000,000,242,406,340

« 001" = 0.000,000,012,120312 X 3 = 0.000,000,036,361,026
« 0.001" = 0.000,000,001,212,034 X 5 = 0.000,000,006,060,170

Area required 0.013,383,566,495,059
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The answer is of course in square units or fractions of a square unit
of the same name with the diameter. That is, if the diameter is an inch,
the area is the fraction of a square inch; if a mile, the francticn of a
square mile, and so on.

Remark.— If the decimals of seconds are neglected, then of course
the operation is simplified by the omission of the three last lines for
tenths, hundredths and thousandths of a second or of so many of them
as may be omitted.

If the seconds are omitted, as would be the case in dealing with
any other triangle but one on the earth’s surface, on account of its size ;
there will in such case remain only the two upper lines for degrees and
minutes, which will prove of ample accuracy when dealing with any
triangular space, compartment, or component section of a sphere of
the size of a dome, vaulted ceiling, gasometer, or large copper or boiler,
etc ; and in dealing with such spheres as a billiard or other playing
ball, a cannon ball or shell, the ball of a vane or steeple, or any boiler,
copper, etc., of ordinary size, it will generally suffice to compute for
degrees only. Whence the following

RULE TO DEGREES ONLY,

Multiply the spherical excess in degrees by 0.004,363 and the
result by the square of the diameter for the required area. For greater
accuracy use—0.004,363,323. .

RULE TO DEGREES AND MINUTES.

Proceec as by last rule for degrees. Multiply the spherical excess
in minutes by 0.000,073, or for greater accuracy by 0.000,072,722. Add

the results, and multiply their sum by the square of the diameter for the
required area.

EXAMPLE L ~
Sum of angles 140° + 92° 468° = 300; 300 — 180 =120° sphe-

rical excess. Diameter= 30. Answer area of 1° 0.004,363
Multiply by spherical excess 120°
We get 0.523,560

Thismultiplied by square of diameter 30= 900
Required area = 471.194,000
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A result correct to units. If now greater accuracy be required, it is be
obtained by taking in more decimals ; thus,say area 1°= 0.004,363,323
120

0.523,598,760
900

ST

471.238,884,000
EXAMPLE II.

The three angles each 120° their sum 360°, from which deducting
180° we get spherical excess = 180°. Diameter 20, of which the square
= 400.

70 (15} 71 S PO e oo s s et Area to 1°=0.004,363.323
180

0.785,398,140
400

314.159,256,000

EXAMPLE III

The sum of the three angles of a triangle traced on the surface of
the Terrestrial sphere exceeds by (1”) one second, 180°; what isthe area,
of the triangle, supposing the Earth to be a perfect sphere with a diame-
ter = 7,912 English miles, or, which is the same thing, that the diame-
ter of the Terrestrial spheroid or of its osculatory circle at the given
point on its surface be 7,912 miles.

Answer. Area of 1” to diameter 1. = 0.000,001,212,034,202

Square of diameter 62,598,744

75.871,818,730,242,288

Remark.—This unit 75.87 ete., as applied to the Terrestrial sphere,
becomes a tabular number, which may be used for computing the area
of any triangle on the earth’s surface, as it evidently suffices to multiply
the area 75.87 etc., corresponding to one second {1”) by the number of
seconds in the spherical excess, to arrive at the result; and the result
may be had true to the tenth, thousandth, or millionth of a second, or of
any other fraction thereof by successively adding the same figures
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75.87 etc., with the decimal point shified to the left, one place for every
place of decimals in the given fraction of such second: the tenth of a
second giving 7.587 etc., square miles, the 0.01”=.7587 of a square
mile, thg 0.001” = .07587 etc., of a square mile, and so on; while, by
shifting the decimal point to the right, we get successively 10" = 758.7
square miles, 100" = 7587. etc., square miles, or 1" = 75.87 X 60 (num-
ber of seconds in a minute), 1°= 75.87 < 60 X 60 (number of seconds
in a degree).

RULE.

To compute the area of any spherical nolygon.
Divide the polygon into triangles, cou v:h triangle separately
by the foregoing rules for triangles and add the results.

OR,

From the sum of all the interior angles of the polygon subtract as
many times two right angles as there are sides less two. This will give
the spherical excess. This into the tabular area for degrees, minutes,
seconds and fractions of a second, as the case may be, and the sum of
such areas into the square of the diameter of the sphere on which the
polygon is traced, will give the correct area of the propused figure.

It may be remarked here that the area of a spherical lune or the
convex surface of a spherical ungula is equal to the tabular number into
twice the spherical excess, since it is evident that every such lune is
equivalent to two bi-rectangular spherical triangles of which the angle
at the apex, that is the inclination of the planes forming the ungula, is
the spherical excess.

Remark.—The area found for any given spherical excess, on a
sphere of given diameter, may be reduced to that, for the same spheri-
cal excess, on a sphere of any other diameter ; these areas being as the
squares of the respective diameters.

The area found for any given spherical excess on the earth’s sur-
face, where the diameter of the osculatory circle is supposed to be 7912
miles, may be reduced to that for the same spherical excess where the
osculatory circle is of different radius ; these areas being as the squares
of the respective radii or diameters,






ON THE APPLICATION OF THE

PRISMOIDAL FORMULA

TO THE MEASUREMENT OF ALL SOLIDS

By CHS. BAILLAIRGE, M. A.,

Member of the Soclety for the Generalization of Education in France, and of several learned

and scientific Societies, Chevalier of the Order of St. Sauveur de Monte-Reale, Italy,
&c. Recepient of 13 medals of honor and I7 diplomas and letters from Russia, France,
Italy, Beigium, Japan, &c. Member of the Royal Society of Canada.

Read before the mathematical section of the Society on Saturday the 28th of May.
1882. *

“ Cette formule V=—?— B + B + 4M) (Says “the late Revd, N.

“ Maingui of the Laval University) que Mr. Baillargé travaille &
“ vulgariser, a I'immense avantage de pouvoir remplacer toutes les
“ autres formules de stéréométrie,”

The prismoidal formula Teads thus: “ To the sum of the opposite
and parallel end areas of a prismoid, add four times the middle

area and multiply the whole into one sixth the length.or height of the
solid.”

* See this formula at article ‘‘ Stéréométrie of ** Le grand dictionnaire universel du XIXéme
siécle par P. Larousse.”



The following letter from the Minister of Education, Russia, may
be considered interesting in its bearings on the subject matter of this
communication

MINISTERE DE L’INSTRUCTION PUBLIQUE.

Saint-Petersburg, le ¢ février 1877.
No. 1823.
A M. BAILLAIRGE,

Architecte & Québec,
Monsieur,
Le comité scientifique du ministére de I'Instruction Putklique, (de

Russie,) reconnaissant I'incontestable utilité de votre “ Tableau Stéréo-
métrique” pour l'enseignement de la géométrie en général de méme que

pour son application pratique & d’autres sciences, éprouve un plaisir tout
particulier & joindre aux suffrages des savants de I'Europe et de 'Amé-
rique sa compléte approbation, en vous informant que le susdit tableau,
avec toutes ses applications, sera recommandé aux écoles primaires et
moyennes, pour en compléter les cabinets et les collections mathéma-
tiques, et inscrit dans les catalogues des ouvrages approuvés par le
ministére de I'Instruction Publique.

Agréez, monsieur, I'assurance de ma haute considération.
Le chef du département au ministére de I'Instruction Publique,

E. DE BRADKER,
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The following extract from the Quebec Mercury, July 10, 1878
further corroborates its importamnce.

« Tt will be remembered that in February, 1877, Mr. Baillairgé re-
ceived an official letter from the Minister of Public Instruction, of St.
Petersburg, Russia, informing him that his new systém of mensuration
had been adopted in all the primary and medium schools of that vast
empire. After a lapse of eighteen months, the system having been found
to work well, Mr. Baillairgé has received an additional testimonial from
the same source informing him that the system is to be applied in all
the polytechnic shools of the Russian Empire.”

Should the Royal Society of Canada prove instrumental in the
introduction of the new system throughout the remainder of the
civilized world. It will have shown that its creation by the Marquis of
Lorne, the Govr. Gen. of Canada, has been in no way premature.

The definition of a prismoid as generally given is understood to
apply to a solid having parallel end areas bounded by parallel sides.

This parallelism of the sides or edges of the opposite bases or end
areas does not imply, not does it exclude any proportionality between
such sides or edges.

Therefore is the frustum of a pyramid a prismoid, as also that of a
cone which is nothing but an infinitary pyramid, or one having for its
base a polygon of an infinite number of sides.

Now let two of the parallel edges of either base of the frustum
approach each other until they meet or merge in a single line or arris,
when we have the wedge which is therefore to all intents and purposes
a prismoid.

Further let this edge or arris become shorter and shorter until it
reduces to a point and then have we the pyramid which is again a pris-
moid, as is the cone.

It need hardly be said that the prism and cylinder are prismoids,
whose opposite edges are equal as well as parallel in the same way as
for the frusta of the pyramid and cone the opposite edges are propor-
tional while parallel.
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Now, nine tenths or more of all the vessels of capacity, the world
over, and either on a large or reduced seale, have the shape of the frustum
of a cone or pyramid ; the latter as evidenced in bins, troughs and
cisterns of all sizes, in vehicles of capacity ; the former, in the brewers
vat, the salting tub, the butter firkin, the commom wooden pail, the
drinking goblet, the pan or pie dish, the wash tub — of whatever shape
its base — the milk pan and what not else ; again the lamp shade, the
shaft of a gun or mortar, the buoy, quai, pier, reservoir, tower, hay-rick,
hamper, basket and the like.

These are forms which in every-day life the otherwise untutored
hand and eye are called upon to estimate. Why then not teach a mode
of doing it which every one can learn, and not only learn but what is of
greater import, retain in mind or ‘memory when mastered.

Why continue the old routine when, as here evidenced, it is so
much more simple and concise, so much quicker to apply the prismoidal
formula to all these forms, than resort to one more difficult of apprehen-
sion and which to carry or work out requires tenfold the time the other
does.

Legendre’s formula requires a geometric mean between the areas of
the opposite bases of the solid under consideration. This mean is far
less easily conceivable than the arithmetic one ; and to arrive at it the
end areas are to be multiplied into each other, and the square root ex-
tracted of their product ; a long and tedions operation, one known only
to the few, most difficult to retain, forgotten as soon as learnt and
therefore useless.

With the formula proposed on the contrary, the operation is one
which the merest child can master, the mere mechanic or the artisan
remember all hislife and readily apply ; for he has been taught at school
to compute areas, that of the circle as well as others, a figure which he
readily sees is resolvable into triangles by lines drawn from the centre
to equidistant points, or not, in the circumference, and the area thence
equal to the circumference—sum of the bases of the component triangles
—into half the radius, or height of the successive sectors which make
up the figure. :

Now, of almost all the solide herein above alluded to, the opposite
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bases and middle section are circles and the operation can be further
expedited by taking the areas ready made, to inches and even lines or
less, from tables prepared for the purpose.

The labour then reduces to the mere arithmetic of adding the areas
o found, that is the end areas and four times the middle area, and of
multiplying the sum thereof into one sixth the altitude, or depth ; that
is, to the simplest form of arithmetic taught in the most elementary
schools, to wit : addition and multiplication, with division added when
the cubical contents in feet, inches or other unit of capacity, are to be
reduced, as of inches into gallons and the like.

I would have but one formula applicable to all bodies, and it will
of course be asked : why, for instance in the case of the cylinder, the
whole cone or pyramid, substitnte the more complex for the simpler form
of computation. My reason for doing so has its untold importance to
thousands of the human race. Memory is nct a gift to every one. I
have none of it myself or hardly any, and its absence only entails a
little reasoning as I am now to show.

I have seen students, only three months out of college doubtful as
to which of the ordinary formulae to apply, to this pyramid or cone, the
conoid, the spheroid. In one—the first—the volume. is due to the base
and one third the height; in the second, the base and one half the height ;
in the other, the base and two thirds the height. Any mistake is fatal
to the result.

But with the one and only one, the unique and universal formula
which I propose to substitute for every other, no error can obtain. Take
hold of the pyramid or cone : set down its upper or one end area or that
of its apex, equal nought (0) or zero, its other end area, whatever that
may be. Its middle area, you see at once is one quarter that of its base ;
for the middle or half way diameter is half that of the base, and the
areas of similar figures as the squares of their homologous or like di-
mensions. Now, ere you have put this down on paper ; ere you have
had time to do so, the reasoning process is going on within your mind
and in far less time than it takes me to relate it — that four times the
middle area plus the area of the base is equal to twice the base, and
that twice the base into one sixth the altitude is precisely the same thing
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as once the base, thatis, the base into one third the altitude, and so come
you back to the old or ordinary rule, the simpler of the two in this case,
and without the necessity of having this formula stored in your mind as
a separate process.

And so with the cylinder where you see at once that the area of
each base and of the middle section being all equal quantities, the sum
of these bases and of four times the middle section is the same thing as
six time the base, and again that six times the base into one sixth the
altitude is the old rule of the base into the altitude, without the ne-
cessity of remembering it as a separate and additional formula.

But the great advantage of this one universal rule, its beauty so to
say is further evidenced and more strikingly in the computation of the
more difficult solids, that is of those which are more difficult under the
old or ordinary rules.

In the sphere, spheroid and conoids, the one area, that at the apex -

or crown is always nought or nothing, as a plane there touches them
in one and only one point. The formula applled to the sphere and

spheroid therefore reduces to four times the middle area into one sixth
the altitude or diameter or axis perpendicular to the plane of section.

Now, let it be required to measure the liquid in a conoidal or
spheroidal vessel inclined to the horison or out of the vertical. This by
ordinary rules, becomes an operation of much time, trouble and anxiety,
as the size of the whole body or solid of which the portion or figure
under consideration forms a part, has to be made known, its factors en-
tering into the.formula for the content required; whereas by the pris-
moidal formula, no concern need be had as to the dimensions of the
entire body of which the figure submitted to computation is a segment.

That the rule applies to all such cases, is and has been abundantly
proven by myself (see my treatise of 1866) as applied to any segment
of a sphere or spheroid, to any ungula of such solids contained between
planes passing in any direction through the centre, to any frustum of
these bodies, — lateral or central — contained between parallel planes
inclined in any way to the axes ; to any parabolic or hyperbolic conoid,
right or inclined, as well to any parallel frustum of eituer.
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This proof has been substantiated by MM. Steckel of the Dept. of
Dominion Public Works, Deville a member of this society, and the late
Revd. M. Maingui, professor of Mathematics at the Laval University, a8
well by the Revd. M. Billion, of the Seminary of St. Sulpice—Montreal ;
by His Grace, bishop Langevin of Rimouski, and by many other ma-
thematicians fully adequate to the task.

M. Maingui says (page IX of his pamphlet and as already quoted

from the french version): “ This formula s =—I:T(B B4 AN S that
“ which Mr. Baillairgé is endeavouring to introduce ; it has the im-
“ mense advantage of replacing all other stereometrical formulae.”

This is the only formula which will allow of teaching stereometry
in all schools however elementary, and as has just been shown, the appli-
cation of it is the more simple, so to say, the more complex the body is,
since in the conoid and segment of spheroid, one of the factors at least is
zero, while two of them are zeros in the sphere and spheroid as in their
ungulae.

Thus while the student at college or from a University after having
devoted much time to the acquisition of a hundred rules for the cubing
of as many solids, has hopelessly forgotten them in after life, the com-
paratively illiterate artisan, tradesman, merchant, &c. who has never fre-
quented ought but a village school, will, having but one rule wherewith
to charge his memory, remember it all his life and be ever ready to
apply it ?

In the case of spindles and the masurement of their middle frusta
— the representatives of casks of all varieties and sizes, — the prismoidal
foimula does not bring out the true content to within the tenth or
twentieth and up to the half or thereabout of one per cent ; notwith-
standing which, it is the only practical formula which can bring out
anything like a reliable result. The true formulae for casks never can
nor will they ever be applied ; they are too lengtly, too abstruse, and the
wine merchant will tell you that the nearest the guage rod can come to
within the truth, the guage rod founded on these formulae, is to within
from one to three and even four per cent. This stands to reason, as
when operating on the half cask—which is always done with all figures
having symmetrical and equal halves—the half way diameter between
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the head and bung, the very element by which the cask varies its capa-
city, enters as a factor into the occupation, while the guaging rod can
take no note of it.

It remains but to say that in the case of hoof. .nd ungulae of cones
and cylinders, of conoids and of spheroids, when the bounding planes do
not pass through the centre, the prismoidal formula is still the best to
be employed in practice, and again brings out the volume to within one
half or so of one per cent. The true rules applicable to these ungulae can
never be remembered, nor are or will they ever be applied in practice.
Rather than that, the fudging or so called rule of thumb system, some
averaging of the dimensions is sure to be resorted toand a result arrived
at, where two or three to five per cent of error is considered near enough,
while the proposed application of the prismoidal formula would reduee
the error to almost nothing.

Compound bodies must of course be treated separately or in parts.
Thus, a gun or mortar, as made up of a cylinder or the frustum of a
cone and the segment or half of a sphere or spheroid ; a morish or tur-
kish dome, as the frustuin of a spheroid surmounted by a hollow cone ;
a roofed tower, as a cone and cylinder, a cone and frustum of a cone or
two conic frusta as the case may be and so of other compound forms.

Again when frusta between non parallel bases are to be treated, the
solid is to be divided by a plane parallel to one of its bases and passing
through the nearest edge or point of its opposite base, into a frustum
proper and an angula, subject to the percentage of error already noticed
in the volume of the angula; while, by cubing the whole conoid on
segment of a spheroid of which the frustum forms a part, and then the
segment which is wanting to make up the whole, the true content can
be arrived it.

There are a class of solid forms where it would appear at first
sight that a departure from the prismoidal formula becomes necessary ;
not so however as will presently be seen. I allude to the cubing of the
fragment of a shell for instance, or of the material forming the vaulting
of a dome as contained between its intradesand extrados. This is simply
arrived at, when the inner and outer faces are parallel or when the dome
or arch is of uniform thickness by applying the spherical, spheroidal or
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cylindrical surfaces of the opposite bases, and the equally curved surface
of the middle section; while, when the faces are not parrallel or the
thickness of varying dimensions, as well when the faces are everywhere
aquidistant, the volume may be had by cubing the outer and inner com-
ponent pyramids and taking the difference between them.

And in the making out of such spherical areas as may enter as
factors into any computation, a most concise and easy rule will be found
at page 35 of my “ stereometricon” published in 1880; when any such
area can in a few minutes be made up the mere multiplication and
addition of the elemental quantities given in the text, and any portion
of the earths surface thus arrived at when the radius of the osculatory
circle for the given latitude is known.

With irregular forms, the figure can be sliced up and treated by the
formula, and those forms when small and still more complex, such as
carving, statuary, bronzes and the like, can be measured with minute
accuracy by the indirect process of the quantity of fluid of any kind dis-
placed, as of water when non obsorbent or of sand or sawdust etc., when
the contrary.

Again may the specific gravities of bodies be applied, or their weights
to making out their, volumes by simple rule of three, or the reverse
process of weighing them by ratio when their volumes are ascertained.

Finally the quantities and respective weights of the separate subs-
tances which enter into amalgams or alloys are obtainable as tanght by
a comparison of their weights in air and water, that is of the amalgam
itself and of its unalloyed constituents.

The whole field of solid meusuration is thus gone over in these few
pages, instead of the volume required to contain the many separate and
varied formulae which the old process of computation gives rise to and
renders indispensable. The whole I say is gone over in as many minutes
as the oll process requires hours or even days.







TABLES

. Squares and Square Roots of numbers from 1 to 1600.

1. Circumferences and areas of circles of diameter &' to 150
advancing by %.

III. Circumferences and areas of circles of diameter {5 to 100
advancing by 1b.
IV. Circumferences and areas of circles of diameter 1 to
50 feet, advancing by 1 inch.
V. Sides of Squases equal in area to a circle of a diameter
1 to 100 advancing by a 1.
VI. Lengths of circular arcs, to diameter 1 divided into 1000
equal parts.
VII. Lengths of semi-elliptic arcs to transverse diameter
1 divided into 1000 equal parts.
VIII. Areas of the segments of a circle to diameter 1 divided
into 1000 equal parts.

IX. Areas of the zones of a circle to a diameter 1 divided
into 1000 equal parts.

X. Specific gravities or weights of bodies of all kinds solid,
fluid, liquid and gazeous.



2 TABLE OF SQUARES, SQUARE ROOTS

No. | Square. | Sqre.root. || No. | Square. | Sqre.root. || No. | Square. | Sqre. root.
1 1 1.0000000 61 3721 7.8102497 121 14641 | 11.0000000
2 4 1.4142136 32 3844 7.8740079 122 14834 | 11.0453610
3 9 1.7320508 63 3969 7.9372539 123 15129 | 11.0905365
4 16 2.0000000 64 4096 8.0000000 124 15376 | 11.1355287
5 25 2.2360680 65 4225 8.0622577 125 | 15625 | 11.1803399
6 36 2.4494897 66 4356 8.1240384 126 15876 | 11.2249722
7 49 2.6457513 67 4488 B.1853523 || 127 | 16129 | 11.2694277
R 64 2.8284271 68 4624 8.2462113 128 16384 | 11.3137085
9 =1 $5.0000000 69 4761 8.3066:239 129 16641 | 11.3578167
10 100 3.1622777 7 4900 8.3666003 130 16900 | 11.4017543
11 121 3.3166248 71 5041 8.4261498 131 17161 | 11.4455231
12 144 3.4641016 72 5184 8.4852814 132 17424 | 11.4891253
13 169 3.6050513 || 73 5329 8.5440037 133 17689 | 11.5325626
4 196 3.7416574 || 7 5476 8.6023253 134 17956 | 11.5758369
15 225 3.8:229233 7 5625 8.6602540 135 18225 | 11.6189500
16 256 4.0000000 76 5776 8.7177979 136 | 18496 | 11.6619038
17 | | 289 4.1231056 7 5929 8.7749644 137 | 18769 | 11.7046999
18 324 4.2426407 78 6024 8.83.7609 133 19044 | 11.7473401
19 361 1.35=5929 79 6241 8.8881944 139 19321 | 11.7898261
20 400 1.4721360 20 6400 8.9442719 140 19600 | 11.8321596
21 441 4.5825757 81 6561 9.0000000 || 141 | 19881 | 11.8743421
22 434 4.6904158 82 6724 9.0553=51 142 | 20164 | 11.9163753
23 529 4.795=315 83 6339 9.1104336 143 | 20349 | 11.9582607
24 576 4.2989795 84 7056 9.1651514 144 20736 | 12.0000000
25 625 5.00060000 85 7225 9.2195445 145 21025 | 12.0415946
26 676 5.0990195 86 7396 9.2736185 146 | 21316 | 12.0830460
7 729 5.1961524 87 7569 3273791 147 21609 | 12.1243557
28 784 5.2915026 ole} 7744 9 3808315 148 | 21904 | 12.1655251
29 841 5.3=51648 39 7921 9.4339811 149 22201 12.2065556
30 900 5.477:2256 90 8100 9.486833 150 | 22500 | 122474487
31 961 5.5677644 I 8281 9.5393920 151 2201 | 12.2882057
32 1024 5.6562542 92 8464 9.5916634 152 23104 | 12,3288280
33 1089 5.7445626 93 8649 9.6436508 153 23409 | 12.3693169
34| 1156 5.8300519 94 8836 9.6953597 154 | 23716 | 12.4096736
35 1225 5.916079% 95 9025 9.7467943 155 | 24025 | 12.4498996
36 1296 6.0000006 96 9216 9.7979590 156 24336 | 12.4899960
37 369 60327625 97 9409 9.8488578 157 | 24649 | 12.5209¢ %1
38 | 1444 6.1644140 98 9604 9.8994949 158 | 24964 | 12.5698051
39 1521 6.2449980 99 9=01 9.9495744 159 25281 12.6095202
40 1600 6.3245553 100 10000 | 10.0000000 160 25600 | 12.6491106
41 | 1681 6.4031242 101 10201 | 10.0498756 161 25021 | 12.6835775
42 | 1764 6.4807407 102 10404 | 10.0995049 162 | 26244 | 12.7279221
43 | 1849 6.5574385 103 10609 | 10.1488916 163 | 26569 | 12.7671453
44 | 1936 6.6332496 104 10816 | 10.1980390 164 | 26396 | 12.8062485
45 | 2025 6.7082039 105 11025 | 10.2469508 165 | 27225 | 12.8452326
46 | 2116 5.7323300 106 11236 | 10.2956301 166 | 27556 | 12.8340987
47 | 2209 6.8556546 107 11449 | 10.3440%04 167 | 27889 | 12.9228480
48 | 2304 6.9252032 108 11664 | 10.3923048 168 | 28224 | 129614814
49 | 2401 7.0000000 109 11831 | 10.4403065 169 | 28561 | 13.0000000
50 | 2500 7.0710678 110 12100 | 10.4880=85 170 | 23900 | 13.0384048
51 2601 7.1414284 111 12321 | 10.5356538 171 20241 | 13.0766968
52 2704 7.2111026 112 12544 10.5830052 172 20584 131145770
53 | =809 7.2801099 || 113 12769 10.6301458 || 173 20020 | 13.1520464

54 2016 73454602 {1 114 12096 10.6770733 174 30276 13.1909060 |
55 3025 7.4161085 | } 115 13225 10.7232053 175 30625 13.22875606
56 3136 74533148 || 116 13456 10.7703206 176 30976 132664992
57 3249 7.5498344 || 117 13629 10.8166538 177 31329 | 13.304134,
o8 | 3364 7.6157731 ] 118 13924 | 10.8627205 178 316%4 13.3416641
59 | 3451 7.6811457 119 14161 10.0087121 179 | 32041 | 13.3790882
60 | 3600 #.7459667 ‘ 120 14400 | 10.9544512 180 § 32400 | 12.4164079

7 S

&
By




OF NUMBERS FrRoM 1 To 1600. 3
are. | Sqre. root. - No. | Square. l Sqre.root. || No. | Square. | Sqre, root. || No. | Square. | Sqre. root.
41 | 11.0000000 - 181 | 13. 241 | 58081 |15.5241747 || 301 90601 | 17.3493516
34 | 11.0453610 E 182 1: 242 HRH64 £ 349: 302 091204 | 17.3781472
29 | 11.0905365 I 1IR3 % 243 | 59049 73| 303 91209 | 17.4068952 1,
76 | 11.1355287 184 1 244 | 59536 1 ). mnl )94 || 304 092416 | 17.4355958
25 | 11.1803399 125 L 245 | 60025 | 15.6524758 || 305 93025 | 17.4642492
176 | 11.2249722 186 13. 246 | 60516 | 15.6343x71 ' 306 | 93636 | 17.4928557
29 11.2694277 1;7 1: 247 51009 15.7162336 || 307 94249 | 17.5214155 |
84 | 11.3137085 188 13. 243 61504 | 15.7420157 || 308 94564 | 17.5499288
M1 | 11.3578167 i 189 | 3 13. 249 | 62001 | 15.7797333 || 309 95481 | 17.5783958 1
)00 11.4017543 . 190 ‘ 36100 13.7 ~4M-‘~ 250 62500 15.81133=3 || 310 96100 | 17.6062169
61 | 11.4455231 191 36451 | 13.8202750 251 63001 | 15.8429795 || 311 96721 | 17.6351921
24 | 11.4891253 : 192 3664 | 13.2564065 252 63504 | 15.8745079 |} 312 97344 | 17.6635217
89 11.5325626 193 37246 13.29: )44(!0 253 64009 | 15.9059737 Il 313 97969 | 17.6912060
)56 | 11.5753369 b 194 | 37636 = 954 | 64516 | 15.9373775 || 314 9=596 | 17.7200451
25 | 11.6189500 3 195 | 32025 |13. 5612400 255 65025 | 15.9627194 315 99225 | 17.

196 | 11.6619038 f 196 | 28416 | 14.0000000 || 256 | 65536 | 16.0000000 || 316 99256 | 17.77

69 | 11.7046999 B 197 38209 | 14.0356638 257 66049 | 16.0312195 317 | 10049 | 17.

144 11.7473401 193 | 89204 | 14.0712473 1 258 | 66564 | 16.06237: 318 | 101124 | 17.8:

21 11.7898261 199 | 39601 14.1067360 || 259 67031 16.0934769 || 319 101761 | 17.8

300 | 11.8321596 ~ 900 [ 40000 | 14.1421356 || 260 | 67600 | 16.1245155 || 320 | 102400 | 17.8885438
81 | 11.8743421 1 901 | 40401 | 14.1774469 || 261 | 63121 | 16.1554944 || 321 | 103041 |17.9164729
164 | 11.9163753 EX 202 | 40804 14.2126704 || 262 62644 | 16.1564141 322 103624 | 17.9443584
349 | 11.9582607 .;(,,; [ 41200 | 14.2472068 || 263 69169 | 16.2172747 323 104329 | 17.9722008
736 | 12.0000000 g 204 | 41616 | 14.2325569 || 264 | 69696 | 16.2480763 || 324 | 104976 | 18.0000000

105625 | 18.0277564

)
)
»5 | 12.0415946 3 205 | 42095 | 43175211 || 265 | 70225 16.27=5206 25
5 326 | 106276 | 18.0554701
)
)

316 | 12.0830460 b 206.| 42436 966 | 70756 | 16.3005064 || 3

509 | 12.1243557 > 007 | 42819 P o67 | 719%9 | 16.3401346 || 327 | 106929 | 18.0831413

104 | 12.1655251 008 | 43264 | 14.4222051 || 268 | 71824 | 16.3707055 || 328 | 107584 | 18.1107703

201 | 12.2065556 . 209 43681 14.4568323 269 72361 | 16.4012195 329 10=241 | 18.1383571

500 | 12.2474487 510 | 44100 | 14.4913767 || 270 | 72000 |16.4316767 || 330 | 102000 | 13.1659021

01 | 122882057 3 S11 | 44521 | 14.5258390 || 271 | 73441 |16.4620776 || 331 | 109561 | 18.1934054 4
104 | 12,3288280 912 | 44944 | 14.5602198 || 272 | 73084 | 16.4924225 || 332 | 110224 | 18.2208672

109 | 12.3693169 & 3| 45360 |14.5945195 || 273 | 74529 522 333 | 110%80 | 18.2482876

716 | 12.4096736 1! 15796 | 146287388 || 274 | 75076 334 | 111556 | 18.2756669

46225 | 14.6628783 275 | 75625 3.5331240 335 | 12225 | 18.3030052
16656 14.69693%5 276 76176 16.6132477 336 112306 | 18.3303028 ]
47029 14.7309199 7 76729 16 ()4 H 7 0 337 113569 | 18.3575598
47524 14.7648231 ’78 77284 333 114244 | 18.3347763
47061 14.7936426 279 77841 339 114921 | 18.4119526
12400 14.8323970 J-U 78400 | 16.7: ...‘l)lh 340 | 115600 | 18.43908=9
45841 14.2660687 281 78961 16.7630546 ‘ 341 | 116281 | 18.4661853
492=4 | 14.2006644 932 | 79524 | 16.7923556 || 342 116964 | 18.4932420
49799 | 14.9331245 || 283 | 80089 | 16.8226038 || 343 117649 | 18.5202592 :
50176 | 14.9666295 || 284 | 80656 | 16.8522995 I 344 118336 | 18.5472370 ¥
50625 | 15.0000000 235 81225 | 168210430 || 345 119025 | 18.5741756 :
51076 15.0332064 286 R1796 16.9115345 f 346 119716 | 18.6010752
21529 15.0665192 287 82369 16.9410743 ’ 347 | 120409 | 18.6279360

025 | 12.4498996
336 12.4899960
549 12,5299 %1
964 | 12.5698051
281 | 12.6095202
600 | 12.6491106
921 12.6835775
244 | 12.7279221
569 | 12.7671453 E -
206 | 12.8062485 W
225 12.8452326 L
556 | 12.8340087
889 12.9228480 3

224 12.9614314 :

.

LSO

U 0 (o

R R A R R A R el i Rl
(=2

[ o R Lo o L E o S S S Sl Ll Lol S Ll
L =2

4 51034 15.00066=9 ORR 22044 16.9705627 (I 348 | 121104 | 18.65475%31
561 | 13.0000000 | 20 | 52441 | I5.1327460 || 280 | 83521 | 17.0000000 || 349 | 121201 | 18.6815417
900 | 13.0384048 ' 930 | 52000 | 15.1657509 || 200 | 84100 | 17.0203%64 || 350 | 122500 | 18.7082869
241 | 13.0766968 3 031 | 53361 | 15.19%6842 || 201 | 84681 [ 17.05=7221 | 351 | 123201 | 18.7349940
584 | 1311427706 oono | 53824 [ 159315462 || 202 | 85264 | 17.0%R0075 || 352 | 123904 | 18.7616630
920 | 13.1529464 i 933 | 54280 : 993 | 85819 [ 17.1172423 || 353 | 124600 | 18.7882012
276 | 13.1909060 | Il 931 | 54756 294 | B6436 | 17.1464282 || 354 | 120316 | 18.8148377
625 | 13.2287566 o3 | 53225 9205 | 87025 | 17.1755640 |} 355 | 126025 | 18.8314437
976 | 13.2664992 {936 | 53696 206 | 87616 17.:04(;:»«»31 356 | 126736 | 18.2679623
329 | 13.304134. il 937 | 56169 |1 m:«on SO7 | 8R200 | 172336870 || 357 | 127449 | 18.8944436
634 | 13.3416641 H 938 | 56644 | 15.4272486 || 208 | 88304 | 17.2620765 || 358 | 122164 | 189208879
041 | 13.37008=0 I o939 1 57121 | 154506248 || 200 | 80401 | 17.2016165 ] 350 | 128=81 | 18.9472053
400 | 124164079 | 240 | 57600 | 15.4919334 || 300 | 90000 | 17.3205081 ; 360 | 120600 | 18.97:36660

)
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TABL” OF SQUARES, SQUARE ROOTS

Sqre. root. : Square. | Sqre. root. || No. | Square. | Sqre. root. |

20.5182845 |1 ¢ 231361 ! 21.9318122 ||
20.54263%6 || 2 32324 | 21.9544984 ||
20.566963 : 233289 | 21.9772610
20.5912603 { 234256 2. 0000000
X ) 22.0227155
20.63976 <6 36196 | 220454077 ||
20.66397 = y 23716 22.0620765
20.6821609 || ) 238144 | 22.0907220
| 207123152 || 489 | 239121 | 22.1133444
| 20.7364414 || 49 240100 | 22.1: ;.,.vl 36
20.7605395 4 241031 | 7198 |
20.7346097 92 242064 | ‘.1~IH4.,U
30129 | 19.3132079 20 493 243049 2036033 »
SOR76 | 19.3390796 667 9 244036 )

0625 | 19.3649167 || 435 | 120225 | 20.8566536 || 405 | 245025 ‘
376 | 19.3907194 Q0096 | 20.8345130 246016 | -.'.hl“.n.)
2129 | 19.4164873 < 00969 | 20.9045450 497 247009 | -“"“J"ﬂr“i
D= 44| 4: i4 | 20.92%4495 |1 498 | 248004 | 22.3159136
3641 | 19.4679223 < 1 ; 20.9523268 || 49¢ 249001 | 22 "“"("‘i

{

|

|

4

I viwr)
{4400

{

{

{

|

| 19.0000000 ||

[ 19.0262976 ||
19.0525559
19.0727540 |

[ 19.1049732 ‘

| 19.1:311265 ||

19.1572441

[ 19. 1133261

1 19.209: 3727

36900 | 19.2353841 ||

37641 | 19.2613603 |

SR3=4 | 19.2273015

> {2

M- L2

TR (o Ny B
~tOn St

L

]
w Qo 0o 0 BT 8

[ ST S SN S U SR S SR SR SN S SR S

a) )« ) -~
- v

L SR

L~

Lo~ )~)~p~

. |

4835887 : 193600 | 20.976: 5 250000 | 22.¢ g()“()‘q |

5161 192213 141 ; 194431 | 21.0000000 5 251001 | 22, ;u)(hj
Y24 0448203 195364 | 21.0237960 || 502 252004 -)-) 40 53565 |
1630 {
|

|

BN

=

{ HT03358 | 443 | 196249 | 21.0475652 || 503 253009 | 22.497¢ )M.)
7456 5959179 y 197136 | 21.0713075 || 50« 254016 | 22.4499443
9.6214169 || 445 192025 | 21.0950231 505 252025 | 22.4792051 |
6165327 || 446 | 193916 | 2LIISTIZL || 506 | 256036 | 22.4941438
9.6723156 p 199809 | 21.1423745 |} 507 257049 |
6978156 || 448 200704 | 21.1660105 || 503 258064 | L i
1220 1| 449 | 201601 | 211206201 {| 50¢ 259041 | ,m.(,u\ i
84177 | [ 202500 | 21.2132034 || 5 260100 | 22.5831796 ||
| 451 | 203401 | 21.2367606 || : 261121 | 22.6053001
20=0=00 || 452 | 204304 | 21.2602016 || 512 | 262144 | 92.6271170
8242276 1o. 205200 | - 37967 || HL 263169 | j-_’.(,,wf' 93 Il
RYOI3 42 206116 | |l 5 264196 | 29 UTI.',«,‘[
2746069 || 45i 207025 7 0 || 515 265225
ROOT 487 136 | 1565 516 266256
O4=58= {1 457 A 9 .I ',.'.‘fl | b | 267289 |¢ H'H“
9499373 f 2097 . 346 ‘ 2068324
150201 9719244 4: 210631 | 21.4¢ W || HIE 269361
160000 LU000000 460 | 211600 | ‘ 3106 3 270400
160201 | 20.0219=44 || il 521 12T, | B 271411
161604 | 20.0490377 | | 213444 | 21.494185! Q724EL | 9
162409 | 20.0743599 | : 14: { 21.5174: i 2 27350 | 22.8691933
163216 | 20.0097512 |1 46 5206 | 215406592 || 524 | 274576 .'. 8910163
“)
")

100
14=225
143996
140769
150544
151321

152100

4
9.
)
’.
)
)
)
s

156316
157609
152404

I
1
1
1
1t
1¢
1
1
1€
{1
14
1
|
1
I
1
1
1
1
1
]

164025 1 201246112 || 465 216225 | 21.56385¢ RT5625 | 22.9192775
164236 | 20.1494417 || 466 2 56 | 21.68703: 526 | 276676 | 22.9346=00
165649 | 20.1742410 || 467 2180 [ 21.61 2311 527 | RITTRY | 22,95645806
166464 | 20.1990099 46 219021 | 21.63350% 28 RTTRL | 22,9782506 |
167281 | 20.22374=4 | 9 | 279841 3.0000000 |1
162100 | 20.24R1567 ”-H”W?' 3.0217220
162021 | 20.2731:349 || 280061 | 23,0434372 ||
169744 | 20.2077831 || OR3024 | 93.0651252 ||
170569 | 20.3224014 || DR 110

171396 | 20.3469899 ||
172225 | 20.371548% |
173056 | 20.3960781 |
1738239 | 20.4205779 ||
174721 | 20.4450423
175561 | 20.4694895 ||
176400 | 20.4939015

-
=

.
h)lrw'f'.',
~Y...n--~__»'

'.H-,':" =
21. ]»1’1 334 | 285156 | 23.1084400

5-31,7‘.'-1 1047 RE 286225 | 23.1300670

| 21.8174242 36| 28726 1931518798 |

[ 91.8403207 537 ORRI6) 17

[ 21.8632111 538 | 2=0444 ]'||<)~(.-
218860686 {1 530 | 290521 | 23.216:

| 21.9020023 5 | 291600 | 2 .-);;‘gmm

2otk

QC =235 Ot L0 IS =

Pad st ada) ) a) nds)

—
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NUMBERS FroM 1 To 1600.

Square. | Sqre. root. |
s 5
B s o7

-
—

ICECE.

; 21.9772610
-J-_)'ul)«:(w,u;u
22,028 '71.’).’)

20454077

Zu

g 22.0620765

| 22.0907220

| 22.1133444
240100 | 22.13 9436
241081 | 22,1587 198 |
242064 | 221810730
243049 | 22.20 ‘f 033

244036 ‘
24505
246016 |

247009 | %
24R004 | 92,31591: of
)

)
249001 | 99,99 3079 |
)

[

250000 | 3606798 |
251001 | 99.5830993 |
252004 | 99.40597 f{
253009 29, ‘
254016 | 22 44 "
252025 | 99479905 ||

256036 |
257049 |
252064 v'l
259041 | 29,
260100 | 99

2

)

< (vl

[L4R |

)]t‘N)

261121 | 99, ()U 3001

69361
70400

2691933
"]”Hi >

9122775

Ho ~"‘)

| 91.9318199 ||
[ 21.95449831 ||

435600 |

| | |
3 y B g ? . | Q |
No. | Square. | Sqre. root. No. | Square. # Sqre. root. No. | Square. | Sqre. root. E
| | | |
| e |
| ' b=
541 202681 | 23.2594067 601 361201 | 24.5153013 | 661 426921 | 25.7099: ’(Hl
542 | 203764 | 23.2808935 602 | 562404 | 24.5356333 || 662 [ 435244 | 25.7203607 |
543 | 294849 | 23.3023604 603 | 363609 | 24.5560533 i 663 | 439569 | 25.7487864
H44 995936 | 23.323%076 604 364316 | 24.5764115 664 440306 | 25.7631975
545 | 207025 | 23.3452351 || 605 ‘)ti(iv’»") I 24.5967478 : 665 | 25.7875059 |
546 292116 | 23.3666429 || 606 367236 | 24.6170673 || 666 k5% f-l.’».w;‘.)?:.s:
547 209209 | 23.3880311 || 607 303444 ;’l.li:i?:m)u | 667 4“*") | 25.8263431 ;
548 | 300304 |23.4093998 || 603 | 369664 | 24.6576560 || 668 | 446224 ">r~4 56960 |
549 | 301401 | 23.4307490 || 609 | 370381 | 24.6779254 | 669 | 447561 | 25.2650343 |
550 | 302500 .'34 20728 610 | 372100 | 24.6931721 || 670 | 442900 | 258843582 |
551 303601 | 23.4733302 || 611 }T : 1)1 247184142 671 450241 | 25.9036677 ‘
502 304704 | 23.4946302 || 612 24.7336338 || 672 451584 | 25.92206283 |
553 | 305509 ‘2':.51 59520 || 613 24.758%365 || 673 | 452020 | 259422435 |
504 306916 | 23.: 'nx,, (| 614 247790234 || 674 454276 | 25.9615100 |}
555 | 303025 | 2 | 615 [ 24.7991935 675 | 455625 | 259807621 ||
556 | 300136 | 23. 616 | - 248193473 || 676 | 456976 | 26.0000000 |,
310249 | 23.¢ >Un~1 4 617 | 3 RA.830MRIT || 677 | 453020 | 6.0192237 !
311364 | 23.6220236 |} 618 | 3 [ 24.8506053 || 678 | 459684 | ’h(h 331 ||
312481 | 23.6431208 || 619 | 3 | 24.8797106 || 679 | 461041 | 1
313600 | 23.6643191 620 | 384400 1 24.8997992 || 620 wum ;-."s.n‘.u‘.w‘.u;;
561 | 314721 | R3.6854386 || 621 | 885641 | 249198716 || 651 L | 26.0759767 |
562 | 315344 | R3.7065392 || 622 | 886334 | 24.9300278 || 682 | 26.1151297 |
563 | 316969 | 23.7276210 || 623 :;>-1~3u | 24.9699679 || 633 | 466489 | 26.1342687 |
H64 318096 | 23.7426542 624 329376 | ’l 9700920 || 684 467856 | 26.1533837 |
565 319225 | 23.7697226 625 .,.mn-. ] 25.0000000 |1 6835 460225 | 26.1725047 |
566 320356 | 23.7807545 626 321870 | 25.0199920 1 66 470506 | 26.1916017 |
567 23.8117618 || 627 - | 687 | 471969 | 26.2106848 ||
563 23.8327506 || 623 ( 688 | 473344 | 26.2207541 |
569 23.8537209 || 629 5.0795724 689 | 474721 | 26.2483095 |
57 23.8746728 || 630 | 25:0008008 {| 690 { 476100 | 26.267=511 |
571 23.8056063 | 631 |25.1107134 || 691 | 477431 | 26.2865780 |
572 23.9165215 || 632 { 25,1396102 692 | 478864 | 26.3058029 |
573 :%-,'>::~.".v 23.9374184 || 633 | 400639 | 25.1594913 603 | 480249 | 26.3248932 |
574 | 320476 | 23.9582071 ‘ 634 | 401956 | 25.1793566 || 694 | 481636 | 26.: ]
575 | 330625 | 23.9791576 || 635 | 403225 [ 251992063 || 695 | 4830U5 | 26. ‘”"”'1
576 331776 | 24.0000000 ‘ 6536 404496 | 25.2190404 696 | 434416 | 26.3818119 |
577 332029 | 24.0205243 || 637 405769 | 25.23=5855%0 697 | 435800 | 26.4007576 |
578 | 334034 | 24.0416306 || 633 | 407044 | 25.2536619 || 693 | 487204 | 26.4196806 |
579 | 335241 | 24.0624183 639 | 408321 | 25.2784493 699 | 488601 | ‘
580 | 336400 | 24.0831291 640 | 409600 | 25.2082213 || 700 | 490000 | 26.457% |
=l 337561 | 24.1039416 611 410831 | 25.3179778 || 701 | 491401 | 26.4764046 |
oB82 338724 | 24.1246762 642 412164 | 25.3377189 || 702 | 492204 ’ 26.4952826 |
583 | 339889 | 24.1453929 643 | 413449 ) 25.3574447 || 703 | 494209 | 26.5141472 |
H84 341056 | 24.1660919 || 644 414736 | 20.37715561 || 704 | 495616 | 26.5320083 |
535 | 349925 | 24.1867732 || 645 | 416025 | 25.306%502 || 705 | 497025 | 26.5518361 |
596 | 343396 | 24.2074369 646 | 417316 | 25.4.65301 06 | 493436 | 26.5706605 |
587 344569 | 24,2280829 647 418609 | 25.4361947 ' 707 | 499819 | 26.5894716
588 345744 | 24.2457113 643 419904 | 25.455=441 || 708 | 501264 i-‘ti(;n- 2694
589 346921 | 24.2693222 649 421201 _’-:»..17.'»1%1 709 | 502681 | 26.6270539
590 | 348100 | 24.2809156 || 650 | 422500 | 25.495097G || 710 | 504100 | 26.6458252
591 | 349281 | 24.3104916 651 | 423801 | 25.5147016 || 711 | 505521 | 26.6645533
092 350464 | 24.3310501 652 425104 | 255342807 712 1 H506044 | 26.683328]
H93 351649 | 24.3515913 653 426409 5.553%3647 713 i 08369 | 26.7020598
594 352858 | 24.3721152 654 427716 | 255734237 || 714 | H09796 | 26.7207734
595 354025 | 24.3926213 655 420025 | 25.5920678 {1 715 ' 511225 | v, 7304839 |
H96 355216 | 24.4131112 656 430336 | 2 (I 716 | HI265” <6.758176¢3
597 | 356400 | 24.4335834 657 | 431649 | 25.6320112 || 717 | 514089 | 26.77685H7
598 307604 | 24.4540385 658 432964 | 25.6515107 || 718 { 515624 | 26.7955220
599 308801 | 24.4744765 659 434281 | 25.6700953 719 516961 | 26.8141754
600 360000 | 244948974 660 25.6004652 720 ’ 518400 |
|

26.8328157 "
! |




6 TABLE OF SQUARES, SQUARE ROOTS 3

No. | Square. | Sqre.root. || No. | Square. | Sqre. root. || No. | S8quare. | Sqre.root.

721 519841 | 26.8514442 781 609961 | 27.9463772 841 707281 | 29.0000000
722 521284 | 26.8700577 782 611524 | 27.96426:29 842 703064 | 29.0172363
723 522729 | 26.8886593 783 613089 | 27.9821372 843 | 710649 | 20.0344623
724 524176 | 26.9072451 734 28.0000000 244 | 712336 | 29.0516781
725 HRO625 | 26.9258240 7= 28.0178515 || 845 | 714025 | 29.0688837
726 H27076 | 26.9443=72 786 617796 | 22.0356915 846 715716 | 29.0860791
727 528529 | 26.9629375 87 619369 | 28.0535203 847 717409 | 29.1032644

728 520084 | 26.9814751 788 620044 | 230713377 845 719104 | 29.1204396
729 531441 | 27.0000000 789 622521 | 8.0~ 1433 | 720201 | 29.1376046
730 532900 | 27.0185122 790 624100 | 28.1009326 850 722500 | 29.1547595
731 534361 | 27.0370117 791 625681 | 28,1247222 851 724201 | 20.1719043
732 535824 | 7.05549=5 792 627624 | 28.1424946 852 725904 | 29.1890390

v 8
—
.

733 537289 | R7.0730727 793 623349 | 281602557 || 853 727609 | 29.2061637
734 533756 | 27.0924344 794 630436 | 23.1780056 || =54 720316 | 29.2232784
735 54025 | 27.1108=34 795 632025 | 23.1957444 || 855 731025 | 29.2403830
i 736 541696 | 27.1203199 796 633616 | 23.2134720 856 732736 | 29.257..777
: 737 543169 | 27.1477439 797 635209 | 28.2311884 857 731449 | 29.2745623

738 544644 | 27.1661554 798 636804 } 28.2488033 858 736164 | 29.2916370
739 546121 | 27.1845544 799 632401 | 23.2661=51 859 737881 | 20.3037018
740 547600 | 27.2029410 800 640000 | 28.2842712 860 739600 | 29.3257566
i 741 545081 | 27.2213152 801 641601 | 28.30190434 861 741321 | 29.3428015
742 500564 | 27.2396769 802 643204 | 28.3196045 743044 | 29.3598365
743 552049 | 27.2580263 803 644209 | 23.3372546 863 744769 | 29.3764616
744 553536 | 27.2763634 804 646416 | 23.3548038 864 746496 | 29.3938769
745 555025 | 27.2946381 =205 648025 | 28.372621° 865 748225 | 29.4108823
746 566516 | 27.3130006 806 649635 | 28.3901391 866 749956 | 29.4278779
747 958009 | 27.3313007 807 651249 | 28.4077454 867 751689 | 29,£448637

s
(<)
~

748 95U504 | 27.3495887 803 652564 | 2R.425340% 868 753424 | 29.4618397
749 561001 | 27.3673644 209 654481 | 28.4420253 869 755161 | 29.4783059
750 562500 | 27.3861279 810 656100 | 28.4604989 870 756900 | 29.4957624

751 564001 | 27.4043792 811 657721 | 28.4780617 71 758641 | 29.5127091
752 565504 | 27.4226184 812 659344 | 25.4956137 872 760334 | 29.5206461
753 567009 | 27.4408455 813 660969 | 28.5131549 73 762120 | 29.5465734
754 568516 | 27.4590604 314 662596 | 28.5306852 874 763876 | 29.5634910
755 70025 | 27.4772633 815 664225 | 23.5482048 75 765625 | 29.5803989

-

-

750 71536 | 27.4954542 316 665356 | 28.5657137 76 767376 | 29.5972072
757 573049 | 27.5136330 817 667489 | 28.5832119 877 769129 | 20.6141858
758 574564 | R7.531799% 818 669124 | 28.6006993 87 770884 | 29.6310648

759 576031 | 27.5499546 219 670761 | 28.6181760 879 772641 | 29.6479342
760 77600 | 27.5620975 820 672400 | 28.6356421 880 774400 | 29.6647939
761 579121 | 27.6862234 821 674041 | 28.6530976 881 776161 | 29.6816442

762 520644 i 27.6043475 822 675684 | 28.6705424 882 777924 | 29.6984848 y
763 HE2169 | 27.6224546 823 677329 | 22.6879766 833 770689 | 20.7153159
764 5R3696 | 27.6405499 824 678976 | 28.7054002 854 781456 | 29.7321375 R
765 o8H225 [ 27.6586334 825 680625 | 2R.7228130 RBRH 783225 | 20.7488496 g
766 HEHTHO | 7.6767050 826 632276 | 28.7402157 886 784996 | 29.7657521

767 HRRURY | 27.6947648 827 633929 | 28.7507677 887 786769 | 20.7825452

768 80824 | 27.7128129 K23 | 68HHR4 | 28.7749501 888 T8EH44 | 29.7993289
769 HO1361 | 27.7308492 829 687241 | 28.7923601 889 790321 | 29.8161030

770 HE2900 ‘ Q7.T4R8RT39 830 633900 | 28.2097206 890 792100 | 29.8328678
771 HY4441 | 27.7668=68 =31 690561 | 28.8270706 801 793881 | 29.8496231
772 H959=4 }t.’?.?:‘m»so | 832 692224 | 2R.8444192 B892 795664 | 29.8663690
773 dV7H29 | 7.8020775 833 GO3RRY | 282617394 =93 797449 | 29.8831056 i
774 DYV0TH [ 278208555 834 695556 | 28.8790552 894 799236 | 29,2008328 !
103 600625 | 27.83=3=21% &35 697225 | 28.8963666 845 801025 | 29.9165506
776 602176 | 27.8567766 236 6983296 | 28.9136646 =Y6 B02R16 | 20.9332591

77 603729 | 27.8747197 837 700569 | 28.9300523 897 804609 | 29.9499583
773 605284 | 27.8926514 838 702244 | 28.9482207 898 806404 | 29.9666481
779 606841 | 27.9105715 839 703921 | 28.9654967 899 BOB201 | 29.9833687
780 602400 | 27.9284801 840 705600 | 28.9827535 900 810000 | 30.0000000
|




\quare. | Sqre. root.
707281 | 29.0000000
703964 | 29.0172363
7 MM‘) 20.0344623

12336 | 29.0516781
[ ] 1025 | 29.0688837
715716 | 29.0860791
717409 | 29.1032644
710104 | 29.1204396
720501 | 29.1376046
722500 | 29.1547595
724201 | 20.1719043
725904 | 29.1890390
727600 | 29.2061637

729316
731025
732736
731449
736164
737881
739600
741321
743044
744769
746496
748225
749956
751689
753424
755161
{56900
758641
760334
762129
763876
] 65625
767376
;69129
/70884
772641
774400
/76161

177924
779689
;81456
83225
; 24996
;36769
/28544

790321

/92100
;03881

/95664

(07449
P 09236
01025
02R16
204609
306404

08201

310000

29,2232784
29.2403830
29.257 4777
20.2745623
29.2916370
20.3037018
29.3257566
29.3428015
29.3598365
29.3764616
20.3938769
29.4108323
29.427877¢
29, £448637
29.4618397
29.4783059
20.4957624
29.5127091
29.5206461
20.5465734
29.5634910
29.5803989
29.5972972
20.6141858
20.6310648
29.6479342
29.6647939
29.6816442
29.6934848
29.7153159
29.7321375
20.7488496
29.7657521
20,7825452
29.7993289
29.8161030
29.8328678
29.8496231
298663690
29.8=231056
29,8908328
29.9165506
20.9332591
29.9499583
29.9666481
29.9833687
30.0000000

OF NUMBERS FRoM 1 To 1600.

|

No. | Square. | Sqre.root. || No. | Square. Sqre.root. | No. | Square. | Sgre.root.
901 811801 | 30.0166621 961 923521 | 31.0000000 || 1021 | 1042441 3 1 .9;'339‘:)0(.3
902 813604 | 30.0333148 9672 925444 | 31.0161243 ‘ 1022 lQJJj& :51.'.00‘5..-;4,
903 815409 | 30.0499554 963 927369 | 31.0322413 || 1023 1()4()3‘:’9_ :{1 9843712
904 817216 | 30.0665923 964 920206 | 31.0483494 || 1024 | 1 Uf&f“,) ﬁ‘.’.()Up({()Hu
905 219025 | 30.0832179 965 931225 | 31.0644491 1025 11‘!;30()::’;) 32. (’1;»9‘.‘12
906 820836 | 30.09953:59 966 933156 | 31.0205405 || 1026 10._126:6 3'.’.0312341:'
907 822649 | 30.1164407 967 935089 | 31.0966236 || 1027 105_){729 32. umcuu
9us 824464 | 30.1330583 968 37024 | 31.11269=4 || 1023 | 10;_)0784 32.0624391
909 92681 | 30.1496269 969 955961 | 31.1287648 || 1020 | 105=341 :i 2.078029%
910 828100 | 30.1662063 970 940900 | 31.1448230 || 1030 | 1060900 .:2.09:{63131
911 58209021 | 30.1827765 971 942841 | 31.1608729 || 1031 | 1069 61 | 32.1091877
D) 831744 | 30.1993377 972 944784 | 31.1769145 || 1032 | 1065024 | 32.1247568
913 8 % % )()9 30.2158299 973 946729 | 31.1929479 || 1033 | 1067089 | 32.1403173
914 30.2324329 974 942676 | 31.2089731 1034 | 1069156 | 32.1553704
915 5 | 30.2489669 B 950625 | 31.2249900 || 1035 | 1071225 | 32.1714159
916 :-‘ 5'00 56 | 30.2654919 976 952576 | 31.24009%7 1036 | 1073296 | 32.1869539
917 840829 | 30.2320079 977 954529 | 31.2569992 || 1037 | 1075369 | 32.2024844
918 §2724 | 30.2085148 973 956424 | 31.2729915 || 1038 | 1077444 | 32.2120074
919 844561 | 30.3150128 979 958441 | 31.2889757 || 1039 | 1079521 | 32.2335229
920 846400 | 30.3315018 950 960400 | 31.3019517 || 1040 | 1081600 | 32.2490310
991 | =4s241 [ 20.3479818 || 981 | 96u361 | 31.2209195 | 1041 | 1083681 | 32.2645316
922 850084 | 30.:3644529 982 | 964324 | 31.3365792 || 1042 | 1035764 | 32.22800248
923 851929 | 30.3309151 983 966229 | 31.37 =308 || 1043 | 1087349 | 32.2955105
24 873776 | 30.3973683 984 968256 | 31.36~7743 || 1044 | 1089836 | 32.3109=83
925 855625 | 30.4138127 985 970225 | 31.3=47097 || 1045 | 1092025 | 32.3264598
926 857476 | $0.43024%1 926 972196 | 31.4006369 || 1046 | 1094116 32 .)419 233
927 859329 | 30.4466747 987 974169 | 31.4165561 1047 | 1096209 | 32.3573794
923 861184 | 30.4630924 928 976144 | 31.4324673 || 1048 | 1093304 | 32.3728281
929 R6:041 | 30.4795013 989 978121 | 31.4483704 1049 | 1100401 | 32.3382695
930 864900 | 30.4958014 990 980100 | 31.4612654 || 1050 | 1102500 | 32.4037035
931 866761 | 30.5122926 991 9820R1 | 31.4901525 || 1051 | 1104601 | 32.4191301
932 862624 | 30.523675) 992 O=4064 | 31.4960315 || 1052 | 1106704 | 32.4345495
933 R704=9 | 30.54.0487 993 926049 | 31. oll‘)(),”) 11053 | 1108209 | 32.4499615
934 872356 | 30.5614136 994 988036 | 31.5277655 || 1054 | 1110916 | 32.4653662
935 874225 | 30.5777697 955 990025 .il..A 362006 || 1055 | 1113025 | 32.4207635
936 {76006 | 30.5941171 996 902016 | 31.5594577 || 1056 | 1115136 | 32.4961536
937 77969 | 30.61045567 w97 994009 | 3L.57H5306= || 1057 1 1117249 | 32.5115364
933 879244 | 30.6267=56 998 996004 | 31.5911320 | 1058 | 1119364 | 32.5269119
939 | 881721 | 30.6431069 || 999 | 1998001 | 31.6059613 | 1059 | 1121451 | 32.5422802
0940 | 833600 | 30.6594194 || 1000 | 1000000 1060 | 1123600 | 32.5576412
941 885481 | 30.67H57233 || 1001 1 1000201 ¢ 1061 | 1125721 | 32.5729949
942 | 8R7364 | 30.6920185 || 1002 | 1004004 | 31.6: S13=36 | 1062 | 1127244 | 32.5883415
943 889249 | 30.7083051 || 1003 | 1006009 | 31.6701752 | 1063 | 1129969 | 32.6036807
944 | 291136 | 30.7245530 || 1004 | 100~016 | 3160000 | 1064 | 1132006 32.6190129
045 | 893025 | 30.7408523 || 1005 | 1010025 | 31.7017319 | 1065 34225 | 32.6343377
946 294916 | 307571130 || 1006 | 1010036 | 31.7175030 | 1066 . 32.6496554
917 RO6R08 | 30.7733651 || 1007 | 1014049 | 31.7332633 | 1067 | 1L >84H‘) 32.6649659
04=3 | 292704 | 30.7806086 || 1008 | 1016064 | 31.7490157 | 1068 | 1140624 | 32.6202693
919 | 900601 | 30.2053436 || 1009 | 1018081 | 31.76147603 || 1069 | 1142761 | 32.6955654
950 | 902500 | 30.8220700 {| 1010 | 1020100 | 31.704972 | 1070 | 1144900 | 32.7108544

951 904401 | 30.8332879 || 1011 | 1020121 | 31.7962262 | 1071 | 1147041 | 32.7261363
952 | 906304 | 30.8544972 || 1012 | 1024144 | BLEIIOTY | 1072 | 1149184 | 32.7414111
953 908209 | 30.8706981 1013 1 1026169 | 31.8276600 1073 | 1151329 | 32.7566737
954 910116 | 30.8%62004 || 1014 | 1028196 | 31.8433666 | 1074 | 1153476 | 32.7719392
955 912025 | 30.9030743 || 1015 | 1030225 | 318590646 | 1075 | 1155625 | 32.7871926
956 913936 | 30.9192477 1016 | 1032256 | 31.87475149 1076 | 1157776 | 32.8024398
957 915849 | 30.9354166 || 1017 | 1034289 | 31.8904374 || 1077 | 1159929 | 32.8172782
958 | 917761 | 30.9515751 || 1018 | 1036324 | 31.9061123 || 1078 | 1162084 | 32.8329103
959 | 9196831 | 50.9677251 || 1019 | 1038361 | 31.9217794 || 1079 | 1164241 | 32.8481354
960 21600 | 30.9838668 || 1020 | 1040400 1080 | 1166400 | 32.8633535

31.9374388 i




TABLE OF SQUARES, SQUARE ROOTS

Ne¢. | Square. | Sqre. root. || No. | Square. | Sqre. root. . | Square. | Sqre. root.

1081 | 1168561 | 32.8785644 4 1301881 | 33.7726915 || 1% 1442401 | 34.6554469
1082 | 1170724 | 32.89376=4 2 | 1304614 | 33.7934905 || 1202 | 1444204 | 34.66983716
1083 | 11722339 | 32.9080653 43 | 1306449 | 33.8082330 (| 1203 | 1447209 | 34.6842904
1084 | 1175056 | 32.9241553 y 1308736 | 33.8230691 2 1449616 | 34.6987031
1085 | 1177225 | 32.9393352 5 1311025 | 33.5375426 || 1205 | 1452025 | 34.7131099
1026 | 1179396 | 32.9545141 3 | 1313316 2 526218 206 | 1454436 | 34.7275107
1087 | 1121569 | 32.9696=:30 47 | 1315609 hb‘§ﬁ~4 ; 1456349 | 34.7419055
1028 | 1123744 | 32.92483450 48 | 1317904 33.88214&7 2083 | 1459264 | 34.7562944
1089 | 1185921 | 33.0000000 4¢ 3202 33.8069025 209 | 1461681 | 34.7706773
1090 | 1182100 | 33.0151480 | 5 :;;: 33.9116499 || 12 1464100 | 34.7850543
1091 | 1190231 | 33.0302201 |/ /115 33.9263909 || 1 1466521 | 34.7994253
1092 | 1192464 | 33.0454233 52 | 131 04 | 33.9411255 212 | 1468944 | 34.8137904
1093 | 1191649 | 330605505 e 329409 | 33.9558537 || 1¢ 1471369 | 34.8281495
1094 | 119636 | 33.0756708 Y 331716 | 33.9705755 $ 1473796 | 34. -4’)0’8
1095 | 1199025 330007542 | % 334025 | 33.9%52910 215 | 1476225 | 34.8568501
1096 | 1201216 | 1052907 | 56 | 13363 5 | 34.0000000 216 | 1478656 il.H41191;
1097 | 1203409 1200903 || 1157 34.0147027 ; 1481039 | 34.8855271
1093 | 1205604 | 33.1360=30 | 5% 34.0203990 || 1218 | 1483524 | 34.299=567
1099 | 1207=01 | 1511689 | ¢ 34.0440290 |1 12 1485961 | 34.9141805
1100 | 1210000 1662479 | ) 34.0587727 22 1488400 | 34.9281984
1101 | 1212201 1813200 j :- 921 | 34.0734501 22 1490241 | 34.94289=4
1102 | 1214404 | 33.1963~53 | 2 | 1350244 | 34.08%1211 292 | 1493284 | 34.9428104
1103 | 1216609 2114438 | 33 352569 | 34.1027358 1495729 | 34.9571166
1104 | 1212316 2266955 34 | 1354806 | 34.1174442 1498176 | 34.9714169
1105 | 1221025 2415403 | 35 | 1357225 | 34.1320963 1500625 | 34.9857114
1106 2565733 36 | 1359556 | 34.1167422 1503076 | $5.0000000
1107 | 1225449 | 33.2716005 37 | 1361229 | 34.1613817 1505529 | 35.0142828
1103 | 1227604 2266339 168 | 1364224 | 34.1760150 1507984 | 35.02=25598
1109 | 1220=21 3016616 39 | 1366561 | 34.1906420 1510441 | 35.0428300
1110 | 1232100 3166625 || 1170 | 1363900 | 34.2052627 1512000 | 35.0570963
1111 ‘ 1371241 | 34.2293773 1515361 | 35.0713558
1112 .Sthhtlﬂ‘ 72 | 13735584 | 34.2344855 151,‘:4 35.0=56096
1113 3616516 73] 1575929 | 34.2490875 350098575
1114 376635 | 74 | 1378276 | 34 2636834 ':.114000‘
1115 3916157 | 5| 1320625 | 34.2782730 35.1%
1116 1065262 || 1176 | 1332076 | 34.2928564
1117 1215499 || 1325329 | 34. 10,4,46
1113 4365070 1 1178 | 1387684 !
1119 1514573 0 | 1390041 . 35.1852242
1120 3.4664011 || 112 1392400 . hnmu:inMH
1121 | 1256641 19133<1 1| 1394761 1 34.3656R05 1| 12 1540081 | 35.2136337
1122 | 125588~4 4962634 221397124 24 3202268 242 | 1542564 | 35.2278209
1123 | 1261129 SITIS2L | 1183 1390489 | 84.3947670 || 1243 | 1545049 | 35.2420204
1124 | 1263376 5261092 1= 1401856 | 34. 400;011 : 1547536 | 35.2561501
1125 | 1265625 5410196 5| 1404225 | 34. ot 245 | 1550025 | 33.2703842
1126 | 1267870 | 33.55592:34 =6 | 1406596 X 2465 | 1552516 B455TH
1127 | 1270129 5703206 27 | 140=969 34 4598663 || 1f 1555009 .»937952
1128 | 1272324 | 235857112 83| 1411344 | 34.4673759 || 1243 | 1557509 3128872
1129 | 1274641 20005052 =9 | 1413721 | 34.4818793 246 | 1550001 ;.‘3-370435
1130 | 1276900 6154726 | 0 1416100 | 34.4963766 || 125 1562500 3411641
1131 | 1279161 630234334 ¢ 1418481 | 34.5108678 || 125 1565001 3553391
1132 | 1231424 | 33.6452077 02 | 1420864 | 34.5253530 || 1252 | 1567504 .36947%4
1133 | 12=36=0 6600653 93 | 1423249 | 34.5398321 253 | 1570009 | 35.3836120
1134 | 1235056 6749165 ¢ 1425636 | 34.5543051 254 | 1572516 3077400
1135 | 12=3225 | 33.6=97610 05 | 1428025 | 34.5687720 || 1255 | 157502 | 35.4118624 |
1136 | 1290496 | 33.7045991 06 | 1430416 | 34.5832329 56 | 1577536 3) 49250792 |
1137 | 1202769 7194306 097 | 1432809 | 34.5976379 £ 1580049 | 35.4400963 |
1133 | 1205044 1435204 | 34.6121366 1582564 35.4541959
1139 | 1207321 1437601 | 34,6265794 5 1535081 | 35.4682057 |
1140 | 1299600 1440000 | 34.6410162 || 1260 [ 1587600 | 35.4823900 |

|
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OF NUMBERS FROM 1 To 1600

|

!
S Btacites o No. | Square. | Sqre. root. No. | Square. | Sqre. root. | No. | Square. | Sqre.root,
;i?nlt ;12(;;1;??, 1261 | 1590121 | 35. ,mmw 321 | 1745041 | 36.3455637 || 1351 | 1907161 | 37.1618084
7200 | 34.6842004 1262 | 1592644 | 3. J2 | 1747654 | 36.3503170 | 1382 1909924 :‘:.lm‘ZbUb
'JFm 34.6987031 1263 | 1595166 | 3 3 | 1750029 | 36.3730670 || 13%3 | 1912659 | 37.1887079
‘;(;-)5 2;4'7‘1:;“):.)(; 1264 | 1597696 | 3 324 :;ti.:iw;;l()# I 1~_4 191547,1.; 5;2.20?1505
1436 | 34.7275107 1265 | 1600225 | 35.: 395 361005404 | 1355 | 191%225 | 372155881
249 | 34.7119055 1966 | 1602756 | 35.5%0=037 || 1326 | 175 B4 1428 || 1356 | 1920096 | 37.2290200
)264 :§4'7’;6:’<M4 1267 | 1605289 | 35.5¢ 327 | 1760929 313.4;"-“911-3‘ 137 | 1923769 :¥1.2-__';_g4459
1621 | 34.770677 Lo | 1607524 | 356050576 || 1328 | 176354 | 364417343 || 1383 | 1926544 | 37.2558720
1100 34.7850543 1269 | 1610361 | 35.6230262 || 1329 | 1766241 | 36.4554523 || 1320 | 1920321 37.2692003
3021 :;4.79'94:)35 1270 | 1612000 | 35.6370503 330 | 1762000 | 36.4691650 || 1390 19:;-_:1.)0 :;2'2527037
.z't);l :‘4'8].;7(;'()4 1271 | 1615441 | 35.6510=69 331 | 1771561 | 36 [| 139 li’.{‘lf.ﬁ.‘l :51,2961124
1369 | 34.8281495 Loss | 1617924 | 35.6651000 || 1332 | 1774224 | 36.4965752 || 1392 | 1937664 | 373095162
3706 | 34 249508 1273 | 1620520 | 356791255 || 1333 | 1776220 | 36.5102725 || 1503 | 1940419 | 37.3220152
295 | 31.8568501 1074 | 1623076 | 55.6031366 || 1334 | 1779556 | 36.5230647 || 1304 | 1043236 | 37.3363094
;7'-:}3 :;4';;'11‘31,— I 1275 | 1625625 | 357071420 || 1335 | 1782225 | 36.5876548 || 1305 | 1946025 | 37.3406933
IJ'L; 34 8856971 | 1976 | 1628176 | 35.7211422 || 1336 | 17824506 | 36.55133%% || 1306 | 1948216 | 37.3630834
%'):;‘4 :}4-:«5;):»’;(’;7 1277 | 1630729 | 35.7351567 337 13-7.31‘.'.) 36.562.0106 || 1397 | 1951609 3*1.3764632
5961 | 34.9141805 1oog | 163305d | 95.7401958 || 1338 | 1790244 | 36.5786%23 || 1398 | 1954404 | 37.3808382
::HN) :H.Q"Sldﬂjt 1279 | 1635841 | 35.7631095 339 | 1792921 )t) 59234=9 || 1399 19'37391 37.4032084
141 | 34.94289%4 1250 | 1639100 | 35.7770%76 || 1340 | 1792600 | 36.6060104 || 1400 | 1960000 | 37.4165738
"949810 1281 | 1640061 | 35.7910603 || 13 17082=1 | 36.6106662 || 1401 | 1962801 | 37.4299345

3284 | 34.9428104
3729 | 34.9571166
3176 | 34.9714169
1625 | 34.9857114
3076 | 35.0000000
1529 | 35.0142828 5

984 | 895.0235598 B
441 | 35.0428309 A ;
2900 | 35.0570963

1200964 | 36.6333181 [ 1402 | 1965604 | 37.4432904
1202649 | 36.6169644 1403 | 1968409 | 37.4566416
1806336 | 36.6606056 |1 1404 | 1971216 | 37.46998=0
1200025 | 36.6742416 || 1405 | 1974025 | 37.4833296
IR11716 | 36.6378726 || 1406 | 1976236 | 37.4966665
1214409 | 36.7014986 || 1407 | 1979649 | 37.5099987
1217104 | 36.7151195 || 1408 | 1982464 | 37.5223261
121901 | 36.7287353 || 1409 | 1935281 | 37.5366487
0 | 1522500 | 36.7423461 || 1410 | 1958100 | 37.5499667

1283 | 1646089 | 35.8 |~<)-'u
1234 1642656 | 30.532045 1Y
1285 | 1651225 | 35.8463066
1286 | 1653796 | 3¢ :.z-bUcl 21
1227 | 1656369 | 358747322
1288 | 1658044 | 35 8837169
1259 | 1661521 | 35.9026461
1200 | 1664100 | 359165699

U 20 (0 =

U =2

TS 2= N~1955 T
):?1 ::._)811-5-;:;? a0 1201 | 1666681 | 35.9304=%1 1825201 | 36.7559519 || 1411 | 1990921 | 37.5632799
ol g oy ‘ 1292 | 1669264 | 359444015 1227904 | 36.7695526 || 1412 | 1993744 | 37.5765855

::)HQ ng.’ “9983{,‘3 1203 | 1671249 | 35.9583092 | 1230609 | 36.78314=3 t 14135 | 1996569 | 37.5898622
06 -‘if—"%-l-i‘;f;:-i & 190g | 1674236 | 33.9722115 | 1414 | 1999396 | 37.6031913
ot | 35 1aonsam || B || 1205 | 1677025 | 359561084 1836025 | 36.2103246 || 1415 | 2002225 | 37.6164%57
696 | o 2 a=oobB (| SR || 1206 | 1679616 | 36.0000000

169 | 35.1567917
644 | 35.1710108
121 | 35.1852242
606 | 35.19942318
1081 | 35.2136337
1H64 | 35.2278209
2420204

1841449 | 36.8374=09 || 1417 | 2007829 | 37.6430604
3 1844164 | 36.8510515 || 1418 | 2010724 | 37.6563407
250 | 1846831 | 36.8646172 || 1419 | 2013561 | 57.6696164
360 , 1349600 | 36.8781778 1420 | 2016400 | 37.6328174
1852321 | 36.8017335 1| 1421 | 2019241 | 37.6961536
1362 | 1855044 | 36.9052842 1| 1422 | 2022084 | 37.7094153

1297 | 1622209 | 36.0132362
1298 | 1681204 | 36.0277671
1299 | 1687401 | 36.0116426
1300 | 1690000 | 36.0555128
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bl s ' 1306 | 1705636 | 36.1336220 || 1366 | 1865956 | 36.9594572 || 1426 | 2033476 | 37.7624152
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TABLE OF SQUARES, SQUARE ROOTS

Square.

Sqre. root.

No.

Square.

Sqre. root.

No.

Square.

Sqre. root.
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Sqre. root.
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AREAS OF CIRCLES. FROM # TO 150.

[Advancing by an Eighth.]

Area, Area, IDiam. Area. |/Diam.| Area. |/Diam.| Area.
- 3 ¢ s 90 3=0.1¢
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| g | wmen || 3¢ | o.6636 || 56| 15m02 || 5 | sonase |l 5 515,78 ||
B5g | 20739 || 37 | 47073 85 1 14=.489 3| 306355 | 3| 5769 |
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| .7 | 27611 || 8. 50.2656 || 14. | 153.938 || 20. BlL16 |26, g uotl
Lo | 31416 g | 512486 A4 | 156.699 Jg | BI1R.099 46 3.4«;(1)‘59 |
Ag | 3.5465 A7 | 53.4562 A7 1159.455 Ay | sewoss) g H4L19
17 | 3.976 37 | 55.0885 35 1 162,295 35| 826,051 | 3g| 546.356 {
%2 | T a0 13 | 56745 17 | 165.13 a5 330,064 4 047
34 | 4.4302 Jg | 96.7451 Ag | 165, 2% > 2 e
Ly | 4.9087 55 | 98.4264 5% | 167,989 ;8 .;:;4;}(_».1; S 3
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.5 110.3206 37 | 74.662 24 | 194.823 24 ;1 s s eal
34 111.0446 T4 | 76.5887 e | 197,933 N4 70.82 ! 7 .=2bT
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AREAS OF CIRCLES,

TABLE.—(Continued.)

| ] " | ‘
Area. Diam. | Arca. Diam.| Area. [(Diam.| Area. .| Area.
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AREAS OF CIRCLES.

TABLE—{Continued).—[Advancing by a Quarter and a half.]

| | 1 | 1 .
. | 1 . | . .
Area. ||Dinm.| Area. | Diam.| Area. |/Diam. ! Area. : Diim. | Area.

|
) |

7542.98 || 105 2650.03 || 1id. | 10207.06 [| 123, | 1183222 [ 139, | 15174.71
o |l . 200,32 | BARLESIR A4 1193067 | 131 15284.03
7o%1.51 | Js| 87417 | Jo | 10296.79 Ao 1 11979.2 || 140, | 15343.84
7600.8 | .3, sT=3.a3||  .3j| 103418 3| 66 | 150 15503.9%
7620.15 3. 8524.75 || 103%6.91 || 124. 2076.31 [[ 141, | 15614.53
7639.5 A4 BR66.43 || L4 10432,12 J40 12025.05 || 15 1579547
T6HR.=8 L5 8908.2 Ao 1045743 A5 12173.9 || 142, | 15536.3
767828 3| mu50.07 .37| 1052254 Gp| lweesd il gl 1504552
7697.71 f 8992.04 5. | 10568.34 [[125. | i2271.87 || 143, | 16060.54
7717.16 J41 9usdial || 14| 10613.94 Jg| 1237025 || 18] 16173.15
7736.63 Qo 9076.28 | o 10659.64 || 126, 2469.01 1. | 16286.05
7756.13 3 9niss3 |l .37 10705.44 11256817 || 15
7775.66 016091 || 117, | 10751.34 || 127, 2667.72 || 145. 7| 16513.03
7795.2 Azl 920337 {1 140 1079734 || 15| 12967.66 || 15] 1062741
TR14.78 b a0sds.d3 || 128 7| 12367.99 |1 146, 7| 16741.59
734,358 31 9u88.58 371 10=849,62 A5 196871 || 18] 16856.44
7854, 331,34 | 118, 1 10935.9 |1129. 7! 13069.84 ! . 116971.71
T993.32 J41 9374019 40 10932 1511317135 150 17087.36
7932.74 Al 9417.14 Jo| 11028.78 1] 130. | 13273.26 ) 7203.4
7972.21 371 9460, 19 37 11075.: 2411037055 || 340 17319.83
8011.87 || ; 9503.34 1112206 ({131, | 1347825 || 149. | 17436.67
B0HL.58 A0 9546.69 A0 111688 1| 13581.33 | 15 17553.89
8091.39 Lo 0589,03 | 1121571 ([ 1327 | 13684.81 |[150." | 17671.5
3131.3 371 9633.37 370 11262,69 || 15| 1373267 180 17789.51
8171.3 : Y676.91 11309.76 || 13377 | 13992.94 |
8211.41 A7 970,73 | 401135693 || 15| 13997.54 |
8251.61 iy, 976429 51 11404.2 |[134. 7| 14102.64 |
5291.91 3E0 980,12 370 11451.57 A5 | 14208.07
8332.31 2, 952,06 (| 121.° | 11499.04 [/ 135, | 14313.91
8372.81 40 9896.09 40 11546.61 Ag | 14420.14
8113.4 dal 994022 || .1g] 11594.27 (| 136. 1526.76
8464.09 37D 998445 | 371 11642.09 || 15| 14633.76
8494.89 | 113. RB.77 |[122. 7] 11639.89 || 137, 17
8535.78 A J4011737.85 | L5] 1434596
®576.77 gl 10117.72 | Jg) 1178595 [1138. 7' 14957.16
8617.25 34| 11834.06 .}.;.'] 15065.73
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To Compute the Area of a Diameter greater than any in the preceding Table,

RuLe —Divide the dimension by two, three, four, etc., if practicable to do so. until 1t is reduced
to a diameter to be found in the table.

Take the tabular area for the diameter, multiply it by the square of the diviser, and the product
will give the area required.

ExamprLe.—What is the area for a diameter of 1050 ?

1050=-7=150 ; tab. area, 150=17671.5, which X 72=865903.5, area required.

To Compute the Area of an Integer and a Fraction not given in the Table.

Rute —Double, treble, or quadruple the dimension given, until the fraction is increased to a
whole number, or to one of those in the table, as §, }, etc., provided it1s practicable tc do so.
T :ke the area for this diameter ; and if it is double of that for which the area is required, take one
fourth of 1t ; if treble, take one 9th. of it and if quadruple, tak: one sixteenth of it, etc., ete.
ExampLe —Required the area for a circle of 2. 3. inches.
2. % X2=43, area for which =15.0331, which =~ 4 = 3,758 ins.




half]

Dinm.| Area. [

— e |
139. | 15174.71 |

Lgl1aesd.0s |
140. | 1530384 |

A5 15503.95 |
141. | 15614.53 |
[ 14 1579547
142, 7] 15536.3
| 1] 15948.52
(143, | 16060.54
1 5| 16173.15
144, | 1625605 |
1 5| 16:399.34
[ 145, | 16513.03
I JYa) 16627, L1
146. 7| 1674159
X 16556.44
147. 1 16971.71
15 17087.36
17203.4

15 17319.83
149, 7 17436.67

18 17553.89
150. 17671.5

14 17789.51

5. until 1t is reduced

ser, and the product

1 in the Table.

m is increased to a
:able te do so.
is required, take one
of it, ete., ete.

TABLXE II.

b.
CIRCUMFERENCES OF CIRCLES, FROM ¢ TO 150

[Advancing by an Eighth.]

[ 1 A R, :
Diam. | Circum.  |Diam. | Circum. \Diam. | Circum. i'Dw.m. Circum. ||Diam, | Circum.
] |
% e e g 20,2656 9.1152
04909 || 4. 125664 [| 10. | 31.416 ||/ 16. | 50.2656 || 22. | 69.115
7 ool B TS Bt ¥ B A 14| 50.6583 || 3¢ | 69.5079
de | coostz | g8 | ROl N 3| SOOI 48| Blost || (32| ev.vu66
. Y 3301 4 e 7 3 s ror ' 70.29:
h J9635 || 34 | 187445 34| 325941 %/g >::4“:; -;/g ;8'5333
. do | 1eae || 1| a2omes || W1g | AL 28| 79
¢ | 89 52 | 145209 5¢ | 33 veos || g | soemot Il & | nomt
3 20 : 37 5 | 2. ety
& | .89 T A o T é g
R 2% | 15,3153 %% | 31.1649 g | 930140 il B Wt
1 1854 5 " | 15508 [ 114/8 315576 | 17. 53 4072 || 23. Z‘-’-ﬁ-;g?
fo | 9805 || g | lidor || g saess || g g é i
s 10 | 164034 || 17| 35.34 J4 | 640192 . 3.04
7 74 P 4
] L1781 9‘/; 16.=561 }2 35.735 g | 54.5853 % 134.{_'?’
& | 137 || 28 | 172788 1| 36.128 A5 | 54978 2 | T3.827
il cres 5% | 1eiin || (5| 3652 3| 95707 || 26| 742303
3 1.5708 37| 180682 37| 6. B :).')79{4 < 1-38(1)_)7
% | Lawoms || % | 1mdsey || % | s 15% 3?-130; os % 2o ned
RER 5 18.8496 . 37.6992 g H56.04% 4. 49
§ | LY h.lg 15,2423 : g 52 0919 25| 56.9415 11 18 15"9.:1*13
| 215985 ) 17 | 19.635 7| asasee || g | 573342 || 14| 76.1838
16 24 e b3 it 37 | 5% 2969 34| 76.5765
2.3562 25 | R0.0277 35 | 338073 A e ‘121 76.9692
i | 2302 25 | 20.4204 28| 39.07 e Y Bryd W S o
| 4§ | 255255 || .5¢ | 208131 || .54 29.6627 35 | 5R.H123 [T
griipeis 2o 35 | 212058 37| 40.0554 24 | BR.905 ‘A 261473
| s 7 | 2100 75 | 40.4481 g | 99.2077 11 03 ‘g',_‘;
15 | 294525 || 5 212 |13 | 40.8000 (|19, | 59.6%01 || 2. | 785
31416 16 | 223830 || 3| a1oa35 || g | 60.03L | 36| 7B.932
1. NEN 8 22,383 78 78 O 79,3254
Jg | o33 || 37 | 205766 || 3| dLuse || 3| 60,4758 %} iager o
A4 | 390 34 | 23.1083 35 | 420189 35 | 60.86%5 ‘2| so0.1102
32 | 4.319; g | 23562 $5 | 424116 || g | 612612 || g | BO.LEE
17 712 52 | 23.9547 521 42,2043 55| 61.6539 .25 | 80.5U35
3 74 .71 23.9547 /8 78 5 ORD
5 | 5001 5/: 24.3174 34 43197 23 | 62.0466 'f',/} d‘l"fggg
37 | 5497 Zg | 2uT0n || 75| 435807 || g | 624398 || Tg 51'8516
25 | o005 || 8 2.1328 || 147 | 43924 || 20 | 6usi2 | 26, | ELESIE
9 6,981 3 | 25255 || 36| 43751 || Ag | 62T || g 82 ot
g | 6.6759 A1 259182 A4 | 44.7678 1| 63.6174 ;}é gﬁ's-‘)‘lﬂ
A7 | 7.0686 34 | 263109 || 35| 451605 || 35| 64.0101 || g | 828597
34 | 7.4613 A5 | 26,7036 15| 45.5532 Yo | 64.4028 ‘2| 36451
A5 | 7.854 55 | 270063 || 56| 4n.a50 || 55| 647955 || .Jg | 83.640
57 | =267 3, o Z | 46.33%6 37| 651872 S A d-’l.O.W?
3% 2167 32 | 27.489 74 B 77| 84.4305
| sewva || Bg | viesty || Jg| 467313 )| 75| 650809 | .05 | SERG
T | 9ot || 97 | useidt |15 | 47028 (|20 | 650736 ) 7. 3:'37:'9
S| 9dud || g | 986671 || 36| 47.5167 || A6 | 66.3063 ) 36 | EDELEY
J6 | oS 17 | 20.059% || 15| 47.9004 || .17 | 66.759 24| 8608t
s | v.51 4 | 29.059 74 ¢ Bl 37| 86.0013
g4 110002 || 32 | 29iands || 3¢ asae2n || 3¢ | 670517 || 36| S0
32 10,6020 a5 | e || g | aveas || g | 67oae || g | 86394
48 [100056 || 3¢ | 30270 | 3¢ | 49.095 | 3¢ | 67.9371 ) 3¢ | B6.7B07
74 i I IRDT 37 | 30.6306 .34 |49 4=02 34 683208 8 A 84.—11. 4
3 (17w 75 | 316233 JG AR [ 36 WS L ol kW
JE 158




CIRCUMFERENCES OF CIRCLES.

TABLE.—(Continued.)

[ i |
" | , | = . - . .
Circum. ||Diam. | Ciccum. ||Diam. | Circum. |Diam.| Circum. .| Circum.
{l

B7.964% || 3 109,956 || 42 31.9. 19. 174,938 iR 175.93
838,307, 110319 39 154.331 176.322
87502 110.741 154,724 176.715
89.1429 11i.1:34 155.117 177.103
89.5356 111.527 155.509 177.5

89,9253 111.919 155.902 177.893
90.32) 112.312 156.295 178.286
90.7137 112.705 | 156.687 178.679
91.1064 || 36, 113.008 | 157 U8 179.071
91.4991 113.49 | 157.473 179.464
91,018 113.7~83 | 157.5865 179.857
92,2545 111276 158.258 150.249
92,6772 114.66% | 15%.651 180.642
93,0699 115.060 | 159.044 181.035
93.4626 115.454 159.436 181427
93.8503 11.,.346 | 159,523 131.82

94.248 37. 116239 | 160.222 || 88. 1=2.213
94.6407 116.632 160.614 132.606
95.03334 L17.02 161.007 132,998
95.4261 117.417 161.4 153.301
95.8185 117.81 161.792 183.734
96,2115 11=.203 | 162,155 134.176
96,6042 118595 | 140.587 162 134.569
96.9969 11=.9%8 | 140.979 162, 184.962
97.:3896 || 119 3a1 || 45. | L1372 163,367 1%5.354
97.7523 119.771 | 141.765 163.756 155.747
98.17H 120.166 | 142,157 164. 1=6.14

985677 142.55 164.: 156,533
93.9604 142.943 164.9: 1%6.925
99,3531 14:3.336 165.3 1=7.318
99,7458 143,728 165.7 187,711
100,133 22.13 | 144.121 166 182,103
100.5312 || 3¢ 22528 ;. 144.514 || 3. 166.505 || 60. 1858.496
100.9239 | 144.906 166.898 183.58%9
101.3166 145.299 167.29 139.2<1
101.7003 145 692 167.6=3 189.674
102,102 146,084 168.076 190.067
102.4947 146.477 16R.468 190.46

102,8:74 146 =7 16~ 761 190.852
103.2801 147.263 | 169.254 191.245
103.673 147.655 169.646 # 191.53>
104.066 14=.01% 170.039 192.03

104.458 145,441 170.4:32 192,423
104.851 14%.833 170.325 192.816
105.244 149.226 171.217 193,208
105.636 149.619 171.61 193.601
106.029 150.011 172.003 193,994
106.422 ! 150,404 172.396 194,387
106.814 3 28,306 : 150.797 || 55. 172,758 .| 62. 194.77

107.207 151.19 173. 121 195.172
107.6 151.582 173.573 195.565
107.993 151.975 173.966 195.957
108.385 152,368 174.359 196.35

108.77¢ 152.76 174.752 196.743
109.171 153,153 175.144 197.135
109,563 153.546 175.037 197 528
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Diam. | Circum.

56. 175.93

Ag | 176.322
d71 176015
3¢ | 177.108
Az 17715
54| 177.893
37| 178.286
25| 173.679
o7, 179.071
g | 179.464
A4 | 179.857
.% 150.249
g | 180.642
521 181035
34 1:-5{.4-:7
N/ 131.82
;’)8./8 152,213
g | 182,606
A4 | 182998
341 183,301
g | 183,784
.5 184.176
g 134.569
e | 184.962
Y. 155,354
A 185.747
fﬁ 1%6.14
341 186533
A5 | 126,925
54| 187318
34| 1
g | 183103
60. 185.4496
3 183,529
,i/é 129.2<1
32| 1.674
g | 190.067
5% | 190.46
35| 190852
5| 191215
61, 191.53>
B! 192.03
,ig 192,423
3/8 192.816
g 193,208
.54 | 193.601
35| 193,094
75| 194387
2, 194.77
¥ 195.172
%/6 195.565
3¢ | 195,957
57| 196.35
54| 196,743
371 197.135
75| 197 528

CIRCUMFERENCES OF CIRCLES.

TABLE.—(Continued.)

Diaw. | Circum.

Diam.

Circum.

Diam. | Circum.

Diam.

Circum.

197.921

3]

19,314
Ja | LuR.706
3g | 199,099
Jg | 199.492
Sg | 199.m84
34| 200277
T | 200.67
64. 241.062
201.455
201.848
202.241

202.633
203,026

X+,
74
28
o
2
3a | 203.419
e | R03.511
65. 204,204
g | R04.597
Jda | 2049=9
Sg | 205,382
Jo 200,770
25 | RUb. 168
Sh | 206,56
e | 206.953
66. 207,346
A6 207,738
Ja | 208131
32| 208,524
Jdg | R03.916
S5 | 209,309
34| 209702
e | 210,095
67. 210,487
Jg | 210,88
d4| 211,273
3g | 211.065
Jdg 1 212,058
. 58 2124:} I
A4 212.843
T | 213,236
6. 213.629
A8 | 214,022
Q4| 214414
351 214,807
Jg | 215.2
S5 | R15.592
32| R15.935
T8 | 216378
69. 216.77
g | R17.163
A4 R17.556
Sg | 217.948
Jg | 218341
Jg | RIB.T34
34| 219127
Za | 219.519
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239.547
239.94
240.332
240.725
241.113
241.5i11
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211.903
24,296
2472654
243,051
243.47%4
243.~67
244 259
244.6:2
245,045
245,438
24583

246,223
246.616
247.008
247.401
247794
245,126
245579
24=.972
249,365
249.757
250,15

250,543
250,935
251,328
251.721
202.113
202,006
252,509
252,22
253,084
254.077
25447

254,862
255,260
200 648
25H6.04

256,433 |
2H6.~26
207.219
257.611
2HR.004
208,097
RHR.T=Y
250, 1=2
2H9.575
259,967
260.36

261.146
261.538
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263,704
264,287
264,65

265 073
265,465
265,208
266,251
266,643
267 .056
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267.821
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268,607
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275,675
'.'7!‘)_(!!;"
276,161 |
276.5:3

277,246
277.629
273,032
293424
2TRELT
27921

279.602
279.995
280.3=8
280.7%1
281,173
281.566
281,959
22,351
282,744
23137
23,529
283,922
284.315
284.708
285.1

285.493

93.

95.

96,

97.

Diam. | Circum.
. | 285.886
14 | 286.278
A4 | 286.671
34| 287.064
g | 287.456
55 | 287.849
37| 288242
75 | 288.634
JT 289,027
16| 289.42
5 289.813
37| 290.205
15| 290.598
.55 290.991
37 | 281.383
75 | 28L.776

292.169
26| 202,662
g | 292.954
34| 293.347
7| 20374
g | 294,132
;1{ 204.525
g | 24918
J7 ) 2911
g 295,703
? 296.096
32| 296,489
g | 296,881
55| 297274
37| 297.667
75 | 299.059

299.452
g | 298,845
,i§ 209,237
32 | 209.63
g | 300.023
5% | 30v.416
.34 | 300.808
.75 | 301.201

301.594
¢ | 301936
7| 302379
32| 302772
12| 303,164
57| 303,557
,ﬁ 303.95
75| 304.343

304.735
14 | 3v5.128
17| 305.521
‘3q | 305.913
15 | 306.306
5% | 306.699
34 | 3u7.091
7% | 307.484




CIRCUMFERENCES OF CIRCLES.

TABLE.—(Continued.)

Circum. Circum. lDia.m. Circum. ||Diam. Circum.‘ Circum.

307,877 320.=63 || 114. 305,142
308.27 330.653 308.9:28
308.662 331.439 359.713
309.0556 332,224 24l 360,499
309.448 L 333.01 L15. 361,234
309.84 333.795 362.06Y
310.233 334.58 362.80D 391,129 2. 446.107
310.626 335.366 36:3.64 391.915 Aol 447.678
311018 336.151 364.426 || 125. 3927 3. 449,249
311.411 336.937 365.211 6 994,271 - ;
311.804 337.722 260,996 || 126, 395,842
312.196 33=.507 366,782 : 397.412
312.589 % 339.293 || 367.567 oo, 308,983
312,95 340 078 $68.303 400.554
b 340.864 369,133 || 128. 402,125
341.649 369.923 A2 405,696 460,244
342.434 370.709 |1129. 405.266 / 461.~15H
343,22 371.494 . 406,~37 . 463,386
3144.005 372,28 30. 408,408 . 464 957
344,791 373.065 . 409,979 2 466,528
345.576 37355 . § B8 411.55 - 2 465.00%
346.361 374,630 : 413,12 18 469.669
347,147 370.421 || 132. 414 691 a0. 47124
347.032 376..07 Az 416,262 : 472,811
343718 376 992 || 13: 417.833
319.503 377.777 . 419.4014
350,288 372,563 | 134. 420.974
350.074 379,348 X 422,515
351.859 380.134 (| 135. 424,116
352.645 380.919 : 425 637
30:5.43 381.704 36. 427,258
354.215 3n2.49 574K R RL . |
255,001 22, 33,275 (| 137. 430.399
355.786 334,061 gl 431,97
356.572 384,846 || 13¢ 433.5H41
357.357 380,631 & 435.112

356.417 436,62
INT. 202 : 438,253
387958 4330824
390,773 (| 5] 441395
389,558 | y 412 966
390.344 25| 444,536
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To Compute the Circuam of a Diameter greater than any in thr‘prrc d ng Table.

RuLe. —Divide the dimention by two, three, four, etec., if practicable to do so. uatil 1t is reducad
to a diameter to be found in the tible

Take the tabular circumference for this d'mention, mult'ply by 2, 3, 4, 5, ete, aecording as it
was divided, and the product will give the ¢ rcumference req ired

ExampLE. —What is he circumference for a diameter ot 1050 ?
1050+-7=150 ; tab. circum . 150 =47!,239, wh.ch X 7=3299.073, circum. required.

To Compnte the Cireamfer-nee for an Intege: and Fra-tion not give: in the Table.
Rure.—Double, treple, or quadr ple the dim ntion given. until the fraction isincrease! to a
whole number or to one  f those in the able. as §, }, etc, proviled it is nractical to do so,
Take the circumfercnces for 1is diam ter; and it it ixdouble of that for which the circumference
is requir d. tak one halfof it ; if t eble, ta'e one third fit; and if quadruple. o .e fourih of 1t.
Exampre.—Required the circ mfer nee of 3 21875 inches
2.21875 X 2 —=4.4375 =4 7, which X2 =8.}; tab crcum =27 8817, which--4=6 9704 ins.

To Compute the Cireum of a Diam-ter in Fee and Inches, vte. by th: preeeding Table,

Rur: —Reduce the d m ntion to inches or eighths, as the case may be, and take the circumfe-
rence in that te:m from t e table fo: that number.
Divide this number by 8 if it is in eighths, and by 12 if in inches, and the quot ent will give the
ared in feet.
ExampLe.—Required the circumference of a circle of 1 foot 63 inches.
11{oot 63 ins.=18§ ins.=147 eighths. Circum. of 147=461.815, which--8=>57.727 tnches ; and
by 12=4.81 Jeet.




Diam. | Circum.
1:39. 434,62
g 488,253

430,824
441.395
412 966
Q5| 444,536
446.107
15 447.678
449,249
A81 400 =2
Tl 4523y
453.961 |
455.032
14| 457.103
458,674
460,244
461.~15H
15 463,386

464 957
7 466.528
T 468.00R
469,669
47124
472811

pree d ng Table.
80. until 1t is reducad

5, ete, according as it

quired.

vein the Table.
stion is increase | to a
tical to do so.

hich the circamference
ple, o .e fourih of 1t.
+4=6 9704 ins.

'h: preeeding Table,

and take the circumfe-

quot ent will give the

8=57.721 inches ; and

TADLX III.

AREAS AND CIRCUMFERENCES OF CIRCLES, FROM ,, TO 100,

| Advancing by Tenths.]

1| ; l
| _
Diam Arca. Circum. Di m Aioa. Circum ;‘l).::m Area Circum ‘
ot =3 I| 5. 19.635 i5.708 i 10. T=.04 :::.iml
7R 3416 | | 20 4252 16.0221 o ,-n,.llsci 3 .4::11_'
‘1, 8(315‘;:, 62832 2| 21 16,5053 2 BL7ES | 2000
.; '07(i|')“'*) 04248 3 22061 Il].h.l.(H' o) ".r.:l--l 'E.-,...-;: :
31 iesee | 1266 4| 200 | 1604616 | RN |
X ']‘;(5;';;') 1.H705 D 25,7083 17.2788 D =6 ;)J(‘):i :ﬁ‘..::-‘()"“
6| wsera | 18 6 | wdasel | 1o 6 | =aamn |33 0
1 e | 2o 7 | »mate | 179001 X B0.9204 | 336151
. "'-U"liti 2.0133 8 6. 4208 13,2212 o} 0l "‘“'f’ .{.{..’-:2-
- 615 2.8274 9 | wranr | 1=o3ad 9 93 3133 | 342434
43 4Ll B 1 6. oe2i 14 | omsdve || 11 05.0:34 | 345576
l'| :),04, 34557 1| s | 190607 1 0 3601 | 348717 |
9 | 11309 376,09 2 | 30,1907 | 19.4779 2 9R 50 | 35,1859 |
" T 4.0%4 3| 31125 | 19592 3| 100227 | 35501 ||
3 i’-";(,:‘ 4.3982 4 32,1699 20,1062 4 IH:&“.'H;) ii-»..SH'.’ ;
3| in 4.7124 S| BLIS3L | 204201 S| 103601 | 36,1284 |
6 | 20106 50265 6 | 31212 20,345 6 | 1568l | 6
= | 968 5.3407 7| soomu6 | 21,0487 .7 107.5134 | 36.7567 |
5 | 25446 5.6518 R | 363168 | 203623 8| 100359 | 370708 |
B fpes 5.069 9 | 373028 | 21677 9 | 1ri2ed | 3738 |
. o - R 6.2<32 7. 354246 219012 || 12 113.0076 | 37.6992
P Brp 65073 1| 39502 22 053 | 1149004 | 380133 |
E ii:).lﬂ; 69115 2 | 407151 | 22619 2| 1164989 | e
3 | w1y | 7.2%6 3| dLes39 | w2osse || 3| 1Rs2Rl| 356166 |
'g e 7.5:08 1| 43008 | 2means 4 })4)«1,8 i ::;.32.,« |
0087 7.85 5 | 41787 | 23.562 5 227187 | 39.27
6 4\(;’87; é:?t)i;‘}l 6 | 453617 | 238761 6| 1206901 | 305541
7 | 575 R.4823 7| 465063 | 201903 || .7 | 1266771 308983
‘s | 61575 | #7964 8 | a77ms7 | w5044 || B | 126799 | 40202
‘9 | 6.6052 9.1105 9| 490163 | 2uRis6 || 9 | 130.6981 | 40.596
3 7.06%6 0.4248 8. 502656 251325 13. l:i’.‘.,..{'.:h 40,»»?0(\ |
1| 7aaze | oamse |l 1| ALa3 | 254469 || 1| 1347324 | 411549
‘o | 80424 | 10.0531 9 | Bwml02 | 257611 2 | 13684% | 414691
'3 | 8553 10.3672 3| 11662 | 26.0752 3 | 1330204 | 417H32
| 90792 | 106314 4 | 55.4173 | 26.3891 4| L0 | a1
5 | 96201 | 10.9956 5 | 67451 | 67036 || 5 | 1431391 | 424116
6 (101787 | 113097 6 | 5R.0%81 | 97 0177 6 | M7 | 4277
7 | 10752 116239 | 594469 | 27 3319 7 | 474117 | 430300
& {1340 | 11983 8 | eom3 | 2w || 8 | MO 43bd |
; 9458 22592 9 | e22115 | 279602 ¢ 51.747 13,6102
4.9 }5:;1»64’ }2.5(:64 9. | e36174 | 28274 |14 153,033 | 43.9%21
11132005 | 12.4%05 L) 65.0089 | 985835 1| 1561053 | 44,2965
o (138544 | 132947 9 ) e64762 | 2=0m2 2| 158363 | 446107
3 14522 13 5083 3| 67.9:92 | 292168 3| 16006061 | 449245 |
“t 150053 | 13523 4| 6979 | a3l 4| 1624605 39
5 (159043 | 141372 s | qume2s | 90 <450 5 | 65133 | 455532
6 | 16.619 11453 6 | 723821 | 301593 6| 1670158 | 45,8673 |
2 1780 | 147655 7| 7339%2 | 304735 7 | 1677 | 46115
'8 120956 | 15.0796 8 | 754208 | 30787 B[ 172,034 | 46 4956
o | 188574 | 15.3938 9 | 76977 311018 9 | 1743066 | 46.809% |
S e




AREAS AND CIRCUMFERENCES OF CIRCLES,

TABLE.—(Continued.)

. . | o
Area. Circum. Area, Circum. | Diam Avren. C'ircum.

176,715 7.124 6 203 | 64,7161
179.079 47.43%1 % 3 336,536 60,0311
121458 | 47.7523 .8 3307 65,3452
183.8542 | 48.0664 343.0700 | 65,6594
176.26.,4 4. 35006 ?1. 46,3014 65,4736
1~m.6923 15 6945 S10.6679 | 66,2877
LIS | 49,0029 352.0001 | 66,6019
1955032 | 49 3231 Jo6.321 | 66.916
196.0672 | 49.6372 300 6517 | 67.2202
19%.5569 40,0514 363,051 1 67.0444
201 0624 | 50 2606 3664362 | 67 8H=H
L03.0835 | H0.H70T 369 =37 68,1727
06,1205 | 50,8059 3732534 | 6~.4808
08 6729 | H1.208 376.6=06 | u8.=01
2012411 | 51.5224 3201336 | 69,1152
213 3251 | H1.=304 IR3.5072 | 69.4203
16,4212 | 52,150 357 0765 ] 69,7435
219.0402 02,4647 390,575 1 70,0070
22016712 | 527788 3940523 | 70.3718
2204 318 53,093 J07.6087 | 70.6%6
226 9806 | 534072 : 401.1509 | 71.0001
220 O8N 03.7213 " 404,707 | 71.5143
232.3527 | 54.0355 408.2823 | 71.6284
2350623 | H4.3406 411.~716 | 71.9426
RIT.T™IT | H4.6038 23. 415.4766 2.2563

240.5287 24.978 : 413 0972 2.5709

243.2%55 | 55.12921 ok 422,736 2.5251 601.4421 | 90.47%
246 0579 | 55.6063 e 426,3808 3.1992 650.8739 | 90.7922
248 =461 HH.92 . 430.0536 73.50134 , 6605214 | 91,1064
251.65 06,2346 o 433.7371 73.8276 9650845 | 91.4205
254,466 06,5408 .6 437.4363 | 74.1417 669.6634 | 91.7347
257.304% | H56.8629 ‘ 4411511 | 74.4559 674 258 92.04=8
260. 1568 | H7.1.71 . 444.8819 | 74.768 678 86=3 | 02.363
263.0226 | H7 4912 4 448.6253 | 75.0832 673.4943 | 92 3772
265.905 D7.5054 21. 452.3904 | 75.3984 633.136 92,9913
26%.8031 58.1196 . 456.1631 | 75.7125 692 7934 | 93.3055
271.7169 | 53.4337 : 4509916 | 76.0267 697.4666 | 93.6196
274.6465 | 58.7479 " 463.7703 | 76.:3408 70215564 | 93.9338
2775917 59,062 é 467.5957 | 76.6523 706.~6 94,248
280.5527 | H.3762 i 471.4363 | 76.9692 7HL.H502 | 94.5621
U83.5204 | 59.6904 . 475.2026 | 77.2:33 716.3162 | 94.8763
{ 60.0645 479.1646 | 77.5975 7210678 | 95.1904
60 3187 g 483.0524 | 77.9116 720.8352 | 95.5046
202,558 60.6:328 : 436,558 | 73.2258 T30.6183 | 95.818%
205.5931 | 60.947 25. 490.875 78.04 7354171 | 96.1329
RUR.6433 | 61.2612 494.8093 | 78.3541 740.2316 | 96.1471
3017192 | 61.5753 49,7604 | 78.1693 715.0618 | 96.7612
301 =06 61.8895 HU2.7266 | 79.4824 749.9077 | 97.0754
307.9022 | 62,2036 H06. 7086 | 79,7966 794.7694 | 97.3%9¢6
110202 | 62,5178 510.7063 | =0.1108 759.6167 | 97.7037
31416 62.832 o14.7196 | 8i.4243 764.5397 | 98.0179
317.3094 | -63.1461 HIB.TIRS | 20.7391 769.44585 | 98.332
320.4746 | 63.4603 522.7936 | 81.0:32 7740729 | 97,6452
323.6554 63.7744 H26.8541 | 81.3674 7793131 | 9%.9604
326,852 64.0586 530.9304 | =1.62¢16 781.2689 | 99.2745
330.0643 | 64.40283 000.0223 | 81.9976 780.2406 | 99.5857

5301209 | #2.3009
oo odd | 82,624
473028 | B2, 882
410471 | =320
D00 Ti76 | BiLH06D
H09.000R | 83,807
561, 1006 | =4,1048
H6=.3202 | =009
DT2.500606 | 2408232
576.~0H6 | =5.1373
510703 | =5.4515
585,303 | BHI608 |
D669 | 260798 |
DUB.UHRT | =6.394
HURE63 | =6.7081
6026205 | 87,0223 !
6UR. U85 | 87.3361
6115632 | 57.6006
615.7536 | 87.9618 |
620. 1596 | ®8.2789
624.5814 | 83,5031
62= 019 BR.O072
633.4722 | 20.2214
637.9411 | 8Y.5356
64:2.4257 | =20.3497
646.9261 | 90,1639
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Aren.

Circum.

AREAS AND CIRCUMFERENCES OF CIRCLES,

TABLE.—(Continued.)

=4
=
]

30,1209 |

[ RN %
17,3023
11,5471
.7176
9. 000
i 1026
H=. 32082
72,5066
76.~056
~1.0703
I, 9 P X
“U.6 160
03,9587
e, 2863
02,6205
(LR 5
11.5632
15.7036
20, 1596
24,5814
28019
33.4722
37.9411
42,4257
46,9261
ol.4421
D0.8739
60,5214
65,0845
i69.66:34
774,208
8 Btm3
=3.4943
83,136
W2 7934
97,4666
021504
06.~6
”l )l “2
116.3162
21.0073
125,835
T30.6 133
735.4171
740.2316
15,0613
749.9077
154.7694
759.6167
764.5397
769.4435
{ 14 ol )9
179.3131
781.2689
789.2406

=2.3009
w2624

82, 452
3,224
L ART5)
=3.5~07
~4.1048
4009

84,4232
51373
=5, 4515
RH. 1600
=6.0798
=6.304

=6.7051
®.0223
87,3361
»7.60506
N7.9618
=58.278Y
8=.5031
B8R.O072
=29.2214
81,5356
=0.53497
90. 1639
90.47%

90.7922
91.1064
91.4205
91.7347
92.04=8
02.363

92 3772
92,0913
93.3055
93.6196
93.9338
94,2483

94.5621
94.8763
95.1904
95.5046
95,8183
96.1329
96.1471
96.7612
07.0754
Y7.3%96
97.7037
9%.0179
98.332

92,6452
9%.9604
02745
99.5857
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7942278
79,2308
804,246
80,254
814.3341
819,3999
5244815
529,577
834.6917
39,5203
844.9647
850, 1245
855.3006
560,492
B65.69492
870.92:22
876.160%
831.4151
836.65851
891.9709
8Y7.2723
902.5895
9079224
9135.2709
913.6352
9240115
920.4109
934,823
940.2494
945 6922
951. 1503
956.625
962115
967.6206
973.142
978.679
934.23113
09%9.800.3
095.3%45
1009.9543
1006.6
1012.2313
1017.8734
1023.5411
1024.2195
1034.9131
1040.6235
1046.3491
1052.0904
1057.8474
1063.62
1069.4031
1075.2126
1031.0:324
10263679
1092.7191

99,9025
100.217
100.5312
100.8453
161. 1595
101.4736
104.7478
102.102
102.4161
102.7303
103.0444
103.3586
1033.67 28
103.9369
104.3011
104.6151
104.9294
105.2436
lU.'».:'u')77
IU ). u: ‘J
106.16
106.5002
106.3144
107.1285
107.4272
107.7568
103.071
108,352
105.6993
109.0352
109.3076
102.6418
109.356
110.2701
110.5~43
110.89%4
111.2126
111.526%
L1L.8409
112 1551
112.4692
112.7834
113.0976
113 4117
113.7259
114.04
114.3542
114.66=4
114.9%25
115.2967
115.6103
115.:25

116.553: {
116.8675

117.1816
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AREAS AND CIRCUMFERENCES OF CIRCLES,

TABLE.—(Continued.)

Diam, Avren, Circum, iam, Circum. iam. Area. Circum.

1=55.0~33 | 152.6%17 ? 290 1702747 X IRO,6218 | 1275676
14527200 | 152,008 . 170,583 : 2RIN023 | 1RSI
1570 320 RN . ; 1:0.0903 0, 227 .44 15,496
15080063 2m36 87206 | 1ss.=101
I~=5 7151 246,321 | 129.1243
I=R03.4501 154,205 A OROH. 78D | 1894384
19011706 | 154.5807 . .r‘ .)~,h 2RGH, 2GR | 180,7526
1902006 | 154.8~08 A ;u. 20034 2874.7603 | 1900665
10160587 150, 195 | 5. 237H.830 QNERLLETE | TD0.3809
124 42038 155,002 : IR Y TP 280:3.7984 | 190.6951
19:32.2006 | 1950.8233 : 2303, 1452 2005345 | 191.0092
FOO.00=6 | 156,137 .3 2401 =20 2012,m003 | 1913234
10475231 156,416 | . 2110 H182 2022 4734 | 191 6376
1955.6033 | 156.75H08 e D10, 0= 20:32,0631 | 1919517
1963.5 157.u8 60| 24270041 204 1.66~5 | 192,659 ,f
19713618 | 157.3041 | . 2430,605H0 2951.,2507 | 192,68 | |
1979.234 | 1657083 || .= | 24454508 2060 0265 | 1935042 )
19571326 | 155.0224 | 2451.2057 2970.5791 | 193.20=4 | l
10950416 | 1553366 | 56. | 246,014 SR04 | 1935205 '
200209665 | 198,650~ ol IR 20500314 | 193.8367
20109067 | 1Hs 9619 2450,63=7 2009,633 14, 1508
20185628 159.2791 4= 4715 Y] 3009.:3464 | 194,165
20205346 | 150,532 24083250 162 30190776 | 1947792
Q034,577 1599074 2507, 1031 OO 302828244 | 195.0033
2042.8254 | 160.2:16 2510076 S 303=.5869 | 1954075 |
200508443 | 160 5357 2HMNT6 1 1781257 3043651 | 195.7216 ’
2053.87 84 160, 8499 PANRIE N B o B P 30521591 | 1960353
20609203 | 161,164 || 20428158 | 1IR.707 3067.9657 | 196,35
207109053 | 1614782 || 57, 25517646 | 179.0712 3077741 | 196 6641
R0R5,0771 | 161.7924 2560.726 179,353 30=7 6311 | 196,973
2001.1716 162, 1065 2669.7 031 170,.6095 3097 4919 | 197.2924
20002873 | 1624207 23TR 6950 | 180.0136 | 3107.36 144 | 197.6066
21074166 | 162.7318 877045 | 1803278 || 6 3117.2526 | 197.9208
21155612 | 163.049 2O06. 7287 | 1=0.642 3127.1064 | 195,2349
2123.9216 16:3.:30:32 2605. 7687 180,761 2 | 3137.0758 | 198.5491
2101 =076 163.6773 26014.8243 | 121.2%803 “ 3147.0114 | 19286232
2140.0893 | 163.9935 2023.3057 | 181.5~44 . 3156.9664 | 199.1774
2U4R2067 | 164 3056 CO32.9R2R | 1818086 | 3166.9291 | 199.49i6
21565109 | 164 6198 || 98, | 2642,0856 | 1822123 || -6 | 3176.9115 | 199.8057
2164.7.87 164.9:34 26012046 132,526 | . 3186.9097 | 2001199
21730133 | 165.2181 20064.3382 | 1822411 3196.9235 | 200 434
2181835 | 1655623 26694852 | 133.1052 3206.9531 | 2007482
2189.5695 | 165.8761 2GTR.653 | 123.4604 | 64, 3216.9954 | 201.0624
-zl:o7.>7 12| 166.1906 2087.8051 | 1837336 . 327.0593 | 201.3765
2206126 | 165.5048 2EHT.0221 | 1840077 . 3237136 | 201.6907
2214.5216 166.3139 2706. .’419 244119 . > ’47 "M 2020048
2222,5704 167.13.31 2715 4700 184 726 . ‘3 257.3365 | 202.319
2231285 | 1674472 || 2724, ll: 125.0402 5| 39674603 | 2026332
22006152 | 167.7614 || 9Y- 2733.9774 | 185.35M4 B 3977.5998 | 202.9473
2248.0111 16580756 2743.2529 | 1~5.6685 7 AST.THH | 203.2615
2256, 1227 16~.3897 2TH2.5 142 185.95827 3207.0926 | 203.H756
2264.8.01 163.7049 2761.8512 186.2696 % 3208.1126 | 2038593
2TR293L | tG0008 23711739 | 1-6.611 . 3305 | 204,204
2 '~'l 7'»IJ 164,:3322 R7=0.5123 126,9252 s 3323534 2045181
169.6464 2789.8664 187.2393 : 33:39.7668 | 204.8:323
2'395.:16.) 169.9605 2799.2362 | 187.5535 3349.0162 | 205.1464
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—_—
Area. Circum.
ISR

0~.6218 | 1877676

1=.023 | 1=8.1818
27 .44 15,46
36 =720 1=~.=101
46,321 129, 1243 l
05755 189.4354 “
65,2048 | 10,7526 «"
$74.7603 | 190.066% |
Bl R A1 5 190,:3509
80037984 190.6951
0033410 191.0092

H2,m003
022 473
0320631
04 1.665H |
951.2%07 | 1
60 D265 H

19:0.0791 | i

1913234
191 6376
1919517

92,2659 \
9258 |
03340422
93,204

uR(),2474 193,525 |
109409314 19:3.8367
2019.63 1.14.1008
1000.3464 | 194,465
30190776 1947792
307288244 195.0033
3023, H86Y 195.4075H
304=.3651 195.7216
30521591 106.0:353 |
20670687 | 196,35
3077.7.41 | 196 6641 ;
30=7 6311 196.97=3
3007 49149 1072024
3107.3644 197.6066

3117.2526
3127.1561
31370758
31 17.0114
3156.9664
3166.9291
| 2176.9115
3186.9097
3196.9235
42069531
32169954
37,0593
337,136
3247284
3957.3365
3267 .46( )3
39775993
A2NT.THO
4207 20
33021126
RRI BRI
332=. 53

197.92038 \
19=.2349 |
198.5491
1U2.26:32
199.1774
199.4916 |
199.8057
2001199
200 434
200,7482
201.0624
201.3765
201.6907
2020048
202,319
202,633
202.9473
203.261H

203.H7H6
203, 7159%3
204,204

2045181

3330.7668 | 204.8323
3349.0162 \205.1464

—]

TABIE.— (Continued,)

ARFEAS AND CIRCUMFERENCES OF CIRCLES.

|

Diam. Area, ’ Circum. | Diam. Area. Circum. | Diam Area, Circum. ’
|
A | 3350.2514 | 206.4606 || 71, 39592014 | 2230536 6 | 4608.3816 | 240.6465 ||
D 360,562 | 05,7748 1 $970.3619 2 BTT b . 4620.4218 | 240.9607 ||
6| 33795050 | 206,0=829 20| 39810351 | 223.6810 B[ 4624776 | 24120748 ||
7133901712 | 206.4031 3| 39927301 | 223,996 9 | 4644.5492 | 241.6987
K. ] S3400.4092 206,7172 4 4003.9373 24,3102 p 16H6.6:656 | 241.9032
“.9 :Mlu,u-z:)i 207.034 D 40151611 221.6244 A0 1 4668.7396 | 2422173 1
66, | 3421.2024 | 2073456 6| 4026.4002 | 224.93%5 2| 4650.8553 | 242.5315
1 :;4:;1.:»775\ 207.6597 7 | 4037.655 25,0527 3| 46929927 | 242.5456 ||
2| 34409633 | 2079739 8 | 40189254 | 2255668 A 47051429 | 243,159
3| 24528749 | 208.28% 9 [ 40602116 | 225351 5| 4717.3087 | 243 474
A | 3462,7971 08,6022 || 72, 40715136 | 226.1952 6| 4729.4903 | 243.7551
» 3473.2351 208.9164 d 0 gos2sss2 | 226,509 T 47416875 | 244.1023
.6 3453.6858 209 2305 2 [mzn.mm 22682350 .8 4753.9605 | 244.4:64
7| 3494.164 209.5446 341055125 1 227 1376 9 | 4766.1292 | 244.7306
B | 3504.6432 | 209.%5=8 A 41165703 | 2274018 || 98, 47TR.5736 | 245.0148
9 | 3515.143 210.173 S| 4182087 | 227,766 A 4790.6336 | 245.3559
67. | 3525.6606 | 2104872 6 4130.6524 | 228 0201 2 | 4202.9004 | 245.6731
.,l 3536.192= | 2108013 T 4151.0667 | 228 3943 B[ 4AR15.201 | 2459872
2 | 35467404 | 211.1155 8 | 41624943 | 225.70=4 A | 4827.5082 | 246.3014
3| 35573043 | 211.4296 9 141739376 | 220.0226 D | 4339.8311 | 246.6156
A | 35678837 | 2117438 73, | 41553966 | 229.3368 6 | 4852.1697 | 246.9297
D 35784787 | 212.058 d | 4196.8712 | 229.6509 7| 4864.5241 | 247.2439
6 | 3589.0805 | 2123721 2| 4208.3614 | 229.9651 B | 4876.8973 | 247.548
.? 3009.7159 | 212.6863 B[ 4219.8678 | 230.2792 9 | 4RRY.2799 | 247.8722
836103581 | 213.0004 A | 42313306 | 2305934 || 79, | 4901.6814 | 248.1864
9 | 3621.016 2133146 D 4429271 [ 2309076 d 0| 49140085 | 248.5005
68. | 36316806 | 213.628% 6| g2ad R0 | 281220 21 4926.5314 | 243.8147
A | 36423788 | 2130429 T 4206.0495 | 2315850 3 4938.982 | 2491288
2 3603.0838 | 214.2571 B[ 42in6339 | 201,55 A 4051.4443 | 249.443
3| 36635304 214.0712 O 42802348 | 282 1642 5| 4963.9243 | 249.7572
4 | 3674.541 214.8454 || 4. 4300.83504 | 2324754 6 | 4976.484 | 250.0713
B[ 36=5.2031 | 215 1996 AL gsiedser | 202.7925 T 40829314 | 250.3855
6 | 3696.006 215.5137 2| 43241206 | 2331067 B | 50061.4586 | 250.6996 |
T 3706.8445 | 2158279 3 43357925 | 2304204 |l 9 [5014.0014 | 251.0138
B | 37176437 | 216.142 A gHTATIT ] 273 |80 | 502656 | 251.3280
9 | 37284587 | 216.4562 S| 4359.1663 | 234.0192 1| 5039.1342 | 251.6421
69. [3739.2804 | 2167704 || 6 | 4370.8766 | 234.3633 || -2 | 5051.7242 | 251.9563
i 3750.1357 | 217.0845 | 43826020 | 234.6775 3 | 5064.3258 | 252.2704
2 37609078 | 217.3987 B | 4394.3448 | 234 Y916 4 | 5076.9552 | 252.5846
B 1 37718756 | 217.7128 9 14406.1018 | 235.3058 D | 5089.5883 | 252.8985
A [3782.7601 | 218.027 || 0. | 4417875 | 235.62 6 | 5102.2411 , 53.2129
5 137936783 | 2183412 L] 4429.6638 | 235.9341 7 | 5114.909v | 253.5271
6 | 3804.6032 | 2186553 || -2 | 44414684 | 2:6.2483 || -8 |5127.5938 | 253.8412
T 138155438 | 218.9695 3 | 4453.2886 | 236.5624 9 [ 5140.2037 | 254.1554
B | 3826.5002 | 219.2836 4 1 4465.1246 | 236.5766 || 81._ | 5153.0094 | 254.4696
Y| 38474722 | 219.5978 DO | 44769763 | 237.190~ 1 15165.7407 | 254.7337
70. | 3=48.46 219.912 6 | 4483.8437 | 237.5049 2 | 5178.4877 | 255.0979
| 3839.4952 | 220.2261 7| 4500.7268 | 237.819! 3 | 5191.2505 | 255.412
2| 38704326 | 220.5403 8 [ 4512.6256 | 238.1332 4 | 5204.0285 | 255.7962
3 | 3881.5174 | 220.8544 9 | 45245401 | 238.4474 5 | 5216.8231 | 256.0404
A 3202563 | 2211636 | 76- [ 45364704 | 2337616 | -6 5220633 |256.3545
D 139036343 | 2214828 1 | 4548.4163 | 239.0757 7 | 5242.4586 | 256.6687
6 1 3914.7163 | 221.7969 2 | 4560.3757 | 239.3809 || B |5255.2998 | 256.9898
T | 3925814 2221111 3 | 4572.3553 | 239.704 9 | 5268.1568 | 257.297
8 13936.9274 | 2024252 || -4 145843583 | 240.0182 82. |5281.0286 | 257.6112
9 | 3948.0565 | 222.7394 5 |4596.3571 | 240.3324 1 15203918 | 257.9953




AREAS AND CIRCUMFERENCES OF OCIRCLES,

TABLE.—(Continued,)

| 3 |
Circum. | Diam. Area. Circum. | Diam, Area, Circum,
STienR L2 | P
2 | 53068221 | 258.2395 || .8 | 6054.5149 | 275.8324 A | 6851.4840 | 293.4254 |
3 [ 6319.7439 | 2580536 || .9 ;umw.:;-:-n 275.1466 B | 6866.1631 | 293.7396
A D332.6775 2H8.~6406 ole | 60821376 276.460% 6 6R80.8H7Y i 204.05637
) H.6287 250,182 A 60959684 76,7719 T 6895.5685 | 204.3679
. .6 DU57 | 259.4961 || .2 | 6109.815 277.0891 B | 6908,2047 | 204,682
T | 63715983 | 259.8102 1 .3 Iﬁ:-.':;.mu 277.4032 9 16925.0367 | 204.9962
B 53R4.5762 | 260.1244 A | 6137.5554 | 277.7174 || 94 6939.7944 | 295.3104
O 5397.5008 | 260.4386 D 6151.4491 27R.0316 A0 | 68954, 5677 | 295.6245
83. 5410.6206 | 260,758 6| 61653585 | 2I8.3457 2| 6969.356% | 20H.93%7
1| 5423.666 2610669 T 101792837 | 278.6599 B 6UR4. 1614 | 206.2436
2 | 5436.7272 | 2619811 B 61032245 | 278,975 A | G998, 0821 | 206,567
3| 54495042 | 261602 9 162071811 | 279,882 5| 7013.8183 | 296.8812
A | H462.8968 | 262.0004 || 89, 0221.1534 | 279.6024 B[ 70286702 | 207.1953
D | 5476.0051 | 262.3230 AT 62351413 1 2799165 T 17043.5025 | 297.5095 S
6| 54R9.1201 | 262.6376 | 2 | 6249.145 280.2307 | B | 7058.418 | 297.5236
T 5502.2680 | 2629510 o lai;’ti::.ltiu 2505443 || .9 | 7073.3202 | 208.1378
B 1565615.4243 1 263.264 A 162771995 | 280850 || 95, 052,235 | 208,452
9 | 5528.5958 | 263.5802 OO 6201,2035 | 281.1732 A 7103.1654 | 208.7661
$ 84 Ho41.7824 | 263.8944 b0 63003168 | 251.4873 2 7181116 | 299.0723
.1 5554.9247 2642055 A 6:319.399 218825 3 7133.0734 | 299.3944
2 | 5568.2032 | 264.5227 B | 63:33.497 282.1156 A | 7148.051 | 299.7086
3| H581.4372 | 264.83065 O 6347.6813 | 282.4298 D | 7163.0443 | 300.0228
A4 | 5594.6869 | 265.151 || 90, 6361.74 282,744 B | 7178.0533 | 300.3369
5 | 5607.9523 | 265.4652 d | 6375.885 283.0581 71 7193.0738 | 3006511
6 | 5621.2334 | 265.7793 20 6390.0458 | 283.372 B 1 72021184 | 300.9652
T 5634.5652 | 266.0935 3] 6404.2222 | 283.6804 9| 7223.1745 | 301.2794
B | H647.8428 | 266.4076 4 | 6418.4144 | 2840006 || 96. 7238.2464 | 301.5936
9 [ 5661.171 2667218 D] 6432.6223 | 284.3148 . 7253.3339 | 301.9077 5
85, 5674.515 267.036 6| 6446.2474 | 284.6289 2| 72684371 | 302.2219
A | 56%7.8746 | 267.3501 7164610852 | 284.9431 3| 7233.5561 | 302.536
2 [5701.25 267.6643 B 164753402 | 2852572 A 7992.6907 | 3028502
3 | 5714.641 267.9784 9 64896109 | 2%5.5714 D 7313.84101 | 303.1644
A4 [ HT2R.0478 | 208.2026 ;‘Jl- 6503.2674 | 285.8856 60| 7329.0072 | 303.47825
5 | 5741.4703 | 262.606% || .1 | 6518.1995 | 286.1997 T 7344.129 | 303.7927
6 | 5754.9085 |  268.9209 2 65325173 | 286 5139 B[ 7359.3864 | 304.1068
T 15763.3624 | 269.2351 S| 6546.8900 | 2<6.820 91 7374.5906 | 304.42!
B (5781832 | 269.5492 || -4 | 6561.2031 | 287.1422 || 97. | 73208286 | 301.7352
3 9 157953173 | 269.8634 D 65755651 | 257.4564 1174050732 | 305.0493
/ 86. 52088184 | 270.1776 || 6 | 65%0.9458 | 287.7705 || -2 | 7420.3335 | 305.3635
i 1 270.4917 T 166045222 | 283.0847 31 7435 6095 | 305.6776
2 [ 5835.8675 | 270.8059 B 661%7542 | 288.3958 A4 1 7450.9013 | 305.9918
3 [ 5849.4157 | 27112 9| 6633.182 228,713 D 7466.2087 | 306.306
A 58629795 | 2714342 || 92, | 6647.6356 | 280.0272 61 74815319 | 306.6201 |
5 | 5876.5591 | 271.74%4 L 6662.0848 | 289.3413 71 7496.8707 | 306.9363 |
6 | 5890.1541 | 272.0665 2166765597 | 289.6055 8 1 7512.2253 | 307.2484 | ¥
T 5903.7654 | 2723767 31 6691.0t61 29,9696 9| 7527.5956 | 307 5626 |
8 | 5917.392 | 272.6908 4] 6705.5567 | 2902833 || 98- | 7542.9816 | 307.=768
41 5931.0344 | 273.005 (* 6720.0787 | 290.543 . 7558.3832 | 308.1909

@™
N

5944.6926 | 273.3192 6734.6165 | 2909121 7573.2006 | 3025051
7589.2338 | 03,5162
7604.6826 | 309.1331 ||
7620.1471 | 300 4176 |
7635.6273 | 309.7617
7651.1933 | 310.0769 |
7666.9319 | 310,395

7652.1623 | 310.7072 |

)
5958.3644 | 273.6333 7] 6749.1699 | 201.2263
£972.0559 | 273.9%75 8 1 6763.7391 | 291.5404
5985.7691 | 274.2616 9 | 6773.324 9291.8546
5999.4821 | 274.5758 || 93 | 6792.9246 | 292.1688
6013.2187 | 274.89 1168075408 | 292.4829
60269711 | 275.2041 21 R22.173 | 2027971
6040.7391 | 275.5183 3| 68368206 | 293.1112 l
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\rea,

11,4840
6.1631
0.8579
15,5685
18,2047
25.0367
30,7944
3 .5677
39,3567
34,1614
I8, 0821
13.8183
28,6702
13.5025
53418
73.3202
82,235
03,1654
i8.1116
33.0734
48.051
63.0443
|78.0533
193.078
203.1184
23.1745
238.2464
253.3339
26,4371
233.5561
293.6907
313.8411
320.0072
344.139
359.3564
374.5906
3898286
405.0732
40,3335
435 6095
'450.9013
1466.2087
1481.5319
7496.8707
7512.2253
7527.5956
7542.9316
7558.38.32
7573.2006
7589.2338
7604.6826
7620.1471
7635.6273
7651.1933
7666.9349

Circum,

203.4254
203.7396
204.0537
2043679
204.6%2
204.9962
205.3104
205.6245
29H.93%7
206.2436
206,567
206, 8212
297.1953
207.5095
297.%236
208.1378
205,452
208.7661
209.0723
299.3944
209.7086
3000228
300.3369
3006511
300.9652
301.2794
301.5936
301.9077
302.2219
302.536
302 2502
303.1644
303.47835
303.7927
304.1068
304.42!
304.7352
305.0493
305.3635
305H.6776
305.9918
306.306
306.6201)
306.9363 |
307.2484 |
307.56%26 |
307.8768
308.1009
303.5051 |
SOR.R102
309.1334 |
309.4476 |
309.7617 ||
310.0769 |
310.395

7632.1623 | 310.7072 |

|

AREAS AND CIRCUMFERENCES OF CIRCLES,

TABLE.—(Continued.)

Diam, Area, ‘ Circum, | Diam Area, | Circum. | Diam. Area, Circum.

»
99. |7697.7054 | 3110184 | .4 '7760.0:“7 312075 || .8 7&'.".’.61.’»4'313.5“6
b | 312,592 9 | 7835.2008 | 313.8458

d | 77132641 | 311.3325 & | 7775.6063
2 | 77285336 | 311.6467 6| 77912036 312.9033 || 100, | 7254, 314.16
B 1 7744.4258 | 311,960 7 | TR06.9466 33,2175

To Compute the Area or Circumference of a Diometer greater than any
in the preceding Table.

See Rulegs, pages 176 and 181.

Or, If the Diameter exceeds 100 and is less than 1001,

Remove the decimai point, and take cut the area or circumference as for a Whole Number
by removing the decimal point, if for the area, 1wo places to the right ; and if for the circum-
ference, one place

[LLusTrATION.—The area of 96.7 is 7344.189 ; hence (or 967 it is 734418.9 ; and the circum-
ference of 96.7 is 303.7927, and for 967 it is 3037.927.

TABLE II1I.
AREAS AND CIRCUMFERENCES OF CIRCLES
FROM 1 TOo 50 FEET.

(ddvancing by an Inch.)

; 1
Diam, Area, Circum. |(Diam. Area. Circum. | Diam.| Area. Circum,
: |

Feet. Feet. Ins. Feet. Feet. Ins. Feet. |Feet. Ins.
11t. 7854 3 15| 3ft.|] 7068 | 9 5 | 5/ | 19.635 | 15 8l
(| .97 3 45 1] 7.4666 9 814 | 1| 20,2047 | 15 115
2| 1.069 3 8 2 9 1134 | 2| 209656 | 16 237
3| 127 311 3 10 24 3| 216475 | 16 53

4| 1.3962 4 2 4 10 53 | 4| 2234 16 9
5| L5761 4 53 5 10 8% 1| 5| 23.0437 |17 i
6| 17671 4 sl 6 10 117 | 6| 237583 | 17 31z
7| 19639 4 11% 7 | 10.0846 TR 7| 244835 | 17 634
8| 21816 5 23 8 | 10.5501 11 614 | 8| 25.2199 | 17 95
9| 2.4052 5 5% 9| 11.0446 il 935 | 9| 259672 | 18 ¥
10 [ 2.6398 5 9 10 | 11.5409 12 4 10 | 267251 | 18 37

11| 2.8852 6 214 11| 12.0451 12 35 11 | 27.4943 |18 7
27t | 3.1416 6 335 4ft| 125664 12 63 | 6t | 28.2744 | 18 101g
1| 3.4087 6 6l 1] 13.0052 12 97511 1| 29.0649 | 19 11
2 3.6869 6 9% 2| 13.6353 13 1 2| 20.76638 | 19 43¢
3| 3976 7 Y 3| 14.1862 13 434 | 3| 306796 | 19 714
4| 4276 7 3% 4| 14.7479 13 714 | 4 | 315029 | 19 1055
5| 4.5869 77 5| 15.3206 13 101, | 5| 323376 | 20 1%
6| 4.9087 7 10y 6 | 15.9043 14 15 6| 33.1831 | 20 4%
7| 52413 8 134 7 | 16.4986 14 45 7| 34.0301 | 20 8l
8| 5.58 8 414 8 | 17.1041 4 iy 8| 34.9065 | 20 11ig
9| 5939 8 7% 9 | 17.7205 14 11 9| 357847 | 21 937

10 | 6.3049 8 1034 10 | 18.3476- | 15 214 10 | 36.6735 | 21 5
11 | 6.6313 9 1% 11| 129358 15 5l 11| 37.5736 | 21 &%




AREAS AND CIRCUMFERENCES OF

TABLE.—(Continued.)

Are.

Circum.

Diam,

Area,

Circum.

Area.

~3

— \
SEWNC T WAL

-

aC
.
-

[y
) ©
b b ok
P C @D ND U WA = DI T U WS D O €O 0L a2 VT 00 ¢

Feet.

33.4846
39.406
40.3388
41.25825
42.2367
43.2022
44,1787
45.1656
46.1638
47.173
43.1926
49,2236
50.72656
51.3178
62,3816
53.4562
54.5412
55.8377
56.7451
H7.5628
58.992
60.1321
61.2826
62,4145
63.0174
64.8006
65.9951
67.2007
€3.4166
69.644
70.8823
72.1309
73.391
74.662
75.9433
77.2362
78.54
79.854
81.1795
82.516
83.8627
85.2211
86.5903
87.9697
89.360%
90.7627
92,1749
93,5986
95.0334
96.4783
97.9347
99.4021
100.8797
102.3689
103.8691

Feet. Ins,
21 1%
22 3

22

22

23

93

23

23

24

24

24

24

5

20

25

25

26

26

26

26

Q7

27

27

28

28

28

28

29

29

29

29

30

30

30

30

31

31

32
32
32
R

33
33

34
34

—_—
e

C WD

Feet.

105.5794
106.9013
1084342
109.9772
111.5319
113.0976
114.6732
116.2607
117.859
119.4674
121.0876
122.7157
124.3593
126.0127
127.6765
129.3504
131.036
132.7326
134.4391
136.1574
137.8:67
139.626
141.3771
143.1391
144.9211
146.6949
148.4896
150.2943
152.1109
153.934
155,77568
'157.625
159.4852
161.2553
163 .
165.1303
167.0331
168.9479
170.8735
172.8091
174.7565
176.715
172,6=32
120.6631
182.6545
154.6555
1=h.6684
1RR.6023
4.0.726
192.7716
193,582
196.~046
108,973
201.0624
203.1615

U=

L e ..
SN\ o\
é\‘*\é\w az\.;-\

—
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—
SR N
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FRTRNET N
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L 1AL S Sl de e Q€T q;c..:\’\'ﬂf:,“_a‘__A._,‘__c
w
NN

AN
(-9

1\,
PN AN

AR VAL RS

etk
A=A *R S =

....
s
RO

<

o <
—OLCESNIDIUEWNE =

o
(=]
I\'O::n.r.:,;(\',;_-';b

Feet.

205.2726

209.H5264
211.6703
213.5251
215.9896
215.1662
220.3537
222.5;
224.7603
2226, 9506
2105
4525

240,7781
2.11~4
54.4616
56,8303
2033
261.5872
263.9307
266.3364
26%,8031
271.2203
273.6678
276.1171
278.5761
281.0472
253.5294
286.021
28R.5249
291.0397
293.5641
206.1107
208.6483
301.2054
303.7747
306.355
308.9448
311.5469
314.16
316.7824
319.4173
322.063
324.7182
327.3858
330.0643
3327522
335.4525

Circum.

Feet. Ins.

a0
ol
5Y |
al
5l
52
02
H2
52
53
H3
53
53




et

ea.

et.
2726
3946
5264
5703
%251
9m06
1662
3537
ool
7603
9=06
2105
4525
7055
96=2
243
LORRT
5241
1316
A5
7781
114
.46%6
2303
1,203
D872
1.9807
1.3864
L8031
1.2203
3.6678
3.1171
3.5761
1.0472
3.5294
3.021
3.5249
1.0397
3.0641
65.1107
B.6483
1.2054
30747
6.365
8.9448
1.5469
4.16
6.7824
9.4173
12.063
14,7182
17.3858
30,0643
32,7522

ARFAS AND CIRCUMFERENCES OF CIRCLES,

TABLE.—(Continued.)

35,4525

Arca Circum Avea Circum Area
Feet. Feet. Feet. Feet Feet.
3381637 60 D0 1,01 79 02,0577
J40.5844 (15 07,3702 Y] 06,56
343.0174 65> S10T063 ~0 THLTU9
346.3614 65 D14.0434 =0 1755
349.1647 66 517.4034 =0 71569
351.8~04 66 520.76492 80 722 6537
304.6571 66 024.1441 31 726,605
357.4432 66 BRI b ®1 730.6 123
360.2417 67 530.9304 81 734.6147
363.0511 67 534.3379 81 T3R.6242
365.8698 67 [ 037.7583 &2 T42.6 147
368.7011 63 i 541,196 82 746 6738
371.5432 63 ! 544.0200 82 H0.7161
374.3947 (§1) a48.003 82 704.7691
317.2587 68 l d51.0471 83 1| 7ox.2311
350.1336 69 95,0201 83 2 | 762.9062
383.0177 69 DH8.H15Y 83 3 | 766.9921
385.9144 69 62,0027 84 4 | 771.0866
388,522 69 H565.5084 84 51 775.1914
391.7389 70 569,027 84 6 | 779.3131
394.66%3 70 572.5566 84 7 | 783.4403
397.6087 70 576.0949 85 8 | 737.5803
400.5533 7 579.6463 85 9 | 791.7322
403.5204 71 533.2085 5 10 | 795.8022
406.4935 71 586.7796 85 “11 | 800.0654
409.4759 71 590,367 86 32/t. | 804.2496
412.4707 71 593.95~7 86 1 | 508.4422
415.4766 72 5Y7.5625 86 2 | 812.6481
418.4915 72 601.1793 86 3 | 816.565
421.5192 72 604,307 -7 4 | 821.0904
424 5577 73 60%.4436 87 5] 825.3201
427.6055 73 612,931 87 6 | 829.5787
430.665H8 73 615.7536 87 7 | 233.8368
433.7371 73 619.4228 88 8 | 333.10=2
436.8175 74 623.105 8% 9 | 842.3095
439.9106 74 626.7982 88 10 | 846.6513
443.0146 74 630.5002 89 850.985H
446.1278 74 634.2152 29 33 /2. | 855.3006
449.2536 75 637.9411 89 1 | 359.624
452.3904 7 641.6758 29 2 | 863.9608
455.5362 7 645.4235 90 3 | 3633087
458.8948 75 i 649.1~21 90 4 | 872.6649
461.8642 76 692.9495 90 b | 877.0346
465.0423 76 656.73 90 -6 | #81.4151
463.2341 76 . | 660,5214 91 7 | 8%5.804
471.4363 76 1 | 664.3214 91 8 | 890.2064
474.6476 77 2 | 668.1346 91 9 | 8Y4.6196
477.8716 7 3 | 671.95-7 91 10 ' =99 0413
481.1065 7 4 | 675.7915 92 11 | 903.4763
484.3506 73 5 | 679.6375 92 34 2. | 907.9224
487.6073 78 6 | 6=3.4043 92 1| 912.3767
490.875 78 7 | 687.0508 92 2 | 916.%445
494.1516 78 8 | 691 2385 u3 3| 921.3232
497 .4411 79 9 | 695,128 ° 93 4 | 925,103
500.7415 7 10 | 69,0263 93 5| 930.3108

Circum

Feet. Ins.

o
12
N
15
95
uH
a5
96
96
95
96
97
07
97
97
98
98
9%
98
LY
99
99
100
100
100
100
101
101
101
101
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102
102
102
103
103
103
103
104
104
104
104
105
105
105
106
106
106
106
107
107
107
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o3 117
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ARFAS AND CIRCUMFERENCES OF CIRCLES.

TABLE.—(Continued.)

Area.

Diam,

Area.

Circum.

Area,

Circum.

Feet.
934.8223
939.3421
943.8753
948.4195
952,972
957.538
962.115
966.7701
971.2989
975.9085
980.5264
985.1579
989, 5003
994.4509
999.1151

1003.7902
1003 4736
1013.1705
1017.8754
1022.5944
1027.324

1032.0646
1036.8134
1041.5758
1046.3491
1051. 1306
1050.9257
1060.7317
1065.54H9
1070.3738
1076.2126
1020.0594
1054.9201
1059.7915
1094.6711
1099.5044
1104.4687
1109.3%1

1114.:071
1119.244

1124, 1291
11201478
i134.1176
113009518
1144.0268
1149.0892
1154.0907
1159.1239
11641591
1169.2023
1174.2592
1179.3271
1181.403

1189 4927
L9594

—
cLomaS

w
o
'-t'_::’

-
-

3
4
5
6
7
8
9
10
11
3 ft.
1
2
3
4
5
6
8

ot
~
(=3 <

e
TIPSR G Jun =V P PC F°N

<

Li=Re S0 N

s b
€001 O O 22 1 = D D €O OD w1 S UV e O 2 3

-3
-
—

R =S S R

Feet.

1199.7195
1204.8244
1209.9577
1215.099
1220.2542
1225.4203
1230.5943
29035.7822
1240.981
1246. 1878
1251.4084
1256.64
1261.8794
1267
1272.397

1277.66

1396.4619
1401.9=8

1107.5219
1413.6698
1418.6287
1424.1952
1429.7759
1435.3675
1440.9668
1446.5802
1452.2046
1457.8365
14634827
1469.1397
1474.5044
14%0.4333
14~6.1731
1491.8705

Feet.
122
123
123
123
123
124
124
124
124
125
125
125
125
126
126
126
126
127
127
127
128
128
128
128
129
129
129
129
130
130
130
130
131
131
131
131
132
132
132
132
133
133
133
134
134
134
134
i35
135
135
135
136
136
136
136 1

O Iw

SRS

—
R R I ey e

SRR

TN W

[

=N
5
ek
v-',kv-owchsc\.:-uw,-_

Feet.

1497.5821
1505.3046
1509.0348
1514.7791
1520.5344
1526.2971
1532.0742
1537.8622
1543.6578
1549.4776
1555.2883
1561.1165
1566.9591
1572.8125
1578.6735
1584.5488
1590.435
1596.3226
1602.2:366
1608.1555
1614.0219
1620.0226
1625.9743
1631.9334
1637.9068
1643.8012
1649..4831
16558592
1661.9064
1667.9303
1673.9698
1680 0196
1686.0769
1692.14%5
1693.2311
1704.321
1710.4254
1716.5407
1722.6634
17229005
1734.9486
1741.1039
1747.2738
1753.4545
1759.6426
1765.8452
1772.0587
1778.2795
1784.5148
1790.761
797.0145
1803.2526
1809.5616
1815.8477
1822.1485

Feet. Ins.

137 21
137 4
137
137
138
138
138
139
139
139
139
140
140
140
141
141
141
141
141 1
142 i
142
142
142
143
143
143
143
144
144
144
145
145
145
145
146
146
146
146
147
147
147
147
148
148
148
148
149
149
149
150
150
150
150
151
161




TABLE.—(Continued.)

SIDES OF EQUAL SQUARES.

Area, Circum.
Feet. |Feet. Ins.
497.5821 |137 214
505.3046 (137 514
509.0348 (137 834
514.7791 137 1154
520.5344 [138 237
526.2971 |138 57
532.0742 |138
537.8622 (139 14
543.6578 (139 3}4
549.4776 |139 634
550.2883 139 93¢
561.1165 140 34
566.9591 [140 37/8
572.8125 (140 7l
578.6735 [141 1014
584.5488 |141 114
590.435 (141 434
5963286 (141 715
602.2366 |141 103
608.1555 (142 174
614.0819 |142 5
620.0226 (142 814
6259743 (142 1114
631.9334 (143 234
637.9068 [143 515
6435012 [143 =37
6494831 {143 1174
650,892 (144 3
16619064 [144 61
1667.9303 [144 914
1673.9698 (145 34
1680.0196 (145 314
1686.0769 |145 654
1692.14%5 |145 97¢
1693.2311 |146 11g
1704.321 |146 43¢
1710.4254 {146 714
1716.5407 |146 1034
1722.6634 147 115
1722.9005 (147 434
1734.9456 |147 734
1741.1039 {147 11
1747.2738 (148 214
1753.4545 {148 514
1759.6426 (148 834
1765.8452 |148 1115
1772.0587 |149 23%
1778.2795 (149 57
1784.5148 [149 87
1790.761 [150 1g
1797.0145 1150 314
1803.25826 {150 6}5
1809.5616 {150 9
1815.8477 {151 3§
161 334

1822.1485

Area,

Diam.

Area.

Circum.

Feet.

1828.4602
1834.7791
1841.1727
1847.4571
1853.8087
1260.175

1266.5521

1872.9365

|
Circum. ||Diam. Area. Circum.
Feet. Ins. Feet. Feet. Ins.
151 67 11 | 1879.3355 | 153 81g
151 101g [ 49 /2. | 1885.7454 | 153 1114
152 il 1 | 18921724 | 154 234
192 43/8 2 | 1898.5041 | 154 Hlg
152 7 3 | 1905.0367 | 154 834
152 105§ 4 | 1911.4965 | 164 117
155 134 5 | 1917.9609 | 155 27
153 3% 6 | 1924.4263 | 155 6

Feet.
7 11930.9188
8 | 1937.3159
9 | 1943.914
10 | 1950.4392
11 ! 1956.9691
50/t | 1963.5

Feet. Ins.

155
156

156 634

157

TABLX V.

TABLE OF THE SIDES OF SQUARES-EQUALIN AREATO

FroM 1 TO 100.

A CIRCLE OF ANY DIAMETER.

lsidc of Sq." Diam. lSide of 8q.

’Diam.

| !
Diam ’Side of Sq. !Di:un. ‘Side of Sq. Diam., Side of 8q.
1. 8362 8. 7.0898 || 15. 13.2034 || 22, 19.497 29. 25.7006
J4| 11078 24| 7.3114 M 13515 || 34| 19.7185 A4 | 25.9221
do | w3 || g | 7a3w || 5| 137365 || g | 19.9401 g | 26.1437
B34 15509 34| 77545 34| 139581 || .37 | 20.1617 34 | 26.3653
2. 17724 9. 7.976 16. 14,1795 || 23, 20,3832 || 30. 26.5868
J4 1 1.994 24| B1976 A4 1 144012 | 14| 20,6043 14 | 26.8084
A5 | 22166 Jg | 84192 Jo | 14.6227 || .15 | 20.8263 15 | 27.0209
37 2an || 37| sedor || 3| 148143 || 3| 210479 || 3| 27.2515-

= 26057 |l 10. 88623 || 17, | 15.0659 || 24. | 21.2694 |/ 3L | 27.473
A4 2.mR02 24| 9.0838 A4 1 15,2574 A4 | 21491 A4 | 27.6947
Jg 1 3.00i8 Lg | 93054 Jdg | 15509 Jg | 21,7126 Jg | 27,9161
B4 3.3233 || 34| 9.5269 351157305 34 | 219341 34 | 28.1377
A 35uae (|10 9745 |18 | 159521 || 25 | 21557 || 32 | 28.3593
J4 1 3.7665 M| 997 141 16,1736 A | 2R3 14 | 28.5808
5| 3.488 Ag | 10,1916 Ag | 16,3952 A5 | 22.5988 g | 28.8024
i) a2 e | et | X s | 0% ) B
5. 431 2. K% 9, 5. =3 26. 4 33. 20.2455

Y| 46527 14 | 102563 A4 1 17.0599 J4 | 23,2634 14 | 20.467
dg | 48742 Ao | 110773 dg | 17.2814 15 | 23.485 Jg | 20.6886
37| 5.0958 37 | 11,2994 3, | 17.503 37 | 23.7066 37 | 299102
6. 53174 |[13. | 11,5209 [[20. | 17.7245 (| 27. | 239281 || 34. | 30.1317
24 55389 41117425 A4 17.0461 4| 24,1497 12 | 30.3533
2| 57605 || g | 11964l || g | 180677 || g | easmiz || 3¢ | 305748
3| 5952 B4 | 12,1856 .34 | 18.3892 34| 245928 34 | 30.7964
7. 62036 || 14. " | 12,4072 || 21 | 18.6i09 || 28. | 24.8144 || 35. | 310179
4| 6431 Q4| 1R.6287 4| 18.8323 J4 25,0359 34 | 31.2395
ag| 66467 || 35| 128503 || 12| 10053 || 3¢ | 25575 || 36| 314611
3| 6.8683 37| 13.0718 371 19.2754 31 | 25.459 34 | 31.6826




LENGTHS OF CIRCULAR ARCS.

TABLE.—(Continued.)

S
B

| \
. (Side of Sq.|| Diam. (Side of Sq.| Diam. |Side of Sq.I ! Diam. 'Side of 8q. 3 ;Side of 8q.
!

54.9461
55,1676
55,3892 66,9104
55.6107 67.131%
55.8323 || 76. 67.3532
56,0538 67.5748
96.2754 67.7964 79.3173
56.497 6%.0179 79.5389
06.7185 63,2395 79.7604
56.9401 63.461 2 79982
D7.1616 63,6826 80.2035
57.3832 63,9041 80.4251
57.6047 3 69. 1257 80.6467
D7.8263 69.3473 =0.8652
H8.0479 (R 81.0398
58.2694 69.7904 =1.3113
58.491 . 70,0119 81.5329
08,7125 0 2835 81.7544
98,9341 10,4055 =1.976
9.1556 10.6766 82.1975
HY.3772 || NG, | 708081 82.4191
59.H5958 | 71.1197 82.6407
59 =203 | 71.34i3 82 8622
60.0419 : 1.5,628 33.0~38
60.26:34 Th.IRd4 83.3053
60.48H 53,5269
60,7000 5.3.7434
66,9231 83.970
61.1497 t4.1916
61.3712 24.4131
61.592% 34.6347
0l.=%143 ~4,8562
62,0359 85.0778
62,2574 85,2903
62.179 80.5209
62,7006 85.7425
62,9221 & Y616
63,1437 86.125
63,3652 74.5862 86.4071
i D=6% 5. 1077 86,6239
OLRURG X5, 15.3293 86.8502
640200 87.07i8
64.25: 1 | 87.2933
64.47.50 87.5449
87.7364
87.958
88.1796
o8.4011
85.6227
88.8442
39,0653
89.2874

&

31,9042 X 43,4251
32,1257 43.0467
32.3473 43.86%2
32.56583 44.0898
32.7904 44.3113
33.0112 44.5329
33.2335 44.7545
33.4551 44976
33.6766 45.1976
$3.8982 45, 9!
34.1197 45.6407
34.3413 45,1622
34,5623 46.0=33
317584 46.3054
35.006 46.5269
35.2275 46,7425
35.4491 3. 46.97
35.6706 47.1916
25.8922 47 4131
36,1137 47.6347
36.3353 47.8562
36.5569 48,0778
36.7724 48.2994
37. 48,5209
37.2215 43.7425
37.4451 43.964
37.6649 1491356
37.8802 49.4071
38.1078 49.6287
38.3293 49,503
38.5509 200718
38.7724 80,2934
33.994 50.5H149
39.2155 20.7365
39.437! 50,955
39,6557 51,1706
30,8302 d1.4012
40.10i3 o1.6227
40.3233 51.8443
40 5449 02.0608
40.7664 52,2874
40.9=8 52.5039
41,2095 52,7305
41,4311 52,9521
41,9527 53.1736
41,8742 53.3952
42,0958 53.6167
42.3173 93.83%3
42,5839 54.0598
42 7604 54,2514
42,952 54.503
43.2036 04,7245
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64.9i61 76.4371
65.1377 76.656
69,3002 76.3802
65,5803 77.1017
65,2023 77.3233
660239 77.5449
66.2455 77.7664
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diam. :Side of 8q.

L
.
AN

=
N
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<
w

S T A TG T R S N T - T R - -3
N NS P N NS P N NS NN N NN P NN NN N N N N

77.98%

78.2095
78.4316
73.6526
78.8742
79.0457
79.3173
79.5389
79.7604
79.u82

80.2035
80.4251
80.6467
=0.86582
51.0298
51.3113
81.5329
81.7544
=~1.976

82.1975
82.4191

82.6407

82.8622
33.0~38
53.3053
83.5269
5.3.7434
83.970

t4.1916
84.4131
834.6347
~4,8562
85.0778
85.2993
80,5209
85.7425
&H 9616
86.135

86.407 |
86.62%9
86.8502
87.07i8
87.2933
87.5449
87.7364
87.958

88.1796
o8.4011
88.6227
88.8442
89,0653
89.2874

TABLE VI.

TABLE OF THE LENGTHS OF CIRCLAR ARCS.

The Diameter of a Circle assumed to be Unity, and divided into 1000 equal Parts.

=

Length. ,

Hght.

Length.

H'ght.

Length.

H'ght.

Length.

H'ght. | Length. || H'ght.
1 1.02645 148
101 | 102698 149
02 | 102752 A5
103 | 1.02306 J51
104 | 1.0286 152
105 | 1.02914 153
106 | 1.0297 154
107 | 1.03026 155
108 | 1.030:2 156
J09 | 1.03139 157
A1 1.03196 158
111 | 1.03254 159
112 | 1.03312 16
113 | 103371 161
14 | 1.0343 162
115 | 1.0349 163
116 | 1.03551 164
117 | 1.03611 165
118 | 1.03672 .166
119 | 1.03734 167
A2 1.03797 168
J21 | 1.0386 169
122 | 1.03928 17
123 | 1.03957 || .171
124 | 1.04051 172
125 | 1.04i16 173
126 | 1.04181 174
127 | 1.04247 175
1928 | 1.04313 || .176
129 | 1.0438 A77
A3 | 1.04447 | .178
131 | 1.04515 || .179
132 | 1.04584 18
133 | 1.04652 || .181
134 | 1.04722 || 182
135 | 1.04792 || .183
136 | 1.04862 || .184
137 | 1.04932 || .185
138 | 1.05003 || .186
139 | 1.05075 || .187
14 | 1.05147 || .188
J41 | 1.0522 189
142 | 1.05293 || .19
143 | 1.05367 || .191
J144 | 1.05441 192
145 | 1.05516 || .193
146 | 1.05591 J94
147 | 1.05667 195

1.05743
L.05819
1.05296 ||
1.05973 ||
1.06051
1.0613
1.06209
1.0628%
1.0636=
1.06449
1.0653
1.06611
1.06693
1.06775
1.06=58
1.06941
1.07025
1.07109
1.07194
1.07279
1.07365
1.07451
1.07537
1.07624
1.07711
1.07799
1.07888
1.07977
1.08066
1.03156
1.08246
1.08537
1.08428
1.08519
1.08611
1.08704
1.08797
1.0889
1.08984
1.09079
1.09174
1.09269
1.09365
1.09461
1.09557
1.09654
1.09752
1.0935

196
A97
198
199
.
201
202
203
204
205
206
207
208
=209
21

211
212
213
214
215
216
217
218
219
22

221
222
2%

224
225
226
227
228
229
23

231
232
233
234
235
236
237
238
239
24

241
242
243

1.09949
1.1004%
£.10147
1.10247
1.10343
1.10447
1.10543
1.1065

1.10752
1.108355
1.10958
1.11062
1.11165
1.1126¢
1.11374
1.11479
1.11584
1.11692
1.11796
1.11904
1.12011
1.121i8

1.32225

1.12334 |

1.12445
1.12556
1.12663
1.12774
1.12585
1.12997
1.13108
1.13219
1.13331
1.13444
1.13557
1.13671
1.13786
1.13903
1.1402

1.14136
1.14247
1.14363
1.1448

1.14597
1.14714
1.1483i
1.14949
1.15067

244
2245
246
247
248
249
25

251
252
203
24

D136
15308
15429
15549
1567

15791
15912
16033
16157
16279
16402
16526
16649
16774
16899
17024
A715

A7275
17401
17527
175565
17784
17912
1804

18162
18294
124258
18557
13688
.IRR19
18969
19082
JA9214
19345
19477
1961

19743
19887
20011
20146
20282
20419
20558
20696
DR
1.20067
1.21202
1.21239

P ek gt povs ek ot e et ek ek ik Pk bk b ok pod ek ek b gk ok ek ok tod e ek et et gk e ek ek e o e bk b o et e ek ek

202
293
294
205
296
297
298
299
3
.301
.302
.303
.304
.305
.306
307
.308
.309
3l

31l
312
313
314
315
.316
317
318
.319
AL

321
&322
323
324
325
.326
327
.328
.329
.33

.331
332
.333
334
53D
.336
337
338
339

1.21381
1.2152

1.21658
1.21794
1.21926
1.22061
1.22203
1.22347
1.22495
1.22635
1.22776
1.22918
1.23061
1.23205
1.23349
1.23494
1.23636
1.2378

1.23921
1.2407

1.24216
1.2436

1.24506
1.24654
1.24801
1.24946
1.25095
1.25243
1.25391
1.25539
1.25686
1.25836
1.25987
1.26137
1.26286
1.26437
1.26588
1.2674

1.26892
1.27044
1.27196
1.27349
1.27502
1.27656
1.2781

1.27964
1.28118
1.28273
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LENGTHS OF CIRCULAR ARCS.

TABLE.—(Continued.)

l

{1
Length. ||H'ght.| Length. ||[Hght.| Length. | Hght. Length. .| Length.

1.28428 373 | 1.3373 406 | 1.39372 439 A5327 . 1.51571
1.28583 374 33896 AG7 | 1.39548 44 1.45512 . 1.51764
1.28739 375 .34063 408 | 1.39724 441 | 1.45697 v 1.61958
1.28895 376 3422 409 | 1.399 442 | 1.45833 . 1.52152
1.29052 B77 34396 41 1.40077 443 | 1.46069 . 1.52346
1.29209 378 34563 411 | 140254 444 | 1.46255 . 1.52541
1.29366 379 34731 412 | 1.40432 445 | 1.46441 ¥ 1.52736
1.29523 38 345899 413 | 1.406 446 | 1.4662= A 1.52931
1.2068L 351 35063 414 | 140788 447 | 146815 " 1.53126
1.29839 382 35237 415 | 1.40966 448 | 1.47002 D3
1.29997 383 35406 416 | 1.41145 449 | 147189 . 1.53518
1.501 56 334 BEHTH A17 | 141324 45 1.47377 ’ 1.53714
S0315 385 30744 418 | 141503 451 | 1.47565 . 1.5391
30474 386 35914 419 | 1.41682 452 | 1.47753 2 1.54106
30634 387 36034 42 1.41861 453 | 1.47942 . 1.54302
30794 383 36254 421 | 1.42041 454 " 1.54499
30954 389 36425 422 1 1.42222 455 .483: ; 1.54696
SLILS 39 36598 423 | 1.42402 456 485 . 1.54893
31276 91 36767 424 | 142583 457 486 ; 1.5509
1.31347 392 36939 A25 | 1.42764 453 | 1.4885 ; 1.55288
1.31599 393 37111 426 | 1.42042 459 ¢ 1.55486
1.31761 394 37283 A27 | 1.43127 46 1.49268 . 1.55685
1.31923 395 37455 428 | 1.43309 461 | 1.4946 ! 1.55854
1.32036 396 37628 429 | 1.43491 462 | 1.49651 : 1.56033
1.32249 397 37801 43 1.43673 463 | 1.49842 496 | 1.56282
1.32413 3938 37974 431 | 1.43856 464 | 1.50033 . 1.56481
1.32577 399 38148 432 | 1.44039 465 | 1.50224 ¢ 1.5668
1.32741 4 35322 A33 | 144222 466 | 1.50416 499 | 1.56879
1.32905 401 38496 434 | 1.44405 467 | 1.50608 . 1.57079
1.33069 402 | 1.38671 435 | 1.445%9 468 | 1.508
1.33234 403 | 1.38346 436 | 1.44773 469 | 1.50992
1.33399 404 | 1.39021 A37 | 1.44957 47 1.51185
1.33564 405 | 1.39196 438 | 145142 471 | 1.51378

)
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To Ascertain the Length of an Are of a Circle by the preceding Table.

RoLe.—Divide the height by the base, find the quotient in the column of heights, and take the
length of that height from the next righthand column Multiply the length thus obtained by the
base of the arc, and the product will give the lenth of the arc.

ExampLe.—What 18 the length of an arc of a circle, the base or span of it being 100 feet, and
the height 25 feet ?
25+10t}=.25; and .25 per table,—1.15912, the length of the base, which, being multiply by 100=
115.912 feet.

Nore.—When, in the division of a height by the base, the quotient has a remainder after the
third place of decimals, and great accuracy is required

ake the length for the first three figures, subtract it from the next following length ; multiply
the remainder by the said fraction al remainder, add the product to the first length, and the sum will
be the length for the whole quotient

ExampLe.—What is the length of an arc of a circle, the base of which in 35 feet, and the height
or versed sine 8 feet ? :
8---85—.2285714 ; the tabular length for .228—=1.13331, and for .229—1.13444, the difference

between which 1s .00118. Then .5714X.00113= .000645682.

Hence .228=1.13331.

and - .0005714= .000645682
1.133955682, the sum by which the base of
the arc is to be multiplied ; and 1.133955682 X 35=39.68845 feet.




ght. | Length.
72 | 1.51571
473 | 1.51764
1.61958
1.
476 | 1.
1.
1.
1.
1.

2152
...Mh

5
5
&
52
525

481
452
423
484 | 1.5391
485 | 1.54106
486 | 1.54302
487 | 1.54499
A58 | 1.54696
489 | 1.54893
49 1.5509
491 | 1.55288
492 | 1.554386
493 | 1.55685
494 | 1.55854
495 | 1.56033
496 | 1.56282
497 | 1.56481
.498 | 1.5663
499 | 1.56879
k) 1.57079

1g Table.

eights, and take the
hus obtained by the

being 100 feet, and
g multiply by 100=
remainder after the

1g length ; multiply
th, and the sum will

5 feet, and the height
3444, the difference

7 which the base of

TABLE VII.

TABLE OF THE LENGTHS OF SEMI-ELLIPTIC ARCS.

The Traasverse Diameter of an Ellipse assumed to be Unity, and divided into 1000

equal Parts.

A I I
H'ght. | Length. |H'ght.| Length. || H'ght. | Length. | Hght.| Length. H’ght.; Length.
| |
1 1.04162 || .148 | 1.091!9 || .196 | 1.14531 || .244 | 1.2038 292 | 1.26601
J01 | 104262 || 149 | 1.0922% || 197 | 1.14646 || .245 | 1.20506 || .293 | 1.26734
A02 | 1.04362 1| 15 | 1.0933 198 | 114762 || .246 | 1.20632 || .294 | 1.26567
J03 | 1.04462 || 151 | 1.09248 || .199 | 1.14888 || .247 | 1.20758 (| .295 | 1.27
104 | 1.04562 || 152 | 1.09558 2 1.15014 || .248 | 1.20884 || .296 | 1.27133
05 | 1.04662 || 153 | 1.09669 || .201 | 1.15131 || .249 | 1.2101 297 | 1.27267
106 | 1.04762 || (154 | .0978 202 | 1,15248 || .25 | 1.21136 || .298 | 1.27401
107 | 1.04862 155 | 1.09%91 203 | 1.15366 251 | 1.21263 249 | 1.27535 :
108 .| 1.04962 156 | 1.10002 04 | 1,154%4 252 1 1.2139 3 1 27669 i
109 | 1.05063 || .157 | 1.101i3 || .205 | 1.15602 || .253 | 1.21517 || .301 | 1.27803 :
A1 | 1.05164 || (158 | 1.10224 || .206 | 1.15%2 254 | 1.21644 || .302 | 1.27937 i
Al | 1.05265 || 159 | 1.10335 || .207 | 1.15838 || .255 | 1.21772 || .303 | 1.28071 i
112 | 1.05366 || .16 | 1.10447 || .208 | 1.15957 || .256 | 1.219 .304 | 1.28205 {
113 | 1.05467 || .161 | 1.1056 209 | 1.16076 || 257 | 1.22028 || .305 | 1.28339 3t
114 | 1.05568 || .162 | 1.10672 || .21 | 1.16196 || .25% | 1.22156 || .306 | 1.28474
JA15 | 1.05669 || .163 | 1.10784 || .211 | 1.16315 || .259 | 1.22284 (| .307 | 1.28609
116 | 1.0577 164 | 1.10896 | .212 | [.16436 || .26 | 1.22412 || .308 | 1.28744 {
117 | 1.05872 || 165 | 1.11008 || .213 | 1.16557 || .261 | 1.22541 || .309 | 1.28879 i
.118 | 1.05974 || .166 | 1.111% 214 | 1.16678 || .262 | 1.2267 31 | 1.29014 i
119 | 1.06076 || .167 | 1.01232 || .215 | 1.16799 || .263 | 1.22799 (| .311 | 1.29149 i
12 | 1.06178 || .168 | 1.11344 || .216 | 1.1692 264 | 1.22923 || .312 | 1.29285 bl
121 | 1.0628 169 | 1.11456 || .217 | 117041 || .265 | 1.23057 || .313 | 1.29421 I
22 | 1.06382 || .17 | 1.11569 || .218 | 1.17163 || .266 | 1.23186 || .314 | 1.29557
JA23 | 1.06484 || .171 | 1.10682 || 219 | 1.17285 || .267 | 1.23315 || .315 | 1.20603 i
JA24 | 1.06586 || 172 | 1.11795 || .22 | 1.17407 || .268 | 1.23445 || .316 | 1.29820
125 | 1.06689 || .173 | 1.11908 || .221 | 1.17529 || .269 | 1.23575 || .317 | 1.29965 %
JA26 | 1.06792 || .174 | 1.12021 | .222 | 117651 || .27 | 1.23705 || .318 | 1.30102 i
J27 | 1.06895 || 175 | 1.12134 | .223 | 1.17774 || 271 | 1.23835 || .319 | 1.30239
128 | 1.06998 || .176 | 1.12247 || 224 | 1.17897 || .272 | 1.23966 || .32 | 1.30376
129 | 1.07001 | .177 | 1.1236 225 | 1.1802 273 | 1.24697 || .321 | 1.30513
A3 [ 1.07204 || 178 | 1.12473 || .226. 1.18143 || .274 | 1.24228 || .322 | 1.3065
31 | 1.07308 || .179 | 1.12586 || .227 | 1.18266 || .25 | 1.24359 || .33 | 1.30787
132 | 1.07412 || .18 | 1.12699 || .228 | 1.1839 276 | 1.2448 2324 | 1.30924
133 | 1.07516 || .181 | 1.12813 || .229 | 1.1%514 || .277 | 1.24612 || .325 | 1.31061
134 | 107221 | 182 | 1.12927 || .23 | 1.18638 || .278 | 1.24744 || .326 | 1.31198
135 | 1.07726 || .183 | 1.13041 || .231 | 1.18762 || .279 | 1.24876 || .327 | 1.31335
136 | 1.07831 || .184 | 1.13155 |l .232 [ 1.18886 || .28 | 1.2501 .328 | 1.31472
137 | 1.07937 || .185 | 1.13269 || .233 | 1.1901 281 | 1.25142 || 329 | 1.3161
.138 | 1.08043 || .186 | 1.13383 || .234 | 1.19134 )| .282 | 1.%5274 || .33 | 1.31748
139 | 1.08149 || .187 | 1.13497 1| .235 | 1.19258 || .283 | 1.25406 || .331 | 1.31836
.14 | 1.08255 || .188 | 1.13611 || .236 | 1.19382 || .284 | 1.25538 || .332 | 1.32024
141 | 1.08362 || .189 | 1.13726 || .237 | 1.19506 || .285 | 1.2567 .333 | 1.32162
142 | 1.08469 || .19 | 1.13841 || .238 | 1.1963 286 | 1.25803 || .334°| 1.323
143 | 1.08576 || .191 | 1.13956 || .239 | 1.19755 || .287 | 1.25936 || .335 | 1.32438
144 | 1.08684 || .192 | 1.14071 || .24 | 1.1988 288 | 1.26069 || .336 | 1.32576
145 | 1.08792 || .193 | 1.14186 || .241 | 1.20005 || .28¢ [ 1.26202 || .337 | 1.32715
146 | 1.08901 | .194 | 1.14301 || .242 | 1.2013 || .29 | 1.26335 || .338 | 1.32854
.147 | 1.0901 195 | 1.14416 || .243 | 1.20255 || 291 | 1.26468 || .339 | 1.32993




LENGTHS OF SEMI-ELLIPTIC ARCS.

TABLE.—(Continued.)

Length.

| H'ght, '

Length.

|‘lF{’ght

Length.

Il

[ Hght.

Length. ”H'ght.

Length.

1.33132
1.33272
1.33412
1.33552
1.33692
1.33833
1.33974
1.34115
1.34256
1.34397
1.34539
1.34681
1.34823
1.34965
1.35103
1.35251
1.35394
1.35537
1.3568
1.35223
1.35967
1.36111
1.36255
1.36399
1.36543
1.36688
1.36833
1.36978
1.37123
1.37268
1.37414
1.37662
1.37708
1.37854
1.38
1.38146
1.38292
1.38439
1.38585
1.38732
1.38879
1.39024
1.39169
1.39314
1.39459
1.39605
1.29751
1.39897
1.40043
1.40189
1.40335
1.40481
1.40627
1.40773
1.40919
1.41065

396
LB97
398
L399
A
401
402
403
404
405
406
407
408
400
.41
Al
412
413
414
415
416
417
418
419
42
421
422
423
424
425
426
A7
425
429
43
43
432
433
434
435
.436
437
438
439
44
441
442
443
444
445
.446
447
.448
.449
A5
451

4121t
41357
41504
41651
41798
A1945
42092
42239
42356

1.44463
1.44613
1.44763
1.44913
1.45064
1.45214
1.45364

1.45815
1.45966
1.46167
1.46268
1.46419
1.4657

1.46721
1.46x472
1.47023
1.47174
1.47326
1.47478
1.4763

1.47732
1.479:4
1.48086
1.48238
1.48391
1.43544
1.48697
1.4=85

1.49003
1.49154
1.49311
1.49465

Yo
SISO W=

4961~ |
49771 |

49924
H0077
5023
00383
1.505H36
50689
0842
o006
1 5)
01304

1.0145%8 |
1.51612 |
ol766 |

D192

53004
53159
03314
03469
53625

o37R1
03937
04093

154240
04405
24561
1064715

oANTH

1.95503
5566
1.55817
1.55974
1.5613!
1 56239
1.56447
156605
1.56763
1.56921
1.57089
1.57234
1-573%9
1.57544
1.57699
1.57854
1.58009
1.58164

U8
.HUY
ol

oll
512
513
bl
51 )
516
D17

D18

S OU St QTN
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1.5=319
1.5%474
1 52629
1.58784
1.5804

1.59096
1.59252
1.59408
1.5956

L60032
1 6ois=s
1.60344
1.505

1.606:6
{60812
160963
1.61124
1 6128

161406
1 61592
1.61745
1.61904
1.6206
1.62216
1.62372
1.6252%
1.626=4
1.6224

1.62096
1.63152
1.63309
1.6:3465
1 63623
1.6378
1.63937
1.64094
1.64251
1.64408
1.64565
1.64722
164879
1.65036
1.65143
1.6535

L.63507
1.65665
1.656823
1.65981
1 66139
1.66297
1.66455
1.66613
1.66771
1.66929

.ot4
065
.66
.67
.H68
069
o7
H71
572
D73
D74
SYE)
D76
D17
D78
079
o8
Kilell
D82
HR3
D84
O8D
.o86
HRT
D88
HB8L
09
091
592
093
594
D95
.HY6
D97
593
549
.6
.601
.602
603
604
.605
.606
.607
.608
.609
6
611
612
.613
614
.615

.616.

617
618
619

1.67087
1.67245
1.67403
1.67561
1.67719
1.67877
1.62036
1.62195
1.68354
1.68513
1.68672
1.68831
1.6899
1.69149
1.69308
1.69467
1.69626
1.69785
1.59945
1.70105
1.70264
70424
1.70584
1.70745
1.70905
1.71065
1.71225
1.71286
1.71546
1.71707
171868
1.72029
1.7219
1.7235
1.72511
1.72672
1.72533
1.72994

1-74121
1.74283
1.74444
1-74605
1.74767
1-74929
1.75091
175252
1.75414
1.75576
1.75738

1.759




ght. | Length.
564 | 1.67087
565 | 1.67245
566 | 1.67403
567 | 1.67561
568 | 1.67719
569 | 1.67877
57 1.62036
B71 | 1.62195
572 | 1.68354
573 | 1.68513
574 | 1.68672
575 | 1.68831
576 | 1.6899
577 | 1.69149
578 | 1.69308
579 | 1.69467
5% 1.69626
bR | 1.69785
582 | 1.59945
HR3 | 1.70105
H84 | 1.70264
585 | 1.70424
H86 | 1.70534
587 | 1.70745
H88 | 1.70905
HBY | 1.71065
.59 1.71225
591 | 1.71286
592 | 1.71546
593 | 1.71707
594 | 1.71868
595 | 1.72029
HY6 | 1.7219
597 | 1.7235
HY3 | 1.72511
DY) | 1.72672
.6 1.72233
601 | 1.72994
602 | 1.73155
603 | 1.73316
604 | 1.73477
.605 | 1.73638
.606 | 1.73799
.607 | 1.7396
608 | 1.74121
609 | 1.74283
6 1.74444
611 | 1.74605
612 | 1.74767
613 | 1.74929
614 | 1.75091
615 | 1.75252
616_| 1-75414
617 | 1.75576
618 | 1.75738
619 | 1.759

TABLE.—(Continued.)

LENGTHS OF SEMI-ELLIPTIC ARCS,

|
| {H'ght.

H'ght. | Length. |[H'ght.| Length. ||H'ght.| . ength. Length. |[H'ght.| Length.
.62 1.76062 676 | 1.85215 732 | 1.94552 JI88 | 2.04117 B44 | 213076
621 | 1.76224 677 | 1.85370 733 | 1.94721 89 | 2.0429 B45 | 2,14155
622 | 1.76386 678 | 1.85544 734 | 1.9489 79 2.04462 46 | 2.14334
623 | 1.76548 679 | 1.85709 735 | 1.95059 701 | 2.04635 B47 | 214513
624 | 17671 .68 1.85874 736 | 1.95228 792 | 2.04809 848 | 2.14692
625 | 1.76872 681 | 1.8603¢ || 737 | 1.95397 793 | 2.04953 849 | 214571
626 | 1.77034 682 | 1.86205 738 | 1.95566 794 | 2.05157 N5 2.1505
627 | 1.77197 623 | 1.8637 739 | 1.95735 795 | 2.05331 S50 | 2.15229
628 | 1.77359 634 | 1.B6535 .74 1.95994 796 | 2,005605 B02 | 2,15409
629 | 1.77521 655 | 1.867 741 | 1.96074 797 | 2.95679 8O3 | 2.15580
.63 1.77684 686 | 1.56866 742 | 1.96244 98 | 2.05853 B4 | 21577
631 | 177847 687 | 1.87031 743 | 1.v6414 799 | 2.05027 B850 | 2.1595
632 | 1.78009 658 | 1.87196 744 | 1.965%3 8 2.06202 B56 | 2,1613
633 | L78172 689 | 1.87362 745 | 1.96753 B01 | 2,06377 5T | 2.16309
634 | 1.78335 .69 1.87527 746 | 1.96923 802 | 2.06552 B08 | 2.164%9
635 | 1.78498 691 | 1.87693 747 | 197003 H03 | 2,06727 B59 | 216668
636 | 1.7866 692 | 1.87859 748 | 1.97262 04 | 2.06001 B6 | 2.16m48
637 | 1.78823 693 | 1.82024 749 | 1.97432 05 | 2,07076 B61 | 217028
638 | 1.78956 694 | 1.8819 75 1.97602 806 | 2.07251 862 2 17209
630 | 1.79149 695 | 1.88306 751 | 197772 B07 | 2.07427 863 | 2.17389
.64 179312 696 | 1.88522 752 | 1.97943 808 | 2.07602 S04 | 21757
641 | LTS 697 | 1.88688 753 | 1.98113 B0Y | 2,07777 B65 | 2.17751
642 1 1.79638 .6Y8 | 1.85854 754 | 1.98283 Bl 2.07953 R66 | 2.17932
643 | 1.79301 699 | 1.8902 755 | 1.9%453 811 | 2,08128 B67 | 2.18113
.644 | 1.79964 o | 1.89186 756 | 1.98623 L2 | 2.03304 868 | 2.18204
645 | 1.80127 701 | 1.89352 57 | 1.98794 813 | 2.0348 B6Y | 218475
646 | 1 2029 702 | 1.89519 |1 .758 | 1.98964 || .B14 | 2.08656 || .B7 | 2 laﬁsb
647 | 1.80454 703 | 1.89685 59 | 199134 K15 | 2.08832 871 | 2.18837
648 | 1.80617 704 | 1.89251 .76 1.99305 1 816 | 2 09008 872 | 2.19018
.649 | 1.8073 705 | 1.90017 761 | 1.99476 B17 | 2.00198 873 | 2.192
65 1.80943 706 | 1.90134 762 | 1.99647 | S18 | 2.0936 874 | 2.19282
651 | 1.81107 707 | 19035 763 | 1.99818 819 | 2.09536 875 | 2.19564
652 | 1.81271 708 | 1.90517 764 | 1.99929 .82 2.09712 B76 | 2.19746
653 | 1.81435 709 | 1.90634 765 | 20016 H21 | 2,00888 817 | 2.19928
654 | 1.81599 71 1.90=52 .766 | 2.00331 822 | 2.10065 878 | 2.2011
655 | 1.81763 e 1.91019 767 | 2.00502 823 | 2.10242 B79 | 2.20292
656 | 1.81928 712 1 1.91189 768 | 2.00673 824 | 210419 B3 | 2.20474
657 | 1.82091 13 | 1.91355 769 | 2.00344 825 | 2.10596 831 | 2.20656
.658 | 1.82255 714 | 1.91523 97 | 2.01016 826 | 210773 882 | 2.20839
659 | 1.82419 715 | 1.91691 971 | 2.01187 827 | 2.1095 883 | 2.21022
.66 1.82583 716 | 1.91859 772 | 2.01359 828 | 211127 834 | 2.21205
661 | 1.82747 717 | 1.92027 773 | 2.01531 829 | 2.11304 B85 | 2.21383
662 | 1.82911 718 | 1.92195 774 | 2.01702 .83 2.11431 886 | 2.21571
663 | 1.83075 719 | 1.92363 JT75 | 2.01874 831 | 2.11659 887 | 2.21754
664 | 1.8324 72 1.92531 776 | 2.02045 832 | 2.11837 888 | 2.21937
665 | 1.83404 721 | 1.927 77 | 2.02217 833 | 2.12015 B8 1.2.2212
666 | 1.83268 722 | 1.92868 773 | 2.023%9 834 | 2.12193 .89 | 2.22303
667 | 1.83733 723 | 1.93036 979 | 2.02561 835 | 212371 891 | 2.22486
668 | 1.83897 724 | 1.93204 78 | 2.02733 836 | 2.12549 892 | 2.2967
659 | 1.84061 725 | 1.93373 781 | 2.02907 837 | 212727 893 | 2.22854
67 | 1.84226 726 | 1.93541 782 | 2.0308 838 | 2.12005 894 | 2.23038
671 | 1.84391 L7271 1.9371 783 | 2.03252 839 | 2.13083 895 | 2.93299
672 | 1.84556 L7258 | 1.93678 784 | 2.03425 .84 2.13261 896 | 2.23406
673 | 1.8472 729 | 1.94046 LT85 | 2.03598 841 | 2.13439 897 | 2.9359
674 | 1.84855 73 | 194215 786 | 2.03771 .842 | 2.13618 .898 | 2.93774
675 | 1.8505 J731 | 1.94383 787 | 2.03944 843 | 2.13797 849 | 2.23958




36 LENGHTS OF SEMI-ELLIPTIC ARCS,

TABLE.-(Continued.)

| [
Hght. | Length. || H'ght. | Length. ||H'ghs. | Length. | Hght.| Length. ngm’ Length.

9 2.24142 921 | 2.27987 042 | 2.31802 963 | 2.3581 984 | 2.39823
901 | 2.24325 922 | 22817 943 | 2.32038 964 36 985 | 2.40016
902 | 2.24508 023 | 2.28354 4| 2,322 965 36191 =6 | 2.40208
03 | 2.24691 924 | 2,28537 45 | 2.32411 966 36351 987 | 2.404

904 | 2.24874 025 | 2.2872 L9046 | 2.32508 967 36571 O=8 | 2.40592
905 | 2265057 926 | 2.25903 947 | 2.32785 968 36762 989 | 2.40784
906 | 2.25624 LOR7 | 2.29086 948 | 2.32072 969 36952 N9 | 2.40976
907 | 2.26423 928 | 2.20927 949 | 2.3316 97 37143 991 | 2.41169
908 | 2.25606 920 | 2.29453 95 L.33348 71 37334 092 | 241362
909 | 2.25789 93 2.29636 951 33537 972 37525 2993 | 2.41506
91 2.25972 031 | 2.2982 952 33726 973 37716 994 | 2.41749
911 | 2.26155 032 | 2.30004 953 33915 974 37908 095 | 2.41943
912 | 2.26338 933 | 2.30188 954 34104 D75 381 ‘ A96 | 2.47136
913 | 2.26521 N34 | 2.30373 9556 L,34293 976 38291 ‘ 97 | 2.42329

WA WD W

o

WL

914 | 2.26704 935 | 2.30557 956 34453 997 Bk ol H98 | 2.42522
915 | 2.26888 D36 | 2.30741 957 | 2.34673 478 32673 099 | 2.42715
916 | 2.27071 937 | 2.30926 958 | 2.34862 979 38864 || 1. 2.42008

EW WIS LD

917 | 2.27254 938 | 231111 L1959 | 2.35051 98 .39055
918 | 2.27437 939 | 2.31295 .96 2.35241 L8l 39247
919 | 2.2762 9 2.31479 961 | 2.35431 982 39439
92 2.27803 941 | 2.31666 962 | 2.35621 983 39631

To Ascertain the Length of a Semi-Elliptie Are (right Semi-Ellipse)
by the preceding Table.

Rure.—Divide the height by the base, find the quotient in the column of heights, and take the
length of that height from the next righthand column. Multiply the length thus obtained by the

base of the arc, and the product will be the length of the arec.
ExampLE.—What is the length of the arc of a semi-ellipse, the base being 70 feet, and the

height 30.10 feet.
30.10-70=.43; and .43 per table, =1.46268.

Then 1.46268 X 70=102.3876 feet.

When the Curve is not that of a Right Semi-Ellipse, the Height being half
of the Tranverse Diameter.

Ruwe.—Divide half the base by twice the height, then proceed as in the preceding example ;
multiply the tabular length by twice the height, ard the product will be the length required

ExampLe.—What is the length of the arc of a semi-ellipse, the height being 35 feet, and the
base 60 feet ?

60-+-2=30, and 3035 X 2—.428 the tabular length of which is 1.45966.

Then 1.45966 X 35 X 2=102.1762 feet.

Note.—Ifin the division of a height by the base there is a remainder, proceed in the manner

given for the Lengths of Circular Ares, page 32.

RSl BUC S8 0 s B S RS b b e

" OO C O amee M o o e e e e



TABLX VIII.

TABLE OF THE AREAS OF THE SEGMENTS OF A CIRCLE.

Hght. | Length.
The Diameter of a Circle assumed to be Unity, and divided into 1000 equal Parts.
984 | 2.39823
955 | 2.40016 | e : T
0=6 | 2.402 Versed Versed || Versed! || Versed! V< I'HLd :
5;7) jjgiod Sins. Seg. Area, Sine, SeEs Area Sine. | 5¢8: Area, Sine. Seg. Area. || “ Sine. Seg. Area.
988 | 2.40592 l —_——
920 | 2.40784 .001 00004 048 013~2 095 L0379 142 06522 189 10312
N9 | 2.40076 002 00012 049 01425 006 03849 143 06592 A9 1039
991 | 2.41169 003 00022 05 01465 097 .03908 144 06962 J91 10468
092 | 241362 .004 00034 051 01512 098 03968 145 07033 192 10547
1993 | 2.41556 N 005 .00047 0562 01656 L0u9 04027 .146 07103 193 10626
094 | 2.41749 006 00062 053 .01601 3 04087 147 07174 194 10705
095 | 2.41943 007 00078 .054 01646 101 04148 148 07245 A95 10784
096 | 2.40136 .008 00095 055 01691 402 .04208 149 07316 196 10864
097 | 2.42329 .009 00113 056 01733 103 04269 A5 07357 197 10943 !
298 | 2.425622 .01 00133 067 W1783 104 L0431 151 07459 198 11023 §
999 | 2.42715 011 00153 058 L0183 105 .04:391 A52 07531 199 11102 Ll
1. 2.42008 012 00175 059 01877 106 04402 153 07603 2 11182 44/
013 00197 .06 01924 A07 .04514 154 07675 201 11262 e
014 L0022 061 01972 108 04575 155 07747 202 11343 4
015 .00244 062 0202 A09 .04638 156 0782 203 11423 fed
016 .00268 063 02062 11 047 A57 07892 204 11503 )

017 | 00294 064 02117 At .04763 158 | 07965 200 | 115234
.018 L0032 065 02165 112 04826 159 | .08038 206 | 11665
.Ell[pse) 019 .00347 066 | .02215 A13 | .04839 16 08111 207 | 11746
02 00375 067 | .02265 114 04953 161 LOB185 208 1 11827
021 .00403 068 | 02315 115 | .05016 162 | 08258 209 | .11908
022 | .00432 069 | .02336 116 0508 163 | .08332 21 1199

heights, and take the 023 | ,00462 (| .07 | .02417 || .117 | .05145 || .164 | .08406 | .211 | .12071

thus obtained by the 024 | .00492 || 071 | .02468 || .118 | .05209 || .165 | .0848 212 | 12153
: 025 | 00628 || 072 [ 02519 || 119 | .05274 || .166 | .08554 || .213 [ .12235 i
sing 70 feet, and the 026 | .00555 || 073 | .02571 || .12 | .05338 || .167 | .08629 || .214 [ .12317

027 | 00587 074 02624 121 .05404 168 | .08704 215 | 12399
028 [ .00619 075 | 02676 122 | 05469 169 | .03779 216 | 12481
029 | .00653 076 | 02729 A23 | .05534 A7 .08853 217 | 12563
.03 .00686 077 | 02782 124 | 056 A7 .08929 218 | 12646
ht being half 031 00721 078 ) 02335 125 1 .05666 A72 | .09004 219 | 12028
032 | .00756 079 [ .02829 26 | .05733 173 | .0908 22 12811
033 | .0079% [{ .08 .02943 A27 | 05799 174 | .09155 221 | 12894
034 | .00827 .081 L02997 A28 | 05866 A75 | .09231 222 | 12977

preceding example; 035 | 00864 || 082 | 03052 || 120 | .0s933 || .176 | 09307 || .223 | .1306

:ngth required 036 | 00001 || 083 | .o3107 || 13 | 06 377 | 093%4 || 924 | 13144

ling 35(}’eet, and the 037 | 00938 || .084 | .03162 || .131 | .06067 (| .173 | .0946 225 | 13207 It
038 | 00976 || lo%5 | .o3218 || (132 | loe135 || 179 | 09537 || 226 | (13311 H
039 | 01015 || 086 | .03274 || .133 | .06203 || .18 | .09613 || .227 | .13394 i
04 | 01054 || 07 | o3 || 134 | 0627l 81| 096y || 298| 13478 i
041 | 101003 || los8 | .o3387 || 135 | 06339 || 182 | .ou7e7 || .229 | 13562 &

ronsed i the MR 042 | (01133 || Josv | 03444 || 136 | 06407 || 183 | .09845 || .23 | .13646 i
043 | 01173 || 09 | .o3301 || 137 | (06476 || .184 | .09922 || 231 | (13731 L
034 | 01214 || 091 | 03558 || .138 | 06545 || .185 | .1 232 | 13815 }

045 | .01255 092 | 03616 || .139 | .06614 186 | 10077 || 233 | .139 g
046 | .01297 093 | .03674 || .14 06683 JA87 | L10155 || 234 | .13984 8
047 | .01339 004 | 03732 || .141 | .06753 JA88 | .10233 || 235 | .14069 !

%
i
i

4
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38 AREAS OF THE SEGMENTS OF A CIRCLE.

TABLE.—(Continued.)

ks j | ‘

| Versed Versed
Seg Area D

([ dine. Sine

erswlk Versed Versed .

w Area - r. Area, 0 Seg. Area - Seg b
g A Sine, | 8 | Sine, "8 Are Sine. |78 Area

250
237 1429 20 =000 43 | 20 396 | 2015 | 4179
20 8005 || 344 | 2007 |1 307 | 20043 278
202 19086 || 345 | .- 308 | 20141 34378

. ‘ 34477

| 34557
676
34776
34875
34975
30075

30174

._
o=
<

14409
J444

239
24
241

242

2013 J9177 346 f Rty 29209 |
1458 294 19268 347 241 4 | 20387
L AG65 205 1936 RET 24: 401 20435 |
14751 296 9451 o K 3 402 20533
437 207 | 19542 || W3 2449 A03 ) L2u681 |

[ .14923 208 10634 3¢ 24003 || 404 | 20729 |

I 299 | L1972 || L35 24659 || AU | 20s27 |

3 19817 | . 2471 A06 | 20925

301 9908 || . 248 AGT 30024 S0R74

302 2 . . 403 30122 35374

303 20002 : 25071 409 3022 30474

304 | o184 || L0167 41 30339 35573

05 220276 || . 2563 A1 | 30417 35673

306 L0868 || . 20009 412 05156 25773

15702 307 2046 v 25455 43 30614 35872

15789 308 20553 3 P 200561 Al 30712 35072

16876 309 20645 3 | 20647 Al B0=11 36072

15964 31 20738 . 25743 A6 3090 36172

16051 il 2083 ] [ 25839 Al7 31008 & L3522

A6139 | 312 L0u23 3 [ .25036 Al S1107 36371

16226 313 21015 p | 26032 ALY 31205 | 36471

16314 3id 21108 a | 26128 42 1304 36571

16402 315 | 21201 ; | .26225 421 31403 36671

1644 316 | 21294 ‘ | 26321 422 31502 .36771

16573 317 21387 b 26418 422 316 L36871

. 16666 318 2148 t 26514 424 31699 36971

16755 SB19 | LRIST3 | 372 | 260611 425 | 31793 27071

16=44 + a8 21667 : 26708 426 3187 3717

16931 321 2176 p 26804 A27 31996 3727

1702 322 21853 - [ .26001 428 32095 3737

17109 323 21947 A 26998 429 32194 3747

17197 324 | 2204 || 377 | 27095 || .43 32203 3757

17287 325 22134 . 27192 431 .32391 P 3767

17376 326 : | .27289 432 3249 3777

17465 327 22321 - R7386 43 L3259 ‘3787

17554 323 22415 38 27483 A L3263 3797

17643 329 L2509 || .38 27580 A3 LBOTRR 3807

JI78 % 22603 | . 7677 3 L3R8T 3817

17822 331 22697 - Ri775 A 32057 £ 3827

17942 232 L2701 : 27872 4l 33036 3837

18002 333 22586 ¥ 27969 ; 33185 3847

18092 BRY! 2208 3 28067 7 33284 .3857

L8182 335 23074 ) 2164 : 33384 3867

AR272 .336 .23169 ; 28262 44 . 33483 .49 3377

18361 4 23263 ; 28359 .44: 33582 j L3887

R452 338 23359 . 2R457 Y 3362 L3897

L8542 .339 23453 % 28554 || .44 33781 3907

15633 .34 23547 ! 2552 3378 3917

L8723 341 23642 2878 B .3398 5 B39R7

14154 ‘ ) JAmslg I £ B 237 [ 390 1 SENAN || 448 34079
(’ .
|

238 ! 14324
|
|
5
|

— ke e e e e e -
Sin S3s e O34 S:% 3 &

-—
- -
(==
—

[

B B
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V(‘-Arm-d Seg
Sine. |

Aren,

A8 | 34079
A4y | 34T
A6 | M8
451 | 34378
452 | 377
AB3 | 34557
454 \ 676
A5 | 34776
ADG | 34875
457 | 34975
ADN L0070
A9 | 85174
46 30274
461 | 356374
462 | 30474
A63

A64
A6H
466
A67
468
469
A7
A71
472
473
A74
475
476
477
A78
479
| .48
451
482
AR3
484
AB8H
456
487
.488
489
49
i 491
) 492
| 493
| 494
3 495
) 496
)
L

497
498
.499
D

365272
.36371
36471
36571
36671
L36771
36871
36971
27071
3717
3727
RYBY
D747
3757
3767
3777
3787
3797
3807
B817
3827
3837
3847
3857
3867
3377
3887
3897
3907
3917
397

B

column of versed sines,

103=50=,2 and .2,

2

which 18 00073,

Hence

AREAS OF THE ZONES OF A CIRCLES,

Then .5 xX.00078=000365,

cy

18 required,
Tuke the area for the fiest three fizures, subtract it from the next following ar a, multiply the
cemainder by the said fraction, and add the product to the first area ; the sum will be the area for
the who e quotient,

" L157=.07892
.0005=.000365

per table,==,11182; then . 11182 X 502==279.55 feet,

Nore.—If n the division of a height by the base, the quotient has remainder after the third
lnee of decimals, and great accura

To Aseertiin the Area of a Segment of a Cirele by the preceding Table.

39

Ruik —Divide the height or versed sine by the diameter of the circle ; find the quotient in the

Take the area noted iu the next column, multiply it by the gquare of the
diameter, and it will give the area

Exampig.—Required the area of a segment, its height being 10, and the diameter of the circle
H0 feet.

W liat is the area of a scgment of a circle, the diameter of whichis 10 feet, and the height of
it 1675 feet

1.675-=10 1575 ; the tabular area for .157=.07892, and for .158=07965, the difference between

.079275, the sum by which the square of the dia-

TABLE IX.
TABLE OF THE AREAS OF THE ZONES OF A CIRCLE.
The Diameter of a Circle assumed to be Unity, and divided into 1000 equal Parts.

meter of the circle is to be multiplied ; and .079285 X 102=7.9286 feet.

Hght.| Area. ||H'ght.| Area Hght.| Area. |/H'ght.| Area, H'ght.| Area.
001 001 029 02898 057 05688 085 08459 113 11203
002 002 03 02993 058 05787 =6 08557 114 113
003 003 031 03093 059 05886 087 =656 A15 11398
004 004 032 03198 06 05936 088 08754 116 1495
005 005 033 L03208 061 08085 0=9 LOE853 A17 11592
006 006 034 03397 062 06184 09 0R951 118 1169
007 007 035 03497 063 06253 091 L0005 119 A1787
008 008 036 03597 064 0632 092 09148 A2 J1884
009 009 037 03697 065 06482 093 09246 A21 19801
.01 01 038 03796 066 0653 094 09344 JA22 12078
011 11 039 03296 067 0663 095 09443 123 A2175
012 012 .04 03996 063 0678 096 L0954 124 12272
013 013 041 04095 069 06878 097 09634 125 12369
914 014 042 04195 07 06977 098 09737 126 12469
015 015 043 | 04205 071 07076 009 | 09835 97 2562
016 016 044 04394 072 07175 A L0993: 128 12650
017 017 045 | 04494 073 | 07274 01 | .10031 129 A2755
018 .018 .046 04593 074 07373 102 10129 A3 J2852
019 019 047 04693 075 07472 103 10227 131 12949
.02 02 045 04793 076 0755 104 10325 132 13045
021 .021 .049 04892 077 07669 Jd05 0422 133 3141
022 022 .05 04992 078 07763 106 1052 134 13238
023 623 051 05091 079 07367 107 10613 135 13334

024 024 052 0519 .08 07966 108 10715 136 1343

025 025 053 0529 081 08064 109 10813 137 13527
0¢6 | 02599 004 | 05389 082 | .0B163 1 10911 A38 | 13623
027 02099 055 05489 083 08262 11 .11008 139 13719
028 | .02799 056 | .05583 084 | .0836 di2 | 11106 14 13815




AREAS OF THE ZONES OF A CIRCLES,

TABLE.—(Continued.)

Area,

Area.

H'ght.

Area,

H'ght.

Area.

Area.

A3911
14007
14103
.14198
14294
.1439
14485
14581
14677
14772
14867
14962
15058
15158
15248
15343
15438
5530
15628
A5723
ABRLT7
15912
16006
16101
16195
L1629
16584
.16473
16572
16667
16761
16805
16943
17042
17136
1723
17323
19417
1751
.17603
17697
A77Y
17883
17976
18069
.18162
1s254
18347
844
13532
18625
AR717
18809
18902
18994
.19026

.19178
1927

.19361
19453
19545
.19636
19728
A9219
L1991

20001
20092
2013
20274
20365
20156
20546
20637
20727
20218
20908
20998
21088
21178
21268
213858
21447
21537
21626
21716
21805
21894
21983
22072
22161
2215

22335
22427
22515
22604
226922
L2278

22868
22956
23044
223131
23219
23306
23394
23451
23563
23650
3742
23829
23915
24002
24089

253
254
255
256
257
208
259
.26

261
262
203
.64
265
266
267
268
269
B, 7 ¢

271
272
273
274
RT5
276

277

2738
279
28
281
282
283
284
285
.286
287
283
289
.29
291
292
293
294
295
296
297
298
2299
3
301
302
303
304
305
.306
307
308

24175
24261
24347
24433
24519
24604
2469

24775
24861
24946
25021
25116
21201
25285
2537

25455
25539
25623
20707
25791
0875
25959
26043
26126
.26209
26293
26376
26459
26041
26624
26706
26789
26871
26953
27035
27117
L7199
Rirp

27362
27443
27524
R760H
27556
27766
7847
RT97
28007
28088
23167

28565
28644
2n723

309
3l

311
S12
313
314
31D
316
317
Sl
319
.32

L3210
322
.323
324
« 320
.326
327
328
.329
.33

B3t
332
333
.334
.335
.336
337
338
L339
.34

341
342
343
344
.345
.346
347
.348
.349
3D

351
352

28301
2888

28958
29036
29115
29192
2927

25348
20425
29502
2058

29656
29733
L2931

29586
29962
30039
30114
.3019

30266
30341
.30416
.30491
.30566
.3u641
30715
.3079

.30364
30938
31012
31035
31159
31232
31305
31378

3145

31523
31595
.31667
31639
31811
31882
31954

32025
32096
32167

32237
32307

I S b i

232147

L3256
32725
32794
32862

32931
32999
33067
33135
33205
3327

33337
33404
33471
33537
.33604
3367

33735
33201
33866
.33931
.33996
34061
34125
3419

34253
.34317
3438

.34444
34507
34569
34632
.34694
34756
.34818
.34879
.3494

.35001
.35062
35122
.35182
35242
.30302
.35361
L3042

.35479
35538
30596
35654
30711
35769
30826
30883
35939
35995
36051
36107
.36162
36247
30272
36326




PR, LT et

ght.| Area
365 32031
366 32999
367 | 33067
368 | 33135
369 | 33203
87 | 3327
1| .33337
372 33404
233 | 33471
374 | .33537
37 .33604
376 3367
377 33735
3738 .33201
379 | .33866
.33 .33931
.381 .33996
382 | 34061
.383 34125
384 | L3419
385 | .34253
386 | 34317
387 .3438
388 | 34444
389 | .34507
39 34569
391 34632
392 | .34694
393 | 34756
394 | .34818
395 | .34879
396 | L3494
.397 .35001
398 | .35062
399 35122
4 35182
.401 35242
.402 35302
.403 .35361
404 L3042
405 .35479
406 | .35538
407 35596
.408 35654
400 a7l
A1 35769
All 35826
A12 35883
Al3 35939
A4 | 35995
415 | 36051
416 | 36107
A7 | 36162
418 36247
419 | 30272
42 36326

AREAS OF THE ZONES OF A CIRCLE. 41

TABLE.—(Continued.)

{lrght.| Area. ||H'ght.| Area. ||H'ght.| Area. |[H'ght.| Area. |[H'ght.| Area.

421 | .3638 437 | 37202 453 | 37931 469 | .38549 485 | .39026
422 | 36434 438 | 3725 454

‘ 37973 A7 38553 486 | .3905
423 | .36488 439 | 37298 455 | .38014 471 | 38617 437 | 30073
424 | 36641 44 37346 456 | .38056

« 472 | 3865 483 | .39095
425 | .36594 441 | 37393 457 | .38096 473 | .38683 489 | 39117
426 | .36646 442 | 944 458 | 38137 474 | 38715 49 39137
427 | 36698 443 | 37487 459 | 38177 475 | 38747 491 | .39156

428 | 3675 444 | 37533 46 38216 476 | 38778 492 | 39175
429 | .36802 445 | 37579 461

¥ 38255 A77 | 38808 493 | .39192
43 .36853 446 | .37624 462 | 38204 478 | 3838 494 | 39208
431 | .36904 447 | 37669 463

38332 A79 | 38667 495 | 39223
432 | 36954 448 | 37714 464 | 38369 48 38895 496 | 39236
433 | 37005 || 449 | 37758 465 | .38406 481 | 38923 497 | 39248
434 | 37054 45 37802 466 | .33443 482 | 3895 498 | 39258
435 | 37104 451 | 37845 467 | 38179 483 | .38976 499 | 39266
436 | 37153 452 | 37888 468 | .38514 484 | .39001 D 3927

This Table is computed only for Zones, the longest chord of which is diameter.
To Ascertain the Area of a Zone by the preceding Table.

RuLE 1.—When the Zone is Less than a Semicircle, Divide the height by the diameter, and find
the quotient in the column of height. Take out thearea opposite to itin the next column on the right
hand and multiply it by the square of the longest chord ; the product will be the area of the zone,

ExaumpLE.—Required the area of a zone the diameter of which is 50, and its height 15.
15+-50—.8 ; and .3; as per table,—.28088.

Hence .28088 X 502=702.2 area.

RuLE 2.—When the Zone is Greater than a Semicircle : Take the height on each s'de of the dia-

meter of the circle, and ascertain, by Rule I, their respective arcas; add the areas of these two
portions together, and the sum will be the area of the zone.

ExampLE.—Required the area of a zone, the diameter of the circle being 50, and the heights of
the zone on each side of the diameter of the circle 20 and 15 respectively.
20+-50—.4; .4, as per table,—.35182 ; and .35182 X 502=879.55.

155-507.8; .8, as per table, =.28088; and .28088 X 502="702.2.
Hence 879.55+4-702.2=1581.75 area.

RULE 3.— When the longest chord of the zone is less than diameter, Take the height or distance

from the diam. to each of the chords respectively ; find the area corresponding to each height and
deduct the lesser from the greater area ; the result will be the area required.

NoTte.—When, in the division of a height by the chord, the quotient has a remainder after the
third place of decimals, and great accuracy is required.

Take the area for the first three figures; subtract it from the next following area, multiply the

remainder by the said fraction, and add the product to the first area ; the sum will be the area for
the whole quotient. :

ExaMpLE.—What is the area of a zone of a circle, the greater chord being 100 feet, and the
breadth of it 14 feet 8 inches ?

14 feet 8 inches—14.25 and 14.25--100=.1425; the tabnlar area for .142—14007, and for 143—
.14103, the difference between which is .00096.

Then .5 X.00096=.00048.
Hence .142 —.14007
.0005 =.00048

.14055, the sum by which the square of the greater chord.is to be multiplied ; and
.14055 X 1002 =1405.5 feet.




TABLE X.

SPECIFIC GRAVITIES.

The Specific Gravity of a body is the proportion it bears to the weight
of another body of known density.

If a body float un a fluid, the part immersed is to the whole body as
the specific gravity of the body is to the specific gravity of the fluid.

When a body is immersed in a fluid, it loses such a portion of its own
weight as is equal to tk .t of the fluid it displaces.

An immersed body, ascending or desc nding in a fluid, has a force
equal to the difference between its own weight and the weight of its bulk of
the fluid, less the resistance of the fluid to its passage.

Water is well adapted for the standard of gravity ; and as a cubic foot of
it weights 1000 ounces avoirdupois, its weight is taken as the unit, viz: 1000.

To Ascertain the Specific Gravity of a Body heavier
than Water.

RuLe.—Weight it both in and out of water, and note the difference ;
then, as the weight lost in water is to the whole weight, so is 1000 to the
W x 1000
specific gravity of the body. Or, —\ —;3 = G, w representing the
weight in water, and G the specific gravity.

ExampLe.—What is the specific gravity of a stone which weighs in air 15 lbs., in
water 10 lbs. ?

15—10=>5 ; then 5: 15 : : 1000 : : 3000 spec. grav.

To Ascertain the Specific Gravity of a Body lighter
than Water.

RuLe.—Annex to the lighter body another that is heavier than water,
or the fluid used; weigh the piece added and the compound mass sepa-
rately, both in and out of the water. or the fluid ; ascertain how much each
loses in water, or the fluid, by subtracting ils weight in water, or the fluid,
from its weight in air, and subtract the less of these differences from the
greater ; then,

As the last remainder is to the weight of the light body in air, so is
1000 to the specific gravity of the body.

Exampre.—What is the specific gmviti:f a piece of wood that weighs 20 lbs.
in air ; annexed to it is a piece of metal that weighs 24 lbs. in air and 24 lbs. n
water, and the two pieces in water weigh 8 1bs. ?

20+4-24—8=44—8=36=loss of compound mass in water ;

24—21 = 3=loss ¢f heavy body in water.

33: 20 : : 1000 : 606=24 spec. grav.
To Ascertein the Specific Gravity of Fluid.

RuLe.—Take a body of known specific gravity, weigh it in and out of*
the fluid; then, as the weight of the body is to the loss of weight, o is the
specific gravity of the body to that of the fluid.
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Exawere.—What is the specific gravity of a fluid in which a piece of copper
(spec. grav.=9000) weighs 70 1bs. in, and 80 lbs. out of it ?

80 : 80—T70=10: : 9000 1125 spec. grav.

To Compute the Proportions of two Ingredients in a
Compound, or to discover Adulteration in Metals.

tur.e.—Take the difterences of each specific gravity of the ingredients
and the specific gravity of the compound, then multiply the gravity of the
one by the difference of the other ; and, as the sum of the produets is to the

respective produets, so is the specific gravity of the body to the proportions
of the ingredients.

ExampLe.—A compound of gold (spec. grav.=18.888) and silver (spec. grav.=
10.535) has a specific gravity of 14; what is the proportion of each metal.
18.888—14=4.888 X 10.535=51.495
14 —10.535=3.465 X 18.888=65.447 g
65.447+4-51.495 : 65.447 : : 14 : 7.835 gold. it
65.4474-51.495 : 51.495 : : 14 : 6.165 silver.

To compute the Weights of the Ingredients, that of the
compound being given,

RuLk.— As the specific gravity of the compound is to the weight of the
compound, so are each of the proportions to the weight of its material.

ExampLe.—The weight, as above, being 28 1bs., what are the weights of the
ingredients ? i

.o .. (7.835:15.67 gold,
14:28:: {6165 ;: 12.33 silver,

Proof of Spirituous Liquors.

A cubic inch of proof spirits weighs 234 grains; than, 11 an immersed it
cubic inch of any heavy body weighs 234 " grains less in- spirits than air, it |
shows that the spirit in which it was weighed is proof. i

If it lose less of its weight, the spirit is above proof; and if it lose i
more, it is below proof. i

ILLusTrRATION.—A cubic inch of glass weighing 700 grains weighs 500 grains
when weighed in a certain spirit ; what is the proof of it ?

700—~500=200=grains=weight lost in the spirit.

Then 200 : 234 : ¢ 1. : 1.17= ratio of proof of spirits compared to proof spirits,
or 1.=.17 above proof.

Solids.

Rore.—Divide the specific gravity of the substance by 16, and the
quotient will give the weight of a cubic foot of it in pounds.



SPECIFIC GRAVITIES.
OF DIFFERENT BODIES AND SUBSTANCES.

Speci-| Weight Speci- | Weigh
METALS fic gra-| of a cu- METALS. ﬁ(?gm- oft:;lf:u13
vity. | bic inch. vity. |bicinch.

ANUMINU.teeeerese.sosees] 2560] 0926]Palladium. ceeeesaeeeesses 11350( .4105
Antimonye. seesssscesecess| 6712 2428 Platinum, hammered. . (20337| 7356
DAtIVe . eerees[16000| 5787

ATSENICe. seccssecesevsenses] 37631 208
BATiUM ¢ cesvseveesessecess] 470} . ¢ rolledesseseess[22069] ,TI82
865 .0313

Bismutheeesseessseseesenss) 9823 3553 i R Goninss
8940| .3241

Brass, copper 84 - creesesserssaces
«  tin 62 ot i i ren[10650| -3853
l

¢ copper 67 1820 i 8600( .3111
¢ gine 33§77 3 i .| 4600] .1627

€ platessessessssecses| 8380 .

6 WiPE.sesseoscesscses] S214] . : llver, pure, CASt. seeses 10474 .3788
Bronze, gun metal......| 8700} . “ hammered.|10511] .3902
BOron ..eeeess veeee]| 2000 .072: OdiuM . secssssencesereces| 70| 0351
3000 teel, plates. . ccesseneens| 7806/ 2823
8650( . 6 BOt eevescase.eeeees| 1833| .2833
Calcium eeeses 1580 . ¢  tempered and
5900| .21: hsrdened 7818| .2828

Chromium eesccessssecess
CinnAbATecseseseecscsseees] 8098 .2 ¢ Wirt.essees ...| 71847 .2838
i 2540 .0918

CObAlt secsrssrercesocaseen| 8600
Columbium..eese soesecess| 6000] . i ish, 7390| .2673
Gold, pure, casteceeuees 19258] . 7291| .2637
¢ hammered. . ......|19361 6110] .221
¢ 92 carats fine.....|17486 11850 .4286
.| 53001 .1917

& 90 carats fine.....|15709] . £ i
8788 = 17000| .6149

Copper, Caste.ceeseessens
6 plates seasee seeces| 8698 i eeneneens|10150) 3671
i 8880; .3212;W 7119| .2575

€6 WIres secescecesenses
Iridium eeeeeeeeeesseseseses| 18680 6861( .2482
7191 .26

¢ hammered........|23000
Iron, Ca8t...ecsssesnesseses| 7207} .
« gun metal...| 7308| .264 | WOODS (DRY.) %‘;g:"
hot blast.esecssesss| 7065] <2555 ?
cold ¢ eeeeneens| 7218 . cessasenee: 50
wrought bars.....| 7788 349.562
A wire....| 7174 2811 Ash 52.812
B RAAL I e — f |- sugts o0n
Lead, CBSBlscsescserserccee 11352 .4106] BamboO. ees - . coverssenas 25.
¢ rolledeesssssensiesed|11388] . s b 2151.375
Lithium. «c>ee 590 3]Be R 53.25
Manganese... 8000{ .2894fF ¢ e coseree 43.125
l(agnesmm.............\. 1750 .063: 35.437
Mercury—40° « vesesrees)15632( . ili 64.437

6 7 4£32° Leeeer 00| 13598 . 2|57.
o 60° . eeeeeeese|13580 . 28/83.

£t 2129 . cerrenses|13370 58.
23.5

MO‘ bdenum.......«.n. 8600 . csssssnnes z
i 8800, . 3|57.062
8279 . : . 35.062

10000 .36 Indian cececeeneces 82.167

OBMilum eescesesetesssrene




.
—

jpeci- | Weight
¢ gra-| of a cu-
vity. |bicinch.

e | e—

1350
10337
16000
22069
865
8940
10650
8600
4500

10474
10511
970
7806
7833

7818
847
- 2540
7390
7291
6110
11850
5300
17000
10150
7119
6861
7191

800
793
845
600
| 400
| 822
| 852
1 690
.| 667
.| 1031
| 912
.| 1328
.| 928
.| 376
.| 913
.| 661

.4105
.1356
.b7187
.7982
.0313
.3241
.3852
.3111
.1627

.3788
.3902
.0351
.2823
.2833

.2828
.2838
.0918
.2673
.2637
.221
.4286
L1917
.6149
.3671
.2575
.2482
.26

Cubio
foot.

50

49 .562
52.812
43.125
25.
51.375
53.25
43.125
35.437
64.437
57.
83.
58.
23.5
57.062
35.062

.l 1315/82.167
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WOODS, (Dry.) |Svect-| Weight | WOODS, (Dry. Speci- | Weight
(Continued.) ﬂ&’é;’.’ 132'?&‘} (Continued.) ) ﬂ:i%?' l:‘ig.fot:)‘t
Charcoal, pinee...eeees| 441 27 562J0ak, Dantzic. cesscessacaa| 15947 .437
““ fresh burned| 380[23.75 | ¢ English secccscecees 932/58 25
€ 08K vorrrrenns| 1573 98 312] ¢ green... seeeseessess| 1446/71.625
¢ soft wood ...| 280[17.5 ¢ heart, 60 years.. 1170|73.125
¢ triturated .| 1380 86 .25 | ¢ live, green.....| 1260/78.75
ChelITY veeessasesssosacenes| ¢ 15| 44 687 10 ¢ seasonedseee.| 1068(66.75
Chesnut, sweet..cceeenes 610] 38 125] ¢ white. sesensereess| 860[53.75
CtrON. seseesseencessesssnes| 126] 45 3T5I0TANGE. . terersrnsereseres 705/144.062
OB Lcige st e 1040| 65 PeAlreseescerceesseesssanes| 00142 312
Cork seceocsenee o] 240|115 Persimmoneeecesseceaeess|  110{44.375
Cypress, Spanish..c....| 644 40.25 JPlumuceeeesecraenececsneses| 18549.062 3
Dog-wood.eeseseeeseesrenee 756| 47 25 [Pine, pitche.iseseeesercs] 660]41.25 i
Ebony, American ... | 1331 83,1870 ¢ red...... 590(36 875 i
€ IndIiBN eeeeesseense| 1209] 75 562 ¢ white. . 554(34.625 i
EldeTeeuuesereesereerrseesns| 69543 43T} ¢ yellow..cossesceccas 461(28.812 i
Elm 570| 35 625|Pomegranate......ceesues| 1354(84 625 J
Yy e o ""'g 6711 41 937JP00N eereeeserssrasasannes| 080[36.25 |
Filbert eeeseeeeeesne. soness| 6001 37.5  JPODIAT eeeueierecanaasaen. 383|23 937 |
Fir (Norway Space).... 512 32 6 Whiteeseses seseeeess] 529133.062
Gum, blUe.serrereeseesses| 843| 52 68TJQuinCeueecsessecassesurucns 705(44.062
0 water. o] 1000] 62 5 JROSe-W0Od.. essesrrerines| 728 45,5
Hackmatack .o ven| 92| 37, [Bassafras...cccee cersensss|  482(30.125
Hazelveeeeosoosessesseeses.| 860] 23.75 SALN-WOOd seesesserssners| 885/55.312
HawthorD.cecesseccsseesse] 10 56.875|Spruce..................... 500(31.25
HemloCKeeoeeeesseessssess| 368| 23. SYCATIONE. ceeese soesanses| H2H[3R.937
Hickory, pig-nutc..caeeee 292 19.5 TAMArack .o.eeeeseoneenes| 383(23.937 !
‘“ shell-bark..... 90| 43 125 2 657(41.062 i
HOIYeun esennssasasacacse| 790) 47.5 ik (hfican ok, 2 74546562 ;
JASIMINe. oeoccsseresronsses] 110|248 128 Walnute. eeceecsceseneanes| 671[41.937 {
JUDIPET.. cocssasecsascccces 566| 35 375] ¢  black..eccesseeens| 500131.25 it
LancoWoodosresmeceses] 120145, hy §| 486[30.375 ,}
Larch 544 34 ......"."“.""l 585 36562 ,‘
e T 560| 35. Yew, Dutch. ceceeereenns 788(49.25
LLemOD eessoseossssescesses]  103] 43937 ¢ Spanisheecesecseosee 807/50.437
Lignum-vit® sececcsceces 1333| 85.312
Lim€ueecssssencssee nsenses| 804 50.25 | (Well Seasoned.®)
604| 37.75 |
728{ 45.5 JAsh.ceceeereeeens. cseareanns] 122|45.125 i
LOGWOOA evrerrrrrvrr| 18] 7. 062BECCh. rserrverscnse 624/39. -
| 720] 45. herry. vecosseasseses| 606/37.875
Mahogaoy ~§ 1063| 66 43T|CYPress.seersssscasnsseeses|  441(27.562
“« Honduras...| 560| 35. Hickory, red...eceesees| 838/62.375 i
& Spanish......| 852 53.26 [Mahogany, St. Domg..| 720 45. i
Maple. cesceseoseeccasencee 750! 46 .875]Pine, White.sesssseensassa| 473 29.562 1
¢« bird’s eye eseeseess] 576| 36. ¢ yEllOW..osssssersess| 541(33.812 i
MASC seessccressaseronsss] 849 53.862 %)p]ar.(.)..it................. 587(36.687 i
561 35.062§White Oak, upland....| 687/42.937 i
Mulberryessssess core- z 897| 56.062] «  James River.| 759/42.437 !
Oak, African weveseesees| 823 51.437 il
" Canadian....eceen] 872 54.5

«Ordnance manual 1841,
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Speci-| Weight Speci-| Wei
Stones, Barths,&c|gh sral of o tu. [Stones,Earths,&c o ight
vity. | bic foot. i bic foot.

Agate...... .| 2590 — €6 L iWRHBccsosssessoss
Alabaster, white... 2730(170.625}Cornelian. .
¢ yellow..eeeeee| 2699|168 .687Diamond, Orlemal...... :
Alum........ SRR T 1714(107 .125) ¢4 Brazilian
Amber.. sweeeeereoeecens| 1078 67.3754Earth, * common soil..
Ambergris. .ceeeereneenees 866 — £ loosea..eeeneene.
Asbestos, Starry...se.... 3073|192.062f moist sand....
905 | 56 5628 ¢ mould, fresh...| ?
1650|103.125¢ ¢ rammed-. . ceeeee
4000|250. $6 rough sand.....
Barytes, sulphate.... g 4865|304.062f « with gravel..... 5.25
2740({171.25 JEmery sieeeececsseces :
2864(179 Flint, black..... et 2 .375
1714|107 125 3 .| 25¢ 62.125
1900{118.75 JFluorineececeeese .| 1320 .5
1367| 85.437 Glaﬂs, buttle seceersenee| 2732 .75
TN s sabivesasiat .| 2201{137.562 Crowna. . seseesse| 5.437
“ work in cement. | 1800/112.50 fi 33/183.312
INL seceseveccee
{3 ‘ ‘“ mortar 1600 ]00‘ s
2000{125. gre€Necececersensss| 2642 125
Carbon. iciisisesiiiisise .| 3500/218.75 optical veee| 3450(215.625
Cement, Portland 1300] 81.25 . white..ceernsrense : .5
¢“ Roman..eee....| 1560 97.25 WIDAOW..eee0eeeee| 2642(165.125

. b vt g 1520 95. I r

e A 5 S M A S

Asphaltum ............

2784|174. black............... =
Chrysolite 2782 — [|Granite, Egyptian red.| 2654(165.875
Clay.e. eorerceseennecneens| 1930/120.625 ¢ PatapscOeee...| 2640{165.
¢ with gravel ......| 2480 155.75 o (S;)lxincy........ 6521165.75
. 1436| 89 cotch. 5/164.062
Coal, Anthracxte.....g 1640/10: «  Susquehanna 169
¢ Borneosssecessseesesi 1290 ; Gravel, common. 109.312
I 1238 : ARy 3(133.937
seeseete- )| 1318] 82.375)Gypsum, opaque. ......| £ 135.5
¢  Caking ........ esee| 1277| 79 812fHone, white, razor.....| 2876(179.75
¢ ChLerryececceeeecee. 1276 .75 ; eo] ¥ 221.25
LU 01 O R 1290 & —
¢ Derbyshire..seeees| 1292 . J ate —
¢ Lancaster ..e.e....| 1273 171.562
¢  Maryland..........| 1355 . 50.25
¢  Newcastle 1270 : i oo g 198.
¢ Rive de Gier. 1300 ; 1b8us st ea Z 5197 2
1259| 78 6 i : 150
o Scotch..........g 1300 2 arble. Adelaide. ceueee 5/169.6
€6 Splint.. ceeeeseeene| 1302] 81. Africain. . ceeenees 169 ?
“ Wales, mean.....| 1315| 82. Biscayan, black. 168.4:
1000| 62. CATATA.sersesssen| : 169
746 J €Common .. 167.
2000(125. Egyptian . ee....... 166.
1045 31 French............. 165.
Coral, red........ cessens] 2700 Italian, white....| : 169.

* Spec. grav. of the earth in variously estimated at from 5,450 to 5,600




50| —
T
21| —
a| —
194{137.125
500 93.75
)50(128.125
150|148 125
300{100.
920{120.
020/126.25
0006{250.
582/161.375
594(162.125
320| 82.5
732(170.75
487(155.437
933|183 312
200(196.
642(165.125
450(215.625
£92(180.75
642(165.125
T Ry
50| —
654/165.875
1640/165.
1652{165.75
1625(164..062
1704{169.
749109.312
1143(133.937
1168135.5
1876(179.75
3540[221.25
1940 —
1300{ —
2745171.562
804| 50.25
3180/198.75
3156(197.25
24001150
2715(169. 687
2708(169 25
2695(168.437
2716(169 75
2626(167.875
2668|166.75
2649(165.562
2708[169 .25

——
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Opale...ceee.
Oyster shell. .
Paving-stone.

Quartz......

Rock, crystal..

Smalt. ceeereces

Marble Parian.. w...e...
¢« Vermont, white
Marl, mean...ee.... aaious

7 R R R
MOomtar. . ceccicsascvises g

Millstone.. . ceeeeneas
Madite Gliseiiassiiiocese
A NIt iisiisiososee

......

Peal, Unental $26s
Petl. osiindsavensatois

Phosphorus.....
Plaster of Paris. ...
Plumbago...........
Porphyry, rede ...
Porcelain, China
Pumice-stone ceeeeerecnes

Rotten-stone..eeen..
Red lead eeees coneee
Resiniceessseiacsns

.........

Ruby .....................
Salt, common...
Saltpetre «o... essses
Sand, coarse. ......
¢ common..
¢ damp and loose..
¢ dried and loose.
LLEEY: | " FARCCRAES R
¢ mortar, F't. Rich.
¢ “ Brooklyn
¢ gilliciouSe.eeees ces
Sapphire ceeceveceescesees
Shale.ceeccsssassssssosesecs

Slate .eecees sereesacnens g
Slate, purple.sceeececees

eetsoveee
.......

. 1800

Stone, Bath...... Ln«rl
¢ Blue Hill.ieseesnas
¢ Bluestone (baﬁalt)
¢« Breakneck..N.Y.
¢ Bristol...... Engl.
¢ Caen, Normandy
¢ Common .eeecesnee

Stones,Earths,&c

8940

1981

108Y

2735

4283
2130
2090

1670
1392
1560
1420
1659
1716
1701
3994
2600
2900
2672
2784
2440|
1961
2640
2625
2704
2510
2076

915|
2660/

| 57.187 ']opdz, Orlental....... A
166.25 TIap. .cconesseecssecssesnce
123.812 Turquoxse.................
358.75

68.062) Miscellaneous.
170.937

133 125}Asphaltum weeeeneene

130.625§A tmospheric Air.. ..o
112 5 JBeeswaXeseosseseoscesea se
LU4 375 Buttersceeeccensescencass
87. Camphor....
97.5 [Caoutchouc.
8870 JHOg: veciisecvsssroesctosssss
103.66 JFat of Beef. ceerrreeensnnes
10120 8 ¢ HogBeesroresssonss
106.33 ¢ Mattohiciieieece
—  JGamboze...cesceecen
162.5 JGum Arabic..ceeeeeesens

181 25 fGunpowder, loose..e.uee
167. £ shaken...
ig§5 4 solid... 3
122 .562JGutta-percha...ceceseces.
165. HOTD, soieiunidesy oo o
164.062](ce, At 32° werrerreereene
169. . Hndigo.cswisssesessiscssiss

156 875 singlass.ceseesreanes
129.75 Hvory..cecesseeceneces

1550

2520

167.5 JLArd ceceeeseceee - sovcenen

4011
2720
2750

905
16.',0

9(; ]
942|
958
903
1090
923
936
923
1222
1452
900
1000

1800

980
1689

920
1009
1111
1825

57

62

61

947

56.
103.
.07529
60.
58.
61.
56.
.688
58.
Loy
90.
56.

96.
112.5
.25
105.

57.

63.

69.
114.

59.

sp : l I i
grect) Weieht |5y ones Barths, &o seck| Wit
vity. !blr' foot. \ny bie foot.
2838(177.375 Stone, Craigleth..Engl.| 2316/144.75
2650{165.57 Kentish rag ** | 2651|165.687
1750{109.3750 ¢ Kip's Bay.. ’\Y Y. '2759{172.
2800175 ¢ Norfolk (Parlia-
1384] 86.5 ment House). 2"10»»744
1750({109.375) ¢ Portland...Engl | 2368|148.
2484(155.25 ¢ Sandstone, mean| 2200(137.5
1630'101.875] ¢ «  Sydney| 2237/139.812
1900|118.75 | ¢ Staten Isl'd. N.Y| 2976|186.
2114 — ¢ Sullivan Co. ¢ | 2688|168,
.1 2092{130.75 [Schorl ....... creceseeneeees| 3170{198.125
veee| 2416[131 . Spar, calcareous.ca... 2735(170.937
26501 — ¢ Feld, bluewseeess.| 2693/168.312
600| 37.5 1 ¢ green.ge....| 2704/169.
1329] 83.062] ¢« &« Fluor ......| 3400(215.5
17701110.6258Stalactite.. coseses seeesea| 2415150 937
1176 73.5 [Sulphur, native......... 2033/127.062
2160{131.25 JTalc, mean cccessaeennnn.s 2500(156.25
2765(172.812fTa e, black. «ceeeene...| 2900{181.25
2300/143 75 JTilesseseeracesconsosceraeess| 1815(113.437

170.

562
125

312
875
5

437

5
687

75
25
5
875

562
5

062
437
062
187

. 001205,

S
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SPECIFIC GRAVITIES,

Miscellaneous.

Speci-
fic gra
vity.

Weight
of a cu-
bie foot.

Liquids.

Speci-
fic gra
vity.

Weight
of a cu-
bic foot.

Mastic ceseccsesssenns cose
Myrrh...
Opiumaceceecessescoecenses
Soap, Castile.ceceeeeeres
Spermaceti
Starch ceceecececsesecseeces
Sugar. wecsececcensecennnes

6 66ececcsecsceccee

TRIlOW.: eossevsrasssseisss

WaXocesseoesoscsessesses 2

Liquids.

Acld AcetiC. ceeeccnscens
Benzoic.eee.e
Citric. . . . ee.
Concentrated.....
FluoriC.eeseeesseoss
Muriatic. .
Nitric.
Phosphoric

4 solid. .
Sulphuric e.eeeees

Alcohol pure, 60°.

95 per cem

80

50

40

25

10

5

¢ proof spirit, *50
per cent 60°.
¢ proof spirit, 50
per cent 80°.
Ammonia, 27.9 per ct.

. eesseessccee

o
‘“°
[
1
{3
‘

13
3
11
13
113

1074
1360
1336

. 1071

943
950
1606
1326
972
941
964
970

1062
667

eeee| 1034

1521
1500
1200
1217
1558
2800
1849
794
816
863
934
951
970
986
992
934

875
891

67.125
85.
83.5
56.937
58.937
59.375
100.375
82.875
60.25
58.812
60.25
60.625

66.375
41 687
64.625
95.062
93.75
5.

76.062
97.375
175.

115.562
49.622
51.

53.937
58.375
59 437
60.625
61 625
62.

58.375

54.687
55 687

Aquafortis, double......
¢ single. ......
Beer. .
Bitumen, liquid.....eee.
Blood (human)
Brandy, % or 5 of splrll
RIHABY | oo oesbbansasses tbases
Ether, acetiC.ceccesvenss:
MUriatic. . eeccecsss
¢ sulphuric..eeeees..
Honey wuveirenne
Milkeoociisssisoes
Qil, Anise- seed >
¢ Codﬁsh s Fesebréhe
o Cotton-ﬂ(-ed......
Lirseed eeeecees

®avesssscesvenees

“ Petroleum . eveennn.
 Rape sececssesosscsees.
¢ Sunflower....
¢ Turpentine.. .
W Bale . isiaeiinesis
Spirit, rectified.....
Tar..
Vme;, ir
Waler, Dead bea ssaksee
60°..
2IZ°..
distilled, 39°% .
Mediterranean ...
rain...

Wine, Burgundy secsne
¢ Champagne...ceee
¢ Mudeira. ...

1032

.1 1015

.| 1038

1300
1200
1034
848
1054
924
1018/
866
845
715
1450

986
923
940
848
915
969
878
914
926
870
923
824

1080
1240
999
957
298
1029
1009
1026
992
997

997

81

51

44
90

64.
61.

57

.25
75.
64.
53.
65.

625
875

.75
63.
54.
52.

625
125
812
687
625
5

625
687

58.
53,

57

60.
54.
57.
51.
54.

57
51
63

62

64.
62.
64.
62.
64,
62.
62.

75

187
562
875
125
875
375

.687

5

437
67.5
1.
62.
59.

5
5

449
812
379
312
5

125

375
312
312

Compression of the following fluids under a pressure of 15 Ibs. per

square inch :

Alcoholeseeesecesscseesecsee 0000216

Ether.iiieesos voesss

seseeeans 0000158

Mercuryeeecessssssoecsssns 00000265
Watere.ecoeaceceecsesecess 00004663

* Specific gravity of proof spirit according to Ure’s Table for Sykes's Hydrometer, 920.
t1 cubic inch = .252.69 Troy grains.




i-| Weight
al ofacua-
5 ‘ bie foot.

0| 81.25

ol 75.

1 64.625
8 53.

4! 65.875
4! 57.75
8l 63.625
6| 54.125
15| 52.812
5| 44 68T
50/ 90 625
32| 64.5

36| 61.625
23| 57 687
10| 58 .15
48! 53.

15| 57 187
69| 60.562
78| 54.875
14| 57.125
26| 57.875
70| 54.375
23| 57.687
24| 51 5
15| 63.437
)80 67.5
240| 17.5
99| 62449
57| 59 812
093 62 379
029| 64.312
009| 62.5
026| 64.125
992| 62.
997| 64.375
038 62.312
997 62.312

15 lbs. per

. 00000265
. 00004663

E———

[ydrometer, 920.

Elastic Fluids.

WEIGHTS AND VOLUMES OF VARIOUS SULSTANCES.

1t Cubic Foot of Atmospheric Air weighs 521.04 T'roy Grains.

Its assumed Gravity of | is the Unit for Elastic Fluids.

Atmospheric air, 34%. 0000l
Ammonia.. .. e 589
AZOtesrerrseerrcerrannaasasoseneacee]| 976
Carbonic acid.. ceerevesrsnnees 1.52
6 OXYd. eeecscecesosesccse| 972
Carbureted hydrogen. . eeesees. | .559
Chlorineceseercesssssvscscseeseeses 2.47
Chloro-carboniCueeeesessessenead|3. 389
Cyanogens.eeeeesseseeecanssesnness 1.815

Gas, coalicersesccssesessarace z

Hydrogen...eeeeeeanes

Hydrochloric acid.... ]
Hydrocyanic ¢ ...ceeveens vees| 942
Muriatic acidecereeseccessecsesaes|l.247
NItrOpeNacsissasi sesssvcsvsssosesn .972
Nitric 0xyd. eecesseeceesocens vee |1.094
Nitrous acid. .. |2 638
Nitrous oxyd.e...... o |1.527
Oxygen. ceseecorececenses wesvesstsoilial (s

Phosphureted hydrogen . seeees

Sulphureted

Sulphurous acids. «eesesseseanens
Steam, * 212°.....
Smoke, of bituminous coal....
‘ coKe.ceeroassesenconsns
WOOdeeeseersscsssoosss
Vapor of alcohol.eeeeeesessennes
¢ bisulphuret of carbon
Vapor of bromine.cceese ceveeee
chloric ether. eeeeees
etherciceeecsescensnecee
¢ Thydrochloric ether....

‘“

¢ jodine.. ...

¢ sulphuric
] ‘“

¢ sgulphur..

‘ pitric acid.......
‘¢ spirits of turpentine..

aCideeecseses
ether..ceee

6 Waler. . sececsscoscsisocses

49
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.586
.255
.675
.15
.163
K

.586
.214
| .623

[ S SO SO e Sl SOl SR U
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Weights andVolumes of various Substances

in Ordinary Use.

Substances. | §Ubi¢ | {ubic | Substances.
Metals. Lbs | Lbs. Metals.
copper 67 LD soeasincesssnssssrn
Bmss{zirﬁ?:&:& } m 2829 Zine, cast.eeeeseeees
¢ gan metal...|543.75 [.3147 ¢ rolled..eovees
¢ sheets .eeeena]213.6 .297
T 524.16 |.3033 Woods.
Copper, cast ......[547.25 [.3179
6 DlateSeesreraee|343.625 | 3167 | Ash.ereersecracserenes
Iron, casticecesseen. (450 437 [.2607 | Bay.ccoeueenen.. ssssee
¢ gun metal....[466 .5 .27 Corkesesscaccsssvcaces
¢ heavy forging/479.5 |.2775 | Cedar scieecceceenee
0 plates ... ceene. | 4815 .2787 | Chestiutes . eecereees
¢ wrought bars.[486 .75 | 2816 | Hickory, pig nut..
Lead, cast...........[709_5 4106 ¢ ghell-bark..
s¢ rolled .ovicon..s 711.75 |.4119 | Lignum-vite. ......
Mercury, 60°......[%48,7487|.491174] Logwood eeeeeereense
Steel, plates........[487 .75 |.2823 szhog:my,ﬂon-g
LLIEET T SR .489.562 |.2833 duras..ceeeeeees

Cubic Cubic
Lbs. | Lbs.
455.687 | .2637
428.812 | 2482
449 437 | .2601
Cub.Feet
in a Ton.
52.812 | 42.414
51.375 | 43.601
15. 149.333
-35.062 | 63.886
38.125 | 58.754
49.5 45.252
43.125 | 51.942
83.312 | 56.886
57.062 | 39.255
5. 64.
66.437 | 33.714

t Equal to .07529143 1bs. avoirdu

pois.

* Weight of a cubic foot, 257,333 Troy grains.
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WEIGHTS AND VOLUMES OF VARIOUS SUBSTANCES.

' Cubie |[Cub. Feet Cubie |Cnb.Feet
Substances, Foot. lina Ton| Substances. Foot. |inaTon.

|
Oak, Caradian....|
“ l':n,'_'ll-h......j .
live,seasoned
white, dry...|
2> upland| ’
Pine, pitch ...eeees || 41.2 54.303Karth, clay...e...| 120.
0 reds cevennenes| 36.875 | 60,7458 ¢ common scil| 137.
¢ white...seeeee| 34.625 | 64.693 ¢ gravel| 109.:
¢ \\'oilst':\&ullwl; 9.56:% 15.773 dry, sand....| 120,
€ yellow .eerees| 33 B12 | 66.248 1008 saeesenns| 93.
Spruce.. . cevieeenens| 31,2 71.68 moist, sand.| 128,
Walnut, ln ick, dry| 81,21 71.68 MOld.sesneenes| 128.
WilloWeeeeosessseenes| 36.562 | 61.265 i1 ey e ||
€ dry. seeneeess| 00,370 | 73,744 with gravel.| 126.
Granite, Quiney...| 165. 7.)
Miscellaneous ¢ Susqueh’nal 169.
Hay, bale. . veeeseaes|  9.525235
IR s hasvdrnsnians . —_ ¢ pressed.iceeees| 25
Basalt, mean....... b, 12.8 [India rubber..cc....| 56.437
Brick, fire..... 37.562| 16.284] < vulcanized.| —
€. MEAN. vesess 2. 21.96 1 Limestone..veruen..| 197.25
24,958 Marble, mean.ceeee| 167 875
21.854iMortar, dry, mean| 97.98
¢ bitumin.,mean| 80. 28 Water, fresh..veeee| 62.5
¢ Cannel. ieeeseee. LRT5 23.609] ¢ salt.eescsesss| 64.125
¢ Cumberland...| 8 26.451{Steam. ceeeescreseeses| 036747

o

o O

41.101§Coal, Welsh,mean| 81.
38.4550U 0ke.s seassssnnsonses| 63.1
33,558 Cotton, bale, mean| 14.1

41.674 20,
52.169 ¢ ¢ pressed 95

el
o

L O O

Coal, anthracite

Application of the Table=.

When the Weight of a Substance is required. RuLe. — Ascertain the
volume of the substance in cubic feet ; multiply it by the unit in the second
column of tables, and divide the product by 16; the quotient will give the
weight in pounds.

When the Volume 1s given or ascertained in Inches. RuLe.—Multiply
it by the unit in the third column of the tables, and the product will be the
weight in pounds,

ExampLe.—What is the weight of a cube of Italian marble, the sides bieng 3feet?
33 X 2708 = 13116 0z., which = 16 — 45.9.75 lbs.
Or of a sphere f cast iron 2 inches in diameter ?
23 X .5236 X .26 weight of a cubic inch — 1.089 lbs.
Comparamve Weight of Timber in a Green
and Seasoned State.

Weight of a Cub. Ft. Weight of a Cub. Ft.

Timber. | Timber.
Green. | Seasoned. Green. | Seasoned.

| Lbs. Oz. | Lbs. Oz. Lbs. Oz. | Lbs. Oz.
41,12 3011 ¥ -
50. En;,hsh Oak,
53.6 2iga Fir




Inb, Feet
inalon.

27.56
35.84
154.48
114,
89.6
18.569
16.335
20.49
18.667
23 893
17.482
17.482
21.987
17.742
13 514
| 13.254
235. 17
89.6
39.69
11.355
13 343
22 .862
35.84
34.931

rtain the
he second
1 give the

-Multiply
ill be the

eng 3feet?

rreen

e e
a Cub. Ft.

si—————

Seasoned.

———
Lbs. Oz.
28.4
43.8
35.8

BALLOON, — WEIGHTH OF PATTERNS. 51

To Compute the Capacity of a Balloon.

Rrre.— From specific gravity of the air in grains par cubic foot suv
etract that of the gaz with which 1t is inflate I; multiply the remainder by
the vo'ume of the balloon in cubic feet ; divide the product by 7000, and
from the quotient substract the weight of the balloon and its attachmenta,

Exayere —The diameter of a balloon is 26.6 feet, its weight in 100 lbs., and the
spec fic gravily of the gaz with which itis inflated is .06 (air being assumed at 1) ;
what is its capacity ?

527.04—31.62X26.63 X.5236 495.42 X 9854.726
'—_*—7700'0 —100== 7000 —100==597.461 lbs.

To Compute the Diameter of a Balloon, the
Weight to be raised being given.

By inversion of the preceding rule, .
Wx700-+s—s’ ,
v — 235 =@ sanld & representing the weight of air and gas in

grains per cubic foot, and d the diameter of the bulloon in feet,
ExampLe.—Given the elements in the preceeding case

¥/597 464100 X 7000-+-527.04—31.62
.5236

Then ={/18821.09=26.6 feet.

To Compute the Weight of Cast Metal by
the Weight of the Pattern.

When the Pattern is of White Pine.

Ror.e.—Multiply the weight of the pattern in pounds by the following
multiplier, and the product wili give the weight of the casting:
Iron, 14; Brass, 15; Lead, 22; Tin, 14; Zine, 13.5.

When there are Circular Cores or Prints.— Multiply the square of the
diameter of the core or print by its length in inches, the product by .0175,
and the resultis the weight of the pattern of the core or print to be deducted
from the weight of the pattera.

It ix customary, in the making of patterns for castings, to allow for
shriakage per lineal foot of puttern.

Iron and Lead }th of an inch, Brass and Zine ;the, and Tin f4th.

SRR AL TV

P




KEY TO THE TABLEAU

PROBLEM.

To determine the accurate solidity of any irregular bady of
small dimensions or of a body composed of several
elementary parts with different dimensions
and forms.

(1) RULE. If it is the capacity of any wvase or vessel
which we want to measure, the idea generally suggest itself of arriving
at the result by determining the number of times which such a wvessel ca: give

place to or contain the contenis of any other vessel of an elementary form of
which we know the capacity.

(2) But if it is the solidity of the substance itself of ths
vessel, &c., which we desire to measure. the manner of operating

does not immediately present itself to the mind of any one wishing to obtain
the result.

(3) RULE. Ifthe solidity to be measured is that of a non
absorbent substance, we immerse it in a vessel full of water or any other
liquid of which we will, measure the displacement by means of another veisel of
known capacity ; or if the first vessel is large enough and it form rectangular or
cylindrical and of easy gauging, we will first put in it enough liquid to cover the
object to be measured ; having afterwards observed the height of the level of the
water in the vessel, we will immerse in it the object in question and observe again
the level of the liquid ; if now we suppose that each fraction of a metre, inch
line or any other unit of the height of the containing vessel correspords to a cubic
metre, foot, inch, or line, de., we will have but to count the number of such units

in the height of the displaced level of the water to obtain immediately the solidity
of the proposed object.

(4) If the body is absorbent, we may for instance use sand or any
other fluid substance, of the kind, that we can level the surface of by means of a
rod with a rectilineal edge.

In this manner we would arrive at the solidity of the most deversified
bodies of the animal, vegetable or mineral kingdom and of the thousand and
one raw or manufactured objects which we have constantiy under o
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MENSURATION OF SOLIDS 53

and of which it would often be impossible to weasure the solidities by the
ordinary rules of geometry.

It is well to remind also that we may arrive by a simple proportion at
the solidity of a body by comparing its weight with that of another body of
the same substance and of determined solidity, that is by the system of spe-
cifie gravities which shows at the same time how to obtain the solidity of a
body from its weight : which will form the subjects of the next problem.

Ex. 1. The weight of an irregular block of stone is 13 pounds 7 onnces :
required to determine with the help of the given piece the weight nearly of a
cubic foot of such stone.

Ans. First cube the block of stone ; to that effect get a rectangnlar
vessel, say 10 inches square or 100 inches in horizontal area, and the height
of which is divided into inches and hundreths of an inch ; having poured into
the vessel water enough to cover the stone to be cubed, I note the height of
the water which I find 8.53 inches, I then immerse the stone in the vessel and
I note again the height of the water which is now 9.89 inches ; the diffsrence
of these heights is 1.36 inches.  Since the vessel is 10 x 10 inches, it is plain
that every inch of its height corresponds to 100 cabic inches and conse-
quently, each hundredth of an inch of such a height to one cubic inch; there-
fore the observed height 1.36, of the displaced level of the water corresponds
to 136 cubic inches ; therefore the solidity of the stone is 135, and we will
now obtain the weight of the cubic foot by making 136: 215 ounces (weight
of the stone) :: 1728 cubic inches (that is a cubic foot) : 2732 ounces, or, di-
viding by 16,1704 pounds, the required weight.

2. In a cylendrical vessel such that each inch of its height corresponds
to 1 cubie inch of space or solidity, we have immersed a piece of silver which
has displaced by 73 hundreths of an inch the level of the liquid in the vase ;
required the solidity of the ingot of silver ?

Amns. .73 of a cubic inch,
3. Having filled with water any vessel, we have immersed in it an
object the solidity of which we want to know ; we have gathered in another
vessel, the water overflown, the quantity of which is 3 gal. 2 quarts and }
pint ; what is the soiidity of the proposed object, the gallon made use of
being 231 cubic inches ?

Ans. 1 gallon + 2 quarts + ¥ pint =231 + 115% + 147 = 1§ cubie
inches.

4. Required the solidity of an absorbent substance placed in a vessel one
foot square filled with sand ; after having removed the object to be measured,
we find that the uniform height of the sand in the vessel, first levelled to
that effect, is .3 of a foot, the height of the vessel being 1.5 feet ?

Ans. 1.5—3=1.2 feet= height of the displaced level of the sand, and as
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the vessel is 1 square foot in horizontal section, it follows that the solidity of
the object is 1.2 cubic feet.

5. Ir a vessel having the form of the frustum of a cone is a quantity of
liguid of which the diameter at the surface is 10 inches : we immerse in it an
object which increases by 9 inches the height or depth of the liquid in the
vessel and which gives to its displaced surface a diameter of 14 inches ; re-
quived the solidity of the proposed body ?

Ams. The volume of water displaced which is at the same time that of
the object, is that of the frustum of a cone of which the parallel bases mea-
sure respectively 10 and 14 inches and of which the height is 9 inches ; this

2 2 2
sol.= (112, T.) (10 + 14 + 4 times 12) x 7354 x9+6 = 872 x .7834 x 1.5
684.8638 x 1.5= 1027.3032 cubic inches.

THEOREM.

To determine the solicity or weight of any body or substanes,
by comparing the volume or weight of such body with
that of a body or substance of the same nature of which
we know beforehand the weight and volume.

() REm. The weight of a cabic foot of water at the temperature og
40° Fahrenheit (nt which water nearly reaches its greatest density) is 1000
ounces avoir du poids nearly, or 623 pounds (englixh weizht) and we denomi-
nate weight or specifie gravity of any body or substance, the weight of a
volume of such body or substance equal to that of the water taken for com-
parison ; whence it results that if in advance we know the weight of a cabie
foot, for instance, of each of the different substances that we may be called
on to measure or value, as stated in table X, we wi |l at once determine by a
simple proportion the volume of any other weight or quantity of the same
substance or the weight of any other vo.ume of such substance, by the fol-
lowizg rules.

(6) ROLE. To determine the solidity of a body from its
weight ; make the proportion : the specific weight of the proposed body is to

() its weiyht in ounces or pounls, &c, as (::) 1 cubic foot or 1728 cubic inches,
is to (:) the solidity cf the body in feet or inches, as the case may be.

Ex. 1. The weight of a shell or cast iron ball or of any fragment of such
a solid is 45 pounds : required the solidity of the proposed body ?

Anps. It is seen by table X of specific gravities that the weight of cast
iron is 450 pounds nearly, per cubic foot ; we will then obtain the required
solidity by making 450 pounds : 1728 cubic inches :: 45 pounds: 172.8 cubic
inches.
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2. Reqnired the volume of a marble statue the weight of which is 1000

pounds, the specific gravity of the marble from which the statue is drawn
being 170 pounds nearly to the cubic foot ?

Ams. 170 pounds : 1 cubic foot :: 1000 ponnds : 59 cubie feet nearly.
3. A quantity of sand weighs 13 pounds : what is its solidity ?

Ans. From table X, the specific gravity of sand is 1.520, that is, 1.520
times the weight of an eqnal volume of water or 1520 ounees to the cubic foot
(since the weight of a cubic foot of water is 1000 ounces) ; we will therefore
make 1520 ounces : 1728 cubic inches :: (13 x 16=) 203 ounces : x =
1728 x 208=236% cubic inches.

1520 5

4. The weight of a tusk or tooth of an elephant is 25 pounds ; what is
its solidity ?

AmnS. Ivory is 1823 onnces to the cubic foot; we will therefore obtain
the solidity of the tooth by making 1825: | :: (25 pounds or) 400 ounces : .22

nearly of a cubic foot, or 1325 ounces : 1728 cubic inches : : 400 ounces :
378.74 cubie inches.

5. It is required to determine in advance the probable weight of a cast

iron grating which must be cast according to a carved model of pine wood
the weight of which is 7 pounds ?

Ams. We will first obtain the solidity of the pine model by making, as
per rale (the pine being considered in this case as of 23 pounds to the cubie
foot) 23 pounds : 1 cubie foot : : 7 pounds: .28 of a cubic foot. Now, as the
solhlity of the cast iron is 450 pnmlds per cubic f()()t, we will obtain the
weight of the proposed grating=450 x .28=126 pounds.

(7) RULE. To determine the weight of a body from its
volume; make the proportion : as one cubic fuot is to ( : ) the volume of
the proposed body, so is (:: ) its specific gravity to ( : ) its weight.

EX. 1. The volume of a heap of snow on the roof of a building is 7000
cubic feet, the weight of a cubic foot of this snow, made heavy by rain, &e.
is 30 pounds required the total weight which bears on the roof ?

Ans. 7000=210,000 pounds.

2. What is the weight of a piece of pure cast gold the dimensions of
which are 3 inches by £ x % inches?

Ans. The rolidity=3x% x $=2% cubic inches; the specific gravity of
pure gold is 19.258 ; the rule gives : I cubic foot or 1728 cubic inches : 2%
cubic inches :: 19.258 : x = 19.253 x 2 25=25.07552 ounces

1723

8. One desires to know the weight of a firkin of butter the volume of

which obtained from the rule to article (112), is 1830 e¢nbic inches ?
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Ans. The specific weight of the butter is .940 of that of water, that is, of
940 ounces to the cubic foot; we will therefore obtain the required weight
=1830 x 940=995% ounces,~10=62 pounds 3} ounces.

1728

4. What is the weight nearly of a stick of english oak half-dry, the
volume of which is 150 cubic feet ?

Ans. The half-dry oak, from the table, is 66 pounds nearly per cubic
foot, whence the required weight, is 150 x 66 =9900 pounds.

5. What is the weight nearly of a box of bound books the volume of
which is 15 cubic feet?

AmS. 15 cubic feet x 43 pouuds nearly =645 pounds.

PROBLEM,

To determine the specific gravity of any body or substance.

(8) RULE. L. Oube and weight the proposed body, and afterwards
make this proportion ; as the solidity of the body is to ( : ) its weight in ounces,
80 18 ( :: ) a cubic foot of such body o ( : ) the weight of one fool of it in ounces ;
that is, by cutting off three figures for deci-its specific gravity.

Ex. 1. What is the specific weight of seasoned black walnut, if a simple
of this wood the dimensions of which are 11 x7x9 inches, weighs 24
ounces ?

Ams. 11 x 7 x 9=69.3 cubic inches=sol. of the proposed body ; now, from
the rule 69.3 inches : 24 ounces : : 1723 inches : 598 ounces or 37.4 pounds;
the required specific gravity is therefore .598 of that of water the weight of
which is 1000 ounces to the cubic foot.

2. An irregular piece ef chalk of which the solidity has been obtained,
=432 cubic inches, by the method of exemple 4 of the lust but one problem,
weighs 433 pounds : required the specific gravity of that substance.

Ams. 432 inches : 1723 inches :: 43} pounds : 174 pounds : whence, the
required specific gravity is 174 x 16=2.784 times the weight of an equal
volume of water.

3: A batean or pontoon of 100 feet by 20 x 10 feet and the total volume
of which is consequently 20,000 cubic feet , required in its construetion 5000
feet of white pine half-seasoned, the weight of which is estimated at 40
pounds for the cubic foot, 500 cubic feet of elm computed at 50 pounds to the
enbic foot, and 5000 pounds weight of iron spikes : required the draught of
water of the proposed body ?

Ans The weight of the pine=5000 x 40 = 200,000 pounds, the weight of
“the elm = 500 x 50 = 25000, the iron 5000 pounds ; the total weight of the
bateau is consequently 230,000 1bs; the average weight or the specific grav-
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ity of the pontoon is 230,000 pounds + 20,000 cubic feet=11.5 pounds te the
cubic foot, that is 11.5 x 16 = 184 ounces per cubic foot, say .184 of the weight
of an eqnal volume of water. The weight of the pontoon is 10 feet, there-

fore the draught will be .184 of the height of the pontoon or 1.84 feet, that is.

1 foot 10 inches and .96 of an inch=1 foot 11 incles nearly.

4. By what quantity can the bateau or pontoon of the last example be
loaded without causing it to founder or sink beyond its deck or superior
surface ?

AmS. Since water weighs 62.5 pounds to the cubic foot and the total
volume of the pontoon is 20,000 cubic feet, the total weight o the water which
the pontoon must displace before sinking to the lever of the water is 20,000
x 62.5 = 1,250,000 pounds; now the weight of the boat is but 230,000
pounds ; whence it follows that we might still without causing the bateau
to founder load it with a weight equal or nearly equal to the difference
between 1250,000 pounds and 230,000 that is 1020,000 pounds.

(9) RULE I¥1. It the body to be computed is heavier
than water ; first weigh the body in air, then in water, by means of a
hydraulic balance ; the difference belween the results will be the weight lost in
waler, or the weight of a quantity of water equal in volume to that of the body.
Make now the proportion : as the weight lost in water ( : ) is to the weight of the
body in air (::) sois the specific gravity of water (:) to the specific gravity of the
body.

Ex 1. A piece of tin weighs 183 pounds, its weight in water is but 158
pounds : what is the specific gravity of tin ?

Ans. 183—158=25 : 183 :: 1000 : 7320=required specific gravity.

2. A block of granite weighs 21 ounces in air and only 13 ounces in
water : what is the specific gravity of the granite ?

' Ans. 2625
(10) RULE III. If the body to be computed is lighter
than water ; tie to the proposed body by a thread the weight of which is
relatively null, another body heavier than water, so that both of them taken
together may penetrate or sink in the water ; having fiist weighed each body in
air, and the heavier in water, weigh then in water the compound body, and Jrom
the weight lost by the compound Uody, substract the weight lost by the heavier
body as weighed alone ; the remainder is the weight lost by the light body. Then :
as the weight lost by the light body in water, ( :) is to the weight of that body in
air, (::) 8o i8 the specific gravity of water ( : ) to the specific gravity of the body.
Ex. 1. To a piece of elm which in air weighs 15 grains, we have tied a
piece of copper the weight of which is I8 grains in air and 16 grains in water,

and the compound in water weighs but 6 graius : what is the specific gravity
of the elm ?

Ky
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Anus, 18—16 = 2 =the number of grains lost by the copper in the
water.
18 + 15—6=27=the number of grains lost by the compound in
the water.
-2 =25=the number of grains lost by the elm ¢n the water.
25: 15 :: 1000 : 600=the specific gravity of the elm.

2. A piece of copper, weighing in air 27 ounces and in water 24 ounces,
is tied to a piece of cork weighing in air 6 ounces, and the compound weighs
in water but 5 ounces : what is the specific gravity of cork ?

Ans. 0.240.

PROBLEM.

To determine the quantity of each ingredient or element in a
compound of two substances or elements.

(11) RULE. Find first the specific weight of the compound, mixture or
alloy, and of each of the component elements and multiply the difference of every
two of these three specific weights by the third. Make then : the greatest product,
(:) is lo each of the other product, (::) as the weight of the adoy, ( :) is to the
weight of each ingredient.

EX. 1. A mass of gold and silver weighs 62 ounces, and its specific
gravity is 16126 ; what is the quantity of each ingredient, the specitic gravity
of gold being 19610, and that of silver 11091 ?

Ans. (19640—11091) x 16126=137,861,174. Alloy.
(19640 —16126) x 11091=38,973,774. Silver.
(16126—11091) x 19640=93,887,400. Gold.
137,861,174 : 98,833,400 :: 63 : 45 ounces, 3 penny weights, 19 grains of gold,
137,861,174 : 38,973,774 .. (3 : L7 ounces, 16 penny weights, 5 grains of silver.

2. A mass of copper and gold weighs 48 outices, and its specific gravity
is 17150, the specific gravity of gold is 19640 and that of copper 9000 : what
is the quautity of each element of the mixture ?

Amns. Gold=42 ounces 2 penny weights 2 19378 arains, copper =5 ounces,
17 penny weights 21 33418 grains.

3. An :(l'.uy of silver and copper weighs 60 ounces, its specific gravity
being 10535 : required the weight of each ingredient, their respective specitic
gravities being 11091 and 9000 ?

Ans, 46 ounces 7 penny-weights 9 1332387 grains silver, 13 ounces 12
penny-weights 14 33%'%% of copper.

4. An alloy of copper and tin weighs 112 pounds and its specific gravity
is 8784, what is the quantity of each of the ingredients of the mixture, their
respective specific gravities being 9000 and 7320 ?

Ans. 100 pounds copper, 12 pounds tin.
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8. Required the weight of gold, in a componnd of qnartz and gold the
specific gravity of which is 3500, that of gold being 19640 and that of quartz
3000

Amns. 19640 —3000=16610 x 3510 = 58,240,000=

Factor for the compound body.
19640--3500=16140, 16140 x 3000 = 48,420,000 =

Factor for the quartz.
3500 —3009 =500, 500 x 19540=9,82),000 =

Factor for the gold.
58240000 : 9820000 :: 100 : 16.86.8612638 —ounces of gold ; if this resnlt «be
correct, the weight of the auartz must be equal to the difference between the
weight of the gold and that of the alloy, and in fact 53210000 : 48420000 ::

100 : 83.1337302 + ounces of quartz; the sum of these numbers=100; there -
fore, &ec.

PROBLEM.

To determine the solidity of the largest piece of squared
timber that may be got out of a round log, or
out of felled or standing tree.

12) RULE. DMultiply the diameier of the tree or log by the half-diameter,
and this product by the len;h : the result will be the required solidity.

In fact, it is plain that the diam. AB multiplied by the
half-diameter OC (or $ AB) given for product the area of the
ingeribed square ABCD, that is, the area of a section, of the
timber to-be computed. by a plane perpendienlar to its
length, and thit area multiplied by the length of ths log
gives (78 T.) the required solidity.

REM. This rule supposes that the diam. of the tree is

every where the same or that we make use of a mean diameter, as taken at
middle of the length, and this generally done when there is not too much
difference between the diameters of the opposite ends; but to be precise
(148, T.) we mast as already stated (91, 'T.) add to the sum of the areas
of the ends of the log or tree to be measured fine times the avea of a section
taken at the centre and multiply the whole by the sixth part of the length,

or which.is the same thing, multip'y the sum of the areas by the whole
length and take the sixth part of the result.

EX. L. The circumference of a log, the length of which is 12 feet, is
6.23 feet, deduction being male of the bark if necessary: how many cubie
feet of wood will there be in the stick of squared timber to be got out of the
log?

Ans. The circ. 6.28 corresponds to a diam. 2, the section of the timber
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will therefore ho 2 x 1=2 square feet in area, and as the length is 12, the
solidity will be 21 cubic feet.

2. A tree the height of which is 50 feet, has for its sup. diam. 30 inches,
and for its inf. diam. 35 inches, for its interm. diam. 33 inches; what is the
solidity of the piece of square timber that may be got out of it.

Ams. Area small end =2% x 1} feet = 3.125 sup. feet, area large end =3 x
13=4,5 sap. feet, intermediat area=2.75x 1.375=373125, 4 intermediate
area=15.123, the sum of the areas=22.75 and that sum x 50+ 6=189.6 cubic
feet.

‘3. We have measured at 5 places nearly eqnidistant by means of a thick-
ness compass, the diam. of an irregular tree just fellod; these diameters are
respectively 39, 305, 33, 373 and 35 inches, and the length of the tree 40 feet;
what will its solidity be after it has been squared.

Ams. The sum of the diameters 190 inches—+5=133 inches=mean diam.
=3} feet, 3.1606 x 1.583 = 5.012 nearly = area of the section; multiplying this
latter by the length 40, we get 2004 cubic feet.

PROBLEM.

To cube a stick of timber AB which is but partly squared, or
of which thz edges or angles are wanting,
called ‘ waney timber.”

(13) RULE. Square the diam. AB of the timber, and from such square
sublract that of the diam. ab of the sapwood, the d.fference of these squares multiplied
by the length of the timber, wnll be the required solidity.

In faet, it is plain that the surface wanting at
each of the four angles, corners of edges of the tim-
ber, to complete the square A B, is the triangle abo,
or a triangle equal to abo, when as it is supposed, ef
=gh=Fkl=ab ; now the square on ab is wo:th 4 abo ;
therefore, &c.

REM. 1. If the sides ab, ef, &c. are not equal
to each other, we may take one fourth of the sum of
these four sides for a mean diameter ab, or for greater
accuracy, we will make separately the squares of ab, ef, &c., and the fourth
of the sum of those squares will be, or the sum of the fourths of those squares
will be the quantity, nearly, to be subtracted from the square AB to obtain
the net area of the section of the timber.

REM. IIL. Let us observe as in the last problem that if the timber is not
throughout its entire length of equal size, its section must be taken at ‘about
the middle of its length, and this is generally what is done (148 T.) or, we
will determine several sections of the timber and then take their mean, or
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finally we will make the sum of the areas of the opposite ends plns four times
that of the intermediate section and afterwards multiply the whole by the
length and take the sixth part of the result.

REM. I1I. We must also observe that we may arrive at the area of any
regular or symmetrical octagon or of the kind here illustrated by subtracting
from the square of the perpendicular distance AB which separates any two of
its parallel sides, the square of one ab of the sides adjacent to the first,

Ex. 1. An eight sides pilar is 3 feet wide or thick AB, the side ab of the
chamfer aob is 6 inches : what is the solidity of the piilar, its length or height
being 10 feet ?

Ams. (3+3—(.5 x.5)=8.75 superficial feet, and 8.75 x 10=87.5 cubic
feet=required solidity.

2. A log of timber the edges of which are waney, measures 30 inches
sqnare and 30 feet long, the average of the sides ab, ef, &c., of the wane is 9
inches ; what is the solidity of the timber ?

Amns. (30 x 30) minus (9 x 9) =919 square inches = area of the section of
the timber=06.382 feet very nearly, and 6.332x 30=171.46 cabic f-et.

8. We have reduced to 30 inches square at the large end a tree the
diam, of which was at that point 36 inches ; at the small end the diam. 30
inches has been reduced to 25 inches ; the wane, sapwood or defect from a
true square abis from 7 to 6 inches respectively at the two ends, such as
obtained by a direct measurement of the piece of wood to be cubed, or by
means of a sketech made from a scale of equal parts : what is the solidity of
the timber, its length being 60 feet ?

Ams. Area at the large end =(30 x 80) - (7 x 7)=851 square inches,
area at small end = (25 x25) — (6 x6) = 589 sq. f., the intermediate area

30 - 25 L 95\ ; p
(‘&23’ % "ﬂ'z—"" i (%i s g‘) = (273 x 274) — (6} x 6}) =27.5 —6.5'=
756.25—42.25=714 ; 851 +859 - 4 times 714=4296 squnare inches, dividing by
144 we obtain 29.833 square feet, multiplying by # of the length or by 10 we
obtain 293.33 cubic feet.

Amns. Area section at the centre =714 square inches, 714-+-144=4933
square feet, 4.9583 x 60=297.498 cubic feet, that is, equal to the aceurate soli-
dity by less than one foot nearly, or by less than oae 300th nearly, or by
less than one third nearly of 1 per cent, sufficicnt accuracy (148. T.) in
practice.

REM. 1V. A comparison of the two answers of the last problem indi-
cates sufficiently th it the ordinary practice of cullers, who tuke the dimen-
sions of a log at the middle of its length, and afterwaids muitiply the area of
the section at th t place by the length of the timher, to obtain thus its soli-
dity, is, considering all things, (148 I.) sauctioned by circumstauces.
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