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INTRODUCTION.

I will at once be seen that condensation of the materials pro-
duced by previous authors, and the introduction of a judicious
selection of matter, adapted to the expanded intellect of the
present age, are the proper requisites for a work on Mensura-
tion. To this plan, the author trusts, from his long experience
in engineering pursuits, that he has strictly adhered. In the
first part on PRACTICAL GEOMETRY, numerous cxamples are
introduced, wherein the dimensions of certain parts are given
to find the dimension of their corresponding parts, which has
been rarely or never done by previous authors. This part is
succeeded by a second part on the¢ MENSURATION OF LiNes;
which is not added for the sake of novelty ouly, but because it
seemed to be the natural order of a work of this kind. The
third and fourth Parts treat of the MENSURATION OF SUPER-
FICIES AND OF SoLIbs ; while in all the three last named Parts
the rules are not only given in words at length, in the usual
way, but the same rules are expressed by FormuLz, together
with other formule: depending thereon, by which the rules re-
ceive considerable extension. Some of the rules and examples
are taken verbatim from Dr. Hutton's Mensuration ; for the
author conceives that it would be disreputable to attempt, by
verbal alterations in such rules, to give an air of originality to
his work, as all other authors have done since Dr. H.’s time :
the originality of this work consists in the new matter, every
where added, to adapt it to the wants of modern times. Timber
measuring and Artificers’ work, the Iatter with considerable
modern improvements are next introduced, with concise and
practical methods of finding the surfaces and solidities of
vaulted roofs, arches, domes, &c.

Concise, and the author trusts, clear systems of land sur-
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veying, levelling, laying out railway curves and finding the
contents of railway cutting, complete the work, and serve as an
introduction to the author’s Land and Englmmg Surveying,
which, though called s Rudimentary Treatise, in conformity
with Mr, Weale's plan, contains everything, adapted to modern
practice, that can be desired, an extension to this subject having
been first given by the author, not found in any work previous
to those written by him, see pages 174 and 198 of that work.

The demonstrations of all the rules and formulm, in the four
leading parts of the work will be found in Dr. Hutton’s Large
Mensuration and in the Rudimentary Geometry ; the remainder
of the demonstrations will be found in the author’s Railway
Engineering, or in his Land and Engineering Surveying.

Conic Sections and their solids are very briefly treated of in
the four preceding parts of the work, and chiefly in as far as
they mgy be uscful to those who may intend to become excise
officers, whose actual practice is best lcarnt from an experi-
encod officer.  Thus an extended article, such as is usually
given by other authors is avoided, as not being generally use-
ful to practical men. Those, who require extensive informa-
tion on this subject, are referred to Ilann's Treatise on Conic
Sections, a most able and concise work, also in one of Mr.
Weale's Rudimentary volumes.

‘The weights and dimensions of balls and shells may be found
by Prob. VIIL, Part IV,, in conjunction with the Table and
Rules for finding tho specific gravities of bodies, if required.

The method of piling balls and shells, finding their number
in a given pile, and the quantity of powder contained in a
given shell or box, form no essential part of a work on mensur-
ation, being only useful in an arsenal, and are, therefore, also
omitted. The author has thus secured ample space for the
discussion of subjects really useful to the great majority of
students and practical men, in the compass of a volume less
than half the size and one fifth of the price of the works of his
predecessors ; besides adding matter, adapted to the wants of
modern times, not found in any existing work on mensuration.

The plan being thus briefly detailed, it will now be proper,
previous to studying the following work, to give the
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DIRECTIONS FOR BEGINNERS.

The beginner, for a first course, may omit the Problems be-
yood the thirty second in Practical Geometry, and Problems
I, VIIL, IX,, XL, and XII, in the Mensuration of Lines,
with the formule and examples depending on them. He may
also omit all the formule, in the Mensuration of Superfices and
Solids, with the examples depending on them, as well as the
Problems beyond the tenth in the Mensuration of Solids, except
it is required he should learn the method of gauging casks, in
which case omit only the two last problems. But if he require
an extensive knowledge of some or all the subjects, here treated
of, he will do well to learn the use of such of the formule and
the other parts omitted according to what he may require as a
practical man. .

The following arc useful works for the Practical Man.

THE ENGINEER’S AND CONTRACTOR’S POCKET
BOOK, REVISED FOR 1851.

In moroceo tuck, price 6a

MATHEMATICS FOR PRACTICAL MEN:

being & common-place hook of principles, theorema, rules, and tables, in various
departments of pure and mixed mathematics, with their application especially
for the use of Civil Engineers, Architects, and Surveyors, By Otieruus
Grzoory, LL.D, F.RAS. In onc large vol, Svo., third edition, revised and
enlarged by B. 11 Law, C.E., with engravings, price 21s. in atrong half-morocen.

The plates are folded in the book, but lptced out for reference whilst reading
any part of the work, and consist of

1 to 5. Geometrical diagrams. -~250 figures. | 10, L section of

6 Dotails of & breast water-wheel. 11. Transverse section u!dmn

7, Fenton, Murray, and Co.'s steamn cugine. | 13, Sections of the cylinders of Woolf's
8. Al’:édmmwm constructed by Thus. engine, Comnlsh enyine, and Atmo-.

spheric engine.
9. Adx-bonlmmdldu.cvllm&c 13. 7 .

THE PRACTICAL RAILWAY ENGINEER:

Examples’ of the Mcch-nial and Pngineering Operations and Structures
ined in the of 8 Railway.
Curves, gradients, gauge, and slopes. R«Aunng-vnlh. Lridges, tunnels, &c.
Enﬂ.hworh. cuttings, embankments, Permanent way and construction.
Stations and their Sttings.
hlmdw,ﬁmwmnwwhmphtl 16e.

™~ AN EASY INTRODUCTION TO RAILWAY

MENSURATION,
illustrated by drawings from oviginal works that have been carried out upon
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varions English Railway Lines, showing a plain and easy method of taking out
! 1 y g ou
quantities of every description of Railway work and estimating them, and set-
ting out work for the making of Railways generally. By E. V. GARDNER, C.E.
In 1 vol, imperial 8vo., with 15 fulding plates of works executed, containing
tables and explanatory text, price 16s.
PLATES.

1. Bection, part of the Keymer branch of the Landon and Brighton Raflway.

4. Small barrel culverts on the ry brapch extension Rallway.

8. large culverts with wing-walls on the Sali 'y branch Ral

4. Open culveris on the Kallabury branch extension Raltway

8, Bridgo fur stream at 9 milea 38 50 chalns on the Portsmouth extension Rallway.

8, Oceupation road under the Farnham and Alton Raliway,

7. Occupation bridge over the Farnham and Alton Rallway.

8. Timber visduct, Iirickiny eva’ Arms braneh of the London and Brighton Rallway,

9. Inclined bridge for turnplike road over rallway from Winchester to Southampton.,

10, Viaduct over 9 &' Milfond, Salishury branch Rallway. 2 plates.

11, Timber viaduct, Tamworth Kait. .

13, Timber visduct, with Iron tension resls for any length.

13, Fart of & Rallway plan, and the sortion of 1t, with the curves set out, and offsets,

14, Sactions of rallway, In embankments sind cuttings, with outside fencing, ditches, &e.

15, Part of the plan of the Nyston and Petertorough Rallway, with curves set off,

ENSAMPLES OF RAILWAY MAKING;
which, although not of English practice, are submitted, with practical illustra-
tions, to Civil Enginecrs, and to the British and Irah public. In royal 8vo,,
28 plates, extra cloth boards, price 12s. .
CONTENTH

Preliminary obsorvations recommendatory of the adeption of a more
economical mode of railway making in connection with the great lines already
in operation, and a much further extension of a principle of radwaya for less
advantageous traffic than the great lines afford, yet essential for the develop-
ment of the resources of the country, by employment of material of a less
cost. Landed proprietors would find their advantage in the improvement of
their land by a quick transit, and, consequently, more ready sale for their pro-
duoce, In some instances the material ia on their estates.

Mechanical Works on the Utica and Syracuse Railroad, explanatory, with
specification and cost of this, one of the best constructed railroads in the United
States, made over swampe, creeks, and valleys, at a cost of £3600 per mile.

UIST OF PLATES ILLUSTRATIVE OF THE WORK.

AY.

1, Pont du Val-Benott, Liege.

3. Bkoteh of the proposed Hastings and Rye
Railroad, to Join the Nouth-Kastern.

3. Bkotch of Mr. Btephensun's proposed
French lines, In communication with
the Nouth-Eastern,

8. View of an American ¢ ing machl!
6. Isometrical projecthns of timber bridges
on the Utica and Syracuse Rallroad,

apans of 40 and 30 foct,

7. Ditto, span of 60 foet.

8. Elevation, plan, &o., span of 88 foet.

§. 10. Ditto, spans of 88 feet and 84 feet.

1. Isometrioal projection, span of ¥

13, Ditto of an abutment for a ridge of 82
et over the Oncida Creek.

18, Ditto of & trestle bridge over the Onelda
Cresk Vallay, of 29 foet cach.

14. Rlevation of span of 100 foet,

15, Geowetrical plan, and feome-

16. Isomctrical projection of & treetle bridge
over the Onondaga Croek and Valley,
20 spans of 30 fect each.

17. Details of the carpentry and joinery of
American timber bridges.

18, Perwpective view of a plle-driving steam

engino.

19. Isonntrical paj of sup
for pile road.

20. Ditto of iron plate, showing the manner
of julning with an eod plate beneath
the joints- lsumetrical of
singlo and duubly knecs—croas section

for pile and graded
superstructure, &¢.

of superstructure
21, Isomeotrical ot




MENSURATION.

MENSURATION treats of the various methods of measuring and
estimating the dimensions and magnitudes of figures and bodies.
It is divided into four parts, viz., Practical Geometry, and
Mensuration of Lines, of Superficies, and of Solids, with their
several applications to practical purposes.

PART 1.
PRACTICAL GEOMETRY.

DEFINITIONS,
1. A point has no dimensions, ncither length, breadth, nor
thickness.
2. A line has length only, as A. A

3. A surface or plane has length and T
breadth, as B. - _l

4. A right or straight line lics wholly in the same direction,
as AB. A————8

5. Parallel lines arc always ut the same
distance, and never meet when prolonged, €
as ABand CD. |

6. An angle is formed by the meeting A
of two lines, as A C, CH Tt is calle _—
the angle A C B, the letter at the angular
point C being read in the middle.

7. A right angle is formed by one right
line standing erect or perpendicular to D
another; thus, A B C is a right angle, as
isalso ABE. i

8. An acute angle is less than s right E B ¢
angle, as DB C.

9. An obtuse angle is greater than a right angle, as DB E.

1




.o 3 11. A right angled triangle has one right
angle‘, 88 ABC. The side AC, oppofite
the right angle, is called the hypothenuse; the

i sides A B and B C are respectively called the

base and perpendicular.

12. An obtuse angled triangle has one obtuse
angle, as the angle at B.

13. An acute angled triangle had oll its
three angles acute, as D.

C
B
B
14. An equilateral triangle has three equal
A sides, and three cqual angles, as E.

15. Anisosceles triangle has two equal sides,
and the third side greater or less than each of
the cqual sides, as F.

16. A quadrilateral figure is a space bounded by four right
lines, and has four angles ; when its opposite sides are equal, it
is callod a parallelogram.

|

18. A rectangle is a right angled parallelogram, whose length
excoeds its breadth, as B, (sce figure to definition 2).

17. A square has all its sides equal, and all
its angles right angles, as G.

19. 4 rhombus is a parallelogram having
all its sides and each pair of its opposite angles
equal, as I.

20. A rhomboid is a parallelogram having
its opposite sides and angles equal, as K.

21. A4 trapezium is bounded by four
straight lines, no two of which are parallel
to each other, as L. A line connectin
m&taoofiumgluiuaﬂedthediami
as

e
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22. A trapezoid is a quadrilateral, having
two of its opposite sides parallel, and the re- B
maining two not, as M.

23. Polygons have more than four sides, and receive par-
ticular names, according to the number of their sides. Thus,
a pentagon has five sides ; a Aeragon, six ; a heptagom, seven;
an octagon, eight; &c. They are called regular polygons,
when all their sides and angles are equal, otherwise irregular
polygons.

24. A circle is a plain figure, bounded by a
curve line, called the circumference, which is
everywhere cquidistant from a point C within,
called the centre.

235. An arc of a circle is a part of the
circumference, as A B. F

26. The diameter of a circle is a
straight line A B, passing through the
centre C, and dividing the circle into two  AJ- B
equal parts, each of which is called 8
semicircle.  Half the diameter AC or
CB is called the radius. 1t a radiusCB
be drawn at right angles to A B, it will
divide the semicircle into two equal parts, each of which is
called a quadrant, or one fourth of a circle. A chord is a right
line joining the extremities of an are, as FE. It divides the
circle into two unequal parts called segments.  If the radii CF,
C E be drawn, the space, bounded by these radii and the arc
F E, will be the sector of a circle.

7. The circumference of every circle is supposed to be
divided into 360 equal purts, called degrees, and each degree
into 60 minutes, cach minute into 60 seconds, &c. Hence a
semicircle contains 180 degrecs, and a quadrant 90 degrees.

28. The measure of an angle is an are of
any circle, contained between the two lines ... A
which form the angle, the angular point ( y
being the centre ; and it is estimated by the ﬁ
number of degrees contained in that arc :—
thus the arc A B, the centre of which is C, £
is the measure of the angle ACB. If the
angle A CB contain 42 degrees, 29 minutes, and 48 seconds,
it is thus written 42° 29’ 48",

A B



4 PRACTICAL GEOMETRY.

PROBLEMS IN PRACTICAL GEOMETRY.

(1In solving the five following problems only a pair of common compasses and
& straight edge are required ; the problems beyond the fifth require a scale of
equal parts; and several of those beyond the thirteenth a line of chords: all of
which will be found in a common case of instrumeuts.)

Prosrey 1.
To divide a given straight line AB into two
equal parts.
l'rom the centres A and B, with any radius,
or opening of the compasses, greater than half
B A B, describe two ares, cutting cach other in C
and D); draw CD, and it will cut A B in the
middle point E.
Proprex T1L
At a giren distance E, to draw a straiyht line CD, parallel
to a given straight line A B.
E—

.C

From any two points m and r, in
the line A B, with a distance equal

C q...’.‘..———,.f.—- D to E, deseribe the ares n and s:—

draw CD to touch these ares, without

A =t I} cutting them, and it will be the pa-
m r

rallel reguired.

Notr. Thin problem, as well as the following one, is usually performed by an
instrumont called the parallel ruler.

Pronven T1LL
Through a given point r, to draw a straight line C1) parallel
to a given straight line A B,
From any point n in the line A B, with
’ . the distance n 7, describe the arc rm :—

C D from centre r, with the same radius, describe
. ; the are n & :—take the arc m 7 in the com-

A --+ g passes, and apply it from n to s :—through
L] n

r and 5 draw (' D, which is the parallel re-
quired,

ProorLem IV,
From a given point Y’ in u straight line A B to erect a per-
pendicular.
1. Hhen the point is in or near the middle of the line.

On each side of the point P take any two
equal distances, P m, P n; from the points
m and %, as centres, with any radius greater
than P m, describe two arcs cutting each
other in C; through C, draw C P, and it will
A = P = B Dethe perpendicular required.

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

With the centre P, and any radius,
describe the arc mr s ;—from the point
m, with the same radius, turn the com-
passes twice on the arc, as at r and s:—
again, with centres r and s, describe arcs
intersecting in C:—draw CP, and it
will be the perpendicular required. A= P

Nork. This problem and the following one are usually done with an instru-
meat called the square.

ProprLex V.
From a given point C to let fall a perpendicular to a given line.
1. When the point is nearly opposite the middle of the line.

From C, as a centre, describe an are to cut
A B in m and n ;—with centres m and n,
and the same or any other radius, describe
arcs intersecting in o: through C and o draw
Co, the wqmmluulnr required.

2. When the point is nearly opposite the end of the Ime.

From C draw any line (' m to meet B A, Y
in any point m ;—biﬂt‘(.‘l Cmin n, and with
the centre n, and radius C 2, or m n, describe
an arc cutting B A in . Draw C P for the
perpendicular required.

Prosrex VI

To construct a triangle with threc given right lines, any two
of which must be greater than the third. (Euc. 1. 22. )

Let the three given lines be 5, 4 and 3 C
yards. From any scale of equal parts lay
off the base ADB = 5 yards; with the
centre A and radius A C = 4 yards, de-
scribe an arc ; with centre B and radius B
CB=3 \ards ; deseribe another arc cuttmg the former arc in
C:—draw A C and CB; then A BC is the triangle required.

Prosres VIL

Given the base and perpendicular, with
the place of the latter on the base, to con- c
struct the triangle,

Let the base AB =17, the per-
pendicular C D = 3, and the dis-
tance AD = 2 feet. Make AB
= 7and AD = 2;—at D erect the
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perpendicular D C, which make = 38:—draw AC and CB;
then A B C is the triangle required.

ProsLex VIIL
To describe a square, whose side shall be of a given length.
D Let the given line A B be three feet.
- c At the end B of the given line erect the
- perpendicular B C, (by Prob. IV. 2.) which

make = A B :—with A and C as centres,
and radius A B, describe arcs cutting each
other in D: draw A D, DC, and the square
will be completed.

PronLey IX.
To describe a rectangled parallelogram having a given length
and breadth.

Let the length A B — 5 feet,
D! c and the breadth BC=2. At B
v erect the perpendicular B C, and make
it = 2 :—with the centre A and ra-
B dius B C describe an arc; and with
A centre C and radius A B, describe
another arc, cutting the former in D :

join AD, D C to complete the rectangle.

ks

Prorrex X.

The base and two perpendiculars being given to construct a
trapezoid.

D —=c Let the base AB = 6, and the
— v perpendiculars AD and BC, 2 and
3 feet respectively. Draw the
perpendiculars A D, DC, as given
above, and join DC, thus com-

pleting the trapezoid.

A 'B

Prouvrex XL
To construct a right angled triangle having a given base and

perpendicular, and to find the hypothenuse.
Let the base A B = 6 feet, and the per-
1€  pendicular BC = 8. Draw B C perpen-
dicular to A B, and join AC; then ABC
will be the triangle required, and A C being

£ B measured will be found = 10 feet.
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ProsLEx XII.

Having giren the base and hypothenuse to construct the right

angled triangle, and find the perpendicular.
( See figure to last Problem.)

Let A B =6 feet, and A C=10.—Draw the perpendicular
B C indefinitely; take A C = 10 feet in the compasses, and
with one foot on A apply the other to C; join A C, which
completes the triangle, and B C will be found = 8 feet.

EXAMPLE.

A ladder 50 feet in length is placed with its foot 14 feet from
a wall, the top of the ladder just reaching to the top of the wall;
required the height of the wall.

Here 14 feet is the base of the right angled triangle, and 50
feet, = length of the ladder, is the hypothenuse, with which the
triangle being constructed, the perpendicular will be found =
48 feet.

Pronren XIIL

To divide a given angle A B C into two equal parts.

From the centre B, with any B
distance, deseribe the arc A C.
From A and C, with one and the
same radius, describes arcs inter- /
secting in m. Draw the line Bm, A et N
and it will bisect the angle as re- A
quired. “m

Prosrex XIV.
70 set off an angle to contain a given number of degrees.
Let the angle be required to

y-
contain 41 degrees.  Open the
compasses to the extent of 60°
upon the line of chords, and,
setting one foot upon A, with
this extent, describe an are cut-
ting A B in B ; then taking the 4 2

extent of 41° from the same line of chords, set it off from B to
C; join A C; then B A C is the angle required.
ProsLex XV,
To measure an angle contained by two straight lines.
( See last figure.)

Let A B, AC contain the angle to be measured. Open the
compasses to the extent of 60°, as before, on the line of chords,
and with this radius describe the arc B C, cutting AB, AC
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produced, if hecessary, in B and C; th
2 5 then extend the compas

fmn;x Bto g, and this extent, applied to the line of chords, v:ﬂ
reaAc. to 41° the required easure of the angle B A C,

% right angle, or perpendicular, may be laid off by extending
the arc B C, and setting off the extent of 90° thereon. Also an
ia;::lte hgr:ract’er tl:ianh99° mal{ be laid off, by still further extend-

an ng t

e o o nd la xix g the excess of the arc above 90°, from

Norz. Angles are more correct? d it
?-mmmm{&rﬂo m%::bﬁm essned
o ProBrLem XVI

To find the centre of a circle.
_Draw any chord A B, and by Prob. L
A bisect it perpendicularly with C D, which
. will be a diameter. Bisect C D in the poin/
O, and that will be the centre.
ProBLEM XVII.

To doscride the circumference of a circle through three give

-

From the middle point B draw chord
to the two other points A, C, bisect thes:
chords perpendicularly by lines meeting
in O, which will be the centre; then from
the centre O, at the distance O A, or OB
or O C, describe the circle.

Norz. In the same manner may the centre of an arc of a circle be found.

ProsLem XVIIL . )
Through a given point A to draw a tangent to a given circle.
Case I. When A is in the circumference of the circle.

- A C From the given point A, draw A O to
B the centre of the circle ; then through A
draw B C perpendicular to A O, and it will

be the tangent as required. .
Case II. Hhen the given point is B not in

the circumference.

From B draw B O to the centre of the circle ; and on BO
deacribe the semicircle B A O, cutting the circle in A : then
thryr:d.gh B and A draw BAC, and it will be the tangent re-
qui
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ProsLex XIX,
To make a regular pentagon on a given line A B
Make B m perpendicular and equal .
to half A B; draw A m, and produce
it till mn be equal to Bm; with centres
A and B, and distance B n describe
arcs intersecting in o, which will be
the centre of the circumscribing circle:
then with the centre o, and the same
radius, describe the circle ; and about A
the circumference of it apply A B the proper number of times.

ProsLex XX,

To make a hexagon on a given line A B.

With the distance AB, and the
centres A and B, describe arcs inter-
secting in o; with the same radius and
centre o describe a circle, which will
circumscribe the hexagon ; then apply
the line A B six times round the cir-
cumference, marking out the angular
points, and connect them with right lines.

Prosrex XXIL
To make an octagon on a given line A B.
Erect A F and B E perpendicular
to A B; produce A B both ways, and
bisect the angles m AF and »n B E
with the lines AH and BC, each
equal to AB; draw CD and H G
parallel to AF or BE, and cach
equal to A B; with the distance A B,
and centres G and D, cross A F and
BE in F aud E : then join GF, FE,
and it is done.

PropLey XXIL

To make any regular polygon on a
given line A B.

Draw Ao and Bo making the
angles A and B each equal to half
the angle of the polygon, by Prob.
XIV., with the centre o and distance
0 A describe a circle: then apply
the line A B continually round the
circumference the proper number of times, and n is done.

1*

'--..o—
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Norz. The angle of any polygon, of which the angles 0A B and 0 BA are
each one half, is found thus: divide the whole 360 degrees by the number of
sides, and the quotient will be the anglc at the centre o; then subtract that from
180 degrees, and the remainder will he the angle of the polygon, and is double
ofoABorofo BA. And thus you will find the numbers of the following
table, contalning the degrees in the angle o, at the centre, and the angle of the
polygon, for all the regular figures from 3 to 12 nides.

- v Angle o Angle Angle
No. of sides.] Name of the Polygon. atthe : of the 0AB or
centre. | polygon. oBA.
3 | Trigon eeecreeenenn 1200 | 600 | 30°
4 Tetragon ............ I 90 90 ‘45
5 | Pentagon .ee......... L 72 108 54
6 Hexagon ............ ‘ 60 120 60
7 Heptagon ...uoeeeeee. 513 1284 643
8 Octagon ceeeiveiannnn. 45 135 67
9 Nonagon ............ 40 140 70
10 Deengon.......... ceees 36 144 72
11 Undeeagon............ ’ :'32 A E ik 23‘7,-
12 Dadeengon ....... el 30 150 75

Pronrem XXIIL

In a given circle to inscribe any regular polygon; or to

divide the circumference into any number of equal parts.
( See the lust figure.)

At the centre o muke an angle cqual to the angle at the cen-
tre of the polygon, as contained in the third column of the above
table of polygons: then the distance A B will be one side of the
polygon, which being earried round the circumference the pro-
per number of’ times, will complete the figure.  Or, the arc AB
will be one of the equal parts of the circumference.

PronLen XXIV.
About a given circle to circumscribe any regular polygon.
¢ p Find the points m, n, p, &c., as in the
last problem: to which draw radii mo,
( ) n o, &c., to the centre of the circle ; then
through these points m, », &c., and per-
, » pendicular to these radii, draw the sides
\ of the polyzon.
- EXAMPLE.
Let the radius of the given circle be 5 feet; then, having
described s regular pentagon round it, the side of the figure
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will be found = 7 feet 3} inches. If the figure to be described
round the same circle be a regular hexagon, its side will be
found = 5 feet 9} inches: and so on for any other regular
polygons,
ProBLEM XXV.
To find the centre of a given polygon, or the centre of ilx in-

or circumseribed circle.
Bisect any two sides with the per- /A\
pendiculars m o, n 0, and their intersce-
tion will be the centre: then with the )
centre o, and the distance o m, describe
the inscribed cirele ; or with the distance _

to one of the angles, as A, describe the
circumscribing circle.

Pronues XXVL
In any given triangle to inscribe a circle.

Bisect any two of the angles with
the lines A o, Bo; and o will be the
centre of the circle: then with the
centre o, and radius the nearest dis-
tance to any one of’ the sides, deseribe ;
the circle. A M

EXAMPLE.

Let the sides of the given triangle be 5, 4, and 3 feet; then,
having inscribed a circle therein, its radius will be found =
1 foot.

ProsLen XXVIL
About a given triangle to circumseribe a circle.

Bisect any two of the sidex AB, B C,
with the perpendiculars mo, n0; with
the centre o, and distance to any one of
the angles, describe, the circle.

EXAMPLE.

Let the sides of the given triangle be
15, 14, and 13 feet; then having de-
scribed a circle about it, the radius will
be found = 8 feet 1} inches.

PronLes XXVIIL
In, or about, a given square, lo describe a circle.
Draw the two diagonals of thc square, and their inter-
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section o will be the centre of both the
‘/( ‘\ circles: then with that centre, and the

", nearest distance to one side, describe the
6 inner circle, and with the distance to one
W, X angle, describe the outer circle.
- EXAMPLE.
let the side of the given square be 3 feet: then, having
described circles in and about it, the radius of the former will

be found = 1} fect, and that of the latter — 2 feet 1§ inches
nearly.

Prosren XXIX.

In, or about, a given circle, to deseribe a square, or an octagon.
C n Draw two diameters A B, C D, perpen-
dicular to each other; then connect their
- extremities, and that will give the inseribed
squarc A C D B.  Also through their ex-
tremities draw tangents parallel to them, and

o they will form the outer square m o p.

Note. If any quadrant, as A C, be bisected in g, it will give one-cighth of
the circumference, or the side of the octagon.

Prosten XXX,
In a given circle, to inscribe a trigon, a heragon, or a dodecagon.

The radius of the cirele ix the side

A
* = of the hexagon ; therefore from any
. / P Point Ain the circumference, with
the distanee of the radius, describe the
arc B O F: then is A I the side of
the hexagon ; and therefore carrying
C E it six times round will form the hex-
\v agon, or will divide the circumference
into six equal parts, each containing
60 degrees.—The second of these, C,
will give A C the side of the trigon, or equilateral triangle A CE,
and the arc A Cone third of the circumference, or 120 degrees.
—Also the halt of A B, or A a, is one-twelfth of the circum-
forence, or 30 degrees, which gives the side of the dodecagon.
Norx. If tangents to the circle be drawn through all the angular points of
any inscribod igure, they will form the sides of a Lke circumscribing gure.

D

EXAMPLE.
In a circle, the radius of which is 10 feet, inscribe a trigon, &
hexagon, and a dodecagon.—Having measured a side of the se-
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veral figures, that of the trigon will be found = 17 feet 4 inches,
that of the hexagon 10 feet, and that of the dodccagon 5 feet

2 inches.
PropLEy XXXI.

In a giren circle to inscribe a pentagon, or a decagon.

Draw the two diameters A P, m n
perpendicular to each other, and bisect
the radius on at ¢: with the centre ¢
and the distance ¢ A, describe the arc
A r; and with the centre A, and
radius A 7, describe the arc # B : then
is A B one fifth of the circumference ;
and A B carried five times over will
form the pentagon.  Also the arc AB
bisected in s, will give A s the tenth
part of the circumference, or the side
of the decagon.

Nore. Tangents being drawn through the angular points, will form the
circumscribing pentagon or decagon.

EXAMI'LE.

In a circle, the radius of which is 10 feet, inscribe a pentagon
and decagon.—IHaving measured a side of each of the figures,
that of the pentagon will be found = 11 feet 9 inches, and that
of the decagon = 6 feet 2 inches,

Pronrem XXXIL

To make a triangle vimilar to a given triangle A B C.

Make a B equal to the base of the required
triangle ; through a draw ac parallelto AC:

. C
then a B ¢ is the triangle required. / /.
EXAMPLE. S
Let AB=12, AC=15adBC=9
Aa B

feet; and the side a B of the required tri-
angle = 8 feet.— Then having drawn a ¢
parallel to A C, the side a ¢ will be found = 10, and B ¢ = 6 feet.

Prosrey XXXIII,

To make a figure similar lo any
other given figure A BCDE.

From any angle A draw di-
agonals to the other angles ; take
A b a side of the figure reqaired ;
then draw & ¢ parallel to B C, and
cedtoCD,anddetoDE, &ec.
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ProBLEM XXXIV.
B To make a square equal to two given
P squares P and Q.

Set two sides A B, B C, of the
A -C given squares, perpendicular to each
R other : join their extremities A C; so
shall the square R, constructed on
AC, be equal to the two P and Q

taken together. (Euc. I, 47.)

PropLex XXXV.
To make a square equal lo the difference between two given

aguares, P, R.
(See the last figure.)

On the side A C of the greater square, as a diameter, describe |
a scmicircele ; in which apply A B the side of the less square ;
join B C, and it will be the side of a square equal to the
difference between the two P and R, as required.

I'ropLEM XXXVI.

To make a sgquare equal to the sum of any number of squares
taken tugether.

Draw two indefinite lines A m, A n, perpendicular to each

other at the point A. On the one of these set oft A B the side

of one of the given squares, and on the other

A C the side of another of them ; join B C,

and it will be the side of a square equal to the

two together. Then take A D equal to B C,

ic and A E cqual to the side of the third given

square.  So shall D E be the side of a square

equal to the sum of the three given squares.—

=Dh B And 80 on continually, always actting more sides

of the given squares on the line A n, and the sides of the sue-
ocessive suws on the other line A m.

Prosuex XXXVIL
To construct a figure resembling an ellipse, by circular arcs
On a line F /; of convenient length, describe two equilateral
triangles F P/, Fp f; prolong the sides of the triangles ;
join P r, as shown in the figure. With centres P, p and
radius P H = p A, describe the arcs H I, A i, meeting the
prolonged sides of the triangles, and such that the diameter C D
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may be equal to the required P A \
width of the figure ; with . AR ¢
centres, F, fgndradius HF K X
=1I f= &ec., describe the o

arcs HA A, I B, and the
figure will be completed.
Nore. If the longer diameter
A B be not obtained of the re-
quired length by the above opera-
tion, the triangles FP f, Fp f
may be enlarged or diminished,
or made isosceles, till by trials the

proper dimensions are obtained.—This method of drawing the ellipse is practised
by the picture-frame makers.

ProsLeyM XXXVIIL

To describe a true ellipse.

Let TR be the trans-
verse, C O the conjugate,
and ¢ the centre. With
the radius T ¢ and centre
C, describe an arc cut-
ting T R in the points F,
f; which ure called the
two foci of the ellipse.

Assume any point P in
the transverse 5 then with
the radii ¥ T, P R, and centres F, f, describe two arcs
intersecting in I; which will be a point in the curve of the
ellipse.

And thus, by assuming a number of points P in the trans-
verse, there will be found as many points in the curve as you
please. Then, with a steady hand, draw the curve through all
these points.

OTHERWISE,—WITH A THREAD.

Take a thread of the length of the transverse, T R, and fasten
its ends with two pins in she foci F, £ Then stretch the thread,
and it will reach to I in the curve : and by moving a pencil
round, within the thread, keeping it always stretched, it will
trace out the ellipse.

PronLex XXXIX.
To describe or construct a parabolu.
V P being an absciss, and P Q its given ordinate ; bisect
PQ in A, join AV, and draw A B perpendicular to it;
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X

-

\

G

¢/

o A

Y
F B

then transfer PBto VFand VC
in the axis produced. So shall
F be what is called the focus.

Draw several double ordinates
SR S &c., perpendicular to V P.
Then with the radii CR, &c. and
the centre F, describe ares cut-
ting the corresponding ordinates
in the points S, &c. Then draw
the curve through all the points
S, &c. .

Prosren XL
To construct or describe an hyperhola.

Let D be the centre of the

G/\r—' hyperbola, or the middle of
c

the transverse AB; and BC
perpendicular to A B, and
equal to half the conjugate.

Ef /A D

=X G

B\F é With centre D, and radius

D C, deseribe an are, meet-
\ ing A B produced in F and f]

G which are the two focus points

of the hyperbola.

Then assuming several points E in the transverse produced,
with the radii A K, B E, and the centres /, ¥, describe arcs
intersecting in the several points G ; through all which points
draw the hyperbolic curve.

GEOMETRICAL TIIEOREMS.
( Necessary to be known by beginners).

¥

Tucorex L.

Angles vertically ite are equal —
ghus the angle A d

E — angle HG B,

b and EGB=AG I (Euc L 15.)

Tneorex I

( See last figure.)
A right line EF, cutting two parallel right lines A B, CD,
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Taeorem ITI.
The greatest side of every triangle is opposite the greatest
angle (Euc. 1. 18.)
TrEOREM 1V,

c Let the side A B of the triangle ABC

be produced to D, the exterior angle C BD
is equal to the interior angles at A and C;
T @lso the three interior angles of the triangle

A B are equal to two right angles. (Euc. I. 32.)
Whence any two angles of a triangle being given the third
becomes known.

THEOREM V.

(See figure to Definition 11.)

Let ABC be aright angled triangle, having a right angle
at B; then, the syuare on the side A C ix cqual to the sum of
the square on the sides AB, BC. (Eue. 1. 47.) Whence any
two sides of a right angled triangle being given the third
becomes known.

Toeorex VI

D_.cC In any triangle ABC, let DE be
drawn parallel to one of its sides, CB;
then, ABisto AEas BCisto DE;

A E B and the triangles are said to be
similar. (Euc. VL 2))

Turorey VI
( See last figure.)

Let ABC, AED be similar triangles ; then, the triangle
ABC is to the triangle AX. D as the syuare AB is to the
square of AE: that is, similar triangles are to one another in
the duplicate ratio of their homologous sides. (Euec. V1. 19.)

Turorex VIII

All similar figures are to one another as the squares of their
homologous, or like, sides. (Eue. III. 20.)

Tueorex IX.

All similar solids are to one another as the cubes of their like
linear dimensions. (Euc. V1. 24.)
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EXPLANATION OF THE PRINCIPAL MATHEMATICAL CHARACTERS
USED IN THIS WORK.

. ;_l'he sign for equality = is read “ equal;” thus 12 inches =
oot.
The sign for addition <4- is read “plus or more ;” thus 2 4 3
=35, a 4, &e.

The sign for subtraction — is read  minus or less;” thus
§ —2=3, a b, &

The sign for multiplication x is read “into;” thus 5 x 8
=15, a x b, or a b, &c.

The sign for division =~ is read “ by ;” thus 15 = 3 = §, or
15_ 5,0r 2, &e
8 - b’ o

The signs for proportion, as : :: : “as, is to, so is, to;”
thus a8 2 : 5 ::8:20,0r a8 @ : b :: ¢ : d, the fourth
number being found by multiplying the second by the third,
and dividing the first, as > = 20, and “L=d

2

The signs ( ) or { } or ——— is called uinculam or brace ;

thus (54 4) x 2=9 x 2=18,0r 544 | 2= 18, (a + b)
xc,ora-l»—ﬂc,&c.

The signs ?, 3, &c., placed above a quantity, represent re-
spectively the square, cube, &c., of that quantity ; thus 5% =

Ex5=255=125,3+41'=7"=49, 4(54+3)* =
4 x 8 = 256 ; and a?, and a3 represent the square and cube
of a, also (¢ 4 &)* ¢* signifies that the square of the sum of a
and 5 is to be multiplied by the cube of ¢, &c.

1]
. The sign  or / placed before a quantity, or § placed above
it, represcnts the square root of that quantity ; thus /36 = 6,
V9 x16=12, and /a x b or /4 b signifies the square root
of the produet of @ and &, &c.

The sign v placed before a quantity, or { placed above it,
denotes the cube root of that quantity; thus

)
VI2x 2x 8—8, or J(‘fe“x""z X8 —3) = JiTI8 =
J64 =4, Vel (a+b)' —ed} denotes the cube root of the
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difference of the square of the sum of a and & and the product
of ¢ and d multiplied into e.  Also, the value of
3

Vej(a+b)'—cd}, whena=2,b=7,¢c=5d=9,and
e=6is VEJEFTN —5x9} = JE@I—B) =
JEX 36 = v216 =6.

PART IL

MENSURATION OF LINES.

THE MENSTRATION OF LINES is applied to find the lengths of
straight or curved lines, from the given lengths of other lines,
on which these straight or curved lines depend.

TABLE OF LINEAL MEASURE.

inches. | Feet.

7920 | 660 220 40 |
Mile,
63360 ! 5280 1760 320 8 1

733 = 792 inches = 1 link.
22 yards = 4 poles = 1 chain of 100 links.
694 English miles = 60 geographical miles = 1 degree.

ProsLex L

To find one side of a right ungled triangle, having the other
two sides given.

The square of the hypothenuse is equal to both the squares of
the two legs. (Euc. 1. 47.) Therefore,

RtLE L—To find the hypothenuse ; add the squares of the
two legs together, and extract the square root of the sum.

Rrre IL—To find one leg ; subtract the square of the other
leg from the aquare of the hypothenuse, and extract the square
root of the difference.
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Lt ABChea triangle, right angled at
B ; then by Theorem V. page 17, we shall
have the following

ForMULE.

Put the base A B = b, the perpendicular
B C = p, and the hypothenuse AC=4;
then

A= 0" ¥ p*, b= I* —p?, and p = J&i* — p*.
EXAMPLE,

1. Required the hypothenuse of a right angled triangle, the

base of which is 40 and the perpendicular 30 feet.

By Rule I. By first Formula. |
40 30 v40* 4+ 302 =50=AC.
40 30
1600 900
900

25_3(-) (50 = hypothenuse A C.

00

Norx. The student ought to solve this and all the fullowing examples by
geometrical construction, as in Problems X1. and X1L.—Thus: wake A B =40
foot; draw B C == 30 feet perpendicular to A B, and join A C; then A C, being
measured, will be found to be 50 feet.

The construction of example 2, will be as follows. Make A B==156 feet, and
perpendicular thereto draw B (' indefinitely ; take A C == 65 in the compasses,
and with one foot on A apply the other foot to C; then B C, being measured
will be found to be 33 feet.

Remark, Thetriangle A B C, being for the purpose of illustrating the ]‘mblem
generally, {s not drawn to correspond toany of the ionsgivenintheex

2. What is the perpendicular of a right angled triangle, whose
base A B is 56, and the hypothenuse A C 65 feet ?

56 65
56 65
336 325

280 390
3136 4225
3136

1089 (33 feet = perpendicular B C.
9

63) 189
189



6. A ladder of 50 feet long being placed in a street, reached

a window 28 feet from the ground on one side ; and by turning

the ladder over, without removing the foot out of its place, it

touched a moulding 36 feet lu"h on the other side : required
the breadth of the street. Ans. 761233335 feet.

7. The width of a housc is 48 feet, and the height of ridge above
the side walls 10 feet ; required the length of one of the rafters.

In the anncxed figure A B is

the width of the house, or length

C
of the tie-beam of the rafters A C,
: ',\ B C; and C D the height of the
A 1. =B ridge or length of the king-pout 3
| D I and sinee D is the middle point of
A B, we shall have AD =} A B
= 24 fecet. Whence by the first formula ;

AC= VAN ETCD = 237 F10° = /676 = 26 foet,
the required length of one of the rafters. )

8. Required the height of an equilateral triangle, the side of
which is 10 feet. Ans. 8 ft. 8 in. nearly.

9. The base of an isosceles triangle is 25 feet, and its two sides
are each 32} feet ; required the perpendicular.

Ans. 30 feet.
10. The diagonal of a square is 10 ynrds, required the length
of one of ita sides. Ans. T yds, 0 ft. 2} in.

11. A ladder, standing upright against a wall 100 fect high,
was pulled out at the foot 10 feet 1'rom the wall ; how far did
the top of the ladder fall ? Ans. 6 inches nearly,

12. The upright axle of the horse-wheel of a thrashing
machine is placed with its centre 3} yards from a wall ; but
the shafls of the axle are 5 yards in length, measured from the
centre : how much of the wall must be removed to admit it to
revolve ? Aas. 7 yds. 0 f2. 5 in.
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ProoLex IL

Having given any two of the dimensions of the figure A B C,
und one of the corresponding dimensions of a similar figurea b ¢, to
Jind the other eorrupondmg dimension of the last figure.

Rrie.—Let ABC,
abec be two similar
triangles, then by

A Theorem VI, page
17.

:BC:: 'ac,orab: c:: AB:BC.

The same propomun holds with respect to the similar lineal
parts of any other similar figures, whether plane or solid.

EXAMPLES.

'15-The shadow of a cane 4 feet long, set perpendicularly, is
& feet, at the same time that the shadow of a lofty trec was
found to be 83 feet; required the height of the tree, both
shadows being on level ground.

Let 4 ¢ be the cane, and B C the tree, their shadows being
respectively represoatsd by a & and A B : the upper extremities
of the cane and tree being joined with the extremities of their
shadows, giving the parallel lines ae, A C for the directions of the
sun’s rays, and thus constituting similar triangles a b ¢, AB C:
whence ab : bec :: AB : BC,

thatis 5 : 4 :: 83 : 66}

4

5)332

66} feet = B C, the height of the tree.

2. The side of a square is 5 feet, and its diagonal 7-071 feet,

what will be the side of 8 square, the diagonal of which is 4 feet.
Ans. 2 ft. 10 in. nearly.

8. In the ground plan of a building 120 feet long and 50
broad, the length, as laid down, is 10 inches ; what must be its
breadth ? Ans. 4} inches.

4. The scale of the Ordnance survey of Ireland is 6 chains to
an inch, or 1 mile to 13§ inches, what length of paper will be
sufficient for the map of that country, its length being 300 miles.

Ans. 111} yards.
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5. The lengh of the shadow of the Monument (London) is
151} feet, while the shadow of a post, 4 feet high, is 3 feet ;
required the height of the Monument. Ans. 202 feet,

ProsrLen IIL

The two sides and the base of a triangle (A B C) are given to
find the perpendicular (C D).

ReLe.—The segments of the base A D, D C must be first
found. Let B C be the greater of the two sides, then B D will
be the greater of the two seg-
ments. Then,asthebase A Bis to
the sum of the sides BC 4 CA,
80 is the difference of the sides
B C—CA to the difference of the
1 segments of the base BD—D A.

A D B Half this difference, being added

to and subtracted from half the

base A B, will give respectively the segments B ), D A ; though

only one of the segments is required to be found.  Now, either of

the sides and its adjacent segments constitute a right angled tri-

angle whence the perpendicular C D may be found by Rule II.,
Prob. 1.

FormuL £,

Pt AB=4q, BC=band C A =rc; then from the pro-
portion in the Rule

bt —¢?

BD—DA= ; whence
b9 0?
BD_i(a-f- —- ).and
3 — o2
PA=}(a——)
EXAMNPLES.

1. The three sides of a triangle are 42, 40 and 26 feet ; re-
quired the perpendicular on the longest side.
By the Rule
AB: BC4+CA :: BC—CA : BD—DA, that is,
42 . 66 3 14 : 22, and
$(42—22) = 10feet = A D

Or by the last Formula
400 — 269 _
DA..{-(42- 42 ) = 10 feet,

ardCD= VAC* —DA? = /26* — 10* = 24 feet.
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2. The base of a triangleis 30, and the two sides 25 and 35 ;
required the perpendicular. Ans. 24 ft. 6 in. nearly.

8. A house 21 feet in width, has a roof with unequal slopes,
the lengths of which, from the eaves to the ridge, are 20 and
13 feet ; required the height of the ridge above the caves.

Ans. 12 feet.

Norx. All the preceding examples may be readily solved by construction, by
first laying down the triangles, as i Prob. VI, F'ractical Geometry, and then
{otting fall the perpendicular, as in Prob, V.

Provres 1V,

The side A B of a reqular polygon being given o find the radis
O C and O A of it inscribed and circumscribed circles.

RuLe.—Multiply the side of the polyzon by the number
opposite its name in the following Table, in the column headed
“Rad. Inscribed Cirele,” or in that headed ¢ Rad. Circumse.
Circle,” accordingly as the one or the other radius may be re-
quired.

Formrrax.

Let 7 and R be the radii of the in-
scribedund circumseribed circlesrespec-
tively, ¢ and p their respective tabular
radii, and ! = side of the polygon ;

thenr={!g,and R = {p; also

r P

q 1

TABLE OF POLYGONS,

No, i Rad. Rad.
‘_of Name. Inscribed | Circumsc. Area
Sidve. Cirele, Circle.

3 | Trigon or equi-triangle...| 2887 5773 | 4330
4 | Tetragon or square........[| 3000 | <7071 | 10000
5 | Pentagon. .......... cvecesecs)  *GR82 [ -B506 | 1-7205 .
(75 Hexagon.....cu eveenneees] 8660 | 10000 | 2-5981
8

9

Heptagon.........coceeened| 10383 | 11524 | 36339
Octagon..... cesvenenn] 12071 | 1°3066 | 4-8284
Novangon.......ueeeeeeeen| 143737 | 144619 | 6:1818
10 { Decagon.......ceceiinnreeen| 145388 | 16180 | 7-6942
11 | Undecagon....cocuvrerenens| 147028 | 17747 | 93656
12 | Dodecagon..................[| 18660 | 1-9319 |{11-1962 '




MENSURATION OF LINES. 25

EXAMPLES,
1. The side of a regular pentagon is § feet 1 inch, what are
the radii of its circumscribed and inscribed circles ?
Ans. 4 ft. 3'7 in., and nearly 3 f1. 6 in.
2. The side of an octagonal grass plot is 2034 yards, and four
walks are made therein, joining the middle of each of the op-
posite sides ; required the united length of the four walks.
Ans. 1998 yards.
3. A circular grass-plot of 50 yards diameter is to be com-
passed by a regular octagonal iron paling, and the eight spaces,
between the grass plot and the paling, to be planted with
shrubs ; required the whole length of the paling, and the greatest
width of each of the eight spaces.

PronrLex. V.

To find the diameter and circumference of a circle, the one
Jrom the other.

RrLe L.—As 7T is to 22, so is the diameter to the circum-
ference.

As 22 is ta T, so is the circumference to the dinmeter.

RuLe 11.—As 1 is to 3:1416, so is the diameter to the cir-
cumference.

As 3'1416 is to 1, so is the circumference to the diameter.

FORMTLA.
Let d = diameter, ¢ = cicumference, and * = 3:1416 ;* then

c:dv.undd=-£, .
4

EXAMPLES.
1. To find the circumference of a circle, whose diameter is 10.

By Rule 1.
T :22::10: 314
10
7 )220
aly
or 31'42857 Ans.

® The true circumference of a circle, the diameter of which is unity, is
3:14159265358979, &c. This number has been determined by Machin to 100
places of decimals, by others to still more, and finally by Dr. Rutherford to 208
places; but these results are more curious than useful, since the first four or five
decimals are quite sufficient for all practical purposes, 9
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By Rule IL or first Formula ¢ = d » = 31416, which is
nearer the truth.

2. To find the diameter when the circumference is 50 feet.
By Rule I
22:7::50: IX 210 - 150 — 159090 ns.

By Rule IL or second Formulad = — = 159156 feet.

3. If the diameter of the earth be 7958 miles, as it is very
nearly, what is the circumference, supposing it to be exactly
round ? Ans. 250008528 miles.

4. To find the diameter of the globe of the carth, supposing
ity circumference to be 25000 miles.  Ans. 7257 3 nearly.

5. Required the diameter of a coach wheel, that turns round
300 times in travelling a mile. Ans. 3 ft. 505 in.

6. The driving wheel of & locomotive engine is 6 feet in
diameter, how often does it turn in a second, when travelling at
the rate of 60 miles in an hour ? Ans. 43 times nearly.

Prosrex VI
The chord (B E) and the height or versed sine (C D) of an
arc (B C E) of a circle being given, to find the diameter (A C)
and the chord of half the are (B C).
Rure.—Divide the square of half the chord B E, by the
height C D ; to the quotient add C D), and the sum wnll be the
diameter A Q. half of which is the radius B OorCO.

The chord B C of half the arc is found by Prob. 1.

FORMULE.
Put ¢ = § chord of the whole arc =

BL B D, ¢ =chordof } the are =
, © = height or versed sme =C D,
E and d = diameter A C; then
d=Cho(tye= vOTFE @
N Alsod:
A v a- - N
EXAMPLE,

The chord of an arc is 48 feet, and its height 18 ; required
the diameter of the circle of which the arc is a part.

-

H
.
[}
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By the Rule. 24=}BE=BD
24

CD=18)576
a2
18S=CD

30 feet = A C.
whence the radius B O = 25 feet.

2. The span (chord) of the iron arch of Sunderland bridge
is 240 feet, and the rise (height) of the crown of the arch
34 feet : with what radius was the arch drawn ?

By Formula (1)

1202

The diameter = i + 34 = 44041 feet,
whence the required radius = 440-41 <+ 2 = 22020 = 220
feet 2} inches.

3. On a parliamentary map of 4 chains to an inch, the chord of
a railway curve measured 40 inches, and its height 5 inches, re-
quired the radius of the curve both on the map and on the ground.

o . ()2 ..
The diameter = ?-;— <4 5 = 83 inches, whence
9

the radius = 85 =2 = 42} inches on the map.

And, since the scale of the map i» 4 chains to an inch, we
shall have 424 x 4 = 170 chains = 2] miles, the radius of the
curve on the ground.

4. The chord of the whole arc is 48 fect, and its height 7,
required the chord of half the arc.

By Formule (2). _
e= yCV F 90 = J24% 4 72 = 23 foet, the required chord.

3. The chord of half the arc of a bridge is 24 feet and the
rise of the crown of the arch 16 fect, required the radius of the
circle of which the arch is a part.

Ans. By formula (3) the diameter is found = 36 feet, whence
the required radius is 18 feet.

6. A circular grass plot of 100 yards diameter is cut by a walk
through the centre, this walk is cut at right angles by another
walk through the middle of the radius ; required the length of
the last named walk. o o

By transposing formula (1) C= v (d—v)= ¢/ 25(100—25)
= 43-3 yards the double of which is the length of the walk.—
The same result may be obtained from the right angled
triangle B D O.
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7. The rise of the circular arch of a bridge is 12 feet and the
radius of the whole circle is 100 feet ; required the distance
from the spring of the arch to the crown, viz., the chord of
half the arch. Ans. 49 feet nearly.

, ProsrLex VII.
To find the length of any arc of a circle.
CASE 1.— When the degrees in the arc and the radius are given.
RuLe 1.—As 180° is to the number of degrees in the arc, so
is 8-1416 times the radius to its length. !
RouLk 11— From 8 times the chord of half the arc subtract

the chord of the whole arc, and take } of the remainder for the
length of the arc nearly.

FORMULZE. (See last figure).
Put r = radius B O, & = 180° 3 = degrees in the arc B E,
and » = 3:1416, and ! = length of the arc ; then
rdx la
I=— ,udr = — .
a L 34
EXAMPLES.
1. To find the length of an arc of 30 degrees, the radius
being 9 feet.
By Rule 1. 3:1416
9

180 : 30 :: 28:2744 : 47124 feet.
By first Formula ! = 9x30 j’;g_'l_il_ﬁ =3x__32'!j_l§ =4T124

2. The length of the arc of a circle of 30 degrees is 9 feet
5 inches, required its radius.
Ans. By the second formula, 18 feet nearly.
3. The chord B E of the whole arc being 465374 feet, and

the chord B Cof the half arc 2:34947 ; required the length of
the arc.

By Rule 11 2:34947
8

18:79576
465874

3)14:13702
Ans. 471284 feet.
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3. Required the length of an arc of 12 degrees 10 minutes,
or 12} degrees, the radius being 10 feet.
By Rule 1., 2:1234 feet, Ans.

4. Required the length of the iron arch, in example 2,
Prob. IV. .

First, the chord of } the arch, or distance from spring to
crown, by Formula 2, Prob. IV,, will be found 124:724 feet.
Whence, by Rule IL of this Problem, we shall have the re-
quired length of the arch = 252 feet 7 inches.

5. Find the length of one of the arcs of the six equal seg-
ments of an iron girder, the whole span of the arch being 120
feet, and the radius 180. Ans. 20 feet 467 inches.

Rule IL. is not sufficiently accurate for finding the length of
the arc, when it is greater that  of the circumference of the
circle : in such cases, (sec figure to Prob. IV.) the chord of }
of the arc B C E = chord of § the are B C (not shewn in the
figure) must be found by the tormula.

Chord of } of are BCE = V§ d (d — vd* — ¢c*).

in which d and ¢ are the same as in Prob, IV.; after which
Rale IL may be applied with sufficient aecuracy to find the
length of the § arc B C, which, being doubled, will give the
whole length B C E.

6. Required the length of a circular iron girder, the epun
(BE) of which is 48 feet, and the rise (C D) at the crown
18 fect. .

By Formule 1 and 2, Problem IV., d = A C is found = 50
feet, and ¢ = BC = 30; whence, by the formula just given,
the chord of } of arc B CE = 23 (50— ./ 507—307 ) =
15'8113, and by Rule 1L, (158113 x § — 30) + 3 = 32-1635
feet = arc B C, the double of which is 64:3270 feet = the re-
quired length of the arch B C E. But by using Rale II.,
without the above formula, the length of the arch is found to
be 64 feet, or nearly 4 inches short of its more accurate length,
as previously found.

Norx. The true method of finding the length of an arc of a circle is to find
the nataral sine of the angle BOD (figure to Prob, V.) and its corresponding
pumber of degrees, minutes, &c., which, being doubled, give the angular mea-
wure of the whole arc B C E; whence the length of the arc may be accurately
found by Rale . But the first part of this uperation is the province of Trigo-
Bomatry ; moreover, sufficient accuracy for all practical purposes may be ob-
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tained by Rale IL for arcs less than a quadrant; and like sccuracy be
mndbiymuudthe formula used in Example 6, in cases whers 3."«»
approaches near to a semicircle.

Remork—When the src is greater than a semicircle, the remaining part of
the circumference must be found by Rule I1., with the help of the formula used
in Example 6, if necessary. This remark does not apply to cases where the
degrees of the arc are given, which are solved by Rule I.

ProsrLex VIIL
To find the diameter of a circular zome, its two parallel
chords A B, CD, and its breadth E F, being given.
K This and the following Problems
PP R may be omitted by the student, as not
being much required in practice.

FORMULZ.
Let C and ¢ be the half chords
: CF and AE respectively, & the
i v breadth E F, and d the diameter

) K L = twice radius O B ; then
I

d= J{b'+2(C’+c’)+ (C’ b—c.)’}'
Ao AC=BD= y(b* 4+ C—¢*), and

GH=}d—} ¢{<C+c)’+ 7<)}

EXAMPLES.

1. The parallel sides of a circular zone are 6 and 8 feet, and
its breadth 7 foet; required the dinmeter of the circle.

By the first Formula: the diameter

d= J{7-+ 3 (4 4 37 4 ("‘7'3')'}= VO FoF1=10n

2. Find the chord B D and the height G H of the zone in
the preceding Example.

Here, the diameter d is first found, as above; then by the
second and third Formulm,

BD== /(P4 4 =)= /19 F 1 = 707 feet, and
on-uo—h/{u+ar+("‘;"’)'}=s-wr'-1-_s i

3. The parallel chords of a zone are the same as in the Ex-
ample 1., and its breadth 1 foot ; required the dnmetcix;f
eet.
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Norz. In this example the two chords are both on the same side of the
ceatre of the circle.

4. The two parallel chords of a circular zone are 16 and 12
feet, and the diameter of the circle 20 feet; required the breadth
of the zone. Ans. 14 feet.

Norz 1. The breadth of the zone, in this example, is found by squaring and

transposing the first formula, whence there results a quadratic equation, from
which the value of b is found.

Nore 2. When the chord BD = A C, and the height G H have been found,
the lengths of the equal arcs A C, B D are found by the Prob. VI.
Prosrex IX.
In an ellipse are given any three of the four following parts

to find the fourth, viz. the transverse axis TR, the conjugate
axis C O, the abscissa H Q, and the ordinate P Q.

FORMULX.
Put 0 = semitransverse = H R, b = semiconjugate = C 1],
« = abscissa = H Q, and y = ordinate = P’ Q; then

- b :
r= b\/l"'—y't.'/ = a\/av__xn’ A(],\\l.
bz ay I \
a= -~ - —andb=-_"7_. "
Ty Joew f_x 1A\
Alko the focial distance from ¢
the centre \ I
HF =Hf= ya'—b. =0
EXAMPLES,

1. The transverse axis is 30, the conjugate 20, and the
abscissa 3 feet,

By the second formula,
PQ=y= 1§ v15* —37 = 9-798 feet.
2. The transverse T R = 70 feet, the conjugate C O = 50,
and the ordinate P Q = 20 ; required the abscissa H Q.
<Ans. By the first formula, H Q = 21 feet.
3.. The transverse is 180 inches, the ordinate 16, and the
abecissa 54 ; required the conjugate.
<ns. By the fourth formula, the conjugate = 40 inches.
4. If the conjugate be 50 feet, the ordinate 20, and the
abecissa 21; what is the transverse ?
«ns. By the third formuls, the transverse = 70 feet.



82 MENSURATION OF LINES.

5. The transverse T R = 100 yards, and the congugate C O
== 60; required the distance of the foci F' f from the centre H.
Ans. By the last formula, HF = H f = 40 yards.

6. The ratio of the major and minor axes of the earth’s
orbit is as 1 to 6, the former being about 190,000,000 miles
== 2 a, How much is the earth nearer to the sun in winter than
in summer ?

Ans. The distance here required is twice the focial distance
from the centre of the earth’s elliptical orbit, which, by the last
formula is found to be 2ay/ 1T — 9.

7. Required the distance of the foci of an elliptical section,
passing through the poles of the earth, the earth’s axes being
7926 and 7899 miles.

Ans. 654 miles, or 327 miles each from the earth’s centre.

ProsrLem X,
The axes of an ellipse are given to find its circumference.
Rune L—Multiply the sum of the two axes by 3:1416, and
the product will give an approximate length of the circum-

ference, which will be found near emough for most practical
purposes.

RuLE I1.—To half the sum of the two axes add the square
root of half the sum of their squares, and multiply half the sum
by 3-1416 for the circumference very mearly.

FORMULZX (‘sec last figure).

Let 2a and 24 represent the axes, as in the last problem,
and » = 3:1416 ; then,

Circumf, = » (a +8),or=3r(a4+b04 v2(a* + b’)).
EXAMPLES.
1. The axes of an ellipse are 15 and 10 feet ; required the
circumference by Rule L.
Ans. 39 feet 3 inches.
2, The axes being the same as in the last example; required

the circumference by Rule II.
Ans, 39 feet 8 inches nearly.

8. Find the meridional circumference.of the earth, the axes
being as given in the last example of Prob. VIIL
Ans. 24,858 miles nearly.
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ProsLEx XI.

In a parabola 1V H, the focus of which is F, any two of the
three following parts, viz. the parameter P Q, the obscissa V G,
and the ordinate G H being given, to find the third part.

FORMUL.E. A\

Put PQ = parameter = p, VG = r e
abscissa = x, and C H — ordinate = gy ; F \
then \

v - -y 1> 6 n

:-;,y-Jp:r,nndp-;—. /

FXAMPLES.

1. The parameter P’ Q of a parabola is 50, and its ordinate
G H = 60 feet, required the abscissa V G.
Ans. By the first formuls r = G H = §3* = 72 feet.
2. The parameter of a parabola is 10, and its ordinate 4
required the abscissa. Ans, 146

3. The abscissa of a parabola is 4, and its corresponding
ordinate 10; required the parameter. Ans, 25

Proeres XIL

To find the length of the are of a parabola, its ordinate and
abscissa being given.  ( See last figure. )

FORMUL X,
Let 2 and y represent the same parts, ae in the last Problem:
then, The §are VI = v { r? 4+ y? nearly.

EXAMPLES,
1. Required the half arc V Q of o parabola, VF being = 3
feet, and FQ = 6. -
Ans. VQ = J{ﬁ’_-}- 67 = 6 feet 11} inches.
2. The abscissa is 2, and the ordinate 6; required the length
of the half arc of the parabola. Ans. 6-4291.

Norx 1. The parabola is the path of projectiles in caruo ; it is also used in
the astronomical theory of comets.

Nore 2. The student who wishea for further information concerning thia
curve, as well as concerning the ellipse and hyperbola, may consult the various
works on comic sections,
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MENSURATION OF SUPERFICIES OR SURFACES.
The area of any surface is estimated by the number of
squares in that surface, without regard to its thickness; the
side of those squares being one inch, one foot, one yard, &e.
Hence the area is said to be so many square inches, or square
feet, or square yards, &c.
A TABLE OF S8QUARE MEASURE.

8q. Inches. | 8q. Feet.
144 1
Sq. Yards. .
1,296 9 1
Sq. Poles.
39,204 2732} 30} 1
8q. Rods,
1,089 1,210 40 1
Acres.
43,560 4,840 160 4
Sq. Mile.
3,007,600 {102,400 | 2,560 640 1

ProsLEx L
To find the area of a paralleloyram ; whether it be a square,
u rectangle, a rhombus, or a rhomboid.
RuLe.~Multiply the length by the breadth or perpendicu-
lar height, and the product will be the area.
FORMULZ,
Let I = length of the figure,

1. b = its breadth, and A = its
: arca (which also represents the
I 0 areas in all the following Pro-
. blems) ; then
— A=ibalol=2 wis=4.
- When the figure is a square,
I then the length is cqual to the
breadth, which put = s = side
530 of the square ; then
A=12¢, and s = VA

EXAMPLES.
1. The length of a rectangular board is 7 feet, and its breadth
4 feet ; required its area in square feet. (See first figure.)
By the Rule. 7 x 4 = 28 square feet, the area required.
2. The side of a square is 18 inches; required its area in
square feet. (See last figure.)
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18
18
12 |324
144 [
12 | 27

2} square feet, the area required.
3. Find the area of a rhombus, the length of which is 6°2 fiet,
and its perpendicular breadth 5:45. (See second figure.)
<Ans. 33'7Y = 834 square feet nearly.

feot. in.
4. The length of a table is 7 feet 8 inches, 7 8
and its breadth 3 fuet 10 inches; required its 3 10
area.
23 0
Here the operation is performed by duo- 6 4
decimals, and the area is found to be 29 square -
fect, 4 inches or 12ths, and 8 parts or y§, ths. 29 408

5. What length must be cut off a rectangular board, the
breadth of which is 9 inches, to make a square yard ?

A square yard contains 1296 square inches, whenee by the
second formula.

144 inches = 12 feet, the length required.
6. How many square feet of deal will make a box 6 feet long,
3 broad, and 2 feet 8 inches deep ?
Ans. 116 square feet 2' 8",
7. How many square yards are contained in a floor 23 fect
long 14} feet wide ? «Ans. 37 s square yards.
8. The base of the largest Egyptian pyramid is a square, the
side of which is 693 feet: required the number of aeres it
occupies. Ans. 1la. Or. -p.
9. A square court yard is 42 feet long, and 23 feet 10} inches
broad ;: what did it cost paving at 4s. 10d. per square yard.
Ans. £26 18s. 6}d.
10. Required the side of a square, the area of which is 300
square feet.
By the fourth formula s = side of the square = / A, that is
s = 500 = 22:36D7 feet = 22 feet 4} inches ncarly.
11. What is the side of a square the area of which is an
acre Ans. 696 yards nearly.
12, A square in a city contains 6} acres of ground, required
the side of the square. Ans. 17392 yards.
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B Proprex IL
To find the area of a triangle.

;y BUL L-~Multiply the base by ‘the diculsr hej
* take half the product for the :{e;. perpendic eight,

JL—When the three sides cnly are given : add the
... #ides’ altogether, and take half the sum ; from the half
#utn anbiract each side separstely ; multiply the half sum and
‘e three remainders continually together ; and take the square
‘700t of the last produot for the ares of the triangle.

FORMULKE,

Let the buecAB=6, and the
perpendicular C D = p ; then
A 2A __,, 2A

b - p’

When all the three sides of the

i triangle are given, let them be re-

A B D presented by a, b and ¢, and their
half sum by s ; then

A= s(s—a)(s—0b)(s—c).

EXAMFLES.
1. Lot the base AB =42 feet, and the perpendicular CD =383
feet ; required the area in square yards.
By Rule I 42 x 83 + 2 =693, and 693 < 9 =77 square yards.
2. To find the number of square yards in a triangle, the sides
of which are 13, 14 and 15 feet.

By Rule I
13 21
14 6
15 —
— 126
2)42 7
faum 21 21 2] 882
18 14 15 89
remainders 8 7 6 7056(84 square feet,

64 '— 9} sg. yds. Ans.
164)656
656
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8. Thebase of a triangle is 40, and its perpendicular 30 feet ;
required the area in square yards.  Ams. 66} sguare yards,
4. Find the area of a triangle, the three sides of which are
20, 30 and 40 feet. Ans. 32:27 square yards,
5. The base of a triangle is 49 and its height 25} feet, how
many square yards does it contain ?
Ans. 68736 square yards.
6. The base of a triangle is 18 feet 4 inches, and its height
11 foet 10inches ; required thearea.  Ans. 108 feet, 5. 8"
7. The hypothenuse of a right angled triangle is 102} feet,
and its base 100 ; required the area in square yards.
Anas. 125 square yards.
8. The side of an equilateral triangle is 5°1 feet, required the

area. Ans. 11-2626 square feet.
9. The base of a triangle is 121 yards ; required its perpen-
dicular, when it contains an acre of land. Ans. 80 yards.

10. The equal sides of an isosceles triangle are each 50 feet,
and its base 28 ; how many square yards does it contain ?
Anas. 14} square yards.

ProsrLex III.

To find the area of a trapezoid.

Add together the two parallel sides ; multiply that sum by
the perpendicular distance between them, and take half the pro-
duct for the area.

EXAMPLES,

1. In a trapezoid the parallel lines are A B 75, and D C
12-25, also the perpendicular distance A P is 154 fect ; re-
quired the area.

12-25
75

1975
15-4

7900
9875
1975

2)304:150
152075 square feet, Ans.
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2. How many square feet contains the plank, whose length is
12 feet 6 inches, the breadth at the greater end 1 foot 8 inches,
and at the leas end 11 inches ? Ans, 131} feet.

8. Required the area of a trapezoid, the parallel sides being
21 feet 3 inches and 18 feet 6 inches, and the distance between
them 8 feet 5 inches. Ana. 167 square feet, 3’ 4" 6"

PronLex IV.
To find the area of a trapezium.

Cask 1.—For any trapezium.

Divide it into two triangles by a diagonal ; then find the areas
of these triangles, and add them together.

Or, if two perpendiculara be let fall on the diagonal, from the
other two opposite angles, the sum of these perpendiculars being
multiplied by the diugonal, half the product will be the area of
the trapezium.

Case. IL—HWhen two opposite angles are supplements of
edch other.

Add all the four sides together, and take half the sum : next
subtract cach side separately from the half sum ; then multiply
the four remainders continually together, and take the square
root of the last product for the area of the trapezium.

EXAMPLES.

1. To find the arca of the trapezium A B C D, the diagonal
A C being 42, the perpendicular B E 1K, and the perpendicular
DF 6.

18

34 Sum
42

68
136

2)1423
T14 Ans.

2. In the trapezium A B C D, the side A Bis 15, D C 18,
CD 14, AD 12, and the diagonal A C is 16: required
the area.
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AC 16 AC 16
AB 15 CDh 14
BC 13 AD 12
2yi4 2)42
22 22 22 half sum 21 21 21 half sum
16 15 13 16 14 12
6 7 9 3 T 9
7 T
42 35
9 Y
378 315
22 2]
756 315
736 630
V8316 =91-1921 JV6615=%81-3326
The triangle A B C...... 911921
The triangle A B C...... K1:3326

The trapezium A B C D 172:5247, . {ns.

3. If a trapezium have its opposite angles supplements to
cach other, and have four sides 24, 26, 28, 30 ; required its area.

By Rule II. the area is 723:989.

4. How many square yards of paving are in the trapezium,
the diagonal of which is 65 feet, and the two perpendiculars let
fall on it 28 and 38°5 fect ? Ans. 2229 yards,

3. What is the area of a trapezium, the south side being
27:40 chains, east side 35-7 chains, north side 37°55 chuivs,
west side 41'05 chains, and the diagonal from south-west to
north-east 48:35 chains 7 Ans. 123a. Or. 11.4656p.

6. What is the area of a trapezium, the diagonal of which is
1084 feet, and the perpendiculars 65} and 60% fect.

Ans. 7054 square yurds.

7. What is the area of a trapezium, the four sides being
12, 13, 14, 15 ? having its opposite angles supplemental.

Ans. 140997,

8. In the four sided field A BC D, on account of obstructions
in the two sides A B, C D, and in the perpendiculars BF, DE,
the following measures only could be taken : namely, the two
sides B C 265 and A D 220 yards, the disgonal A C 37% yards,
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and the two distances of the perpendiculars from the ends of the
diagonal, namel{ A E 100, and C F 70 yards: required the
area in acres, when 4840 square yards make an acre.

Ans. 17a. 27, 21p.

9. When AB = 314, BC = 232, CD=228{, DA = 266},
and the diagonal A C =417} feet ; required the area in square
yards. Ans. 8641} square yards.

ProsLEM V.
To find the area of an irregular polygon.
RuLe.—Draw diagonals dividing the figure into trapeziums
and triangles; then find the areas of all these separately, and
add them together for the content of the whole figure.

FXAMPLES.
1. To find the content of the irregular fizure ABCDEFG A,
in which are given the follow-
ing diagonals and perpendicu-

lars : namely,

-C AC 53

FD 52

GC 44

Gm 13

D Ban 18

1(3 o 12

p 08

Dg 23
1st, 2nd, 3rd,

For trapez. ABCG. For trapez. GDEF. For triangle GCD.
1-3 12 44
18 08 2:3
31 20 132
55 52 ]

1:55 104 10012
155 —_— —_—

1705 double ABCG
1040 double GDEF
10°112 double GCD

2)3757 double the whole.
18:785 .dns.
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2. Required the area of the figure ABCDE F G, when
AC=12,FD=11,GC=9},Gm=38},Ban=4,Go=2},

ProBLEM VI,

To find the area of a regular polygon.

RoLE L—Multiply the sum of the sides or perimeter of the
polygon by half the perpendicular from its centre to one of its
sides, and the product will be the area.

RuLE II.—Multiply the square of the side of the polygon by
the number opposite its name, in the column headed ¢ Areas,” in
the Table to Prob. IV., Part IL and the product will be the area.

FORMULE.
Let s = A B = side of the polygon,
p =*C P perpendicular from the centre
on A B, 2 = number of sides of the po-
lygon, and @ = its tabular area ; then
A=}npsand A=as*. Alo
_ ,A_2A _2A
i e S A P B
EXAMPLES,

1. Required the area of a regular pentagon, the side A B of
of which is 25 feet, and the perpendicular C P = 17:205.

By Rule 1.
17-205
5= 125 = neri By Rule IL
235 = 125 = perim. 17205 table area.
86025 625 = 25?
34410 —_
005 86025
17205 34410
2)2150+625 103230
1075:3125 ag. feet. 1075:3125 sq. feet. Ans.
2. To find the area of the hexagon, the side of which is
20 feet. Ans. 103923 square feet.
3. To find the area of the trigon, or equilateral train, the side
of which is 20 feet. Ans, 173:205 square feet.

4. Required the area of an octagon, the side of which is
20 feet. Ans, 193137 square feet.
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6. What is the area of a decagon, the side of which is
20 feet. Ans. 3077°68 square feet.

6. Required the side of a decagon, the area of which is
16 square feet.
By the third formuls, the side 5= /- , that s,

16
v Teoa
7. The fence of an octagonal inclosure, within a square in a
city, cost £840 at 4s, 8d. per foot ; what will be the cost of the
gravelling the surface at 10}d. per square yard ?
Ans. £132 0s. 6}d.
8. The corners of a square are cut off so as to form an

octagon ; required the area of the octagon, the side of the
square being 200 feet. Ans. 36818 square yards.

PronLex VIL
To find the area of a circle when the radius, or half diameter,
s given.
RuLk 1.—Multiply the square of the radius by 3-1416 for
the area. ’
To find the area of a circle when the circumference is given.

RuLe IL—Multiply the square of the circumference by
07954,

= 1442 feet = 1 foot 5'3 inches. Ans.

.. Put the radius A C = r, the circum-
/7 \\ ference = ¢, and 3°1416 = r; then
A! __-.ﬁ,.__‘-, A=r¢et andr = J% ; also
C’
A=I;= jre,and c= /4Arw,

EXAMPLES.

1. Required the area of a circle, the radius of which is
§ feet.
By Rule I, or the first formula.

3:1416 x 5 = 3:1416 x 25 = 7854 square feet.

2. The circumference of a circle is 18-4 feet, what is its area?
Ans. 2692 square feet.

3. A circular pleasure ground is to be laid out to contain
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exactly an acre, reqniredthelengthoftheeordwithwhiabthe

ircle must be
‘ By the second formula, the length of the chord, or

r= Js;f?-:%s = 89} yards, very nearly.
4. How many square yards are in a circle whose diameter is

3} feet? Ans. 1°069.
5. How many square feet does a circle contain, the circum-
ference being 109956 yards. Ans. 86-19543.

6. The area of the piston of a steam engine is required to be
1192 square inches to give it the requisite power’; required the
interior diameter of the cylinder, and its exterior circumference
the thickness of the metal being one inch.

Ang, [ Interior diameter 39 inches nearly.
* \ Exterior circumference 10 feet 83 inches.

7. The circumference of the circular paling of a plantation
was found to be 235} yards, what is its arca.

Ans. 4400 square yards.

8. What is the circumference of a circle, the area of which

is an acre? Ans. 246 yards 1 foot 10} inches.

ProsLex VIIL
To find the area of a sector of a circle.
RuLe L—Multiply the radius, or half the diameter, by half

the arc of the sector, for the arca. Or, multiply the diameter
by the arc of the sector, and take } of the product.

Norz. The arc may be found by Prob. IIL
Rure IL—As 360 is to the degrees in the arc of a sector,
80 is the whole area of the circle, to the area of the sector.

Note. For a semicircle take one half, for a quadrant, one quarter, &c., of the
whale circle.

PORMULZX.
2A
arc’

A=_-r xarc,and r =

0] -

EXAMPLE.

I. What is the area of the sector C A D B, the radius being
10, and the chord A B 167
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ByRule L ....ccoerrrrnrenen. 100 = A C?
64 = AE?

36(6=CE
0=CD

4=DE

16=D
64 = A

80 ( 89442719 = A D
8

71°:3541752
16

3 ) 555541752
2 ) 185180584 arc ADB
9-2590297 = half arc
10 = radius

92:590297 Ans.
2. Required the area of a sector, the arc of which contains
96 degrees, the diameter being 3 feet.
T8t =4 ¥
9 =32

70686 = area of the whole circle.
Then by Rule IT.,
as 360° : 96° :: 7-0686
or,as 30° : 8° :: T-0686 : 1:88496 square feel. Ans.
8. What is the area of a sector, the radius of which is 10
feet, and the arc 20? Ans. 11} square yards.
4. Required the area of a sector, the radius of which is 18
feet, and the chord of its arc 12?7  Ans. 1104 square feet.
8. How may square yards are in a sector of 187° 37/, the
radius of the circle being 2897  Ans. 15194 square yards.
6. Required the area of a sector, the radius of which is 25
feet, and its arc contains 147° 29,
Ans. 8044 square feet nearly.
7. What is the area of a sector, the chord of the arc of which
is 24 feet, and its height 6? Ans. 208572 square feet.
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8. Required the area of a sector greater than a semicircle,
the chord of its arc being 12, and its diameter 15 feet.
Ans. 124} square feet.

ProBrLex IX.
To find the area of a segment of a circle.

RuLeE L—Find the area of a sector having the same arc as
the segment, by the last problem ; find also the area of the
triangle, formed by the chord of the segment and the two radii
of the sector : then add thesc two together for the area, when
the arc is greater than a semicircle ; but subtract for the ares,
when the arc is less that a semicircle.

RrLe IL Divide the height or versed sine of the segment by
the diameter, and find the quotient in the column of versed
sines, in Table L., at the end of the book. Take out the cor-
responding area, in the next column on the right hand, and
multiply by the square of the diameter for the area.

FORMULX,

Put r— AE, C=AB, r=CD,
p = ED, ¢ = tabular arca, and a = A
arc ACB; then o A B
A=f(ar—Cp)=@2rft=1eyCg e S 5 D 7

Nore 1. When the segment is greater than a RN
semicircle, find the area of the remaining segment,
and subtract from the whole arca of the circle for
the roquired arca. Y :

Notk 2. The first rule or formula gives an . H K
appoximate value of the area, not very far from R
the truth; the last formula is still pearer the ~  ““rrseeees
truth; and the second rule or formula may be F
considered as exactly true.

Lot .,
P
e

EXAMPLES.

1. Required the area of the segment A CBD A, its chord
A B being 12, and the radius A E or C E 10 feet.

First find CD and A C from the properties of the figure, and
the length of the arc ACB by Prob. VIL, Part IL.; then find
the area by Rule I.; thus DE=y A E'—A D = /10F—6 =
8, CD=CE—DE =10—8=2,and AC=yAD+(CD*=

- 2% = 6'324555; whence 6324585 : 8- 12
38:59644 = arc A CB, and by Rule L, } (3%°59644 x 10) —
} (12 x 8) = 16°3274 square feet. Ans.
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By Rule II. The example being the same as before, we
have C D equal to 2 ; and the diameter 20.

Then 20 )2 ( °1
And to ‘1 answers ...... .040875 per Table 1.
Square of diameter...... 400

Ans. 163500 square feet.

By the third formula, the same example being still used,
A=3oyTF §P=4¢ vIZ 1 § 2 =163311 square feet,
which is very near the truth.

2. What is the area of the segment, the height of which is 2,

and the chord 20 feet. Ans. 26-36046.
3 What is the area of the segment, the height of which is
18, and diameter of the circle 50 feet ? Ans, 636-375.
4. Required the area of the segment, the chord of which is
16, the diameter being 20 feet. Ans. 447292,

5. What is the arca of a segment, the arc of which is a
sextant, the whole circumference of the circle being 25 feet?
Ans. 1'4312 square feet.

6. The chord of a segment is 40, and its height 8 feet ; what
is its urea ? <Ans. 220 squure feet nearly.

PronLen IX.

To find the area of a circular zone.

(See figure to Prob. VIIL., Part I1.)

RuLk.—The zone being first divided into a trapezoid (ABCD)
and two equal segments (BHD and AC), find the area of the
trapezoid by Prob, IIL, and the areas of the two segments by
Prob. IX.; which areas, being added together, will give the
area of the zone.

EXAMPLES,

1. The breadth of a zone is 42 feet, and its parallel chords
are 48 and 36 feet, required the area.

Ans. 25308 square yards.

2, The two parallel chords of a circular zone are each 100
yards, and the radius of the circle 72 yards: required the area
of the zoue. Ans. 13508} squarc yards.

3. Threuﬁunﬂel chords of a circular zone are each 2} feet,
and the radius of the circle 1§; rj}uired the area.

ns. G} square feet nearly.
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ProeLEx X,
To find the area of a circular ring, or space included be-
tween two concentric circles.

Take the difference between the two circles, for the ring ;
or multiply the sum of the radii by their difference, and mul-
tiply the product by 3:1416 for the answer.

FORMULE.
A=y (R*'—rt)= 4‘; (C?* —¢*); in which R and r are

the greater and lesser radii, and C and ¢ the greater and lesser
circumferences.
EXAMPLES.
1. The diameters of the two concentric circles being A B 20
and DG 12 feet, required the area of the ring contained be-
tween their circumferences A E B A, and D F G D.

AC=10 31416
DC= 6 64 A
sum 16 12:35664 A B
dit. 4 188-496
64 2010624

2. The diameters of two concentric circles being 20 and 10
feet ; required the area of the ring between their circum-

ferences. Ans. 23572 square feet.
3. What is the area of a ring, the dismeters of its bounding
circles being 6 and 4 feet ? Ans. 15708,

4. The circular fences on each side a gravel walk, surround-
ing a shrubbery, are 800 and 714 feet in length ; what is the
area of the walk, and what did it cost laying with gravel at
ls. 4}d. per square yard. Ans Aren 1151 square yards.

’ { Cost £79 25, T}d.

PronrLex XL
To find the area of a lune ACBD A.

RorLe —Find by Prob. VIIL the areas of
the segments A C B and AD B, formed by
the chord A B of the two arcs of the lune, { D
and the difference of these areas will be the T
area required.
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EXAMPLES,
1. What is the area of lune, the chord AB of which is 24 ft.
and the heights of its two arcs 5 and 3} ft.? Ans. 25§ s¢. f2.
2. The.chord of a lune is 40 feet, and the heights of its arcs
4and 20 feet ; required the area. Ans. 57'867 square yards.

ProsLex XIL
To find the area of an ellipse.

RuLe.—Multiply the product of the semiaxes TP, CP by

3:1416 for the area.
Cn

FORMULA, :
A=abs in which a and b /\
are the semiaxes. T R

EXAMPLES. \J :j
1. The axes of an elliptical ;

shrubbery in a park are 300 and (Y
200 feet; required the area.
Ans. 5236 square yards, = 1 acre 396 square yards.
2. Required the area of an cllipse, the axes of which are 70
and 50 yards. Ans. 2748 squarc yards 8 feet.

ProsLex XIIL

o find the area of an elliptical segment, the chord of which s
paraliel to one of the azes. (See lust figure.)

Reve.—Divide the height of the segment by that axis of the
ellipse of which it is a part ; and find in the table of circular
segments at the end of the book, a circular segment having the
same versed sine ns this quotient. Then multiply continually
together, this segment, and the two axes, for the area required.

EXAMPLES.
1. What is the area of an elliptic segment m R n, whose beight
R ris 20 ; the tranverse T R being 70, and the conjugate C O
50 feet ?
70 ) 20 ( -2854 the tabular versed sine.
The corresponding segment
is ‘183166
70

12:961620
S0

648-081000 square feet, the ares required.
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2. What is the area of an clliptic segment, cut off parallel to
the shorter axis, the height being 10, and the axes 25 and
35 feet ? Ans. 162:021 square feet.

3. What is the area of the elliptic segment, cut off parallel] to
the lungcr axis, the height being 5, and the axes 25 and
305 feet ? ~Ans. 97-8438 square feet.

ProsrLex XIV,
7o find the area of a parabola.
Rere.—Multiply the axis or height VE

by the base or double ordinate D F, and 2 v
of the product will be the area. /,
7 N\,
FORMULA. ‘
A = 2 ud, in which a is the axis, and ,\ / _— 4_. -_. Xi

d the double ordinate.
EXAMPLES. [‘ l S
1. Required the area of the parabola

AV, the axis VB being 2, and the D
double ordinate A C 12 fect.
7 x 12 x 2 = 16 ~quare feet, the area required.
2. The double ordinate of a parabolu is 20 feet, and its axis

or height 1% : required the area of the parabolu.
Ans. 240 square feet.

Prosien XV
T find the area of a parabolic frustrum A C F D.

Cube each end of the frustrum, and subtract the one cube from
the other : then multiply that difference by double the altitude,
and divide the product by triple the differenee of their squares,
for the arca.

U 7
A_,a(,

the parallel chords.

c . . . . .
, in which « is the altitude, and (' and ¢

EXAMPLES

1. Required the area of the parabolic frustrumm ACFD, A €
being 6, D F 10, and the altitude B E 1 feet.
3
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Ends, Squares. Cubes.

DF=10 100 1000
AC= 6 36 216
64 dif. 784
3 8§=2BE
192 ) 6272 (32128 = 323 Ans.
57

512

S84

128

2. What ix the aren of the parabolic frustrum, the two ends of
whichare 6 and 10, and its altitude 3 feet.  Ans. 24} square feet.
Norr, Those who wish for further information on the arens of the conie

sections, are reforred to the works of Emerson, Humilton, &c., 1t being foreign to
the object of this work to give more on this subject.

Proviev XV
1o find the areas of irregular figures whether bounded by straight
lives or curves. .
Case L—1hen the fiyure is long and narrow.

Rurk.—"Take the perpendicular breadth at several places, at
cqual distances; to half the sum of’ the tirst and last two breadths,
akd the sum of all the intermediate breadths, and multiply the
result by the common distance between the breadths for the
are.

Caxe Ul.—1hen the breadths or perpendiculars are laken at
unequal distances, the fiyure bzing long and narrow.

Rk L—Find the areas of all the trapezoids and triangle-
acpnrately, and add them together for the area.

Rune IL—Add all the breadths together, and divide the
sum by the whole number of them for the mean breadth, which
multiply by the length for the arca.—This method is not
very correct, but may do where great accuracy is not required.

EXAMPLES,

1. The perpendicular breadths, or offsets of an irregular
tigure at five equidistant pluces are A D =82, mp = 74,
ng =92 0r=102 B C = 86 feet ; and the common dis-
fances A m = m 8 = &c. = 50 feet ; required the area.
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By Rule I, Case I
82 D p q r ¢
£6 IS
—_— [ / ' \I
2)168 = sum | ‘
i N .
" 0 I

R4 =} sum

ey A
92
102
352

50

Ans, 1760 O mpuare feet.

2, The length of an irregular plank is 25 feet, and its per-
pendicular breadth at six equidistant places are 17+4, 2006, 142,
16:3, 20°1, and 244 inches ; required the area.

Ans. 30} square feet.

3. Tuke the dimensions and TN
find the area of the annexed - C o~
irregulur figure, by Rule L and / \
I1., Case IL A

Case HL When the breadth of the figure is large and its
boundary curved or crooked.

RreLr.—Divide the tigure into trapeziums and trisngles, in
the most convenient manner, taking offsets to the curved or
crooked portion of the boundary.  Find the areas of the trape-
ziums, triangles, and the offset picees separately, which, being
added together, will give the required area of the whole figure.

EXAMIPLE.

The annexed fizure i«
divided into two trape-
ziums ABFG, BCEF,
and one triangle ¢ D E,
with offsets on A B, A (5,
CD,and DE. It is re-
quired to measure the se-
veral parts of the fizure,
and to find its areca,

The areas of the trape-
ziums are found by letting fall perpendiculars on the disgonals
A F, BE by Prob. IV, ‘and the area of the triangle by Prob.
IL, the areas of the several offset pieces being found by one or
uther of the cases of this Problem.
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PROMIBCUOUS EXERCISES.

1. The sides of three squares are 6, 8, and 24 feet ; required
the side of a squarce that shall have an arca equal to all tht
three. Ans. 26 feet.

2. In cutting a circle, the largest possible, out of a card-
board 5 feet square, how much will be wasted.

AAns. 5365 square feet.
3. The area of a square is 72 square feet; required the
length of its diagonal. Aus. 12 feet.

4. A diteh 13 yards wide surrounds a circular fortress, the
circumference of the fortress being 704 yards ; required the

area of the ditch, Ans. 2 ucres nearly.
3. What is the area of a circular table the dinmeter of which
is 59 inches. Ans. 19 square feet nearly.

6. What is the aren of an isosceles triangle, the base of
which is 5 feet 10 inches, and cach side 8) feet?

cAns. 23 square feet 41} inches.

7. Required the side of a deengon the aren of which is 9
syuare feet, Ans. 1 foot | inch nearly.

S, The side of o square is 50 yards, and its corners are cut
ofl 20 ax to form an octagan ; required the area of the octagon.
Ans, 2071 syuare yards.

PART IV,
MENSURATION OF SOLIDS.

DEFINITIONS,

1. A Souip has three dimensions, length, breadth, and
thickness.

2, A prism is u solid, or body, whose ends are any plane
tigures, which are parullel, equal, and similar ; and its sides
ure parallelograms,

A prism is called a triangular one when
ita ends nre triangles : a square prism,
when its ends are squares ; a pentagonal
prism, when its ends are peutagons ; and
0 on.
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3. A cube is a square prism, having
six sides, which are all squares. It is
like a die, having its sides perpendicular
to one another.

1. A parallelupipedon is a solid having

six rectangular sides, every opposite pair
of which are equal and parallel.

3. A evlinder is a round prism, having (TR 1\
\;’mﬁ“ L/

cireles for its emds,

Norr. A prian is called a right one, when its sidex
are perpendicular to it ends; and an oblique prism
whent its sules are inchaed to its ends,

6. A pyramid is a solid having any
plane figure for a buse, and its sides are
trinngles, the vertices of which meet ina
point at the top, ealled the vertex of the
pyramid.

The pyramid takes names according to the figure of its base,
like the prism; being triangular, or square, or hesazonal, &e.

T. A coneis a round pyramid, having
a circular baset

K. A sphere is a solid bounded by one
continued convex surface, every point of
which is cqually distant from a point
within, called the centre.—The sphere
may be conceiveld to be formed by the
revolution of a semicircle about its din-
meter, which remains fixed.

9. The axis of a solid, is a line drawn from the middle of one
end, to the middle of the opposite end ; as between the opposite
ends of a prism. Hence the axis of a pyramid, is the line from
the vertex to the middle of the base, or the end on which it is
supposed to stand, as O V. And the axis of a sphere, is the
same as a diameter, or a line passing through the centre, and
terminated by the surface on both sides.

Norx. It is called a right pyramid when the axis is perpendicular to the
Lase, but when inclined to the Lase, it is called an oblique pyramid.
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10. The height or altitude of a solid, is a line drawn from its
vertex or top, perpendicular to its base.—This is equal to the
axis in a right prism or pyramid ; but in an oblique one, the
height is the perpendicular side of a right-angled triangle,
whose hypothenuse is the axis.

11. Also a prism or pyramid is regular or irregular, as its
base is a regular or an irregular plane figure.

12, ‘The segment of a pyramid, sphere, or any other solid, is
a part cut off the top by a planc parallel to the base of that
figure.

13. A frustrum or trunk, is the part that remains at the
bottom, after the segment is cut off.

14. A zone of a sphere, is a part intercepted between two
parallel planes.  When the ends, or planes, are equally distant
from the centre, on both sides, the figure is called the middle
zone.

15. The sector of a sphere, is composed of a segment less
than a hemisphere or half sphere, and of a cone having the
same base with the segment, and its vertex in the centre of the
sphere,

16. A circular spindle, is a solid generated
by the revolution of a segment of a circle
about its chord, which remains tjxed.

17. A regular bady, is a solid contained under a certain
number of equal and regular plane figures of the same sort.

18. The faces of the solid are the plane figures under which
it is contnined; and the linear sides, or edges of the solid,
are the sides of the plane faces.

19. There are only five regular bodies : namely, 1st, the
tetruhedron, which is a regular pyramid, having four triangular
faces: 2nd, the hexahedron, or cube, which has 6 equal square
faces: Srd, the octahedron, which hag 8 triangular faces: 4th,
the dodecahedron, which has 12 pentagonal faces: Sth, the
icosahedron, which has 20 triangular faces.

TABLE OF SOLID MEANURE.

1728 cubic inches..c.cceereereieenees = 1 cubic foot.
27 cubic feet...ooeeveierienienienaes = 1 cubic yard.

.)--.‘)-4
Q0= O . R =1

cubic inches,coeeeree = 1 gallon.
2774 nearly :
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Prosrex 1.
7o find the solidity of a cube.
RuLe.—Cube one of its sides for the content ; that is, mul-
tiply the side by itself, and that product by the side again.

FORMUL.E.

Let I = length of the side of the cube, § its solidity, and s its
surface ; (which twwo last are also used to represent the solidities
and surfaces of all the solids in the following problems) then,

S=P,and I1=3y8S. Alsos = 618,
EXAMPLES,

1. If the side AB, or AC, or BD, of a cube be 24 inches,
what is its solidity or content ?

By the Rule or the first Formula.

24

2.4

96
48

J
24
2304

1152

13524 Aus,

2. How many solid yards are in a cube the side of which is
22 feet ? Anx. 394 solid yards 10 feet.

3. Required how many solid feet are in the cube the side of
which is 1% inches 7 Anx. 33.

4. What is the content of a cube, measuring 6 fect 8 inches
every way? . Ans. 296 cubic feet 3. 67 87

5. A cubieal box contains 343 cubic feet; required the
length of its side.

By the second formula ! = 3¢S = 3343 = 7 feet.

6. How may square feet of deal will make a cubical box, lid
included, each side of the box being 3 feet ?

By the last formula, s = 617 = 6 x 3% = 54 square fert.

Proniey 1L
To find the solidity of a parallelopipedon.
ReLe.—Multiply the length, breadth, and depth, or altitude.
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all continually together, for the solid content : that is, multiply
the length by the breadth, and that product by the depth.
FORMULA.
Put I = length, & = breadth, and d = depth of the solid ;

then S =14 d, I_-S— b= 8 d_—: Also, s =

bd id’ Iy
2 {1(b+d)+bd) % .

EXAMPLES,

1. Required the content of the parallelopipedon,  whose
length A B is 6 feet, its breadth A (' 2} feet, and altitude B D
14 feet ?

19 =8BD

6=AD
10:50
20=AC
5250
2100

26250 Ans.

2. Required the content of a parallelopipedon, the length of
which is 105, breadth 4-2, and height 3+4. Ans. 14994

3. How many cubic feet are in a block of marble, the length
of which ix 3 feet 2 inches, breadth 2 feet 8 inches, and depth
2 feet 6 inches 7 <Ans. 213,

4. A stone in the ruins of the walls of Baalbee is 36 feet in
length, 14 in breadth, and 12 in thickness ; required its content,
and its weight at the rate of 180 lbs, per cubie foot.

Ans. 1108R cubic feet, and weight 891 tons.

3. A rectangular cistern is to be made 32 feet in length and
12 in breadth, and to hold 1920 cubic feet of water ; what must
be ita depth ¢

By the third formula the depth d= — = 2920 — 5 e,
y unuin lL(el —I—I——m_- ¢

6. What quantity of deal is there in a box 3} feet long, 2
wide, and 1§ deep ¥

By the last formula ¢ = 2 {3; (2 +14) + 2 1,}}-_- 304
square feet.
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Probrex IIL
To _find the solidity of any prism or cylinder.
ReLe.—Find the area of the base or end : which multiply
by the height or length ; and the product will be the content.
To find the area of the surface of a prism or cylinder.
RoLe.—Multiply the circumference of the base or end by the
length or height, and the product will be the urea required.
Note. If the whole surface be required, the area of the two ends muat be
added to the area found by the rule.
FORMULE.
Put / = length or height, as befure 5 ¢ the area, and ¢ the
circumference of the base; then
S:nlz_::;l, I = _; Also s = ¢! 4 2 a = surfuce of
the prism, including the two ends, and s = = - { = eonvex sur-
face of the eylinder, exclusive of the ends, 7 being the radius of
the base.
ENAMPLLE,
1. Required the eontent of a triangular prism, the length
A C of which is 12 feet, and each side of its equilateral base
21 feet.
By the Rule or first Formula,
435013 tabular No.
6} = (21

2.59%07%
108253
a = 2706331 area of end
| = 12 length

Ans. 32475972 solid feet.

2. Required the solidity of a triangular prism, the length of
which is 10 feet, and the three sides of its triangular ond or
base, are 5, 4, 3 feet 7 Ans. 60 cubic feet.

3. What is the content of a hexagonal prism, the length
being S feet, and each side of its end 1 foot 6 inches.

Ans. 46:765 cubic feet.

4. Required the content of a eylinder, the length of which is
20 feet, and circumference 5§ feet.

By the second formula,

§= ‘:_"= (3})? x 20 x 07938 = 48146 cubic feet.

8+
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5. What is the convex surface of a cylinder, the
length of which is 16 feet, and its diameter 2 feet 3
inches ?

By the last formula,
s=7rl=31416 x 2} x 16 = 1130976 sq. feet.

6. Required the whole superficial area of a cylinder,
the length of which is 15 feet, and diameter 5§ féet ?

Ans. 324 square yards.
7. The whole superficial area of a triangular
vrism is 143 square feet, and cach side of its
equilateral ends 5 feet; required its length ?

By transposing the third formula,

)
1= =% =¢ fect 8 inches ncarly.
r

8. The dinmeter of a eylinder is 12 feet, and its
length 20; required the content ¥

Ans, 2262 cubic fect nearly.

9. How many cubic feet of stone is there in a

round pillur, the height of which is 16 feet, and
dinmeter 2 fect 3in.?  ° Llns. 6362 cubic ft.

10. How many square yards of painting are

there in the convex surface of a column, the

length of which is 20 feet, and its dinmeter 2 feet?
Ans. 13 square yards 83 feet nearly.

Proniew IV,
To find the solidity of any cone, or any pyramid.

Rure.—Compute the area of the base, then multiply that
ares by the height, and take § of the product for the content.

To find the conver surface of* a right cone, or the slant sur-
Jace of a right pyramid.

Rure.—Multiply the circumference of the base by the slant

height, or length of the side, and take half the product for the
surface.

FORMULL.E.

S:g«:l,:::l;.l:%t. Also & = J e l', I' being the

slant height.  When the whole surface is required, the area of
the base must be added.

EXAMPLES,

1. What is the solidity of a cone, the height C D of which is
12 feet, and the diameter A B of the base 2} ?
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. 3525 _
Here2}x2-}x..§x§x__l-_

Then 7854
6}

47124
19635

4908735 area of base
12} height CD

5%:90500
2:454373

3) 61359375
20°453125 . ns.
2. What is the solid content of a pentagonal pyramid. ite
height being 12 feet, and each side of its base 2 feet ? (o]
1:720477 tab. area
4 square side

G-8R1908 area base
4 1 of height C O

3

Ans. 27327632 cubic feet.
3. What is the content of a cone, it height being 10} feet,
and the circumference of its base 9 feet?
Ans. 22:361 cubic fret.
4. Required the content of a trinngular pyramid, its height
being 14 feet 6 inches, and the three sides of its base, 5, 6, 7.
Ans. T1O351 cubic feat.
5. What is the content of a hexagonal pyramid, the hegeht
of which is 64, and cach side of its base 6 inches,
Ans. 138 cubic feet.
6. If the diameter of the base A B be 5 feet, and the side of
the cone A C I8, required the convex surfuce.
31416
5 diameter

. 157050 circumference
18

125064
15708

2) 282744
Ans. 141°372 sgquarse fest.
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7. What is the convex surface of a cone, the slant side of
which is 20, and the circumfcrence of its base 9 feet ?
Ans. 90 square feet.

8. Required the convex surface of a cone, the slant height of

which is 50 feet, and the diameter of its base 8 feet 6 inches ?
Ans. 66759 square feet.

9. The side of the equilateral base of a triangular pyramid is
5 feet, and its solid content 62} cubic fecet ; required its per-
pendicular height.

Ans. By the third formula, the height is found 17 feet 4
inches nearly. .

10, Required the weight of a hexagonal pyramid of marble,
each side of the base of which is 1 foot 3 inches, and the ver-
tical height 10 feet, the weight of the marble being 170 1bs.
per cubie foot, Ans. 1 ton. 0 cwt. 181 Ubs.

11. A cone contains 8 solid feet, and its height is 2 feet :
what is the circumference of its base?  lus. 12:28 ft. ncarly.

12. The circumference of the base of a cone is 33 feet, and
the slant height 8 feet 9 inches ; required the content 7

Ans. 202:65 cubic feet.
Pronrew V.

To find the solidity of the frustrum of a cone, or any pyramid.

GoNeraL Renke.—To the areas of the two ends add the
square root of their produet, and multiply the sum by 4 of the
height for the solidity.

FORMUL.E.
If A and a be the areas of the greater and lesser ends ; then,

S=l(A4ad+vAaal

When the solid is the frustrum of a cone, or of a pyramid,
having its ends regular polygons.

RuLk.—~To the sum of the squares of the radii of the ends,
if a cone, or of the sides of the ends, i a pyramid, add their
product ; and multiply the sum by 3:1416, if a cone, or by the
tabular number of the polygou, if a pyramid, and again by § of
the height for the content.

FORMULA.
S=1(R*+r*+Rr)ly
in which R and r are the radii of the ends, if a cone, or the
sides of the ends, if'a pyramid. In the latter case v represents
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the tabular number of the polyzon. If R and r be taken as the
circumferences of the ends of a cone, then » must be taken
= 07958.

To find the convez surface or frustrum of a cone, or the slant
surface of a pyramid.

RuLE.—Multiply the sum of the circumferences of the two
ends by } the slant height of the frustrum for the required
surface.

NoteE. When the whole surface is required the areas of the two ends must by
wlded to the result of the Rule.

EXAMPLES.

1. What is the content of a frustrum of a cone, the height of
which is 20 inches, and the diameters of its two ends 28 and
20 inches ?

98 2R 20 \
24 20 20 Y
224 560 400
56 TR —_—
—_— 100
TR —
—_— 1744
2618

134952

1744
10164
RELL

4365792
20=PQ

Ans. 9131°5840 solid inches.

2. Required the content of a pentagonal frustrum, the height
of which is § feet, cach side of the base 1 foot 6 inches, und
each side of the less end 6 inches.
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18 18 6
18 6 6
144 108 36
18 324 —
—_ 36
324 e
—_— 3) 468

136 2 of sum
1720477 tab, arca
10322862
8002385
1720477

268394412 mean area
3 height P Q

1341972060
111631005
9319250 Ans. in cubic feet.
3. What is the solidity of the frustrum o a cone, the altitude
being 25, the circumference at the greater end 20, and at the
less end 10 feet ? Ans. 464:205 cubic feet.
4. IHow many solid feet are in a picce of timber, whose bases
are squares, each side of the greater end being 15 inches, and
each side of the less end 6 inches ; also the length, or perpendi-
cular altitude is 24 feet? Ans. 19} cubic feet.
3. To find the content of the frustrum of a cone, the altitude
being 18, the greatest diameter 8, and the least 4 feet ?
Ans. 52TT88K cubie feet.

6. What is the solidity of a hexagonal trustrum, the height
being G feet, the side of the greater end 18 inches, and of the
lesa 12 inches ? Ans. 24'68 cubic feet.

7. The girts of the trunk of & tree at its two ends are 15 and
10 feet, and its length 48 feet; how many solid feet does it
oontain? (R and r being taken for the girts in the second
formula, &¢.) Ans. 6044 nearly.

8. The height of the frustrum of an octagonal pyramid is 48

feet, and the sides of ita ends 26 and 19; required the solid
content. Ans. 118279 cubic feet.

f12
1445
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9. The sides of the ends of the frustrum of a
square pyramid are 6 and 4 feet, and its slant
length 20 feet, required its slant surface,

2 : 2 z ?Z circumf. of ends.

40 sum
10 = ! length

9 400
444 square yards
Note. The slant length is measured from the middle of
one side to that of its corresponding side.
10. The slant height of tower, in the form of
a hexagonal pyramid, is 74 feet, each gide of the
base T4, each side of the top 2% feet; required the area of the
sides, and the expense of painting it at 1s. 3d. per square yard,
Ans. 2220 square feet, and £15 8s. 4d.
11. What is the convex surface of the frustrum of a cone,
the slant height of the frustrum being 12-5, and the cireumfer- -
ences of the two ends 6 and 84 feet?  dns. 90 square fect.
12, Required the convex surface of the frustrum of a cone,
the side of the frustrum being 10 feet 6 inches, and the circum-
ferences of the two ends 2 feet 3 inches, and 3 feet 4 inches ¢
cAus, 393} square feet,
13. The perpendicular height of the frustrum of a cone is 3
feet, and the circumferences of the base and top 9 and 6 feet ;
required the whole surface ? -Ins. 6835 square feet,

Prosren VI

To find the solidity of a wedge.

Rrre.—To the length of the edge add twice the length of
the back or base, and reserve the sum; multiply the height of
the wedge by the breadth of the base ; then multiply this pro-
duct by the reseryed sum, and take } of the last product for the
content. *

FORMULA.

S =1 (214 I')bh, the symbols denoting the parts shewn
on the following fizure.

EXAMPLES.

1. What is the content in feet of a wedge, the altitude A P
of which is 14 inches, its edge A B 21 inches, und the length of
its base D E 32 inches, and its breadth C D 4§ inches ?



/b4 MENSURATION OF SOLIDS.

21 14
32 4}
32 —_
—_— 56
83 7
6:
8o
315
H04
6| 5355
S 121 892-5 .Ans. in cubic inches
1728 7 12 74:375
L1z| 6197916

*316493 Ans. in cubic feet, or little more than

half a cubic foot.

2. The edge and base of a wedge are respectively 9 feet, and

4 feet 4 inches in length, the base is 2 feet 8 inches in breadth.

and the height 3 feet 6 in.; required the content of the wedge,
Ans. 30 cubic fect, T 47,

3. The height and lengtly of edge, the length and breadth of

base of a wedge are each 2 }cct + what is its solidity ¥

Ans. 4 cubic feet.

Prosrem VIL

To find the solidity of a prismoid.

Definition.—The ends of a prismoid are parallel and dis-
similar rectangles or trapezoids ; the solid is, therefore, the
frustrum of a wedge, the part of the wedge next the edge being
cut off.

RuLke.—Add into one sum, the areas of the two ends and 4
times the middle section parallel to them, and § of that sun
will be a mean area; which being multiplied by the height
will give the content.

Nore. For the length of ghe middle section, take half the sum of the length:

of the two ends; and for its breadth, take half the sum of the breadths of th:
two ends.

FORMULA.

S=3 (LB 4 1) 4 4 Mm), the symbols representing the
parts shewn in the following figure.
EXAMPLE.

1. How many cubic feet are there in a stone, the ends o
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which are rectangles, the length and breadth of the one being
14 and 12 inches ; and the corresponding sides of the other 6
and 4 inches : the perpendicular height being 30§ feet ?

14 10 6
12 8 4
168 80 24
—_ 4 —_

320

168

24

5) 512

854 mean arca in inches
304 height

2560

421

144 [l..’ 2(»()2'(3
L12] 2164
18:074 Ans.

2. What is the content of a railway coal waggon, of which
the length and breadth at top are 812 and 55 inches at bottom,
the length and breadth are 41 and 29} inches, and the height
47} inches ¥ Ans. T3} cubic feet.

Nore. Several railway cuttings are in the form of a prismoid, with dissimilar
trapezoidal ends. The following is an example of this kind, the bottom width
being the same thruughout .

3. The top widths of a railway cutting are 120 and 90 feet,
their respective depths 30 and 20 feet, the bottomn width 30
feet, and the length of the cutting 3 chains or 66 yards ; re-
quired the content in cubic yards. .las. 124663 eubic yards.

Prosrex VIIL
To find the solidity of a sphere or globe.
Roie.—Multiply the cube of the diameter by 5236.
FORMUL A,

S=4D'x and D=2y853
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1. ltnthmns.

1. Ihe diameter of a sphere is 12 feet ; re-

quired its solidity ? N oot re
12% x 5236 = 904-7808 cubic feet.

2. Find the content and weight of an ivo
ball 31 inches in diameter, the weight of ivog
being 1820 ounces (Av.) per cubic foot.

Ans. Content 22'448 cubic in., and weight 24 ounces nearly.

8. A 2} inch cube of ivory is turned into a sphere of the
same diameter ; what weight of ivory will be lost ?

Ans. 7-68 ounces.

4. Required the solid content of the earth, supposing its cir-
cumference to be 25000 miles ?

Ans. 263858149120 cubic miles.

PronLem IX.

To find the solidity of a spherical segment.

RuLE.—To three times the square of the radius of its base,
add the square of its height ; then multiply the sum by the
height, and the product again by -5236.

FORMULA.
S=}@3r* 42k in whichr=AB,and A=CD.
EXAMPLES.

1. Required the content of a spherical segment, its height

being 4 inches, and the radius of its base 8 7

8 4 0236
8 4 832
Gt 16 10472
3 192 15708
— 41888
192 208

4 435°6352 Ans.
8§32
2. What is the solidity of the segment of a sphere, the height
of which is 9, and the diameter of its base 20 feet ?
Ans. 17954244 cwbic feet.
38 Required the content of the spherical segment, the height
of which is 24, and the diameter of its base 8 61684 feet ?
Ans. 71 5695 cubic feet.



FORMULA.
S=313R* + ) &+ MYk~

REXAMPLES.

1. What is the solid content of a zome, its greater diameter
being 12 inches, the lesser 8, and the height 10 inches?

67 = 36 P
42 =16
1 x 10® = 331

853
835 x 10 x 1'5708 = 1340416 cubic in.,
the content required.

2. Required the content of a zone, the greater diameter is 12,
less diameter 10, and height 2 feet.  Ans. 1958264 cubic f1.

3. What is the content of a middle zone, the height being 8
feet, and the diameter of each end 6 feet ? .

Ans. 494-2784 cubic feet.

4. A cask is in the form of the middle zone of a sphere, its
top and bottom diameters being 5 feet R inches, and its height
5 feet, inside measure ; how many gallons will it contain ¥

~Ans. 11934 gallons.

ProsLeyn X1,
To find the conver surfuce of a sphere, aleo of a segment and
tome thereof.
For the sphere.
RoLe.—Multiply the square of the diameter by 3:1416.

For the seqgment or zone

RuLe.—Multiply the circumference of the whole sphere by
the height of the segment or zone.
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FORMULX.
2
A=dr =cd= ﬁ; for the sphere.

A = dhw = ¢k for the segment or zone.

EXAMPLES.
1. Required the convex surface of a sphere, the diameter of
which is 2 feet. .

2% x 3'1416 = 12-4264 square feet.

2. The circumfercnee of u spherical stone is + feet, required
its convex surface.

Here —c_': = 4% = 31416 = 3:0928 square feet.

3. Required the area of the surface of the carth, its diameter
or uxis being 79577 miles, and its cireumference 25000 miles.
JAns. 198943750 square miles.
4. The axis of a sphere being 42 inches, what is the convex
superficies of the segment, whose height is 9 inches ?
Ana, 11K7:5248 square inches.
5. Required the convex surfuce of a spherical zone, the
breadth or height of which is 2 feet, and cut from a sphere of
123 feet of dinmeter. Ans. T8Ot square feet,

Prosrey XIL
To find the sobdity of a circular spindle.

Rurk.—From } of the cube of the length A B subtract twice
the product of the area of the circular ~egment A C' B and’ the
central distance E O, and multiply the ditference by 3:1416 for
the solidity.

FTORMULA,
S=(}AB?—2EOQ x area of seg. A C B) ».

C Nore. The centrul distance E (), and
the area of the segment A C B may be
found by the Problems for the purpose in

B Parts 1. and 11i.; however, the whole

'\ operation shall be given n the fullowing

‘.‘ example.

\ EXAMPLFS,

e smeeeed 1. The length A B of a cir-
H o cular spindle is 24 feet, and its

middle diameter CD — 18 ; what is its content ?

123

Diameter HI = iE: 4+ CE =—— 4 9 = 25 fect.
CE 9
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Then, by Rule IL, Prob. VIII., page 45,
9 - 25 = *36 = tabular height or versed sine.

The area of corresponding scg. Tab. 1., is 25455, which
multiplied by H I* = 252 gives 159-09375 = aren of seg. ACR.
NowEO=CO—CE=%¥—9=35 or2E0=7

Whence S = (} AB* —2EO x area of seg. ACB)» =
(1243 — 7 x 1539:09375) x 31416 = 3739} cubic feet.

2. The length of a circular spindle is 6 feet, and its middle
diameter 2} feet ; required the content ? . {ns. 16} e. ft. nearly.

Propren XIIL

To find the content of the middle zone or frustrum of a
circular spindle.

RurLe.—From thrice the square of the length of the whole
spindle subtract the square of the length of the middle frustrum,
and multiply the differerce by
L of the said length of the
frustrum.  Again, multiply
four times the central distance
by the area of the middle see-
tion AD E C B F.—Subtract
the latter product from the
tormer, and multiply the re-
mainder by *7%34 for the con-
tent.

Note.—The middle frustrum of a circular spindle is one of the varncties ot
easks in guugzing, the practical rule for finding: the content of which, though not s
strictly accurate, is much more coneise than the ane just given. (Mo Guaging),
We shall, therefore, not give an example worked out at lemeth, an in the pre-
celing Problems, but shall give, for the excrcise of the student, the following

EXAMPLE.

How many gallons (Tmperial) are contained in a cunk, in the
form of the middle trustrum of a circular spindle, jts hend dia-
meter (A D) being 12, its bung diameter (E F) 16, and its
length () C) 20 inches ? Ans. 126 gallons,

PronLey XIV,
To find the conver surface of u circular spindle A (‘B D,

tfig. to Prob. XIL ) or of any seyment AP D, or zone A DC B,
vfig. to Prob. XIIL).

FORMUL .

Let I = length of the spindle, segment, or zone, @ = its re-
volving arc, r = the radius of the generating circle, and ¢ —
the central distance: then A = 2(Ir —ac)s.



/70 MENSURATION OF SOLIDS.

EXAMPLE.

‘What is the surface of a circular spindle, the length of which
is 24, and its middle breadth 18 feet ? Ans. 1181} sq. ft.

Prosrem XYV.

To find the solidity of a cylindrical ring.

To the thickness of the ring, add the inner diameter ; then
multiply that sum by the square of the thickness, and the pro-
duct again by 2:4674, or § of the square of 31416, for the
solidity.

FORMULA.
l4t R and 7 be the inner and outer radii of the ring ; then
S=4(R—r)» (R4r)=.

EXAMPLES,

L. Required the solidity of a
ring, the inner diameter being
12 and the thickness 2 inches.

(12 4 2) x 27 x 24674 =

138-17 44 square inches.

2. What is the content of a
ring, the thickness of which is
4, and inner dinmeter 16 feet ?

JAns. TRY-368 square feet.

Prosrey XVIL

To find the surfuce of a cylindrical ring.

RuLkE.—Multiply the sum of the outer and inner radii of the
ring by their difference, or the thickness of the ring, and the
product by 9-8696, or the square of 3:1416 for the surface.

FORMU LA,
A=R 47 (R—r)«
EXAMPLES,

1. The inner and outer radii of a ring are 6 and 8 inches:

roquired the area of its surface.
(8 4 6) (8 — 6) x 98696 = 276°3188 s¢. inches. Ans.

2, What is the surface of a ring, the inner dinmeter of which

is 16, and thickness 4 inches ? Ans. 789568 sq. in.

Prosien XVIIL
To find the solidity of a spheroid.
Square the revolving axis, multiply that square by the fixed
axis, and multiply the product by *5236 for the content.
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FORMULA.
S = }r*fx, r being the revolving axis, and £ the fixed axis,

Notk. In the prolate spheroid, the revolving axis is the conjugate; but, in
the oblate, the revolving axis is the transverse.

EXAMPLES,

1. Required the solidity of the prolate spheroid ACBD, the
axes being A B 50 and C D 30.

30 5236
30 45000
900 26180000
50 20944
45000 23362:0000 .Ans.
2. Required the content of an oblate spheroid, the axes of
which are 50 and 30 inches, Ans. 227257 cubie feet.

3. What is the solidity of a prolate spheroid, the axes of
which are 9 and 7 feet 7 “Ans. 280°9076 cubic feet,

4. The earth is an oblate spheroid, the equatorial and polar
axes being 7925} and 7899 miles respeetively ; what is its con-
tent in cubic miles ?

Prosrten XVIIL

To find the content of the middle zone of a spheroid, the ends
being circular and perpendicular to the fived azes.

RuLe.—To double the square of the middie dinmeter, add the
square of the diameter of one end ; wultiply this sum by the
length of the frustrum, and the product again by 2618 for the
content.

Nore, The mildle zone or frustrum of a spheroid is one of the varieties of
casks 10 guaging.

EXAMPLES,

1. Required the content of the middle zone of a spheroid,
the middle diameter being 30, the dinmeter of each end 15, and
the length 40 inches, Ans. 22242:528 cubic inches.

2. How many gallons are contained in a cask in the form of
the middle zone of a spheroid, the bung and head diameters
being 20 and 16 inches, and the length 18 inches, all internal
measures ? Ans. 1714 imperial gallons,
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ProsLen XIX.

To find the solidity of a paraboloid.

Norx. A paraboluid is generated hy the revolution of a parabola on its axis.

Rurke.—Multiply the square of the dianmeter of the base by
the height or axis, and the product again by 3927 for the
content,

EXAMPLE.

What is the content of the parabolic conoid, the height of

which is 42, and the diameter of its base 24 7
Ans. 9500° 1984,
Prosrey XX, )

To find the solidity of the frustrum of a paraboloid.

RuLkE.—Square the diameter of the two ends, add thoese two
squares together, multiply that sum by the height, and the pro-
duct again by 2927, for the content.

EXAMPLES,

I. Required the content of a paraboloidal frustrum, the dia-

meters being 20 and 0, and the height 22) 7
Aus. 17671 cubic inches.

2. What is the content of the frustrum of’ a paraboloid, the

greatest dinmeter being 30, the least 24, and the altitude 9 7
Ans. 5216°G26%.
Prosrey XXL

To find the superficies or solidity of any reqular hody.

Rurne L—Multiply the proper tabular area (tuken trom the
following table) by the square of the linear edge of the solid,
for the superficies,

Rune TL—Multiply the tabular solidity by the cube of the
linear edge, for the solid content 7

SURFACES ANI

) SOLIDITIES OF REGULAR BODIES,

Names, X Surtaces. Solidities

! ' i

i 4 | Tetrabedron wovcerneeees, 173205 | 0-11785
’ 6 | Hexahedron or Cube @ 600000 1-00000
l 8 | Octahedron ......ccoer 346410 l 047140
‘ 12 | Dodecahedron  ........! 2064573 I 766312

20 | Icosahedron ...........! 866025

2-18169

_h:ou h‘l‘h;le are f&qm‘ntly called the Platonic budies.
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EXAMPLES.
1. If the linear clge or side of a tetrahedron be 3 feet, re-
quired its surfuce and solidity ?
173205 > 31 = 13-38843 square fret = surface,
QL1785 33 = 318193 enbic feet = solidity.
2. What are the superficies and solidity of the octuhedron,
the linear side of which is 2 feet 7
| Superticies 13°8364 syuare feet.

s VSolidity BTTIR eubic pret.
d. What are the surtaees and solidities of a dodeeahiedron
and deo~ahedron, vach of the linear sides of which are 2 teet ¢
. f Surface . W820388 square feet.
f Dudecubwdron ... | Solidity......61:305 cubwe fret.
§ Surtace 3464 square feet,
| Solidity... 17453 enbie fect,

Ans.
Teasabdran ...,

THE SLIDING OR CARPENTER'S RULE.

Tois strument is otherwise called the sliding rale, wnd it s
made use o m weasuring of timber and artiticers” works, both
tor taking the dimensions, and computing the contents.

The instrument consist< of two cqual picees, ench a foot in
length, which are connected together by a talding joint.

One side or face of the rule, is divided into inches, and halt
quarters or cighths, On the same face al~o are soveral plaoe
seales divided into 12th parts by diagonal lines 5 which are used
in planning dimen<ions that are taken in feet and inclwes.  The
edge of the rule s commonly divided decimally, or into tenths;
namely, cach foot into 10 equal parts. and each of these into 10
parts aguin : o that, by means of thas latter seale, dimensions
are taken in feet, in tenths and bundredthis, and then multiplied
as common decimal numbers, which iv the best way,

On the one part of the other face are four lines, marked A,
B. C. D the two middle ones, B and C, being on a slider,
which runs in a groove made in the stock.  The same divisions
serve for buth these two middle lines, the one being above the
numbers. and the other below.

These tour lines are logarithimic ones, and the three A, B, C,
which are all equal to one another, are double lines, as they
proceed twice over from 1 to 10.  The other or lowest line D,
ie a single one, proceeding from 4 to 40. It is also called the

+



On the other part of this face there is a table of the value of
a Yoad, or 50 cubic feet of timber, at all prices, from 6 pence to
2 shillings a foot.

‘When 1 at the beginning of any line is accounted 1, or unit,
then the 1 in the middle will be 10, and the 1 at the end 100;
and when 1 at the beginning is accounted 10, then the 1 in the
middle is 100, and the 1 at the end 1000 ; and 8o on. Al the
smaller divisions being altered proportionally.

ProsrLEM L
To multiply numbers together.

Suppose the two numbers 13 and 24.—Set 1 on B to 13 on
A ; then agninst 24 on B stands 312 on A, which is the re-
quired product of the two given numbers 13 and 24.

Note. In any operations, when a number runs bevond the end of the line,
sock it on the other radius, or other part of the line; that 1, take the 10th part

of ity or the 100th part of it, &c., and increase the result proportionally 10 fold,
or 1 fold, &e.

In like manner the product of 35 and 19 is 665,
And the product of 270 and 54 is 14580,

Prosriy I
To divide by the sliding rule.

As suppose to divide 312 by 24.—Set the divisor 24 on B to
the dividend 312 on A then against 1 on B stands 13, the
quotient, on A,

Also 396 divided by 27 wives 14°6.

And 741 divided by 42 gives 1746,

Prosreyn 1L

To square any number.

Suppose to square 2.1.—Set 1 on B to 23 on A ; then against
23 on B, stands 329 on A, which is the square of 23.

Or, by the other two lines, set 1 or 100 on C to the 10 on D,
then against every number on 1), stands its square in the line
C. 8o, ngainst 23 stands 529

against 20 stands 400
aguinst 30 stands 900
and so on.

If the given number be hundreds, &c., reckon the 1 on D for
100, or 1000, &c., then the corresponding 1 on C is 10000, or
100000, &c. So the square of 230 is found to be 52900.
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ProrrLEx IV,

To extract the square root.

Set 1 or 100, &c., on C to 1 or 10, &c., on D ; then againss
every number found on C, stands its square root on D.

Thus, against 529 stands its root 23

against 400 stands its root 20
against 900 stands its root 30
against 300 stands its root 17.3
and so on.

Prourex V.,

To find a mean proportional beticeen two numbers.

As suppose between 29 and 430.—Set the one number 29 on
C to the same on D ¢ then against the other number 430 on C,
stands their mean proportional 111 on D,

Also the mean between 29 and 320 is 96-3.

And the mean between 71 and 274 is 139,

Pronrem. VL

To find a third proportunal to tico nuntbers.

Suppose to 21 aned 32,—8et the first 21 on B to the second
32 on A : then amainst the second 32 an B stands 488 on A ;
which is the third proportional sought.

Also the third proportional to 17 and 29 is 494,

Aund the third proportional to 73 and 14 is 245,

Provrry VIIL

To find a fourth proportional to three numbers : or, to per-
Jorm the Rule-of- Three,

Suppose to find a fourth proportional to 12, 28, and 114,—
Set the first term 12 on B to the second term 2% on A ; then
against the third term 114 on B, stands 266 on A, which is the
fourth proportional sought.

Also the fourth proportional to 6, 14, 29, ix 676,

And the fourth proportional to 27, 20, 73, i 54-0.

TIMBER MEASURING.

Pronrey L
To find the arca, or superficial content, of a board or plank.
Multiply the lenath by the mean breadth.

Norz. When the loanl is tapering, add the breadth st the two ends together,
and take haif the sum for the mean breadth.
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BY THE SLIDING RCULE.

Set 12 on B to the breadth in inches on A ; then against the
length in feet on B, is the content on A, in feet and fractional
parts.

EXAMPLES,

1. What is the valuc of a plank, at 13d. per foot, whose

length is 12 feet 6 inches, and mean breadih 11 inches ?

By decimals, By duodecimals.
125 12 6
11 11
12 1375 Ild. is 111 H. 6
1146 p
14d. is } 12.5d. Ans. . : 1s. "%’1‘
- Samis B0 3

il 5d. Ans.
BY THE SLIDING RULL.
As 12 B0 A 128 B 01} A
That is, ax 120n Bix to 1T on A, sois 125 on Bto 11} on A
EXAMPLES,
2. Required the content of a bourd, whose length is 11 feet
2 inches, and breadth 1 foot 10 inehes,
Ans. 20 fect 5 inches S .
3. What is the value of o plank, which iz 12 feet 9 inches
long, and 1 foot 3 inches broad, at 21 a foot ¥
nsl 38 33d.
4. Required the value of five oaken planks at dd. per foot.
each of them being 173 feet long: and their ses cral breadths are
ans follow, namely, two of 13} inches in the middle, one of 14
inchea in the middle, and the two remaining ones, cach 18
inches at the broader end, aud 115 at the narrower.
Jus. £1 5. 81d.

Provien 1L

To find the solid eontent of squared or four-sided timber.

Multiply the mean breadth by the mean thickness, and tlw
product again by the length, and the last produet will give the
content.

BY THE SLIDING RULE.
C D D ¢

As length : 12 or 10 :: quarter girt : content.

That is as the length in feet on C, is to 12 on D when the
quarter girt is in inches, or to 10 on D when it is in tenths of
feet ; 8o is the quarter girt on D, to the content on C.
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Notz 1. If the tree taper regularly from the one end to the other, either
take the mean Lreadth and thickuess in the middle, or take the dimensions at
the two ends, and half their sum for the mean dimension.

Norr 2. If the picce do not taper regularly, but is unequally thick in some
parts and small i others; take several different dimensions, add them all toge
ther; and divide their sum by the number of them, fur the mean dimeasion.

Norte 3. The quarter girt 15 a geometrical mean proportional between the
mean breadth and thickness, that is the square root of their product.  Sometimes
unskilful measurers use the anthmetical mean instead of it, that is half thar
sum ; but this 1s always attended with error, and the more so, as the breadth
and depth ditfur the wore from cach other.

EXAMPLES,

1. The length of a picce of timber iz 18 feet 6 inches, the
breadths at the greater and less end 1 foot 6 inches and 1 foot
3 inches, and the thickness at the greater and less end 1 foot
3 inches and 1 foot : required the solid content.

C b D [
181 : 12 :: 149 : 2%6, the content.

Dyetmals, Dhicdecimals
| 6
] 3
'.’.J 2- N _!—i
mean breadth 1 4 6
1 3
1 0
22 3
mean depth 1T 1 6
mean breadth 1 4 6
3623 11 6
TRTS 4 6
3375 6 9
1125
13465475 T 6 6 e
185 length L] 6
TTINITS
12375000 27 10 | 6
1546475 9 3 4
2WGITINTG content 2 7 1 1
BY THE SLIDING RULE,
B A B A
As 1 : 13} :: 16} : 223, the mean square:.
« D ‘ D
As 1 : 1 :: 223 : 149, quarter girt.
As
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2. What is the content of the piece of timber, whose length
is 24} feet, and the mean breadth and thickness each 1°04 feet?
Ans. 26} feet.
3. Required the content of a piece of timber, whose length
is 20-38 fect, and its ends unequal squares, the side of the
greater being 194, and the side of the less 91 inches.
' ns. 29756 fert.
4. Required the content of the piece of timber, whose length
in 27:36 (feet; at the greater end the breadth is 1-78, and the
thickness 14235 and at the less end the breadih is 1'04. and
thickness 091, Aus. 41°278 feet.

Prosrey III1

To find the solidity of round or unsquared timber.

Rure I, or commoN kgt tr.—Multiply the square of the
quarter girt, or of  of the mean cireumterence, by the length,
for the content.

BY THE SLIDING RULL.

As the length upon (2 12 or 10 upon D : : quarter girt, in
12ths or 10ths, on D : content on (.

Norr 1. When the tree i« tapering, take the mean dimensions as in the
former Problems, cither by girting st i the middle, for the mean girt, or at the
two ends, and take halt the sum ot the two,  But when the trev is very irregular,
divide it into several lengthy, and tind the content o cach part separately: o

elae, add all the girts together, and divide the sum by the number of thew, for
the mean girt.

Nork 2. This rule, which is commonly used, gives the answer about } less
than the true quantity in the tree, or nearly what the quantity would be after
the tree is hewed square in the nsual way; so that it seems wtended to make
an allowance for squaring the tree.  When the true quantity 1s desired, use the
2ud Rule given below.

EXAMPLES.

1. A piece of round timber being Y feet 6 inches long, and
its mean quarter girt 42 inches ; what is the content ?

Decimals, Duwiecimala,
35 quarter girt 3 6
85 3 6
bE) 19 6
105 1 9
1325 12 a
95 length 9 [
6125 10 3
11625 6 1 6

—— ———s e e

116:37% coutent 116 4 6
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BY THE SLIDING RULE.
C D D C
As 953 : 10 :: 35 : 116}
Or 95 : 12 :: 42 : 116}
2. The length of a tree is 24 feet, its girt at the thicker end
14 Jeet, and at the smaller end 2 feet; required the content,
Ans. 96 feet,
3. What is the content of a tree, whose mean girt in 315
feet, and length 14 feet 6 inches? Ans, S 0929 feet.
4. Required the content of a tree, whose length iz 17} feet,
which girts in five different places as follows, namely, in the
first place 943 feet, in the second 792, in the third 6:15, in the
fourth 4:74, and in the tifth 3-16. Jdns. 42:5195.

Rure [L—Multiply the square of } of the mean girt by
double the length, and the product will be the content, very
near the truth.

BY THE SLIDING RULE.

As the double length on C: 12 or 100on D 22} of the girt,

in 12ths or 10ths, on D : content on (.

EXAMPILLS,

1. What is the content of a treey its length being 9 feet 6
inches, and its mean girt 14 feet?

Decimain Duisdecimals,
2K 3 of girt 2 9
28 b4 9 7
2204 5 v 2
56 2 1 3
—_— ] ]
TN
19
_ T 10 1
7056 19
rLE]
14%°96 content 14 11 7
BY THE SLIDING RULE.
C D D C

As IQ 10 i 2% : 149
Orl9 : 12 :: 33% + 19
2. Required the content of a tree, which is 24 feet long, and
mean girt 8 feet. Ans, 12288 feet,
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3. The length of a tree is 14} fect, und mean girt 3:15 feet ;

what is the content ? Ans. 11-51 feet.
4. The length of o tree is 174 feet, and its mean girt 6-28;
what is the content ? Ans. 54423 feet.

ARTIFICERS' WORK.

Artificers compute the contents of their works by several
different measures.

As glazing by the square foot. .

Painting, masonry, plastering, paving, &c., by the yard of 9
square feet.

Flooring, partitioning, roofing, tiling, &c., by the square of
100 square fect.

Aund brick-work, cither by the yard of Y square feet, or by
the square rod of 2721 square feet, or 30} ~quare yards, being
the square of the rod of 16} feet or 5% yards long.

As this number 272} is a troublesome number to divide by,
the s often omitted in practice, and the content in feet di-
vided only by the 272, But when the exact divisor 2721 is to
be used, it will be easier to multiply the f(eet by 4, and then
divide suceessively by 9, 11, and 11, Also to divide square
yards by 30}, first multiply them by 4, and then divide twice
by 11.

" All works, whether superficial or solid, are computed by the
rules proper to the figure of them, whether it be a triangle, or
rectangle, a parallelopiped, or any other figure.

BRICKLAYERS WORK.

Brick-work ix usually estimated by the rod at the rate of a
brick and a half thick: so that it a wall be more or less than
this standard thickness, it must be reduced to it, as follows :
Multiply the superticial content of the wall by the number of
half bricks in thickness, and divide the product by 3. And to
find the superticial content of a wall, multiply the length by the
height in feet, and divide the product by 272, for the content
in rols,

Chimneys are by some measured as if they were solid, de-
ducting only the vacuity from the hearth to the mantle, on
account of the trouble of them.
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All windows, doors, &c., are to be deducted out of the con-
tents of the wall in which they are placed, and a distinct charge
must be made for window heads, sills, quoins, &e.

A rod of brickwork of standard thickness contains about 303
cubie feet, and 4300 bricks, making due allowance for mortar,
joints, &c.  Assuming the cost of bricks at the kiln to be 36s.
per thousand, the cost of bricks per rod will be 36s. x 4} =
£8 25 04, The cost for building a rod of brickwork may be
taken at 36s. The cost of cartage and mortar varies with the
locality of the building, this may be taken to average about
20s. per rod.  These items being collected, there results—

£ s d
Cost of bricks..ocoveeinnn, =8 2 0
Cost of lubour  ....... e =1 160

Cost of cartage and mortar=1 0 0
) 1018 0
Profit at 10 pereent....... =1 1 10

Cost per rad..ooieneninin. = 11 19 10,0r £12 per nl.
Note. The student must, of course, mahe s estimation aceording to the
Locality of the bulding, this bemng only a specimen of the method adopted by
telligent arclitects and buildera,
EXAMPLES.
1. How many rods of standard brickwork are in a wall
whose length or compass i< 37 feet 3 inches, and heigth 24 fieet
6 inches 5 the walls being 23 bricks, or 5 halt bricks thick ¥

Decimals, Duodecimals,

27025 a7 3

245 24 6

28625 234 0

22(X) 111

11450 2% v 6
1402625 1402 T 6
3 half bricks 3

3] 7013125 317013 1 6
272 | 2337708} square feet. 272 | 2337 K 6

%594 rods. sr. 161/ % 67
2. A triangular gable is raised 17} feet high, on an end wall
whose length is 24 fuet 9 inches, the thickness being 2 bricks;
required the reduced content in square yards. Ans. 32-08) yds.
4%
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3. The end wall of a house is 28 feet 10 inches long, and 55
feet 8 inches high to the eaves, 20 feet high is 2} bricks thick,
other 20 fect high is 2 bricks thick, and the remuining 15 feet
8 inches is 1} brick thick, above which is a triangular gable of
1 brick thick, which rises 42 courses of bricks, of which every
four courscs make a foot.  What is the whole content, and cost
at £12 per rod 7 dng. J 2375762 yards, und 8-38+ rods.

T Cost £100 125, 2d.

MASONS WORK.

To masonry belongs all sorts of stone-work ; and the mea-
sure made use of is a sguare foot or square yard.

Walls, columny, bloe L of stone or marble, &e., are measured
by the cubic foot, and pavements, slubs, (lmum) -pieces, &e., by
the superficial or square foot.

Cubic or solid measure is used for the materials, and square
measure for the workmanship,

In the solid measure, the trae length, breadth, and thickness,
are taken, and multiplicd continually together. In the super-
ficinl, there must be taken the length and breadth of every part
of the projection, which is seen without the generad upright face
of the building.

The cost of stones for walling varies with the locality, as
already noticed in bricklayers’ work.

A square yard of rubble walling 2 feet thick weighs 1} tons,
and assuming the cost of rubble stones at the quarry to be Gd.
per ton, the cost of cartage 1s. per ton, the cost of mortar 4d.,
and that of’ labour 1s. 8d. per square yard, we shall have the
following

Exstimate for a square yard of rubble walling 2 fect in thickness.

s d
Cost of materials ..... .= 6d x 1} =0 7}
Cost of cartuge voeveeen. == Is. X lj =1 3
Cost of labotur .oovvvvviivviieniinines = 1 8
Cost of mortar .cocoeviiiiivivnieenins. = 0 4
3 10}

Profit at 10 percent... ceeeeevenveeieen. = 0 4}

Total cost per square yard ...ocoeeeee. = ¢ 3
An additional charge must be made for quoins, window heads
and sills, when used in houses constructed of rubble work : also,
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when the fronts of houses are constructed entirely with Ashler
work, a scpuarate cstimate must be made for it.  Ashlers
usually average 9 inches in the bed, this width must, therefore,
be deducted from whole width of the wall, and the remainder
estimated as rubble work, to which the additional cost ut the
quarry, and of hewing the ashler must be added.

EXAMPLES,

1. Required the square yurds and cost of a rubble wall of the
specified thickness, the length of whieh is 53 feet 6 inches, and
the height 12 feet 3 inches, at 4s. 3 /. per square yard.

535 x 12:25 + 9 = 7282 square yards,
and 7282 x 4s 3d. = £15 s, 5id. cost.

BY THE SLILING RULE.

B A B A

9 53] 22 121 0 T23 square yards,
2. Required the value of a marble slab, at Ks. per foot ; the

length being 3 feet 7 inclies, and breadth 1 foot 10 inches.
SAns. £4 15 10%d.
3. In a chimney picee, suppose the length of the mantle and
Alab, encho . 41t Gin,

breadth of both together v, . 3 2
length of each jamb ... ... w4
breadth of both together ....... cereienaees 19
required the superlicial content. Ans, 21/t 10in.

CARPENTERS AND JOINERS' WORK.

To this branch belongs all the wood-work of u house, such
as flooring, partitioning, roofing, &e.

The large and plain part« are usually measured by the square
of 100 fect; but enriched mouldings, and some other articles,
are often estimated by running or hneal measure, and some
things are rated by the picce,

Joists are mcasured by, multiply the depth, breadth, and
length sll together, for the content of one joist ; multiply that
by the number of the joists.  Note, that the length of the joists
will exceed the breadth of the room by the thickness of the
wall and | of the same, because cach end is et into the wall
about } of its thickness.

Fartitions are measured from wall to wall for onc dimension,
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and from floor to floor, as far as they extend, for the other ;
then multiply the length by the height.

In measuring joiners’ work, the string is made to ply close
to every part of the work over which it passes.

In roofing, the length of the rafters is equal to the length of
a string stretehed from the ridge down the rafter, and along
the caves-board, till it meets with the top of the wall.  This
length multiplied by the common®depth and breadth of the
rafters, gives the content of one, and that multiplied by the
number of them, gives the content of all the rafters.

King-post roofs, &ec., all the timbers in a roof” are measured
in the same manner as the
Joists, &e., in tlooring.  In the
annexed figure, representing
a truss for a roof, all the
beams, as the tic-beam, king-
post, braces, &e., are mea-
sured to their tull lengths,
breadths, and thichnesses, in-
cluding the lengths of tenons: also the parts cut out on each
side of the King-post, to form abutments for the braces, are in-
clided ; unless their lengths execed 2 feet cach by 3 inches
breadth, when their solidities must be dedaeted, pieces of
smaller size, being considered of little or no value, are, there-
tore, included in the measurement.

For stuir-cases, take the breadth of all the steps, by making
a line ply close over them, from the top to the bottom : and
multiply the length of this line by the length of o step for the
whole aren.—DBy the length of & step, i meant the length of
the front and the returns at the two ends: and hy the breadth,
is to be understoud the girt of its two outer surfaces, or the
tread and rise.

For the balustrade, take the whaole length of the upper part
of the hand-rail, and girt over its end till it meet the top of the
newel post, for one dimension: and twice the length of the
baluster upon the landing, with the girt ot the hand-rail, for
the other dimension,

For sainscating, take compass of the room for one dimen-
sion; and the height trom the floor to the ceiling, making the
atring ply close into all the mouldings, for the other dimension.
—~QOut of this must be made deductions, for windows, doors,
and chimneys, &e.

For doors, it is usual to allow for their thickness, by adding
it into both the dimensions of length, and breadth, and then
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multiply them together for the area.—If the door be pannelled
on both sides, take double its measure for the workmanship:
but if one side only be pannelled, take the area and its half for
the workmanship.— For the surrounding architrave, girt it
about the outermost part for one dimension, and measure over
it us far as it can be seen when the door is open, for the other.

Window-shutters, bases, &c., ar¢ measured in the same
munner, ¢

EXAMPLES.

1. Required the content of a floor 48 feet 6 inches long, and

24 feet 3 inches broad.

Decimals, Duaodecimals,
483 48 6
24} 24 3
1910 204 0O
970 96
12:125 12 1 6

1176125 fect 1176 1 6

11-76125 ~squares Ans. 11576 1 6

2, A floor being 36 feet 3 inches long, and 16 feet 6 inches
broad, how many squares are in it?  Ans. 5 squares 98! feet.

3. How many squares are there in 173 feet 10 inches in
length, and 10 feet 7 inches height, of partitioning ?

Ans. 183972 squares.

4. What cost the roofing of a house at 10s. 6d. u ~quare ;
the length, within the walls, being 52 feet % inches, and the
breadth 30 feet 6 inches: reckoning the roof 3 of the flat ?

Ans. £12 125 113d.

3. To how much, at Gs. per square yard, amounts the wain-
scoting, of a room; the height, taking in the cornice and
mouldings being 12 feet 6 inches, and the whole compnss 83
feet 8 inches ; also the three window shutters are each 7 feet 8
inches by 3 feet 6 inches, and the door 7 feet by 3 feet 6 inches;
the door and shutters, being worked on both sides, are reckoned
work and half work ? Ans. £36 128, 2}d.

6. In a naked floor there are 2 girders, cach 20 feet long,
and ! fint 2 inches by 1 foot : there are 16 bridging joists, euch
20 feet long, and 6} inches by 3; 16 binding juists, each 9 feet
in length, and 8} inches by 4: 4% ceiling joists, cach 6 feet
long, and 4 inches by 2} : required the content in cubic feet.

Ans. 114 cubic feet.
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7. What will the wainscoting of a room cost at 45. per square
yard; the height of the room, including cornice and the mould-
ings, is 12} feet and the compads 125} feet; there are three
window shutters, ench 7 fect 8 inches by 31 feet, and the door
7 feet by 3} feet: the door and shutters, being worked on both
sides, are reckoned half work additional 7 cAns. £36 125, 2],

SLATERS' AND TILERS' WORK.

In these articles, the content of a roof is found by maltiply-
ing the length of the ridge by the girt over from caves to eaves;
making allowanee in this girt for the double row of slates at
the botto n, or for how much one row of slates or tiles is laid
over another.,

When the roof is of a true piteh, that is, forming a right
angle at top; then the breadth of the building with its hall’
added, is the girt over both sides,

In angles formed in s roof, running from the ridge to the
eaves, when the angle bends inwards, it i3 callel a valley
but when outwards, it iz ealled o hip.

Deductions are made for chimney shafts or window holes.

1. Required the content of a slated roof, the length being
15 feet 9 inches, and the whole girt 34 feet 3 inches.

Decimals Duadecimals,
4373 45 Y
34} 34 3
18300 205 6
13725 134
114375 1 5 3
N1566:9375 feet Y1566 11 3
yards 174104 T4 yds. 11 3.

2. To how much amounts the tiling of a house, at 23s. 6d.
per square ; the length being 43 feet 10 inches, and the breadth
on the flat 27 feet 3 inches, also the eaves projecting 16 inches
on each side, and the roof' of u true pitch?  .dns. £24 9s. 5}d.
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- PLASTERERS WORK.

Plasterers’ work is of two kinds, namely, ceiling, which is
plastering upon laths; and rendering, which is plastering upon
walls: which areemeasured scparately.

The contents are estimated cither by the foot or yard, or
square of 100 feet. Enriched mouldings, &c., are rated by run-
ning or lineal measure.

Deductions are to be made for chimneys, doors, windows, &e.

EXAMPLES,
. How many yards contains the eeiling, which is 43 feet 3
inches long, and 25 feet 6 inches broad ?

Decimals, Duodecimals.
4325 43 3
253 25 6
21625 2 3
8650 N6
21625 21 7 6
9) 1102875 milo2 10 6
yards 122-34] Ans. 122 yds, 4 /1. 10 6”,

2. To how much amounts the ceiling of a room, at 10d. per
vard; the length bei g 21 feet 8 inches, and the breadth 14
feet 10 inches ? Ans. £1 95, 8d.

3. The length of a room is 18 feet 6 inches, the breadth 12
feet 3 inches, and height 10 feet 6 inches: to how auch
amounts the ceiling and rendering, the former at 8d. and the
latter at 3d. per vard; allowing ior the door of 7 feet by 3 feet
8, and a fire-place of 5 feet square ? Ans. £1 138, 3d.

4. Required the quantity of plastering in a room the length
being 14 feet 5 inches, breadth 13 feet 2 inches, and height 9
feet 3 inches to the under side of the cornicr, which girts 8}
inches, and projects 5 inches from the wall on the upper part
next the ceiling ; deducting only for a door 7 feet by 4.

33 yds. 5 ft. 3 in. of rendering.
Ans. <18 5 6 ofceling.
{ 39 O} of cornice.
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PAINTERS WORK.

Painters’ work is computed in square yards. Every part is
measured where the colour lies; and the mecasuring line is
forced into all the mouldings and corners.

Windows are done at so much a piece ; and it is usual w
allow double measure for carved mouldings, &e.

EXAMPLES.

1. How many yards of painting contains the room which is
65 feet 6 inches in compass, and 12 feet 4 inches high?

Ans. 89 yurds 6 feet 10,

2. The length of a room being 20 feet, its breadth 14 feet 6
inches, and height 10 feet §inches: how many yards of paint-
ing are in it, deducting a fire-place of 4 feet by 4 feet 4 inches,
and two windows each 6 fect by 3 feet 2 inches? L ins. T33%yds.

3. What cost the painting of a room at 6d. per yard: its
length being 24 feet 6 inches, its breadth 16 feet 3 inches, and
height 12 feet 9 inches s also the door is 7 feet by 3 feet 6, and
the window shutters to two windows each 7 feet 9 by 3 feet 6,
but the breaks of the windows themselves are S feet 6 inches
high, and 1 foot 3 inches deep: deducting the five-place of 3
foet by 5 feet 67 Ans. £3 3s. 101d.

GLAZIERN WORK.

Glaziers take their dimensions cither in feet, inches, and
parts, or feet, tenths and hundredths.  And they compute their
work in square feet.

In taking the length and breadth of a window, the cross bars
between the squares are included,  Also windows of round or
oval forms are measured ax square, measuring them to their
greatest length and breadth, on account of the waste in cutting
the glass.

EXAMPLES,

1. How many square feet contains the window which is 4:23

fect long, and 2+75 feet broad 7

Decimals, Duodecimals.
2:75 2 9
4 4 3
1100 11 0
‘68T | 3
116875 Ans. 11 S 3
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2, What will the glazing a triangular sky-light come to at
10d. per foot ; the base being 12 feet 6 inches, and the per-
pendicular height 6 feet 9 inches ? Ans, £1 155, 14d.

3. There is a house with three tier of windows, three win-
dows in each tier, their common breadth 3 feet 11 inches ;

now the height of the first tier is 7 feet 10 inches,
of the second 6 8
of the third 3 4

Required the expense of glazing at 14d. per foot.

“Ans. £13 115 103d.

1. Required the expense of glazing the windows of a house
at 13d. a toot ; there being three stories, and three windows in
each story : the height of the lower tier is 7 feet 9 inches,

of the middle 6 6
of the upper 5 33
and of an oval window over the door | 104
The common breadth of all the windows being 3 feet 9
inches. Ans, £12 58, 6d.

PAVIERS' WORK.

Paviers’ work is done by the square yard, and the content
is found by multiplying the length by the breadth.

EXAMPLES.
1. What cost the paving a foot-path at 3s. 4d. per yard; the
length being 35 feet 4 inches, and breadth 3 feet 3 inches ?
Ans. Content 32 yards 3 fret 6. Cost £5 Ts. 11}d.
2. What will be the expense of paving a rectangular court
yard, whose length is 63 teet, and breadth 45 feet ; in which
there is laid a foot path of 5 feet 3 inches broad, running the
whole length, with broad stones, at 3s. o yard : the rest being
paved with pebbles at 2s. 6d. a yard ?  Jus. £40 355 10)d.

PLUMBERS' WORK.

Plumbers’ work is rated at so much a pound, or else by the
hundred weight of 112 pounds.

Sheet lead used in roofing, guttering, &c., is from 7 to 12 Ibs.
to the square foot. And a pipe of an inch bore is commonly
13 or 14 1bs. to the yard in length.
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EXAMPLES.
1. How much weighs the lead which is 39 feet 6 inches long,
and 3 feet 3 inches broud, at 8} 1bs to the square foot ?

Decimals, Dudecinals.
395 39 6
3} 3 3
118.5 118 6
9875 i 10 6
128:375 128 4 6
8] 81 .
102t
1027-000 64
641875 28
0l
10911875 Auns. 1091 8 Ihs.

2. What cost the covering and guttering a roof’ with lead, at
18s. the ewt.; the length of the roof being 43 fieet, and breadth
or girt over it 32 feet ; the guttering 57 feet long, and 2 feet
wide : the former 9831 1bs., and the latter 7373 1b-. to the
squarc foot ? Jus. £115 s, 11d.

ARCHED AND VAULTED ROOFN.

To find the concare surfuce of a circular, gothic, or clliptical
vaulted roof.

Reve.—Multiply the length of the arch by the length of the
vault for the required surface.

Notk, The longth ot the aveh, for most practical purposes, is found by ap-
plying & small chord along its concavity, and then measuring it< length,

EXAMILE,

What is the coneave surfuce of Cacrfylly bridge, over the
Taafe; which is a segment of a cirele, span 140, height 33,
and width 12 feet ? Ans. 19444 square feet.

To find the content of a circular, gothic, or clliptical roof.

RuLk.—Multiply the area of the end by the length of the
roof for the content of the vacuity.

To find the solid content of the materials.

From the solid content of the whole arch take that of the
vacuity for the solid content of the materials.

EXAMPLE.
Required the solidity of the vacuity and of the materials of a
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circular vault ; span 36 feet, height 18 feet, thickness of walls
at the spring 6 feet, thickness of crown 4 fect, and length of
the vault 100 feet ?
Ans. § 188496 cubic yards solidity of vacuity.

T 2026°15 cubic yards solidity of materials.

To find the surfuce and solidity of a dome, the height and
dimensions of the buse being given.

RurLe.—Take twice the area for the surface, and multiply
the area of the base by 2 of the height.

Note. Although these rules are only true when the domes are hemispherical,
vet they are sufliciently near the truth for all practical purposes.

EXAMPLE.

Required the surface and solidity of a hemispherical dome,

the diameter of its hase being 60 feet.
Ans { Surface 31416 sgnare yards.
© O Solidity 20944 eubic yards.

Notr 1. The surface of a «aloon is found in the ame manner as a vaulted roof.

Nore 2. Rules myght have been here siven ter the measurement of haystacks,
coal-heaps, &.; but these may be readily resolved mto two or more of those
solids, the methods of finding the content of which are given in the Mensuration
of Solids, Part 1V.  Moreover, haystachs are usually sold by weight, and sel-
dom or never by measurcment.

SPECIFIC GRAVITY.

The specific gravity of bodics are their weights when com-
pared with an equal bulk of" pure water. which, at the tempe-
rature of 407, weighs 1000 ounces avoirdupois per cubie foot.
The following table, therefore; contains the weights of a cubic
foot of several bodies in ounces.

A TABLE OF THE SPECITIC GRAVITY OF BODIES,

Platinum - - - - 21470 Light earth - - - - 1984
Gold- - - - - . 19260 Solel Gunpowder - - 1745
Mercury - - - - 13600 Sapd - - - - - - 1520

- - - = - 11325 Coal - from 1030 to 1300
Silver - - - - - 10470 | Fuch = - - - - - 1150
Copper - - - - - 90 ;| Box-wood - - - - 10
Cast brass - - - - 8400 | Sea-water - - - - 030
Steel - - - - - 7850 | Common water - - -}
Iron - - - - 7704 Mahogany - - - 1065
CastIron - - - . 065 | Qak - - « . . < o924
Tin - - . - . 7320 ¢ Ash . - - +« . . 755
Granite - - - - 995N Boveh - = =« = - - 700
FlintGlass - - - - 3000 ! Elm - -« « . . - 600
Matble - - - - <« 2700 . Fu - - - . - - 540
Freestone - - - - 2520 Cothk = - « .« « - 240
Clay - - - - - 2160 Air - - . - - ¥

Brick - - 2000
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To find the weight of a body from its bulk.
ReLE.—~Multiply the content of the body, in cubic feet, by
its tabular specific gravity for its weight in avoirdupois ounces.

EXAMPLES.

1. Required the weight of a block of marble, whose length is
63 fect, and breadth and thickness cach 12 feet, being the
dimensions of one of the stones in the walls of Balbeck.

63 x 127 x 2700

Tiex112x20°
burden of a second rate East India ship. .

2. What is the weight of a block of dry onk, which mea-

P

sures 10 fect long, and 3 fect by 28 7 Ans. 4336 Ib. nearly.
To find the magnitude of a body from its weight.

RuLE.—Divide its weight in avoirdupois ounces by it tabular
specific gravity for its content in cubic feet.

= G831 tons, which is equal to the

EXAMPLES.
1. Required the content of an irregular block of freestone,
which weighs 1 cwt.

112 6 .
x 16 = cubic feet,

2520
12 x 16 x 1728 ..
and - —-~-.,-:)(;< 2 = 12288 cubic inches.
-t)a

2. How many cubic feet are there in a ton of dry onk ?
AAns. 38115 cubic feet.
3. A cast iron pipe is 6 inches diameter in the bore and 1
inch in thickness ; required the weight of a running foot.
Ans. 67:45 lbs.

LAND SURVEYING.

DESCRIPTION OF INSTRUMENTS USED FOR MEASURING AND
PLANNING SURVEYS.

THE CHAIN.
Tug chain, usually called Gunter's chain, is almost generally
used in the British dominions, for measuring the distances re-
quired in a survey. It is 66 feet, or 4 poles, in length, and is
divided into 100 links, which are joined by rings. The length
of each link, together with half the rings connecting it with the
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€

adjoining links, is consequently%of a foot, or ﬁﬁl:ix%:, =792
inches. At every tenth link ffom each end is attached n piece
of brass with notches ; that at the tenth link has one noteh,
that at the 20th two notches, that at the 30th three, that at the
40th four, the middle of the chain, or the 50th link being
marked with a large round picce of brass; hence, any distance
on the chain may be readily counted.  Part of the first link, at
cach end, is formed into a large ring for the purpose of holding
it with the hand.

The chain acquires extension by much use, it should, there-
fore, be frequently examined, and adjusted to the proper length
by taking out some of the rings between the links: for this
purpose, chains having three rings between each link are to
e preferred to those having only two.

THE OFFSET STAFI.

The offset staff is used to measure short distances, called
offsets; henee its nnme. Tt is usually ten links in length, the
link« being numbered thereon with the figs, 1, 2, 3, &e. It is
usually pointed with iron at one end, for the purpose of fixing
it in the ground, as an object for runging lines, for marking
stations, &e.

THI CROSS,

The cross is an instrument used by .~ur’voyarn to erect per-
pendiculars. It is asually a round picee of syeamore, box, or
mahogany, about four inches in diameter, with two folding
s'i,‘.:hh ut righl ml';lc'~ to vach other, or more (“"lllllllllly with
two fine grooves sawed at right angles to ench other, which
answer the purpose of sights, It is sometimes fixed on o staff
of convenient length for use, pointed with iron at the bottom,
that it may be fixed tirmly an the ground: but it is found more
commadiou~ in practice to have a small pocket eross, which may
be readily fitted to the offset-stafl, either by an iron spike on
the cross being inserted in a hole made in the offset-staff, or the
oftset-staff’ being passed through a hole made in the cross, to
about the eighth link from the piked end, at which place the
staff must be shouldered, that the croxs may rest firmly.

-

DIRECTIONS FOR MEASURING LINES ON THE GROUND.
Besides the instruments already deseribed, ten arrows must
be provided, about 12 inches long, pointed at the end, 8o as to
be readily pressed into the ground, and turned at the other end,
20 as to form a ring to serve for a handle.
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In using the chain, marks are to be set up at the extremities
of the line to be measured, as well as at its intermediate points,
if its extremities cannot be scen’ from one another, on account
of hills, woods, hedges, or other obstructions.  ‘T'wo persons
are then required by the surveyor to perform the measurement.
The chain leader starts with the ten arrows in his left hand,
and one cnd of the chain in his right ; while the follower re-
mains at the starting point. who, looking at the stafl or staves,
that mark the line to be measured, directs the Jeader to extend
the chain in the direction of the staff or staves.  The leader
then puts down onc of his arrows, and procecds a second chain's
length in the same direction, while the follower comes up to the
arrow first put down. A second arrow being now put down
by the leader, the first is tahen up by the follower ; and the
same operation is repeated till the leader has expended all his
arrows. Ten chains, or 1000 links, having now bheen measured
and noted in the ficld hook, the follower returns the ten arrows
to the leader, and the same operation is repeated as often as
necessary.  When the leader arrives at the end of the line,
the number of arrows in the follower's hand shews the number
of chains measured sinee the last exchange of ar-
rows noted in the ficld book, and the number of 7000

links extending from the lust arrow to the mark or 600
stafl’ at the oxlromily.ul' the line, being also added, 83
gives the entire measurement of the line.  Thus, if _—
the arrows have been exchanged seven times, and 7683

if the follower have six arrows, and from the arrow last put
down to the end of the line be 83 links, the whole measurement
will be 7683 links, or 76 chains &3 links, which is usually
written thus—76'83 chains, the two last figures being decimals
of a chain.

In using the chain, eare must be taken to stretch it always
with the same tension, as it will extend by much use, and will
therefore require to be examined ocensionally, and shortened,
if necessary.  But a good chain may be used several days on
tolerably smooth ground, without any material extension.

The surveyor must mark, or caused to be marked, every
atation on the line, while it is being measured, with a staff’ or
cross on the ground, entering its clm.ln(-c- in the ficld hook.

When a survey is made for o finished plan, all remarkable
objects should be noted down ; as buildings, roads, rivers, ponds,
footpaths, gates, &ec.

The boundary of the estate measured ought to be carefully
obeerved. If the ditch be outside the boundary fence, it usually
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belongs to the estate, and rice versa; although this is not uni-
formly the case; therefore, inquiry ought to be made with re-
spect to the real boundary.

In some places five links from the hedge-posts or roots of the
quickwood are allowed for the breadth of the ditch, but this
breadth varies to as far as even ten links, especially in swampy
countries,

All ditches and fences must be measured with the ficlds to
which they belong, when the full quantity on the plan is re-
quired : but when the growing crops only are to be measured,
only so much as is occupied by the crops.

INSTRUMENTS FOR Laving DowN ok PLOTTING SURVEYS.
THE COMMON DRAWING COMPASSES,

This instrument consists of two legs moveable about a joint
so that the points at the extremities of the legs may be set at
any required distanee from one another: it ix used to transfer
and measure distanes , and to deseribe ares and cireles.

Nork, There are several other hinds of companses, used for planning ; as
those withv moveable poants, tor the introduction of black lead pencils or ik
points, beam comipasas tor l.nl\ulu large distances, pr-q-ulnmml COMpanses, &c.,
the uses of whick are camly learned,  (Sec Heather's Treatise on Mathematical
Iustruments. )

PLOTTING SCALES.

Plotting seales, also called feather-cdged seales, are straight
rulers, usually about 12 inchies long, Each ruler has scales of
equal parts, decimally divided, placed on its edges, which are
made sloping, so that the extremities of the strokes marking
the divisions lie close to the paper. The primary divisions re-
present chains, and the subdivikons ten links each, the inter-
mediate links being determined by the eve.  Piotting scales
may be procured in sets, each with a different number of
chains to the inch.  They are usnslly mude of ivory or box,
and ench provided with a small seale callvd an offset scale for
laying down the offsets.  In using these scales, the first divi-
sion or zvro, on the plotting scale, in placed coincident with the
beginning of the line to be plotted, and s a3 just to touch that
line with the feather-cdge: the end of the offset scale is then
placed in cuntact with the edge of the plotting scale ; and thus
the offsets may be expeditiously pricked off: fur which purpose
an instrument called a pricker is used, but a bard black lead
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pencil, with a fine point, is greatly to be preferred, as it does
not injure the paper.

The vernier scale and protractor, the uses of which will be
readily understood, are best adapted to laying down extensive
surveys, where great accuracy is required.

PLANNING SURVEYS.

In planning or plotting surveys, the upper part of the paper
or book, on which the plan is made, should always, if' possible,
be the north.  The chain lines, buildings, fenees, &e., ought
first to be drawn with a fine black lead peneil: the first should
then be dotted with ink, and the latter neatly drawin.  Great
eare i8 required in the construction of the plan, when the di-
mensions are to he measured therefrom with the scale.  The
scale should never be more than three chains to an inch, for
when the parts of a plan are large, the dimensions may be
taken with greater aceuracy.  After having found the con-
tent of the field or fields, &e,, of which any plan consists, it
may be laid down by any scule to give it 2 more convenient
size,

THE FIELD BOOK.

The method now generally  adopted in setting down field
notes, and which has long been found to be the best in
practice, is to begin at the bottom of the page and write
upwarids,

Euch puge of the book is usually divided into three columns.
The middle column is for distances measured on the chain line,
at which hedges are crossed, or offsets, stations, or other marks
are made: and in the right and left columns, those offsets,
marks, and any other necessary observations thereon, must be
entered, accordingly as they are situated on the right or left of
the chain-line.

The crossing of roads, rivers, hedges, &e., are, by some sur-
veyors, shewn in the fickd book, by lines drawn across the mid-
dle column at the distances where they are crossed, and by
others these crossings are shewn by lines drawn on part of the
right and left hand columny, opposite the distances where they
are crossed by the chain line: and buildings, turns of fences,
corners of ficlds, to which offsets are taken, are usually shewn
by lines sketched in a similar situation to the middle column,
a8 the fences, buildings, &c., have to the chain line. Thus a re-
presentation of the chief objects in the survey may be sketched
in the field, which will give essential assistance in laying down
the plan. The stations are usually numbered, for the sake
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of reference, and marked thus ©. The bearing of the firat
main line is usually taken by surveyors, from which the posi-
tion of the plan with respect to the north is determined. This
may be done by a common pocket compms, where great accuracy
is not required.

R. of © 2, and L. of © 5, &c., denote that the following
lines are measured to the right of station 2, and to the left of
station 5, respectively.

To Scrvey witih THE CHAIN AND ('ROSS.

An acre of land is equal to 10 square chains, that is 10
chains in length and one in breadth, or 1000 links in length
and 100 in breadth; an acre, theretore, containg 100,000 square
links, as per table of square measure below. IHence the con-
tents in square links are, in the following examples, divided by
100,000, or what is the same thing 5 fizures to the right are
cut off for decimals, the figures remaining on the left being
acres. The decimals are then multiplied by 4 for rods, and
again by 40 for poles.

The following tables exhibit the number of chains and linkx
in the different units of lineal measure, and the number of
square chains and links in the different units of square mea-
sure.

A TABLE OF LINEAR MEASURL.

Links. ' Feet. Yards. . Poles.
2 | 16} 54 .
\ i Chains.
o | 66 22 ! 4 1
| ; .Furlmm.:
1,000 . 660 ' 220 ’ 40 i 1
i | ) | Ms.
000 5280 | 1760 | 320 80 R ]

A TABLE OF SQUARE MEASURE.
Sq. Linka, Sq. Peet  $q.Yarda % Poles.

ot Perches
625 272} 30} 1
i Sq.(‘-)u.‘
10,000. 4,356 484 16 1
, : Rods.
25,000 10,890 1,210 . 40 2} 1

i
100,000 43,5601 4,840 160° 10 4
) . ! ) | 8q. Mile.
64,000,000 2,787,400 3,097,600 102,400 6,400 "2,50 | 640 1

(4]
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Prosrex I.

TRIANGULAR FIELDS.

1. Let ADBC be a triangle, of which the survey, plan, and
content are required.

Set up poles or marks at the angles A, B, and C, and mea-
sure from A towards B, and when at or near D), try with the
craws for the pluce of the perpendicular C D ; plant the cross,

¢ and turn jt till the marks A

und B ¢an be seen through

/_ ~ one of the grooves; then look

s \ through the other groove,

' ) and, if the mark at C can

bee seen through it, the cross

o \, ixin the right place for the

KN b B perpendicular; if not, move

the erosa buckward or for-

ward till the three marks can be seen as before directed.  Sup-

pase the distance A D to be 625 links, and the whole A B, to

e 1257 links; return to 1), and mensure the perpendicular

D C. which suppose to be 628 links, thus completing the
survey of the triangle.

CONSTRUCTION.

From a secale of equal parts, or plotting scale, lay off the
base A B = 1257 links; on which take A D) = 625 links; at
D ereet the perpendicular DC, which make = 628 liuks ; join
AC, CI, then ABC is the plan of the triungle.

TO FIND THE CONTENT.
Rutk.—Multiply the base by the perpendicular, and half the
product will be the area.
EXAMPLES.
1. The dimensions being the same as found abuve, revjuired
the content,
Ana, 1257 X 628 + 2 = 3-U4698 acres = 3a. 3r. 32p.

2. The distance from the beginning of the base to the place
of the perpendicular is 375 links, the whole base 934, and the
perpendicular 246 ; what is the area of the triangle.

954 x 246 + 2 = 1'17342 = la. Or. 27}p. the content.

8. Measuring the base of a triangle the place of the perpen-
dicular was found at 863 links, and its length 645 ; the whole
base was 1434 links; required the plan and area.

Area.  da. 2r. 20p.
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Prosrex 11

FIELDS IN THE FORM OF TRAFEZIUNS,

Ficlds in this form arc usually divided into two triangles by
u diagonal, which is a basc to both the triangles.

Let ABCD be a field in the form of a trapezium, the plan
and area of which is required.

Measure from A towards C: and let the place of the perpen-
dicular m B be at 552, and its length 3-76, also let the place of
the perpendicular a D be at 1182, and its length 3:44, und the
length of the whole dingonal A C be 13-91 chains, which com-
pletes the survey: but it is usual also to measure the other diu-
gonal B D for a proof line, which is found to be 9456 chinins.

Nore 1. The construction of vach of the two triangles, forming the trapezium,
i the same as the construction aiven t the tinit example in Prob. 1.

Nork 2. The lonzer of the twe diagonals should always be selected for the
hase of the two trianslen forming the trajezium, for sometitues the perpendicular
will not fall on the shorter disgonal, without its being prolonged ; and when
thin is the case with bath diagonals, one of the sides may be taken for a base, or
two of the sides, 1t necesaary.

TO FIND THE CONTENT.

RurLe.—Multiply the sum of the two perpendiculars by the

diagonal, and halt the product will be the content.
ENAMPLES.

1. Let the measurement of o trapezium be as above found ;

required the content.
344
376
720

1391

27820
9737

2) 1001520

50076
4

003040
40

1-21600 Ans. Sa. Or. 1p.
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2. From the following notes, plan and find the content of a
field.

Perpendiculars Base or Perpendiculars
on left. Station Line. on right.
to ® C
3250
2504 1046 D
B 1278 1272 '
Begin at @ A and range West.

Content.  37a. 3. 2p.
3. Give the plan and areaof a field from the following notes.

AC

872
B 652 T3l
42 545 C
Begin at A and range East.

Arca.  5a. Or. 35p.
ANOTHER METHOD.

A four-sided ficld may frequently be surveved by dividing it
into two triangles and a trapezoid, by perpendiculars on its
longest side.

TO FIND THE CONTENT.

RuLe.—Multiply the sum of the two perpendiculars by their
distance on the base line for the double area.  The double areas
of the two triangles must be found as in Prob. 1., and both be

added to the double area of the trapezoid : the sum being
divided by 2, will give the content required.

EXAMPLES.
1. Required the survey and arca of the fullowing field.

Measure the base A B, and put down in the field book the

distances of I’and Q, where the perpendiculars rise, &c., as
follows :—
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Trapezoid PCDQ

Q@ D 352
AB=1110 .,9-. perp.
QD=595 AQ= 745
PC=352 | AP= 110 ?{; um.
Perpen. | From® A guE. 365 = PQ
Triangle ACP  Triangle QDB 4735
352 595 2841
110 352 5682
38720 9975 601345
3570 3KT20
1755 217175
217175 2)K57240
42862
4
Flags
40
Arca.  da. 1r. 5ip. STo20

2. Required the plans and areas of two fields from the fol-
lowing notes.

AR

AB
1169 1448
E 615 339 D D513 1102 1O
G 234 461 1 C 653 436 G
From W. From o k.

© Ao OA

Prosrex IIL

TO SURVEY FIELDS CONTAINED BY MORE THAN FOUR SIDES.

Fields or plota of ground hounded by more than four sides,
may be surveyed by dividing them into trapeziums and tri-
angles.—Thus, a field of five sides may be divided into a trape-
pezium and a triangle; of six sides, into two trapeziums; of
seven sides into two trapeziums and a triangle; &

TO FIND THE CONTENT.

Rrre.—By the two last Problems, find the double arcus of
each trapezium and triangle in the field; add all the double
areas together, and half their sum will be the content.

EXAMPLES.

1. Lay down a ficld and find its area from the following

dimensions.
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P
(+ 120

D230

toeD

520

288

206
Goto @ F

to ® G
440
152

L 4

L.otf ® C

80K

9

to @ C

a0Q)
¥ B 150 110 n

m 135 130 G

Begin | at ® A |range E.

CONSTRUCTION,

The above field is divided into two trapeziums ABCG
GDEF and the trinngle G CD. Draw the dingonal AC
which muke = 35350 links; at 135 and 410 set off the perpendi
culurs m (0= 130, and 2 B = 180 links respectively ; join AB
BC.CG, and GA, and the first trapezium will be completed
Then on CG, lny off Cy = 1352, and draw the perpendiculau
gD = 230; join CD, DG, and the triangle is completed
Lastly, with centre G and radius oG = 120 deseribe an arc
and with centre D and radius o) = 314 (= 520 — 206) des:
cribe another are, interseeting the former in 0: throngh o draw
the dingonal DF = 520 links, upon which, at 288 links, draw
the perpendicular pE: join DE, EF, FG, and the figure wil
e completed.

130 440 120 Double areas.
180 230 RO 170500 trap. ABC G
101200 tri. CDG
310 13200 200 104000 trap. DEF G
550 880 520 ————
2)3-75700
15500 101200 104000 ——m—
1550 1:87850 — la. 3r. 20§p.

70500



WITH THE CHAIN AND CROSS. 108

2. Required the plan and areas of two ficlds from the fol-
lowing dimensions.

First Field. Second Field,
.tu@Ai to®F
;o004 Base. 970 Diag.
EoNi 233 020 IS1 B
Return 'to © B, E 290 113
—_— R.ofe D
JNO; D !
673 Diag. to@D
C207 | 472 T Diug.
o427 268 B C 161 386
Begin * at © A range W. 303 333 b
—_— Begin | at @ A | range W
Area.  la. 3r. Lip. ——

Area.  da. Or. 9)p.

ANOTIHER METHOD,

A smali picee of land, having several sides, may sometime
be most conveniently measured by taking one diagonal, ane
upon it erecting perpendiculars to all the ungles on cach side o
it. The piece will thus be divided into right angled triangle
and trapezoids, the areas of which must be caleulated as in the
two Jast Problems.

EXNAMPLES,

1. Required the plan and area of a ficld from the following
notes,

to® G
1020
F 470 890
e 610 50 I
D 320 583 d
Cc0: 440 | e
b 315 . 3501
Begin at @ A goE.

Nors. The method of planning the above field is sufficiently clear, trom th:
preceding field-notes and from what has been already done.
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Triangle A Cc. Trape. C cdD.[Trape. Dd fF.| Tri FfG. Tri. AVB.
Ac =440 'Dd = 320|Dd = 320G =130 'Ab = 315
Ce= T70Ce = TFf = 470Ff = 470Bb = 350

30800sum = 790jsum = 790 91000 15750
cd = 145ef = 303 52 | 1545
13050 3950 61100, 170250
435 2370 |

|
56550] 240950

Double areas.

30800

Trapezoid Bb e E.i Triangle E ¢ G. 56550
Bb = 350 Ge= 410 240950
Ee = 50 Ee= 50 61100
170250

aum = 400 | 20500 118000
be =295 ! 20500
118000 | i 2)698150

349075

= 3a. 1r. 38}p. Area.

Provren IV,
FIELDS INCLUDED BY ANY NUMBER OF CROOKED OR CURVED
SIDES,

When a field or cstate is bounded by crooked fences, a line
must be measured as near to each of them, as the angles o
bends will permit; in doing which an offset must be taken to
each corner or bend in the fence. The offsets or perpen-
diculars thus erected, will divide the whole offset space into
right angled triangles and trapezoids, the areas of which may be
found as already shewn.

Norz 1. When the offscts are short, that is, not greatly exceeding a chain
in length, their places on the line may be found by laying the offset-staff at
right angles to the chain, as nearly as can be judged by the eye; but when the

offests are large, and cuorrectness is required, their places must be found by the
croes, and measured by the chain,

Norx 2. The quickest method of laying down offsets, is, by laying the
feather-edge of the plotting scale against the base or chain line, and sliding the
offvet scale along the feather-edge to the several distances of the offsets, and
pricking off their lengths, corresponding to their several distances.
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Norz 3. Uuskilful surveyors usually add all the offscts taken on une line
together snd divide the sum by their number for & mean Lreadth: but this

ethod is very er
should therefure be avoided where g!ut accuracy is requxmL

EXAMPLES.

v where the offsets vary greatly in length, and

1. Required the plan and content of a right-lined picce of
ground by offsets, from the following notes.

0

n 9l |

m 5

I8
k70

i %4
A 62

0

Begin 1t © A

00

Ac = 45 ch
ch = 62 di
90
270, e d
2790
|
%
gm = 57
hn = 9l
148
aoh = 151
148
740
149
22348

|
l

A arSNe »

frange k.

= 62 lii:"‘-‘:?’f: 0 Sl = &K
=ﬂ4irk =70 | fl=8 gm = 47
146, 15¢ 155 113
=173 de = 120 ¢ f == 170, fg = 124
T30 184001 11060 .
1022 | ; 158 24)()
146 | ! 85
_— i 26560 ——
25350 R
Double arcas.
DB = )0 2790
K = 91 25300
_ 18450
170, 26460
1530 | 17950
— ’ 22348
13470 | 15470
2) 1-29478
064739 = Oa. 2r. 20p.

%
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Calrulatwn by the erroncous method (Sec Note 3).

955 — A B.

62 561 = mecan breadth.

84

70 5730

88 4775

57 477

91

o) ,0°33957 = Oa. 2r. 6p. Content by this method,
—_— whick is 17 perches too little. For
8)452 this mecthod is always erroneous ex-
—_— cept when the offscts stand at equal

36} distances from one another, and when

the first and last offsets are both O.

Some omit all the offsets that are 0, dividing the sum of the

offsets by the number of real offscts; by this method we shall
have

6) 432 955
_— 754
[] 0)-:" ——————
4775
G6RS
318

071947 = Oa. 2. 34p., which is 11 poles
too much.

2. To lay down a crooked piece of land, adjoining a river
from the following notes.

.tuOF;

197 720
163 600
226 ¢ 500
139 350
80 200
74 100

o{ o000 | [E.

Begin | at ©® A |range

The content is found by the same method as in the preced-
ing example.
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3. Plan and find the area of a field from the subjoined notes.

1 to @ A
0 480
37 350
28 160
0 000
!L. of ® C

to® C

585 |0

450 | 57

320 40 —

200 | 72 to@B !

100 | 47 743 |
!
|

I)
go E.

|
i

} 000 |0 Cas2 | 290
L.of @ B From O A

Having found the area of the triangle ABC, the areas of the
offsets on the line B C must be added thereto, and the sum of
the areas of the insets on the line C A must be subtracted from
the sum, and the remainder will be the content of the field.

Norx. The area of the triangle A B C may be found, when the measurcinent
of all three sides are given, (which is the cuse in the presont example,) either
by calculation, as shall hercafter be shewn, or by measuring the perpendicular
from the plan, which, as already shewn, may be laid down from the three mdes
of the main triangle.—The areas of ficlds, having a great number of crooked
and curved fences, are found by the method given in the last Example, page 51,

ProBrExM V.
TO MEASURE A LINE ACROSS A WIDE RIVER.

Let the annexed figure be a river, which
is required to be crossed by the chain line
PB. Fix, or cause to be fixed, a pole or
mark at B, at or near the margin of the
river, in the line to be measured ; erect
the perpendicular A D, measuring AC
and CD of any equal lengths ; at D erect
the perpendicular DE; on arriving at E,
in the direction B C, the distance D E
will be equal to A B, the required breadth
of the river.
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*

From the arrangement of the lines in the figure, it is evident
that the triangles C A B, C D E are cquiangular, and since AC
was made = C D, the triangles are equal in all respects, and
consequently AB = DE.

Nore 1. For various other methods of measuring obstructed lines, under dif-
ferent circumstances, see Haker's Land und Enginecring Surveying, Chap. I11.

Nore 2. A suflicient detail of methods of surveving by the help of the cross.
which, though not much used by experienced surveyors, is a simple instrument,
and its use readily understood by students. Thix method is, therefore, a proper
introduction to the higher Lranches of lurveying: besides, in rural districts,
villages, &c., few surveyors use the more expensive instrument, the chain and
croas being found quite sufficient to measure the quantities of growmg crops,
and other such small surveys as may be there required.

LAND SURVEYING BY THE CIHAIN ONLY.

This method of surveying has long been adopted by experi-
enced surveyors, who have found it, in general, more accurate
und expeditious, as well as better adapted to laying down ex-
tensive surveys especially where no serious obstructions from
woodlands, water, buildings, &c., exist ; the use of the cross, in
this method, being entirely excluded by somce surveyors, and
Ly others only used for secondary purposes, as for taking oc-
umunnlly long oftsets, or for squaring of lines obstructed by
buildings, water, &c.  Instead of the cross some use the optical
square for these purposes: while some ereet perpendiculars
with the chain only.  Sce Chap. 111, Baker's Land ard En-
wineering Suwrvcying.

Provrrw I
TRIANGULAR FIELDS.

When a triangular field, or picee of ground in that shape, is
to be surveyed, set up poles or marks at each corner, and mea-
sure each side, leaving marks in at least two of the lines, and
entering their distances in the ficld book ; then measure the
distance Letween the two marks for a proof line: —or, one
mark ouly may be left in one of the lines, which may be con-
uected with its opposite angle for a proof line.

EXAMPLES.

1. Required the construction and arca of' a field from the fol-
lowing dimensions.
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(o
to@On
Proof 384 | line. e
From| O m
" \
to @A
1244 :
O n T(X) Z .‘\_ E
LeC Q- :
A [ D B
YRV Al
832 When the triangle ABC ia
LoeB constructed, the proof line m»
) will be found to measure 384
to®B links, shewing that there has
1338 been no error in the work:
1000 also the perpendicular CD will
©Om ' ()00 be found to be 770 links;
From . range E. whenee the area of the trinngle

= 1338 x 770 -2 = "lalJ()
= Sa. Or. 24p. the area,

Note. If the proof line measured from the plan, does not exactly, or very
uearly, agree with that measured in the field, some crror has been made, and
the work must be repeated.

TO FIND THE AKEA OF A TRIANGLE £ ROM THE THREE SIDES,

ReLk.—From half the sum of the three sides subtract each
side severally and reserve the three remainders; multiply the
half sum continually by the three remainders, and the square
root of the product will be the area,

Notr. By this rule the area of a trnangle may he tound without laying it
down, or finding the perpendicular.

Adopting the preceding example, we have by the rule,
1338 4 832 4 1244
)

Then 1717 — 1338 = 379 = Iat remainder; 1717 — 832 =
863 = 2nd remainder; 1717 — 1244 = 473 = 3rd remainder ;
whence /(1717 x 379 x 565 » 473) = 315022 = Sa. Or. 24p.
the sum as the area already found by meusuring the perpendi-
cular from the plan.

Nore. This method of finding the areas of triancles is very little used in
practice, on account of its requiring a tedwus calrulation, which may, however,
be more readily performed by logarithms.

2. It is required to lay down a survey and find its content
from the following field notes.

= 1717 = half sum of the three sides,
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to@® A
2504 0
2000 | 74
Om| 1860 | 351to®
1650 | 137
1430 90
1220 | 144
850 30
425 | 110
000 |0
LoC| -
to®C
0 1346
80 1072
128 708
98 438
0 000
Ia. O B
toEe B
1946 0
1490 96
1200 152
1000 112
©On 600
320 50
000
From| © A |goN. E.

Having drawn the figure, the proof line s a will be found
to measure 351 links, as in the ficld notes; and the perpendi-
cular B to be 1056 links.

Double areas.
2644224 Triangle ABC
655676 Offsets on ABand AC

8299900 Sum
200616 Insets on B C

2)3099284 Difference

15'49642 = 15a. 2r. Op. nearly, the area required.
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ProBLEX II.

FOUR SIDED FIELDS.

When a field has four sides, straight or crooked, measure the
four sides, or lines near them, if crooked, taking the offsets :
also measure one or both the diagonals, one of which will serve
as a base in plotting the work, and the other for a proof-line ;
or the proof-line may be measured in any other direction that
may be most convenient.

metimes the measurement of both the diagonals is pre-
vented by obstructions, in such cases it will be sufficient to
measure tie-lines across two of the angles of the trapezium, at
the distance of from two to five chains from each angle, ac-
cording to the size of the field. These tie lines with their dis-
tances from the angles on the main lines will be found sufficient
for planning the lines and proving them.

EXAMPLE.

In the annexed figurc the A -
lines AB, BC, CD, DA are @--"T....... NS H
measured, marks being left atp, \ P i
q, and 7, and their respective
distances on the lines noted in
the ficld book, thus furnishing
the following method of laying
down the plan.

On AB, as a buse, take A p
= given distance, and with the
distances A r, p r, and centres
A and p describe arcs cutting in
r; then prolong A r, and lay off
thereon the given length A D. RS
In the same manner construct
the triangle p B ¢, and make BC = its given length.  Lastly,
join D C, which must be of the length shewn in the field book,
otherwise there has been some mistake either in the measure-
ment, or in laying it down. Should this be the case, the whole
of the work, firstly on the plan, and secondly in the field, must
be gone over again till the error be discovered.

Prosrex III.

FIELDS HAVING MORE THAN FOUR SIDES.

Various methods will suggest themselves to the surveyor for
taking lines to lay down a field that requires more than four
main lines to take its boundary. The method of dividing such
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flelds into trapeziums and triangles is, in most cases, circuitous,
and displays little skill on the part of the surveyor, especially
where all the sides are crooked, and where a plan is required.
A few methods of surveying fields of this kind will, therefore,
be presented to direct the student ; although their variety of
shape is 80 endless, that no general rule can be given for laying
out lines on the ground, that shall give an incontestably accu-
rate plan.  To tie every angle in succession, though true in
principle, is by no means a safe method, especially where there
are a great number of angles to be tied, as an error in one of
the tie-lines will derange the whole of the work, without afford-
ing the means of detecting where the error lies.

Norx. The following example of surveys of this kind occurred in part of
the author's extensive practice, as a surveyor of parishes under the Tithe-

Commissions.  The student is recommended to sketch the following specimens
on a large scale, and find their contents by the usual methods.

EXAMI'LE,

Here a field of five
sides is surveyed by
the same number of
lines, viz. AB. BC,
CD, Dm, and Au, the
Iast two intersecting
in I These lines
evidently constitute »
decisive proof among
themselves, and all of
them are available in
taking the boundary.

In surveying this ficld (poles or natural marks being sup-
posed to be fixed at A, B, C, D, and E) commence close to the
river's edge, in the line A B prolonged backwards, enter the
offsets and the station A in the field-book. On arriving at © m,
in the dircction E D, enter its distance, and so on to @ B. mea-
suring the line to the fence; from B proceed to C, in like man-
ner, measuring beyond the station to the fence.  The place of
the @ #» is to be noted, on arriving in the direction E A, while
measuring C D.  Dm is next measured, the place of the @ E
being noted. Lastly, go from m to A, and measure A n, enter-
ing the place of the ® E a second time, all the offsets being
supposed to be taken during the operation.

truction of the plan.  Seleet the distances Am, AE, and
E m from the field-book, and with them construct the triangle
A mE, prolong the sides to their entire lengths, up to the
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boundaries, and fix the places of the stations B, », and D.
Now, if the measured length of D 7 just fit between D and w,
the work is right with respect to the triangles AEm, ED n.
Lastly, prolong D n to the ® C, and, if the distance from thence
to the © B be the same as shewn by the field book, the whole
of the work is right. But, if the distance D » do not agree,
the work must be examined from the beginning ; if only the
distance B C fail, then only that distance and the portions m B,
C n need be examined.

Notk, For a vanety of other methods of surveving irregular fields, small
watates, &c., &c., see Baker's Land and Engineering Surveging, Chap. 111,

Pronrex IV,
SURVEYING LARGE ESTATES OR PARISHES BY THE CHAIN ONLY.

Having perumbulated the boundary of the estate, parish, or
lordship to be surveyed, if you find that its boundary approaches
somewhat near to that of a four-sided figure, or trapezium, the
system of fundamental lines, adopted by order of the Tithe
Commissioners of England and Wales, is to be preferred.
These fundamental lines are six in number, of which four must
run close by, or as nearly as possible to, the boundary in
question, thus forming a trapezium, four lofty station poles
being placed at each angle, as objects for running the lines ;
the other two lines must form the dingonals of this trapezium,
and therefore pass through the central parts of the survey,
intersecting each other, the points of intersection being noted
on measuring esch line, so that when the system of lines are
laid down on the plan, the proof of the necuracy of the work
may be fully established, before the minor operations, or filling
up, ax it is called, is commenced. It will be necessary, more-
over, in almost every case, to range the lines between every
two of the muin stations with long slender ranging poles, as
the intervention of hills, fences, trees, buildings, &c., will fre-
quently interrupt the view of even the lofticst station poles
that can be obtained ; and more especially so, when the main
stations are at a great distance, which depends on the mag-
nitude of the survey, and is sometimes as much as ten miles.
In measuring these main lines, cvery fence, roud, stream,
building, &c., which is passed or crossed must be noted in the
field book, the several crossings and bends being sketched
therein, to the latter of which offsets must be taken. Stations
must also be left on these main lines, at convenient situations
for taking the interior fences, &c., of the survey, and their dis-
tances carefully noted in the field book. From and to the sta-
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tions, thus left, or from and to points near them, secondary
lines must be run, as near the interior parts of the survey as
possible, the crossings, offsets, and other remarks being made in
the fleld book, as already directed for the measurement of the
main lines. These secondary lines will accurately fit between
the points from and to which they have been measured, when
laid down on the plan; thus forming a net work of small
triangles within the four large triangles, into which the survey
is divided by the six fundamental lines. This principle of proof
is founded on the obvious property of triangles having a com-
mon angle always fitting one within another, the common
angle of both being coincident. The lines marked: with the
figures 1 to 6, represent the system in question, those without
figures are the secondary lines.

The main lines are numbered with the figures 1, 2, 3, &c.,
in small circles, as the most convenient method of reference to
the field book : the secondary lines must have these numbers
oontinued on them, for the same purpose, but this is not done
in the diagram, to avoid confusing it.

It will be seen that the secondary lines m a, r s are prolonged
beyond the system of main lines, to give stability to the parts of
the survey that protrude beyond line 2.

Notx. For the method of keeping the field book in extensive surveys, the

description and use of the theodolite and other surveying instruments, see
T 7 "1 Land and Enginecring :
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ENGINEERING SURVEYING.
LEVELLING,—DEFINITION OF LEVELLING.

By the art of levelling the inequalities of the upper boundary
of any section of the earth’s surface may be shewn, and thence
may be determined the several heights of any number of points
in that boundary, above or below an assumed line, called a level
line ; though, in reality, this line is a great circle of the earth,
and is such as would be derived from a section ef the surface
of still water.

LEVELLING INSTRUMENTS,

(1.) Levelling instruments all depend on the action of gra-
vity: of these the plumb-line, on which the mason’s level
depends, is the most simple; but it eannot be used in extensive
operations, on account of its practical inconvenivnee.  The
fluid, or water level, in all its modifications, is also found in-
convenient for extensive practice.

2.) Spirit levels are now commonly used, as the most nc-
curate instruments for finding the ditferences of level, or ver-
tical distances between two stations @ of these there are several,
we shall only here deseribe the Y level.

THE Y LEVEL.

(1

The foregoing figure represents this instrument. A is an
achromatic telescope, resting on two supporters, which in shape
resemble the letter Y; hence the name of the instrument. The
lower ends of these supporters are let perpendicularly in a
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strong brass bar, which carries & compass box C. This coms
pass is convenient for taking bearings, and has a contrivance
for throwing the needle off its centre, when not in use. One
of the Y supporters is fitted into a socket, and can be raised or
lowered by the screw B.

Beneath the compass box, which is generally of one piece
with the bar, is a conical axis passing through the upper of two
parallel plates, and terminating in a ball supported by a socket.
Immediately above the upper parallel plate is a collar, which
can be made to embrace the conical axis tightly by turning the
clamping screw E; and a slow horizontal motion can be given
to the instrument by means of the tangent screw D.  The two
parallel plates are connected together by the ball and socket
already mentioned, and are set firm by four mill-headed screws,
which turn in sockets fixed to the lower plate, while their heads
press against the under side of the upper plate, and thus serve
the purpose of setting the instrument truly level.

Bencath the lower parallel plate is a female serew, adapted
to the staff head, which iy connected with brass joints to three
mahogany legg, which support the instrument.

The spirit level 11 is fixed to the telescope by a joint at one
end, and a capstain headed screw at the other, to raise or de-
press it for adjustment.

(3). Previous to using this instrument the following adjust-
ments must be attended to.

1. The adjustments of the telescope for parallax and collima-
tion.

2, The adjustment of the bubble tube.

3. The aJ_;'mtmml of the axis of the telescope perpendicularly
to the vertical axis.

1. The adjustment for parallax and collimation. Move the
object-glass by the screw, and the eye-glass with the hand. till
distant objects and the cross wires within the telescope, appear
clearly defined ; and the adjustment for parallax will be com-
pleted. Next, direct the telescope to some well-defined object
at a great distance; and sce that the intersection of the cross
wires cut it accurately; then loose the clips that confine the
telescope in the Ys, and turn it round on its axis, observing
whether the centre of the wires still continue to cut the object,
during s whole revolution. If it does, it is in adjustment ; if
not, the line of collimation, or optical axis of the instrument, is
not in the line joining the centres of the eye and object-glasses.
To correct this error, turn the telescope on its axis, and by
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means of the four conjugute screws a, a, &c., that move the
cross wires, correct for half the error, alternately loosing one
screw and tightening its opposite one, till the cross wires cut
the same point of the distant object, during an entire revolution
of the telescope round its axis.

2. The adjustment of the bubble tube.—Move the telescope
till it lies in the direction of two of the parallel plate acrews,
and by giving motion to these screws bring the air-bubble to
the centre of its run. Now reverse the teleacope carefully in
the Ys, that is, change the places of its ends; and should the
bubble not settle in the same point of the tube as before, it
shews that the bubble tube is out of adjustment, and requires
correcting. The end to which the bubble retires must then be
noticed, and the bubble made to return one-half the distance by
turning the parallel plate screws, and the other halt’ by turning
the capstain headed screws at the end of the bubble tube.  The
telescope must now again be reversed, and the operation re-
peated, until the bubble scttles at the same point of the tube, in
the centre of its run, in both positions of the instrument.  The
adjustment is then perfect, and the clips, that confine the tele-
scope in the Ys should be made fast.

8. The adjustment of the avis of the telescope perpendicularly
to the vertical aris.—DPlace the telescope over two of the pa-
rullel plate screws, and move them, unscrewing one while
screwing up the other, until the bubble of the level settles in
the centre of its run; then turn the instrument half round on
its vertical axis, so that the contrary ends of the telescope may
be over the same two screws, and, if the bubble does not again
settle in the sume point as before, half the error must be cor-
rected by turning the screw B, and the other half by turning
the two parallel plate screws, over which the telescope is placed.
Next turn the telescope a quarter round, that it may be over
the other two screws, and repeat the same process with these
two screws ; and when, after a few trials, the bubble maintains
the same position iv the centre of its run, while the telescope is
turned round on the vertical axis, this axis will be truly ver-
tical ; and the axis of the telescope being horizontal, by reason
of the previous adjustment of the bubble tube, will be perpen-
dicular to the vertical axis, and remain truly horizontal, while
the telescope is turned completely round. The adjustment is
therefore perfect.

There are several other highly approved levelling instru-
ments, as Troughton’s and Gravatt's levels, &c., for the descrip-
tions of which see Baker’s Land and Engineering Surveying.
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LEVELLING STAVES.

(6.) The best constructed levelling staff (Gravatt’s) consists
of three parts sliding one within another, and, when opened out
for use, form a staff 17 fect long, jointed together something
after the manner of a fishing rod. The whole length is divided
into hundredths of a foot, alternatcly coloured black and white,
and occupying half the breadth of the staff; but for distinctness
the lincs denoting tenths of feet are continued the whole
breadth, every half foot or five tenths being distinguished by a
conspicuous black dot on each side, the whole fect being num-
bered with the figures 1, 2, 3, &c.

COURRECTION FOR CURVATURE.
B D E (7.) Let BDE be a horizontal line,
that is, such as would be given by the
line of sight of a level, properly ad-
justed; BCF an arc of a great cirele
of the carth, and A its centre. It will
) at once appear from the figure, that
N the heights D C, E F, of the apparent
; level B E, ubove the true level increase
S successively from the point B, The
/s height E F of the apparent level above
the true, is equal to the square of the
i distance B E divided by twice the
F A carth’s radius AB, that is EF =
BE®, and similarly D C = B D &c., thercfore the cor-
TAD y TAB ™
rections for curvature, DC, EF, &c., vary as the squares of the
distances BD, BE, &c., since 2 A B is a constant quantity.

Taking the earth’s radius to be 3979 miles, and assuming the
distance B D to be 1 mils, then the correction for curvature
DC=BD?*+2AB =1% + 7958 = 4}y of a mile = 7-962
inches = ncarly 8 inches. If the distance B E = 3 mileg, then
the correction EF = BE? <+ 2 A B = y¢ffy = 71638 inches,
or nearly 6 feet.

Let any distance B D = d in miles, and the correction for
curvature for 1 mile be taken = & inches = } of a foot, which
it is very nearly; then

. 2d*
correction = —— feet,

3
for any distance d in miles :
* The demonstration of this formula is given in my edition of Nesdit's Sur-
veping, p. 348.




IN LEVELLING. 119

and let 8_((—) = d, ¢ being chains ; then

correction = 247 _ 2x12c2 _ inches
T 3 T 3x80% T 800 >
for any distance ¢ in chains,

CORRECTION FOR REFRACTION.

(8.) The effect of the earth’s curvature is modified by another
cause, arising from optical deception, namely, refraction ; the
correction for which varies with the state of the atmosphere, but
it may generally be taken at 4 of the correction for curvature, as
an average ; and since refraction makes objects appear higher
than they really are, the correction for it must be deducted from
that for curvature.

EXAMPLES.

1. Required the correction for curvature and refraction, when

the distance of the object is 2§ miles.

P 05
';;— X (2:51 2 x36_.3 = 4'166 cor. for curvaturc.

4 of which is............ *693 cor. for refraction.

Difference...ceuveevene. 3:473 feet, cor. required.
2. Required the correction, as in the last example, when the
distance is 60 chains.
60 =800 = 45 cor. for curvature,
4 of which is .. ‘643 cor. for refraction.

Difference...... 3°857 inches, cor. required.

8. From a point in the Folkstune ruad, the top of the keep of
Dover Cuastle was observed to coincide with the horizontal wire
of a levelling telescope, when adjusted for observation, and
theretore was apparcntly on the same level ; the distance of the
instrument from the castle was 4} miles, required the correction
for curvature and refraction, that is, the true height of the keep
of the castle above the point of observation.

-§-— ®(45)? = 43—’ = 13+5 feet, cor. fur carvature

4 of which............= 193 feet, cor. for refraction.

Difference ......... o= 1157 feet, cor. required.
See also the tables for these corrections at the end of the book.
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PRINCIPLES AND PRACTICE OF LEVELLING.

To find the differences of the levels of several points on the
surface of the earth.

(7.) Before entering on this subject, it will be proper to
state that the corrections for curvature and refraction, alread
explained, are seldom applied in the practice of levelling, the
spirit level being usually placed midway between the stations,
the levels of which are to be observed, hence the resulting cor-
rections for cach station are equal, and therefore the difference
of the levels at the two stations is as truly shewn by the dif-
ference of the readings of the two staves, fixed thereon, as if
the corrections had been made. Thus the trouble of making
these corrections is avoided by simply placing the instrument
midway between the two staves.

(8.) Let it be required to find the difference of level between
the points A and G. A levelling staff'is erected at A, the in-
strument ig set up and adjusted at B, another stafl' is also erected
at C, at the same distance from B that B is from A, as nearly
as can be judged by the eye; the reading of the two staves are

——oan . -*~——-7\-» s - ._.._.’T_.__
I L J;_.—E = v

A B C G

then noted 5 the horizontal lines, connecting the staves with the
instrument, represent the visual ray or level line of sight.
The instrument is then conveyed to 1), and the staff that stood
at A is now removed to E, the staff C retaining its former po-
sition, only its graduated side turned to the instrument, and
from being the fore staff’ at the lust observation, it is now the
back stafl’; the reading of the two staves are again noted, and
the instrument removed to F, and the staff C to the point G,
the staff at E retaining its position, now in its turn becomes
the back staff, and so on to the cud of the work, which may
thus be continued to any extent. The difference of the readings
of the staves at A and C will shew the difference of level
betwecen the points or stations A and C, because the visual line
of the instrument is virtually level, and the same is true with
respect to every two consecutive stations.

EXAMPLE.
Back sight on staff A ............ 10'66 feet
Fore sight on staff C ............ 1178

The fall from A to C ...cevveeeee 1412 difference.
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Because when the front reading is the greater the ground
falls, and vice versa.
Back sight on staff C ............ 1336
Fore sight on staf E ............ 9'16

The rise from Cto E ............ 4-20 difference.
Subtract the fall from A to C... 1°12

The rise from Ato E ............ 308 difference.

Because the rise from C to E is greater than the fall from A
to C, their difference shews the total rise.

Back sight on staff E .......... . 762
Fore sight on staf G .......... . 816
The fall from E to G ....... veeee 034 difference.
This fall taken from the rise from A to E, that iy,
308
054
wives the total rise from A to G...cceeevnenes 2:54, or nearly 2

feet 6} inches.

The difference of the sums of the back and fore readings of
the staves, will more readily give the difference of level between
A and G: thus,

Back sights. Fore sights.
feet. feet,
1066 at A 1178 at (¢
13-36 at ¢ 916 ut 1
T62at K 816 at (2
sums 3164 29-10
29:10

2:54 difference of level, the same as before.

TO DRAW A SECTIONAL LINE OF SEVERAL POINTS IN THE EARTIUS
SURFACE. THE LEVELS OF WHICH HAVE BEEN TAKEN.

Let a, b, . d. e, f, and g be the several points ; then, in order
to draw the section to shew the undulations of the ground be-
tween a and ¢, the distances of the several points from a, in
addition to their levels, must be taken ; this is usually done
during the operation of levelling. These distances, with the
back and fore sights, may be arranged in a level bouk of the
following form, which, though not the form practically used, will
probably be more clearly understood. ( See Fig. page 124.)

6
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LEVEL BOOK.

S?g.hc‘t:. s:l;oh':n Fall,| Rise, leedv':j:d %Dismncel in Chains, and Remlrlu.:
350 | 565|215 215 | 460 at b on road. i
410 ;1085 | 675 890 | 780 at .

L 504 | 925 | 421 13:11 {1160 at d.
384 {1291 | 907 2218 11520 at e. ,
412 | 765 | 353 2571 bottom of canal, distance2:16

11049 | 392 65711914 2100 at f.

1296 | 303 993 921 [27:00 at'y.

| 4405 | 53-26 ' |

; 4405 . :

! '

‘ diﬂ'.‘ 921 | the same aus the last of the reduced levels. !

In this level book it will be seen that the differences 2:15
and 673, in the column marked Fall, are added together.
making 890, thus giving the fall at ¢, in the column marked
Reduced Levels: to this sum the suceeeding fulls are added,
one by one, till we get the fall 2571 at the bottom of the eanal.
which is the lowest point.  Then the differences in the column
marked Rise, are subtracted suceessively from 25:71 for the
fulls at fand g ; the latter of which is 921, the total full from
« to g, which, agrecing with the ditference of the sums of the
back and fore sights, shews the truth of the castings. The
last column shews the distances of the several points b, ¢, &c.,
from a, in chaing, with other remarks.

DATUM LINE.

The section might be plotted by laying off the distances
in the last column in the preceding level book on a horizontal
line, and retting off their corresponding numbers of feet, in the
column marked Reduced Levels, perpendicularly below the line:
but it is found inconvenient in practice to plot a section in all
cases after this method, as in extensive operations the reduced
levels would repeatedly fall above anu below the line in ques-
tion, and thus confuse the operation; therefore a line AG, called
“the datum line,” is assumed at 100, 200 feet, &c., below the
first station @ ; thus making that line always below the sectional
line a f, of which a clearer view may be obtained.

In the following practical level book the rise or fall is re-
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spectively added to, or subtracted from, the assumed distance
of the datum line, and the next rise or fall again added to, or
subtracted from, the sum or difference :—thus 2:15, being a fall,

is subtracted trom 100 (the assumed distance of the datum line)
leaving 9785 feet, the height of the ground at & ; the next fall
675 is then subtracted from 9785, leaving 91-10 feet for the
height at ¢ ; and so on to 3:33, which is the last full :—the next
6:57, being a rise, is added, as well as 9°93 ;—thus the last re-
duced level is 9079 feet, which taken from the datum 100
leave 921 feet, agrecing with the differences of the sums of the
back and fure sizhts, and of the sums of the rises and falls, und
<hewing the work of casting to be correet.  Thus are obtained
a series of vertical heights to be set off perpendicularly to the
datum line, through the upper extremities of which the sectional
line must be drawn.

FRACTICAL LEVEL BOOK.
( Datum line 100 feet below the beneh marck at AL

Back Fore e ' Bedured | 5 _," v )
Sights,  Sighte. * Rise, \ Fall. T ela, Distanee -' Remarks,
feet. feet, et fiet, & feet chains, }
10000 I

FB M on rond

330 365 L tolime kilns,

L4110 1085
Ca04 9us

3 0TRS | 460
5 ulllo | Tso
1 RGKRY l| 6O |

3%4 12:9] 0T TTE2 11520 € Bottem of
412 765 a3 7-1".’!)5 ...... ' eannl distant
1049 392 65T HO46 {2100 l-) K0 chains.
1206 303 ! LETH GTH :""1)0 to B M at ¢.
(4405 5326 116:50 2571 10000 |
! 4405 1630 g
‘ ' ‘nliﬂ'. between  last
| L9l diff. = 921 = 921 7 reduced level and

datum,

In laying down the sectional line from the above columns of
reduced levels and distances, the former are always tuken from
a much larger scale than the latter, otherwise the undulations
on the surface of the ground would in muny cases, be hardly
perceptible.

Draw the horizontal line A G, setting off the distances A B,
AC, &c., as in the column of distances, that iz A B = 460




124 LEVELLING.

chains, A C = 780, &ec., then draw A a = 100 feet, perpen-
dicular to A G and parallel to A a draw B b, C¢, &c., setting

of reduced levels, and through the points a, b, ¢, &c., draw the
required sectional line ¢ g.

Norg, The above operations, though extremely simple, require great care,
otherwise, in extensive works of this kind, errors creep in imperceptibly, to
check which the agreement of the diflerences in the level book is esseutial.

LEVELS FOR THE FORMATION OF A SECTION,

In this case it is required to take the levels of a line of
country, where the ground plan is already made, and the line
of section determined upon, and marked out on the plan. Here,
in addition to what is required in running or check levels, the
distances to the several stations of the levelling staves from the
starting point must be measured.

Two additional assistants are required in this case to measure
the distances of the stave stations along the lines while the
operation of levelling gues on, which i3 the same in every
respect as that already described, excepting that, in this case,
the operation is conducted upon a line, on the surfuace plan, a
copy of which must be in the surveyor's possession to direct
him, und the distances of the several stave stations must be
noted in the level bouk, in the column marked ¢ Distances.”

The tullowing is the level book of an example, shewing the
manner of keeping it. and also the method of reducing the levels,
to ubtain the actual heights ot each station above the datum
line, which is placed 100 feet below the starting point, for con-
venience of drawing the section. The whole operation being
similar to that already given at page 123, excepting that here
we give the particular manner of performing the several parts
of the field work, in order that it may be clearly understeud by
thoss who are anacquainted with the subject, as it is presuraed
thut, in a short time, railways will become the cominun ineans
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of transit, both for passengers and goods, throughout every
country of the civilized world.

THE LEVEL BOORK FOR PLOTTIN:

THE SECTION.

(Datum 100 feet below the atation \.)

n"‘"“d lr)utnnce-

Levels.

Remarks. i

e e e 1 e e e ———

Back | tore | ,
Sights. Sights,| Rise. * Fall .
feet. fect. . fret. fect.
1371 | 788 | 583 ;
9°40 | 16-30 | 6-90
387 | 1171, COTRd
263 | 12:41 ' 978
14:62 | 095 i 1367 ;
17°00 | 145 1555 ;
1066 | 35 40 74
2:87 | 17-0¢ 14713
3°40 10132 | 6°u2 \
873 | 224, 349 ]
16 54 085 « 15 90 |
1608 | 0°'HY ; 15719 |
14-56 T3 0 1383 !
10°36 | 1406 | o330
0M4 | 1038 . B9 !
250 7°00 © 2°K0 \
2:30 { 10°06 ! w66 |
10 96 14°46 350 |
2:0% | 1505 12 07 i
175 ] 1658 14°m3
184 | 17:10 - 1526 |
000 743, 7°43
838 | 350 183 .
8'50 | 450 % 4°00 |
83~ | 136 394
10'20 | 940 | o0°mo
686 | 040 | 646
1100 396| 704 .
1180 | 3s3| 827,
1053 | 268 | 7°85
8682 | 138} 684"
876 | 330} 656
1400 | 14°50 | 050
1450 | 432 | 1018 .
914 | 100 814
04°19 [254°86 [186-49 117-16
254-86 11716 |
4933 — 4933, —
l

feet.
100700
105°83
9893
91:09
813}
G498
110°73
106 79
9. 66

Vs 95
101°99
110-26
11811
124°95
#3151
131-01
141019
149°33

180°00

Links,

519
1315
1642
1850
23458
2094
3367
3748
T6
H937
Luod
nida
€437
e L
niey
L3I0
9.7y
4036

10163
16576
11423
13066
14054
15650
17345
19135
10359
19631
19841
20561
21671
22710
23221

Difference between Datom
and last Reduced level, or]
leghtdBMA.

The several dxﬂ'ereneeo of the sun:s of the back and forc

|
In.m side of roud. |

i
1
i
]
i

1

‘ |

l ‘
i
)
!
I}
i

Centre of rond nt 219
(links.

Forward ) at corner|
{uf wood.

Forward (© at end of|
| wood.

Rosd at 450 Jinks.

sights, of the sums of the rises and falls, and of the last reduced
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level and the datum, exactly agreeing, proves the accuracy of
the arithmetical operation in the preceding level book, all these
differences Leing 4933 fect, which is the height of the last
station above the first.

It is advisable for the surveyor to reduce the levels in the
field as he proceeds, as it will occupy very little time and can
he easily done while the staffman is taking a new position.
The surveyor will thus be enabled to detect with the eye if he
is committing any glaring crror; for instance, inscrting a
number in the column of rises, when it ought to be in that of
falls, the surface of the ground at once reminding him that he
is going downward instead of ascending. '

It is seldom the case in practice that the instrument can be
placed precisely equi-distant from the back and fore staves, on
account of the inequalities of the ground, ponds, &e.; it would
appear, therefore, to be necessary, to make our results per-
feetly correct, to apply to each observation the correction for
curvature and refraction as explained at page 118: this, we
believe, i seldom done unless in particular enses, where the
utmost possible aceuracy is required, on account of the small-
ness of such correction, as may be seen by referring to the
table ut the end of the book, where this correction for 11 chains
ix shewn to be no more than g3y part of a foot; and as the
difference in the distances between the instrument and the fore
und back staves can in no case cqual that sum, it is evident
that such correction may be safely disregarded in practice.
Besides it is not neeessary to have the level placed directly
between the staves while making observations, as it is frequently
inconvenient to do so, for reasons just given, nor does a devia-
tion from & line of the staves, in this respect, in the least affect
the accuracy of the result.

The distances in the sixth column of the level book are
assumed to be horizontal distances, and in measuring them, care
should be taken that they are as nearly such as possible, or they
must be afterwards reduced thereto, otherwise the section will
be longer than it ought to be,  For the purpose of assisting the
surveyor in making the necessary reduction from the hypothe-
nusal to the horizontal measure, when laying down the section,
u table is given in Baker's Land and Engincering Surveying,
page 146, shewing the reduction to be made on each chain's
length for the following quantities of rise, as shewn by the
reading of the staes.

Norx. For extensiv . information on this subject see Boker's Land and En-

incering Surreying, where an engraved plan and section, adapted to this example,
are given at the end of the work.
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THE METHOD OF LAYING OUT RAILWAY
CURVES ON THE GROUND.

In railway practice, the curve adopted is always an arc of @
circle, 1o which the straight portions of the railway are tangents
at each extremity of the arc. Sometimes the curve consists of
two, three, or more circular ares with their concavities turned
in the same or diffurent directions, as in the compound and scr-
pentine curves.

PronLen L

To lay out a railicay curve on the ground by the common
method.

Cask L—Let H A, ¢, ¢ be the tangental portions of a rail-
way, the extremities A and ¢, of which are required to be
united by the circular curve A 4, to which H A, ¢, ¢, shall he
tangents ; the radius of the curve being supposed to he pre-
viously determined.

Let the radius i
in this case be
%0 chains or one
mile; prolong the
tangent DA a
distance A p =
I chain: then op- . i “
pusite 80 in table W ‘TR
No. 2, at the end RAARF \>4 °
of the book, is -
found 4-93 inches N
=p ’l:_“‘llit'h setoff at right angles to A p, thus giving the first,
point in the curve. In the direction A ¢, mensure ¢ p, = 1
chm?, and sct off pg gy = twicep ¢ = 495 x 2 = 99 inches,
at right angles to g p,; then ¢, is the second point in the
curve.  This last operation must be repented till the curve
shall have been set out to the point ¢,. Lastly G4 Ps bring
measured = | chain, in the direction ¢, ¢,, the offsct p, ¢, will
be found = 4-95 inches = the first offact 1’'q, thus proving the
accuracy of the work. In this manner the operation is con-
ducted, whatever be the length of the curve.

Case I}.—Let AO=r,and3= Ap= 9 py = &e., which
may be either less or greater than one chain; then the general

L]

length of the first and last offsets p g, p, ¢, in 5, and the
2
length of each of the other offsets is "r" or twice the first or
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Iast offset; but the length of the offsets given in the table is
represented by ,‘-,-l;; therefore, if A p, ¢p,, &c., be taken as 2,
3, 4, &., chaing, the value of ;- must bo multiplied by 2° =

4,3* =9, 4* = 16, &e., respectively to find p ¢, and the re-
sult, in each case, multiplied by 2 for each of the offsets p, g,,
Ps 95 &c. In this manner the curve may be set out more
speedily, and with less liability to error, on account of the less
number and greater length of the lines required in the opera-
tion.
EXAMPLE,
3

Let A O = r = 120 chains, and 3= 4 chains; @hen;—’. = 21'
% 16=2383 x 16 = 528 inches 4 feet 4'8 inches = p ¢; whence
4 fect 8 inches x 2 = 48 feet 96 inches =p, ¢,, p, ¢ = &e.

Nore 1. When the curve has been corroctly set out, as in Case II., the inter
mediato stumps may bo put in at the end of every chain, if required, by the
racthod given in Case I The distances of the intermediate stumpe, thus pat
in, will not, in most cases, exceed a fraction of an inch; because the lengths of
the offsots p g, pig ¢y, &c., is so small, that the curvilinear lengths A g, ¢ ¢ &a.,
can never greatly exceed those A p, 778, &c.

Norz 2. The method given in Case I1., is sufficiently accurate when 3 does
not exceod g Of the radius of the curve. Besides, at the closing point of the
curve, as at gy, the distance g, ¢ is most commonly less or greater than 3, Let

2y 2¢==d; then tho offset p¢ g, at the end of the curve is = (2%;‘1)—"; and,

when 8 == 1 chain, pt g8 = a ;td)d; or the tabular number for the given

radius must be multiplied by (3 4 d)d, or by (1 < d)d, according as A p, (7Y
&c., is takon == 3 chains or | chain, to give the last offset p, g, § of which is
== py gp» the offset to the tangent ¢, g,.

EXAMPLE.

Let # = 120, and 3 = 4 chains, as in the last example, and
let g, p, = d = 2'68 chains; then p, ¢, =2—l;_x G+dd=
8:3 x (4 4 2'68) x 2:68 = 5907 inches ; } of which, viz,
29535 inches is = p, ¢,.

Notx 3. Whon 3 exceeds 3 of the radius r of the curve, the following fol-
mula ought to be used for finding the offsets.

P=r—VA=E
and p¥¢? = &c aﬁ—;_—;?

Boe Baker's Land and Engincering Surveying, page 161.
Notz 4. By this method the greatsr part of both British and foreign rail-
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way curves have been laid out. It was invented by the author about 27 years
ago, when the Stockton and Darlington Railway was laid out, and
adopted by engineers, as it involves very little calculation, and does not require
the use of a theodolite. It is, however, defective in practice, on account of its
requiring so very many short lines connected together, as errors will unavold-
ably creep in and multiply, and more especially so where tho ground is rough;
thus the curve has frequently to be retraced several times before it can be got
right; hence the author prepared the methods in the following Problem.

ProsLex II.

To lay out a railway curve on the ground, by offsets from its
sangents, no obstructions being supposed to prevent the use of*the
chain on the convex side of the curve.

CasE L.—When the length of the curve does not ezceed § of
its radius.

Let AB, DC be
straight portions of a
railway, the points C and
B being required to be
joined by a circular curve
BC, to which AB, DC
shall be tangents, the
radius BO of the curve
being supposed to be pre- N,
viously determined from .
an accurate plan of the
intended railway. Y

Range the tangents A B, D C till they meet at T; and let
the radius B O = 80 chains = 1 mile ; measure on B T the
distance B g = 1 chain ; and, at right angles to B T, lay off the
offset ¢ p = 4'95 inches, by Table No. 2, as in Problem I.;
then p is the first point in the curve. Next measure ¢ ¢, =1
chain, and lay off the offset p, g, = 495 x 4 for the second
point in the curve, The successive offscts, at the end of every
chain, being 4, 9, 16, &c., or 27, 3%, 47, kc., times the first
offset p g, which may also be found opposite the given radius in
the Table No. 2., as in Prob. L

When the offsets have been thus laid out, till the last one
¢4 P falls little short of T ; lay off the same offscts on T C as
were laid off in B T, but in an inverted order, mgking the first
distance on T C = T ¢,; thus completing the curve to C.

Norx. 1t can rarely bappen in practice that the last offsets, from both tan-
gents, will meet at the middle point py of the curve, as shewn in the figure;

but will either intersect one another or fall short of the middle point; but this
s & matter of Do consequence.
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EXAMPLE.
Let the radius of the curve be 160 chains, required the offsets
at the end of every chain, from the tangent to the curve.
p q (per Table No. 1.) 2-475 inches.

P19y =2475x 4= 99
Psq9s = 2475 x 9 = 22275
Payy = 2475 x 16 = 396
&e, = &e. = &ec.

Case 1L.—T0o lay out the curve when it is any required
length. ¢

In a long curve (of which there are some more than two
miles in length) the tangents, if prolonged to their point of
meeting, would nccessarily full at a great distance from the
curve, thus giving an inconvenient length to the offsets, which
in practice should never exceed two chains. To remedy this
inconvenienee the curve must be divided into two or more
parts, by introducing one or more additional tangents, thus the
offsets may be confined within their proper limits. Thus the
tangent T C may, in this cuse, be extended, another tangent
applied, and the offsets laid off, thus repeating the operation of
Case 1. & second time : if the curve be not yet completed, the
operation may be repeated a third, fourth, &c., time, till it be
completed,

Nore. For a complete devclopement of this important subject, see Buker's
Land and Engineering Surrveying, Part 11., Chap. 11, where two other methods
of laylng out railway curves are given; also methods of laying out compound,
scrpentine, and deviation curves, with original formula:; all of which methods,
as well as tho two alrcady given, were first drawn up by the author,  See, also,

page 174 of the work above referred to, where a short history of the invention
in given.

CONTENTS OF RAILWAY CUTTINGS, &c.
TABLES,

The General Earthwork Tuble, in conjunction with Tuo
Auziliary Tables, on the same sheet, in Baker's Railway En-
gineering, or the number for the slopes in Bidder's Tuble, are
applicable to all varieties of ratio of slopes and widths of
formation level in common use ; and with the help of Barlow’s
table of square roots, these tables will apply to sectional areas,
with all the mathematical accuracy that can be attained, with
very little more calculation than adding the contents between
every two cross-sections, as given by the General Table.—The
contents in the General Table are calculated to the nearest unit,



RAILWAY CUTTINGS. 131

as are also those in the Auxiliary Table, No. 2, which is for
the decimals of feet in the depths. The Auxiliary Table, No. 1,
shews the depths of the meeting of the side-slopes below the
formation-level, with the number of cubic yards to be subtracted
from the contents of the General Table for each chain in length,
for eight of the most common varieties of ratio of slope,

'The following diagrams and explanations will further illustrate
the method of taking the dimensions of railway cuttings, pre-
paratory to using the above named tables.

Let ABDC cabd, bearailway

‘cutting, of which ABDC, abde¢

are the cross sections, AB=ad=
width of formation level, MM’, mm’
the middle depths of the two cross-
sections; the side-slopes A C, D B,
a ¢, b d, when prolonged two and
two, will intersect at N and , at
which points the prolongations of
M M, mm’ will also meet, thus constituting a prism A B N
aab, the content of whicl ix to be deducted from the whole
content, given by the General Table, by means of the Tuble No.
L.; in which the depth M'N = o' n is also given, as already
stated, to several varieties of slope and bottom width,

To place this subject in a more practical point of view, let
the annexed figure represents a longitudinal and vertieal section
of & cutting, passing through the middle A E of the formation
level. H I, the line of the rails, and a &, the line on which the
slopes, if prolunged, would
meet. It will be seen that
the cutting A b cdE com-
mences and runs out on the
formation level A E, and
that the depth Aa = B ¢
=(f= &c., is to be added
to the several depths B b,
C ¢, Dd of the cutting, the : i
first and last depth at A o . s v A
and E being each = 0; or, what amounts to the same thing,
the several depths must be measured from the line « 4 : thus
Aag, be, c g, &c., are the depths to be used. And since the depth
A a is given in Table No. 1, for all the most common cases, or
it may be readily found by calculation for all cases, (see Rail-
way Engineering), the line corresponding to a 4 must, there-
fore, be ruled on the railway section, at the proper distance

X3 & o &
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below A E, from which the several depths must be measured ;
or the vertical scale may be marked with Indian ink, (which
may be readily rubbed off) at the same distance, and this mark
may then be applied to the formation level A E, for the purpose
of wmeasuring the several depths.—In the case of an embank-
ment, the line for the several depths must be placed at a like
distance above the formation level.

ProBrLEM L
The severals depths of a radway cutting to the mecting of the
side slopes, its width of formation level, and the ratio of the
slopes being given, to find the content of the cutting in cubic
yards, from the Tables referred to, the distances of the depths
being one chain each.

Rore.—Take the several quantities, corresponding to every
two succeeding dopths of a cutting, or embankment, measured
to the meeting of the side slopes, at the distance of 1 chain each,
from the General Table in Baker's Railway Engincering, and
multiply their sum by the ratio of the slopes; from the product
subtract the cubic yards, corresponding to the given bottom-
width and ratio of slopes from Table No. 1., multiplied by the
whole length of the cutting, and the remainder will be the
ocontent of the cutting in cubic yards.

But, when the distances of the depths are greater or less than
1 chain, the quantities of the General Table must be multiplied
by their respective distances.—And, when the distances are
given in feet, the quantitics must be multiplied by those dis-
tances, and the final result divided by 66 for the content in cubic
yards, as in the following

EXAMPLES.

1. Let the depth of the railway cutting . . poun 1 qnes per
or embankment to the meeting of the  chains. infoet. |0, Table.
side-slopes, at the end of every chain, be — ° 1
asinthefollowing table, thebottom-width  ,.,0 33 1938
380 feet, and the ratio of the slopesas 2to 200 39 3175
1; required the content in cubic yards. 300 35 3350

Notz. In the annexed table the quantity 1238, 400 10 1355
corresponds to the deptus 10 and 33 feet, in the Forslope 1 to | ..9138
General Table; tho quantity 3175 to the depths | 2
33 and 39, and %0 on for the succeeding dopths. —
By the Auxiliary Table No. 1. it will be seen, that  For slope 2 to 1 . 18256
the depth to be added below the formation level, Subtract = 1100
for the given width and rativ of slopes, is 730 = 275 X 4 }

74 fost, therefore, the cutting begina aud ends with  Content in

a of 10— 74 == 2§ feet. The corresponding  cubic yds.
mdm&emwhwuﬂhwem

} ==17136
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in length, is multiplied by 4 chains, the whole length of the catting, thus
giving the whole quantity to be deducted, the remainder being the true content

in cubic yards of the cutting.

2. The several depths
of a railway cutting to the
meeting of the side slopes
are as in the annexed
table, the bottom width
being 30 feet, and the
ratio of the slopes 1} to
1; required the content
of the cutting.

Note. When any of the dis-
tances Lictween two succeeding
deptha is greater or less than 1
chain, the corresponding quan-
tity from the General Table
must be multiplied by that par-
ticular distance ; as the distances
between the depths 20 and 25,
and hetween 32 and 39, &c., the
distance being 2 chains.  The

;
Dist. in  Depthe : Prutucts for Dist. | Towal

i For side slopes 1} to 1

last distance, viz., that between '

30 aud 10, is 146, in this case 2

figures must be cut off for decima's, after multiplying.

3. Let the depths of a
railway cutting to the
meeting of the side slopes,
and their distances in feet
be us in the annexed ta-
ble, the bottom width 30
feet, and the ratio of the
slopes 1} to 1; required
the content in cubic yards.

Note. When the distances
are in feet the quantities frum
General Table must be resjec-
tvely multiplivd by their dis-
tances, the quantity from Table
No 1. by the whole distance,
aud the result dividled by 66, the

chains.  In feot. greaterthua I chinln, quantites.
o! 10 i '
x-oollsi.... ™
200 ! 20 0 L L, (1)
400 23 | 1234 %2 2486
500 f B2 4. Lo llsso
700 i 39 | 3091X2 | 6182
BO0 | 43 | . . . . 1 4319
1000 i 50 ! sseox2 | 11040
1200 | 40 | 4971 X2 | 9932
oo s L UL | B8
1446 10 ' 1039 X 146 1 1546
For side slopes Vtol . .. ... 41741

For side slopes §tol . ... .. 20870

62611
36667 X 1446 = 5302

Content in cubic yards 57309

'
'

Dist, mi Depths iQummln multiplicd]  Total

feet, | Mo fret. ! by length, nuisititie,
0 l 87

90 | 50 | 4660 % 90 | 410400
178 hl - Th54 X 88 6H47H2
278 ' 39 6210 X 100 621000
Forslopeal tol ...... .. 1705152
Forslopes Jtol........ 852576

1

. Cuntent in cubic yards . .. ...

Forslopes 1} to1 . ....... 2557728
36667 X 278 == 101933

66)24557953

37209

feet in 1 chain, for the coutent in cubic yards,
Pronrex IL

Case L.—The areas of two cross sections of a railway cutting
to the intersection of the side slopes, its length in chains, bottom
width, und ratio of the slopes are given; required the content of

the cutting in cubic yurds.

Rork.—With the equare roots of the given areas as depths,
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find the content from the General Table, as in the last Problem,
from which subtract the quantity answering to the given width,
and the ratio of side-slopes from Table No. 1, and the remain-
der, being multiplied by the length, will be the content required.

Norz. If the length be given in feet, proceed as in Example 3, last Problem.

EXAMPLE.

1. Let the two sectional areas of a cutting be 4761 and 1296
square feet, the bottom width 36 feet, the length 3:25 chains,
and the ratio of the side slopes 2 to 1; required the content in
cubic yards.
V4761 = 69

——— }comcnt per General Table ... 6959
V1296 = 36

For bottom width 36 and slopes 2 to 1, per | 396
Table No. 1 ceveienieniiiiiniannns anee. o
Content for 1 chain in lengthe..ovneiannnn.e. 6563
31
19689
1641
Content for 3:25 chains....o.ooouees ceerererienens 21330 cubic yds.

Case: IL.—In measuring contract work, where great uccuracy
is required, the yAsths of a [foot, or second decimals, must be
used in the calewlation, by taking for them (ith of their re-
spective quantities in Table No. 2.

EXAMPLE.

The areas of seven eross scetions of a ¢ : |

. . N . . Dist.in Areasin
railway cutting to the meeting of the side | ehana.  w. feet.
slopes, and their distances are as in the — -
anuexed table; the bottom width is 30 fuet, son . 136
and the ratio of the slopes 1} to 1: required | goo 4221 |
the cubic yards in the cutting. 90, 410

Ans. The content, per General Table, ¢ w0+ 5141

sud Table No. 2, is 172818 cubic yards, ' (500 3738
from which the quantity corresponding to | ]
the given bottom width and ratio of slopes
x by the whole length, viz. 275 x 18 = 4950 cubic yards
must be deducted, which leaves 167568 cubic yards, the con-
tent required.

Norx. For further explanations and examples of the methods of
finding the contents of earthwork, sce Baker's Land und Enginecring Surreyin::.

4




TABLE No. |.—THE AREAS OF SEGMENTS OF OIRCLES, DIAMETER UNITY.

fleight. | Area Segment. || Height. | Area Segment. Height | Arva Seyment.
001 +000042 *050 *014681 099 *040276
002 +000119 051 015119 100 040875
003 +000219 052 015561 101 ‘041476
*004 000337 053 016007 ‘103 042080
005 1000470 ‘054 016457 ‘103 042687
006 000618 055 ‘016911 *104 ‘043296
| -007 *000779 056 ‘017369 108 *043908
| o008 «000951 057 *017831 ‘106 *044522
L0y +001135 *058 018296 ‘107 ‘045139
| -o10 +001329 059 ‘018766 108 *045759
b0 001533 <060 ‘019239 ‘109 ‘046381
1012 1001746 061 “019716 ‘110 047005
|03 001968 062 020196 ‘i (043632
| 014 002199 -063 020680 ‘13 045262
1 018 1002438 ‘064 *021168 ‘113 (048894
% ‘016 002685 -065 021659 14 049528
| 017 «002940 066 1022154 115 050168
| s 1003202 067 *022652 ‘116 {050K04
¢ 01y ‘003471 068 (023154 ‘17 (051446
| 020 -00374% <069 023659 ‘18 ‘052090
| o 1004031 070 *024168 ‘119 +052746
‘022 004322 071 024650 *120 ‘0533K5
‘ ‘023 (004618 072 ‘025195 an (054036
‘024 1004921 073 025714 ‘123 054689
| -o2s 005230 ‘074 026236 ‘123 055345
I 026 005546 035 1026761 ‘124 056003
027 {05867 076 ‘027249 125 056663
028 0U6194 077 027821 *126 057328
, ‘029 006527 079 028356 127 07991
L 030 1006565 07y ‘028K 4 128 058R5%
| 03 007209 050 «020435 ‘129 ‘05427
1 032 007554 081 1029972 130 059999
033 007913 082 030526 131 060672
i 034 “O0N273 “0H3 031076 132 ‘061348
' eoas 008698 -084 031629 ‘133 062036
| 036 009004 (085 ‘032186 ‘134 ‘062707
<037 009363 ‘06 +032745 138 ‘063349
03y ‘009763 ‘087 033307 136 064074
v 032 ‘010148 ‘on8 ‘033872 ‘137 064760
! 040 ‘010537 ‘OMY 034441 138 ‘065449
i 041 010931 ‘090 035011 1y ‘086140
| -043 011330 091 C0355R5 ‘140 ‘066833
i 043 ‘011734 ‘092 036163 ‘141 ‘067528
044 ‘012142 093 ‘036741 ‘142 ‘068225
045 1012554 ‘094 ‘037323 ‘143 ‘069924
046 ‘012971 ‘095 037909 ‘144 069625
‘047 *013392 096 (03H4Y6 ‘145 ‘070318
048 ‘013818 097 039087 146 ‘071033
-049 ‘014247 ‘098 039640 ‘147 ‘071741

When the tabular height excerds the heighta given in ths Table the
segment must be divided into two equal parts and their common versed sign
found by Prob. VI, page 26. The tabular beights will then fall within this
Table, whence the area of the whole segment may be found.



TABLES OF OI'FBET! FOR RAILWAY CURVES, AND CORRECTION
¥ LEVELS FOR CURVATURE, ETC.

)lo.!.——OMuthaondoﬂhoﬂnlchdnmupmt!:o!nwruumm

Kadius | Offects in || Hadius . Offsets in || Radius | Offsets In | Radius [ Offvets in
of curvel inches and ol‘cnrvelm:humd of curve! inches and lu!cum inches and
in chins.| decimal inchns. d in chns. |_decimals, | in chns.| decimals.

41 9°6588 6s 6-:0923 89 4'4496 122 3°2459
42 9:4285 66 6-0000 90 44000 124 3-1935
43 9-2093 67 - 5-9104 91 43516 125 3-1680
44 90000 68 ., 58235 92 4:3043 126 3°1428
45 88000 69 5:7391 93 4:2581 128 3-0937
46 LY 70 56571 94 42128 130 3-0461
47 8°4255 71 ' 55774 95 4°1684 | 132 3-0000

a0 | v'9000 | 64 ]‘Fuu' 88 | 4°5000 | 120 | 3-3000
1
t
i
|
|

48 8°2500 72 . 55000 96 4°1250 | 133 29552

4y 80810 73 ' 54246 | 97 | 4-0825 | 135 29333

50 7°9200 74 53513 98 | 4:0408 | 136 29117

51 7°7647 75 ' 5°2600 | 99 40000 }; 138 28645
i

52 7°6154 76 5°2105 100 39600 | 140. 2°8285
53 | 74717 ; 77 , 51428 || 102 | 3-8824 || 142 | 2 7887
54 | 73333 74 | 50769 'f 104 | 38077 | 144 | 2:7500
65 | 7-2000 79 | 50126 [ 105 | 37714 ' 195 | 2-7310
56 7:0714 | WO 4°9500 106 3:7358 146 2:7123

57 69473 81 4'888Y | 108 3'6667 || 148 2:6756
68 | 6-8270 82 45202 ! 110 3 6000 | 150 2:6400
69 | 67118 &3 47711 112 3:5352 1) 152 | 2-6052

[i{1] 6°6000 84 4°7143 114 3:4736
61 G491 85 46584 115 3:4435
62 63871 86 4°6046 116 3:4138 156 2-5384
63 626567 |' N7 4°5517 18 33559 158 2:5063

'IAIIl.I‘.N lil-‘ 'Olllll-.( TI”\H FOR CURVATURE, ETC.

\u. a4 Difference tw twwn upp.n\'m nud \u 4.~ Illl‘h-n'uu “Itween ap)- /p)- are nt and true

154 2:5714
155 25548

lruo lesel for distanees tn chulns, level tor distances in milen,
Correction In declimals of oot Correction in feet aud decnnals,
Distagce] For curva- |{Distuncy For curva. | {Distauce] For curva-  Distates | For carvas
in ture atd n ture and in [ ture nud ] in ture and
chalmm. | ref™action, | chane | pofra tion. _n_nlh':___ _Tefraction. i milee _rtfmruon.
31 001 14 ‘017 1 03 || 10 | 3717
4 ‘003 14} ‘019 i ‘15 |1 10} | 61°30
43 ] 15 ‘0320 3 *32 11 6918
) *003 15§ *021 1 *5% 114 7559
(1} 003 16 0323 1} 1°29 13 82°29
6 *004 16} ‘024 2 229 12§ | 929
6} ‘003 17 *036 1) 357 13 9638
] 004 17} 027 3 514 13§ | 104°14
71 ‘008 ) ‘029 3} 7:00 14 | 113200
8 ‘006 184 031 4 915 14§ | 120118
3] ‘006 19 ‘033 4} 11 62 15 | 128°57
9 *007 19} *034 5 14-29 15} | 137-29
9} ‘008 20 ‘036 8} 17:30 16 146°29
10 009 204 ‘038 6 20°58 16] | 18587
10§ 009 21 *039 6} 2415 17 165°15
11 o011 n§ ‘041 7 28°01 17§ | 17300
1ng ‘012 19 043 7% 3216 18 | 18514
13 ‘018 22} ‘046 8 3659 18} | 195°39
12} 014 23 047 8} 4131 19 | 20629
13 -016 23} ‘049 9 46:30 19} | 217°29 !
133 ‘016 24 081 o} 51-60 g0 | 938°60 '

Printed by J. 8. Hodeox, 33, Portugal Stroet, Linculn's Ina.
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4 JOHN WEALE'S

RUDIMENTARY WORKA,

OF EDUCATIONAL WORKS;
OR

Volumes intended for Public Instruction and for Reference :

Tux public favour with which the Rudimentary Works on scientific subjects have
been received induces the Publisher to a New Seri what different
in character, but which, it is hoped, may be found aqmlly serviceable. The
Dicrionanizs of the MobEaN Lanauaaks are arranged for facility of reference,
#0 that the English traveller on the Continentand the Foreigner in England may
find in them an easy of , although possessing but a slight
aoquaintance with the respective languages. They will also be found of essential
service for the desk in the merchant’s office and the counting-house, and more

icularly to s numerous class who are anxious uucq\un & knowledge of

so generally used in mercantile and cial t

m: of small and concise Grezx and Larin DicrionaRires has long been

hlt by the younger students in schools, and by the classical scholar who requires

{ that may be carried in the pocket ; and it is believed that the present is
tlue first luempt which has been made to offer a complete Lexicon of the Greek
Language in so small a compase.

In the volumes on ExoLaxp, Gnlnc: and Roxe, it is intended to treat of
History as a Science, and to present in a connected view an analysis of the large
and expensive works of the most highly valued historical writers. The extensive
circulation of the preceding Series on the pure and applied Sciences amon,
students, practical mechanics, and others, affords conclusive evidence of
desire of our industrious classes to acquire substantial knowledge, when placed
within their reach ; and this has induced the hope that the volumes on History
will be found proﬁublo not only in an intellectual point of view, but, which is of
nxll highar im| e, in the social improvement of the peaple ; for without

dge of the pr of the English constitution, and of those events
which have more es mlfy tended to promote our commereial prosperity and
political freedom, it s 1m‘r1-iblo that l corrscl judgmem can be formed by thc
mass of the peop the
welfare, or of the character of men but quhﬁod corepmennhm in Parliament ;
and this knowledge becomes mdn:r-hle in exact proportion as the elective
fnnehnnmyboexunded and the system of government become more under
the influence of public opinion.

The scholastic application of these volumes has not been overlooked, and &
comparison of the text with the examiuations for degrees glven, will show their

htytothooouru of historic study pursued in the Ummh.‘
and London.

1, 2. Comsrrrurionar. Hisrony or Exaran, 2 vola, by W. D, Hamilton 9.

X% DOwN roVuaolu,bytlu
same e e o . . . o
I.Onunornlﬂmwombyhm. « e e« la
[ 8 0 13 Bxooxine A Romaw
Paovinos, by the same e e e & e « s+ Jdatd
7. Ovrixz Hisroar or Roun e e & o e« +

L 0 tas Dacuina - o Jatd
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AUDIMENTARY WORKS.

9,10. A Cumoxoroar or CiviL axp Eccresiasticar Hisvomv, Lizema-
TURR, SCIENCE, aXD ART, from the carliest dnn to » late period,

. 2wols,by Edward Law. . . . - 3
11 Guuln or tax ExoLisu Laxevaos, for use m Schools and for
Private Iustruction, by Hyde Clarke, Esq., D P T

12, 18. Dicrionary or THE ExoiisE Laxetack A new nnd compressed
Dictiouary of the English Tungue, as Spoken and Written, lncludmg
above 100,000 words, or 50,000 more than in any existing work,
and includi 10,000 addiu ‘Mnmngl ofOlqurdi,ﬁvoll.

in J, by the same . «  8s06d
14. Granman or Tk GREEx Ln«wm:, by ll C. Humlton [ 3
15, 16. Dictioxany oF THE GREEX anp Enorism Lu«muan, by . R.

Hamilwu, 2 vols.in 1 . . 2.
17,18, " EnQLISH AND Gnu anomou,“ vol-. in l.

by the same . P A
19. Grawman or THE Lamin Lumuon . S Y
20, 21. Dicrioxany or TR Lativ anp Exorisu Lnouo- . . 2.
22,23 ExuLisB aNp Latin Lavouvaess . . 1:.641.
24, Granman or TuE Frzxcu Lu«.umx, by Dr. Stnuu, late Lecturer

at Besangon . . . la.

25. Dicrionany or THE hmscu AND l'.mml Luoumn. by A. um ls.

26. Encuisr avp Fuxcu Laxauaoxs, by the same ls. d.
27. GrauMaRr oF THE ITaLiax Laxguaar, by the same . A X
28, 29. DicrioNarY or ok Iraniay, Excrisn, axp Frexen Lanovaoss,
by the same . e . . . . . . 2.
30, 3], e e Enaunn. }'n\cu, axp Iraviax Lanouaoxs,
by the same . . 2
32, 83. Fum:n, hu.ml. AND l-.nm.lu Lmuuau,
by thesawme . . . . e . 2
34. GRaMMAR OF THE SraNisH Lnomol, by the same . . la.
85, 36. Dictioxary or THE Sranisn axp Exotisg Laxeuaiors, by du
same . . . . . 2.
87, 38. qum AXD Sruuu Luomon, by ﬁu
ame . . . . . PR 7 8
39. Grauxan or g Gemrmax Lnoual,ly Dr btnnu . . e

40. CLassical Grruan Rxapes, from the best Authors, by the same . la
41, 42, 43. Dicriosamies or T Enoiisu, Guamans, axp Fazxcx
Lanovacus, by N. E. 8. A, Hamitron,3vols. . . . . . 3
44, 45. Dicriovany or Tax Hxarzw axp Esousn anp Esguisu anp
Hearxw Laxcraoss, containing all the new Biblical and Rabbinical
worda, 2 vols. (together with the Grammar, which may be had
soparately for ls.), by Dr. Bresslau, Hebrew Professor . 7

SUPPLEMENTARY TO THE

Doumsric Mapicixx ; or com, and comprebensive Instructions for Self-eid
g simple and eﬁanl’ll:%un{wdn Px:;rvwou‘:;dmuon.:‘(
originally written Raspail, now trauslated
bhu-olthhnt{nhpnﬂn. ls. 6d, 7
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7%. GarLvarisu, by Sir William Snow Harns . . le.6d.
62. Ratuwavs, beingvoli. . . . . . . . . . la
75%, Supplement to Recewr and Fosssr Suprzs . . . o la6d
78%. Rudimentary Treatise on Locomorive Excines . . . . s
79*. Atlu to the preceding, ennplel of the several Engmel in dehll

. 3s. 64,
8gees, On Warzz Wolu for the Snpply of 'l'om, 3 vols. e o o 3
86, 87% Key to the ELxmgnts o’ AzoxBRA . . . . . la6d.

101*, On WxiGHTS AND MzAsURRs OF ALL NATIONS . . o la6d
THE WORK ON

BRIDGES OF STONE, IRON, TIMBER,
AND WIRE.

In ¢ Vols., bound in 3, described in the larger Catalogue of Publications ; to
which the following is the Supplement, now completed, entitled
SUPPLEMENT TO «“ THE THEORY, PRACTICE, AND
ARCHITECTURE OF BRIDGES OF STONE, IRON,
TIMBER, WIRE, AND SUSPENSION,”

In one large 8vo volume, with explanatory Text and 68 Plates, comprising
details and measured dimensious, in Parts as follows :—

Part I, e« e & .+ 6
»IL . . ¢ . . 6
o L. . . . .+ . 6
» IV o o« . o 10
s V.EAVL , . . . 2.
Bound in half-morocco, uniform with the larger work, price 2/, 108, 0r in &
different pattorn at the same price.

LIST OF PLATES.

Cast-iron girder bridge, Asbford, Rye Mr. Fairbairn's hollow-girder bridge

and Hastings Railway, st Blackburn. .
Details, ditto. Waterford and Limerick Railway
Elevation and plan of truss of St

uuf.vum.mm llollwdrdc bridge over the River

Medlock.

lmnulhﬁpmﬁohﬂnyu Railway bridge over laguoes of

Chalk Farm, " Veauios,
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OF WORKS.

BRIDGES OF STONE, &cC.

Oblique cast-iron bridge, on the system
of M. Poloncean, over the Canal St.
Denis.

Blackwall Extension Railway, Com-
mercial Road bridge.

Ditto, enlarged elevation of outside
girders, with details.

Ditto, details.

Ditto, ditto, and sections.

Ditto, ditte,  ditto.

Richmond and Windsor main line,
bridge over the Thames.

Ditto, details.

Ditto, ditto, and sections.

Orleans and Bordeaux Railway bridge.

Ditto, sections and details.

Rouen and Havre Railway timber bridge.

Ditto, details.

Ditto, ditto, and sections.

Viaduct of the Valley of Malauncey,
near Rouen.

Hoop-iron suspension bridge over the
Seine at Suresne, department de la
Seine.

Hoop-iron suspension foot bridge at
Abainville,

Suspension bridge over the Douro, iron
wire suspension cables.

Ditto, details.

Glas and South-Western Railway
bridge over the water of Ayr.

Ditto, sections and details.

Plan of the cities of Ofen and Pesth.

Sections and soundings of the River
Danube.

Longitudinal section of framing.

No. 1 coffer-dam.

Transverse framing of coffer-dam.

Sections of Nos. 2 and 3 of coffer-dam.

Plan of No. 3 coffer-dam and ice-
breakers.

Plan and elevation of the construction

of the scaffolding, and the manner of |  bridge.
hoisting the chains. | Lamp and pedestal at ead of wing walls.

Line of soundings,~— dam longitudinal
sections.

Dam sections.
Plan and elevation of the Pesth suspen-.
sion bridge.
Elevation of Nos. 2 and 3 coffer-dams.
End view of ditto,
Transverse section of No. 2 ditto.
Transverse section of coffer-dam, plan
of the 13t course, and No. 3 pier.
Vertical section of Nos. 2 and 3 piers,
showing vertical bond-stones.
Vertical cross section of ditto.
Front elevation of Nos. 2 and 3 piers.
End elevation of ditto.
Details of chains.——Ditto.
Ditto and plan of nut, bolt, and retain.
ing-links.
Plan and elevation of roller-frames.
Elevation and section of main blocks
for raising the chains.
Ditto, longitudinal section of fixtare
picr, showing tunnel for chains.
| Plaaand elevation of retaining-plates,
showing machine for boring holes for
retaining-hars.
Retaining Link and bar.
! Longitudinal plan and clevation of cast.
iron heam with truss columns.
Longitudinal elevation and section of
trussing, &c.
. Plan of pier at level of footpath.
. Detail of cantilevers for supporting the
balconies round the towers.
| Elevation and section of cantilevers.
Detail of key.stone & Hungarian arms.
Front elevation of toll-houses and wing
walls.
Longitudinal elevation of toll-house,
fixture pier, wing wall, and pedestal.
Vertical section of retaining-piers.
Section at end of fixture pier, showing
chaio-hbles.
Lamp and pedestal at estrance of

Separately sold from the above in & volume, price half-bound in morocco £1. 12a.
An ACCOUNT, with Illustrations, of the SUSPENSION
BRIDGE ACROSS the RIVER DANUBE,

BY WILLIAM TIERNEY CLARK, C.E., F.R.8.

With Forty .
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GREAT EXHIBITION BUILDING.
The BUILDING erected in HYDE PARK for the
GREAT EXHIBITION of the WORKS of
INDUSTRY of ALL NATIONS, 1851:

Tlustrated by 28 large folding Plates, embracing plans, elevations, sections, and
details, laid down to a large scale from the working drawings of the Contractors,
Messrs. Fox, Hexpenson, and Co., by Crarres Downks, Architect; with a
scientific description by Cranrrzs Cowrer, C.E.

In 4 Parts, royal quarto, now complete, price £1. 10s.,
or in cloth boards, lettered, price £1. 11s. 6d.
*,* This work has every measured detail s0 thoroughly made out as to enable
the Engincer or Architect to ercct a construction of a similar nature, either more
or less extensive.

SIR JOHN RENNIE'S WORK

THEORY, FORMATION, AND CONSTRUCTION
OF BRITISH AND FOREIGN HARBOURS.

Coplous explanatory text, illustrated by numerous examples, 2 Vols., very neat
in half-moroceo, £18

The history of the most ancient maritime nations affords con-
clusive evidence of the importance which they attached to the
construction of secure and extensive Harbours, as indispensably
Recessary to the extension of commerce and navigation, and to the
successful establishment of colonies in distant parts of the globe.

To this important subject, and more especially with reference to
the vast extension of our commerce with forcign nations, the atten-
tion of the British Government has of late years been worthily
directed ; and as this may be reasosably expected to enhance the
'k:lom of any il:iformnion w:niehmmEng .in to our existing stock of

wledge in a department of Civi incering as yet but imperfect}
understood, its contribution at the preﬂ:t time m; become gemﬂ;
useful to the Engineering Profession.

The Plates are executed by the best mechanical Engravers; the Views
engraved under the direction of Mr. Pye: all the Engineering Plates nave
sious, with every explanatory detail for professional use,
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n octavo, cloth boards, price 9s.
HYDRAULIC FORMUL.E, CO-EFFICIENTS,
AND TABLES,

‘For finding the Discharge of Water from Orifices, Notches, Weirs,
Short Tubes, Diaphragms, Mouth-pieces, Pipes, Drains, Streams,
and Rivers.

BY JOHN NEVILLE,

ARCRITECT AND C.E., NEMBER ROYAL IRISH ACADEMY, MEMBER INAT, C.R.
IRRLAND, MXMBER GEOLOGICAL S0C. IRELAND, COUNTY SURVEYOR OF
LOUTH, AND OF THE COUNTY OF THE TOWN OF DROGHEDA.

This work contains above 150 different hydraulic formule (the
Continental ones reduced to English measures), and the most ex-
tensive and accurate Tables yet published for finding the mean
~velocity of discharge from triangular, quadrilateral, and circular
orifices, pipes, and rivers; with cxperimental results and co-
efficients ; —effects of friction ; of the velocity of approach; and of
curves, bends, contractions, and expansions;— the hest form of
channel ; —THE DRAINAGE EFFECTS OF LONG AND SHORT WKIRS,
AND WEIR-BASINS ;—cxtent of back-water from weirs; contracted
channels ;—catchment  basins ;—hydrostatic and hydraulic pres-
sure ; — water-power, &c.

TREDGOLD ON THE STEAM ENGINE.

Published in 74 Parts, price 2. 6d. each, in 4to, illustrated by very numerons
cngravings and wood-cuts, 8 new and much extended edition, now complete in
3 vols. bound in 4, in elegant half-morocco, price Nine Guincas and a Half.

THE STEAM ENGINE,
IN ITS PROGRESSIVE AND PRESENT STATE OF IMPROVEMENT;
Practically and amply elucidating, in every detail, its modifications
and applications, its duties and consumption of fuel, with an
investigation of its principles and the proportions of its parts for
efficiency and strength; includin'iemplu of British and American
recently engines, with details, drawn to a large scale.

The well-known and highly ;tppmted Treatise, Mr. TrEDGOLD'S
national Work on the Stxau Engixe, founded on scientific principles
and compiled from the practice of the best makers—showing also
easy rules for construction, and for the calculation of its power in
has commanded & most extensive sale in the several
ish editions, and in Translations on the Continent. These
i being now out ¢f print, the proprietor has been induced to

]

I
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TREDGOLD ON THE STEAM ENGINE.

enlarge and extend the present edition by practical examples of all
kinds, with the most recent improvements in the construction and
practical operations of the steam engine both at home and abroad.

The work is divided into the sections named below, either of
which may be purchased separately : working engineers will be
thus enabled to select those portions which more especixle}{ apply to
the objects upon which they may be respectively employed.

Several scientific men, extensively and practically employed, have
contributed original and really practical papers of the utmost utility ;-
by which the value of this extended edition is much increased. A
copious INDEX for reference is added.

Division A. Locomotive Engines, 41 plates and 55 wood-cuts, complete, making
Vol. 1. In half-morocco binding, price £2. 124, 6d.

Division B. Marine Engines, British and American, numerous plates and wood-
cuts, making Vol. II.; bound in 2 vols. balf-morocco, price £3. 13s. 6d.

Division C to G. making Vol. IIL, and completing the work, comprising
Stationary Engines, Pumping Engines, Engines for Mills, and several examples
of Boilers employed in the British Steam Navy; in half-morocco, price
£3. 130, 6d.

LIST OF PLATES.

DIVISION A.—LOCOMOTIVE ENGINES.

Elevation of the 8.wheeled locomotive
engine and tender, the Iron Duxs,
on the Great Western Railway.

Longitudinal section of ditto.

Plan, ditto.

Tranaverse sections, ditto.

Details of ditto: transverse section
through working gear, transverse
section and end view of tender ; plan
and section of feed-pump; plan and
elevation of hand-pump; details of
inside framing, centre axle, driving
axle-box, regulation-valve, centre-
beam stay, &c.

Elevation of Crampton’s patent loco-
motive engine and :ndlr

Plan of ditto.

Transverse

sections of ditto.
Elevation of the Praacauox G.wheeled

goar of ditto.
Dlmby J. Sewell, L.B,, of re-

‘plrh of the train; and
portion of engines of the class of the

GaxAT Britaix locomotive, includ-
ing tender, with various loads and at
various veloeities ; also of the ad-
ditional resistance in tbs. per ton of
the train, when the engine is loaded,
to be added to the resistance per ton
of the engine and tender when un-
loaded.

Side and front elevation of an express

carriage ;

Easstern Counties Railway by James
Samuel, C.E., Resident Engineer.
Longitudinal and cross section of ditto.
Plan of ditto; with plan and section of
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valves of locomotive engines,—viz.
fig. 1. stroke commences; fig. 2,
steam-port open; fig. 3, steam-port
open ; fig. 4, steam-port open ; fig. 5,
stroke completed, steam cut off,
exhaustion cemmences ; fig. 6, stroke
commences; fig. 7, steam-port full
open; fig. 8, steam cut off; fig. 9,
exhaustion commences; fig. 10, steam
completed.

Ditto, drawn and engraved to half-size :
fig. 1, old valve, yy-inch lap; fig. 2,
§-inch lap; fig. 3, §-inch lap; fig. 4,
§-inch lap, Gray's pateat; fig. §,
1-inch lap.

Elevation of a six-wheeled locomotive
engine and tender, No. 135, con.
structed by Messrs. Tayleur, Vulcan
Foundry, Warrington, for the Cale-
donian Railway.

Longitudinal section of ditto.

Plan of ditto, engine and tender, with
cylindrical part of boiler removed.
Elevations of fire-box, section of fire-
box, section of smoke-box, of ditto.
Elevations aud sectional parts of ditto.
Sectional parts, balf-plan of working

gear, ditto.

Elevation of Messrs. Robert Stephenson

and Co.’s six-wheeled pateat loeo-
motive engine and tender.
Longitudinal section of ditto.
Plan and details of Stcphenson's patent

engine,

Section of fire-box, section of amoke.
box, front and back elevations of the
same.

Plan of a six-wheeled engine on the
Birmingham and Shrewsbury Rail.
way, constructed by Messrs. Bury,
Curtis, and Kenuedy, Liverpool.

Longitudinal section of ditto.

Sectional elevation of the smoke.box, &

Sectional elevation of the fire-box of

ditto.

Elevation of the locomotive en and
tender, Prxws, adapted for high
speeds, constructed by Mesars. R. &
W. Hawthorn, of Newcastls-upon.
Tyne, for the York, Newcastle, and
Berwick Railway Company.

Longitudinal section of ditto. This
section is through the Sre-box, boiler,
and smoke-box, showing the tubes,
safety-valve, whistles, steam and blast
pipes, &e.

Plan of ditto.

Plan of the working gear, details, &o.

Forty-one plates and fifty-five wood

DIVISION B.—MARINE ENGINES, &cC.

Two plates, comprising figures 1, 2,
and 3, Properties of Steam.

Plan of H.M. screw steam frigate
Davunrrzss, constructed by Rol
Napier, Esq.

Longitudinal elevation and transverse
section of ditto.

Loagitudinal for AB
Wm.:t C'Don s

Engines of H.

construct

cylinder

tions of engines.

Oscillating engines of the Peninsular
and Oriental Company’s steam vessel
ArixL, coustructed by John Peaa
and Sons. Longitudinal section.

Section at engines of ditto.

Section at boiler of ditto.

Plan at boiler of ditto.

Section at air-pump, and at cylinder.

Annular cylinder engines of the iron
steam vessels Princzss Many sad
Paixczss Mauns, constructed
Maudslay, Sons, and Field.
tadinal section.

Transverse section at engines of ditto.

Plan du -'h.d ditto, showing

of
bunkers, paddles, kc.

Plan of engines of H. M. steam vessel
S1M00m, constructed h‘hn- -

& Co., of London sad
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Longitudinal section of the Sinoon.
Crosa section of ditto,
anil:o of the Rxp Roves, side view

plan,

Longitudinal section of ditto.

Cross sections of ditto.

Sheer t and plans of vessel.

Plan of the engine of H. M. steam frigate
Pramx,

Longitudinal section of engine of ditto.

Cross section of ditto.

Engine of the Rusy steam vessel, ele-
vation and plan.

Sheer draught and plan of vessel.

Plan of engine of the WiLsxaroncr,
Hull and London packet.

Cross section of ditto and vessel.

Longitudinal section of engines of ditto.

Elevation of engines of ditto.

Engines of the Bzmenick, Hon. E. I.

.’s steam vessel.

Section of ditto,

Sheer draught and plan, stern view,
and body plan of vessel.

View of the Benxnics, whilst at sea.

Boilers of H. M. ships Hzauzs, SriT-
rine, and FinxrLy.

Kingston's valves, as fitted on hoard
soa-going vessels for blow-off injec-
tion, and hand-pump sea valves.

Boilers of H. M. steam vessel A"t:;“‘.

Morgan's paddle.wheels, as fitted in
H. M. S. Mzoza.

Side elevation of ditto.

Pl:;lntuppu and lower decks of

tto.

Sheer t and profile of ditto. .
Morgan and Seaward’s paddie-wheels,

comparatively.

Pouitions of a float of a radiating pad-
dle-wheel in a vessel in motion, and
positions of a float of a vertically
acting wheel in & vessel in motion.

Cycloidal paddie.wheels.

Seiling of steamers in five points from

hfnuhl steaming and sailing of

CaALRDONIA, V!fnwun. Asta,
and Mzpaa.

Rogines of H. M. steam ship Mzaxna.

Rugine of the steam boet Nsw Woarn,

T. P. Secor & Co., Engineers, New
York. Elevation and section.
Elevations of cylinder and crank ends,
Steam cylinders, plans, and sections,
Details.
Several sections of details,
Details and sections.
Details of parts.
Plans and sections of condenser, bed.
plates, air-pump bucket, &c.
Details and sections, injection valves.
Details, plan and elevation of beams,
&c

Details, sections of parts, boilers, &ec.
of the steam boat New Worip.,

Sections, details, and paddles.

Engines of the U.S. mail steamers Onio
and GxorGia. Longitudinal section.

Elevations and cross sections of ditto.

Details of steam-chests, side-pipes,
valves, and valve gear of ditto.

Section of valves, and plan of piston of
ditto.

Boilers of ditto, sections of ditto.

Engine of the U.S. steamer WatR-
Wircn. Sectional elevation.

Steam-chests and cylinders of ditto.

Boilers, sections, &c. of ditto.

Boilers of the U.S. steamer Pownaraw,

Front view and sections of ditto.

Elevation of the Pittsburg and Cin-
cinnati American packet Buckzrs
StaTe.

Bow view, stern view,

Plan of the Buckxzyx Sratz.

Model, &c. of ditto, wheel-house frame,
cross section at wheel-house, and
body plan.

Plan and side elevation of ditto.

Sheer draught and plan, with the body
plan, of the U.S. steam frigste
Samanac.

Longitudinal section of ditto, cross see-

tion.
Engines of the U. S. steamer Susqun-
RANNA,
!w of the U.S, Paciric steam
Plan of ditto.
Bollers of ditto, end views,
Ditto ditto.

Bighty-five engraviage and fifty-ene weed-cuta,
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DIVISION C. TO G., FORMING VOL. III.
STATIONARY ENGINES, PUMPING ENGINES, MARINE BOILERS, &cC.

Side elevation of pumping engine, U. S.
dock, New York.

End elevation of ditto.

Elevation and section of the pumps,
ditto.—2 plates.

Boilers of pumping engines, ditto.

Boilers, Details, &e. of pumiping engines,
ditto.

Plan of the boilers, ditto.

Isometrical projection of a rectangular
boiler.

Plan and two sections of a cylindrical
boiler.

Brunton’s apparatus forfeeding furnace-

by means of machinery.
Parts of a high-pressure engine with a

4-passaged cock.

Section of a double-acting condensing
engine.

Section of a common atmospheric en-
gine.

On the onstruction of pistons.
Section of steam pipes and valves.
Apparatus for opening and closing steam

passages.

Parallel motions.—2 plates.

Plan and elevation of an atmospheric
engine.

Elevation of a single-acting Boulton
and Watt engine.

Double-acting engine for raising water.

Double-acting engine for impelling
machi

nery.

Maudslay's portable condensing engine
for impelling machinery.

Indicator for measuring the force of
steam in the cylinder, and diagrams
of forms of vessels.

Section of a steam vessel wi;h its bo‘i‘lle:'.
in two parts—diagrams showing

—longitudinal section through
iler and fire-

Isometrical projection of a steam-bost

Plan and section of a steam-boat engine.
Ten horse-power ne, constructed
by W. Fairbaim

engine, at the manufactory of Whit.
worth & Co., Manchester.

Messrs. Hague's double-acting cylinder,
with slides, &c.

Sixty-five-inch cylinder, erccted by
Maudslay, Sons, and Field, at the
Chelsea Water-works.—5 plates.

Beale’s patented rotary engine.

Double-story boilers of R.M.S. Dxvas.
TATION, 400 H. P.

Refrigerator feed aud brine pumps.

Feed and brine apparatus, as fitted on
board the West India Royal Mail
Company’s ships.

Boilers of Ii. M. steam sloop BastLisx,
400 H. P,

Boilers of the Singaronx, 470 H. P,
Peninsular and Oriental Company.,
Original double.story boilers of the

Gurear WesrERN,

Telescopic chimney, or sliding funne,
of H. M. ship lHvoxa, 220 IL. P,

Seaward's patent brine and feed valves.

Boilers of . M. mail packet Uxpink,
(Miller, Ravenhill, & Co.) 100 H. P,

Cross sections of engines of 1. M. mail
packet Unpine.

Longitudinal elevation of ditto.

Brine-pumps as fitted on board H. M. S,
Mxpea, 220 H. P. (Maudslay, Sons,
and Field.)

Boilers of H. M. S. Hypra, 220 H.P.

Plan of the four boilers, with the sup-
plementary steam-chests and shut-off
valves, of the Avexoxs,

Boilers of H. M. steam ship Niaxs, 400
H. P, fitted by Maudslay, Sons, and
Field.

Experimental bmler, Woolwich Yard.

Boilers of H. M. S. TeasinLz, 800 H.P.
(Maudslay, Sons, and Field.)

Boilers of the Mixx and Tzasxa, 100
H. P. (transferred to Wasr.)

Boilers of the Sansiwn, 450 1. P.

Daniel’s pyrometer, full size.

Boilers of the Dxarzzars, 400 H.P.
(Maudslay, 80.s, and Field.)

Boilers of the Nioxa (2nd plste).

Boilers of H.M.8. Basisx (3ad
plate).

!oden)cl the Usnorn.
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Boilers of the Royal Mail steam ships
Asia and Armica, 768 H.P., con-
structed by R. Napier, Glasgow.

In‘lllgltudiul snd midship sections of

itto.

Boilersof H.M. 8. La Hoaus, 450 H.P.
(Seaward & Co.
H.M.8. 8ivox, 560 H.P. Plan of
funnel.
Boilers of H. M. 8. Baisk, 250 H.P.
Copper boilers for H. M. S. Sans-
an‘m, 850 H.P. (James Watt &

American marine boilers, designed and
executed by C. W. Copeland, Esq.,
of New York, as fitted on board the
American packets.

Midship section of the hull of the steam

ket Pacivic, New York and
verpool line.

Elevation of pumping engines of the
New Orleans Water-works, U. S, ar-
ranged and drawn by E. W. Smith,
Engineer, constructed at the Allaire
‘Works, New York.

Elevation of pamps and valves, chests,

&c.

ny,
Elevation at steam cylinder end.
General plan of a turbine water-wheel
in operation at Lowell, Massachusets,
U.S., by J. B. Francis, C.B.
Elevation of ditto.—— Section of ditto.
Plan of the floats and guide curves,
ditto.

Large self-acting surfacing and screw.
propeller lathe, by Joseph Whitworth
& Co., Manchester.

Longnudlml section, showing arrange-
ment of engine-room for disc engine
applied to a screw propeller, and
Bishop's disc engine, by G. & J.
Rennie, with details.

Arrangement of engine-room forengines
of 60 horse-power, for driving pro-
pellers of H. M. steam vessels Rxy-
NarD and Cruiser, constructed by
Mesars. Rennie. Longitudinal sec-
tion and engine.room.

Ditto. Transverse section at boilers
and at engines.

Very claborate dingrams showing ex-
periments and results of various pad-
dle-wheels.—8 plates.

Steam flour-mills st Smyrna, con-
structed by Messrs. Joyce & Co.
Double cylinder pendulous condens-
ing engine, side elevation.

Side elevation, horizontal phn‘ ditto.

Longitudinal section,

Horizontal plan of mill-house and
boilers.

Transverse section through engine-
house and mill.

Boilers, longitudinal and transverse
sections, front view,

Section through mill.stones, elevation
of upper part, section of lower part,
plan of hopper, &ec.

SUMMARY OF THE ILLUSTRATIONS.

Plates. Wood-cuts,

Vol. I. Locomotive Engines . « . . 4l 85

II. Marine Engines . 83 51
IlI. Stationary Pmp::g !nglnu. Engmu

for Flour-Mills, Examples of Boilers, &c., &c.. 100 58

Total . . . 22 164

FULL-LENGTH PORTRAIT OF
HENRY CAVENDISH, F.R.S.

Some few India paper proofs, before the kmn.e“huddmed
Philosopher and Chemist, to be bad, price 4. 6d.
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HINTS

YOUNG ARCHITECTS:

COMPRISING

ADVICE TO THOSE WHO, WHILE YET AT SCHOOL ARE DESTINED
TO THE PROFESSION;

70 SUCH AS, HAVING PASSED THEIR PUPILAGE, ARE ABOUT TO TRAVEL

AND TO THOSE WHO, HAVING COMPLETED THEIR EDUCATION,
ARE ABOUT TO PRACTISE:

TOGETHER WITR

A MODEL SPECIFICATION:

INVOLVING A GREAT VARIETY OF INSTRUCTIVE AND S8UGGESTIVE MATTER,
CALCULATED TO FACILITATE THEIR PRACTICAL OPERATIONS;

AND TO DIRECT THEM IN THEIR CONDUCT, AS THR RESPONSIBLE
AGENTS OF THEIR EMPLOYERS,

AND AS THE RIGHTFUL JUDGES OF A CONTRACTOR'S DUTT.

Br GEORGE WIGHTWICK, ArcHITECT.

OONTENTS :~—
Preliminary Hints to Young Archi- Model Specification :
tects on the Knowledge of Stone-cutting.
Drawing. - Grecian or [talian only.

On Serving his Time. ——, Gothic only.

On Travelling. Miscellaneous.

His Plate on the Door. Slating.

Orders, Plan-drawing. Tiling.

On his Taste, Study of Interiors. Plaster and Cement-work.

Interior Arrangements. Carpenters’ Work,

Warming and Ventilating. Joiners’ Work.

House Building, Stabling. Iron and Metal-work.

Cottages and Villas. Plumbers' Work.

Model Specification :— Drainage.
General Clauses, Well-diggi
Foundations. ArtiSicial Levels, Concrete,
Well Poundations, Piliag and
Artificial Foundations. Plaaking, Paving, Vaulting,
Brickwork. Bell banging, Plambisg, and
Rabble Masonry with Beiek Building generally.
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THE ENGINEER'S AND CONTRACTOR’S
POCKET BOOK,
WITH AN ASTRONOMICAL ALMANACK,
REVISED FOR 1855-6. In morocco tuck, price 6.

CONTENTS.

Az, Airin motion (or wind), and wind.
mills.

Alloys for bronze ; Miscellaneous alloys
and compositions; Table of alloys;
Alloys of copper and zinc, and of

and tin.

Almanack for 1855 and 1856.

American railroads ; steam vessels.

Areas of the segments of a circle.

Armstrong (R.), bis experimeat on
boilers.

Astronomical phenomena.
Ballasting.
Barlow’s (Mr.) experiments.
Barvel drains and culverts.
Bell-hanger's prices.
Blowing a blast engine.
Boilers and engines, proportions of ;
Furnaces and chimneys; Marine.
Bossut's experiments on the discharge
of water by horizontal conduit or
conducting pipes.

Brass, weight of a lineal foot of, round
and square.

Breen (liugh), his almanack.

Bricks.

Bridges and viaducts; Bridges of brick
and stone; Iron bridges; Timber
bridges.

Burt's (Mr.) agency for the sale of pre-
served timber.

Cask and malt gauging.

Cast-iron binders or joints; Columns,
formulm of; Columns or cylinders,
Table of diameter of; Hollow co-
lumns, Table of the dismeters and
thickness of metal of ; Girders, prices
: i Stancheons, Table of, strength

Chaizs, tables, weights, &e.
Chatburn limestone.

Comparative values between the pre.
seut and former measures of capacity.

Continuous bearing.

Copper pipes, Table of the weight of,
Table of the bore and weight of cocks

for.

Copper, weight of a lineal foot of, round
and square.

Cornish pumping engines.

Cotton mill; Cotton press.

Current coin of the principal commercial
countries, with their weight and re-
lative value in British money.

Digging, well-sinking, &e.

Docks, dry, at Greenock.

Draining by steam power.

Dredging machinery.

Dwagr, Table of experiments with
H. M. screw stear tender.

Barthwork and embankments, Tables
of contents, &c.

Experiments on rectangular bars of
mallcable iron, by Mr. Barlow; on
angle and T iron bars.

Fairbairn {(Wm.), on the expansive
action of steam, and a new construc-
tion of expansion valves for condens-
ing steam engines.

Feet reduced to links and decimals.

Fire-proof flooring.

Flour-mills.

Fluids in motion.

Francis (J. B., of Lowell, Massachusets),
his water-wheel.

French measures.

Friction.

Fuel, boilers, furnaces, &c.

Furnaces and boilers.

Galvanized tin iron sheets in Loadon
or Liverpool, list of gauges and
weights of.

Gas-tubing composition.

Glynn (Joseph), F.R.S., om turbing
water-wheels,
experiments on pusmping water.

Heat, Tables of the effocts of,
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Hexagon heads andnuts for bolts, pro-

rtional sizes and weights of.

Hick's rule for calculating the strength
of shafts.

Hodglumon s (Eaton) experiments.

Hungerford Bridge.

Hydraulics.

Hydrodynamics.

Hydrostatic press.

Hydrostatics.

Imperial standard measures of Great
Britain; Iron.

Indian Navy, ships of war, and other
vessels.

Institution of Civil Engineers, List of
Members of the, corrected to March
15, 1852,

Iron balls, weight of cast; bars, angle
and T, weight of ; castings; experi-
ments ; hoop, weight of 10 lineal
feet; lock gates; roofs; tubes for
locomotive and marine boilers;
weights of rolled iron.

Ironmonger's prices.

Just’s analysis of Mr. Dixon Robinson’s
limestone.

Latitudes andlongitudes of the principal
observatories.

Lead pipes, Table of the weights of.

Leslic (J.), C.E.

Lime, mortar, cements, concrete, &c.

Limestone, analysis of.

Liquids in motion.

Locomotive engines; Table showing
the speed of an engine.

Log for a sea-going steamer, form of.

Machines and tools, prices of.

Mahogany, experiments made on the
nrength of Honduras. [wheels.

Mallet’s experiments on overshot

Marine boilers ; engines.

Masonry and stone-work.

Massachusets railroads.

Mensuration, epitome of.

Metals, lineal expumon of.

Morin’s (Col.) experiments.

Nmm ; motion of water in rivers.
weight and len

Navies — of the Umﬂhsma Indisa

Navy; Oriental and Peninsular Com-
Y Bnmh hu'y ; of Austria;
Spun Hrmee

rnmp:m Sardinia; §

den and Norway; Turkey; Rusia
Royal West India Mail Company's
fleet.

New York, State of, railroads,

Numbers, Table of the fourth and ifth
power of.

Paddle-wheel steamers.

Pambour (Count de) and Mr. Parkes’
experiments on boilers for the pro-
duction of steam.

Peacocke’s (R. A.) hydraulic experi.
ments.

Pile-driving.

Pitch of wheels. Table to find the dia-
meter of a wheel for a given pitch of
teeth.

Plastering.

Playfair (Dr. Lyon).

Preserved timber.

Prices for railways, paid by H. M.
Office of Works ; smith and founder's
work.

Prony’'s experiments.

Proportions of steam engines and boil.
ers.

Pumping engines; pumping water by
sicam power.

Rails, chairs, &c., Table of.

Railway, Amcrican, statistics; railway
and building contractor's prices ; car-
riages.

Rain, Tables of.

Rammell's (T. W.) plan and estimate
for a distributing apparatus by fixed
pipes aud hydrants.

Rennie's (Mr. Geo.) experiments ; (the
late J.) estimate.

Roads, experiments upon tra.
velling on ordinary roads ; influence
of the diameter of the wheels;
Morin's experiments on the traction
of carriages, and the destructive ef-
fects which they produce upon ro.dl.

Robinson (Dixon), his experimeats and
material.

Roofs ; covering of roofs.
Ropes, Morin's recent experiments on
dﬂ; 'ml;in of ropes ; tarred ropes ;
w m
Saw-mill,
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Sigus and abbreviations used in arith-

Shm and mathematical expressions.
ting.

Shepen, quantity in cubic feet, &c.

Smeaton’s experiments on wind-mills.

Smith and founder’s prices.

Specific gravity, Table of.

Steam dredging; Navigation; Tables
of the elastic force ; Table of Vessels
of war, of America ; of England ; of
India; and of several other maritime
nations.

Steel, weight of round steel.

Stone, per tb., stone, qr., cwt., and ton,
&c., Table of the price.

Stones.

Strength of colamns ; Materials of con-
struction.

Sugar-mill.

Suspension aqueduct over the Alleghany
River; Bridges over ditto.

Table of experiments with I, M. screw

« steam tender Dwarr; of gradients ;
iron roofs; Ilatent heats; paddle-
wheel steamers of H. M. Service and
Post-Oftice Service; pressure of the
wind moving at given velocities;
prices of galvanized tinned iron
tube; specific heats; the cohesive
power of bodies ; columns, posts, &c.,
of timber and iron ; the comparative
atrength, size, weight, and price of
iron-wire rope (A. Smith's), hempen
rope, and iron chain; corresponding
volocities with heads of water as
high as 50 ft,, in feet and decimals;
dimensions of the principal partsof
marine engines; effects of heat on
diffcrent metals; elastic force of
steam; expansion and deusity of
water; expansion of solids by in-
creasing the temperature; expan-
sion of water by heat; heights cor-
responding to dnﬂ'emt velocities, in
French metres; lineal expansion of
ma:ll :I: motion of ;mer. and nu-
U ischarged y ﬂw
ferent diameters; muh,
&c.; pressure, &c.. ofvind-nill sails;

dimensions of 28 merchant

principal

steamers with screw propellers; of

steamers with p-ddle-'hull; pro-
sive, dilatation of metals by heat,
} paopcrtion of real te theoretica

discharge throagh thin-lipped ori.
fices; quantities of water, in cubic
feet, discharged over a weir per
minute, hour, &c.; relative weight
and strength of ropes and chains;
results of experiments on the friction
of unctuous surfaces ; scantlings of
Lom of oak ; size and weight of iron
ths; weight in fbs. required to crush
13-inch cubes of stone, and other
bodies; weight of a lineal foot of
t-mm pipes, in Ps.; vmght of a
lineal foot of flat bar irom, in ths.;
weight of a lineal foot of square and
round bar iron; weight of a super-
ficial foot of various metals, in fbs.;
weight of modules of elasticity of
various metals ; velocities of paddle-
wheels of dlﬂerent diameters, in feet
per minute, and British statute miles,
per hour; the dimensions, cost, and
price per cubic yard, of ten of the
principal bridges or viaducts built
for railways ; the height of the boil-
ing point at different heights ;—to
find the diameter of a wheel for a
given pitch of teeth, &c.
Tables of squares, cubes, square and
cube roots.
Tecth of wheels.
Temperature, the relative indications of,
by different thermometers.
Thermometers, Table of comparison of
different.
Tm:ber for carpentry and joinery pur-
; Table of the properties of
d:m.-mu kinds of.
Tin plates, Table of the weight of.
Tools and machines, prices of.
Traction, Morin's experiments on.
Tredgold’s Rules for llydraulics, from
Eytelwein’s Equation.
Turbines, Report on, by Joseph Glynn
and others.

Values of different materials.

Water-wheels.

Watson's (H. H.) analysis of limestone
from the quarries at Chatburn.

Weight du;h and T iron bars; of

wqghtunlm

Weulldnloyalldl&mm

‘Whitelaw’s experiments oa
'water-wheela.
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White's (Mr., of Cowes) experiments :ind«ilh; of air, air in motion, &ec.

on Honduras mahogany.

Wicksteed's (Thos.) experiments on  Wrought iron, prices of.
the cvaporating power of different Zinc as a material for use in house-
kinds of coal. building.

In one Volume 8vo, extra cloth, bound, price 9s.

THE STUDENT'S GUIDE TO THE PRACTICE
OF DESIGNING, MEASURING, AND VALUING
ARTIFICERS’ WORKS;

Containing Directions for taking Dimensions, abstracting the same,
and bringing the Quantities into Bill; with Tables of Constauts,
and copious memoranda for the Valuation of Labour and Materials
in the respective trades of Bricklayer and Slater, Carpenter and
Joiner, Sawyer, Stonemason, Plasterer, Smith and Ironmonger,
Plumber, Painter and Glazier, Paper-hanger. Thirty-eight plates
and wood-cuts.

The Measuring, &c., edited by Epwarp Donson, Architect and
Surveyor. d Edition, with the additions on Design by
E. Lacy GARrBETT, Architect.

CONTENTS,

PazLiMiNamy OnsErvaTioNs o Dx-  AmstrAacTiNG Bricklayers’ and Tilers’
8IGNING AnTIFicERs’ WoRks. work.
Preliminary Observations on Mes- Example of bill of Bricklayers’ and
surement, Valuation, &c.— On mea- Tilers' work.
suring— On rotation therein—On  Vatuation of Bricklayens' work,
Barthwork, Concrete, &c.

abetracting quantities—On valuation
—On the use of constants of labour. Table of sizes and weights of vari.

ous articles—Tahles of aumbers
BRICKLAYER AND SLATER of bricks or tiles in various worke—
Dzsiox or Baicxwomx — technical Valuation of Diggers'and Bricklayers’

terms, &ec.

Foundations — Arches, inverted
and erect—Window and other aper-
ture heads—Window jambs—Plates
and internal cormces — String-
courses — External cornices—Chim-
ney shafte—On general improvement
of brick architecture, especially feo-
nestration.

of facings, &c.
Duetox or Tiring, and technicalterms,
Measuremen

labour—Table of Constants for said
labour.

Exanmrizs or VaLving.
1. A yard of concrete.~2, A rod
of brickwork.—3. A foot i
:;hAy.dolpving.—b. A square of

ng.
Desiax, Mzasunzunyr, axp VAL«
ATION OF SLATI¥G.

CARPENTER AND JOINER.

Dssion ov Canrsxrav — techuical
terms, &e.
Brestsummers, an shuse: substi-
tutes for them — Joists, trimmers,
ttmming-joiste—Girders, their sbuse
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and right use—Substitutes for girders
and quarter-partitions—Quarter-par-
titions—Roof-framing— Great waste
in present common modes of roof-
framing — To determine the right
mode of subdividing the weight, and
the right numbers of bearers for
leaded roofs — The same for other
roofs—Principle of the truss— Con-
siderations that determine its right
pitch — Internal filling or tracery of
trusses—Collar-beam trussesa—Con-
nection of the parts of trusses— Vari.
ations on the truss; right limits
thercto—To avoid fallacious trussing
and roof-framing — Delorme’s roof-
ing; its economy on circular plans—
Useful property of regular polygonal
lans — On combinaticas of roofing,
ips, and valleys — On gutters, their
use and abuse—Mansarde or curb-
roofs.
DxsigN or Joingny—technical terms,

c.

Modes of finishing and decorating
panel-wark—Design of doors.

MuasureMkNT of Carpenters’ and
Joiners’ work—Abbreviations.

Modes of measuring Carpenters’
work—Classification of labour when
measured with the timber—Classifi-
cation of labour and nails when mea-
sured separately from the timber.

Examrrxs or MxasuazmeNnT, arch
oenterings.

Bracketing to sham entablatures,
gutters, sound - boarding, chimneys
grounds, sham plinths, sham pilas-
ters, floor-hoarding, mouldings —
Doorcases, doors, doorway linings—
Dado or surbase, its best construc.
tion — Sashes and sash-frames (ex-
amples of measurement)— Shutters,
boxings, and other window fittings
~ Staircases and their fittings.

AssrracriNe Carpenters’ and Joiners’
work.

Example of Bill of Carpeaters’ and
Joiners’

work.
Vavrvarion of ' and Jolners’
work, Me!
Tables of numbers and weights.
or Conarants or Lasoun.
» naked floors—Quarter-par-

titions —Labour on fir, per foot cube
—Example of the valuation of deals
or battens — Constants of labour oa
deals, per foot superficial.
ConsTANTs Or LaBoun, and of nails,

separately.

On battening, weather boarding—
Rough boarding, deal floors, batten
floors.

Lasoun AND Nams together.

On grounds, skirtings, gutters,
doorway-linings—Doors, framed par-
titions, mouldings— Window-fittings
—Shutters, sashes aid frames, stair-
cases—Staircase fittings, wall-strings
—Dados, sham columns and pilasters.

VALUATION OF SawYzms’ WoRK,

MASON.

DxsiGN or STONEMASONS' WORK.
Dr. Robison on Greek and Gothic
Architecture — Great fallacy in the
Gothic ornamentation, which led dlso
to the modern ‘monkey styles’—
¢ Restoration’ and Preservation.
MzAsurREMENT of Stonemason’s work.
Example of measuring a spandril
step, threc methods— Allowance for
labour not seen in finished stone —
Abbrevistions — Specimen of the
measuring-book — Stairs — Landings
—Steps—Coping— String-courses—
Plinths, window-sills, curbs —Co-
lumns, entablatures, blockings —
Cornices, renaissance niches.
ABSTRACTING AND VALUATION.
Table of weight of stone — Table
of Constants of Labour — Example
of Bill of Masons' work.

PLASTERER.

Drsion or Puastea-woak in real
and mock Architecture.

Ceilings and their uses — Unne-
cessary di and death traced to
their misconstruction — Sanitary re-
lmme' uts for a right ceiling—Coa-

itions to be observed to render do-
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Abbreviations — Abstracting of

Plasteren’ work — Example
of Plasterers’ work.
Vavrvarion.
Memoranda of quantities of ma-
terials — Constants of Labour.

SMITH AND FOUNDER.

Ox Tas Usz or MrrAL-womrk IN
ARCHITECTURE.

Iron not rightly to be used much
more now than in the middle ages—
Substitutes for the present extrava-
gant use of iron—Fire-proof (and
sanitary) ceiling and flooring—Fire-
proof roof-framing in brick and iron
— Another method, applicable to
hipped roofs — A mode of untrussed
roof-framing in iron only — A prin-
ciple for iron trussed roofing on any
plan or scale — Another variation
thereof — On the decoration of me-
tallic architecture.

Bill

Mzasurenext of Smiths’ and Foun.
ders’ work.

PLUMBER, PAINTER,
GLAZIER, &c.

DesiaN, &c. or Leap-work.
MEARUREMENT OF PAINT-wORK —
Abbreviations.

Specimen of the measuring-book
—Abstract of Paint-work—Example
of Bill of Paint-work.

Varvarion of Paint-work.

Constants of Labour — Measure.
ment and Valuation of GLaziNng—
Measurement and Valuation of
PAPER-HANGING.

APPENDIX ON WARMING.

Modifications of sanitary construction
to suit the English open fire —
More economic modes of warming in
public buildings— Ditto, for private
ones— Warming by gas.

In 12mo., price 5s. bound and lettered,

THE OPERATIVE MECHANIC'S WORKSHOP
COMPANION, AND THE SCIENTIFIC
GENTLEMAN’S PRACTICAL ASSISTANT;
Comprising a great variety of the most uscful Rules in Mechanical
Science, divested of mathematical complexity; with numerous
Tables of Practical Data and Calculated Results, for facilitating

Mechanical and Commercial Transactions.

BY W. TEMPLETON,

AUTHOR OF SEVERAL

SCIENTIFIC WORKS.

Third edition, with the addition of Me:h;;nial Tables mf:;)r the &e
of Operative Smiths, Millwrights, and Engineers ; practi
directions for the Smelting of Metallic Ores. ’

2 vola. 4to, price £2. 16s.,
CARPENTRY AND JOINERY;
Conhmng 190 Plates; a work suitable to Carpenters and Builders,
oom|

Elemeutary and Practical Carpentry, useful to Artificers
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THE AIDE.MEMOIRE TO THE MILITARY
SCIENCES,
Framed from Contributions of Officers of the different Services, and
edited by a Committee of the Corps of Royal Engineers. The

work is now completed.
Sold in 3 vols. £ 4.10s,, extra cloth boards and lettered, or in 6‘ Parts, as follows:
. & 3

d

Part I. A.to D, Nzw zpITION . . 014 0
I. Dhto%. . . . . . .01 0
. PRtoM. . . . . . .01 0
V. MwP., . . . . . .01 0
VV.oR . . . . . .'016 0
VL. Rto2. . . . . . +100
£416 0

In 1 large Volume, with numerous Tables, Engravings, and Cuts,
A TEXT BOOK

For Agents, Estate Agents, Stewards, and Private Gentlemen,
ﬁnenlly, in connection with Valuing, Surveying, Building,
tting and Leasing, Setting out, disposing, and particularfy
describing all kinds of Property, whether it be Land or Personal
Property. Useful to

Auctioneers Assurance Companies Landed Proprietors
Appraisers Builders Stewards
Agriculturists Civil Engineers Surveyors
Architects Estate Agents Valuers, &c.

In 1 vol. large Bvo, with 13 Plates, price One Guines, in half-morocco binding,
MATHEMATICS FOR PRACTICAL MEN:

Being a Common-Place Book of PURE AND MIXED MATHE-
MATICS; together with the Elemenur;hl’rinciplu of Engineering;
designed chiefly for the use of Civil Engineers, Architects, and
Surveyors,

' BY OLINTHUS GREGORY, LL.D., F.R.A.S.
Third Bdition, revised and enlarged by HENRY LAW, Ciril Engineer.

CONTENTS.
PART L~-PURE MATHEMATICS.
APTER L~—ARITRMETIC. Sacr.
taor, " 5 Division of whole numbers, —
1, Definitions and notation. Proof of the first four rules of
2. Additien of whole numbers. Arithmetic.
3. Sabtraction of whele nembers. 6. Vulger fractions. — Reduction of
4. Multipliostion of whole ssmbers. © frections~—~Addition and
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subtraction of vulgar fractions.
— Multiplication and division .|
of vulgar fractions. ‘
7. Decimal fractions. — Reduction of
decimals. — Addition and sub-
traction of decimals.—Multipli-
cation and division of decimals.
8. Complex fractions used in the arts
and commerce, — Reduction. —
Addition, — Subtraction and
multiplication. — Division. —
Duodecimals.
9. Powers and roots.—Evolution.
10. Proportion.~Rule of Three.—De-
termination of ratios.
11 ithmic arithmetic.— Use of
Tables.—Multiplication and
division by logarithms. — Pro-
portion, or the Rule of Three,

12. Properties of numbers. 1
CHAPTER IL.—ALGENRA.

1. Definitions and notation.—2. Ad-
dition and subtraction.—3. Mul-
tiplication.—4. Division.—5. In.
volution. — 6. Evolution. — 7.
Surds. — Reduction. — Addition,
subtraction, and maultiplication.
—Divisioz, involution, and evo-
Jution.—8. Simple equations.—
Extermination. — Solution of

= 3. Of triangles. — 4. Of qua-
drilaterals and polygons.—5. Of
the circle, and inscridbed and cir.

cumscribed figures.—6. Of plans
and solids. — 7. thall::-
metry.

CHAPTER IV.—MENSURATION.

1. Weights and measures.—1. Mea.
sures of length.—— 2. Measures
of surface.—3. Measures of so-
lidity and capacity. — 4. Mea.
sures of weight.— 5. Angular
measure. — 6. Measure of time.
— Comparison of English and
French weights and measures,

2. Mensuration of superficies.

3. Mensuration of solids.

Tables, — 3. General proposi-
tions.—4. Solution of the cases
of plane triangles. — Right.an.
gled plane triangles.—5. On the
application of trigonometry to
measuring heights and distances.
~—Determination of heights and
distances by appruzimate me-
chanical methods.

CHAPTER V1.—CONIC SECTIONS,
1. Definitions.—2. Properties of the
ellipse.—3. Properties of the by.
perm;. — 4. Properties of the

(%

.—12. Prac-
tional and negative exponents.—

13. Logarithms.—14. Computa-
tion of formule.

1 4

CHNAPTER VIi.—PROPERTIES OF
cURvEs.
1. Definitions.— 2. The eonchoid.—

plen or abutinents. — Pressure
of earth st walls,—Thick.
ness of of

-l;?‘q' ot arches.
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ONAPTER II1.—~DYNAMICS.

1. General Definitions.

2. On the general laws of uniform
snd variable motion. — Motion
uniformly accelerated.—Motion
of bodies under the action of
gravity.— Motion over a fixed
pulley, and on inclined planes.

8. Motions about a fixed centre, or
axis.—Centres of oscillation and
percussion, ~— Simple and com-
pound pendulums. — Centre of
gyration, and the principles of
rotation.~ Central forces.

4. Percussion or collision of bodies
in motion.

5. Mechanical powers. — Levers. —
Wheel & axle. — Pulley. — In-
clined plane.—Wedge and screw.

CHAPTER IV.—RYDROSTATICS.

1. General Definitions.—2. Pressure

and equilibrium of Non-elastic

Fluids.—3, Floating Bodies.—

4. Specific gravities. — 5. On
capillary attraction.

CHAPTER V.—HYDRODYNAMICS.

1. Motion and effuence of liquids.

2. Motion of water in conduit pipes
and open canals, over weirs,
&c.—Velocities of rivers.

3. Contrivances to measure the velo-
city of running waters.

ONAPTER VI.—PNEUMATICS.

1. Weight and equilibrium of aix and
elastic fluids.

2 Mxl:inu for “rdniumg water by

pressure atmos

3. Force of the wind. hare

Sscr.
CEAPTER VIL—MECHANICAL AGENTS.

1. Water as a mechanical agent.

' 2. Air as a mechanical agent.— Cou-

lomb’s experiments. ,

3. Mechanical agents depending upon
heat. The Steam Engine.—
Table of Pressure and Tempers-
ture of Steam.— General de-
:cfription of the mode of action

the steam engine. — Theory
of the same. — Description of
various engines, and formule for
calculating their power: prectia.
cal application. )

4. Animal strength ‘as a mechanieal
agent. .

CHAPTER VIIL~—STRENGTE OF *
MATERIALS, .

1. Results of experiments, and prins
ciples upon which they should
be practically applied.

2. Strength of materials to resist
tensile and crushing strains.—
Strength of columns.

3. Elasticity and elongation of bodies
subjected to a crushing or ten-
sile strain.

4. On the strength of materials sub-*
jected to & transverse atrain, —
Longitudinal form of beam of
uniform strength. — Transverse
strength of other materials than
cast iron. — The strength of
beams according to the manner
in which the load is distributed.

5. Elasticity of bodies subjected to 2
transverse strain.

6. Strength of materials to
tonion.
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