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PEEFACE.

This, the seventh volume of the " Farm Engineering

Text-Books," brings the series to a close.

The introductory chapters of this volume treat of

the different methods of Land Surveying by the chain ;

of the instruments used in chain surveying ; of noting

the measurements ; and of plotting and calculating the

content. Then follow chapters on Surveying by the

Theodolite, and on Levelling. The peculiar system

upon which the United States Public Lands are sur

veyed is explained, in the interest of the large body of

immigrant farmers and young men who annually leave

our shores for America ; and a chapter is devoted to

the division and laying out of lands.

The principles of estimating weight, quantity, and

values are likewise given as fully as the extent of the

work will allow.

Tables of Imperial "Weights and Measures are ap

pended, with their Metric equivalents.
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AGKICULTUEAL SUBVEYING.

CHAPTER I.

LAND SURVEYING.

The object of land surveying, as usually understood,

is the determination of the area and shape of a tract of

land.

A survey of this kind usually embraces—

(1.) An examination of a tract as to

Extent,

Contour,

Divisions, &c.

(2.) A plan showing the said features, or some

of them.

The duties of a land-surveyor, however, frequently

extend beyond making a plan and giving the super

ficial area ; such as disputed boundaries, exchange and

division of land, diversion and improvement of roads,

as well as the measurement of all kinds of materials

and of work performed, &c.

Methods of Land Surveying.—There are but two

methods employed in surveying, viz.—

(1.) That by distances and offsets, and

(2.) That by triangles or polygons.

That by distances and offsets is the more simple for
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complicated objects, and is suitable to detail operations

only, as the position of fences, buildings, &c. It is

always based upon the system of triangles.

In surveying by triangles the system of triangles is

used. There is a system of surveying by polygons,

but it is only a modification of the system of triangles.

Land surveying is further divided into two classes,

according to the instruments, &c., employed :—

First, by the chain, or by the chain and cross only ;

Second, by the chain, and the use of the theodolite or

other instrument for measuring angles ; and

Third, by trigonometry, which is chiefly performed

by the theodolite and logarithmic tables.

The latter is seldom required in agricultural sur

veying.

The mode of proceeding adopted by land-surveyors

varies much with the extent and character ofthe country

to be surveyed ; in fact, under the same circumstances,

two different surveyors will perform their work very

differently from each other, and with different kinds of

instruments, although each may be equally accurate in

his results.

And in all the methods of land surveying there are

three stages of operations :—

1. Measuring certain lines and angles, and recording

them.

2. Drawing them on paper to some suitable scale ;

and

3. Calculating the contents of the surface surveyed.



CHAPTER II.

INSTRUMENTS USED IN CHAIN SURVEYING.

Gunter's Chain.—This is the instrument most com

monly used in land measuring. It is 66 feet, or 4 rods

long, and is divided into 100 links, each link being

7- 92 inches long.

The reason for having the chain of 66 feet or 100

links is owing to its convenient relation to the standard

units, a chain being the -gVth part of a mile ; the yoth

Fig. 1.

part of a furlong, and a square chain being the -rVth

part of an acre. Ten square chains therefore make one

acre, and the computation of areas is thus greatly-

facilitated.

The links being decimal parts of the chain is also a

great advantage, as they may be so written down—

10 chains and 80 links, for example, being 10-80

chains ; and all the calculations respecting chains and

links can then be performed by the common rules of

decimal arithmetic.

b2
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Every tenth link in the chain is marked by a piece

of brass, having one, two, three, or four points, corres

ponding to the number of tens which it marks, counting

from the nearest end of the chain. The middle or

fiftieth link is marked by a round piece of brass.

Steel wire is better than iron for surveying chains,

owing to its greater strength and stiffness. The rings

and eyes which unite the links of a chain are better to

be welded than the old way of merely folding the ends.

The elliptical form of eye is the best.

The chain should be kept free from bends or crooks

in the links, the rings and eyes all clean ; and the

length should be accurately and regularly tested. It

is prudent to test the length of a chain on every oc

casion of using it, even though the joints are welded.

Arrows.—Ten arrows usually accompany the chain.

They are about a foot long, made of stout iron wire

sharpened at one end and bent into a ring at the

other. Pieces of red and white cloth are tied to their

heads, so that they can be easily found in grass, dead

leaves, &c. For carrying in the hand they should be

strung on a ring which has a spring catch to restrain

them.

Signals usually consist of a pole, to be seen at any

necessary distance, and they vary in length from 9 feet

upwards. They must be planted exactly over the

station they are intended to mark, and truly vertical,

by looking at it from a little distance, or by holding a

plumb line between it and the eye, when it should be

looked at from two points as nearly as possible per

pendicular to each other.

To render poles conspicuous they should be painted

black and white alternately in lengths, or have flags

(red or white) attached to them. A red flag is of a
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colour not so common as white, but white gives a

brighter light than red, and, but for other objects,

should be visible at the greatest distance.

The most important point with reference to signals

is, the pole should be placed truly vertical, so that if

only the top of it can be seen it may cause no error.

How to Chain.—The manner ofusing the chain should

be carefully attended to, so that its length may be always

correctly pointed off by the chain-leader, as thus :—

The line having been previously poled out, the sur

veyor standing at the station point holds one end of

the chain, the assistant with the other end in his right

hand and the arrows in his left hand, which are trans

ferred one by one into the right hand. On arriving at

the extent of the chain, he turns partly round, holding

the arrow perpendicular at the end of the chain, looking

towards the surveyor, who springs the chain until it is

in a straight line with the fore object, then, by motion

of the head or hand, directs the leader to move the

arrow accordingly, until it is in the proper point of the

line and the chain fairly stretched out ; the arrow is

then to be fixed in the ground and the chain remain at

rest until the surveyor has taken all the offsets and

remarks necessary, and at his signal proceed on to the

next length, and so continuing until the whole ten

arrows are fixed or transferred into the surveyor's pos

session. The leader then proceeds, without any pins,

adjusting the chain in the line, which must remain at

rest until the surveyor arrives at that end and puts one

down, delivering the nine arrows remaining to the

leader, each time carefully counting them at every

change, and also at the end of every line, to prove that

no mistake has occurred by dropping one or by false

entry.
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The leader should be trained to keep the line by a

back object—that is, by placing himself in a line with

the arrow last put down and the mark or pole at the

station, or some distant object that may accidentally be

in line. It saves much time and labour when the chain-

man is made to keep or pole out a line truly.

Measuring-tapes.—Though the chain is most usually

employed for the principal measurements, a tape-line,

divided on one side into links and on

the other side into feet and inches,

is more convenient for taking short

lengths, as in measuring offsets, &c.

Tapes will all vary in length by the

moisture in the air, and hence are

not free from errors. Those made

of best strong linen wear well, and

keep to standard better than any

others.

Offset-staff.—This is also an important accompani

ment to the chain, being convenient for measuring

short offsets. It is usually ten links long, painted

white, with each link marked by a black painted ring,

and the ring numbered 1, 2, 3, &c. The bottom of the

rod is shod with an iron spike and the top has a stout

open ring, as thus cp, to force or draw the chain

through the bottom part of a fence.

Cross-staff.—A number of convenient instruments of

simple form, known as the cross-staff or the surveyor's

cross, are in use for setting out perpendiculars by lines

of sight, crossing each other at right angles ; and a

temporary substitute for them is easily made by sticking

a pin in each corner of a square piece of board, and

sighting across these in the direction of the line and at

right angles to it.

Fig. 2.
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The commonest form of cross- staff is that represented

in Fig. 3. It consists of a block of wood

(which may be of any shape) having in it

two saw-cuts, made very precisely at right

angles to each other, and with centre-bit holes

made in the bottom of the cuts to assist in

finding the objects. This block is fixed on

a pointed staff, on which it can turn freely,

and which should be precisely 8 links (63j

inches) long, for the convenience of short

measurements.

To test the accuracy of the instrument, sight

through one slip to some point, a (Fig. 4),

and place a stake, b, in the line of sight of

the other slip. Then turn its head a quarter

of the way around, so that the second slip

looked through points to a. Then see if the

other slip covers b again, as it will if correct.

If it does not do so, but sights

\ i / to some other point, as b', the

apparent error is double the

real one, for it now points as

ji far to the right of the true

"' point, c, as it did before to its

''"' left. The invaluable principle

of this test is that it doubles the real error and makes

it twice as easy to perceive and correct it.

To use the cross-staff to erect a perpendicular, set it

at the point of the line at which a perpendicular is

wanted. Turn its head till, on looking through one

saw-cut, you can see the ends of the line. Then

will the other saw-cut point out the direction of the

perpendicular, and thus guide the measurement

desired.
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There are many improved forms of cross -staffs.

Fig. 5 shows one of these. It is made of

plain brass, with centre axis and divided

circle to take any angle. A compass is

sometimes attached to this cross-staff head.

Optical Square.—For measuring long off

sets and perpendiculars this

instrument (Fig. 6) is now

very generally used.

FiS- 5- It is a small circular box KS- 6-

containing a strip of looking-glass, from the upper

half of which the silvering is removed. This glass is

placed so as to make precisely half a right angle with

the line of sight, which passes through a slit on one

side of the box, and a vertical hair stretched across the

opening on the other side, or a mark on the glass.

Another form of the optical square contains two

glasses fixed at an angle of 45°, and giving a right

angle, or reflecting 90° on both hands.



CHAPTER III.

ON NOTING THE MEASUREMENTS.

Keeping the Field Notes.—In all the methods of sur

veying, the measurements, together with various inci

dental observations, are recorded after some established

system in what are called field notes, and from these the

results of the survey are afterwards plotted to a conve

nient scale.

In chain surveying the most simple method of keep

ing the field-book is to make a sketch of the field, as

nearly correct as the unassisted hand and eye can pro

duce, and note down on it the lengths of all the lines,

as in Fig. 24. But where many other points require

to be noted, such as where fences, or roads, or streams

are crossed in the measurement, or any other addi

tional particulars, the sketch would become confused

and be likely to lead to mistakes in the subsequent

plotting of it. The following is, therefore, the usual

method of keeping the field notes. A long narrow book

is most convenient for it.

Draw two parallel lines about an inch apart from

the bottom to the top of the field-book, as in the

margin. This column, or pair of lines, may be con

sidered to represent the measured line split in two, its

two parts being thus separated, an inch apart, merely

b3
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for convenience, so that the distances measured along

the line may be written-between these halves.

A

Hold the book in the direction of the measurement.

At the bottom of the page write down the name or

number or letter which represents the station at which

the survey is to begin.

A " station " is marked with a triangle or circle, as in

the margin. The latter is more easily made.

The station from which the measurements are made

is usually put on the left of the column, and the sta

tion which is measured to is put on the right.

But it is more compact, and avoids interfering with

the notes of " offsets " to write the name or number of

the station in the column, as in the margin.

The measurements of different points of a line are

written above one another. The numbers all refer to

the beginning of the line, and are counted from it.

From A

o

5G2

toB B B

400

562 250

100

A
A

The end of a measured line is marked by a line

drawn across the page above the numbers of the

measurements which have been made.
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If the chaining does not continue along the adjoin

ing line, but the chain-men go. to some other part of

the field to begin another measurement, two lines are

drawn across the page.

When a bine has been measured, the marks r or ~\

are made to show whether the following line turns to

the right or to the left.

r

When a mark is left at any point of a line, with the

intention of coming back to it again in order to

measure to some other point, the

place marked is called a false station,

and is marked in the field-book F.S.,

or has a line drawn around it to dis

tinguish it, or has a station mark A

placed outside of the column, to

the right or left, according to the

direction in which the measurement

from it is to be made. Examples

of these three modes are given in

the margin.

A false station is named by its

position on the line where it belongs

"200 on 562."

When a gate occurs in a measured line, the distance

from the beginning of the line to the side of the gate

first reached is the one noted.

When the measured line crosses a fence, brook, or

road, &c., they are drawn on the field notes in their true

direction as nearly as possible, but not in a continuous

662

200 F.8.

0

562

(200)

0

562

200 A

0

as thus,
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line across the column, as in the first figure in the

margin, but as in the second figure, so that the two

parts would form a continuous straight line, if the

halves of the " split line " were brought together.

It is convenient to name the lines in the margin as

being sides, diagonals, proof-lines, &c. ; but in many

cases they are denoted by numbers. When two or

more lines proceed from the same station, they are dis

tinguished by a smaller figure over, thus l2 or l3,

denoting that a second or third line commenced from

that point or station.

Particular attention should be paid in showing the

fences, to which field they belong, and where they

change, at which point always take an offset. If there

is a ditch to the hedge or other fence, the ditch is al

ways the boundary, and is noted in the field-book thus

I IT . The line denotes the ditch, the letter T

shows the side on which the fence belongs.

When the ditch is next the chain, the offset is

taken at right angles from the chain to the edge of

the ditch, and when the ditch is outside, the offset is

taken to the middle of the fence with the offset staff,

and six or seven links added to it, as general allow

ance for the ditch, about 4| feet from the middle of

the fence.

When there is no ditch on either side, the offset
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must then be taken to the centre of the fence, and noted

in the field-hook thus 1 .

A paling fence is described thus , ex

cepting when it is the boundary next a road, in which

case there is sometimes a ditch outside. Wire fences

are distinguished by a spiral line -, and

walls or dykes by two parallel lines ^^^^^. Foot

paths and roads without fences are shown by small

dotted lines



CHAPTER IV.

PLOTTING A CHAIN SURVEY.

, The field work being completed, the figure of the tract

surveyed is reproduced upon a diminished scale by what

is termed plotting, or platting.

A plot of a survey is a skeleton or outline map. It

is a figure similar to the original, having all its angles

equal and its sides proportional. Every inch on it

represents a foot, a yard, a rod, a mile, or some

other length on the ground, all the measured distances

being diminished in exactly the same ratio.

The only instruments absolutely necessary for this

are a straight ruler and a pair of dividers or compasses.

Others, however, are often convenient, and may be

briefly noticed.

Parallels.—The readiest mode of drawing parallel

lines is by the aid of a triangular piece of wood and a

ruler. Let a b (Fig. 7)

be the line to which a

parallel is to be drawn,

and c the point through

which it must pass. Place

one side of the triangle

against the line, and place

"'" " the ruler against another

side of the triangle. Hold the ruler firm and immovable
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and slide the triangle along it till the side of the triangle

which had coincided with the given line passes through

the given point. This side will then be parallel to that

given line, and a line drawn by it will be the line

required.

Another easy method of drawing parallels is by

means of a T-square, an instrument very valuable for

many other purposes. It is nothing but a ruler let

into a thicker piece of wood very truly at right angles

to it. For this use of it, one side of the " cross-piece "

must be even or " flush "

with the ruler. To use

it, lay it on the paper so

that one edge of the ruler . _

coincides with the given

line a b. Place another

ruler against the cross-

piece, hold it firm, and

slide the ~p-square along

till its edge passes

through the given point

shown by the

B

Fig. 8.
c, as

lowest part of the diagram (Fig. 8). Then draw by

this edge the desired line parallel to the given line.

Perpendiculars.—These may be drawn by the various

problems given in geometry, but more readily by a

triangle which has one right

angle.

Place the longest side of

the triangle on the given

line, and place a ruler ■

against a second side of the

triangle, as in Fig. 9. Hold
Fig. 9.

the ruler fast, and turn the triangle so as to bring its
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third side against the ruler. Then will the long side be

perpendicular to the given line. By sliding the triangle

along the ruler, it may be used to draw a perpendicular

from any point of the line, or from any point to the

line.

Perpendiculars are also at times drawn by means of

a semicircular protractor.

Drawing to Scale.—The operation of drawing on

paper lines whose length shall be a half, a quarter, a

tenth, or any other portion of the lines measured on the

ground, is called " drawing to scale."

To set off on a line any given distance to any

required scale, determine the number of chains or links

which each division of the scale of equal parts shall re

present. Divide the given distance by this number.

The quotient will be the number of equal parts to be

taken in the dividers and to be set off.

For example, suppose the scale of equal parts to be a

carpenter's common rule, divided into inches and

eighths. Let the given distance be 12 chains, which

is to be drawn to a scale of 2 chains to an inch. Then

6 inches will be the distance to be set off. If the

given distance had been 12 chains and 75 links, the

distance to be set off would have been 6 inches and

3-8ths, since each eighth of an inch represents 25

links.

If the desired scale were 3 chains to an inch, each

eighth of an inch would represent 37^ links ; and the

distance of 1,275 links would be represented by thirty-

four eighths of an inch, or 4| inches.

A similar process will give the correct length to be

set off for any distance to any scale.

If the scale used had been divided into inches and

tenths, as is much the most convenient, the above dis
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tances would have become on the former scale 6fVff

inches or nearly 67*5- inches, and on the latter scale

4-nnr inches, coming mid-way between the second and

third tenth of an inch.

Conversely, to find the real length of a line drawn on

paper to any known scale, reverse the preceding opera

tion. Take the length of the line in the dividers,

apply it to the scale, and count how many equal parts

it includes, multiply their number by the number of

chains or links which each represents, and the pro

duct will be the divided length of the line on the

ground.

Scales.—The choice of the scale to which a plot

should be drawn—that is, how many times smaller

its lines shall be than those which have been measured

in the ground—is determined by several considerations.

The chief one is that it shall be just large enough to

express clearly all the details which it is desirable to

know. A farm survey would require its plot to show

every field and building. A State survey would show

only the towns, rivers, and leading roads.

Scales are named in various ways. They should always

be expressedfractionally—i.e., they should be so named as

to indicate what fractional part of the real line

measured on the ground the representative line drawn

on the paper actually is. It would be better still if the

denominator could always be some power of 10, or at

least some multiple of 2 or 5, such as Vro, Trnnr, tsW,

■nnnr. de

picts of farm surveys are usually named as being so

many chains to an inch.

Maps of surveys of states are generally named as

being made to a scale of so many miles to an inch.

Farm Surveys.—If these are of small extent, two
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chains to one inch (which is = 2 X 66 X 12 = tsW

= 1 : 1584) is convenient. A scale of one chain to an

inch (1 : 792) is useful for plans of buildings. Three

chains to one inch (1 : 2376) is suitable for larger

farms or estates. It is the scale prescribed by the

(English) Tithe Commissioners for their first-class

maps.

The choice of the most suitable scale for the plot of a

AN ACRE

OwScale/ oCIChain/ to 11nch/

r/z Chains to finch/

z?5-

4

"ff

10

Fig. 10.

farm survey may be facilitated by the preceding figure

which shows the actual space occupied by one acre, laid

out in the form of a square, on maps drawn to the

various scales named in the figure.
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State Surveys.—On these surveys, smaller surveys,

smaller scales, are necessarily employed.

The Ordnance Survey of the southern counties of

England was plotted on a scale of 2 inches to 1 mile

(1 : 31,880), and reduced for publication to that of

1 inch to a mile (1 : 63,300). The scale of 6 inches

to a mile (1 : 10,560) was adopted for the northern

counties of England and for the southern counties of

Scotland.

The scale of the parish plans is l-2500th of the

actual length on the ground, and is equal to 25,344

inches to a mile, which is very approximately equal

to one square inch to one acre, the square of 1-0018

inch being equal to one acre.

Whatever scale may be adopted for plotting the

survey, it should be drawn on the map, both for con

venience and reference, and in order that the contrac

tion and expansion caused by changes in the quantity

of moisture in the atmosphere may affect the scale and

map alike.

Scale omitted.—It may be required to find the

unknown scale to which a given map has been drawn,

its superficial contents being known.

Assume any convenient scale, measure the lines of

the map by it, and find the contents by the methods to

be given in the next chapter, proceeding as if the

assumed scale were the true one. Then make this

proportion, founded on the geometrical principle that

the areas of similar figures are as the square of their

corresponding sides.

As the contents found is to the given content, so is

the square of the assumed scale to the square of the

true scale.



20 AGRICULTURAL SURVEYING.

Table for Reducing or Enlarging Plans by the

ElDOGRAPH.

Proportion. Division in BarB. Proportion. Division in Bars.

2 to 1 33-333

50-000

60-000

66-666

71-428

3 to 2 20-000

14-285

lllll

9-090

25-000

3 to 1 4 to 3

4 to 1 5 to 4

5 tol 6 to 5

5 to 26 to 1

Reference Books are essential accompaniments to map s

or plans, andare ofvarious kinds. Sometimesthey merely

contain the names and contents of the fields or other

parts or divisions, with the state of culture or condition

in which they are ; in other cases the soil and sub

soil are described ; but in the most complete cases each

farm is described, together with the history of its occu

pation or improvement under the following heads :—

Name.

Parish.

Extent.

Boundaries.

How let and managed hitherto.

To whom and for how much let at present.

Description of the farm buildings.

Fences, trees.

Ponds, &c., drain outlets, &c.

Content, soil, subsoil, surface, expanse, &c., of each

field.

Proportion of land under timber, coppice, &c.

In addition to such a description as the above, some

add in the reference book a separate map of each farm,

which renders the whole very comprehensive.



CHAPTER V.

CALCULATING THE CONTENT.

Unit of Content.—The acre is the unit of land measure

ment. A rood contains 40 perches. A perch is a

square rod, otherwise called a perch or pole. A rod

is 5J yds., or 16J ft. Hence 1 acre = 4 roods = 160

perches = 4,840 square yds. = 43,560 square ft.

One square mile = 5,280 X 5,280 ft. = 640 acres.

Since a chain is 66 feet long, a square chain contains

4,356 square feet, and consequently ten square chains

make an acre.

In different parts of England the acre varies greatly.

The statute acre contains 160 square perches of 16J ft.,

or 43,560 square ft. The acre of Devonshire and

Somersetshire contains 160 perches of 15 ft., or 36

good square ft. ; Cornwall, 160 perches of 18 ft., or

51,840 square ft. ; Lancashire, 160 perches of 21 ft.,

or 70,560 square ft. ; Cheshire and Staffordshire, 160

perches of 24 ft., or 92,160 square ft. ; Wiltshire,

120 perches of 161 ft., or 32,670 square ft. ; Scotland

consists of 10 square chains, each of 74 ft., and there

fore contains 54,760 square ft. ; Ireland (same as Lan

cashire). The Irish chain is 84 ft.

"When the content of a piece of land (following any

of the methods to be explained presently) is given in

square links, as is customary, cut off four figures on
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the right (i.e. divide by 10,000), to get it into square

chains and decimal parts of a chain ; cut off the right

figure of the square chains, and the remaining figures

will be acres. Multiply the remainder by 4, and the

figures if any, outside of the new decimal point will be

roods. Multiply the remainder by 40, and the outside

figure will be perches. Thus—

A. R. P.

86-22 square chains = 8 2 20

8-250 „ „ = 0 3 12

0-8250 „ = 0 0 13

Boundary Lines.—The lines which are to be consi

dered as bounding the land to be surveyed are often

very uncertain, unless specified by the title-deeds.

If the boundary be a brook, the middle of it is usually

the boundary line. On tide-waters the land is usually

considered to extend to low-water mark.

When hedges and ditches are the boundaries of fields,

the dividing line is generally the top edge of the ditch

farthest from the hedge, both hedge and ditch belong

ing to the field on the hedge side. This varies, how

ever, with the customs of the locality.

Methods of Calculation.—The various methods em

ployed in calculating the content of a piece of ground

may be reduced to four, which may be called Arith

metical, Geometrical, Instrumental, and Trigonometrical.

First Method.—Arithmetically. From direct measure

ments of the necessary lines on the ground.

The figures to be calculated by this method may be

either the shapes of the fields which are measured, or

those into which the fields can be divided by measuring

various lines across them.

The familiar rules of mensuration for the principal

figures which occur in practice will be now briefly

enunciated.
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Rectangles.—If the piece of ground be rectangular

in shape, its content is found by multiplying its length

by its breadth.

Triangles.—When the given quantities are on one

side of a triangle, and the perpendicular distance to

it from the opposite angle, the content of the triangle

is equal to half the product of the B

side and the perpendicular. ^\

"When the given quantities are s' I \

the three sides of the triangle, add A-*^ *—-*C

together the three sides and divide

the sum by 2 ; from this half sum g'

subtract each of the three sides in turn ; multiply to

gether the half sum and the three remainders ; take the

square root of the product ; it is the content required.

Parallelograms, or four-sided figures whose opposite

sides are parallel. The content of a parallel equals

the product of one of its sides by the perpendicular

distance between it and the side parallel to it.

Trapezoids, or four-sided figures two opposite sides

of which are parallel. The contents of a trapezoid

equals half the products of the sum of the parallel sides

by the perpendicular distance between them.

Quadrilaterals, or Trapeziums, four-sided figures none

of whose sides are parallel.

A very gross error often committed as to this figure

is to take the average, or half sum of its opposite sides,

multiply them together for the area ; thus assuming

the trapezium to be equivalent to a rectangle with these

averages for sides.

In practical surveying it is usual to measure a line

across it from corner to corner, thus dividing it into

two triangles whose sides are known, and which can

therefore be calculated.
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Surfaces bounded by irregularly curved lines.—The

rules for these will be more appropriately given in con

nection with the surveys which measure the necessary

lines, as will be explained, Part 2, chap. 3.

Second Method. Geometrically.—From measurements

of the necessary lines upon the plat or plot.

Division into Triangles.—The plat of a piece of

ground having been drawn from the measurements

made by any of the methods which will hereafter be

explained, lines may be drawn upon the plat so as to

divide it into a number of triangles.

Figs. 12, 13, 14, and 15.

Four ways of doing this are shown in the figs. 1.

By drawing lines from one corner to the other corner.

2. From a point in one of the sides to the corners. 3.

From a point inside of the fig. to the corners. 4. From

various corners to other corners. The last method is

usually the best. The lines ought to be drawn so as to

make the triangles as nearly equilateral as possible.

One side of each of these triangles and the length of

the perpendicular let fall upon it being then measured

as directed, the content of these triangles can be at once

obtained by multiplying their base by their altitude

and dividing by two.

The easiest method of getting the perpendicular,

without actually drawing it, is to set one point of the

dividers at an angle from which a perpendicular is to

be let fall, and to open and shut their legs till an arc
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described by the other point will just touch the opposite

side.

Otherwise, a platting scale may be placed so that the

zero point of its edge coincides with the angle, and one

of its cross lines coincides with the sides to which a

perpendicular is to be drawn. The length of the per

pendicular can then at once be read off.

The method of dividing the plat into triangles is

the one most commonly employed by surveyors for

obtaining the content of a survey, because of the sim

plicity of the calculations required. Its correctness,

however, is dependent on the accuracy of the plat, and

on its scale which should be as large as possible. Three

chains to an inch is the smallest scale allowed by the

Tithe Commissioners for plats from which the content

is to be determined.

Some surveyors measure the perpendicular of the

triangles by a scale half of that to which the plat is

made. Thus, if the scale of the plat be 2 chains to an

inch, the perpendiculars are measured with a scale of

1 chain to an inch. The product of the base by the

perpendicular thus measured gives the area of the

triangle at once, without its requiring to be divided

by 2.

Division into Trapezoids.—A line may be drawn

across the field, as in Fig. 16, and perpendiculars

drawn to it. The field will thus be divided into tra

pezoids (except a triangle at each end), and their con

tents can be calculated. Otherwise, a line may be

drawn outside the figure, and perpendiculars to it be

drawn from such angle, as in Fig. 17. In that case

the difference between the trapezoids formed by lines

drawn to the outer angle of the fig. and those drawn

to the inner angles will be the content. This method

c
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is very advantageously applied to surveys by the

compass.

Figs. 16 and 17.

Division into Squares.—Two sets of parallel lines at

right angles to each other, one chain apart (to the scale

of the flat) may be drawn over the plat, so as to

divide it into squares, as in Fig. 18. The number of

Fig. 18.

squares which fall within the plat represent so many

square chains, and the triangles and trapezoids which

fall outside of these may then be calculated and

added to the entire square chains which have been

counted.

Instead of drawing the parallel lines on the plat,
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they may better be drawn on a piece of transparent

" tracing-paper," which is simply laid upon the plat

and the squares counted as before. The same paper

will answer for any number of plats drawn to the same

scale. This method is a valuable and easy check on

the results of other calculations.

To calculate the fractional parts, prepare a piece of

tracing-paper by drawing on it one square of the same

size as a square of the plat, and sub-dividing it by two

sets of 10 parallels at right angles to each other, into

hundreds. This will measure the fractions remaining

from the former measurement as nearly as can be

desired.

Divisions into Parallelograms.—Draw a series of

parallel lines across the plat at equal distances depend

ing on the scale. Thus, for a plat made to a scale of

2 chains to an inch, the distance between the parallel

should be 2^ inches, 3 chains to an inch should be 1-g-

inch, 4 chains to an inch should be § inch. 5 chains

to an inch should be tV inch ; and for any scale make the

distance between the parallels that fraction of an inch

which would be expressed by 10 divided by the square

of the number of chains to the inch.

Then apply a common inch scale, divided on the

edge into tenths, to these parallels, and every inch in

length of the spaces included between each pair of

them will be an acre, and every tenth of an inch will

be a square chain.

To measure the triangles at the ends of the strips

between the parallels, prepare a piece of stout tracing-

paper of a width equal to the width between the

parallel, and draw a line through its middle longi

tudinally. Apply it to the oblique line at the end of

the space between two parallels and it will bisect the

c2
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line, and thus reduce the triangle to an equivalent

rectangle as at a in Fig. 19.

When an angle occurs between

two parallels, as at b in the fig. ,

the fractional part may be mea

sured by any of the preceding

methods.

Addition of Widths.—When

the lines of a plat are very

irregularly curved, as in Fig. 20, draw across it a

number of equi-distant lines as near together as the

Fig. 19.

Fig. 20.

case may seem to require. Take a straight-edged piece

of paper, and apply one edge of it to the middle of the

first space, and mark its length from the end ; apply

the same edge to the next space, bringing the mark

just made to one end, and making another mark at the

end of the additional length ; so go on, adding the

length of each space to the previous ones. When all

have been thus measured, the total length, multiplied

by the uniform width, will give the contents.

Third Method. Instrumentally.—By performing cer

tain instrumental operations on the flat.

Any plain figure bounded by straight lines may be

reduced to a single triangle which shall have the same

content. This can be done by any instrument for

drawing parallel lines.

Special Instruments. — Computing and calculating

scales, &c., are also used for finding the content.
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Fourth Method. Trigonometricatty.—By calculating

from the observed angles of the boundaries of the piece

of ground the lengths of the lines needed for calcu

lating the content.

This method is employed for surveys made with

angular instruments, as the compass, &c., in order to

obtain the content of the land surveyed, without the

necessity of previously plotting it, thus avoiding both

that trouble and the inaccuracy of any calculations

founded upon it. It is, therefore, the most accurate

method, but will be more appropriately explained

under the head of compass surveying.

Logarithms.—The logarithm of a number is the

exponent of the power to which it is necessary to raise

a fixed number to produce the given number. The

fixed number is called the base. Thus, in the equation

10s = 1000, 3 is the log. of 1000, the base being 10.

Any positive number except 1 may be taken as a base,

and for each base there is a corresponding system of

logarithms. There is therefore an infinite number of

systems of logarithms, but only two of them are in

general use—the Napierian system, whose base is

2-718281828, mostly employed in the higher branches

of analysis and in scientific investigations ; and the

Common system, whose base is 10, used in practical com

putations, where they (the logs.) serve to convert the

operations ofmultiplication and division into the simpler

ones of addition and subtraction. (We adopt the latter.)

In trigonometric computations the use of logarithms

is almost indispensable.

Computations by means of logarithms are made in

accordance with the following principles :—

(1.) The log. of the product of any number of factors

is equal to the sum of the logs, of the factors.
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(2.) The log. of a quotient is equal to the log. of

the dividend diminished by that of the divisor.

(3.) The log. of any power of a quantity is equal to

the log. of the quantity multiplied by the ex

ponent of the power ; and

(4.) The log. of any root of a quantity is equal to the

log. of the quantity divided by the index of the

root.

In applying these principles, the logs, needed are

taken from tables called tables of logarithms.

The manner of arranging the tables, and also the

manner of using them, will be best learned from the

explanations which precede each collection of tables.

The following tables will be found useful :—

Chains into Feet.

Chains. Feet. Chains. Feet.

0-01 0-66 1-00 66-

0-02 1-32 2 132

0-03 1-98 3 198

0-04 2-64 4 264

0-05 3-30 5 330

0-06 3-96 6 396

0-07 4-62 7 462

0-08 5-28 8 528

0-09 6-94 9 594

0-10 6-60 10 660

0-20 13-20 20 1320

0-30 19-80 30 1928

0-40 26-40 40 2640

0-50 33-00 50 3300

0-60 39-60 60 3960

0-70 46-20 70 4620

0-80 52-80 80 6280

0-90 59-40 90 6940

1-00 66-00 100 6600
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Feet into Lines.

Feet. Links. Feet. Links.

0-10 0-15 10 15-2

0-20 0-30 15 22-7

0-25 0-38 20 30-3

0-30 0-45 26 37-9

0-40 0-60 30 45-4

0-50 0-76 33 50-0

0-60 0-91 35 53-0

0-70 1-06 40 60-6

0-75 1-13 45 68-2

0-80 1-21 60 75-8

0-90 1-36 65 83-3

1-00 1-52 60 90-9

2- 3-0 65 98-5

3- 4-0 70 106-1

4- 6-1 75 113-6

5- 7-6 80 121-2

6- 9-1 85 128-8

7- 10-6 90 136-4

8- 12-1 95 143-9

9- 13-6 100 151-5

To reduce links to feet, subtract from the number of links as many

units as it contains hundreds ; multiply the remainder by 2 and divide

by 3.

To reduce feet to links, add to the given number half of itself, and

ad d on e for each hundred (more exactly, for each 99) in the sum.

To convert decimal fractions of an acre into roods

and perches, multiply the decimal first by 4 and then

by 40, preserving the same number of decimals in the

product.

Examples—

Acres.

633-357

4

527-013

Acres.

4

1-428

40

A. R. P.

-052

40

633 1 17 17-120 527 0 2 2-080
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TABLE

For converting Decimal Parts of an Acre into Roods

and Perches.

Perch. 0 Hood.
One

Rood.

Two

Roods

Three

Roods.
Perch. 0 Rood.

One

Rood.

Two

Roods.

Three

Roods.

0 -000 -250 ,500 -750 21 131 -381 -631 -881

1 -006 -256 -506 -756 22 137 -387 -637 -887

2 -012 -262 ,512 -762 23 144 -394 -644 -894

3 ,019 -269 -519 -769 24 150 -400 -650 -900

4 ,025 ,275 -525 -775 25 156 -406 -656 -906

5 -031 -281 -531 -781 26 162 -412 -662 -912

6 -037 -287 -537 -787 27 169 -419 -669 -919

7 -044 -294 -544 -794 28 175 -425 -675 -925

8 -050 -300 -550 -800 29 181 -431 -681 ,931

9 -056 -306 -556 -806 30 187 -437 -687 -937

10 -062 -312 -562 -812 31 194 -444 -694 -944

11 -069 -319 ,569 -819 32 200 -450 -700 -950

12 -075 -325 -575 -825 33 206 -456 -706 -956

13 -081 -331 -581 -831 34 212 -462 -712 .962

14 -087 -337 ,587 -837 35 219 -469 -719 -969

15 -094 -344 -594 -844 36 225 -475 -725 -975

16 -100 -350 -600 -850 37 231 -481 -731 -981

17 -106 ,356 -606 -856 38 237 -487 -737 -987

18 -112 '362 -612 -862 39 244 -494 -744 -994

19 -119 -369 -619 -869 40 250 -500 -750 1-000

20 ,125 -375 -625 -875



CHAPTER VI.

METHODS OF CHAIN SURVEYING.

Stations.—In surveying there is a preliminary process

of choosing suitable stations on the ground—such as

will be well seen from each other ; and straight lines

may be necessary between them.

The principal station-lines may not be sufficient for

all the work of the survey, but subordinate lines and

stations are easily made out, forming a network of

triangles.

The principal stations must be chosen before the

survey is begun ; they should be well seen from each

other, and give a clear straight line for measurement

between them.

The subordinate stations and lines are chosen as the

work proceeds, with a view to running the lines near

the fences, &c.

Marks, or Bench Marks, are made for reference to

positions or levels. The most commonly used are

wooden stakes or pegs. Care should be taken to place

them truly vertical ; and if the head of the pin is large,

the precise point should be marked upon it by driving

in a nail.

Measuring Straight Lines.—The lines or distances to

be measured may be either actual or visual. Actual

lines are such as really exist on the surface of the land

c3
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to be surveyed, either bounding it or crossing it, such

as fences, ditches, roads, streams, &c. Visual lines are

imaginary lines of sight, either temporarily measured

on the ground, or simply indicated by stakes at their

extremities. If long they are "ranged out," by

methods to be hereafter explained.

Lines are usually measured with chains, tapes, or

rods, divided into yards, feet, links, or some other unit

of measurement.

- Crooked lines are determined by means of perpendi

cular offsets measured from different points along the

straight line, run as nearly coincident to the crooked

line as may be.

When the boundary is irregular, the area of the

residual portions which necessarily lie beyond the

limits of the triangulation are estimated by the method

of taking offsets, which will be fully described in a

succeeding chapter of this book.

Triangulation.—Right angles may be set off on the

ground by means of the chain.

The setting out of right-angled triangles by the

chain, and the reduction of

slopes to horizontals, are done

by Euclid I. and 47.

In all triangulation (whether

by angles or by measured lines),

2 ab care should be taken to avoid

ill-conditioned triangles, or such as have very acute

or very obtuse angles. Generally, the surveyor should

avoid angles greater than 120° or less than 30°.

An error on the ground generally amounts to an

increased error on the paper. The limit of uncertainty,

or the probable area of error, will be least when the

angles are right angles.
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ProofLines, measured from the corner of each triangle

to the opposite side, serve to rectify the other measures

of the triangle, and if perpendicular to the side afford

a convenient means of calculating upon the ground the

area of the triangle.

Measurement of Angles.—The angle made hy any

two lines—that is, the difference of their directions—is

measured by various instruments, consisting essentially

of a circle divided into equal parts, with plain sights,

or telescopes, to indicate the directions of the two lines.

But angles in the field are also determined by the

chain. This is done by measuring a tie-line from a

measured point on one side to a measured point on

the other side. By this means the boundaries of a tract

may be determined when it cannot be conveniently

measured off in triangles.

Horizontal Measurement.—All ground, however in

clined or uneven its surface may be, should be measured

horizontally and as if brought down to a horizontal

plane, so that the surface of a hill, thus measured,

would give the same content as the level base on

which it may be supposed to stand.

Take, for example, a level field surrounded by a fence

in the shape of a perfect square whose side is 10 chains.

The area of the field is 10 acres. Through a convul

sion of nature a large mound is thrown up in the centre,

two or three hundred feet in height, leaving the fences

undisturbed. The area of the surface now contained

is obviously greater than before, although a surveyor

would take no notice of the fact, but would make the

area 10 acres, as originally. The necessity for adopt

ing this system of surveying will be seen on considering

the diagram.*

* Knowledge, November 30th, 1883.
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a b c d is a square whose side is 10 chains in length ;

the mound is shown by dotted lines in the centre. On

measuring the line e f along the surface of the ground

its length is found to be greater than 10 chains, and

this length set off from e would extend to f, distorting

10 Chains

Plan/

Section/

Fig. 21.

the fence, which we know has not changed its position,

and bringing it nearer the point c, which we also know

is not the case. The necessity for reducing the mea

surements to a horizontal datum is at once seen.

This is necessary for geometrical reasons, as other

wise in mapping a survey every hilly field or tract

would overlap its real boundary.

Horizontal measurement is also justified by the fact

that no more houses can be built on a hill than could be

on its flat base ; and that no more trees, corn, or other
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plants which shoot up vertically, can grow on it, as

is represented by the vertical lines in the section,

Fig. 21.

Hilly land is, therefore, always bought and sold in

accordance with horizontal measurement.

Chaining on Slopes.—All the distances employed in

land surveying must be measured horizontally, or on a

level. In chaining uneven or sloping ground, there

fore, it is necessary to make certain allowances or

corrections. The chain may be held horizontally by

the eye,or the slope may be taken by the theodolite, and

horizontal distance calculated from the slope of the

ground.

When the angle of the slope is measured, the calcu

lation may also be made by a table already prepared.

In the following table, the first column contains the

angle which the surface of the ground makes with the

horizon ; the second column contains its slope named

by the ratio of the perpendicular to the base ; and the

third the connection in links for each chain, measured

on the slope, i.e. the difference between the hypo-

thenuse, which is the distance measured, and the hori

zontal base, which is the distance desired.

Table for Chaining on Slopes.

Angle.

3°

4°

5°

G'

7°

8°

9°

10°

11°

12o

Slope.

in 19

„ Hi

. 4
„ 8

„ 7

„ 6*

,. 6

„ 4

Correction

in Links.

0-14

0-24

0-38

0-55

0-75

0-97

1-23

1-53

1-84

2-19

Angle.

13°

11°

16°

16°

17°

18°

19°

20°

26°

30°

Slope.
Correction

in Links.

2-56

2-97

3-41

3-87

4-37

4-89

5-45

6-03

9-37

13-40
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Surveying by Diagonals.

Surveying by Diagonals is an application of the first

method of determining the position of a point already-

shown, to which the student should again refer. Each

corner of the field or farm which is to be surveyed is

" determined " by measuring its distances from two

other points. The field is then " platted " by repeating

this process on paper for each corner, in a contrary

order, and the " content " is obtained by some of the

methods already explained.

The lines which are measured in order to determine

the corners of the field are usually diagonals of the

irregular polygon which is to be surveyed. They,

therefore, divide up this polygon into triangles, whence

this method of surveying is sometimes called "chain

triangulation."

A few examples will make the principle and practice

perfectly clear.

A Three-sided Field. Field Work.—Measure the

three sides a b, b c, and ca. Measure also, as a proof-

line, the distance from one of the

corners, as c, to some point in the

opposite side, as d, at which a

mark should have been left when

measuring from a to b, at a known

distance from a. A stick or

thing with a sHt in its top to receive a piece of paper,

with the distance from a marked on it, is the most con

venient mark.

Platting.—Choose a suitable scale, then draw a line

equal in length, on the chosen scale, to one of the sides ;

a b, for example. Take in the compasses the length of

another side, as a c, to the same scale, and with one
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leg in a as a centre describe another arc, intersecting

the first arc in a point which will be the third corner,

c. Draw the lines a c and b c, and a b c will be the

plat or miniature copy of the field surveyed.

Instead of describing to acres to get the point c, two

pairs of compasses may be conveniently used. Open

them to the lengths respectively of the last two sides.

Put one foot of each at the ends of the first side,

and bring their other feet together, and their point of

meeting will mark the desired third point of the

triangle.

To " prove" the accuracy of the work, fix the point

d by setting off from a the proper distance, and mea

sure the length of the line d c. If its length on the

plat correspond to its measurement on the ground, the

work is correct.

Calculation.—The content of the field may now be

found, either from the three sides, or more easily

though not so accurately by measuring on the plat

the length of the perpendicular c e, let fall from any

angle to the opposite side, and taking half the product

of these two lines.

Example 1.—Fig. 22 in the plat, on a scale of 2

chains to an inch, of a field of which the side a b is 200

links, b c is 100 links, and a c is 150 links. Its con

tent is 0-726 of a square chain, or 0 acres, 0 rods, 12

poles. If the perpendicular a d be accurately measured,

it will be found to be 72J links. Half the product of

this perpendicular by the base will be found to give

the same content.

Example 2.—The three sides of a triangular field are

respectively 89-38, 54-09, and 45-98. Required its

content. Answer, 100 acres 0 roods 10 poles.

The field notes of the triangular field plotted in
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Fig. 49 are given below, according to both the methods

mentioned in the preceding article.

In the field-notes in the column on the right hand

it is not absolutely necessary to repeat the b and c.

A

From D

89

F. S.

toC

160 to A

1
From 0 ©

CO From B

100 toC

200

80

toB

CO

From A
©

F. S.

1
C

O
89

2 From (80) on 200

A

3 1 iao
co

c

c

rs • 100

w
B

B

© 200
T3

CO (80)

A

_ A Four-sided Field. Field Work. —Measure the four

sides Measure also a diagonal as a c, thus dividing

the four-sided field into two triangles. Measure also

the other diagonal as a "proof-line."

Platting.—-Draw a line, as a c, equal in length to

the diagonal, to any scale ; on each side of it construct

D

Fig. 23.

a triangle with the sides of the field, as directed in the

preceding article.
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To prove the accuracy of the work, measure on the

plat the length of the " proof-lines," b d, and if it

agrees with the length of the same line measured on

the ground, the field work and platting are both proved

to be correct.

Calculation.—Find the content of each triangle sepa

rately, as in the preceding case, and add them to

gether ; or, more briefly, multiply either diagonal (the

large one is preferable) by the sum of the two per

pendiculars, and divide the product by two. Other

wise, reduce the four-sided figure to one triangle, or

use any of the methods of the preceding chapter.

Example 1.—In the field drawn in Fig. 23, on a

scale of 3 chains to the inch, a b = 588 links,

b c = 210 links, c d = 430, da = 274, the diagonal

a c = 626, and the proof diagonal b d = 500. The

total content will be 1 acre 0 rods 17 poles.

Example 2.—The side of a four-sided field are

a c = 12-41, b c = 5-86, cd = 8-25, d a = 4-24 ; the

diagonal bi = 11-55, and the proof-line a c = 11-04.

Required the content. Ans., 4 acres 2 rods 38 poles.

A many-sided Field. Field Work.—Measure all the

sides of the field. Measure also diagonals enough to

divide the field into triangles, of which there will

always be two less than the number of sides. Choose

such diagonals as will divide the field into triangles as

nearly equilateral as possible. Measure also one or

more diagonals for " proof-lines."

Platting.—Begin with any diagonal and plat one

triangle. Plat a second triangle adjoining the first

one. Plat another adjacent triangle, and so proceed

till all are laid down in their proper places. Mea

sure the proof-lines as in the last article.

Calculation.—Proceed to calculate the content of the
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figure precisely as directed for the four-sided field,

measuring the perpendiculars and calculating the con

tent of each triangle in turn ; or taking in pairs those

on opposite sides of the same diagonal ; or using some

of the other methods which have been explained.

Example 1.—The six-sided field chosen in Fig. 24

has the length of its lines, in chains and links, written

B

upon them, and is divided into four triangles, by three

diagonals. The diagonal be is a " proof-line." The

fig. is drawn to a scale of 4 chains to the inch. The

content of the field is 5 acres 3 rods 22 poles.

Example 2.—In a five-sided field the length of the

sides are as follows : a d = 2-69

b c = 122

c d = 2-32

d e = 3-55

e a = 3-23

The diagonals are a d = 481

and b d = 333 Required the content.
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A field may be divided up into triangles, not only

by measuring diagonals as in the last figure, but by

any of the methods shown in the four figures. The

one which we have been employing corresponds to the

last of those figures.

Still another may be used when the angles cannot

be seen from one another, or from any point within.

Take three or more convenient points within the field,

and measure from them to the corners, and thus form

different sets of triangles.

The field-notes of the survey plotted in Fig. 24 are

given below. They begin at the bottom of the left-

hand column.

F

,a 532

CO

300 Gate.

E r

E

o " —^ 662

400

Brook.

D r

D

300

270

211

Road.

80 ^~-

C r

C

o
703

as
150 Gate.

B r

B

,3 562

A

Q

4
E

i 770

u B
p-<

Diagonal.
A

1H2

O

C

Diagonal.
775

480

420

E

-w
E

Boad.

Diagonal. 737

280

210/

/

A

Road

1D

A

270

130

£
80

Road.

E r
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Surveying by Tie-lines.—This is a modification of

the method explained in the previous article. It

frequently happens that it is impossible to measure

the diagonals of a field of many sides, in consequence

of obstacles to measurements, such as woods, water

houses, &c. In such cases "tie-lines" (so called

because they tie the sides together) are employed as

substitutes for diagonals. Thus,

in the four-sided field shown, in

the figure, the diagonals cannot

be measured because of woods

intervening. As a substitute,

measure off from any convenient

corner of the field, as b, any dis

tance, b e, b f, along the sides of the field. Measure

all the sides of the field as usual.

To plot this field, construct the triangle b e f, pro

duce the sides b e and b f, till they become respectively

equal to b a and b u, as measured on the ground. Then

with a and c as centres, and with radii equal a d and

c d, describe arcs whose intersection will be d, the

remaining corner of the field.

It thus appears that one tie-line is sufficient to deter

mine a four-sided field ; two a five-sided field, and so

on. But as a check on errors, it is better to measure a

tie-line for each angle, and the agreement, in the plot,

of all the measurements will prove the accuracy of the

whole work.

The tie-lines should be as long as possible, as the

nearer the corner the tie-line is drawn the more it

magnifies inaccuracies in the side lines.

A tie-line may also be employed as a proof-line in

the place of a diagonal, and tested in the same

manner. If any angle of a field is re-entering, as
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at b, Fig. 26, measure a tie-line across the salient

angle, A B c.

Chain Angles.—It is convenient, though not neces

sary, to measure equal distances along

the sides ; b e, b f, in Fig. 25, and

b a, b c in Fig. 26. " Chain angles "

are thus formed.

Inaccessible Areas.—The method of C

tie-lines can be applied to measuring FlS- 26-

fields which cannot he entered. Thus, in the fig.,

ABCDisan inaccessible wooded field of four sides. To

survey it, measure all the sides,

and at any corner, as d, mea

sure any distance d e—the line

d a produced. Measure also

another distance, d f, in the

line of c d produced. Measure

the tie-line e f, and the figure

can be platted as in the case of the field of Fig. 24,

the sides of the triangle being produced in the contrary

direction.

The same end would be obtained by prolonging

only one side, as shown at the angle a of the same

figure, and measuring a g, ah, and g h. It is better

in both cases to tie all the angles in a similar

manner.

This method may be applied to a figure of any num

ber of sides by prolonging as many of them as are

necessary, all of them if possible.

Surveying by Perpendiculars.—The method of sur

veying by perpendiculars is founded on the second

method of determining the position of a point ex

plained. It is applied in two ways, either to make a

complete survey by " Diagonals and Perpendiculars," or
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to measuring a crooked boundary by " offsets." Each

will be considered in turn.

The best methods of getting perpendiculars on. the

ground must, however, be first explained.

To set out Perpendiculars.

Surveyor's Cross.—The simplest instrument for this

purpose is the surveyor's cross or cross-staff, shown in

Fig. 3.

Optical Square.—The most convenient and accurate

instrument for taking perpendiculars is, however, the

optical square, Fig. 6.

Chain Perpendiculars.—Perpendiculars may be set

out with the chain alone by a variety of methods, these

methods generally consist in performing on the ground

the operations executed on paper in practical geometry,

the chain being used in place of the compasses to

describe the necessary arcs.

These operations, however, are less often used for

the method of surveying now to be explained than for

overcoming obstacles to measurement.

Perpendiculars to any line are readily laid out with

a chain, as carpenters and masons draw right angles by

what they call the 6, 8, and 10 rule, the popular appli

cation of the principle of the square of the hypothenuse

being equal to the sum of the squares of the other two

sides. The method is to measure from the point where

the perpendicular meets the line, either along the line

or along the perpendicular, a distance equal to 6 units

of any kind, and then upon the other of these lines a

distance of 8 units. The two lines are perpendicular

to each other when the two termini are just 10 units

apart. Convenient distances for this measurement
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might be 3, 4, and 5 rods or chains, or any similar

multiples of these numbers, as 21, 28, and 35. Other

trigonometrical methods readily suggest themselves.

Diagonals and Perpendiculars.

"We have seen that plats of surveys made with the

chain alone have their contents most easily determined

by measuring on the flat the perpendiculars of each

of the triangles into which the diagonals measured

on the ground have divided the field. In the method

of surveying by diagonals and perpendiculars, now to

be explained, the perpendiculars are measured on the

ground. The content of the field can therefore be

found at once (by adding together the half products

of each perpendicular by the diagonal on which it is

let fall), without the necessity of previously making a

plat, or if necessary the sides of the field. This is,

therefore, the most rapid and easy method of survey

ing when the content alone is required, and is particularly

applicable to the measurement of ground occupied^ by

crops, for the purpose of determining the number of

bushels grown to the acre, the amount to be paid for

mowing by the acre, &c.

A Three-sided Field.—Measure the longest side, A b,

and the perpendicular, c d, let fall

upon it from the opposite angle, c. 4:

Then the content is equal to half lyVj

the product of the side by the per- j \ /\^

pendicular. I~ -*j —^2?

If obstacles prevent this, find „. .

the point where a perpendicular

let fall from the angle, as a, to the opposite side pro

duced, as b c, would meet it, as at e in the figure.
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A Four-sided Meld.—Measure the diagonal a c. Leave

marks at the points on the diagonal at which perpen-

D

Fig. 29.

diculars from b and from d would meet it, finding these

points by trial.

The best marks at these " false stations " have been

described.

Example 1.—Required the content of the field,

Fig. 29. Answer, 0 acres 2 rods 29 poles.

B

The field may be plotted from these measurements

if desired, but with more liability to inaccuracy than in
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the first method, in which the aides are measured. The

plat of the figure is 3 chains to an inch.

Example 2.—Calculation :—(Fig. 29.)

Sq. Links.

A B C = J X 480 X HO

A D C = | X 480 X 175

26400

42000

Sq. Chains

Acres . .

6-8400

0-684

It is still easier to take the two triangles together,

multiplying the diagonal by the sum of the perpen

dicular and dividing by 2.

A Many-sided Field.—Fig. 30 and the accompanying

field notes represent the field which was surveyed by

the first method and plotted in Fig. 24.

1-54 toF.

From 5-07 on 7-37 . F. S.

2-53 toD.

From 1-60 on 7-75 . F. S.

4-93 toE.

From 545 on 11-42 . F. S

2-67 toB.

From 4-95 on 11-42 . F. S.

7-37 to A.

F. S. . . 5-07

From E. G F

7-75 toE.

F. S. . 1-60

From C. 0 r

11-42

5-45 F. S.

F. S. . 4-95

0
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Example 1. Calculations.—The content of the tri

angles may be expressed thus :—

Sq. Links

ABC = i X 1H2 X 207 =: 152457

AEC = % X 1142 X 493 = 281503

C DE = | X 775 X 253 = 98037

AEF = -J X 737 X 154 = 56749

Sq. Chains . . 58-8746

Acres . . . . 5-88746

The first two triangles might have been taken

together, as in the previous field.

Content calculated from the perpendiculars will gene

rally vary slightly from that obtained by measuring on

the plat.

Offsets are short perpendiculars, measured from a

straight line to the angle of a crooked or zigzag line

Fig. 31.

near which the straight line runs. Thus, let a b c n be

a crooked fence bounding one side of a field. Chain

along the straight line A b, which runs from one end

of the fence to the other, and when opposite each corner
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note the distance from the beginning, or the point a,

and also measure and note the perpendicular distance

of each corner, c and n, from the line.

A more extended example, with a little different

notation, is given in Fig. 33.

B

1500 0

1250 20

0 1000 0

30 750

SO 500

40 250

0

A

Fig. 32.

In the figure, which is on a scale of 8 chains to

an inch for the distance along the line, the breadth of

the offsets are exaggerated to four times their true

proportional dimensions.

The offsets may generally be taken with sufficient

accuracy by measuring them as nearly as possible at

right angles to the base line as the eye can estimate.

They may be measured, if short, with an offset-

staff, a light rod 10 or 15 links in length, and divided

accordingly ; or, if they be long, with a tape. They

are generally but a few links in length. A chain's length

should be the extreme limit. When the cross-staff is

in use, its divided length of 8 links renders the offset-

staff needless.

The offsets are to be taken to every angle of the

d2
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piece or other crooked line; that is, to every point

where it changes its direction.

Platting.—The most rapid method of platting the

offsets is by the use of a platting scale and an offset

scale, which is a short scale divided on its edges like

a platting scale, but having its zero in the middle, as

in Fig. 33.

Fig. 33.

The platting scale is placed parallel to the line, with

its zero point opposite the beginning of the line. The

offset scale is slid along the platting scale till its edge

comes to a distance on the latter at which an offset had

been taken, the length of which is marked off with a

needle point from the offset scale. This is then slid on

to the next distance, and the operation is repeated. If

one person reads off the field notes and another plats,

the operation will be greatly facilitated. The points

thus obtained are joined by straight lines, and a minia

ture copy of the curved line is thus obtained, all the

operations of the platting being merely repetitions of

the measurements made on the ground.

Calculating Content.—When the crooked line deter

mined by offsets is the boundary of a field, the content

enclosed between it and the straight line surveyed must

be determined, that it may be added to or subtracted

from the content of the field bounded by straight lines.

There are various methods of effecting this.
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The area enclosed between the straight lines and the

crooked lines is divided up by the offsets into triangles

and trapezoids, the content of which may be calcu

lated separately and then added together. Example 1.

The content of Fig. 32 will therefore be 1500 + 4125

+ =6250 square links = 0*625 square chains. Ex

ample 2. The content of plat, Fig. 32, will in like

manner be found to be on the left of the straight line

30000 square links, and on its right 5-000 square

links.

Wlien the offsets have been taken at equal distances, the

content may be more easily obtained by adding together

half of the first and of the last offset, and all the inter

mediate ones, and multiplying the sum by one of the

equal distances between the offsets. This rule is merely

an abbreviation of the preceding one.

Thus, in Fig. 32 the distances being equal, the con

tent of the offset on the left of the straight line will be

120 X 250 = 30,000 square links, and on the right side

20 X 250 = 5,000 square links—the same result as

before.

When the line determined by the offsets is a curved

line, " Simpson's Rule " gives the content more accu

rately. To employ it, an even number of equal dis

tances must have been measured in the part to be calcu

lated ; then add together the first and last offsets, four

times the sum of the even offsets (i.e. the 2nd, 4th, 6th,

&c.), twice the sum of the odd offsets (i.e. the 3rd,

5th, 7th, &c.), not including the first and last. Multiply

the sum by one of the equal distances between the

offsets and divide by 3. The quotient will be the area.

Example 1. The offsets from a straight line to a

curved fence were 8, 9, 11, 15, 16, 14, 9 links, at equal

distances of 5 links. What was the content included
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between the curved fence and the straight line ? Answer,

371-666.

Many erroneous rules for calculating offsets have been

given, such as—(a). To divide the sum of all the offsets

by one less than their number, and multiply the quotient

by the whole length of the straight line ; or what is the

same thing, to multiply the sum of all the offsets by the

common distance between them.

(6) . To divide the sumof all the offsets by their number,

and then to multiply the quotient by the straight line.

Reducing to one triangle the many-sided figures which

are formed by the offsets is the method of calculation

sometimes adopted.

Equalizing, or giving and taking, is an approximate

mode of calculation much used by practical surveyors.

A crooked line, determined by offsets, having been

platted, a straight line is drawn on the plat across the

crooked line, leaving as much space outside of the

Fig. 34.

crooked line as inside of it, as nearly as can be esti

mated by the eye, equalizing it, or giving and taking

equal portions. The straight line is best determined

by laying across the irregular outline the straight edge

of a piece of transparent horn, or tracing-paper, or

glass, or a fine thread or horsehair. In practical hands

this method is sufficiently accurate in most cases.

Surveying by Diagonals, Tie-lines, and

Perpendiculars combined.

All the above methods of surveying, and that of per
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pendiculars particularly, in the form of offsets, are

frequently required in the same survey.

The method of diagonals should be the leading one.

In some parts of the survey obstacles to the measure

ment of diagonals may require the use of tie-lines; and

if the fences are crooked, straight lines are to be mea

sured near them, and their crooks determined by offsets.

Offsets are necessary additions to almost every other

method of surveying. In the smallest field surveyed

by diagonals, unless all the fences are perfectly straight

lines, their bends must be determined by offsets. The

plot (scale 1 chain to an inch) and field notes of such a

case are given below. A sufficient number of the sides,

diagonals, and proof-lines, to prove the work, should be

plotted before plotting the offsets.

o

0 360

6 315

10 275

5 215

0 150 0

115 10

80 5

65 8

B o r

B

0 125

11 90

23 62

12 22

0 A

S S

1!

340

1)

1
c

in
310

R
A r

A

0 218

11

0

180

10583 0

65 5

D o r

D

0 135

1.") 110

90

50

13

0 0

30 9

C o r
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Fig. 3j.

Inaccessible Areas.—A combination of offsets and tie-

lines supplies an easy method of surveying an inacces

sible area, such as a pond, swamp, forest, block of

houses, &c., as appears from the Fig. 36, in which the

36.

external boundary lines are taken at will and measured,

and tied by the " tie-lines " measured between those

lines, prolonged when necessary, while offsets from

them determine the irregularities of the actual bounda

ries of the pond, &c.

These offsets or insets and their content is, of

course, to be subtracted from the content of the princi

pal figure.
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Even a circular field might thus be approximately

measured from the outside.

A great variety of expedients are adopted for over

coming natural obstacles and deter

mining the extent and shape of inac

cessible objects, systems of triangles

being in such cases formed outside

of and around such objects.

In surveying buildings and enclo

sureswhich cannot bepassed through,

it is done by means of rectangles, as

shown in Fig. 37.

d3



CHAPTER VII.

SURVEYING WITH THE THEODOLITE.

A more common system of surveying (than with the

chain alone) is that in which instruments for taking

angles are employed in connection with the chain. A

graduated horizontal circle, with a straight edge called

an alidade turning upon its central point, which may

be conveniently sighted along, furnishes the means of

ascertaining the regular distances of two lines, the

instruments being set at their intersection, and the ali

dade pointed in the direction of one and then of the

other. This involves the principle of the engineering

transit or of the theodolite.

With these instruments angles can be determined

with great accuracy, especially when the observations

are repeated by reversing the instrument and taking

the mean, each including the reading of both verniers.

A tract of almost any dimensions is accurately sur

veyed by measuring the angles at its corners, or the

correction of the work is proved when the product of all

the interior angles is found equal to the product of two

right angles, or 180°, by the number of sides of the

tract less two ; or if the instruments be used by the

method called traversing* " or surveying by the back

* Traversing is a combination of linear and angular measurement.
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CHAPTER VII.

SURVEYING WITH THE THEODOLITE.

A more common system of surveying (than with the

chain alone) is that in which instruments for taking

angles are employed in connection with the chain. A

graduated horizontal circle, with a straight edge called

an alidade turning upon its central point, which may

be conveniently sighted along, furnishes the means of

ascertaining the regular distances of two lines, the

instruments being set at their intersection, and the ali

dade pointed in the direction of one and then of the

other. This involves the principle of the engineering

transit or of the theodolite.

With these instruments angles can be determined

with great accuracy, especially when the observations

are repeated by reversing the instrument and taking

the mean, each including the reading of both verniers.

A tract of almost any dimensions is accurately sur

veyed by measuring the angles at its corners, or the

correction of the work is proved when the product of all

the interior angles is found equal to the product of two

right angles, or 180°, by the number of sides of the

tract less two ; or if the instruments be used by the

method called traversing* " or surveying by the back

* Traversing ia a combination of linear and angular measurement.
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angle " (which consists in noting the angle which each

successive line makes, not with the preceding line, but

with the first line observed, which is hence called the

meridian of the survey), then the reading, on getting

round to the last station, and looking back to the first

line, should be 360° or 0°.

Transit Theodolite.—The transit theodolite is the most

perfect instrument used in surveying, and measures at

the same time both the horizontal angles between two

objects observed with it, and the angles of elevation of

these points from the point of observation.

Fig. 39 represents Stanley's 5-inch transit theodo

lite, with pure achromatic telescope, erect and invert-

Traversing surreys arc made by measuring the lengths of the bases,

and the angles they make with each other.

As checks :—

(I.) The exterior angles of the polygon should amount to 360°.*

(2.) Fix a point near the centre and divide the polygon into

triangles, and measuro the angles this point makes with

the base lines.

(3.) By prolonging two adjacent sides so as to form one largo

triangle, and measuring tho angles b, c, d, and e, and

also p and a if desired.

Fig. 38.

The above method by polygons is suitable for the boundaries of

fields, estates, &c,

* 2 External /_> =. 360°.

Internal angles of any polygon = (n — 2) 180° -j- ».-

n = number of sides of polygon.

x calculated from area of figure.
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ing eye-pieces, vertical and horizontal circles divided

in silver to 30', two verniers and two microscopes to

each circle, clamping and tangent screw motions,

mounted on a mahogany tripod stand.

Fig. 39.

On the vernier of some theodolites are three indices

at angles of 120°, instead of two indices at 180°.

Two indices correct for eccentricity ; three indices cor

rect for eccentricity and ellipticity.
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Theodolite Adjustments.—The adjustments for the

theodolite are :—

Temporary—

(1.) Vertical axis at O.

(2.) Level the instrument, or place vertical axis

truly vertical ; and

(3.) Adjust the prevent parallax, or bring the foci

of the glasses to the cross-wires.

The first and second adjustments require to be made

every time the instrument is set up ; the third may

require to be made at every observation.

Permanent—

(1.) Adjust the line of collimation.

(2.) Adjust the level.

(3.) Ascertain index-error of vertical circle ; and

(4.) Adjust horizontal axis exactly perpendicu

lar to vertical axis.

Prismatic Compass.—A compass may be employed in

filling up the interior details of a large survey with

the transit.

Surveying by the compass is done by taking the

bearings of the measured bases

from the magnetic meridian.

The magnetic needle, wherever

the instrument is set, establishes

the meridian line, and from this,

the sights of the instrument

having been turned to any other

line, the angle of divergence

is read on the graduated circle

around the compass box. It is

rapid, but not accurate ; but it

may be depended upon as safe from great errors, such

as 10° or any whole number.

Fig. 40.
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The instrument, as in Fig. 40, is usually furnished

with sights for the more accurate noting of the angles.

Box-Sextant.—A box-sextant will be found a more

valuable auxiliary in filling up the details of a survey.

To save time in surveying, angles should be measured

directly with the sextant. This is done by means of a

level table upon which the sextant is laid ; and poles

are used, or a plumb line, &c, to enable the observer to

bring the line of sight of the objects to the same

horizontal plane.

Fi*. 41.

One of Stanley's box-sextants, divided in silver, with

telescope and supplementary arc, is shown in Fig. 41.

Adjustments—

Index glass X to plane

of instrument.

Horizon glass X to plane

of instrument.

Ascertain the index er

ror.

Line of collimation of

telescope || to plane of

instrument.

Correction for "index error" in adjusting the sex

tant may be necessary for two causes, but it is generally

(1.) Index glass

(2.) Horizon glass

(3.) Index error

(4.) Collimation
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only the first of these that requires attention, the cause

of the second happening very rarely in surveys with

such instruments.

(1.) Deviation of the index from its correct position.

(2.) The object looked at may be so near the ob

server that the rays coming from it may

not be sensibly parallel, as they would be

at a distance.

Table for Ascertaining Heights and Distances by the Box-

Sextant.

Mul. Angle. Angle. Div.

Degs. Degs.

I 45-00 45-00 1

2 63-26 26-34 2

3 71-34 18-26 3

4 75-58 14-02 4

5 78-41 11-19 5

6 80-32 9-28 6

8 82-52 7-08 8

10 84-17 5-43 10

In land measuring on a large scale, a theodolite is

invariably used for the measurement of angles. A

base line is first chosen and carefully measured, and

from each extremity, which is marked by some object

visible from a considerable distance, the angle between

the other extremity and an arbitrarily chosen and con

venient point is measured. This may be done directly,

or, as is more usual, the geographical bearings of the

new point with respect to the other points are measured,

the orientation of the base line itself being already

known. ' Thus the base and contiguous angles of the

triangle are given, and from these the other sides and

area can be easily calculated. Each of the sides is now

taken as a new base line, and new triangles are con

structed upon them by arbitrarily choosing new ver
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tices; and thus, by the simple observation of the

necessary angles and the careful measurement of one

base line, a large tract of country is triangulated or

surveyed.

To tell the accuracy of the observations and to fix

the limits of error, the last side, whose calculated value

depends upon all the observations leading up to it, is

measured directly as the original base line was.

When the triangulation extends over a whole country,

corrections must be applied to the value calculated,

because of the sphericity of the earth. The triangles

are not plain but spherical, and the problem is there

fore really one of spherical trigonometry.

The details of surveys are necessarily modified accord

ing to the extent of the area, character of the ground,

&c. With the transit or compass, the bounding lines

may be all followed out, and the angles they make

with each other determined and their lengths measured

by the chain ; the points of crossing of roads, brooks,

fences, &c., measured, and the bearings of these objects

taken ; and increased accuracy may be given to the

work by measuring diagonal or proof-lines, as in chain

surveying.

Additional checks are furnished by taking at

each station the bearings of square-marked objects,

which, when the work is plotted, should severally fall

at the point of intersection of the lines directed toward

these objects from the several stations.

Sometimes a tract may be surveyed from a measured

base line, either a line within or without it, or one of

the boundary lines, by placing the compass successively

at each end of this line and taking the bearings of each

corner ; or, without a compass, the work may be very

conveniently performed with appropriate correctness by
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plane table method, provided no angles are taken less

than 30° nor larger than 150°.

A drawing-board covered with paper is set up at

one end of a measured base line, and a ruler furnished

with upright sights at each end, exactly over the

drawing edge, is set with this edge against a fine

needle stuck up in the board, and is then directed

successively towards the covers of the tract to be sur

veyed and any other prominent objects, towards which

from the needle lines are to be drawn on the paper.

One of these lines should be in the direction of the

measured line.

The instrument is then taken to the other end of the

measured line, the needle is removed along the last

line named on the board a distance corresponding,

according to the scale adopted, to that of the measured

line on the ground, and the board is so placed as to

make the line toward the former station.

The ruler is then again pointed to the same object,

and lines are drawn toward each from the new position

of the needle. Their intersection with the former

lines designate the places of these objects on the plane.

The plane table is used in various other ways, as by

moving it from one corner to the next, and placing it

at each so that the last line drawn coincides with that

in the ground. From any central point also radiating

may be measured to the corners, and the distances

measured and marked off to the proper scale.

Rivers, brooks, and roads are surveyed by measuring

a succession of lines following their several courses, and

taking offsets from the sides of the line.

Protractor.— To accompany the theodolite, &c.,

there must be provided a protractor, to plot the angles

that are taken by the instrument.
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The circular protractor with vernier and arm, as in

Fig. 42, is the one now commonly used.

Fig. 42.

To Measure an Angle by the Protractor.—From the

centre of the protractor at the point or angle A, and the

edge along the line a b, extend the lines sufficiently

Fig. 43.

to read where it cuts the outer edge of the protractor,

and the number of degrees and minutes it reads from

b to c will be the measure of the angle required.



CHAPTER VIII.

LEVELLING.

Levelling is the art of determining the difference of

the heights of two or more points, or of finding the

comparative heights of different points of the earth's

surface. It is that branch of geodesy which treats of

the measurement of heights cither (1) absolute, when

referring to the sea level, or (2) relative, between any

two distant places on the earth's surface.

Methods.—There are three principal and indepen

dent methods in use.

The first and most accurate method—that of direct

levelling—employs the levelling instrument, and de

pends on the property of fluids when at rest to present

their surfaces at right angles to the direction of gravity.

The second, or trigonometrical method, employs the

theodolite, and depends on the angular measure of

elevation, in combination with the known distance of

the object, and having regard to the effect of atmo

spheric refraction. This is the only method applicable

in case one or both stations are inaccessible.

The third or barometric method depends on the law

of the decrease of pressure of the atmosphere with an

increase of altitude. It is the least accurate method of

the three, and is of no'value for determining small

differences of level at any two or more points, though
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very serviceable in ascertaining approximately the alti

tude of a station, mountain, &c., above sea-level.

Level Lines and Surfaces.—A level surface is one that

is concentric with the surface of the ocean ; that is,

with the surface the ocean would have if the globe

were entirely covered with water.

Any line drawn on a level surface is a level line.

A surface of apparent level at any point is a plane

drawn tangent to the surface of true level at that point.

Any line drawn on a surface of apparent level is a line

of apparent level.

The lines indicated by our levelling instruments are

lines of apparent level, but we may deduce from them

lines of true level by making suitable corrections for

curvature and refraction. "With short distances, hoAV-

ever, such corrections are unnecessary.

Curvature.—The level line given by an instrument

is tangent to the surface of the

earth. Therefore the line of true

level is always the line of apparent

level. In Fig. 44, a b represents

the line of apparent level, and a c

the line of true level. B c is the

correction for the earth's curva

ture.

a b2 — b c x (bc + 2cd). But

b c being very small compared with

the diameter of the earth, may be

dropped from the quantity in the

parenthesis, and we have—

b c
AB*

0CI)

that is, the correction equals the square of the distance

divided by the diameter of the earth.
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The difference of height for a distance of

. ., 1 5280 X 12 _ . .
1 mile = = = 8 inches.

7916 7916

This varies as the square of the distance. The effect,

if neglected, is to make distant objects appear lower

than they really are.

The effect is destroyed by setting the instrument

mid-way between the two points.

Refraction.—Rays of light coming through the air

are curved downwards. The effect is to make objects

look higher than they really are. It amounts to about

one-seventh that of curvature, and it operates in a

contrary direction.

Correction.—Correction for curvature is, therefore,

always to be subtracted—

x" x = distance in feet.

2 11 -B earth's radius.

Refraction is to be added—

_ x2_

12 i?

Curvature and refraction combined is to be sub

tracted from staff-readings—

5 d" 5 distance'2
— on an average — - -- = —

° ii 211 6 41,778,000'-

Levelling Instruments.—The instruments used in

levelling are of two classes. Those of the first class

are used to point out or indicate a line or surface of

apparent level, and are technically termed levels ; those

of the second class are used to measure the distances of

this line or surface of apparent level above the points

whose difference of level is to be determined, and these

are called levelling rods.
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Levels.—These are constructed on one of three

principles—

(1.) A line of apparent level is perpendicular to a

plumb line freely suspended.

(2.) A line of apparent level is tangent to the free

surface of a liquid in equilibrium ; and

(3.) A ray of light which is perpendicular to a ver

tical mirror is a line of apparent level.

(1.) The levels used by bricklayers, carpenters, &c.,

afford an example of the method of applying the first

principle. In its simplest form, this kind of level con

sists of a T-shaped frame, the line corresponding to

the top of the T being perfectly straight and at right

angles to a second line drawn through the middle of the

stem of the T- A plumb-line is attached to some point

of the second line, and when the instrument is held so

that the plumb-line corresponds to this second line, the

first line is a line of apparent level. The cross line of

the T may be turned downwards, as is usually the case

when used by mechanics, or it may be turned upwards,

in which case, if supported on a suitable stand, it can

be used for the rougher kinds of field levelling.

(2.) The ordinary Dumpy level (Fig. 45) affords

an illustration of the second principle. It consists

essentially of a telescope mounted on a tripod stand.

The tripod itself is attached to a solid bar called the

limb, which turns about an axis at right angles to it,

and so arranged that the axis may be made vertical by

the aid of levelling screws. Attached to the telescope

is a ring compass and a delicate spirit-level. The

latter, when in adjustment, is parallel to the line of

collimation of the telescope, which is indicated by two

cross hairs mounted on an adjustable diaphragm placed

in the common focus of the field lens and eye-piece.
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The parts of the instrument are so constructed that

they may be brought into accurate adjustment—that is,

with proper relative positions. "When the instrument

is adjusted, the attached level is parallel to the line of

collimation of the telescope, and both are perpendicular

to the axis of the limb, that is, the line that remains

fixed when the limb is turned in azimuth.

The necessary adjustments of level are—

Temporary.—(1.) Level ; (2.) Correct parallax.

Permanent.—(1.) Line of collimation || spirit level ;

(2.) Traverse.

To use the instrument thus adjusted we plant the

tripod firmly in the ground, and by means of the level

ling screws bring the level in such a position that the

bubble will remain in the middle of the tube during an

entire revolution in azimuth. The axis of the limb is then
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vertical, and consequently the line of collimation of the

telescope in all its positions is a line of apparent level.

(3.) Levels constructed on the third principle aro

called reflecting levels. One form of this class of levels

consists of a plate of glass suspended from a ring and

weighted so that the plane of the glass shall always be

vertical. One-half of the glass is silvered and the

other half unsilvered, the line of division between the

two portions being vertical. A line is ruled across the

middle of the plate, perpendicular to the one last men

tioned, and is consequently horizontal. To use the

instrument, it is held by tho ring, and raised or lowered

until the observer sees the image of

his eye reflected from the ruled hori

zontal line on the silvered portion ;

the plane through the eye in that

position, and the line of the unsilvered

portion, is a plane of apparent level.

Instruments of this kind are conve

nient for contouring in topographical

surveys, but they are not very accurate.

Levelling Bods.—These are rods of

wood graduated to feet and decimals of

a foot, the lines of division being num

bered from below upwards ; the 0 of

the scale is at the bottom of the rod.

The one mostly used consists of a

staff of hard wood in three slides or

sections, and has the end capped with

metal. It is made in length varying

from 10 or 14 to 18 feet. The rod may

be graduated in different ways ; three patterns are shown

in Fig. 46. a is a pattern of Sopwith's levelling rod ;

b is Rogers's field-pattern; and c is the Stanley pattern.

p

I

El

Fig. 46.



LEVELLING. 7a

Another form of rod is now much used. It consists of

a simple rod without a sliding vane, the divisions and

numbers being so distinct as to make them easily read.

In levelling, the rod requires to be held at changes

of slope, streams, banks, lines of communication, bench

marks, &c.

A plummet is not necessary to set the staff perpen

dicular, for if the staff be moved backwards and for

ward, the true reading will be the smallest.

Fig. 47.

Sights.—A pair of sights, or readings, are required

to make one complete observation. The first is called

the back sight, and the second the fore sight.

The names back sight (B.S.) and Fore Sight (F.S.)

do not necessarily mean sights taken looking back

wards or forward, though they generally are so for

turning points, but the first sight taken after setting

up the instrument is a B.S. or + (plus) sight, and all

following ones, taken before removing the instrument,

are F.S., or — (minus) sights.

All but the first and last points sighted are called

intermediate points, or " intermediates." The last point

sighted to before moving the instrument is called a

" turning point " or changing point.

Levels may be marked on the ground along a line of

road or railway, &c, at distances of from 66 to 300 ft.

The principal reasons for taking sights at short dis-
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tances is the uncertainty of the refracting action of

the air. They should not be more than 10 chains, or

660 feet.

The only reason for a long sight is when great accu

racy is not needed ; then we may take the distances as

far as we can read the staff, and reduce for curvature

and refraction.

Most errors of observation increase as the distance

simply.

Errors of refraction increase as the square of the

distance merely.

But there are always errors which are constant, and

do not vary with the distance.

The greater the distance the greater the effect, and

therefore the more need that the instrument be planted

exactly half way between fore and back sights.

Direct Levelling.—The levelling instrument is set up

mid-way between any two consecutive stations, a and

B, on the line of levels, and after its adjustment the

Fig. 48.

readings of the staves placed over the stations are

necessarily taken. The line of sight having been made

horizontal, the difference in the readings equals the

difference of level of the two points a and b. (Fig. 48.)

"When the first is subtracted from the second, if the
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to

remainder is +, the second point is higher than the

first ; if the remainder is — the second point is lower

than the first.

In the same manner we

may determine the difference

in level between the second

point and a third point, be

tween the third and a fourth

point, and so on, as far as

may be desirable.

The total difference of level

between the first point and

the last is then equal to the

algebraic sum of all the par

tial differences of level.

Example.—A levelling in

strument was placed at a

station c, mid-way between

two bench marks, a and b.

(Fig. 48). _

Staff-reading at a . 8-25

Ditto at b . 5-10

The instrument was then

shifted to a station d, near

to b, and 2,000 feet from A.

Staff-reading at b . 4-80

Calculate—

(1.) True difference of

level of A and b.

(2.) Error from curva- * *

ture and refraction of reading at a as seen

from d.

(Z.) Proper staff-reading at A (including curva

ture and refraction).

e 2
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(1.) The instrument being mid-way between a and

b, the errors from curvature and refraction are neutra

lised, and the true difference of level of the two bench

marks is the difference of their readings on the staff.

= 8-25 - 5-10 = 3-15 feet.

(2.) The error from curvature and refraction of read

ing at a as seen from d—

_ 5 20002 _ 5 4,000,000

~~6X 41,778,000 ~"6 X 41,778,000

= 4 X -09574 = 0-07978 feet.

(3.) Proper staff-reading at a as seen from d, inclu

ding effects of curvature and refraction.

= (4-80 + 3-15) + -07978.

= 7-95 + -07978 = 8-02978 feet.

Note Megarding Adjustment of Level.

Let the readings from c be 8-25 at a and 5-10 at e. The difference

of level is 3-16.

If the level is shifted to d, 2,000 feet from a and 500 feet from b,

and reads 4-80 at b, then it would read 7-95 at a, if there was no error

from curvature and refraction; hut the error in 2,000 feet = -079 .*.

the real reading at a from d should be 8-029. Now if the reading at

A from D does not =: 8-029, the line of collimation is out of adjustment.

Suppose that what we do read is 7'53, or -50 less than it should read,

then -50 represents the error in ab for 4-80 + 3-15 + -079 = 8-029

= 7-53 + -6.

The total error of adjustment in a d

= error m A
/ajd = 2000_4\ 4

B X \Zi 1500 - 3 ) - 5 X 3 - 67'

Hence 7-53 + -67 = 8-20 = the true reading at A ; and 8-20 —

3-15 = 5-05 = true reading at b from d. Hence 505 — 4-80 = -25 =

error in b n.

The curvature and refraction in b d supposed to he inappreciable.

Field Notes.—Gillespie recommends the beginner to

sketch the heights and distances measured in a profile

or side view, as in Fig. 50. But when the observa
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tions are numerous they should be placed in one of the

following tabular forms. These all refer to Fig. 50,

and may be compared with that sketch.

First form of Field Book.—In this the names of the

points or " stations" whose heights are demanded are

placed in the first column, and their height is finally

f.

DO 8

S

J
11
1%

i 9

"2 »-

1
s

S Eh

Remarks.

CD

A
o-oo B.M. ,mark cut on wall

B 100 2-00 6-00 —4-00 —4-00

of shepherd's cottage.

c 60 3-00 4-00 —1-00 —5-00

D 40 2-00 1-00 +1-00 —4-00

E 70 6-00 1-00 +5-00 +1-00

V 50 2-00 6-00 —4-00 —3-00 B. M., lower hook of

15-00 18-00 —9-00

+6-00

gate of farmyard.

—3-00

ascertained in reference to the seventh column. The

heights above the starting point are marked +, and

those below it are marked —. The back sight to any
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station is placed on the line below the point to which

it refers. When a back sight exceeds a fore sight,

their difference is placed in the column of "rise";

when it is less their difference is a " fall."

The above table shows that b is 4 ft. below a, that

c is 5 ft. below a, that e is 1 ft. above a, and so on.

To test the calculation, add up the back sights and fore

sight. The difference of the same should equal the

last total height or reduced level.

Second form of Field Book.—This is presented

below. It refers to the same stations and levels noted

in the first table, and shown in Fig. 50.

Stations. Distances.
Back

sights.

Height of
Fore

sights.

Reduced

Levels.

Remarks.Inst, above

A

B

Datum.

0-00 B.M.

B.M.

100

60

40

70

50

200

3-00

2-00

600

2-00

+ 2-00 6-00 — 4-00

C

D

— 1-00 4-00

1-00

1-00

6-00

— 5-00

E

F

— 3-00

+ 2-00

-j-3-00

— 4-00

+ 1-00

— 3-00

15-00 18-00 — 3-00

In the above table it will be seen that a new column

is introduced, containing the heights of the instrument

above the datum or starting-point. The former columns

of " rise " and " fall " are omitted. The above notes

are taken thus : The height of the starting-point, or

" datum," at a is 0-00. The instrument being set up

and levelled, the rod is held at a. The back sight

upon it is 2-00 ; therefore the height of the instrument

is also 2 -00. The rod is next held at b. The fore

sight to it is 6-00. That point is therefore 6-00 below

the instrument, or200 — 6-00 = — 4-00 below datum.

The instrument is now moved, and again set up, and
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the back sight to b, being 3-00, the height of instru

ment 5 — 4-00 + 3-00 = 100, and so on, the height

of instrument being always obtained by adding the

backsight to the height of the peg on which the rod

is held, and the height of the next peg being obtained

by substracting the fore sight to the rod held on that

peg from the height of instrument.

Third form of Field Book.—In this form the defects

of the preceding methods are avoided, and it approxi

mates to a sketch of the operations, the fore-sight being

F. S. -
Dis

tances.

Sta-

tions.

Height

of Staff.
B.S. +

Height

of Inst.
Remarks.

A

B

G

D

E

F

o-oo 2-00

3-00

2-00

6-00

2-00

+ 2-00 B. M.

B.M.

600

4-00

1-00

1-00

6-00

100

60

40

70

50

- 4-00 - 100

- 5-00 - 3-00

+ 2-00

+ 3-00

- 4-00

+ 1-00

-18-00

- 3-00

+ 15-00

- 18-00

- 3-00

placed before the stations to which they are taken, and

the back sights after them. The distances are placed

before the stations to which they are taken, or after

those from which they are taken. Another advantage

is that the stations, their heights, and the distances,

are brought together, which facilitates the making of a

profile.

In checking the level book after taking levels, the

difference between the sums of back and fore sights

should equal the difference of the sums of the rises and

falls, and each of those quantities should be equal to

the difference between the first and last numbers in the

columns of reduced levels or height of staff.
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Check Levels.—No single set of levels is to be trusted,

but they must be tested by another set, run between

the bench marks, though not necessarily over the same

ground. A set of levels will verify themselves if they

come around to the starting-point again. Check levels

should be taken of bench marks, of lines of communica

tion, of summits, and of hollows, and for working sec

tions every level should be checked.

Trial Levels.—Their object is to get a general ap

proximate idea of the comparative heights of a portion

of the country, as a guide in choosing lines to be

levelled more accurately, or for ascertaining the eleva

tion of detached points ofprimary importance as regards

the work in hand. More rapidity and less precision is

required in these trial or flying levels.

Levelling Location.—It is the converse of the general

problem of levelling, which is to find the difference of

heights of two given points. This consists in determin

ing the place of a point of any required height above

or below any given point.

To do this hold the rod on some point of known

height above the datum level ; sight to it, and then de

termine the height of the cross hairs. Subtract from

this the desired height of the required point, and set

the target at the difference. Hold the rod at the place

where the height is desired, and raise or lower it till

the cross-hair bisects the target. Then the bottom of

the rod is at the desired height. Usually a peg is driven

till its top is at the given height above the datum.

To Locate a Level Line.—This consists in determining

in the ground a series of points which are at the same

level, i.e. at the same height above some datum. Set

one peg at the desired height, as directed above. Sight

to the rod held thereon, and make fast the target when
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bisected. Then send on the rod—the desired direction,

and have it moved up or down the slope of the ground

until the target is again bisected. This gives a second

point ; so go on as far as sight can be correctly taken,

keeping unchanged the instrument and target. Make

the last point sighted to a " turning-point." Carry the

instrument beyond it, set up again, take a B. S., and

proceed as at first.

The rod should be held and pegs driven at points so

near together that the level line between them will be

approximately straight.

Contouring. — Contour lines in hilly districts are

usually made 100 feet apart ; in lower districts the

principal lines are in the 6-inch Ordnance map at 50

feet apart with intermediate lines between. Contour

lines show the general figure of the surface, and there

fore are of little use for the construction of sections if

they are at wide intervals. In Fig. 51, the contour

lines are 5 yards apart.

Methods for Determining Contour Lines.—They are of

two classes :—1. Determining them on the ground at

e 3
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once ; 2. Determining the highest and lowest points,

and thence deducting the contour lines.

First Method. General Method. — Determine one

point at the desired height of one line, and then

" locate " a line at that level. The " reflected hand

level," or " reflecting level," or " water level," are

sufficiently accurate between " bench mark," not very

distant.

One such line having been determined, a point in

the next higher or lower one is fixed, and the preceding

operations repeated.

On a long narroio strip of ground, such as that required

for locating a road, run a section across it at every

quarter or half mile, about in the line of greatest slope.

Set stakes on these sections at the height of the desired

contour lines, and then set intermediate points at these

heights between the stakes. These sections check the

levels. On a broad surface, level around it, setting

stakes at points of the desired height, and then run

sections across it and from them obtain the contour

lines as before.

The external here serve as checks to the cross lines.

The contour lines may be surveyed by any method.

Contouring with Plane Table.—It is used to map the

points as soon as obtained.

Second Method. General Nature.—This method con

sists in determining the height and position of the

principal points, where the surface of the ground

changes its slope in degree or in direction—i.e. determi

ning all the highest and lowest points and lines, the

tops of the hills and bottoms of hollows, ridges and

valleys, &c., and then, by proportion or interpolation,

obtaining the places of the points which are at the same

desired level. The heights of the principal points are
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found by common levelling, and their places fixed by

their heights being written upon them.

The first method is more accurate ; the second is

more rapid.

Cross Levels.—These show the heights of the ground

on a line at right angles to the main line. They give

" cross-sections " of it. They may be taken at the same

time as the other levels, or independently. In taking

" cross levels " where the slopes are steep, as in moun

tain districts, frequent settings of the instrument are

necessary, unless " cross-section rods " are used.

Levelling for Sections. — The object of this is to

measure all the ascents and descents of the line, and the

distances between the points at which the slope changes,

so that a section or profile of it can be made from the

observations taken.

A section is a continuous line of levels in which

distances as well as heights are measured.

The three principal parts of a section are (1) the

datum line ; (2) the natural surface of the ground ;

(3) the line of proposed work. The datum point must

be near the terminus of the line of works, and not near

the middle of the line.

In drawings of sections the vertical scale should be

vertical on the paper, owing to the irregular expansion

and contraction in different directions. The scale of

distances is divided into miles and furlongs, and these

when necessary into chains and tenths of a chain, &c.

The vertical measures in the section must be written

in figures ; the gradients must also be written, and the

changes of gradient marked ; as also the greatest depth

of cuttings and the greatest height of embankments.

The quantities of earthwork should be calculated

from the field-book, and not measured on the paper.
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Working Sections.—A working section is a definite

profile of the ground, and the levels taken to form

this section are termed permanent levels. The

heights are taken at every chain from the top

of stumps that have previously been driven in, and

every minutiae is particularly defined, such as the

tops of banks, depths of ditches, watercourses, roads,

pits, &c. A working section should state in writing

the level of the ground, and the proposed work, and

height of embankment or depth of cutting, at every

point whose level has been taken. Those quantities

should be found by calculation, not by measurement

on paper. The positions and levels of bench marks

should also be stated. For working sections every

level should be checked.

Trigonometrical Levelling.—This consists by means of

a theodolite or transit instrument in measuring the

vertical angle between the zenith of the station occu

pied and the distant object the height of which is to

be determined. The horizontal distance to this object

must be known, and the measured angle must be in

creased on account of refraction, which may be taken

roughly as proportioned to the length of arc of junction,

and ordinarily equal to about -rV of the corresponding

angle at the earth's centre. We may either measure

double the zenith distance—one half of the operation

with position of theodolite, say circle left, the other

half with circle right (the instrument having been

turned 180° in azimuth)—or, if the zenith point (or

horizontal point) of the vertical circle be previously de

termined, it will suffice to measure the single zenith

distance (or altitude, depression being a negative

altitude).

Irrespective of other adjustments for the theodolite,
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those for collimation, for verticality of the vertical axis,

and for horizontality of the horizontal axis of the tele

scope must be carefully attended to. The observer

should also examine the verticality of the plane of his

circle to the last-named axis.

To Measure Horizontal Angles.—Set the transit so

that its centre shall be precisely over the angular point.

This is done by means of a plumb-line suspended from

the centre of the instrument. Level the instrument

carefully, sight to a rod, held at some point on one of

the lines, as at b in the figure (a being the place of the

Fig. 52.

transit), and note the reading. Then loosen the clamp

of the vernier plate, keeping the other plate clamped ;

sight to a rod held at some point on the second line, as

at c, and again note the reading. The difference of

the two readings will give the angle b a c. This is the

angle of intersection.

To measure the angle of deflection, dac, i.e. the

angle between a c and b a prolonged. After sighting

to b, turn over the telescope. It will now point to

wards d, in the line b a prolonged. Note the reading ;

sight to c, and again note the reading. The difference

of the readings will give the required angle.

Vertical angles are measured similarly to horizontal

ones, only using the vertical instead of the horizontal

circle.

Traversing.—In this method of surveying and re

cording a line, the direction of each successive portion

is determined, not by the angle which it makes with
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the line preceding it, but with the first line observed,

or some other constant line. The operation consists

essentially in taking such back sight by the lower

motion (which turns the circle without changing the

reading), and taking each forward sight by the upper

motion, which moves the vernier over the arc measur

ing the new angle, and thus adds it to or subtracts it

from the previous reading.

Set up the instrument at some station, as b ; put the

vernier at zero, and, by the lower motion, sight back

to a. Tighten the lower clamp, reverse the telescope,

loosen the upper clamp, sight to c by the upper

motion, and clamp the vernier-plate again. Remove

Fig. 53.

the instrument to c, sight back to b by the lower

motion. Then clamp below, reverse the telescope,

loosen the upper clamp, and sight to d by the upper

motion. Then go to d, and proceed as at c ; and so

on. The reading gives the angles measured to the

right or "with the sun," as shown by the arcs in the

figure.

Barometric Levelling.—"We need here only refer to the

barometer as an instrument for measuring heights. In

the form of a mercurial barometer it may be regarded

as essentially a balance in which, under the influence

of gravity, the mass of the superincumbent atmosphere

is equilibriated by a mass of mercury. In the aneroid

barometer, on the contrary, the atmospheric pressure is
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counterbalanced by the elasticity of a corrugated me

tallic vessel (generally filled with gas, sometimes sup

plied with a spring). A change of gravity could not,

therefore, be indicated by an instrument of the first

form, but would be by one of the second form. It is

an instrument of great simplicity and portability, and

depends on the known relation between the variations

in the atmospheric pressure and the corresponding

changes in the boiling-point of water. The results,

however, are subject to considerable uncertainty.



CHAPTER IX.

UNITED STATES PUBLIC LANDS SURVEYS.

The extensive territories of the United States are

surveyed upon a peculiar system, planned with re

ference to the division of the land into squares of

uniform size, so arranged that any tract of 160 acres

may have its distinct designation and be readily found

upon the map or recognised upon the ground by the

marks left by surveyors.

These squares are bounded on the east and west sides

by lines which are true meridians of longitude radiat

ing from the north pole, and on the north and south

sides by lines which are chords of the circular paral

lels of latitude intersecting such meridians.

In each land district a principal meridian line is run,

extending through the entire district, and from this

meridian, at points 24 miles apart, east and west, base

lines are run, which also extend through the district.

These lines are determined astronomically, and when

located serve as axes to which the subdivisions of the

district are referred.

Parallel to the axes, and on each side of them; other

lines are run 6 miles apart, dividing the whole territory

into squares, called townships, each containing 36

square miles, or 36 sections.

The meridians are drawn from the base lines north
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and south to the depth of two townships ; but owing

to their not being parallel, they do not meet—that is

to say, the meridian drawn north from the first base

line to the depth of two townships would not meet the

meridian line drawn south from the second base, thus

creating corners or offsets between the townships and

section outlines, and making necessary a correction line

at every distance of four townships apart, as shown on

the index map.

•• > a ti s a a 17 ii ii ,»
13 12 II 10 9 0 7 6 6

Fig. 54.

Townships.—A township measures, from centre to

centre of the road allowances which form its actual

boundary, 483 chains square (= 10,604 yards square),

more or less, subject to the deficiency resulting from

the convergence or divergence of the meridians, as the

case may be, caused by the curvature of the surface of

the globe.

The townships lying between two consecutive meri

dians 6 miles apart constitute a "range," and the

ranges are numbered from the principal meridians,

both east and west. In each range the townships are
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numbered both north and south, from the principal

east and west line.

Thus if a township lies 12 miles east of the principal

meridian, and 18 miles north of the principal east and

west line, it is called township 3 N, range 2 E.

Each township is divided by meridians and east and

west lines into squares having a mile on each side.

These are called sections, and each contains 640 acres,

more or less.

Sections.—Each township is divided into 36 " sec

tions " of 640 acres (1 square mile) more or less, the

exact area being, like that of the township itself, sub

ject to the convergence or divergence of meridians—

together with certain road allowances, having a width of

one chain, on each section line running north and south,

and on every other section line running east and west.

The sections are laid out the precise width of 80

chains, more or less, on the base lines running east and

west, and the meridians bounding sections are drawn,

both north and south, to the depth of two townships, to

the " correction" lines already referred to.

All sections south of a base line will accordingly

have their northern boundary lines rather more than

80 chains, while the north and south boundaries of

sections in the townships laid off north of the same

base line will correspondingly measure less than the

normal dimensions of 80 chains. The difference, how

ever, is practically inappreciable, as there is only about

half a foot discrepancy between the northern and

southern boundary of a quarter section—i.e. half a

foot in a distance of half a mile.

The sections of a township are numbered from the

S.E. corner, running along the southern tier of sections

to No. 6, thence backward to No. 12, which lies exactly
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north of No. 1, and so on alternately, running from

left to right and from right to left, to the north

easterly corner, which is No. 36.

The following diagram shows a township, as sur

veyed, with road allowance, and the manner in which

the sections are numbered.
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Fig. 55.
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Legal Subdivisions of Sections.—Each section of a

township is subdivided into " quarter sections," con

taining 160 acres each, or half a mile square, as shown

in the diagram, and they are referred to respectively

N

W

N.W.J N.E.J

S.W. J S.E.J
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as the N.E.I, the S.E.±, the S.W-i, and the N.W.I of

the section of which they form part.

The terms "half-quarter section," and "quarter-

quarter section" are legal designations expressing

the quantity of 80 or 40 acres respectively. In the

latter case the quarter sections comprising every

separate section are, in accordance with the boundary

of the same as planted in the original survey, sup

posed to be further subdivided into four quarter-

quarter sections, of 40 acres each, as shown in the

following diagram :—

N

W

13 14 15 16

12 11 10 9

5 6 7 8

4 3 2 1

Posts and Mounds.—Surveyed lines on the prairie

are marked by posts with mounds of earth built

around them, as shown in Fig. 56.

Except in the case of correction lines, section posts and

mounds are so placed that lines connecting the cardinal

points of the compass will pass through their angles.

On correction lines they are placed square with theline.

In a timbered country the mounds are dispensed

with, and the lines marked by blazing the trees on the

side next the line and the direction in which it is run,

the corners being established by wooden posts, the

position of which are defined by bearing trees.
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Only a single row of posts to indicate the corners of

the townships or sections (except in correction lines)

Fig. 56.

is placed on any surveyed line. These posts are placed

in the west limit of road allowances leading north and

A

Figs. 57 and 58.

south, and in the south limit of roads leading east and

west.
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On correction lines posts are planted on each side of

the road allowance, and marked independently for the

township on either side.

It frequently occurs that a section corner falls into a

lake, slough, or stream. In this case the surveyor

builds a circular witness mound on the shore at

Fig. 59.

the point nearest to the true position of the section

corner, the post standing in the mound being marked

W.M., the bearing and distance to the site of the true

corner being written thereon.

Post Markings.—"Wooden posts are marked with

Roman numerals cut into their faces.

Where iron posts are used, the figures are punched

on a square plate of tin, which rests on the top of the

mound, the post passing through its centre. In addi

tion to the section numbers, the plates are marked with

the letters n s e and w, and it is necessary in ascer

taining the number of a section to see that the plate is

turned so that these letters correspond with the cardi

nal points which they are intended to indicate.

Quarter section corners are designated by wooden

posts, flattened on two sides. They are marked with

the fraction £, and stand with their flattened sides

facing the direction in which the section line is

run.
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The position in which the mounds and posts stand
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with reference to the section lines, and the manner in

which they are marked, is shown in the above diagram <



CHAPTER X.

LAYING OUT LAND.

Its Nature.—This operation is precisely the reverse

of that of surveying, properly so called. The latter

measures certain lines as they are ; the former marks

them out in the ground where they are required to be,

in order to satisfy certain conditions. The same instru

ments, however, are used as in surveying.

Perpendiculars and parallels are the lines most often

employed. The perpendiculars may be set out either

with the chain alone, still more easily with the cross-

staff or optical square, and most precisely with a transit

or theodolite. Parallels may be set out with the chain

alone, or with transit, &c.

To Lay Out Squares.—Reduce the desired content to

square chains, and extract its square root. This will

be the length of the required side which is to be set

out by one of the methods indicated above.

An acre laid out in the form of a square is fre

quently desired by farmers. Its side must be made

316£ links of a Gunter's chain, or 208 -nnr ft., or

69 -nnr yds. It is often taken at 70 paces.

The number of plants, loads of manure, &c., which

an acre will contain at any uniform distance apart can

be at once found by dividing 209 by this distance in

feet, and multiplying the quotient by itself, or by
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CHAPTER X.

LAYING OUT LAND.

Its Nature.—This operation is precisely the reverse

of that of surveying, properly so called. The latter

measures certain lines as they are ; the former marks

them out in the ground where they are required to be,

in order to satisfy certain conditions. The same instru

ments, however, are used as in surveying.

Perpendiculars and parallels are the lines most often

employed. The perpendiculars may be set out either

with the chain alone, still more easily with the cross-

staff or optical square, and most precisely with a transit

or theodolite. Parallels may be set out with the chain

alone, or with transit, &c.

To Lay Out Squares.—Reduce the desired content to

square chains, and extract its square root. This will

be the length of the required side which is to be set

out by one of the methods indicated above.

An acre laid out in the form of a square is fre

quently desired by farmers. Its side must be made

31 6j links of a Gunter's chain, or 208 ^V ft-, or

69 -j-Yo- yds. It is often taken at 70 paces.

The number of plants, loads of manure, &c., which

an acre will contain at any uniform distance apart can

be at once found by dividing 209 by this distance in

feet, and multiplying the quotient by itself, or by
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dividing 43,560 by the square of the distance in feet.

Thus, at 3 feet apart, an acre would contain 4,840

plants, &c. ; at 10 feet apart, 436 ; at a rod apart, 160,

and so on. If the distance apart be unequal, divide

43,560 by the product of these distances in feet ; thus,

if the plants were in rows 6 feet apart, and the plants

in the rows were 3 feet apart, 2,420 of them would

grow on one acre.

To Lay Out Rectangles.—The content length being given,

both are measured by the same unit, divide the former

by the latter, and the quotient will be the required

breadth. Thus, 1 acre or 10 square chains, if 5 chains

long, must be 2 chains wide.

The content being given, and the length to be a certain

number of times the breadth. Divide the content in

square chains, &c., by the ratio of the length to the

breadth, and the square root of the quotient will be

the shorter side desired, whence the larger side is also

known. Thus, let it be required to lay out 30 acres

in the form of a rectangle three times as long as broad.

30 acres = 300 square chains. The desired rectangle

will contain 3 square each of 100 square chains, having

sides of 10 chains. The rectangle will therefore be 10

chains wide and 30 long.

An acre laid out in a rectangle twice as long as broad

will be 224 links by 448 links nearly, or 147\ ft. by

295 ft., or 49]- yds. by 98$ yds. 50 paces by 100

is often used as an approximation easy to be remem

bered.

To Lay Out Triangles.—The content and the base

being given, divide the former by half the latter to get

the height. At any point of the base erect a perpen

dicular of the length thus obtained, and it will be the

vertex of the required triangle.
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The content being given, and the base having to be

m times the height, the height will equal the square

root of the quotient obtained by dividing twice the

given area by m.

The content being given and the triangle to be equi

lateral, take the square root of the content and multiply

it by 1-520. The product will be the length of the

side required. This rule makes the sides of an equi

lateral triangle containing one acre to be 480J links. A

quarter of an acre laid out in the same form would

have each side 240 links long.

The content and base being given, and one side

having to make a given angle, as b, with the base a b,

the length of the side b c = :

A b sin. B

Example.—Eighty acres are to be laid out in the

form of a triangle, on a

base, a b, of 60 chains,

bearing N. 80° W., the

bearing of the side B c

being N. 70° E. Here

the angle b is found from

,4 the bearings to be 30°.

Hence b c = 53*33. The

figure is on a scale of

50 chains to 1 inch, = 1 : 39,600.

Any right-line figure may be laid out by analogous

methods.

To Lay Out Circles.—Multiply the given content by

7, divide the product by 22, and take the square root

of the quotient. This will give the radius with which

the circle can be described on the ground with a rope

or chain.

A circle containing one acre has a radius of 1781 links.
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A circle containing a quarter of an acre will have a

radius of 89 links.

There is much truth in the proverbial advantage of

a farm or estate lying within a ring fence. The incon

venience which arises from fields of one farm running

into or lying in the middle of another farm is often very

great, and it is still too common in England. There can

be no excuse for it, certainly, where the farms belong

to the same owner. Both that and irregularities in the

boundaries should be rectified at the very first oppor

tunity ; and, if they are on different proprietors' lands,

such glaring inconveniences should be made the subject

of an excaulm, or exchange, in the interest of the

owners as much as of the farmers.

As to the size of farms, both large and small ones

have their fitness and utility ; but grazing farms should

be relatively larger than those devoted to tillage.

In the interior arrangements of the farm lands, a

great consideration is to have the fields properly set off,

not merely as regards the division of arable and pasture

land, but so as to mark the different soils that occur

in each. It makes all the difference sometimes in the

working of the fields, and in the equally good yield of

the crops if the divisions have been made as far as

possible in conformity with the surface soils.

The old style of laying out farms in England—if

style it can be called—cannot certainly claim much on

the score of utility ; and it is a true type of the falsely

named picturesque, with its miry lanes, its wide strag

gling hedgerows and ditches, the land cut up into

numberless misshapen fields, and here and there waste

plots of ground that seem to have been left out of the

general plan because they would not fit in anywhere.

There can be little doubt that enclosures are bene

f 2



100 AGRICULTURAL SURVEYING.

ficial to a certain extent—in some districts more so

than in others ; but whatever the size and number of the

enclosures, they should be laid out so as to utilize the

whole of the ground that makes up the farm and is

free for this purpose. And if the wasteful agriculture

which is so strongly encouraged by an ill arrangement

of the fields is to be fully avoided, the same principle

must regulate the laying out of roads and buildings.

It must be confessed that there is little plan or pre

cision in our field system. If the limits of the field are

defined, and perhaps the boundary fenced, it is thought

to be quite enough for the purposes of agriculture ; and

if the shape of the field is at all nearly square or rect

angular, it is considered a very well laid-out piece of

land.

But while it is proper that the size, shape, and

boundary of the enclosure should be attended to, this

does not supply the place of an interior arrangement of

the fields. Only those who have tried the plan of

marking out the whole field-surface in squares or divi

sions of fractions of an acre know its advantages, in

point of accuracy and readiness in conducting almost

every branch of field-work, and in making trials of

seeds, manures, &c. We shall notice a few of the ad

vantages arising from such a plan.

In the first place, it enables the farmer to see at a

glance what quantity of field-work is done in a given

time by the hands or teams employed, no matter what

description of work they are at—hoeing, reaping,

ploughing, manuring, or anything else ; and it is, at

the same time, a great help to a better inspection of the

work done. It also facilitates and encourages the use

of piece-work in the employment of field hands. A

square can be taken up, worked off, inspected, and paid
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for at the rate agreed on per acre with a simplicity

that compares favourably with the slipshod fashion of

day hands at work without a gauge, or piece-workers

whose task is an uncertainty until the ground is

measured.

It likewise affords a ready facility for making ex

periments on a small scale with seeds and manures,

for trying different modes of culture, and for ascertain

ing the weight of produce obtained from the land, or

the weight of crop consumed in the feeding of stock.

These are only a few of the advantages. The plan,

when adopted, will be found convenient for many pur

poses besides those enumerated.

But the question is, How to lay out fields in small

squares so as to provide these advantages. With the

use of improved machinery it does not do to have

ditches, nor even deep furrows, as the bounds of these

squares ; and otherwise, of course cropped land has to

be marked out annually, or at least as often as the field

is resown. It may be done, however, not by furrows,

but simply by lining out the ground after the crop is

sown, and then drilling in the lines, with a small hand

single drill, a single row of the same seed as the crop

may be—grass, corn, turnips, &c. The same variety

of seeds will be quite visible in the lines, especially

where otherwise throughout the field the seed-corn or

grass was broadcasted ; and in the case of root crops, it

may be nicely arranged by drilling, say in a field of

yellow turnips, swede-seed in the marked lines, &c.

The expense and trouble of marking out lines is very

little, and is soon amply repaid. Let a man, or a man

and a boy, line out the field as soon as it is sown, in

tenths or poles, &c., as decided on. Then take the hand

drill and run along the lines, first the length of the
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field, then across, drilling somewhat thicker in the lines

than it was sown over the field. The lines must be

kept perfectly straight ; but if the ground is properly-

lined out first, that is easy to do. The rate at which a

man and a boy will line and drill-mark a field will of

course depend on its total acreage, and on the size of

the divisions into which it has to be lined or marked.

Of course if a more permanent system of marking

without loss of land could be devised it would be better ;

but until that is discovered no labour on the farm will

be better bestowed than that given to forming the line

divisions here indicated.



CHAPTER XI.

ESTIMATING WEIGHT, QUANTITY, AND VALUES.

A knowledge of measuring solids is indispensable to

the land agent, surveyor, and farmer, as the dimen

sions and weight of all materials and objects are calcu

lated by it.

Mensuration of solids comprehends the measure by

length, breadth, and thickness of all bodies, whether

solid, liquid, or gaseous. The general rule is, to "find

the area of one end, and multiply that by the length."

This rule is of universal application, whether to earth

work, ricks of corn or hay, heaps of dung, of stone, or

of burnt clay, and to timber, &c. The area of one end,

or of one surface, whether the end, side, top, or bottom,

is found on exactly the same principle as in ascertaining

the superficial contents of land; and if the figure

diminishes in the course of its length, as the top of a

rick, or the trunk of a tree, the mean length or half is

taken as a multiplier.

Weight of Cattle.—The rule for ascertaining the

weight of an animal by measurement is to multiply the

square of the girth by the length, and this product by

the decimal -238, which will give the weight of the

four quarters in imperial stones.

To ascertain the dead-weight by weighing—multiply

the live-weight by the decimal '605, and the product
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will give the dead-weight of the four quarters in impe

rial stones.

It is simpler to ascertain the weight by measure

ment.

We here explain the calculation of the dimensions

of an animal and the principle upon which it is

founded, by which anyone may find the weight without

the assistance of tables. The length and girth of the

animal beiDg measured—the first from the shoulder-

top to the tail-head, and the second immediately be

hind the shoulder—these dimensions hring the figure

of the animal into the form of a cylinder, or nearly so.

The rule for finding the contents of a cylinder is to find

the area of the end and to multiply that sum by the

length. The common method is, to multiply the square

of the diameter by '7854 (the area of a circle whose

diameter is unity), and this product by the length for

the solid content. But in measuring cattle the girth or

circumference, and not the diameter, is obtained ; and

as the rule for finding the diameter correctly from the

circumference involves itself into long decimal multi

pliers, the process, especially when feet and odd inches

are the dimensions, is complicated and tedious. The

more simple method, therefore, is to multiply the square

of the circumference by -0795775,* and that product

multiplied by the length gives the contents ; which

again multiplied by the established weight of a cubic foot

or other measure will give the weight of the animal.

To find the proportional weight of a cubic foot, &c. :

—Find, by the above rule, the number of cubic feet

* This number is obtained in the following way : The area of a

circle equals the square of the circumference divided by four times

3-1416 (the circumference of a circle whose diameter is unity) ; or 1

divided by 12-6664 (=4X3-1416)=-0795776. Hence the square of

the circumference multiplied by -0796775 gives the area of the circle.
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which the animal contains, and weigh the four

quarters after it is killed, and the former divided

by the latter would give the weight per cubic foot.

Thus, if an ox measures 8 feet girth, 6 feet length :

8 X 8 = 64 X -0795775 = 5-09296 X 6 = 30-55776

cubic feet in the animal ;* and if the four quarters of

the killed animal weighed 91 stones 6J lbs., this weight

divided by the number of cubic feet in the animal gives

the weight of a cubic foot. Hence 91 stones 6J lbs. =

91-4642857 -T- 30-5576 give 2993 stones per cubic

foot. And this is the actual weight assumed for a

cubic foot.

The calculation may be shortened. As -0795775

and 2-993 are both constant multipliers in the opera

tion, they may be multiplied together and the product

used in one multiplier, thus: -0795775 X 2-993 =

-2381754675. But -238, or three figures only, may be

near enough for a multiplier. Thus 8 X 8 = 64 X 6

= 384 X -238 =91-392, or 91 stones 5| lbs. (In place

of -238 some use -24, which gives a higher weight.)

Thus, then, to find the weight of a fat animal, multiply

the square of the girth by the length, and that product

by -238, or take -rVoVth part of it, or use any lower

and more convenient denomination of the same value.

Another rule is to multiply the square of the girth by

five times the length, and divide the product by 21, to

get the weight of the four quarters ; i.e. multiply the

square of the girth by the length and take the ^5Tst

part of the product for the weight. Now -rr converted

into decimals is -23809523, which exactly agrees, in

* The calculation may be performed by duodecimals, or by reducing

odd inches, if any, to decimals or fractions ; or both length and girth

may be reduced to inches, and then as above. To bring cubic inches

to feet, divide the product by 1728.

f3
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as far as the decimal numbers necessary for the

calculation are required, with the numbers we have

given.

Weight of Say-ricks. — Various modes may be

adopted for determining this, but the only accurate

one is by the use of the platform scales. The num

ber of tons may be nearly determined by ascertain

ing the number of cubic feet or yards in the rick, and

obtaining the weight per foot by actual weighing if

necessary.

Weight per Yards to Weight per Yards to

foot. a ton. foot. a ton.

lbs. oz. lbs. oz.

5 3 = 16 7 8 = 11

5 84 = 15 8 4 = 10

6 0 = 14 9 3 = 9

6 6 = 13 10 5 = 8

6 14 =12

The number of yards per ton will depend on the soli

dity of settlement of the stack. If a good-sized stack has

well settled, about 12 cubic yards to a ton will be fair.

The following rule will give the weight approxi

mately by measurement.

With the tape measure the length and breadth, then

the height to the eaves, and from the eaves to the top.

To calculate the quantity proceed thus :—

To the height from the ground to the eaves, add one-

third of the height from the eaves to the top : multiply

this sum by the breadth, and that product by the length.

This will give the area in feet, which, divided by 27

(cubic feet in a yard), the quotient will be in yards.

Divide this by 10 to bring it into tons.

1. Example.—Suppose a stack of hay 30 ft. in length,

20 ft. in breadth, the height to the eaves 14 ft., height

from the eaves to the top 9 ft. Required the quantity in

tons.
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14 ft. height to the eaves

3 add J of height to roof

17

20 breadth

340

30 length

Tons

27) 102,00 (377-7 -7- 10 = 37.7

81

210

189 20 ewt.

210 7

189

10) 140

21

14 cwt. = ts- of a ton.

27

2. Example.—Required the quantity of hay in a stack,

the dimensions of which are as follows :—

Height to the eaves .... 12 feet.

From the eaves to the top . . 9 ,,

Length 25 „

Breadth 14 „

Average compactness 10 yards to a ton. Answer,

19 tons 8 cwt.

Thatching.—Thatchers' work is measured by the

square of 100 square feet.

1. To find the quantity of thatching on square or

oblong ricks :—

Rule.—Multiply the width over the top from eave to

eave by the length at the eaves, both in feet, and divide

the product by 100 for the quantity in squares of 100

square feet. If the ends of the rick are thatched, add

the breadth of the rick to the length for the multiplier.

Example.—Required the amount of thatching on a

rick measuring 30 ft. over top from eave to eave, length

of side 40 ft., and width at eaves 12 ft. Answer,

15t% squares.
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2. To find the quantity of thatching when the roof

of the rick or stack is conical :—

Rule.—Multiply the circumference of the eaves by

half the slant height, both in feet, and divide the pro

duct by 100 for the quantity in squares of 100 square

feet.

Example.—Required the amount of thatching on a

rick of 36 ft. circumference, 12 ft. slant height. Answer,

2te8tt squares.

Measurement of Grain in a Bin or Heap.—Multiply

the length, breadth, and depth in feet, and that pro

duct by 0-8. Suppose the bin is 20 ft. long, 4 ft.

wide, and 6 ft. deep ; this will give, when multiplied

together, 480 cubic ft. To reduce this amount to

bushels multiply by 0'8, which gives 384 in answer.

It takes 2,150 cubic inches to make a straked bushel,

and a cubic foot has 1,728 cubic inches ; hence the

bushel is to the foot as 5 to 4, which is the explanation

of the use of the fraction 0-8.

Weight is the only true standard of the quality of

corn. The heaviest wheat in the smallest compass will

always yield the greatest proportion of flour, and the

millers are so well aware of this that they always stipu

late for a nominal measure to be made up to a certain

specified weight; but the heavy corn will always be

worth more than the same weight of lighter corn.

To measure Dung-heaps, fyc.—Measure the length

and breadth, and take three or four depths, according

to the inequalities of the surface. The mean of these

depths, multiplied by the length and that product by

the breadth, will give the cubical content of the heap.

If the area is in feet, divide by 27, and the quotient

will be the quantity in loads.

Example.—A dung-heap is 50 ft. long, 25 ft. broad,
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and of the different depths of 3£, 4, 4J-, and 5 ft.

Required the number of cartloads.

Ft. in. Ft.

3 2 50 length.

4 0

4 6

25 breadth.

5 0 1250 ft. in.

1)16 8

4J = 4 2 aver, depth

4 2 average depth. 208-3

27)5208-3(192-9 cartloads.

27

250-
243

78

51

24-3

24-3

Earthwork.—In calculations of earthwork we require

to know three things—

(1.) The base.

(2.) The slope.

(3.) The depth of cutting or height of embankment.

In all rectilineal excavations, such as trenches, &c.,

or any other regular figure, the common rule will pro

duce accurate quantities, as—

Multiply the length by the thickness and the product

by the breadth. If the dimensions are taken in feet,

to reduce it to cube yards, divide the product by 27.

A cube yard of earth is equivalent to a load.
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Example.—Given base of a cutting 30 ft., slopes

li to 1, as in Fig. 62. Natural ground level trans

versely. Depths at intervals of 100 ft., as follows :—

Distances. Depths. Areas.

(Feet.) (Feet.) (Sq. Feet.)

0 0 0

100 14 714

200 24 1584 :

300 30 2250

400 32 2496

500 24 1584

600 0 0

Calculate the sectional area in square feet ; also the

volumes in three divisions each of 200 feet long in cubic

feet to the nearest whole number ; also the total volume

in cubic yards to the nearest whole number :—

(1.) Area = (30 x h) + (U X h2).

Area of section 0 = 0

100 = 420+ 29-1= 714 sq.ft.

200 = 720+ 864 = 1584 „

300=900 + 1350 = 2250 „

400 = 960+1536= 2496 „

500 = 720+ 864 = 1584 „

600 = 0

(2.) Volume = x. A- + 4Ai + As

=200

Volume of first 200 feet of length

(714x4) + 1584
= 148,000 cub. ft.

Volume of middle length

= 200> 1584 + (4x2250)+2496 = ft

6
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Volume of third length

= 200 2496 + 1584X4 = ^ U

4

(3.) The total volume in cubic yards.

_ 148000 + 436000 + 294400

w-

878400
= 32533-32 cub. yds.

27

Estimating the quantity of icork which ought to be

done in a given time by teams of labourers is an art

that ought to be familiar to every agriculturist. In

general no absolute rule can be laid down, because so

much depends on soils, roads, cattle, and other circum

stances ; but in every particular case the rate or market

price of labour per day being given, and the quantity

of work ascertained which a man or a horse can fairly

perform in a given time, a rate per square yard, pole,

or acre, or per solid quantity of materials which are to be

moved, can easily be determined on. A farmer should

know by memory the number of ridges, or of single

furrows or bouts, which it requires to make an acre on

every field of his farm. This will aid him in every

operation that requires to be performed on these fields,

the quantity of manure, seed, ploughings, harrowings,

hoeings, mowing, reaping, raking, &c., as well as in

estimating the produce, whether corn, hay, roots, or the

number of cattle or sheep that may be grazed there

for any given time (Louden). It will be seen that the

proper laying out of farm lands has a great deal to do

with this.

Draining work, ditching and hedging, &c., ought to

be subjected to similar calculations, so as, if possible, to

let out all work not performed with the master's own
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men and cattle, by contract or quantity, instead of by

time. As spade work is nearly the same in most parts

of the country, certain general rules have been laid

down which, though seldom strictly followed up, it may

be useful to know. Thus in moving soil, as in digging

a drain or the like, if the soil is soft and no other tool

than the spade is necessary, a man will throw up a

cubic yard of 27 solid feet in an hour, or 10 cubic

yards in a day. But if picking be necessary an addi

tional man will be required, and very strong gravel

will require two. The rates of a cubic yard, depending

thus upon each circumstance, will be in the rates of the

arithmetical numbers 1, 2, 3, so that if a labourer earns

3s. 4d. a day the cost per cubic yard will be 4d. in the

first case, 8d. in the second case, and Is. in the third case.

Measurement of Timber.—It is desirable that a regu

lar and recognised method of measuring be adopted,

and the simplest and easiest way is to take the whole

length of the tree to the height where it girths 26

inches round the bark. Then take the mean girth of

the tree between this point and the base. If the mea

surement is taken outside the bark, one inch should be

allowed for every foot of circumference. In practice,

I girth the standing tree at 6 feet from the ground,

which gives the medium girth of the lower 12 feet ;

then compute by sight the upper part of the tree, which

a little experience soon enables any one to do sufficiently

near for all practical purposes.

Before commencing to measure, the forester provides

himself with a foot-rule and slide, leather strap marked

or graduated, a pole, a marking axe, and a red lead

pencil, or a small brush and paint.

The strap may be any convenient length, from 15 to

20 feet, | inch broad, and of the strength of a small
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bridle-rein, with a piece of lead attached to one end of

it. Previous to marking the strap with the necessary

figures, the leather should be alternately wetted and

dried, otherwise it is apt to shrink and expand when in

use, according to the state of the weather. A seasoned

gig-rein, when reduced to proper dimensions, forms an

excellent strap. Such straps are not generally to be

bought in the shops, but must be home-made.

6 being the last figure upon the strap, is exactly 26

inches from the end, including the lead and is the side

of the square. The next figure is 7, and so on. The

cross stroke indicates half inches, and quarter inches

are indicated by the dot.

The pole used for taking the height is 14 feet long,

marked ft. and half ft. The lowest mark is at 6 feet,

at which height the trees are mostly girthed. Thus,

by an expeditious and simple process the contents of

the first 12 feet of the trunk are found. This is a

ready method of measuring standing timber either for

sale, transfer, or other purposes.

Though the use of the slide-rule is recommended for

casting up the contents of a tree, yet in extensive

practice it is seldom used. Having the length of the

section (or whole tree) as indicated by the pole, and the

side of the square as shown by the girth, the relative

contents soon become so familiar that no casting up is

required.

In making the strap it is advantageous to mark one

side with white paint for measuring peeled timber,

when no allowance is made for the bark ; thus the side

of the square of a tree three feet (3 feet) in girth is 9

inches. The other side may be marked with red paint,

allowing for bark at the rate of 1 inch to the foot in

girth.
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The true and full content of a round tree can bo

found very nearly by Dr. Hutton's rule, which is—

Multiply the square of one-fifth the mean girth by

twice the length.

Take a tree 44 in. in girth and 32 ft. long,

8-8s x — = 34-41 cubic ft.

144

But rough timber is never bought and sold by this

rule, for it allows nothing for loss and waste in squar

ing the tree. In order to provide for that, another rule

of measurement is adopted in practice, and it is this—

Multiply the square of the quarter girth by the

length, and take the product for the volume. Thus

the above tree gives by this rule—

on

IV x — = 26-88 cubic ft.,

144

or little more than three-fourths of the full content

of the tree. It is often urged against this rule

that it allows more than is needed to make good

the loss in squaring the tree, but it may be shown

that it gives a higher result than the tree can

actually be hewn to. It assumes that the quarter-

girth and the side of the inscribed square are equal,

whereas it is self-evident that the inscribed square

is less than the circle. The greatest square a tree

44 inches in circumference can be hewn to is 9-9

inches, instead of 11 inches, as is assumed by the

common rule of the quarter-girth, and therefore the

actual volume of squared timber in the tree is only

9-9- x — = 2l-76 cubic ft.,

144

or 5-08 cubic ft. less than by the quarter-girth rule.

The true squared content will, therefore, be fully 36

per cent, less than the full content of the unhewn tree.
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This great difference may very well be more than will

cover the actual cost of and loss by squaring, if the

slabs and chips are saleable, as they generally are, and

hence practice has adopted a rule which, although

erroneous in itself, gives something between the two,

and for general use is the most fair one as between

buyer and seller.

In measuring standing timber there is very little

difficulty : use a ladder andj pole for the length, and

take the girth in three or four places.

A cord of wood is 8 ft. long x 4 ft. wide X 4 ft

high = 128 cubic ft.

Valuing Plantations.—It can scarcely be said that

any forester thoroughly knows his duties till he can

correctly value the various crops of wood of different

ages that are under his charge. There are various

ways of doing this.

On taking charge of the woods and plantations on

an estate, it is necessary, in the first place, to become

acquainted with every individual plantation, great and

small, on the estate, and to ascertain (1) the name by

which it is known on the estate plan, and generally or

locally as well ; (2) the date of planting, and whether

planted in spring or autumn, as that makes a difference

of one year's growth ; (3) the acreage ; (4) the pro

portion of different classes or species of trees in the

plantation ; (5) the aggregate number of trees ; (6) the

total value of the trees ; (7) the average annual growth

each plantation is making at the time of inspection ; in

lineal feet or cubic contents ; (8) the money value per

acre of the annual growth of each plantation ; (9) the

transferable value per acre ; (10) the highest prospec

tive value the plantation is ever likely to attain.

To the value of the growth of all plantations of
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which the thinnings have not yet paid for the original

outlay in forming the cost of thinning is added, but

not when the thinnings have paid such outlay.

It may be necessary to explain how the various data

are obtained, and especially how the number of trees

upon the ground are ascertained.

A book of convenient size for the pocket is provided,

and ruled horizontally but not vertically, which can

best be done on the spot ; and with the assistance of

two men a line through the greatest length of the

plantation is taken, the first man, or leader, calling

out the species of each tree in the line as he comes to

it—oak, ash, larch, spruce, &c.—and the second man

intimating the distance in feet and inches between each

two trees throughout the whole length of the planta

tion. The leading man also girths the tree as he goes

up to it, always at 4 feet from the ground, intimating

the figures, and walks on to the next tree. The line

pursued is not direct, but zigzag, each tree being taken

as arrived at. The valuer in the meantime is entering

the various data in his book—such as species, distance,

height, and girth—

Species. Distance. Height. Girth.

Sp. (Spruce).

L. (Larch)-.

Bi. (Birch).

10

18

13

16

15

14

15

20

16

and so on.

The plantation is again traversed in other directions,

and when the whole is done the various averages are

taken, by adding all the respective measurements, and

dividing the same by the number of them.

It is to be observed that the trees are girthed at 4

feet from the ground, at which the height over the
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bark is equal to the girth at the ground minus the

bark. This applies only to such plantations as have

been at least once thinned but are below timber size.

In dealing with plantations that have not been

thinned at all, the practice is to go carefully through

every part, and note the lengths of the last top

growths, and the full height of the trees, to the number

of about 800 to the acre—the quantity that should

remain upon the ground after being thinned the first

time.

The method of casting up the value of a young plan

tation is a matter of simple proportion, stated thus—

If a plantation is valued prospectively at sixty years'

growth to be worth £60 an acre, what ought it to be

worth at forty years' growth ?

Plantations below thirty years growth have the origi

nal cost of forming added or subtracted as the case re

quires, and those over thirty years, or such as have

been sufficiently thinned, are simply valued according

to their present or prospective worth.

No further revenue is expected from the thinnings

of a plantation after thirty years old, but an equivalent

benefit is derived from it, in the form of grazing for

sheep or cattle, which is indeed often of more value

than the thinnings.

This mode of valuing young plantations may be ob

jected to on account of no allowance being made for in

terest on the original outlay, and no sum being set apart

for rent. These, however, are included in the one item

—viz. the value of the annual growth. Say, the

annual value of the growth of a plantation is 20s. per

acre ; against this there is the ground-rent 7s. 6d. per

acre, and interest on cost of planting, 70s. per acre at

5 per cent., = 3s. 6d., making altogether lis. per acre
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chargeable against the 20s. worth of produce, and

leaving 9s. per acre in favour of planting.

There are various ways of valuing mature timber and

old plantations, but the only plan to be recommended

is to take the quantity of measurable timber tree by

tree, and put a price upon it according to the kind and

quality of the wood.

The age at which a plantation will come to maturity

and at which it should be cut down to yield most profit,

is a question that admits of no general answer; for

trees vary in growth and early maturity according to

soil, situation, climate, &c., so that no fixed period of

cutting can be generally applied to any class of trees

grown in different places and under more or less vary

ing conditions. Within the range of our own climate,

however, the quality and depth of the soil that the tree

stands in has more influence on the age of maturity

than any other single circumstance. For it has been

found that when an oak tree in good strong soil 2^ feet

deep will cut most profitably at fifty years, in an equally

good and strong soil 3^- feet deep the same tree requires

about seventy years to come to maturity ; and if the soil is

4£ feet deep, one hundred years ; but in lighter and

sandy soils of the same depths, the periods of maturing

are lessened to forty, sixty, and eighty years. The

hard-wood trees are all slow growers, and it is

generally held that a hard-wood plantation requires

sixty years to come to maturity. A fir plantation

will be at its best in about half that time, or thirty

years. "Where the plantation is a mixed one, the

relative quantity of fast and slow-growing trees, and

the effect which the greater proportion of either will

have on the time of average maturity, must necessarily

be considered.
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To Calculate the Cost of Buildings by the Square.—

The dimensions of the different compartments are taken

and the length of each multiplied by the breadth, so as

to give their superficial areas; and an amount per

square foot, or generally per square of 100 ft.—that is,

10 ft. each way—is assigned to each. But the same

difficulty attends this mode of computation (as estimating

by comparison), even perhaps to a greater extent, for

the sum placed against each square must be guided en

tirely by what is supposed to be the value of the class

of building (farm-house, cottage, steading, &c.) it is in

tended to erect.

Professor Kerr very properly varies the allowance

per square in proportion to the cost, extent, and finish

of the house, and begins at £40 per square (and up

wards) for family rooms, and £28 for servants' rooms,

of a house of about the value of £1,250, increasing to

£100 and £50 per respective squares in a house

estimated at £40,000.

His plan is to take the dimensions of every room and

portion of the house internally, multiplying their rela

tive length by the breadth, then squaring the floor-

spaces of passages and stairs in the same manner, and

adding to the total ^.th of the whole for walls and waste.

Table op the Relative Proportions op the Circle, its

Equal and Inscribed Squares.

1. Diameter of a circle . .x -8862) «.. ..m. ..« i„ „
2. Circumference . , . -X -2821 ) = the Slde of e1ual s1uare-

3. Diameter X -7071)

4. Circumference .... X '2251 > = the side of inscribed square.

5. Area X "6366 )

6. Side of inscribed square . X 1-4142 = { »»*££* * ™"

7. Side of inscribed square. X 4-443 = { ^*%&r* °f "

o 0.j , „ ,.,M (the diameter of an equal
8. Side of a square . . . X 1 128 = < circle.

„ r,., . ., n.c.ii (the circumference of an
9. Side of a square ... X 3-545 = { equal circle
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weights and measures.

Lineal Measure.

Marked.

inc. 12 inches = 1 foot,

ft. 3 feet = 1 yard,

yd. 5J yards = 1 pole.

pi. 40 poles = 1 furlong,

fur. 8 furlongs = 1 mile, in.

4 inches = 1 hand, 6 feet = 1 fathom, 3 miles =

1 league.

Inches. Foot.

12 = 1 Yard.

36 = 3 = 1 Pole.

198 = 16J = 5£ = 1 Furlong.

7920 = 660 = 220 = 40 = 1 Mile.

63360 = 5280 = 1760 = 320 = 8 = 1

The inch is divided by mechanics into halves, quarters,

8ths, and 16ths. It is also divided into lOths, and into

12ths, called lines.

Land is measured by the Imperial chain of 100 links

= 66 feet, and therefore 1 link = 7'92 inches.

In geographical and nautical measurements, 60

minutes = 1 degree = 60 geographical miles. But

360 degrees = the circumference of a circle ; therefore

the mean circumference of the earth being 24,856

English miles, 1 degree = 69-J3- English miles, or 60

geographical miles.
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Measures of Surface, or Square Measure.

By square measure is meant length and breadth

taken together. Thus, 1 foot, or 12 inches long by

12 inches broad = 12 X 12 = 144 square inches =

1 square foot, &c.

MarTitd.

sq. inc. 144 square inches = 1 square foot,

sq. ft. 9 square feet = 1 square yard,

sq. yds. 30J square yards = 1 square pole.

pis. 40 square poles = 1 rood.

rds. 4 roods = 1 acre, ae.

Sq. In. Sq. Ft.

144 = 1 Sq. Yd.

1296 = 9 = 1 Sq. PI.

39204= 272| = 301= i Rood.

1568160 = 10890 = 1210 = 40 = 1 Acre.

6272040 = 43560 = 4840 = 160 = 4 = 1

An imperial acre — 10 chains long by 1 cbain

broad, 640 imperial acres = 1 square mile, 36 square

yards = 1 rood of mason's work. A square of thatch

ing, slating, roofing, flooring, and partitioning are each

= 100 square feet.

Avoirdupois Weight.

For all goods sold by weight, except gold, silver,

and jewels.

Marked.

drs. 16 drams = 1 ounce.

oz. 16 ounces = 1 pound.

lb. 28 pounds = 1 quarter.

qrs. 4 quarters = 1 hundredweight.

cwt. 20 hundredweight = 1 ton, t.

14 lbs. = 1 stone, 8 stones or 112 lbs. = 1 cwt.

Drams. Ounce

16 = 1 Pound.

256 = 16 = 1 Qr.

7168 = 448 = 28 = 1 Cwt.

28872 = 1792 = 112 = 4=1 Ton.

573440 = 35840 = 2240 = 80 = 20 = 1

G
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The pound avoirdupois is declared by statute equal to

7,000 troy grains.

Therefore 7000 lbs. troy = 5760 lbs. avoir,

or 175 „ „ = 144 „

and 175 oz. „ = 192 oz. „

Hay and Straip.—36 lbs. of straw = 1 truss, 56 lbs.

of old hay or 60 lbs. of new hay = 1 truss, and 36

trusses = 1 load ; but straw and hay are generally sold

by the stone or cwt. The hay of any year is considered

new till the 1st of September.

Wool Weight.—7 lbs. = 1 clove, 2 cloves = 1 stone,

2 stones = 1 tod, 6J tods or 182 lbs. = 1 wey, 2 weys

or 364 lbs. = 1 sack, 12 sacks = 1 last; 20 lbs. =

1 score, 12 scores = 1 pack.

Solid or Cubic Measure.

In solid measure, length, breadth, and thickness are

taken. Thus 1 foot, or 12 inches long X 12 inches

broad X 12 inches deep = 1,728 solid inches = 1 solid

or cubic foot, &c.

Solid In. Solid Ft.

1728 = 1 Solid Yd.

46656 = 27 = 1

40 solid feet of rough or 50 solid feet of hewn timber

= 1 load.

Measures of Capacity

(For both liquid and dry goods).

' Marked.

gl. 4 gills = 1 pint,

pts. 2 pints =: I quart,

qt. 4 quarts = 1 gallon,

gall. 2 gallons = 1 peck,

pks. 4 pecks = 1 bushel,

bush. 8 bushels = 1 quarter, qr.
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Cub. Inch. Gill.

8-664 = 1 Pint.

34-659 = 4=1 Quart.

69-318 = 8=2=1 Gallon.

277-274 = 32 = 8 = 4=1 Peck.

554-548 = 64 =16= 8=2=1 Bush.

2218-192 = 256 = 64 = 32 = 8 = 4 = 1 Qr.

.7745-536 = 2048 = 512 = 256 = 64 = 32 = 8 = 1

42 gallons = 1 tierce, 63 gallons = 1 hogshead

(hhd.), 84 gallons = 1 puncheon, 126 gallons = 1 pipe,

252 gallons = 1 tun.

The weights and measures in use should be imperial,

and uniform in all districts, and apply to all com

modities.

The variations of local weights and measures are so

perplexing between corn and coals, hay and straw, wool

and wheat, &c., that very few men of business even, if

taken unprepared, can recollect the whole of them.

The 27th chapter of Magna Charta declares that

the weights all over England are to be the same, but

unnecessarily gives for different sorts of commodities

two different sorts of weights—troy and avoirdupois.

The pound troy, consisting of 12 ounces, each ounce

of 20 pennyweights, and each pennyweight of 32

grains of wheat, gathered in the middle of the ear, and

well dried. The pennyweight has since been divided

into 24 equal parts, called grains, and therefore weigh-

1^ grains of wheat each. Dr. Hutton, however, esti

mated the grain troy at 1J of wheat.

The avoirdupois, which from its more general utility

is in greater use, has been computed by Dr. Hutton to

contain 6,999J grains troy ; by Ferguson, 7,000 ; and

by the academies of London and Paris, 7,004.

In dry measure, the following inconsistencies take

place.

The brass bushel of Henry VII., found in the Ex*
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chequer in 1688, contained 2,145 cubic inches ; and it

being known by experience that 1,728 cubic inches of

wheat weigh 583^ pounds troy, the above bushel

will, therefore, contain 72 lbs. troy of wheat, or 9 gallons

weighing 81bs. per gallon, and measuring 238g cubic

inches each.

But, according to Greaves, in his " Origin of Weights

and Measures," this same bushel, when filled with com

mon spring water, and measured before the House of

Commons in 1696, was found to contain 2,145-^ cubic

inches, and the water weighed was equal to 1,131 ounces

and 14 pennyweights, or 94 lbs 3 ounces and 14 penny

weights troy.

The Winchester gallon, measuring 272£ cubic inches,

contains 9 lbs. 13 ounces avoirdupois. But the Win

chester bushel, legalised in 1697, measures 18J inches

diameter and 8 inches in depth, and therefore contains

2,150 nnf cubic inches, and its corresponding gallons

should be 265-^ inches.

These are some of the inconsistencies in our present

confused system of weights and measures.*

Measures of capacity are verified by ascertaining the

weight of pure water they will contain at the tempera

ture of maximum density (3-945° C, or 39-101■ F.)

The verification of measures of length is made by

means of what is called a comparator, a piece of

mechanism upon which the bar to be verified may be

placed, and determined in length by closely divided

scales and verniers with microscopic observation, or by

micrometers with finely divided screws, and large

screw-heads divided on their circumference to one or

more hundred parts.

* The Weights and Measures Act, which came into operation on

January 1st, 1879, established the uniformity of weights and measures

in the United Kingdom.
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Metric Equivalents of Imperial Weights and

Measures.

The units of the metric system are five, viz. :—

(1.) The Metre, the unit of length = 3-280899 feet

= 39-37079 inches.

(2.) The Are, the unit of surface = the square of

10 metres = 119-60332 square yards.

(3.) The Litre, the unit of capacity = the cube of

tV of a metre = 0-26418635 yards = 1-0567454 quarts

= 2-1134908 pints.

(4.) The Stere, the unit of solidity = 1 cuhic metre

= 35-336636 cubic feet = 1-308764 cubic yards. This

unit has fallen into general disuse.

(5.) The Gramme, the unit of weight = 15-43234874

grains troy.

Each unit has its decimal multiples and submultiples,

i.e. weights and measures ten times larger or ten times

smaller than the unit of the denomination preceding.

These multiples and submultiples are indicated by

prefixes placed before the names of the several funda

mental units. The prefixes denoting multiples are

derived from the Greek language, and are deka, ten ;

Iiecto, hundred; kilo, thousand; and myria, ten thou

sand. Those denoting submultiples are from the

Latin, and are deci, tenth ; centi, hundreth ; and milli,

thousandth.

The unit of itinerary measure is the kilometre —

0-62138 miles.

The unit of land measure is the hectare — 247114

acres.

The unit of commercial weight is the kilogramme =

2-2046425 lbs. avoirdupois.

To change French grammes into lbs. (avoir.) Eng-
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lish, we have only to multiply the number of grammes

by -0022. To change kilogrammes into cwts., multiply

by '1969. To change lbs. English into kilogrammes

French, multiply by -4535. To change gallons into

litres, multiply by 4-543. To change cubic inches into

litres, multiply by -0163.
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202. LOCOMOTIVE ENGINES. By G. D. Dempsey, C.E. ; with

large additions by D. Kinnfar Clark, M.T.C.E. 3s.t

211. THE BOILERMAKER'S ASSIS7ANT in Drawing, Tern-

plating, and Calculating Boiler and Tank Work. By John Courtney,

Practical Boiler Maker. Edited by D.IC. Clark, C.E. 100 Illustrations. 2s.

217. SEWING MACHINERY : Its Construction, History, &c., with

full Technical Directions for Adjusting, &c. By J. W. Urquhart, C.E. 2s.t

223. MECHANICAL ENGINEERING. Comprising Metallurgy,

Moulding, Casting, Forging. Tools, Workshop Machinery, Manufacture oi

the Steam Engine, &c. By Francis Campin, C.E. 2s. 6d.t

236. DETAILS OF MACHINERY. Comprising Instructions for

the Execution of various Works in Iron in the Fitting-Shop, Foundry, and

Boiler-Yard. By Francis Campin/C.E. 3s.t

237. THE SMITHY AND FORGE; including the Farrier's Art and

CoachSmithing. By W. J. E. Crane. Illustrated. 2s. 6d,t

238. THE SHEET-METAL WORKER'S GUIDE; a Practical Hand.

book for Tinsmiths, Coppersmiths, Zincworkers, &c. With 94 Diagrams and

Working Patterns. By W. J. E. Crane, is. 6<1.

251. STEAM AND MACHINERY MANAGEMENT: a Guide

to the Arrangement and Economical Management of Machinery, with Hints

on Construction and Selection. By M. POWIS BALI':, M.Inst.M.E.,

A.M.InstX.E. 25. 6d.t [ Just published.

(JfcfcT* The % indicates that these vols, may be had strongly bound at vd. extra.
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WEALE S RUDIMENTARY SERIES.

MINING, METALLURGY, ETC.

4. MINERALOGY, Rudiments of; a concise View of the Properties

of Minerals. By A. Ramsay, Jun. Woodcuts and Steel Plates. ;s.t

117. SUBTERRANEOUS SURVEYING, Elementary and Practical

Treatise on, with and withoat the Magnetic Needle. By Thomas Fenwick,

Surveyor of Mines, and Thomas Baker, C.E. Illustrated. 2s. 6d.t

133. METALLURGY OF COPPER ; an Introduction to the Methods

of Seeking, Mining, and Assaying Copper, and Manufacturing its Alloys.

By Robert H. Lamborn. Ph.D. Woodcuts. 2s. 6d.t

135. ELECTRO-METALLURGY; Practically Treated. By Alex

ander Watt, F.R.S.S.A. Eighth Edition, revised, with additional Matter

and Illustrations, including the most recent Processes. 3s.t

172. MINING TOOLS, Manual of. For the Use of Mine Managers,

Agents, Students, &c. By William Morgans. 2s. 6d.t

172*. MINING TOOLS, ATLAS of Engravings to Illustrate the above,

containing 235 Illustrations, drawn to Scale. 4to. 4s. 6d. ; cloth boards, 6s.

176. METALLURGY OF IRON. Containing History of Iron Manu

facture. Methods of Assay, and Analyses of Iron Ores, Processes of Manu

facture of Iron and Steel, &c. By H. Bauerman, F.O.S. Fifth Edition,

revised and enlarged. 5s. t

180. COAL AND COAL MINING. By Warington W. Smyth,

M.A., F.R.S. Fifth Edition, revised. With numerous Illustrations. 3s. 6d.t

195. THE MINERAL SURVEYOR AND VALUER'S COM-

PLETE GUIDE, with new Traverse Tables, and Descriptions of Improved

Instruments; also the Correct Principles of Laying out and Valuing Mineral

Properties. By William Lintern, Mining and Civil Engineer. 3s. 6d.t

sr4. SLATE AND SLATE QUARRYING, Scientific, Practical, and

Commercial. By D. C. Davies, F.G.S., Mining Engineer, &c. 3s-t

220. MAGNETIC SURVEYING, AND ANGULAR SURVEY

ING, with Records of the Peculiarities of Needle Disturbances. Compiled

from the Results of carefully made Experiments. By W. Lintern. 2s.

ARCHITECTURE, BUILDING, ETC.

16. ARCHITECTURE—ORDERS—The Orders and their .Esthetic

Principles. By W. H. Leeds. Illustrated, is. 6d.

17. ARCHITECTURE—STYLES—The History and Description of

the Styles of Architecture of Various Countries, from the Earliest to the

Present Period. By T. Talbot Bury, F.R.I.B.A., &c. Illustrated, as.

»»* Orders and Styles of Architecture, in One Vol., 3$. 6d.

18. ARCHITECTURE—DESIGN—The Principles of Design in

Architecture, as deducible from Nature and exemplified in the Works of the

Greek and Gothic Architects. By E.L.Garbett, Architect. Illustrated. 2s.6d.

•»• The three preceding Works, in One handsome Vol., half bound, entitled

"Modern Architecture," price 6s,

22. THE ART OF BUILDING, Rudiments of. General Principlei

of Construction, Materials used in Building, Strength and Use of Materials,

Working Drawings, Specifications, and Estimates. By E. Dobson, 2s.t

25. MASONRY AND STONECUTTING; in which the Principles

of Masonic Projection and their application to the Construction of Curved

Wing-Walls, Domes, Oblique Bridges, and Roman and Gothic Vaulting,

are explained. By Edward Dobson, M.R.I.B.A., &c. 2s. 6d.t

42. COTTAGE BUILDING. By C. Bruce Allen, Architect.

Ninth Edition, revised and enlarged. Numerous Illustrations, is. 6d.

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS.PLASTERING, &c. By G. R. Burnell, C.E. Twelfth Edition, is. 6d.

tf&~ The t indicates that these vols, may be had strongly boundat 6d. extra.
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weale's rudimentary series.

Architecture, Building, etc., continued.

57. WARMING AND VENTILATION. An Exposition of the

General Principles as applied to Domestic and Public Buildings, Mines,

Lighthouses, Ships, &c. By C. Tomlinson, F.R.S., &c. Illustrated!. 3s.

III. ARCHES, PIERS, BUTTRESSES, 6v.; Experimental Essays

on the Principles of Construction. By W. Bland. Illustrated. is. 6d. .

116. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The

Principles of the Science of Sound applied to the purposes of the'Architect and

Builder. By T. Roger Smith, M.R.I.B.A., Architect. Illustrated. is. 6d.

127. ARCHITECTURAL MODELLING IN PAPER, the Art of.

By T, A. Richardson, Architect. Illustrated. is. 6d.

128. FITRUVIUS—THE ARCHITECTURE OF MARCUS

V1TRUVIUS POLLO. In Ten Books. Translated from the Latin by

Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates. 5s.

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles

of Beauty in ; with an Historical View of the Rise and Progress of the Art in

Greece. By the Earl of Aberdeen, is.

%* The two preceding Works in One handsome Vol., half bound, entitled "Ancient

Architecture," price 6s.

132. THE ERECTION OF DWELLING-HOUSES. Illustrated by

a Perspective View, Plans, Elevations, and Sections of a pair of Semi

detached Villas, with the Specification, Quantities, and Estimates, &c. By

S. H. Brooks. New Edition, with Plates. 2s. 6d.i

156. QUANTITIESAND MEASUREMENTS, How to Calculate and

Take them in Bricklayers', Masons', Plasterers1, Plumbers*, Painters*, Paper-

hangers', Gilders', Smiths', Carpenters', and Joiners' Work. By A. C.

Beaton, Architect and Surveyor. New and Enlarged Edition. lllus. is, 6d.

175. L0CKWO0D & CO.'S BUILDER'S AND CONTRACTOR'S

PRICE BOOK, containing the latest Prices of all kinds of Builders' Materials

and Labour, and of all Trades connected with Building, &c., &c. Edited

by F..T. W. Miller, Architect. Published annually. 3s. 6d. ; half bound, 4s.

182. CARPENTRY AND JOINERY—The Elementary Prin

ciples op Carpentry. Chiefly composed from the Standard Work of

Thomas Trebgold, C.E. With Additions from the Works of the most

Recent Authorities, and a TREATISE ON JOINERY by E. Wyndham

Tarn, M.A. Numerous Illustrations. 3s. 6d.J

182*. CARPENTRY AND JOINERY. ATLAS of 35 Plates to

accompany the above. With Descriptive Letterpress. 4to. 6s. ; cloth, 7s. 6d.

185. THE COMPLETE MEASURER ; the Measurement of Boards,

Glass, &c. ; Unequal-sided, Square-sided, Octagonal -sided, Round Timber

and Stone, and Standing Timber, &c. By Richard Horton. Fourth

Edition. 4s. ; strongly bound in leather, 5s.

187. HINTS TO YOUNG ARCHITECTS. By G. Wightwick.

New Edition. By G. H. Guillaumb. Illustrated. 3s. 6d.t

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN

WRITING ; containing full information on the Processes of House-Painting,

the Practice of Sign-Writing, the Principles of Decorative Art, a Course of

Elementary Drawing for House-Painters, Writers, &c, &c. With 9 Coloured

Plates, ana nearly 150 Wood Engravings. By Ellis A. Davidson, Fourth

Edition. 5s. cloth limp ; 6s. cloth boards.

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING.

In Six Sections : General Principles; Arch Drawing, Cutting, and Setting;

Pointing; Paving, Tiling, Materials; Slating and Plastering; Practical

Geometry, Mensuration, &c. By Adam Hammond. Illustrated, is. Gd.

191. PLUMBING. A Text-Book to the Practice of the Art or Craft of

the Plumber. With Chapters upon House Drainage. Fourth Edition.

With 330 Illustrations. By W. P. Buchan. 3s. 6d.t

The X indicates that these vols, may be had strongly bound at 6d. extra.
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WEALES RUDIMENTARY SERIES.

Architecture, Building, etc., continued.

192. THE TIMBER IMPORTER'S, TIMBER MERCHANT'S,

and BUILDER'S STANDARD GUIDE. By Ric.iakd E. Grandy.

Second Edition, Revised. 334

206. A BOOK ON BUILDING, Civil and Ecclesiastical, including

Church Restoration. "With the Theory of Domes and the Great Pyramid,

&c. By Sir Edmund Beckett, Bart., LL.D., Q.C., F.R.A.S. 4s. 6d.t

226. THE JOINTS MADE AND USED BY BUILDERS in the

Construction of various kinds of Engineering and Architectural Works. By

WwillJ. Christy, Architect. "With upwardsof iGoEngravingson Wood. 3s.t

228. THE CONSTRUCTION OFROOFS OF WOOD AND TRON

By E. Wytoham Tarn, M.A.. Architect.- Second Edition, revised. is. Cd.

229. ELEMENTARY DECORATION : as applied to the Interior

and Exterior Decoration of Dwelling-Houses, &c. By James W. Facey, Jun.

Illustrated with Sixty-eight explanatory Engravings. 2s.

230. HANDRAILING (A Practical Treatise on). Showing New and

Simple Methods for finding the Pitch of the Plank, Drawing the Moulds,

Bevelling, Jointing-up, and Squaring the Wreath. By George Collixgs.

Illustrated with Plates and Diagrams, is. Cd,

247. BUILDING ESTATES : a Rudimentary Treatise on the Develop

ment, Sale, Purchase, and General Management of Building Land, including

the Formation of Streets and Sewers, and the Requirements of Sanitary

Authorities. By Fowler Maitland, Surveyor. Illustrated. 2s.

248. PORTLAND CEMENT FOR USERS. By Henry Faija,

Assoc. M. Inst. C.E. Second Edition, corrected. Illustrated. 2s.

252. BRICKWORK': a Practical Treatise, embodying the General

and Higher Principles' of Bricklaying, Cutting and Setting, &c. By F.

WALKER. ~ [In the Press.

SHIPBUILDING, NAVIGATION, MARINE

ENGINEERING, ETC.

51. NAVAL ARCHITECTURE, the Rudiments of; or an Exposi

tion of the Elementary Principles of the Science, and their Practical Appli

cation to Naval Construction. Compiled for the Use of Beginners. By

James Peaks. Fifth Edition, with Plates and Diagrams. 3s. 6d-t

53*. SHIPS FOR OCEAN AND RIVER SERVICE, Elementary

and Practical Principles of the Construction of. By H. A. Sommerfeldt,

Surveyor of the Royal Norwegian Navy. With an Appendix, is. 6d.

S3**. ANATLAS OFENGRAVINGS to Illustrate the above. Twelve

large folding plates. Royal 4to, cloth. 7s. 6d.

54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS,

Rudimentary Treatise on. Also Tables of Spars, Ringing, Blocks : Chain,

Wire, and Hemp Ropes, &c., relative to every class of vessels. By Robert

Kipping, N.A. Fifteenth Edition. Illustrated. 2s.i

54*. IRON SHIP-BUILDING. With Practical Examples and Details

for the Use of Ship Owners and Ship Builders. By John Grantham, Con

sulting Engineer and Naval Architect. 5th Edition, with Additions. 4s.

54**. AN ATLAS OF FORTY PLATES to Illustrate the above.

Fifth Edition. .;to, boards. 38s.

55. THE SAILOR'S SEA BOOK: a Rudimentary Treatise on

Navigation. Part I. How to Keep the Log and Work it off. Part II. On

Finding the Latitude and Longitude. By Ja 'Es Greenwood, B.A. To

which are added, the Deviation and Error of the Compass; Great Circle

Sailing; the International (Commercial) Code of Signals ; the Rule of the

Road at Sea; Rocket and Mortar Apparatus for Saving Life; the Law of

Storms ; and a Brief Dictionary of Sea Terms. With Coloured Plates of

Flags, &c. New, and enlarged edition. By W. H. Rosser. 2s. 6d.J

ft'-i.'T The t indicates that these vols, may be had strongly bound at 6d. extra,
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WKALE'S RUDIMENTARY" SERIES.

Shipbuilding, Navigation, Marine Engineering, etc., cont.

80. MARINE ENGINES, AND STEAM VESSELS. By Robert

Murray, C.E. Eighth Edition. [In preparation.

83HS. THE FORMS OF SHIPS AND BOATS: Hints, Experiment-

ally Derived, on some of the Principles regulating Ship-building. By W.

Bland. Seventh Edition, revised,with numerous Illustrations and Models.is.6d.

99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory

and Practice. By Prof. J. R. Young. New Edition, including the requisite

Elements from the Nautical Almanac for working the Problems. 2s. 6d.

106. SHIPS' ANCHORS, a Treatise on. By G. Cotsell, N.A. is.6d.

149. SAILS AND SAIL-MAKING, an Elementary Treatise on.

With Draughting, and the Centre of Effort of the Sails. Also, Weights

and Sizes of Ropes : Masting, Rigging, and Sails of Steam Vessels, &c., &.c.

Eleventh Edition, enlarged, with an Appendix. By Robert Kipping, N.A.,

Sailmaker, Quayside, Newcastle. Illustrated. 2s. 6d.$

155. THE ENGINEER'S GUIDE TO THE ROYAL AND

MERCANTILE NAVIES. By a Practical Engineer. Revised by D.

F. M'Carthy, late of the Ordnance Survey Office, Southampton. 3s.

55 PRACTICAL NAVIGATION. Consisting of The Sailor's

& Sea-Book. By James Greenwood and W. H. Rosser. Together with

... the requisite Mathematical and Nautical Tables for the Working of the
Z04. problems. By Henry Law, C.E., and J. R. Young, formerly Professor of

Mathematics in Belfast College. Illustrated with numerous Wood Engrav

ings and Coloured Plates. 7s. Strongly half-bound in leather.

AGRICULTURE, GARDENING, ETC.

6i». READYRECKONER FOR THE ADMEASUREMENT OP

LAND, including Tables showing the price of work from 2s. 6d. to £1 per

acre, and other useful Tables. By Abraham Arman. Second Edition,

corrected and extended by C. Norris, Surveyor, &c. 2s.

131. MILLER'S, MERCHANT'S, AND FARMER'S READY

RECKONER. With approximate values of Millstones, Millwork, &e. is.

140. SOILS, MANURES, AND CROPS. (Vol. i. Outlines of

Modern Farming.) By R. Scott Burn. Woodcuts. 2s.

141. FARMING df FARMING ECONOMY, Notes, Historical and

Practical, on. (Vol. 2. Outlines of Modern Farming.) ByR. ScottBurn.3s.

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3.

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 6d.

145. DAIRY, PIGS, AND POULTRY, Management of the. By

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outlines

of Modern Farming.) Woodcuts. 2s«

146. UTILIZATION OF SEWAGE, IRRIGATION, AND

RECLAMATION OF WASTE LAND. (Vol. 5. Outlines of Modern

Farming.) By R. Scott Burn. Woodcuts. 2s. 6d.

»#* JVos. i40-r-2-5-6, in One Vol.^handsomely half-bound, entitled " Outlines of

Modern Farming." By Robert Scott Burn. Price 12s.

177. FRUIT TREES, The Scientific and Profitable Culture of. From

the French of Du Breuil. Revised by Geo. Glenny. 187 Woodcuts. 3s. 6d.t

198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND

DISEASES OF. By W. C. Spooner, M.R.V.C., &c. Fourth Edition,

enlarged, including Specimens of New and Improved Breeds. 3s. 6d4

201. KITCHEN GARDENING MADE EASY. Showing how to

prepare and lay out the ground, the best means of cultivating every known

Vegetable and Herb, &c. By George M. F. Glenny. is. 6d.t

gjlr" The t indicates that these vols, may be had strongly bound at 6d. extra.
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WEALE S RUDIMENTARY SERIES.

Agriculture, Gardening, etc., continued.

207. OUTLINES OF FARM MANAGEMENT, and the Organi.

zation ofFarm Labour: Treating of the General Work of the Farm; Field

and Live Stock ; Contract Work ; Labour, &c. By Ri Scott Burn. 2s. 6<1.J

208. OUTLINES OF LANDED ESTATES MANAGEMENT:

Treating of the Varieties of Lands, Methods of Farming, Farm Buildings,

Irrigation, Drainage, &c. By R. Scott Burn. 2s. 6d.t

•#* Nos. 207 £« 208 in One Vol., handsomely half-bound, entitled " Outlines op

Landed Estates and Farm Management." By R. Scott Burn. Price 6s.

209. THE TREE PLANTER AND PLANT PROPAGATOR.

A Practical Manual on the Propagation of Forest Trees, Fruit Trees,

Flowering Shrubs, Flowering Plants, &c. By Samuel "Wood. 2s.t

2I0. THE TREE PRUNER. A Practical Manual on the Pruning of

Fruit Trees, including also their Training and Renovation ; also the Pruning

of Shrubs, Climbers, and Flowering Plants. By Samuel Wood. 2s.t

•#* Nos. 209 6y 210 in One Vol., handsomely half-bound, entitled "The Tree

Planter, Propagator, "and Pruner." By Samuel Wood. Price $s.

218. THE HA Y AND STRAW MEASURER : Being New Tables

for the Use of Auctioneers, Valuers, l'armers, Hay and Straw Dealers, &c.

Fourth Edition. By John Steele. 2s.

222. SUBURBAN FARMING. The Laying-out and Cultivation of

Farms, adapted to the Produce of Milk, Butter, and Cheese, Eggs, Poultry,

and Pigs. By Prof. John Donaldson and R. Scott Burn. 3s. 6d.t

231. THE ART OF GRAFTING AND BUDDING. By Charles

Baliet. With Illustrations. 2s. 6d.t

232. COTTAGE GARDENING; or, Flowers, Fruits, arid Vegetables

for Small Gardens. By E. Hobday, is. 6d.

233. GARDEN RECEIPTS. Edited by Charles W. Quin. is.6d.

234. THE KITCHEN AND MARKET GARDEN. Compiled

by C. W. Shaw, Editor of " Gardening Illustrated." 3s.t

239. DRAINING AND EMBANKING. A Practical Treatise, em

bodying the most recent experience in the Application of Improved Methods.

By John Scott, late Professor of Agriculture and Rural Economy at the

Royal Agricultural College, Cirencester. With 68 Illustrations. is. 6d.

240. IRRIGA TIONAND IVA TER SUPPL Y. A Treatise on Water

Meadows, Sewage Irrigation, Warping, &c. ; on the Construction of Wells,

Ponds, and Reservoirs; and on Raising Water by Machinery for Agricul

tural and Domestic Purposes. By Prof. John Scott. With 34 lllus. is. 6d.

241. FARM ROADS, FENCES, AND GATES. A Practical

Treatise on the Roads, Tramways, and Waterways of the Farm ; the

Principles of Enclosures ; and the different kinds of Fences, Gates, and

Stiles. By Professor John Scott. With 75 Illustrations, is. 6d.

242. FARM BUILDINGS. A Practical Treatise on the Buildings

necessary for various kinds of Farms, their Arrangement and Construction,

including Plans and Estimates. By Prof. John Scorr. With 105 lllus. as.

243. BARN IMPLEMENTS AND MACHINES. A Practical

Treatise on the Application of Power to the Operations of Agriculture ; and

on various Machinesused in the Threshing-barn, in theStock-3'ard,and in the

Dairy, &c. By Prof. J. Scott. With 123 Illustrations. 2s. [Justpublished.

244. FIELD IMPLEMENTS AND MACHINES. By Professor

John Scott. Illustrated. [In the press.

245. AGRICULTURAL SURVEYING, LEVELLING, &c. By

Prof. John Scott. Illustrated. [In the press.

250. MEAT PRODUCTION. A Manual for Producers, Distributors,

&c. By John Ewart. 2s. 6d.t

The % indicates that these vols, may be had strongly bound at Gd. extra.
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weale's rudimentary series.

MATHEMATICS, ARITHMETIC, ETC.

32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which

their Construction and the Methods of Testing, Adjusting, and Using them

are concisely Explained. By J. F. Heather, M.A., of the Royal Military

m Academy, Woolwich. Original Edition, in 1 vol., Illustrated, is. 6d.

* In ordering the above, be careful fo say, " Original Edition " {No. 32), to distin

guish itfrom the Enlarged Edition in 3 vols. {Nos. 168-9-70.)

^.DESCRIPTIVE GEOMETRY, an Elementary Treatise on;

with a Theory of Shadows and of Perspective, extracted from the French of

G. Mongk. To which is added, a description of the Principles and Practice

of Isometrical Projection. By J. F. Heather, M.A. With 14 Plates. 2s.

178. PRACTICAL PLANE GEOMETRY: giving the Simplest

Modes of Constructing Figures contained in one Plane and Geometrical Con

struction of the Ground. By J. F. Heather, M.A. With 215 Woodcuts. 2s.

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases

and Forms in English, French, Italian, and German. By James Haddon,

M.A., Arithmetical Master of King's College School, London, is. 6d.

84. ARITHMETIC, a Rudimentary Treatise on: with full Explana

tions of its Theoretical Principles, and numerous Examples for Practice. By

Professor J. R. Young. Tenth Edition, corrected, is. 6d.

84 . A Key to the above, containing Solutions in full to the Exercises, together

with Comments, Explanations, and Improved Processes, for the Use of

Teachers and Unassisted Learners. By J. R. Young, is. 6d.

85. EQUATIONAL ARITHMETIC, applied to Questions of Interest,

85*. Annuities, Life Assurance, and General Commerce ; with various Tables by

which all Calculations may be greatly facilitated. By W. Hipsley. 23.

86. ALGEBRA, the Elements of. By James Haddon, M.A.

With Appendix, containing miscellaneous Investigations, and a Collection

of Problems in various parts of Algebra. 2s.

«>*. A Key and Companion to the above Book, forming an extensive repository of

Solved Examples and Problems in Illustration of the various Expedients

necessary in Algebraical Operations. By J. R. Young, is. 6d.

88. EUCLID, The Elements of : with many additional Propositions

89. and Explanatory Notes : to which is prefixed, an Introductory Essay on

Logic. By Henry Law, C.E. 2s. 6d.t

*** Sold also separately, viz. .,—

88. Eucljd, The First Three Books. By Henry Law, C.E. is. 6d.

89. Euclid, Books 4, 5, 6, ir, 12. By Henry Law, C.E. is. 6d.

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS,

By James Hann. A New Edition, by Professor J. R. Young. 2s.:

91. PLANE TRIGONOMETRY, the Elements of. By James

Hann, formerly Mathematical Master of King's College, London, is. 6d.

92. SPHERICAL TRIGONOMETR Y, the Elements of. By James

Hann. Revised by Charles H. Dowling, C.E. is.
•#* Or with " The Elements ofPlane Trigonometry" in One Volume, zs. 6d.

93. MENSURATIONAND MEASURING. With the Mensuration

and Levelling of Land for the Purposes of Modern Engineering. By T.

Baker, C.E. New Edition by E. Nugent, C.E. Illustrated, is. 6d.

loi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B.

"Woolhousk, F.R.A.S., &c. is. 6d.

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By

Homersham Cox, B.A. Illustrated, is.

105. MNEMONICAL LESSONS. — Geometry, Algebra, and

Trigonometry, in Easy Mnemonical Lessons. By the Rev. Thomas

Penyngton KirkmAn, M.A. is. 6d.

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self-

Instruction. By James Haddon, M.A. Revised by A. Arman. is. 6d.

137. A Key to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d.

6^T* The % indicates that these vols, may be had strongly bound at 6d. extra.
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io weale's rudimentary series.

Mathematics, Geometry, etc., continued.

168. DRAWING AND MEASURING INSTRUMENTS. Includ

ing—I. Instruments employed in Geometrical and Mechanical Drawing,

and in the Construction, Copying, and Measurement of Maps and Plans.

II. Instruments used for the purposes of Accurate Measurement, and for

Arithmetical Computations. By J. F. Heather, M.A. Illustrated. is. 6d

169. OPTICAL INSTRUMENTS. Including (more especially) Tele

scopes, Microscopes, and Apparatus for producing copies of Maps and Plans

by Photography. By J. F. Heather, M.A. Illustrated. is. 6d.

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS.

Including—I. Instruments Used for Determining the Geometrical Features

of a portion of Ground. II. Instruments Employed in Astronomical Observa

tions. By |. F. Heather, M.A. Illustrated. is. 6d.

*#* The above three volumes form an enlargement of the Author's original work,

"Mathematical Instruments." (See No. 32 in the Series.);

168.7 MATHEMATICAL INSTRUMENTS. By J. F. Heather,

169. r M.A. Enlarged Edition, for the most part entirely re-written. The 3 Parts as

170./ above, in One thick Volume. With numerous Illustrations. 4s. 6d.t

158. THE SLIDE RULE, AND HOW TO USE IT; containing

full, easy, and simple Instructions to perform all Business Calculations with

unexampled rapidity and accuracy. By Charles Hoare, C.E. With a

Slide Rule in tuck of cover. 2s. 6d.i

196. THEORY OF COMPOUND INTEREST AND ANNUI

TIES', with Tables of Logarithms for the more Difficult Computations of

Interest, Discount, Annuities, &c. By F£dor Thohan. 4s4

199. INTUITIVE CALCULATIONS; or, Easy Methods of Perform,

ing the Arithmetical Operations required in Commercial and Business Trans

actions ; with Full Explanations of Decimals and Duodecimals ; Tables, &c.

By D. O'Gorman. Twenty-fifth Edition, by Prof. J. R. Young. 3s.*

204. MATHEMATICAL TABLES, for Trigonometrical, Astronomical,

and Nautical Calculations ; to which is prefixed a Treatise on Logarithms.

By Henry Law, C.E. Together with a Series of Tables for Navigation

and Nautical Astronomy. By Prof. J. R. Young. New Edition. 4s.$

204*. LOGARITHMS. With Mathematical Tables for Trigonometrical,

Astronomical, and Nautical Calculations. ByHsNRY Law, M.Inst.C.E. New

and Revised Edition. {Forming part of the above Work). 3s. [Justpublished.

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA-

TIONS, and an Analysis of the Christian, Hebrew, and Mahometan

Calendars. By W. S. B. Woolhousb, F.R.A.S., F.S.S. Sixth Edition. ss.:

227. MATHEMATICS AS APPLIED TO THE CONSTRUC

TIVE ARTS. Illustrating the various processes of Mathematical Investi

gation, by means of Arithmetical and Simple Algebraical Equations and

Practical Examples. By Francis Campin, C.E. Second Edition. js.$

PHYSICAL SCIENCE, NATURAL PHILO

SOPHY, ETC.

1. CHEMISTRY. By Professor George Fownes, F.R.S. With

an Appendix on the Application of Chemistry to Agriculture, is.

2. NA TURAL PHILOSOPHY, Introduction to the Study of. By

C. Tomlinson. Woodcuts, is. 6d.

6. MECHANICS, Rudimentary Treatise on. By Charles Tom

linson. Illustrated. is. 6d.

7. ELECTRICITY; showing the General Principles of Electrical

Science, and the purposes to which it has been applied. By Sir W. Snow

Harris, F.R.S., &c. With Additions by R. Sabine, C.E., F.S.A. is. 6d.

7». GALVANISM. By Sir W. Snow Harris. New Edition by

Robert Sabine, C.E., F.S.A. is. 6d.

8. MAGNETISM; being a concise Exposition of the General Prin

ciples of Magnetical Science, and the Purposes to which it has been applied.

By Sir W. Snow Harris. New Edition, revised and enlarged by H. M.

NoAD, Ph.D. With 165 Woodcuts. 3s. 6d4

flgT~ The X indicates that these vols, may beliod strongly bound attd. extra.

LONDON: CROSBY LOCKWOOD AND CO.,
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Physical Science, Natural Philosophy, etc., continued.

ii. THE ELECTRIC TELEGRAPH; its History and Progress;

with Descriptions of some of the Apparatus. By R. Sabinb, C.E., F.S.A. 3s.

12. PNEUMATICS, for the Use of Beginners. By Charles

Tomlinson. Illustrated, is. 6d.

72. MANUAL OF THE MOLLUSCA ; a Treatise on Recent and

Fossil Shells. By Dr. S. P. Woodward, A.L.S. Fourth Edition. With

Appendix by Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300

Woodcuts. 6s. 6d. Cloth boards, 7s. 6d.

96. ASTRONOMY. By the late Rev. Robert Main, M.A. Third

Edition, by William Thynne Lynn, B.A., F.R.A.S. ss.

97- STATICS AND DYNAMICS, the Principles and Practice of;

embracing also a clear development of Hydrostatics, Hydrodynamics, and

Central Forces. B» T. Baker, C.E. is. 6d.

"38. TELEGRAPH, Handbook of the; a Guide to (Candidates for

Employment in the Telegraph Service. By R. Bond. Fourth Edition

Including Questions on Magnetism, Electricity, and Practical Telegraphy,

by W. McGregor. 3s.t

173. PHYSICAL GEOLOGY, partly based on Major-General Port.

lock's "Rudiments of Geology." By Ralph Tate, A.L.S. , &e. Woodcuts. 2s.

•74- HISTORICAL GEOLOGY, partly based on Major-General

Portlock's " Rudiments." By Ralph Tate, A.L.S., &c. Woodcuts. 2s. 6d.

'73 RUDIMENTARY TREATISE ON GEOLOGY, Physical and

* Historical. Partly based on Maior-General Portlock's " Rudiments of

'74. Geology." By Ralph Tate, A.L.S., F.G.S., &c. In One Volume. 4s. 6d.t

l83 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L.,

& formerly Prolessor of Natural Philosophy and Astronomy in University

184. College, Lond. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards.

„ V Sold also in Two Parts, as follows :—

"J. Animal Physics. By Dr. Lardner. Part I., Chapters I.—VII. 4s.

"4- Animal. Physics. By Dr. Lardner. Part II., Chapters VIII.—XVIII. 3s.

FINE ARTS.

20. PERSPECTIVE FOR BEGINNERS. Adapted to Young

Students and Amateurs in Architecture, Painting, &c. By Gkorgk Pynb. 2s.

40 GLASS STAINING, AND THE ART OF PAINTING ON

& 41. GLASS. From the German or Dr. Gessert and Emanuel Otto From*

berg. With an Appendix on The Art of Enamulling. 28. 6d.

69. MUSIC, A Rudimentary and Practical Treatise on. With

numerous Examples. By Charles Child Spencer. 2s. 6d.

71. PIANOFORTE, The Art of Playing the. With numerous Exer

cises & Lessons from the Best Masters. By Charles Child Spencer. is.6d.

69-7L MUSIC &* THE PIANOFORTE. In one vol. Half hound, 5s.

181. PAINTING POPULARLY EXPLAINED, including Fresco,

Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature,

Painting1 on Ivory- Vellum, Pottery, Enamel, Glass, &c. With Historical

Sketches of the Progress ot the Art by Thomas John G >llick, assisted by

John Timbs, F.S.A. Fourth Edition, revised and enlarged. 5s.t

186. A GRAMMAR OF COLOURING, applied to Decorative

Painting and the Arts. Hy George Field. New Edition, enlarged and

• adapted to the Use of the Ornamental Painter and Designer. By Ellis A.

Davidson. With two new Coloured Diagrams, &c. 3s. %

246. A DICTIONARY OFPAINTERS, AND HANDBOOICFOR

PICTURE AMATEURS; including Methods of Painting, Cleaning, Re-

lining and Restoring, Schools of Painting, &c. With Notes on the Copyists

and Imitators of each Master. By Philippe Daryl, 2s. 6d.$

Ki?" The % indicates that these vols, may be had strongly boundat 6d. extra.

7, STATIONERS* HALL COURT, LUDGATfl HILL, E.C
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INDUSTRIAL AND USEFUL ARTS.

23. BRICKS AND TILES, Rudimentary Treatise on the Manufac

ture of. By E. Dobson, M.R.I.B.A. Illustrated, 3s.t

67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise

on. By Sir Edmund Beckett, LL.D.,Q.C. Seventh Edition, revised and en

larged. 4s. 6d. limp ; 5s. 6d. cloth boards.

83**. CONSTRUCTION OF DOOR LOCKS. Compiled from the

Papers of A. C. Hobbs, and Edited by Charles Tomlinson, F.R.S. Witb

Additions by Robert Mallet, M.I.C.E. Illus. 2s. 6d.

162. THE BRASS FOUNDER'S MANUAL; Instructions for

Modelling, Pattern-Making, Moulding, Turning, Filing, Burnishing,

Bronzing, &c. With copious Receipts. &c. By Walter Graham. 2s.t

205. THE ART OF LETTER PAINTING MADE EASY. By

J. G. Badenoch. Illustrated with 12 full-page Engravings of Examples, is.

215. THE GOLDSMITH'S HANDBOOK, containing full Instruc

tions for the Alloying and Working of Gold. By George E. Gee. 3s.t

224. COACH BUILDING, A Practical Treatise, Historical and

Descriptive. By J. W. Burgess. 2s. 6d.t

225. THE SILVERSMITH'S HANDBOOK, containing full In

structions for the Alloying and "Working of Silver. By George E. Gee. 3s.t

235. PRACTICAL ORGAN BUILDING. By W. E. Dickson,

M.A., Precentor of Ely Cathedral. Illustrated. 2s. 6d.t

249. THE HALL-MARKING OFJEWELLERYPRACTICALLY

CONSIDERED. By George E. Gbe. 3s.*

MISCELLANEOUS VOLUMES.

36. A DICTIONARY OF TERMS used in ARCHITECTURE,

BUILDING, ENGINEERING, MINING, METALLURGY, ARCH/E-

OLOGY.the FINE ARTS, &-c. By John Weale. Fifth Edition. Revised

by Robert Hunt, F.R.S. Illustrated. 5s. limp ; 6s. cloth boards.

50. THE LAW OF CONTRACTS FOR WORKS AND SER

VICES. By David Gibbons. Third Edition, enlarged. 3s.t

112. MANUAL OF DOMESTIC MEDICINE. By R. Gooding,

B.A., M.D. Intended as a Family Guide in all Cases of Accident and

Emergency. Third Edition. 2s.t

112*. MANAGEMENT OF HEALTH. A Manual of Home and

Personal Hygiene. By.the Rev. James Baird, B.A. is.

150. LOGIC, Pure and Applied. By S. H. Emmkns. is. 6d.

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE

HUMAN UNDERSTANDING. With Notes by S. H. Emmens. 2s.

154. GENERAL HINTS TO EMIGRANTS. Notices of the various

Fields for Emigration, Hints on Outfits, Useful Recipes, &c. 2s.

157. THE EMIGRANT'S GUIDE TO NATAL. By Robert

James Mann, F.R.A.S., F.M.S. Second Edition. Map. 2s.

193. HANDBOOK OF FIELD FORTIFICATION, intended foi the

Guidance of Officers Preparing for Promotion. By Major W. W.

Knollys, F.R.G.S. With 163 Woodcuts. 3s.J

194. THE HOUSE MANAGER: Being a Guide to Housekeeping.

Practical Cookery, Pickling and Preserving, Household Work, Dairy

Management, the Table and Dessert, Cellarage of Wines, Home-brewing

and Wine-making, the Boudoir and Dressing-room, Travelling, Stable

Economy, Gardening Operations, &c. By An Old Housekeeper. 3s. 6d.t

194. HOUSE BOOK {The). Comprising :—I. The House Manager.

112. By an Old Housekeeper. II. Domestic Medicine. By Ralph Gooding,

gT M.D. III. Management of Health. By James Baird. In One Vol.,

. strongly half-bound, 6s.

112*.

©21* The X Indicates that these vols, may be had strongly bound at 6d. extra.

LONDON : CROSBY LOCKWOOD AND CO.,
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EDUCATIONAL AND CLASSICAL SERIES.

HISTORY.

I. England, Outlines of the History of; more especially witL

reference to the Origin and Progress of the English Constitution. Bv

William Douglas Hamilton, F.S.A., of Her Majesty's Public Record

Office. 4th Edition, revised. 5s. ; cloth boards. 5s.

5. Greece, Outlines of the History of; in connection with the

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton,

of University College, London, and Edward Lbvien, M.A., of Balliol

College, Orlord. 2s. 6(1. ; cloth boards, 3s. 6d.

7. Rome, Outlines of the History of: from the Earliest Period

to the Christian Era and the Commencement of the Decline of the Empir*

By Edward Levien, of Balliol College, Oxford. Map, 2s. 6d. ; cl.bds. 3s. Sd.

9. Chronology of History, Art, Literature, and Progress,

from the Creation of the World to the Conclusion of the Franco-German War.

The Continuation by W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d.

50. Dates and Events in English History, for the use of

Candidates in Public and Private Examinations. By the Rev. E. Rand. is.

ENGLISH LANGUAGE AND MISCELLANEOUS.

11. Grammar of the English Tongue, Spoken and Written.

With an Introduction to the Study of Comparative Philology. By Hydb

Clarke, D.C.L. Fourth Edition. is. 6d.

11*. Philology: Handbook of the Comparative Philology of English,

Anglo-Saxon, Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch

or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and

Portuguese Tongues. By Hyde Clarke, D.C.L. is.

12. Dictionary of the English Language, as Spoken and

Written. Containing above 100,000 Words. By Hyde Clarke, D.C.L.

3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., u. 6d.

48. Composition and Punctuation, familiarly Explained for

those who have neglected the Study of Grammar. By Justin Brbnan.

17th Edition. is. 6d.

49. Derivative Spelling-Book : Giving the Origin of Every Word

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Spanish,

and other Languages ; with their present Acceptation and Pronunciation.

By J. Rowbotham, F.R.A.S. Improved Edition. is. 6d.

51. The Art of Extempore Speaking : Hints for the Pulpit, the

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the

Sorbonne. TranslatedfromtheFrench. 7th Edition, carefully corrected. 2s. 6d.

52. Mining and Quarrying, with the Sciences connected there

with. First Book of, for Schools. By J. H. Collins, F.G.S., Lecturer to

the Miners' Association of Cornwall and Devon. is.

53. Places and Facts in Political and Physical Geography,

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. is.

54. Analytical Chemistry, Qualitative and Quantitative, a Course

of. To which is prefixed, a BriefTreatise upon Modern Chemical Nomencla

ture and Notation. By Wm. W. Pink and George E. Weester. 2s.

THE SCHOOL MANAGERS' SERIES OF READING

BOOKS,

Editod by the Rev. A. R. Grant, Rector of Hitcham, and Honorary Canon of Ely ;

formerly H.M. Inspector of Schools.

Introductory Primer, id.

». d.

Fourth Standard . ■ • x t

Fifth „ ...16

Sixth „ ...16

Lessons from the Bible. Part I. Old Testament, is.

Lessons from the Bible. Part II. New Testament, to which is a-lded

The Geography of thb Bible, for very young Children. By Kev. C.

Thornton Forster. is. 2d. \* Or the Two Parts in One Volume. 2s.

J, STATIONERS' HALL COURT, LUDGATE HILL, E.C.

s. d.

First Standard 1 .06

Second „ 1 . o 10

Third
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LATIN.

ig. Latin Grammar. Containing the Inflections and Elementary

Principles of Translation and Construction. By the Rev. Thomas Goodwin,

M.A., Head Master of the Greenwich Proprietary School, is.

20. Latin-English Dictionary. By the Rev. Thomas Goodwin,

M.A. 2s.

22. English-Latin Dictionary j together with an Appendix of

French and Italian Words which have their origin from the Latin. By the

Rev. Thomas Goodwin, M.A. is. 6d.

to,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d.

cloth boards, 4s. 6d. *.* Or with the Grammar, cloth boards, 5s. 6d.

LATIN CLASSICS. With Explanatory Notes in English.

1. Latin Delectus. Containing Extracts from Classical Authors,

with Genealogical Vocabularies and Explanatory Notes, by H. Young. is. 6d.

2. Caesaris Commentarii de Bello Gall ico. Notes, and a Geographical

Register for the Use of Schools, by H. Young. 2s.

3. Cornelius Nepos. With Notes. By H. Young. is.

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco

lics by W. Rushton, M.A., and on the Georgics by H. Young, is. 6d.

5. Virgilii Maronis iEneis. With Notes, Critical and Explanatory,

by H. Young. New Edition, revised and improved With copious Addi

tional Notes by Rev. T. H. L. Leary, D.C.L., iormerly Scholar of Brasenose

College, Oxford. 3s.

5" Part 1. Books i.—vi., is. 6d.

Part 2. Books vii.—xii., 2s. -''

6. Horace; Odes, Epode, and Carmen Sreculare. Notes by H.

Young. 1s. fid.

7. Horace; Satires, Epistles, and Ars Poetica. Notes by W. Brown-

rigg Smith, M.A., F.R.G.S. is. 6d.

8. Sallustli Crispi Catalina et Bellum Jugurthinum. Notes, Critical

and Explanatory, by W. M. Donne, B.A., Trin. Coll., Cam. is. 6d.

9. Terentii Andria et Heautontimorumenos. With Notes, Critical

and Explanatory, by the Rev. James Davies, M.A. is. 6d.

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical

and Explanatory, by the Rev. James Davies, M.A. 2s.

11. Terentii Eunucbus, Comcedia. Notes, by Rev. J. Davies, M.A.

is. 6d.

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev.

James Davies. M.A. is. 6d.

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia.

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev.

T. H. L. Lbary, D.C.L. Iormerly Scholar of Brasenose College, Oxford.

is. 6d.

14. Ciceronis Cato Major, Laelius, Brutus, sive de Senectute, de Ami-

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigg Smith,

M.A., F.R.G.S. =s.

16. Livy : History of Rome. Notes by H. Xoung and W. B. Smith,

M.A. Part 1. Books i., if., is. 6d.

16*. Part 2. Books iii., iv., v., is. 6d.

17. Part 3. Books xxi.,xxii., is. 6d.

19. Latin Verse Selections, from Catullus, Tibullus, Propertius,

and Ovid. Notes by W. B. Donne, M.A., Trinity College, Cambridge. 2s.

20. Latin Prose Selections, irom Varro, Columella, Vitruvius,

Seneca, (Jumtilian, Florus, Velleius Paterculus, Valerius Maximus Sueto

nius, Apuleiu3, &c. Notes by W. B. Donne, M.A. 2s.

21. Juvenalis Satirae. With Prolegomena and Notes by T. H. S.

xCscott, B.A-, Lecturer on Logic at King's College, London. 2s.

7, STATIONERS' HALL COURT, LUDGATE HILL, E.C,
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FRENCH.

24. French Grammar. With Complete and Concise Rules on the

Genders of French Nouns. By G. L. Strauss, Ph.D. is. 6d.

25. French-English Dictionary. Comprising a large number of

New Terms used in Engineering, Mining, &c. By Alfrbd Elwes. is. 6d.

26. English-French Dictionary. By Alfred Elwes. ss.

25,26. French Dictionary (as above). Complete, in One Vol., 3s.;

cloth boards, 3s. 6d. *#* Or with the Grammar, cloth boards, 4s. 6d.

47. French and English Phrase Book : containing Intro

ductory Lessons, with Translations, several Vocabularies of Words, a Col

lection of suitable Phrases, and Easy Familiar Dialogues, is. 6d.

GERMAN.

39. German Grammar. Adapted for English Students, from

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 6d.

40. German Reader : A Series of Extracts, carefully culled from the

most approved Authors of Germany ; with Notes, Philological and Ex

planatory. By G. L. Strauss, Ph.D. is.

41-43. German Triglot Dictionary. By N. E. S. A. Hamilton.

In Three Parts. Part I. German-French-English. Part II. English-Ger

man-French. Part III. French-German-English. 3s., or cloth boards, 4s.

41-43 German Triglot Dictionary (as above), together with German

& 39. Grammar (No. 39), in One Volume, cloth boards, ss.

ITALIAN.

27. Italian Grammar, arranged in Twenty Lessons, with a Course

of Exercises. By Alfred Elwes. is. 6d.

2S. Italian Triglot Dictionary, wherein fh<; Genders of all the

Italian and French Nouns are carefully noted down. By Alfred Elwes.

Vol. 1. Italian-Engliih-French. 2s. 6d.

30. Italian Triglot Dictionary. By A. Elwes. Vol. 2.

English-French-Italian. as. 6d.

32. Italian Triglot Dictionary. By Alfred Elwes. Vol. 3.

French-Italian-English. 2s. 6d.

28,30, Italian Triglot Dictionary (as above). In One Vol., 7s. 6d.

32. Cloth boards.

SPANISH AND PORTUGUESE.

34. Spanish Grammar, in a Simple and Practical Form. With

a Course of Exercises. By Alfred Elwes. is. 6d.

35. Spanish-English and English-Spanish Dictionary.

Including a large numberof Technical Terms used in Mining, Engineering, &c.,

with the proper Accents and the Gender of every Noun. By Alfred Elwes.

4s. ; cloth boards, 5s. *#* Or with the Grammar, cloth boards, 6s.

55. Portuguese Grammar, in a Simple and Practical Form.

With a Course of Exercises. By Alfred Elwes. is. 6d.

56. Portuguese-English and English-Portuguese Dic

tionary. Including a large number of Technical Terms used in Mining,

Fngineering, &c., with the proper Accents and the Gender of every Noun.

By Alfred Elwes. 5s. J cloth boards, 6s. *.* Or with the Grammar,

cloth boards, 7s. ^__ [Just published.

HEBREW.

4C«. Hebrew Grammar. By Dr. Bresslau. is. 6d.

44. Hebrew and English Dictionary, Biblical and-Rabbinical;

containing the Hebrew and Chaldee Roots of the Old Testament Post-

Rabbinical Writings. By Dr. Bresslau. 6s.

46. English and Hebrew Dictionary. By Dr. Bresslau. 3s.

44,46. Hebrew Dictionary (as above), in Two Vols., complete, with

46*. the Grammar, cloth boards, 12s.

LONDON : CROSBY LOCKWOOD AND CO., '



WEALE'S EDUCATIONAL AND CLASSICAL SERIES. 15

LATIN.

19. Latin Grammar. Containing the Inflections and Elementary

Principles of Translation and Construction. By the Rev. Thomas Goodwin,

M.A., Head Master of the Greenwich Proprietary School, is.

20. Latin-English Dictionary. By the Rev. Thomas Goodwin,

M.A. 2s.

22. English-Latin Dictionary; together with an Appendix of

French and Italian Words which have their origin from the Latin. By the

Rev. Thomas Goodwin, M.A. is. 6d.

10,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d.

cloth boards, 4s. 6d. %" Or with the Grammar, cloth boards, 5s. 6d.

LATIN CLASSICS. With Explanatory Notes in English.

1. Latin Delectus. Containing Extracts from Classical Authors,

with Genealogical Vocabularies and Explanatory Notes, by H. Young, is. 6d.

2. Csesaris Commentarii de Bello Gallico. Notes, and a Geographical

Register tor the Use of Schools, by H. Young. 2s.

3. Cornelius N epos. With Notes. By H. Young, is.

4. Yirgilii Maronis Bucolica et Georgica. With Notes on the Buco

lics by W. Rushton, M.A., and on the Georgics by H. Young, is. 6d.

5. Virgilii Maronis iEneis. With Notes, Critical and Explanatory,

by H. Young. New Edition, revised and improved With copious Addi

tional Notes by Rev. 1. H. L. Leary, D.C.L., formerly Scholar of Brasenose

College, Oxford. 3s.

5* Part 1. Books i.—vi., is. 6d. o ,

Part 2. Books vii.—xii.

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H.

Young, is. 6d.

7. Horace; Satires, Epistles, and Ars Poetica. Notes by W. Brown-

rigg Smith, M.A., F.R.G.S. is. 6d.

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical

and Explanatory, by W. M. Donne, B.A., Trin. Coll., Cam. is. 6d.

9. Terentii Andria et Heautontimorumenos. With Notes, Critical

and Explanatory, by the Rev. James Davies, M.A. is. 6d.

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical

and Explanatory, by the Rev. James Davies, M.A. 2s.

11. Terentii Eunuchus, Comcedia. Notes, by Rev. J. Davies, M.A.

is. 6d.

12. Ciceronis Oratio pro Sexto Roscio Amenno. Edited, with an

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev.

James Davies, M.A. is. 6d.

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia.

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev.

T. H. L. Leary, D.C.L. lormerly Scholar ot Brasenose College, Oxford,

is. 6d.

14. Ciceronis Cato Major, Laelius, Brutus, sive de Senectute, de Ami-

cttia, de Claris Oratoiibus Dialogi. With Notes by W. Brownrigo Smith,

M.A., F.R.G.S. =s.

16. Livy : History of Rome. Notes by H. JToung and W. B. Smith,

M.A. Part 1. Books i., 11., is. 6d.

16*. Part *. Books iii., iv., v., is. 6d.

17. Part 3. Books xxi., xxii., is. 6d.

19. Latin Verse Selections, hom Catullus, Tibullus, Propertius,

ana Ovid. Notes by W. B. Donne, M.A., Trinity College, Cambridge. 2s.

20. Latin Prose Selections, irom Varro, Columella, Vitruvius,

Seneca, Ouintilian, Florus, Velleius Paterculus, Valerius Maximus Sueto

nius, Apuleiu3, &c. Notes by W. B. Donne, M.A. 2s.

21. Juvenalis Satirae. With Prolegomena and Notes by T. H. S.

jiscoT-r, B.A., Lecturer on Logic at King's College, London. 2s.

7, STATIONERS' HALL COURT, LUDGATE HILL, E.&



1 6 weale's educational and classical series.

GREEK.

14. Greek. Grammar, in accordance with the Principles and Philo

logical Researches of the most eminent Scholars of our own da r. By Hans

Claudb Hamilton, is. 6d.

15.17- Greek Lexicon. Containing all the Words in General Use, with

their Significations, Inflections, and Doubtful Quantities. By Henry R.

Hamilton. Vol. 1. Greek-English, 2s. 6d. ; Vol. 2. English-Greek, 2s. Or

the Two Vols, in One, 4s. 6d. : cloth boards, 5s.

14,15. Greek Lexicon (as above). Complete, with the Grammas, in

17. One Vol., cloth boards, 6s.

GREEK CLASSICS. "With Explanatory Notes in English.

1. Greek Delectus. Containing Extracts from Classical Authors,

with Genealogical Vocabularies and Explanatory Notes, byH. Young. New

Edition, with an improved and enlarged Supplementary Vocabulary, by John

Hutchison, M.A., of the High School, Glasgow, is. 6d.

2, 3. Xenophon's Anabasis ; or, The Retreat of the Ten Thousand.

Notes and a Geographical Register, by H. Young. Part 1. Books i. to iii.,

is. Part 2. Books iv. to vii., is.

4. Lucian's Select Dialogues. The Text carefully revised, with

Grammatical and Explanatory Notes, by H. Young, is. 6d.

5-12. Homer, The "Works of. According to the Text of Baeumlein.

With Notes, Critical and Explanatory, drawn from the best and latest

Authorities, with Preliminary Observations and Appendices, by T. H. L.

Leary, M.A., D.C.L.

The Iliad : Part1. Books i. to vi., is.6d. Part 3. Books xiii. to xviii., is. 6d.

Part 2. Books vii.toxii., is.6d. Part 4. Books xix. to xxiv., is. 6d.

The Odyssey: Part1. Books i. to vi., is. 6d Part 3. Books xiii. to xviii., is. 6d.

Part 2. Booksvii.toxii., is. 6d. Part 4. Books xix. to xxiv., and

Hymns, 2s.

13. Plato's Dialogues: The Apology of Socrates, the Crito, and

the Phaedo. From the Text of C. F. Hermann. Edited with Notes, Critical

and Explanatory, by the Rev. James Davies, M.A. 2s.

14-17. Herodotus, The History of, chiefly after the Text of Gaisford.

With Preliminary Observations and Appendices, and Notes, Critical and

Explanatory, by T. H. L. Leary, M.A., D.C.L.

Part 1. Books i.. ii. (The Clio and Euterpe), 2s.

Part 2. Books ih., iv. (The Thalia and Melpomene), 2s.

Part 3. Books v.-vii. (The Terpsichore, Erato, and Polymnia), 2s.

Part 4. Books viii., ix. (The Urania and Calliope) and Index, is. 6d.

18. Sophocles : CEdipus Tyrannus. Notes by H. Young. Is.

20. Sophocles: Antigone. From the Text of Dindorf. Notes,

Critical and Explanatory, by the Rev. John Milner, B.A. 2s.

23. Euripides : Hecuba and Medea. Chiefly from the Text of Din

dorf. With Notes, Critical and Explanatory, by W. Brownrigg Smith,

M.A., F.R.G.S. is. od.

26. Euripides: Alcestis. Chiefly from the Text of Dindorf. With

Notes, Critical and Explanatory, by John Milner, B.A. is. 6d.

30. _1Eschylus : Prometheus "Vmctus : The Prometheus Bound. From

the Text of Dindorf. Edited, with English Notes, Critical and Explanatory,

by the Rev. James Davies, M.A. is.

32. ./,Eschylus: Septem Contra Thebes : The Seven against Thebes.

From the Text of Dindorf. Edited, with English Notes, Critical and Ex

planatory, by the Rev. James Davies, M.A. is.

40. Aristophanes : Acharnians. Chiefly from the Text of C. H.

Weise. With Notes, by C. S. T. Townsiiend, M.A. is. 6d.

41. Thucydides: History of the Peloponnesian War. Notes by H,

Young. Book 1. is.

42. Xenophon's Panegyric on Agesilaus. Notes and Intro

duction by Ll. F. W. Jkwitt. is. 6d.

43. Demosthenes. The Oration on the Crown and the Philippics.

With English Notes. By Rev. T. H. L. Leary, D.C.L., formerly Scholar of

Brasenose College, Oxford, is. 6d.

CROSBY LOCKWOOD AND CO., 7, STATIONERS' HALL COURT, E.C.
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ENGINEERING, SURVEYING, ETC.

Humberts Work on Water-Supply.

A COMPREHENSIVE TREATISE on the WATER-SUPPLY

of CITIES and TOWNS. By William Humber, A.-M. Inst

C.E., and M. Inst M.E. Illustrated with 50 Double Plates,

I Single Plate, Coloured Frontispiece, and upwards of 250 Wood

cuts, and containing 400 pages of Text Imp. 4to, 6/. 6s. elegantly

and substantially half-bound in morocco.

List of Contents :—

I. Historical Sketch of some of the

means that have been adopted for the

Supply of Water to Cities and Towns.—

II. Water and the Foreign Matter usually

associated with it.—III. Rainfall and

Evaporation.—IV. Springs and the water

bearing formations of various districts.—

V. Measurement and Estimation of the

Flow of Water.—VI. On the Selection of

the Source of Supply.—VII. Wells.—

VIII. Reservoirs.—IX. The Purification

of Water.—X. Pumps.—XI. Pumping

Machinery.—XII. Conduits.—XIII. Dis

tribution of Water.—XIV. Meters, Ser

vice Pipes, and House Fittings.—XV. The

Law and Economy of Water Works.—

XVI. Constant and Intermittent Supply.

—XVII. Description of Plates.—Appen

dices, giving Tables of Rates of Supply,

Velocities, &c. &c., together with Specifi

cations ofseveral Works illustrated, among

which will be found :—Aberdeen, Bideford,

Canterbury, Dundee, Halifax, Lambeth,

Rotherham, Dublin, and others.

" The most systematic and valuable work upon water supply hitherto produced in

English, or in any other language .... Mr. Humber's work is characterised almost

throughout by an exhaustiveness much more distinctive of French and German than

of English technical treatises."—Engineer.

Humbe^s Work on Bridge Construction.

A COMPLETE and PRACTICAL TREATISE on CAST and

WROUGHT-IRON BRIDGE CONSTRUCTION, including

Iron Foundations. In Three Parts—Theoretical, Practical, and

Descriptive. By William Humber, A.-M. Inst. C.E., and M.Inst

M.E. Third Edition, with 115 Double Plates. In 2 vols. imp. 4to,

6/. 16s. 6d. half-bound in morocco.

'* A book—and particularly a large and costly treatise like Mr. Humber's—which

has reached its third edition may certainly be said to have established its own

reputation."—Mngmeeting .
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Humbers Modern Engineering.

A RECORD of the PROGRESS of MODERN ENGINEER

ING. First Series. Comprising Civil, Mechanical, Marine, Hy

draulic, Railway, Bridge, and other Engineering Works, &c. By

William Humber, A.-M. Inst C.E., &c. Imp. 4to, with

36 Double Plates, drawn to a large scale, and Portrait of John

Hawkshaw, C.E., F.R.S., &c., and descriptive Letter-press, Speci

fications, &c. 3/. 3*. half morocco.

List of the Plates and Diagrams.

Victoria Station and Roof, L. B. & S.

C. R. (8 plates); Southport Pier (2 plates);

Victoria Station and Roof, L. C. & D. and

G. W. R. (6 plates) ; Roof of Cremome

Music Hall ; Bridge over G. N. Railway ;

Roof of Station, Dutch Rhenish Rail (2

plates) ; Bridge over the Thames, WestPiatt

London Extension Railway (5 plates) ; Ar

mour Plates ; Suspension Bridge, Thames

(4 plates) : The Allen Engine ; Suspension

Bridge, Avon (3 plates); Underground

Railway (3 plates).

NUMBER'S RECORD OF MODERN ENGINEERING. Second

Series. Imp. 4to, with 36 Double Plates, Portrait of Robert Ste

phenson, C.E., &c, and descriptive Letterpress, Specifications,

&c. 3/. 3*. halt morocco.

List of the Plates and Diagrams.

Viaduct. Merthyr, Tredegar, and Aberga

venny Railway ; College Wood Viaduct,

Cornwall Railway ; Dublin Winter Palace

Roof (3 plates) ; Bridge over the Thames,

L. C. and D. Railway (6 plates) ; Albert

Harbour, Greenock (4 plates).

Birkenhead Docks, Low Water Basin

(15 plates); Charing Cross Station Roof,

C. C. Railway (3 plates) ; Digswell Via

duct, G. N. Railway ; Robbery Wood

Viaduct, G. N. Railway ; Iron Permanent

Way ; Clydach Viaduct, Merthyr, Tre

degar, and Abergavenny Railway ; Ebbw

HUMBER'S RECORD OF MODERN ENGINEERING. Third

Series. Imp. 4to, with 40 Double Plates, Portrait of J. R. M 'Clean,

Esq., late Pres. Inst. C.E., and descriptive Letterpress, Specifica

tions, &c. 3/. 3*. half morocco.

List ofthe Plates and Diagrams.

Main Drainage, Metropolis.

North Side.—Map showing Interception

of Sewers ; Middle Level Sewer (2 plates) ;

Outfall Sewer, Bridge over River Lea (3

plates); Outfall Sewer, Bridge over Marsh

Lane, North Woolwich Railway, and Bow

and Barking Railway Junction ; Outfall

Sewer, Bridge over Bow and Barking

Railway (3 plates); Outfall Sewer, Bridge

over East London Waterworks' Feeder

(2 plates) ; Outfall Sewer, Reservoir (2

plates) ; Outfall Sewer, Tumbling Bay

and Outlet ; Outfall Sewer, Penstocks.

South Side.—Outfall Sewer, Bermondsey

Branch (2 plates) ; Outfall Sewer, Reser-

voir and Outlet {4 plates) ; Outfall Sewer,

Filth Hoist j Sections of Sewers (North

and South Sides).

Thames Embankment.— Section of

River Wall ; Steamboat Pier, Westminster

(2 plates) ; Landing Stairs between Cha

ring Cross and Waterloo Bridges ; York

Gate (2 plates) ; Overflow and Outlet at

Savoy Street Sewer (3 plates) ; Steamboat

Pier, Waterloo Bridge (3 plates) ; Junc

tion of Sewers, Plans and Sections ; Gullies,

Plans and Sections ; Rolling Stock ; Gra

nite and Iron Forts.

HUMBER'S RECORD OF MODERN ENGINEERING. Fourth

Series. Imp. 410, with 36 Double Plates, Portrait ofJohn Fowler,

Esq., late Pres. Inst. C.E., and descriptive Letterpress, Specifica

tions, &c. 3/. 3*. half morocco.

List ofthe Plates and Diagrams.

Abbey Mills Pumping Station, Main

Drainage, Metropolis (4 plates) ; Barrow

Docks (5 plates) ; Manquis Viaduct, San

tiago and Valparaiso Railway (2 plates) ;

Adam's Locomotive, St. Helen's Canal

Railway (2 plates) ; Cannon Street Station

Roof, Chahng Cross Railway (3 plates) ;

Road Bridge over the River Moka (2

plates) ; Telegraphic Apparatus for Meso

potamia ; Viaduct over the River Wye,

Midland Railway (3 plates) ; St. German's

Viaduct, Cornwall Railway (2 plates) ;

Wrougbt-Iron Cylinder for Diving Bell ;

Millwall Docks (6 plates) ; Milroy's Patent

Excavator, Metropolitan District Railway

(6 plates) ; Harbours, Ports, and Break

waters (3 plates).
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Strains in Iron Frameworks, &c.

GRAPHIC AND ANALYTIC STATICS IN THEORY AND

COMPARISON. Their Practical Application to the Treatment

of Stresses in Roofs, Solid Girders, Lattice, Bowstring and Sus

pension Bridges, Braced Iron Arches and Piers, and other Frame

works. To which is added a Chapter on Wind Pressures. By R.

Hudson Graham, C.E. With numerous Examples, many taken

from existing Structures. 8vo. , 16*. cloth.

" Mr, Graham's book will find a place wherever graphic and analytic statics are

used or studied."—Engineer.

" This exhaustive treatise is admirably adapted for the architect and engineer,

and will tend to wean the profession from a tedious and laboured imde of calcula

tion. To prove the accuracy of the graphical demonstrations, the author compares

them with the analytic formulae given by Rankine."—Building; News.

Strength of Girders.

GRAPHIC TABLE for FACILITATING the COMPUTA

TION of the WEIGHTS of WROUGHT-IRON and STEEL

GIRDERS, &c., for Parliamentary and other Estimates. By

J. H. Watson Buck, M. Inst. C. E. On a Sheet, 2s. 6d.

Strains, Formulce&DiagramsforCalculation of.

A HANDY BOOK for the CALCULATION of STRAINS

in GIRDERS and SIMILAR STRUCTURES, and their

STRENGTH ; consisting ofFormulaeand Corresponding Diagrams,

with numerous Details for Practical Application, &c. By William

Humber, A.-M. lust. C.E., &c. Third Edition. Cr. 8vo, Js. 6d. cl.

Strains.

THE STRAINS ON STRUCTURES OF IRONWORK;

with Practical Remarks on Iron Construction. By F. W. Sheilds,

M. Inst. C.E. Second Edition, with S Plates. Royal 8vo, 5*. cloth.

"The student cannot find abetter book on this subject thanMr.Sheilds'."—Engineer.

Barlow on the Strength of Materials, enlarged.

A TREATISE ON THE STRENGTH OF MATERIALS,

with Rules for application in Architecture, the Construction of

Suspension Bridges, Railways, &c. By Peter Barlow, F.R.S.

Revised by his Sons, P. W. and W. H. Barlow. Edited by

W. Humber, A.-M. Inst. C.E. 8vo, i&r. cloth.

*' The standard treatise upon this particular subject"—Engineer.

Strength of Cast Iron, &c.

A PRACTICAL ESSAY on the STRENGTH of CAST IRON

and OTHER METALS. By T. Tredgold; C.E. 5th Edition.

To which are added, Experimental Researches on the Strength,

&c., of Cast Iron. By E. Hodgkinson, F.R.S. 8vo, I2*. cloth.

*,* Hodgkinson's Researches, separate, price 6s.

Hydraulics.

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE

for finding the Discharge of Water from Orifices, Notches, Weirs,

Pipes, and Rivers. With New Formulae, Tables, and General

Information on Rain-fall, Catchment-Basins, Drainage, Sewerage,

and Water Supply. By J. Neville, C.E., M.R.I.A. Third

Edition, Revised and Enlarged. Crown 8vo, 14*. cloth.
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Hydraulics.

HYDRAULIC MANUAL. Consisting of Working Tables and

Explanatory Text. Intended as a Guide in Hydraulic Calculations

and Field Operations. By Lowis D'A. Jackson. Fourth

Edition. Rewritten and Enlarged. Large Crown Svo. i6*. cloth.

" We heartily recommend this volume to all who desire to be acquainted with the

latest development of this important subject."—Engineering.

" The standard work in this department of mechanics. The present edition has

been brought abreast of the most recent practice."—Scotsman.

River Engineering.

RIVER BARS : The Causes of their Formation, and their Treat

ment by ' Induced Tidal Scour,' with a Description of the Successful

Reduction by this Method of the Bar at Dublin. By I. J. Mann,

Assis. Eng. to the Dublin Port and Docks Board. Rl. 8vo. Js. 6d. cl.

Levelling.

A TREATISE on the PRINCIPLES and PRACTICE of

LEVELLING ; showing its Application to Purposes of Railway

and Civil Engineering, in the Construction of Roads ; with Mr.

Telford's Rules for the same. By Frederick W. Simms,

F.G.S., M. Inst. C.E. Sixth Edition, very carefully revised, with

the addition of Mr. Law's Practical Examples for Setting out

Railway Curves, and Mr. Trautwine's Field Practice of Laying

out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo,

&s. 6d. cloth. *»* Trautwine on Curves, separate, $s.

Practical Tunnelling.

PRACTICAL TUNNELLING : Explaining in detail the Setting

out of the Works, Shaft-sinking and Heading-Driving, Ranging

the Lines and Levelling under Ground, Sub-Excavating, Timbering,

and the Construction of the Brickwork of Tunnels with the amount

of labour required for, and the Cost of, the various portions of the

work. By F. W. Simms, M. Inst. C.E. Third Edition, Revised

and Extended. By D. Kinnear Clark, M.I. C.E. Imp. Svo,

with 21 Folding Plates and numerous Wood Engravings, 30*. cloth.

Civil and Hydraulic Engineering.

CIVIL ENGINEERING. By Henry Law, M. Inst C.E

Including a Treatise on Hydraulic Engineering, by George R.

Burnell, M.I.C.E. Seventh Edition, Revised, with large addi

tions, by D. Kinnear Clark, M. Inst. C.E. 7*. 6d., cloth.

Gas-Lighting.

COMMON SENSE FOR GAS-USERS : a Catechism of Gas-

Lighting for Householders, Gasfitters, Millowners, Architects,

Engineers, &c. By R. Wilson, C.E. 2nd Edition. Cr. 8vo, 2s. 6d.

Earthwork.

EARTHWORK TABLES, showing the Contents in Cubic Yards

of Embankments, Cuttings, &c., of Heights or Depths up to an

average of 80 feet. By Joseph Broadjjent, C, E., and FRANCIS

Campin, C.E. Cr. 8vo, oblong, 5*. cloth.
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Tramways and their Working.

TRAMWAYS : THEIR CONSTRUCTION and WORKING.

Embracing a Comprehensive History of the System, with an

Exhaustive Analysis of the various modes of Traction, including

Horse-power, Steam, Heated Water, and Compressed Air ; a

Description of the Varieties of Rolling Stock, and Ample Details

of Cost and Working Expenses ; the Progress recently made in

Tramway Construction, &c., &c. By D. Kinnear Clark, M.

Inst. C. E. With over 200 Wood Engravings, and 13 Folding

Plates. 2 vols. Large Crown 8vo, 30?. cloth.

" All interested in tramways must refer to it, as all railway engineers have turned

to the author's work ' Railway Machinery. '"—The Engineer.

" The work is based on former tramway experience, and is specially valuable in

these days of rapid change and progress."—Engineering.

Steam.

STEAM AND THE STEAM ENGINE, Stationary and Port

able. Being an Extension of Sewell's Treatise on Steam. By D.

Kinnear Clark, M.I.C.E. Second Edition. 121110, 4*. cloth.

Steam Engine.

TEXT-BOOK ON THE STEAM ENGINE. By T. M.

Goodeve, M.A., Barrister-at-Law, Author of " The Principles

of Mechanics," "The Elements of Mechanism," &c. Fifth

Edition. With numerous Illustrations. Crown 8vo, 6s. cloth.

"Mr. Goodeve's text-book is a work of which every young engineer should pos

sess himself. "—Mining Journal.

The High-Pressure Steam Engine.

THE HIGH-PRESSURE STEAM ENGINE. By Dr. Ernst

Alban. Translated from the German, with Notes, by Dr. Pole,

F.R.S. Plates. 8vo, \6s. 6<f., cloth.

Steam.

THE SAFE USE OF STEAM : containing Rules for Unpro

fessional Steam Users. By an Engineer. 5th Edition. Sewed, 6ci.

" If steam-users would but learn this little book by heart, boiler explosions would

become sensations by their rarity."—English Mechanic.

Mechanical Engineering.

DETAILS OF MACHINERY : Comprising Instructions for the

Execution of various Works in Iron, in the Fitting-Shop, Foundry,

and Boiler-Yard. By Francis Campin, C.E. y. 6d. cloth.

Mechanical Engineering.

MECHANICAL ENGINEERING : Comprising Metallurgy,

Moulding, Casting, Forging, Tools, Workshop Machinery, Manu

facture of the Steam Engine, &c. By F. Campin, C.E. 3s. cloth.

TVorks of Construction.

MATERIALS AND CONSTRUCTION : a Theoretical and

Practical Treatise on the Strains, Designing, and Erection of

Works of Construction. ByF. Campin, C.E. i2mo, 3*. 6d. cl. bids.

Iron Bridges, Girders, Roofs, &c.

A TREATISE ON THE APPLICATION OF IRON

TO THE CONSTRUCTION OF BRIDGES, GIRDERS,

ROOFS, AND OTHER WORKS. ByF. Campin, C.E. 12010,3*.
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Bridge Construction in Masonry, Timber, & Iron.

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC

TION IN MASONRY, TIMBER, AND IRON ; consisting of

46 Plates from the Contract Drawings or Admeasurement of select

Works. By W. Davis Haskoll, C.E. Second Edition, with

the addition of 554 Estimates, and the Practice of Setting out Works,

with 6 pages of Diagrams. Imp. 410, 2/. I2*. 6d. half- morocco.

" A work of the present nature by a man of Mr. Haskoll's experience, must prove

invaluable. The tables of estimates considerably enhance its value."—Engineering.

Oblique Bridges.

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE

BRIDGES, with 13 large Plates. By the late Geo. Watson

Buck, M.I. C.E. Third Edition, revised by his Son, J. H. Watson

Buck, M.I. C.E. ; and with the addition of Description to Dia

grams for Facilitating the Construction of Oblique Bridges, by

W. H. Barlow, M.I. C.E. Royal 8vo, 12s. cloth.

"The standard text book for all engineers regarding skew arches."—Engineer.

Oblique Arches.

A PRACTICAL TREATISE ON THE CONSTRUCTION of

OBLIQUE ARCHES. By John Hart. 3rd Ed. Imp. 8vo, &V. cloth.

Boiler Construction.

THE MECHANICAL ENGINEER'S OFFICE BOOK:

Boiler Construction. By Nelson Foley, Cardiff, late Assistant

Manager Palmer's Engine Works, Jarrow. With 29 full-page

Lithographic Diagrams. Folio, 21s. half-bound.

Locomotive-Engine Driving.

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for

Engineers in charge of Locomotive Engines. By Michael

Reynolds, M. S. E. Sixth Edition. Including A KEY TO THE

LOCOMOTIVE ENGINE. With Illustrations. Cr. 8vo, 4s. 6d. cl.

" Mr. Reynolds has supplied a want, and has supplied it well."—Engineer.

The Engineer, Fireman, and Engine-Boy.

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN,

AND ENGINE-BOY. By M. Reynolds. Crown 8vo, \s. 6d.

Stationary Engine Driving.

STATIONARY ENGINE DRIVING. A Practical Manual for

Engineers in Charge of Stationary Engines. By Michael Rey

nolds. Second Edition, Revised and Enlarged. With Plates and

Woodcuts. Crown 8vo, 4r. 6d. cloth.

Engine-Driving Life.

ENGINE-DRIVING LIFE ; or Stirring Adventures and Inci

dents in the Lives of Locomotive Engine-Drivers. By Michael

Reynolds. Eighth Thousand. Crown 8vo, is. cloth.

Continuous Railway Brakes.

CONTINUOUS RAILWAY BRAKES. A Practical Treatise on

the several Systems in Use in the United Kingdom ; their Construc

tion and Performance. With copious Illustrations and numerous

Tables. By Michael Reynolds. Large Crown 8vo, gs. cloth.
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Construction of Iron Beams, Pillars, &c.

IRON AND HEAT ; exhibiting the Principles concerned in the

construction of Iron Beams, Pillars, and Bridge Girders, and the

Action of Heat in the Smelting Furnace. By J. Armour, C.E. y.

Fire Engineering:

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With

a History of Fire-Engines, their Construction, Use, and Manage

ment; Remarks on Fire-Proof Buildings, and the Preservation of

Life from Fire ; Statistics of the Fire Appliances in English

Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c. , &c.

By Charles F. T. Young, C.E. Demy 8vo, i/. $s. cloth.

Trigonometrical Surveying.

AN OUTLINE OF THE METHOD OF CONDUCTING A

TRIGONOMETRICAL SURVEY, for the Formation of Geo-

graphical and Topographical Maps and Plans, Military Recon

naissance, Levelling, &c., with the most useful Problems in Geodesy

and Practical Astronomy. By Lieut.-Gen. Frome, R.E., late In

spector-General of Fortifications. Fourth Edition, Enlarged, and

partly Re-written. By Captain Charles Warren, R.E. With

19 Plates and 115 Woodcuts, royal 8vo, i6j. cloth.

Tables of Curves.

TABLES OF TANGENTIAL ANGLES and MULTIPLES

for setting out Curves from 5 to 200 Radius. By Alexander

Beazeley, M. Inst. C.E. Third Edition. Printed on 48 Cards,

and sold in a cloth box, waistcoat-pocket size, y. 6d.

' Each table is printed on a small card, which, being placed on the theodolite, leaves

the hands free to manipulate the instrument."—Engineer.

" Very handy ; a man may know that all his day's work must fall on two of these

cards, which tie puts into his own card-case, and leaves the rest behind."—

Pioneer Engineering. &««•*«*.

PIONEER ENGINEERING. A Treatise on the Engineering

Operations connected with the Settlement of Waste Lands in New

Countries. By Edward Dobson, A. I. C.E. With Plates and

Wood Engravings. Revised Edition. 121110, 5*. cloth.

" A workmanlike production, and one without possession of which no man should

start to encounter the duties of a pioneer engineer."—Athenteum.

Engineering Fieldwork.

THE PRACTICE OF ENGINEERING FIELDWORK,

applied to Land and Hydraulic, Hydrographic, and Submarine

Surveying and Levelling. Second Edition, revised, with consider

able additions, and a Supplement on WATERWORKS, SEWERS,

SEWAGE, and IRRIGATION. By W. Davis Haskoll, C.E.

Numerous folding Plates. In I Vol., demy 8vo, \l. y., cl. boards.

Large Tunnel Shafts.

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS.

By J. H. Watson Buck, M. Inst. C.E., &c. Illustrated with Fold

ing Plates. Royal 8vo, I2*. cloth.

11 Many of the methods given are of extreme practical value to the mason, and the

observations on the form of arch, the rules for ordering the stone, and the construc

tion of the templates, will be found of considerable use. We commend the book to

the profession, and to all who have to build similar shafts."—Building News.
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Survey Practice.

AID TO SURVEY PRACTICE : for Reference in Surveying,

Levelling, Setting-out and in Route Surveys of Travellers by Land

and Sea. With Tables, Illustrations, and Records. By Lowis

D'A. Jackson, A.-M.I.C.E. Author of "Hydraulic Manual and

Statistics," &c. Large crown 8vo, I2*. 6d., cloth.

" Mr. Jackson has had much and varied experience in field work and some know

ledge of bookmaking, and he has utilised both these acquirements with a very useful

result. The volume covers the ground it occupies very thoroughly."—Engineering.

Sanitary Work.

SANITARY WORK IN THE SMALLER TOWNS AND

IN VILLAGES. Comprising :—I. Some of the more Common

Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water

Supply. By Chas. Slagg, Assoc. M. Inst C.E. Second Edition,

Revised and Enlarged. 3*. 6d., cloth boards.

"This book contains all that such a treatise can be expected to contain, and is

sound and trustworthy in every particular."—Builder.

Gas and Gasworks.

THE CONSTRUCTION OF GASWORKS AND THE

MANUFACTURE AND DISTRIBUTION OF COAL-GAS.

Originally written by S. Hughes, C.E. Sixth Edition. Re-written

and enlarged, by W. Richards, C.E. i2mo, 5*. cloth.

Waterworks for Cities and Towns.

WATERWORKS for the SUPPLY of CITIES and TOWNS,

with a Description of the Principal Geological Formations of Eng

land as influencing Supplies of Water. By S. Hughes. 4s. 6d. cloth.

Coat and Speed Tables.

POCKET BOOK OF COAL AND SPEED TABLES : for

Engineers and Steam-Users. By Nelson Foley, Author of

" Boiler Construction." [Nearly ready.

Fuels and their Economy.

FUEL, its Combustion and Economy ; consisting of an Abridg

ment of "A Treatise on the Combustion of Coal and the Prevention

of Smoke." By C. W. Williams, A.I.C.E. With extensive

additions on Recent Practice in the Combustion and Economy of

Fuel—Coal, Coke, Wood, Peat, Petroleum, &c. ; by D. Kin-

near Clark, M. Inst. C.E. Second Edition. 4s. cloth.

" Students should buy the book and read it, as one of the most complete and satis

factory treatises on the combustion and economy of fuel to be had."—Engineer.

Roads and Streets.

THE CONSTRUCTION OF ROADS AND STREETS. In

Two Parts. I. The Art of Constructing Common Roads. By

Henry Law, C.E. Revised and Condensed. II. Recent

Practice in the Construction of Roads and Streets : including

Pavements of Stone, Wood, and Asphalte. By D. Kinnear

Clark, M. Inst C.E. Second Edit., revised. i2mo, $s. cloth.

" A book which every, borough surveyor and engineer must possess, and of consi.

erable service to architects, builders, and property owners. "—Building News.
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Locomotives.

LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com.

prising an Historical Sketch and Description of the Locomotive

Engine. By G. D. Dempsey, C.E. With large additions treat

ing of the Modern Locomotive, by D. Kinnear Clark,

M. Inst. C.E. With Illustrations. l2mo. y. 6d., cloth boards.

" The student cannot fail to profit largely by adopting this as his preliminary text

book."—Iron and Coal Trades Revimu.

Field-Bookfor Engineers.

THE ENGINEER'S, MINING SURVEYOR'S, and CON

TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, C.E.

Consisting of a Series of Tables, with Rules, Explanations of

Systems, and Use of Theodolite for Traverse Surveying and Plotting

the Work with minute accuracy by means of Straight Edge and Set

Square only ; Levelling with the Theodolite, Casting out and Re

ducing Levels to Datum, and Plotting Sections in the ordinary

manner; Setting out Curves with the Theodolite by Tangential

Angles and Multiples with Right and Left-hand Readings of the

Instrument ; Setting out Curves without Theodolite on the System

of Tangential Angles by Sets of Tangents and Offsets; and Earth

work Tables to 80 feet deep, calculated for every 6 inches in depth.

With numerous Woodcuts. 4th Edition, enlarged. Cr. 8vo. I2*. cloth.

"The book is very handy, and the author might have added that the separate tables

of sines and tangents to every minute will make it useful for many other purposes, the

genuine traverse tables existing all the same."—Athenteum.

Earthwork, Measurement and Calculation of.

A MANUAL on EARTHWORK. By Alex. J. S. Graham,

C.E. With numerous Diagrams. i8mo, 2s. 6d. cloth.

" As a really handy book for reference, we know of no work equal to it ; and the

railway engineers and others employed in the measurement and calculation of earth

work will find a great amount of practical information very admirably arranged, and

available for general or rough estimates, as well as for the more exact calculations

required in the engineers' contractor's offices."—Artizan.

Drawing for Engineers.

THE WORKMAN'S MANUAL OF ENGINEERING

DRAWING. By John Maxton, Instructor in Engineering

Drawing, Royal Naval College, Greenwich, formerly of R. S. N. A.,

South Kensington. Fifth Edition, carefully revised. With upwards

of 300 Plates and Diagrams. l2mo, cloth, strongly bound, \s.

" A copy of it should be kept for reference in every drawing office."—Engineering.

" Indispensable for teachers of engineering drawing."—Mechanics' Magazine.

Wealds Dictionary of Terms.

A DICTIONARY of TERMS used in ARCHITECTURE,

BUILDING, ENGINEERING, MINING, METALLURGY,

ARCHEOLOGY, the FINE ARTS, &c. By John Weale.

Fifth Edition, revised by Robert Hunt, F.R.S., Keeper of Mining

Records, Editor of " Ure's Dictionary of Arts." l2mo, 6s. cl. bds.

" The best small technological dictionary in the language."—Architect.

" The absolute accuracy of a work of this character can only be judged of after

extensive consultation, and from our examination it appears very correct and very

complete."—Mining journal.
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MINING, METALLURGY, ETC.

Metalliferous Mining.

BRITISH MINING. A Treatise on the History, Discovery,

Practical Development, and Future Prospects of Metalliferous

Mines in the United Kingdom. By Robert Hunt, F.R.S.,

Keeper of Mining Records ; Editor of ". Ure's Dictionary of Arts,

Manufactures, and Mines," &c. Upwards of 950 pages, with 230

Illustrations. Super royal 8vo. £3 3.?. cloth. \Justpublished.

A sound, business-like collection of interesting facts. . . . The amount of

information Mr. Hunt has brought together is enormous. . . . The volume

appears likely to convey more instruction upon the subject than any work hitherto

published."—Mining Journal.

Coal and Iron.

THE COAL AND IRON INDUSTRIES OF THE UNITED

KINGDOM : comprising a Description of the Coal Fields, and of

the Principal Seams of Coal, with returns of their Produce and its

Distribution, and Analyses of Special Varieties. Also, an Account

of the occurrence of Iron Ores in Veins or Seams ; Analyses of

each Variety ; and a History of the Rise and Progress of Pig Iron

Manufacture since the year 1740, exhibiting the economies intro

duced in the Blast Furnaces for its Production and Improvement.

By Richard Meade, Assistant Keeper of Mining Records. With

Maps of the Coal Fields and Ironstone Deposits of the United

Kingdom. 8vo., £\ 8s. cloth.

Metalliferous Minerals and Mining.

A TREATISE ON METALLIFEROUS MINERALS AND

MINING. ByD. C. Davies, F.G.S. With Numerous Wood

Engravings. Second Edition, revised. Cr. 8vo, 12.?. 6d. cloth.

" Without question, the most exhaustive and the most practically useful work we

have seen ; the amount of information given is enormous, and it is given concisely

and intelligibly."—Mining Journal.

Earthy Minerals and Mining.

EARTHY AND OTHER MINERALS, AND MINING.

By D. C. Davies, F.G.S. Unifoim with, and forming a com

panion volume to, the same Author's " Metalliferous Minerals and

Mining." With numerous Illustrations. [Nearly ready.

Slate and Slate Quarrying.

A TREATISE ON SLATE AND SLATE QUARRYING,

Scientific, Practical, and Commercial. By D. C. Davies, F.G.S.

Illustrated. Second Edition, revised. 3/. 6d. cloth.

Metallurgy of Iron.

A TREATISE ON THE METALLURGY OF IRON : con

taining Outlines of the History of Iron Manufacture, Methods of

Assay, and Analyses of Iron Ores, Processes of Manufacture of

Iron and Steel, &c. By H. Bauerman, F.G.S. Fifth Edition,

Revised and Enlarged. Illustrated. 5*. 6ri., cloth.
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Mining, Surveying and Valuing.

THE MINERAL SURVEYOR AND VALUER'S COM-

PLETE GUIDE, comprising a Treatise on Improved Mining

Surveying, with new Traverse Tables ; and Descriptions of Im

proved Instruments ; also an Exposition of the Correct Principles

of Laying out and Valuing Home and Foreign Iron and Coal

Mineral Properties. By William Lintern, Mining and Civil

Engineer. With four Plates of Diagrams, Plans, &c. l2mo,4J. cloth.

%• Also, bound with Tiioman's Taules. Js. 6d. (See page 20.)

Coal and Coal Mining.

COAL AND COAL MINING. By Warington W. Smyth,

M.A., F.R.S., &c, Chief Inspector of the Mines of the Crown.

Fifth edition, revised. +y. cloth.

" Everjr portion of the volume appears to have been prepared with much care, and

as an outline is given of every known coal-field in this and other countries, as well as

of the two principal methods of working, the book will doubtless interest a very

large number of readers."—Mining Journal.

Underground Pumping Machinery.

MINE DRAINAGE ; being a Complete and Practical Treatise

on Direct-Acting Underground Steam Pumping Machinery, with

a Description of a large number of the best known Engines, their

General Utility and the Special Sphere of their Action, the Mode

of their Application, and their merits compared with other forms of

Pumping Machinery. By Stephen Michell. 8vo, 15^. cloth.

Manual of Mining Tools.

MINING TOOLS. By W. Morgans. Text, i2mo, y. Atlas

of 235 Illustrations, 4to, 6s. Together, cjs. cloth.

NAVAL ARCHITECTURE, NAVIGATION, ETC.
—♦-—,

Pocket BookforNavalArchitects& Shipbuilders.

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S

POCKET BOOK OF FORMULA, RULES, AND TABLES

AND MARINE ENGINEER'S AND SURVEYOR'S HANDY

BOOK OF REFERENCE. By Clement Mackrow, M. Inst.

N. A., Naval Draughtsman. Second Edition, revised. With

numerous Diagrams. Fcap., \2s. (id., strongly bound in leather.

*' Should be used by all who are engaged in the construction or design of vessels."

—Engineer.

" Mr. Mackrow has compressed an extraordinary amount of information into this

useful volume."—Athenaum.

Pocket-Bookfor Marine Engineers.

A POCKET-BOOK OF USEFUL TABLES AND FOR

MULAE FOR MARINE ENGINEERS. By Frank Proctor,

A. I.N. A. Third Edition. Royal 32mo, leather, gilt edges, 4s.

"A most useful companion to all marine engineers."— United Service Gazette.

11 Scarcely anything required by a naval engineer appears to have been for

gotten."—Iron.
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Grantham's Iron Ship-Building.

ON IRON SHIP-BUILDING; with Practical Examples and

Details. ByJohn Grantham, M.Inst. C.E., &c. Fifth Edition.

40 Plates. Imp. 4to,bds., with separate Text, 2l. 2s. complete.

Light-Houses.

EUROPEAN LIGHT-HOUSE SYSTEMS ; being a Report of

a Tour of Inspection made in 1873. By Major George H.

Elliot, Corps of Engineers, U.S.A. Illustrated by 51 En

gravings and 31 Woodcuts in the Text. 8vo, 211. cloth.

Storms.

STORMS : their Nature, Classification, and Laws, with the

Means of Predicting them by their Embodiments, the Clouds.

By William Blasius. Crown 8vo, ioj. 6d. cloth boards.

Rudimentary Navigation,

THE SAILOR'S SEA-BOOK: a Rudimentary Treatise on Navi

gation. By James Greenwood, B.A. New and enlarged edition.

By W. H. Rosser. l2mo, y. cloth boards.

Mathematical and Nautical Tables.

MATHEMATICAL TABLES, for Trigonometrical, Astronomical,

and Nautical Calculations ; to which is prefixed a Treatise on

Logarithms. By Henry Law, C.E. Together with a Series of

Tables for Navigation and Nautical Astronomy. By Professor

J. R. YOuNG. New Edition. i2mo, 4*. cloth boards.

Navigation [Practical), with Tables.

PRACTICAL NAVIGATION : consisting of the Sailor's Sea-

Book, by James Greenwood and W. H. Rosser ; together

with the requisite Mathematical and Nautical Tables for the Work

ing of the Problems. By Henry Law, C.E., and Professor

J. R. Young, Illustrated. 121110, Js. strongly half-bound in leather.

WEALE'S RUDIMENTARY SERIES.

Thefollowing books in Naval Architecture, etc., are published in the

above series.

NAVIGATION and NAUTICAL ASTRONOMY IN THEORY

AND PRACTICE. By Professor J. R. Young. New Edition.

Including the Requisite Elements from the Nautical Almanac for

Working the Problems. l2mo, 2s. 6d. cloth.

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By

Robert Kipping, N.A. Fifteenth Edition. i2mo, 2s. 6d. cloth.

SAILS AND SAIL-MAKING. Tenth Edition, enlarged. By

Robert Kipping, N.A. Illustrated. i2mo, 3s. cloth boards.

NAVAL ARCHITECTURE. By James Peake. Fifth Edition,

with Plates and Diagrams. i2mo, 4s-. cloth boards.

MARINE ENGINES, AND STEAM VESSELS. By Robert

Murray, C.E. Eighth Edition. [fa preparation.
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ARCHITECTURE, BUILDING, ETC.

Construction. —•—

THE SCIENCE of BUILDING : An Elementary Treatise on

the Principles of Construction. By E. Wyndham Tarn, M.A.

Second Edition, revised, with 58 Engravings, price "js. 6d.

" A very valuable book, which we strongly recommend to all students."—Builder.

" No architectural student should be without this hand-book."—Architect.

Civil and Ecclesiastical Building.

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL,

including Church Restoration. By Sir Edmund Beckett,

Bart., LL.D., Q.C., F.R.A.S. l2mo, S*. cloth boards.

" A book which is always amusing and nearly always instructive. We are able

very cordially to recommend all persons to read it for themselves. "—Times.

Villa Architecture.

A HANDY BOOK of VILLA ARCHITECTURE ; being a

Series of Designs for Villa Residences in various Styles. With

Outline Specifications and Estimates. By C. Wickes, Architect.

30 Plates, 4to, half morocco, gilt edges, il. is.

*»* An Enlarged Edition, with 61 Plates. 2/. 2s. half morocco.

Useful Text-Book for Architects.

THE ARCHITECT'S GUIDE : A Text-book for Architects,

Clerks of Works, &c. By F. Rogers. Cr. 8vo, 6s.

The Young Architect's Book.

HINTS TO YOUNG ARCHITECTS. By G. Wightwick.

New Edition. By G. H. Guillaume. i2mo, cloth, 4s.

" Will be found an acquisition to pupils, and a copy ought to be considered as

necessary a purchase as a box of instruments."—Architect.

Drawingfor Builders and Students.

PRACTICAL RULES ON DRAWING for the OPERATIVE

BUILDER and YOUNG STUDENT in ARCHITECTURE.

By George Pyne. With 14 Plates, 4to, Is. 6d. boards.

Boiler and Factory Chimneys.

BOILER AND FACTORY CHIMNEYS ; their Draught-power

and Stability, with a chapter on Lightning Conductors. By Robert

Wilson, C.E. Crown 8vo, 3*. td. cloth.

Builder's and Contractor's Price Book.

LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S

PRICE BOOK, containing the latest prices of all kinds of Builders'

Materials and Labour, &c. Revised by F. T. W. MILLER,

A.R.I.B.A. Half-bound, \s.

Stone-working Machinery.

STONE-WORKING MACHINERY, and the Rapid and Eco

nomical Conversion of Stone. With Hints on the Arrangement

and Management of Stone Works. By M. Powis Bale, M. I. M. E. ,

A.M.I.C.E. [Ntarly reaay.
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Taylor and Cresy's Rome.

THE ARCHITECTURAL ANTIQUITIES OF ROME. By

the late G. L. Taylor, Esq., F.S.A., and Edward Cresy, Esq.

New Edition, Edited by the Rev. Alexander Taylor, M.A. (son

of the late G. L. Taylor, Esq. ) This is the only book which gives

on a large scale, and with the precision of architectural measure

ment, the principal Monuments of Ancient Rome in plan, elevation,

and detail. Large folio, with 130 Plates, half-bound, 3/. 3s.

*#* Originally published in two volumes, folio, at 18/. i8*.

Vitruvius' Architecture.

THE ARCHITECTURE OF MARCUS VITRUVIUS

POLLIO. Translated by Joseph Gwilt, F.S.A, F.R.A.S.

Numerous Plates. i2mo, cloth limp, 5j\

Ancient Architecture.

RUDIMENTARY ARCHITECTURE (ANCIENT); com

prising VITRUVIUS, translated by Joseph Gwilt. F.S.A.,

&c., with 23 fine plates ; and GRECIAN ARCHITECTURE.

By the Earl of Aberdeen ; i2mo, 6s., half-bound.

*.* The only edition of VITRUVIUS procurable at a moderate price.

Modern Architecture.

RUDIMENTARY ARCHITECTURE (MODERN); com

prising THE ORDERS OF ARCHITECTURE. By W. H.

Leeds, Esq. ; The STYLES ofARCHITECTURE ofVARIOUS

COUNTRIES. By T. Talbot Bury ; and The PRINCIPLES

of DESIGN in ARCHITECTURE. By E. L. Garbett.

Numerous illustrations, l2mo, 6s. half-bound.

Civil Architecture.

THE DECORATIVE PART of CIVIL ARCHITECTURE.

By Sir William Chambers, F.R.S. With Illustrations, Notes,

and an Examination of Grecian Architecture. By Joseph Gwilt,

F.S.A. Edited by W. H. Leeds. 66 Plates, 4to, 2.1s.

House Painting.

HOUSE PAINTING, GRAINING, MARBLING, AND

SIGN WRITING : a Practical Manual of. With 9 Coloured

Plates of Woods and Marbles, and nearly 150 Wood Engravings.

By Ellis A. Davidson. Third Edition, Revised. i2mo, 6s. cloth.

Plumbing.

PLUMBING ; aText-book to the Practice ofthe Art or Craft of the

Plumber. With chapters upon House-drainage, embodying the

latest Improvements. By W. P. BuciiAN, Sanitary Engineer.

Fourth Edition, Revised, with 330 illustrations. l2mo. 4*. cloth.

Joints used in Building, Engineering, &c.

THE JOINTS MADE AND USED BY BUILDERS in the

construction of various kinds of Engineering and Architectural

works, with especial reference to those wrought by artificers in

erecting and finishing Habitable Structures. By W. J. Christy

-Architect. With 160 Illustrations. i2mo, 3*. 6d. Cloth boards
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Handbook of Specifications.

THE HANDBOOK OF SPECIFICATIONS; or, Practical

Guide to the Architect, Engineer, Surveyor, and Builder, in drawing

up Specifications and Contracts for Works and Constructions.

Illustrated by Precedents of Buildings actually executed by eminent

Architects and Engineers. By Professor Thomas L. Donald

son, M.I.B.A. New Edition, in One large volume, 8vo, with

upwards of iooo pages of text, and 33 Plates, cloth, U. I U, 6d.

.' In this work forty-four specifications of executed works are given. . . . Donald

son s Handbook of Specifications must be bought by all architects."—Builder.

Specificationsfor Practical Architecture.

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE :

A Guide to the Architect, Engineer, Surveyor, and Builder ; with

an Essay on the Structure and Science of Modern Buildings. By

Frederick Rogers, Architect. 8vo, \5s. cloth.

\*A volume of specifications ofa practical character being greatly required, and the

old standard work of Alfred Bartholomew being out of print, the author, on the basis

of that work, has produced the abovQ.—Extract from Preface.

Designing, Measuring, and Valuing.

THE STUDENT'S GUIDE to the PRACTICE of MEA

SURINGand VALUING ARTIFICERS' WORKS; containing

Directions tor taking Dimensions, Abstracting the same, and bringing

the Quantities into Bill, with Tables of Constants, and copious

Memoranda for the Valuation of Labour and Materials in the re

spective Trades of Bricklayer and Slater, Carpenter and Joiner,

Painter and Glazier, Paperhanger, &c. With 8 Plates and 63 Wood

cuts. Originally edited by Edward Dobson, Architect. Fifth

Edition, Revised, with considerable Additions on Mensuration and

Construction, and a new chapter on Dilapidations, Repairs, and

Contracts. By E. Wyndham Tarn, M.A. gs. [Just published.

" The most complete treatise on the principles of measuring and valuing artificers

work that has yet been published."—Building Neius,

Beaton's Pocket Estimator.

THE POCKET ESTIMATOR FOR THE BUILDING

TRADES, being an easy method of estimating the various parts

of a Building collectively, more especially applied to Carpenters'

and Joiners' work. By A. C. Beaton. Second Edition.

Waistcoat-pocket size. is. 6d.

Beaton'sBuilders'andSurveyors' TechnicalGuide.

THE POCKET TECHNICAL GUIDE AND MEASURER

FOR BUILDERS AND SURVEYORS: containing an Expla

nation of the Terms used in Building Construction, Directions for

Measuring Work, Useful Memoranda, &c. ByA. C. Beaton. is.6d.

The House-Owner's Estimator.

THE HOUSE-OWNER'S ESTIMATOR ; or, What will it

Cost to Build, Alter, or Repair? A Price-Book for Unprofes

sional People, Architectural Surveyors, Builders, &c. By the late

James D. Simon. Edited by F. T. W. Miller, A.R.I.B.A.

Third Edition, Revised. Crown 8vo, y. 6d., cloth.

" In two years it will repay its cost a hundred times over."—Field.
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CARPENTRY, TIMBER, ETC.
—♦——

TredgolcTs Carpentry, new and cheaper Edition.

THE ELEMENTARY PRINCIPLES OF CARPENTRY :

a Treatise on the Pressure and Equilibrium of Timber Framing, the

Resistance of Timber, and the Construction of Floors, Arches,

Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To which

is added an Essay on the Nature and Properties of Timber, &c.,

with Descriptions of the Kinds of Wood used in Building ; also

numerous Tables of the Scantlings of Timber for different purposes,

the Specific Gravities of Materials, &c. By Thomas Tredgold,

C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor

rected and enlarged. With 64 Plates, Portrait of the Author, and

Woodcuts. 4to, published at 2/. 2s., reduced to I/. 5*. cloth.

" A work whose monumental excellence must commend it wherever skilful car

pentry is concerned. The Author's principles are rather confirmed than impaired by

time. The additional plates are of great intrinsic value."—Building News.

Grandys Timber Tables}

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S,

& BUILDER'S STANDARD GUIDE. By R. E. Grandy.

2nd Edition. Carefully revised and corrected. i2mo, 3.1. 6d. cloth.

" Everything it pretends to be : built up gradually, it leads one from a forest to a

treenail, and throws in, as a makeweight, a host of material concerning bricks, columns,

cisterns, &c.—all that the class to whom it appeals requires."—English Mechanic.

Timber Freight Book.

THE TIMBER IMPORTERS' AND SHIPOWNERS'

FREIGHT BOOK : Being a Comprehensive Series of Tables for

the Use of Timber Importers, Captains of Ships, Shipbrokers,

Builders, and Others. By W. Richardson. Crown 8vo, 6s.

Tablesfor Packing-Case Makers.

PACKING-CASE TABLES ; showing the number of Superficial

Feet in Boxes or Packing-Cases, from six inches square and

upwards. By W. Richardson. Oblong 4to, y. 6d. cloth.

11 Invaluable labour-saving tables."—Ironmonger.

Carriage Building, &c.

COACH BUILDING: A Practical Treatise, Historical and

Descriptive, containing full information of the various Trades and

Processes involved, with Hints on the proper keeping of Carriages,

&c. 57 Illustrations. By James W. Burgess. , i2mo, y. cloth.

Horton's Measurer.

THE COMPLETE MEASURER ; setting forth the Measure

ment of Boards, Glass, &c. ; Unequal-sided, Square-sided, Oc

tagonal-sided, Round Timber and Stone, and Standing Timber.

Also a Table showing the solidity of hewn or eight-sided timber,

or of any octagonal-sided column. By Richard Horton.

Fourth Edit. With Additions, i2mo, strongly bound in leather, 5*.

Horton's Underwood and Woodland Tables.

TABLES FOR PLANTING AND VALUING UNDER

WOOD AND WOODLAND ; also Lineal, Superficial, Cubical,

and Decimal Tables, &c. By R. Horton. l2mo, 2s. leather.



PUBLISHED BY CROSBY LOCKWOOD & CO. 17

Nicholson's Carpenter's Guide.

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES

for CARPENTERS : comprising all the Elementary Principles

essential for acquiring a knowledge of Carpentry. Founded on the

late Peter Nicholson's standard work. A new Edition, revised

by Arthur Ashpitel, F.S.A., together with Practical Rules on

Drawing, by George Pyne. With 74 Plates, 4to, il. it. cloth.

Dowsing's Timber Merchant's Companion.

THE TIMBER MERCHANT'S AND BUILDER'S COM

PANION ; containing New and Copious Tables of the Reduced

Weight and Measurement of Deals and Battens, of all sizes, from

One to a Thousand Pieces, also the relative Price that each size

bears per Lineal Foot to any given Price per Petersburgh Standard

Hundred, &c., &c. Also a variety of other valuable information.

By W. Dowsing. Third Edition. Crown 8vo, 3*.

Practical Timber Merchant.

THE PRACTICAL TIMBER MERCHANT, being a Guide

for the use of Building Contractors, Surveyors, Builders, &c.,

comprising useful Tables for all purposes connected with the

Timber Trade, Essay on the Strength of Timber, Remarks on the

Growth ofTimber, &c. By W. Richardson. Fcap. 8vo, y. 6d. cl.

Woodworking Machinery.

WOODWORKING MACHINERY; its Rise, Progress, and

Construction. With Hints on the Management of Saw Mills and

the Economical Conversion of Timber. Illustrated with Examples

of Recent Designs by leading English, French, and American

Engineers. By M. Powis Bale, M.I.M.E. Crown 8vo, 12s. 6d, cl.

" Mr. Bale is evidently an expert on the subject, and he has collected so much

information that his book is all-sufficient for builders and others engaged in the con

version of timber."—Architect.

" The most comprehensive compendium of wood-working machinery we have

seen. The author is a thorough master of his subject."—Building- News.

Saw Mills.

SAW MILLS, THEIR ARRANGEMENT AND MANAGE-

MENT, AND THE ECONOMICAL CONVERSION OF

TIMBER. (Being a Companion Volume to "Woodworking

Machinery.") By M. Powis Bale, M.I.M.E. With numerous

Illustrations. Crown 8vo, io*. 6</., cloth.

' ' The author is favourably known by his former work on * Woodworking Machi

nery,' of which we were able to speak approvingly. This is a companion volume,

in which the administration of a large sawing establishment is discussed, and the

subject examined from a financial standpoint. Hence ihe size, shape, order, and

disposition of saw-mills and the like are gone into in detail, and the course of the

timber is traced from its reception to its delivery in its converted state. We could

not desire a more complete or practical treatise."—Builder.

" We highly recommend Mr. Bale's work to the attention and perusal of all those

who are engaged in theart of wood conversion, or who are about building or re

modelling saw-mills on improved principles."—Building News.

" Will be found of much value by that special class of readers for whose informa

tion it is designed. We have pleasure in recommending the book to those about to

construct or to manage saw-mills."—Athertieum.

C



13 works in mechanics, e'tc,

MECHANICS, ETC.

—i—

Engineers Reference Book.

THE WORKS MANAGERS' HANDBOOK. For Engineers,

Millwrights, and BoilerrMakers ; Tool Makers, Machinists, and

Metal Workers ; Iron and Brassfounders, &c. By W. S. Hutton,

Civil and Mechanical Engineer. Medium 8vo, about 400 pages,

price 12s. 6d., strongly bound. [fit preparation.

Mechanic's Workshop Companion.

THE OPERATIVE MECHANIC'S WORKSHOP COM

PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC

TICAL ASSISTANT. By W. Templeton. 13th Edit., with

Mechanical Tables for Operative Smiths, Millwrights, Engineers,

&c. ; and an Extensive Table of Powers and Roots, i2mo, $s. bound.

" Admirably adapted to the wants of a very large class. It has met with great

success in the engineering workshop, as we can testify ; and there are a great many

men who, in a great measure, owe their rise in life to this little work."—BuildingNews.

Engineers and Machinist's Assistant.

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S

PRACTICAL ASSISTANT ; comprising a Collection of Useful

Tables, Rules, and Data. By Wm. Templeton. l8mo, zs. 6d.

Smith's Tables for Mechanics, &c.

TABLES, MEMORANDA, and CALCULATED RESULTS,

FOR MECHANICS, ENGINEERS, ARCHITECTS,

BUILDERS, &c. Selected and arranged by Francis Smith.

240 pp. Waistcoat-pocket size, is. 6d., limp leather.

Turning.

LATHE-WORK : a Practical Treatise on the Tools, Appliances,

and Processes employed in the Art of Turning. By Paul N. Has-

luck. Second Edition, thoroughly Revised, with a New Chapter

on the Screw-cutting Lathe. Crown 8vo, 5*. cloth.

Turning.

THE METAL TURNER'S HANDBOOK. By Paul N. Has-

luck. With over 100 Cuts. Crown 8vo, is., cloth.

V T/ieaioveformsi/iefirst volume ofHaslvck's Handbooks on Handicrafts.

Other Volumes iu preparation.

Boiler Making.

THE BOILER-MAKER'S READY RECKONER. With

Examples of Practical Geometry and Templating, for the use of

Platers, Smiths, and Riveters. By John Courtney, Edited by

D. K. Clark, M.I.C.E. i2mo, a*., half-bd.

Stcperficial Measurement.

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA

SUREMENT. Tables calculated from 1 to 700 inches in length,

by 1 to 108 inches in breadth. By J. Hawkings. Fcp. 3*. 6d. cl.

Steam Boilers.

A TREATISE ON STEAM BOILERS : their Strength, Con-

structton, and Economical Working Bv R. Win™ rv
Fifth Edition. i2mo, 6s., cloth g V WlLS0N» C.E.

[The best treatise that has ever been published on steam boilers."-^**,,
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MATHEMATICS, TABLES, ETC.
—»—

Metrical Units and Systems, &c.

MODERN METROLOGY : A Manual of the Metrical Units

and Systems of the present Century. With an Appendix con

taining a proposed English System. By Lowis D'A. Jackson,

A.-M. Inst. C.E., Author of "Aid to Survey Practice," &c.

Large Crown 8vo, 12s. 6ci. cloth.

Gregory's Practical Mathematics.

MATHEMATICS for PRACTICAL MEN ; being a Common

place Book of Pure and Mixed Mathematics. Designed chiefly

for the use of Civil Engineers, Architects, and Surveyors. Part I.

Pure Mathematics—comprising Ariihmetic, A'gebra, Geometry,

Mensuration, Trigonometry, Conic Sections, Properties of Curves.

Part II. Mixed Mathematics—comprising Mechanics in general,

Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics,

Mechanical Agents, Strength of Materials, &c. By Olinthus Gre

gory, LL.D., F.R. A. S. Enlarged by H. Law, C.E. 4th Edition,

revised by Prof. J. R. Young. With 13 Plates. 8vo. 1/. is. cloth.

Mathematics as applied to the Constructive Arts.

A TREATISE ON MATHEMATICS AS APPLIED TO

THE CONSTRUCTIVE ARTS. Illustrating the various pro

cesses of Mathematical Investigation by means of Arithmetical and

simple Algebraical Equations and Practical Examples, &c. By

Francis Campin, C.E. i2mo, is. 6d. cloth.

Geometryfor the Architect, Engineer, &c.

PRACTICAL GEOMETRY, for the Architect, Engineer, and

Mechanic. ByE. W. Tarn, M.A. With Appendices on Diagrams

of Strains and Isometrical projection. Demy 8vo, gs. cloth.

Practical Geometry.

THE GEOMETRY OF COMPASSES, or Problems Resolved

by the Mere Description of Circles, and the Use of Coloured

Diagrams and Symbols. By Oliver Byrne. Coloured Plates.

Crown 8vo, 3*. 6d. cloth.

The Metric System.

A SERIES OF METRIC TABLES, in which the British

Standard Measures and Weights are compared with those of the

Metric System at present in use on the Continent. By C. H.

Dowling, C.E. 2nd Edit., revised and enlarged. 8vo, 1os. 6</. cl.

Inwood's Tables, greatly enlarged and improved.

TABLES FOR THE PURCHASING of ESTATES, Freehold,

Copyhold, or Leasehold; Annuities, Advowsons, &c., and for the

Renewing of Leases ; also for Valuing Reversionary Estates, De

ferred Annuities, &c. By William Inwood. 22nd Edition, with

Tables of Logarithms for the more Difficult Computations of the

Interest of Money, &c. By M. Fedor Thoman. i2mo. Ss. cloth.

" Those interested in the purchase and sale of estates, and in the adjustment of

compensation cases, as well as in transactions in annuities, life insurances, &c., will

find the present edition of eminent m-i'vx."—Engineering.

C 2



WORKS IN MATHEMATICS, ETC.,

Weights, Measures, and Moneys.

MEASURES, WEIGHTS, and MONEYS of all NATIONS,

Entirely New Edition, Revised and Enlarged. By W. S. B.

Woolhouse, F.R.A.S. l2mo, 2s. 6d. cloth boards.

Compound Interest and Annuities.

THEORY of COMPOUND INTEREST and ANNUITIES ;

with Tables of Logarithms for the more Difficult Computations of

Interest, Discount, Annuities, &c., in all their Applications and

Uses for Mercantile and State Purposes. By Fedor Thoman,

of the Society Credit Mobilier, Paris. 3rd Edit., i2mo, 4*. 6d. cl.

Iron and Metal Trades' Calculator.

THE IRON AND METAL TRADES' COMPANION :

Being a Calculator containing a Series of Tables upon a new and

comprehensive plan for expeditiously ascertaining the value of any

goods bought or sold by weight, from is. per cwt. to \\2s. per

cwt., and from one farthing per lb. to is. per lb. Each Table ex

tends from one lb. to 100 tons. ByT. Downie. 396 pp., ox, leather.

Iron and Steel.

IRON AND STEEL: a Work for the Forge, Foundry,

Factory, and Office. Containing Information for Ironmasters ;

Civil, Mechanical, and Mining Engineers ; Architects, Builders, &c.

By Charles Hoare. Eighth Edit. Oblong 32mo, 6s,, leather.

Comprehensive Weight Calculator.

THE WEIGHT CALCULATOR, being a Series of Tables

upon a New and Comprehensive Plan, exhibiting at one Reference

the exact Value of any Weight from lib. to 15 tons, at 300 Pro

gressive Rates, from I Penny to 168 Shillings per cwt., and con

taining 186,000 Direct Answers, which, with their Combinations,

consisting of a single addition, will afford an aggregate of io, 266, 000

Answers ; the whole being calculated and designed to ensure

Correctness and promote Despatch. By Henrv Harben,

Accountant. New Edition. Royal 8vo, 1/. $s. , half-bound.

Comprehensive Discount Guide.

THE DISCOUNT GUIDE : comprising Tables for the use of

Merchants, Manufacturers, Ironmongers, and others, by which

may be ascertained the exact profit arising from any mode of using

Discounts, either in the Purchase or Sale of Goods, and the method

of either Altering a Rate of Discount, or Advancing a Price, so as

to produce, by one operation, a sum that will realise any required

profit after allowing one or more Discounts : to which are added

Tables of Profit or Advance from 1 \ to 90 per cent., Tables of

Discount from I J to 98$ per cent., and Tables of Commission, &c.,

from i to 10 per cent. By H. Harben, 8vo, i/. $s., half-bound.

Mathematical Instruments.

MATHEMATICAL INSTRUMENTS: Their Construction,

Adjustment, Testing, and Use ; comprising Drawing, Measuring,

Optical, Surveying, and Astronomical Instruments. - By J. F.

Heather, M.A. Enlarged Edition. i2mo, 5*. cloth.
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SCIENCE AND ART.

Gold and Gold-Working.

THE GOLDSMITH'S HANDBOOK: containing full instruc

tions for the Alloying and Working of Gold. Including the Art of

Alloying, Melting, Reducing, Colouring, Collecting and Refining.

Chemical and Physical Properties of Gold, with a new System of

Mixing its Alloys ; Solders, Enamels, &c. By George E. Gee.

Second Edition, enlarged. 121110, 3s. 6d. cloth.

" The best work yet printed on its subject for a reasonable price." —Jeweller.

" Essentially a practical manual, well adapted to the wants of amateurs and

apprentices, containing trustworthy information that only a practical man can

supply."—English Mechanic.

Silver and Silver Working.

THE SILVERSMITH'S HANDBOOK, containing full In

structions for the Alloying and Working of Silver. Including the

different Modes of Refining and Melting the Metal, its Solders, the

Preparation of Imitation Alloys, &c. By G. E. Gee. l2mo, 3*. 6d.

" The chief merit of the work is its practical character. The workers in the trade

will speedily discover its merits when they sit down to study it."—English Mechanic.

Hall-Marking ofJewellery.

THE HALL-MARKING OF JEWELLERY PRACTICALLY

CONSIDERED, comprising an account of all the different Assay

Towns of the United Kingdom ; with the Stamps at present

employed ; also the Laws relating to the Standards and Hall-

Marks at the various Assay Offices ; and a variety of Practical

Suggestions concerning the Mixing of Standard Alloys, &c. By

George E. Gee. Crown 8vo, 3.1-. 6d. cloth.

Electro-Plating, &c.

ELECTRO-PLATING: A Practical Handbook. By J. W.

Urquhart, C.E. Crown 8vo, $s. cloth.

"Any ordinarily intelligent person may become an adept in electro-deposition

with a very little science indeed, and this is the book to show the way."—Builder.

Electrotyping, &c.

ELECTROTYPING : The Reproduction and Multiplication of

Printing Surfaces and Works of Art by the Electro-deposition of

Metals. By J. W. Urquhart, C.E. Crown 8vo, t,s. cloth.

"A guide to beginners and those who practise the old and imperfect methods."—Iron.

Electro-Plating.

ELECTRO-METALLURGY PRACTICALLY TREATED.

By Alexander Watt, F.R.S.S.A. Including the Electro-

Deposition of Copper, Silver, Gold, Brass and Bronze, Platinum,

Lead, Nickel, Tin, Zinc, Alloys of Metals, Practical Notes, &c.,

&c. Eighth Edition, Revised, including the most recent Pro

cesses. i2mo, 3.1. 6d., cloth.

" From this book both amateur and artisan may learn everything necessary for

the successful prosecution of electroplating."—Iron.

" A practical treatise for the use of those who desire to work in the art of electro-

deposition as a business."—English Mechanic.
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Dentistry.

MECHANICAL DENTISTRY. A Practical Treatise on the

Construction of the various kinds of Artificial Dentures. Com

prising also Useful Formulae, Tables, and Receipts for Gold

Plate, Clasps, Solders, etc, etc. By Charles Hunter. Second

Edition, Revised. With over ioo Engravings. Js. 6d. , cloth.

Electricity.

A MANUAL of ELECTRICITY; including Galvanism, Mag-

netism, Diamagnetism, Electro-Dynamics, Magneto-Electricity, and

the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S.

Fourth Edition, with 500 Woodcuts. 8vo, 1/. 4X. cloth.

"The accounts given of electricity and galvanisrnare not onlycomplete in a scientific

sense, but, which is a rarer thing, are popular and interesting. "—Lancet.

Text-Book of Electricity.

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By

Henry M. Noad, Ph.D., F.R.S., &c. New Edition, Revised.

With an Introduction and Additional Chapters by W. H. Preece,

M.I.C.E., Vice-President of the Society of Telegraph Engineers,

&c. With 470 Illustrations. Crown 8vo, \2s. id. cloth.

" We can recommend Dr. Noad's book for clear style, great range of subject, a

good index, and a plethora of woodcuts."—Atkenmtm.

" An admirable text-book for every student—beginner or advanced—of electricity."

--Engineering.

" Under the editorial hand of Mr. Preece the late Dr. Noad's text-book of elec

tricity has grown into an admirable handbook."—Westminster Review.

Electric Lighting.

ELECTRIC LIGHT : Its Production and Use, embodying plain

Directions for the Treatment of Voltaic Batteries, Electric Lamps,

and Dynamo-Electric Machines. By J. W. Urquhart, C.E.

Edited by F. C. Webb, M.I.C.E., M.S.T.E. 2nd Edition, Re

vised, with Large Additions and 128 Illustrations. Is. id. cloth.

"The book is by far the best that we have yet met withon the subject."—Athentrum.

Lightning.

THE ACTION of LIGHTNING, and the MEANS of DE

FENDING LIFE AND PROPERTY FROM ITS EFFECTS.

By Major Arthur Parnell, R.E. i2mo, p. 6d. cloth.

The Blowpipe.

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND

GEOLOGY, containing all known Methods of Anhydrous

Analysis, many Working Examples, and Instructions for making

Apparatus. By Lieut. -Col. W. A. Ross, R.A., F.G.S.

[In the press.

Chemical Analysis.

THE COMMERCIAL HANDBOOK of CHEMICAL ANA

LYSIS ; or Practical Instructions for the determination of the In

trinsic or Commercial Value of Substances used in Manufactures,

in Trades, and in the Arts. By A. NORMANDY. New Edition.

Enlarged, and to a great extent re-written, by Henry M. Noad,

Ph.D.,F.R.S. With numerous Illustrations. Cr. 8vo, 1 2s. 6d. cloth.
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Chap. I. Choice of Site and General

Plan of Works—II. Sulphuric Acid—

III. Recovery of the Nitrogen Com

pounds, and Treatment of Small Pyrites

—IV. The Salt Cake Process—V. Legis

lation upon the Noxious Vapours Ques

tion—VI. The Hargreaves' and Jones'

Processes—VII. The Balling Process—

VIII. Lixiviation and Salting Down—

The Alkali Trade—Sulphuric Acidy &c.

A MANUAL OF THE ALKALI TRADE, including the

Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching

Powder. By John LomAs, Alkali Manufacturer. With 232 Illus

trations and Working Drawings, and containing 386 pages of text.

Super-royal 8vo, 2/. 12*. 6d. cloth.

This workprovides (1) a Complete Handbookforintending Alkali and Sulphuric

Acid Manufacturers, andfor those already in thefield who desire to improve their

plant, or to become practically acquainted with the latest processesanddevelopments

ofthe trade ; (a) a Handy Volume which Manufacturers can put into the hands of

their Managers and Foremen as a useful guide in their daily rounds ofduty.

Synopsis of Contents.

IX. Carbonating or Finishing—X. Soda

Crystals — XI. Refined Alkali— XII.

Caustic Soda — XIII. Bi-carbonate of

Soda — XIV. Bleaching Powder — XV.

Utilisation of Tank Waste—XVI. General

Remarks—Four Appendices, treating of

Yields, Sulphuric Acid Calculations, Ane

mometers, and Foreign Legislation upon

the Noxious Vapours Question,

"The author has given the fullest, most practical, and, to all concerned in the

alkali trade, most valuable mass of information that, to our knowledge, has been

published in any language."—Engineer.

M This book is written by a manufacturer for manufacturers. The working details

of the most approved forms of apparatus are given, and these are accompanied by

no less than 232 wood engravings, all of which may be used for the purposes of con

struction. Every step in the manufacture is very fully described in this manual, and

each improvement explained. Everything which tends to introduce economy into

the technical details of this trade receives the fullest attention."—Athenaum.

"The author is not one of those clever compilers who, on short notice, will 'read

up' any conceivable subject, but a practical man in the best sense of the word. We

find here not merely a sound and luminous explanation of the chemical principles of

the trade, but a notice of numerous matters which have a most important bearing

on the successful conduct of alkali works, but which are generally overlooked by

even the most experienced technological authors. "—Chemical Review.

Soap-making.

THE ART OF SOAP-MAKING, A Practical Handbook of the

Manufacture of Hard and Soft Soaps, Toilet Soaps, &c. Including

many New Processes, and a Chapter on the Recovery of Glycerine

from Waste Leys. By Alexander Watt, Author of " Electro-

Metallurgy Practically Treated," &c. With Numerous Illustra

tions. Crown 8vo, 9.r., cloth. \y-iislpublished.

"The work will prove very useful, not merely to the technological student, but to

the practical soap-boiler who wishes to understand the theory of his art."— Chemical

News.

" Every stage of the process of the manufacture of the various kinds of soap is

clearly described."— The Textile Recorder.

Leather Manufacture.

THE ART OF LEATHER MANUFACTURE. Being a

Practical Handbook in which the Operations of Tanning, Currying,

and Leather Dressing are fully Described, and the Principles of

Tanning Explained, with Practical Details, ar.d Accounts of many

Recent Processes, to which is added a Description ol the Arts of

Glue Manufacture, Gut Dressing, &c. By Alexander Watt,

Author of " Soap-Making," "Electro- Metallurgy," &c. With

numerous Illustrations. Crown 8vo. [/// preparation.
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Dr. Lardner's Museum of Science and Art.

THE MUSEUM OF SCIENCE AND ART. Edited by

Dionysius Lardner, D.C.L., formerly Professor of Natural Phi

losophy and Astronomy in University College, London. With up

wards of 1200 Engravings on Wood. In 6 Double Volumes.

Price £i is., in a new and elegant cloth binding, or handsomely

bound in half morocco, 3U. 6d.

OPINIONS OF THE PRESS.

" This series, besides affording popular but sound instruction on scientific subjects,

with which the humblest man in the country ought to be acquainted, also undertakes

that teaching of ' common things ' which every well-wisher of his kind is anxious to

promote. Many thousand copies of this serviceable publication have been printed,

in the belief and hope that the desire for instruction and improvement widely pre

vails ; and we have no fear th.it such enlightened faith will meet with disappoint

ment."— Times.

"A cheap and interesting publication, alike informing and attractive. The papers

combine subjects of importance and great scientific knowledge, considerable induc

tive powers, and a popular style of treatment."—Spectator.

" The ' Museum of Science and Art \ is the most valuable contribution that has

ever been made to the Scientific Instruction of every class of society."—Sir David

Brewster in the North British Review.

" Whether we consider the liberality and beauty of the illustrations, the charm of

the writing, or the durable interest of the matter, we must express our belief that

there is hardly to be found among the new books, one that would be welcomed by

people of so many ages and classes as a valuable present."—Examiner.

*,* Separate books formedfrom the above, suitable for Workmen's

Libraries, Science Classes, 6fe.

COMMON THINGS EXPLAINED. Containing Air, Earth, Fire,

Water, Time, Man, the Eye, Locomotion, Colour, Clocks and

Watches, &c. 233 Illustrations, cloth gilt, 5^.

THE MICROSCOPE. Containing Optical Images, Magnifying

Glasses, Origin and Description of the Microscope, Microscopic

Objects, the Solar Microscope, Microscopic Drawing and Engrav

ing, &c. 147 Illustrations, cloth gilt, 2s.

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes,

the Crust of the Earth, etc. 201 Illustrations, cloth gilt, 2s. 6d.

POPULAR PHYSICS. Containing Magnitude and Minuteness, the

Atmosphere, Meteoric Stones, Popular Fallacies, Weather Prog

nostics, the Thermometer, the Barometer, Sound, &c. 85 Illus

trations, cloth gilt, 2s. 6d.

STEAM AND ITS USES. Including the Steam Engine, the Lo

comotive, and Steam Navigation. 89 Illustrations, cloth gilt, zs.

POPULAR ASTRONOMY. Containing How to Observe the

Heavens. The Earth, Sun, Moon, Planets. Light, Comets,

Eclipses, Astronomical Influences, &c. 182 Illustrations, 4s. 6d.

THE BEE AND WHITE ANTS : Their Manners and Habits.

With Illustrations of Animal Instinct and Intelligence. 135 Illus

trations, cloth gilt, 2s.

THE ELECTRIC TELEGRAPH POPULARISED. To render

intelligible to all who can Read, irrespective of any previous Scien

tific Acquirements, the various forms of Telegraphy in Actual

Operation, 100 Illustrations, cloth gilt, is. 6d.



PUBLISHED BY CROSBY LOCKWOOD & CO. 2S

Dr. Lardners Handbooks ofNaturalPhilosophy,

*** Thefollowing five volumes, though each is Complete in itself, and to bepur*

chased separately% form A Complete Course of Natural Philosophy, and are

intended for the general reader who desires to attain accurate knowledge of the

various departments of Physical Science, wit/iout pursuing them according to the

more profound methods of mathematical investigation. The style is studiously

popular. It has been the author's aim to supply Manuals such as are required by

the Student, the Engineer^ the Artisan, and the superior classes in Schools.

THE HANDBOOK OF MECHANICS. Enlarged and almost

rewritten by Benjamin Loewy, F.R.A.S. With 378 Illustra

tions. Post 8vo, 6s. cloth.

"The perspicuity of the original has been retained, and chapters which had

become obsolete, have been replaced by others of more modern character. The

explanations throughout are studiously popular, and care has been taken to show

the application of the various branches of physics to the industrial arts, and to

the practical business of life."—Mining Journal.

THE HANDBOOK of HYDROSTATICS and PNEUMATICS.

New Edition, Revised and Enlarged by Benjamin Loewy,

F.R. A.S. With 236 Illustrations. Post 8vo, $s. cloth.

'* For those ' who desire to attain an accurate knowledge of physical science with

out the profound methods of mathematical investigation/ this work is not merely in

tended, but well adapted."—Chemical News,

THE HANDBOOK OF HEAT. Edited and almost entirely

Rewritten by Benjamin Loewy, F.R.A.S., etc. 117 Illustra

tions. Post 8vo, 6*. cloth.

"The style is always clear and precise, and conveys instruction without leaving

any cloudiness or lurking doubts behind."—Engineering,

THE HANDBOOK OF OPTICS. New Edition. Edited by

T. Olver Harding, B.A. 298 Illustrations. Post 8vo, $s. cloth.

"Written by one of the ablest English scientific writers, beautifully and elaborately

illustrated. "— Mechanics' Magazine.

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and

ACOUSTICS. New Edition. Edited by Geo. Carey Foster,

B.A., F.C.S. With 400 Illustrations. Post 8vo, $s. cloth.

" The book could not have been entrusted to any one better calculated to preserve

the terse and lucid style of Lardner, while correcting his errors and bringing up his

work to the present state of scientific knowledge."—Popular Science Review.

Dr. Lardners Handbook of Astronomy.

THE HANDBOOK OF ASTRONOMY. Forming a Com

panion to the "Handbooks of Natural Philosophy." By Diony-

sius Lardner, D.C.L. Fourth Edition. Revised and Edited by

Edwin Dunkin, F.R.S., Royal Observatory, Greenwich. With

38 Plates and upwards of 100 Woodcuts. In I vol., small 8vo,

550 pages, 9*. 6d., cloth.

"Probably no other book contains the same amount of information in so com

pendious and well-arranged a form—certainly none at the price at which this is

offered to the public."—Athenaum.

" We can do no other than pronounce this work a most valuable manual of astro

nomy, and we strongly recommend it to all who wish to acquire a general—but at

the same time correct—acquaintance with this sublime science."—Quarterly Journal

of Science.

Dr. Lardners Handbook of Animal Physics.

THE HANDBOOK OF ANIMAL PHYSICS. By Dr.

Lardner. With 520 Illustrations. New Edition, small 8vo,

cloth, 732 pages, is. 6d.

* We have no hesitation in cordially recommending it."—Educational Times.
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Dr. Lardner's School Handbooks.

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner.

328 Illustrations. Sixth Edition. I vol. y. 6d. cloth.

" Conveys, in clear and precise terms, general notions of all the principal divisions

of Physical Science."—British Quarterly Review.

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Labdner.

With 190 Illustrations. Second Edition. 1 vol. 3*. 6d. cloth.

" Clearly written,well arranged, and excellently illustrated."—Gardeners' Chronicle.

Dr. Lardner's Electric Telegraph.

THE ELECTRIC TELEGRAPH. By Dr. Lardner. New

Edition. Revised and Re-written, by E. B. Bright, F. R.A. S.

140 Illustrations. Small 8vo, 2s. (td. cloth.

" One of the most readable books extant on the Electric Telegraph."—Eng. Mechanic.

Mollusca.

A MANUAL OF THE MOLLUSCA ; being a Treatise on

Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S.

With Appendix by Ralph Tate, A.L.S., F.G.S. With numer

ous Plates and 300 Woodcuts. 3rd Edition. Cr. 8vo, Js. 6d. cloth.

Geology and Genesis.

THE TWIN RECORDS OF CREATION ; or, Geology and

Genesis, their Perfect Harmony and Wonderful Concord. By

George W. Victor le Vaux. Fcap. 8vo, 5*. cloth.

" A valuable contribution to the evidences of revelation, and disposes very conclu

sively of the arguments of those who would set God's Works against God's Word.

No real difficulty is shirked, and no sophistry is left unexposed."—The Rock.

Geology.

GEOLOGY, PHYSICAL AND HISTORICAL: Consisting

of " Physical Geology," which sets forth the Leading Principles of

the Science; and "Historical Geology," which treats ofthe Mineral

and OrganicConditionsofthe Earth at each successive epoch, especial

reference being made to the British Series of Rocks. By Ralph

Tate. With more than 250 Illustrations. Fcap. 8vo, $s. cloth.

Practical Philosophy.

A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev.

John Carr, M.A., late Fellow of Trin. Coll., Camb. i8mo, 5j. cl.

The Military Sciences.

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed

from Contributions of Officers and others connected with the dif

ferent Services. Originally edited by a Committee of the Corps of

Royal Engineers. 2nd Edition, revised ; nearly 350 Engravings

and many hundred Woodcuts. 3 vols, royal 8vo, cloth, 4/. ioj.

Field Fortification.

A TREATISE on FIELD FORTIFICATION, the ATTACK

of FORTRESSES, MILITARY MINING, and RECON

NOITRING. By Colonel I. S. Macaulav, late Professor of

Fortification In the R. M. A., Woolwich. Sixth Edition, crown

8vo, cloth, with separate Atlas of 12 Plates, I2x. complete.
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Clocks, Watches, and Bells.

RUDIMENTARY TREATISE on CLOCKS, and WATCHES,

and BELLS. By Sir Edmund Beckett, Bart., LL.D., Q.C.,

F. R. A. S. Seventh Edition, revised and enlarged. Limp cloth

(No. 67, Weale's Series), 4s. 6d.; cl. bds. $s. 6d.

"The best work on the subject extant. The treatise on bells is undoubtedly

the best in the language."—Engineering.

" The only modern treatise on clock-making."—Horological Journal,

The Construction of the Organ.

PRACTICAL ORGAN-BUILDING. By W. E. Dickson,

M.A., Precentor of Ely Cathedral. Second Edition, revised, with

Additions. i2mo, 3*. cloth boards.

"The amateur builder will find in this book all that is necessary to enable him

personally to construct a perfect organ with his own hands."—Academy.

Brewing.

A HANDBOOK FOR YOUNG BREWERS. By Herbert

Edwards Wright, B.A. Crown 8vo, 3*. 6d. cloth.

" A thoroughly scientific treatise in popular language."—Morning Advertiser.

" We would particularly recommend teachers of the art to place it in every pupil's

hands, and we feel sure its perusal will be attended with advantage."—Brewer.

Dye- Wares and Colours.

THE MANUAL of COLOURS and DYE-WARES : their

Properties, Applications, Valuation, Impurities, and Sophistications.

For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J.

W. Slater. Second Edition. Crown 8vo, "js. 6d. cloth.

" A complete encyclopaedia of the materia tinctoria."— Chemist and Druggist.

"The newest resources of the dyer and printer are noticed with completeness,

accuracy, and clearness."—Chemical News.

Grammar of Colouring.

A GRAMMAR OF COLOURING, applied to Decorative

Painting and the Arts. By George Field. New Edition. By

Ellis A. Davidson. i2mo, 3*. 6d. cloth.

Woods and Marbles {Imitation of).

SCHOOL OF PAINTING FOR THE IMITATION OF

WOODS AND MARBLES, as Taught and Practised by A. R.

and P. Van der Burg. With 24 full-size Coloured Plates ; also

12 Plain Plates, comprising 154 Figures. Folio, 2/. I2*. 6d. bound.

" As patterns the plates are perfect, and by following them a style both artistic

and accurate will be obtained. The instructions accompanying the plates are full

and explicit, and may be comprehended by the dullest understanding without

difficulty. The students and novices are fortunate who are able to become the

possessors of so noble a work."—Architect.

Pictures and Painters.

THE PICTURE AMATEUR'S HANDBOOK AND DIC

TIONARY OF PAINTERS : A Guide for Visitors to Picture

Galleries, and for Art-Students, including methods of Painting,

Cleaning, Re-Lining, and Restoring, the Principal Schools of

Painting. With Notes on Copyists and Imitators of each Master.

By Philippe Daryl, B.A. Cr. 8vo, y. cloth.

"A guide to the authorship, quality, and value of a picture, and furnishes the

fundamental knowledge necessary to amateurs."—Saturday Revietv.\
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DelamottJs Works on Illumination &Alphabets.

A PRIMER OF THE ART OF ILLUMINATION ; for the

use of Beginners : with a Rudimentary Treatise on the Art, Prac

tical Directions for its Exercise, and numerous Examples taken

from Illuminated MSS., printed in Gold and Colours. By F. Dela

motte. Small 4to, or. Elegantly bound, cloth antique.

" The examples of ancient MSS. recommended to the student, which, with much

good sense, the author chooses from collections accessible to all, are selected with

judgment and knowledge, as well as taste."—Athenaunt.

ORNAMENTAL ALPHABETS, ANCIENT and MEDIEVAL ;

from the Eighth Century, with Numerals ; including Gothic,

Church-Text, German, Italian, Arabesque, Initials, Monograms,

Crosses, &c. Collected and engraved by F. Delamotte, and

printed in Colours. Tenth and Cheaper Edition. Royal 8vo,

oblong, 2s. 6d. ornamental boards.

" For those who insert enamelled sentences round gilded chalices, who blazon shop

legends over shop-doors, who letter church walls with pithy sentences from the

Decalogue, this book will be useful."—Athenteum.

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA

MENTAL ; including German, Old English, Saxon, Italic, Per

spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan,

Riband, Gothic, Rustic, and Arabesque, &t, &c. Collected and

engraved by F. Delamotte, and printed in Colours. Eighth and

Cheaper Edition. Royal 8vo, oblong, 2s. 6d. ornamental boards.

" There is comprised in it every possible shape into which the letters of the alphabet

and numerals can be formed."—Standard.

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMI

NATORS. By F. Delamotte. Containing 21 Plates, and

Illuminated Title, printed in Gold and Colours, With an Intro

duction by J. Willis Brooks. Small 4to, 6s. cloth gilt.

THE EMBROIDERER'S BOOK OF DESIGN ; containing Initials,

Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias

tical Devices, Mediaeval and Modem Alphabets, and National

Emblems. Collected and engraved by F. Delamotte, and

printed in Colours. Oblong royal 8vo, is. 6d. ornamental wrapper.

Popular Work on Painting.

PAINTING POPULARLY EXPLAINED; with Historical

Sketches of the Progress of the Art. By Thomas John Gullick,

Painter, and John Timbs, F.S.A. Fourth Edition, revised and

enlarged. With Frontispiece and Vignette. InsmallSvo, 5*. 6V. cloth.

%* This Work has been adopted as a Prize-book in the Schools oj

Art at South Kensington.

" Contains a large amount of original matter, agreeably conveyed."—Builder.

" Much may be learned, even by those who fancy they do not require to be taught,

from the careful perusal ofthis unpretending but comprehensive treatise."—ArtJournal.

Wood-Carving.

INSTRUCTIONS In WOOD-CARVING, for Amateurs ; with

Hints on Design. By A Lady. In emblematic wrapper, hand

somely printed, with Ten large Plates, 2s. 6d.

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt

from 'A Lady's" publication."—Athenanm.
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AGRICULTURE, GARDENING, ETC.

Youatt and Burn's Complete Gra2ter.

THE COMPLETE GRAZIER, and FARMER'S and CATTLE-

BREEDER'S ASSISTANT. A Compendium of Husbandry.

By William Youatt, Esq., V.S. 12th Edition, very con

siderably enlarged, and brought up to the present requirements of

agricultural practice. By Robert Scott Burn. One large 8vo.

volume, 860 pp. with 244 Illustrations. 1/. is. half-bound.

" The standard and text-book with the fanner and grazier."—Farmer's Magazine.

"A treatise which will remain a standard work on the subject as long as Briti h

agriculture endures."—Mark Lane Express.

History, Structure, and Diseases of Sheep.

SHEEP ; THE HISTORY, STRUCTURE, ECONOMY

AND DISEASES OF. By W. C. Spooner, M.R.V.C, &c.

Fourth Edition, with fine engravings, including specimens of New

and Improved Breeds. 366 pp., 4?. cloth.

Production ofMeat.

MEAT PRODUCTION. A Manual for Producers, Distribu

tors, etc. By John Ewart. Cr. 8vo, 5.?. cloth.

Donaldson and Burns Stiburdan Farming.

SUBURBAN FARMING. The Laying Out and Cultivation of

Farms adapted to the produce of Milk, Butter and Cheese, Eggs,

Poultry, and Pigs. By the late Prof. J. Donaldson. With

Additions, by R. Scott Burn. t\s. cloth.

English Agriculture.

A TEXT-BOOK OF AGRICULTURE (THE FIELDS OF

GREAT BRITAIN), adapted to the Syllabus of the Science and

Art Department. For Elementary and Advanced Students. By

Hugh Clements (Board of Trade). l8mo, 2s. 6d. cloth.

" A clearly written description of the ordinary routine of English farm-life."—Land.

" A most comprehensive volume, giving a mass of information. "—Agricultural

\ Economist.

Modern Farming.

OUTLINES OF MODERN FARMING. By R. Scott Burn.

Soils, Manures, and Crops—Farming and Farming Economy—

Cattle, Sheep, and Horses—Management of the Dairy, Pigs, and

Poultry—Utilisation of Town Sewage, Irrigation, &c. Sixth

Edition. In 1 vol. 1250 pp., half-bound, profusely illustrated, I2j.

Farm Engineering.

FARM ENGINEERING, comprising Draining and Embank

ing ; Irrigation and Water Supply ; Roads, Fences, and Gates ;

Farm Buildings ; Barn Implements, etc. ; Field Implements, etc. ;

Agricultural Surveying, Levelling, etc. By Prof. John Scott.

About 1300 pages, with Several Hundred Illustrations.

\_Inthepres
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The Management of Estates.

LANDED ESTATES MANAGEMENT: Treating of the

Varieties of Lands, Methods of Farming, Farm Building, Irrigation,

Drainage, &c. By k. Scott Burn. i2mo, 3s. cloth.

" A cronp'ete and comprehensive outline of the duties appertaining to the manage

ment of landed estates."—Journal of Forestry.

The Management of Farms.

OUTLINES OF FARM MANAGEMENT, and the Organiza

tion of Farm Labour. Treating of the General Work of the Farm,

Field, and Live Stock, Details of Contract Work, Specialties of

Labour, Economical Management of the Farmhouse and Cottage,

Domestic Animals, Sec. By Robert Scott Burn. i2mo, 3*.

Management of Estates and Farms.

LANDED ESTATES AND FARM MANAGEMENT. By

R. Scott Burn. (The above Two Works in One Vol.) 6s,

Hudson's Tables for Land Valuers.

THE LAND VALUER'S BEST ASSISTANT ; being Tables,

on a very much improved Flan, for Calculating the Value of

Estates. With Tables for Reducing Scotch, Irish, and Provincial

Customary Acres to Statute Measure, &c. By R. Hudson, C.E.

New Edition, royal 32010, leather, gilt edges, elastic band, 4s-.

Ewart's Land Lmprover's Pocket-Book.

THE LAND IMPROVER'S POCKET-BOOK OF FOR

MULAE, TABLES, and MEMORANDA, required in any Com

putation relating to the Permanent Improvement of Landed Pro

perty. By John Ewart, Land Surveyor. 32010, leather, 4*.

Complete Agricultural Surveyor's Pocket-Book.

THE LAND VALUER'S AND LAND IMPROVER'S COM

PLETE POCKET-BOOK ; consisting of the above two works

bound together, leather, gilt edges, with strap, 7*. 6d.

"We consider Hudson's book to be the best ready-reckoner on matters relating to

the valuation of land and crops we have ever seen, and its combination with Mr.

Ewart's work greatly enhances the value and usefulness of the latter-mentioned.—

It is most useful as a manual for reference."—North ofEngland Farmer

Grafting and Budding.

THE ART OF GRAFTING AND BUDDING. By Charles

Baltet. Translated from the French. With upwards of 1S0

Illustrations. l2mo, 3*. cloth boards.

Culture of Fruit Trees.

FRUIT TREES, the Scientific and Profitable Culture of. In

cluding Choice of Trees, Planting, Grafting, Training, Restoration

of Unfruitful Tress, &c. From the French of Du Breuil. Fourth

Edition, revised. With an Introduction by George Glenny. 4*.c1.

"The book teaches how to prune and train fruit-trees to perfection."—Field.

Potato Culture.

POTATOES, HOW TO GROW AND SHOW THEM. A

Practical Guide to the Cultivation and General Treatment of the

Potato. By James Pink. With Illustrations. Cr. 8vo, 2s. cl.
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Good Gardening.

A PLAIN GUIDE TO GOOD GARDENING ; or, How to

Grow Vegetables, Fruits, and Flowers. With Practical Notes on

Soils, Manures, Seeds, Planting, Laying-out of Gardens and

Grounds, &c. By S. Wood. Third Edition. Cr. 8vo, 5-r. cloth.

" A very good book, and one to be highly recommended as a practical guide.

The practicaldirections are excellent "—AtheiuKnm.

Gainful Gardening.

MULTUM-IN-PARVO GARDENING ; or, How to make One

Acre of Land produce ^620 a year, by the Cultivation of Fruits

and Vegetables ; also How to Grow Flowers in Three Glass

Houses, so as to realise ,£176 per annum clear Profit. By Samuel

Wood. 3rd Edition, revised. Cr. 8vo, 2s. cloth.

" We are bound to recommend it as not only suited to the case of the amateur and

gentleman's gardener, but to the market grower."—Gardeners Magazine.

Gardening for Ladies.

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN,

and Amateur's Complete Guide. By S. Wood. Cr. 8vo, 3*. 6a.

Bulb Culture.

. THE BULB GARDEN ; or, How to Cultivate Bulbous and

Tuberous-rooted Flowering Plants to Perfection. By Samuel

Wood. Coloured Plates. Crown 8vo, y. 6d. cloth.

Tree Planting.

THE TREE PLANTER AND PLANT PROPAGATOR:

A Practical Manual on the Propagation of Forest Trees, Fruit

Trees, Flowering Shrubs, Flowering Plants, Pot Herbs, &c.

Numerous Illustrations. By Samuel Wood. 121110, 2s. 6d. cloth.

Tree Pruning.

THE TREE PRUNER : A Practical Manual on the Pruning of

Fruit Trees, their Training and Renovation ; also the Pruning of

Shrubs, Climbers, &c. By S. Wood. i2mo, 2s. 6d., cloth.

Tree Planting, Pruning, & Plant Propagation.

THE TREE PLANTER, PROPAGATOR, AND PRUNER.

By Samuel Wood, Author of ' ' Good Gardening," &c. Consisting

of the above Two Works in One Vol. , $s. half-bound.

Early Fruits, Flowers and Vegetables.

THE FORCING GARDEN ; or, How to Grow Early Fruits,

Flowers, and Vegetables. With Plans and Estimates for Building

Glasshouses, Pits, Frames, &c. By S. Wood. Crown 8vo, y. 6d.

Market Gardening, Etc.

THE KITCHEN AND MARKET GARDEN. By Con

tributors to " The Garden." Compiled by C. W. Shaw, Editor

of ' ' Gardening Illustrated. " 1 2mo, 3*. 6d. cl. bds.

Kitchen Gardening.

KITCHEN GARDENING MADE EASY. Showing how to

prepare and lay out the ground, the best means of cultivating every

known Vegetable and Herb, &c. By G, M. F, Glenny. umo, 2s.
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lA CompleteEpitome of theLawsofthis Country.9

EVERY MAN'S OWN LAWYER; a Handy-Book of the Prin

ciples of Law and Equity. By A Barrister. New Edition,

with Notes and References. Corrected to the end of last Session.

Embracing upwards of 3,500 Statements on Points of Law.

Crown 8vo, price 6*. &/. (saved at every consultation).

COMPRISING THE RIGHTS AND WRONGS OF INDIVIDUALS, MERCANTILE

AND COMMERCIAL LAW, CRIMINAL LAW, PARISH LAW, COUNTY COURT

LAW, GAME AND FISHERY LAWS, POOR MEN'S LAW, THE LAWS OF

Bankruptcy—Bills of Exchange—

Contracts and Agreements—Copy

right—Dower and Divorce—Elec

tions and Registration—Insurance

—Libel and Slander—Mortgages—

Also Law for Landlord and Tenant—

Master and Servant—Workmen and Ap

prentices—Heirs, Devisees, and Lega

tees — Husband and Wife — Executors

and Trustees — Guardian and Ward —

Married Women and Infants—Partners

and Agents — Lender and Borrower —

Debtor and Creditor — Purchaser and

Settlements— Stock ExchangePrac

tice—Trade Marks and Patents-

Trespass, Nuisances, etc.—Transfer

of Land, etc. — Warranty— Wills

and Agreements, etc

Vendor — Companies and Associations

—Friendly Societies—Clergymen, Church

wardens—Medical Practitioners, &c, —

Bankers— Farmers — Contractors—Stock

and Share Brokers—Sportsmen and Game

keepers—Farriers and Horse-Dealers—

Auctioneers, House-Agents—Innkeepers,

&c.—Pawnbrokers—Surveyors, &c.t &c.

" No Englishman ought to be without this book."—Engineer.

" What it professes to be—a complete epitome of the laws of this country, thoroughly

intelligible to non-professional readers. The book is a handy one to have in readiness

when some knotty point requires ready solution."—Bell's Life.

How to Invest.

HINTS FOR INVESTORS. Being an Explanation of the Mode

of Transacting Business on the Stock Exchange, etc. By Walter

M. Playford, -Sworn Broker. Crown 8vo, 25. cloth.

Auctioneer's Assistant.

THE APPRAISER, AUCTIONEER, BROKER, HOUSE

AND ESTATE AGENT, AND VALUER'S POCKET AS

SISTANT, for the Valuation for Purchase, Sale, or Renewal of

Leases, Annuities, and Reversions, and of property generally ;

with Prices for Inventories, &c. By John Wheeler, Valuer, &c.

Fourth Edition, enlarged, by C. Norris, Royal 32mo, cloth, $s.

Auctioneering.

AUCTIONEERS : THEIR DUTIES AND LIABILITIES.

By Robert Squibbs, Auctioneer. Demy 8vo, icw. 6d, cloth.

,( The position and duties of auctioneers treated compendiously and clearly."—

House Property. ism6t*r.

HANDBOOK OF HOUSE PROPERTY : the Purchase, Mort

gage, Tenancy, and Compulsory Sale of Houses and Land ; the

Law of Dilapidations, &c. By E. L. Tarbuck. 3rd Edit. 3*. 6d.

1 ' We are glad to be able to recommend it."—Builder.

" The advice is thoroughly practical."—Law Journal.

Metropolitan Rating.

METROPOLITAN RATING : a Summary of the Appeals

heard before the Court of General Assessment Sessions at West

minster, in the years 1871-80 inclusive. Containing a large mass

of very valuable information with respect to the Rating of Rail

ways, Gas and Waterworks, Tramways, Wharves, Public Houses,

&c. By Edward and A. L. Ryde. 8vo, \2s. 6d, cloth.

Bradbury, Agnev, * Co., Printers, Wnitefrlars, London.





l A SELECTION FROM WEALE'S SERIES.

;
AGRICULTURE, GARDENING, &c. ■>£= r

J DRAINING AND EMBANKING. A Practical Trea- '^^.

£ tise. By John Scott, late Professor of Agriculture and Rural §.-)'T£>^1p.

* Economy, at the Royal Agricultural College, CirenceBter. With S^-^-^5

J 68 Illustrations. Is. 6d. i&JKsS:

i. "A valuable handbook to the engineer, as well as to the surveyor."—Land. jY^Sfo*"'*

p " This volume should be perused by all interested in this important branch _ oT^ ' '

jl of estate improvement."—Land Agent's Record.

I IRRIGATION AND WATER SUPPLY. A Practical

,*. Treatise on Water Meadows, Sewage, Irrigation, Warping, &c. ;

y on the Construction of Wells, Ponds, and Reservoirs, &c. By

p Professor John Scott. With 34 Illustrations. Is. 6d.

"A valuable and indispensable book for the estate manager and owner."—

Forestry.

" Well worth the study of all farmers and landed proprietors."—Building

News.

FARM ROADS, FENCES, AND GATES. A Prac

tical Treatise on the Roads, Tramways, and Waterways of the _, ;~ af/bw -.

Farm ; tht> Principles of Enclosures ; and the different kinds of ?£%£?£;. ^3

Fences, Gates, and Stiles. By Professor John Scott. With ^f^-Tc^V 2

- 75 Illustrations. Is. 6d. r - ,*£ **SB i

mm"Mr. Scott's treatise will be welcomed as a guide to the surveyor in the O^^C^UJ

construction of country and farm roads and fences, and as a concisely compiled J a£*jF$[QO

handbook for the farmer."—Building News. .^> »t-'-j-j ^
"A useful practical work, which should be in the hands of every farmer."— ■Aj- ' "c

Farmer.

FARM BUILDINGS. Their Arrangement and Con- 3fr£#£® e

struction, including Plans and Estimates. By Professor John -^.Tfi^H^Uj

Scott. With 105 Illustrations. 2s. ¥**^* ;

" The work of a practical man. No one who is called upon to design farm- CX^S' %£ l

buildings can afford to be without this handy little work."—Builder. ivi/.X-'-t*' r- -

" This book ought to be in the hands of every landowner and agent."—Kelso '?>;i0jS,?'.J

Chronicle. ^cSVCe^'

BARN IMPLEMENTS AND MACHINES. A Prac- ^^jS ,

tical Treatise on the Application of Power to the Operations of &">'i?,3£ °^

Agriculture ; and on various Machines used in the Threshing- ^i^S*?®

barn, in the Stock-yard, and in the Dairy, &c. By Professor ^tQ^Fa? "^ ,

John Scott. With 123 Illustrations. 2s. ' [jfe*1^'

FIELD IMPLEMENTS AND MACHINES. A Prac- - -

tical Treatise on the Varieties now in use, with Principles and

Details of Construction, their Points of Excellence, and Manage

ment. By Professor John Scott. With 138 Illustrations. 2s. O^^

.' AGRICULTURAL SURVEYING ; A Treatise on Land -"""'"""

5 Surveying, Levelling, and Setting-out ; and on Measuring and

t Estimating Quantities ; Weights and Values of Materials, Pro-

£ duce, and Stock ; with Directions for Valuing and Reporting on

? Farms and Estates. By Professor John Scott. [In the press.

t FARM ENGINEERING. By Professor John Scott.

t Comprising the above Seven Volumes bound together, consisting

t of about 1,300 pages, with Several Hundred Illustrations.

o [In the press.

| CROSBY LOCKWOOD & CO., 7, STATIOHEES' HALL COT/BT, E.C. J§£3£3
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A SELECTION FROM WEALE'S SERIES.

THE TREE PLANTER AND PLANT PROPA

GATOR. With numerous Illustrations of Grafting, Layering,

Budding, Cuttings, Useful Implements, Houses, Pits, &o. By

Samuel Wood. 2s. 6d. ; cloth boards, 3s.

X^cX. " Sound in its teaching and very comprehensive in its aim. It is a good

jffcft book."—Gardeners' Magazine.

£^rCffi&t "The instructions are thoroughly practical and correct."—North British

S^JtrO *£ Agriculturist*

&10?% THE TREE PRUNER: Being a Practical Manual on

S/* «\£j. the Pruning of Fruit Trees, including also their Training and

.'3iV5r'?«7* Renovation ; also treating of the Pruning of Shrubs, Climbers,

and Flowering Plants. With numerous Illustrations. By

Samuel Wood. 2s. ; cloth boards, 2s. 6d.

" A useful book, -written by one who has had great experience."—Mark Lane

Express.

"We recommend this treatise very highly."—North British Agriculturist.

THE TREE PLANTER, PROPAGATOR, AND

PRUNER. By Samuel Wood. Consisting of the above Two

'ff-ff Volumes bound together. 6s.

^ FRUIT TREES, Their Scientific and Profitable Culture.

From the French of M. Du Bkeuil. Third Edition, by

Geokge Glenny. With 187 cuts. 3s. 6d. ; cloth boards, 4s.

" The book teaches how to prune and train fruit trees to perfection."—Field.

THE ART OF GRAFTING AND BUDDING. By

Charles Baltet. With Illustrations. 2s. 6d. ; cloth boards, 3s.

" The one standard work on this subject."—Scotsman.

" We know no product of the purely British press on this most interesting

subject of grafting to compare with this book for price, value, and excellence

of illustration."—Glasgow H&rald,

KITCHEN GARDENING MADE EASY. Showing

how to Prepare and Lay out the Ground, the best means of

Cultivating every known Vegetable and Herb, &c., with cultural

directions for the management of them all the year round. By

George M. F. Glenny. 12mo. Is. 6d. ; cloth boards, 2s.

" A useful and trustworthy guide."—North British Agriculturist.

COTTAGE GARDENING; or, Flowers, Fruits, and

Vegetables for Small Gardens. By E. Hobday. Is. 6d.

" Definite instructions as to the cultivation of small gardens."—Scotsman.

'CjL " Contains much useful information at a small charge."—Glasgow Herald.

:^*t£ GARDEN RECEIPTS. Edited by C. W. Quin. Is. 6d. .m.

&^0^°\?S. "A singularly complete collection of the principal receipts needed by -S-

-S^"^" rsi Bardcm51*8-"—Farmer. ctX

Oi, SVZ.J " ^ useful and handy book containing a good deal of valuable information."

-VI "<,-£> —Athenteum.

''f'M THE KITCHEN AND MARKET GARDEN. By

Contributors to "The Garden." Compiled by C. W. Shaw,

Editor of " Gardening Illustrated." 3s. ; cloth boards, 3s. 6d.

" The most valuable compendium of kitchen and market-garden work pub

lished."—.Farmer. ^^^_ ^m—__„»„„—

"A most comprehe< "Vgardening."—Hark

Lane Express.

CEOSBY LOCKWi iLL COUET, E.C.
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