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PREFACE.

MopeL ENGINEERING is a branch of the mechanical arts that
has received but a scanty share of literary treatment. The
subject seems, however, to be particularly suited for such dis-
cussion, it being so closely associated with experimental work.

The reader of this HANDYBOOK is assumed to have some
practical experience in handling tools, and some knowledge ot
mechanical manipulation, such as can be gleaned from other
volumes in this series ; turning, filing, ‘fitting, soldering, etc.,
having been already treated upon.

This HANDYBOOK contains a large number of carefully-
engraved Illustrations, accurately reduced from working draw-
ings of model engines that have been made under my own
supervision, The value of these accurate illustrations will be
appreciated by those who are interested in models of the kind
they represent. I may remind readers that their value is not
to be estimated by any number of pages of letterpress. A
single drawing often shows at a glance what could not be so
clearly explained in volumes of type.

Large extracts from some articles written originally by me
for the Boy's Own Paper are incorporated in this HANDYBOOK.
I am indebted to the kindness of Mr. G. A. HUTCHISON, the
Editor of that paper, for permission to reproduce them here.

P. N. HASLUCK.

LONDON,
December, 1888%.
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THE

MODEL ENGINEER’S HANDYBOOK

CHAPTER L
PRINCIPLES OF THE STEAM-ENGINE.

HE making of model engines is a mechanical exercise
‘ which finds great favour amongst amateurs, and indeed
all young begmners at engineering. The work is seldom pur-
sued with any very satisfactory result, as really considerable
skill is necessary to construct working models. The tyro who
commences his miniature engineering labours finds very little
published information which is of use to him.

Model engines, in every stage of manufacture, from the
. rough castings direct from the foundry to the complete, highly-
finished working model, may now be purchased in nearly
every town of importance throughout Great Britain. Though
this trade is of but recent growth, its continual extension
proves that model engines are objects of interest to a large
number of the rising generation, and it is felt that information
as to their manufacture will prove acceptable to very many
readers.

It will be advisable to gain an insight into the principles
which govern the action of a steam-engine, and to learn

spme of the technical peculiarities, before proceeding to
. B
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attempt its manufacture, There are numerous text-books on
the steam-engine which may be studied with advantage, and
which explain the theoretical principles.

The modern engine, which now claims our attention, is the
result of numerous successive improvements. The application
of steam as a motive power was probably originally made by
Hero, who, 150 B.C., constructed, or at least described, an
Zolipile. This was a hollow sphere, with hollow bent arms
attached ; water was placed inside the sphere and heated:
when steam generated, it issued from the arms and caused the
sphere to rotate, by reacting on the air. A model of this, the
primogenitor of the modern steam-engine, can be bought at
many opticians’ shops for about one shilling, and in the streets
of London for one penny. '

The first known practical application of steam to perform
useful work was made by Thomas Savery, in 1698, wko ar-
ranged what was then called a fire-engine, to raise water to
a height of about 19 feet. Savery’s engine acted on the
principle of the barometer ; the water was forced upwards by
atmospheric pressure into an empty receiver, and was after-
wards carried higher by steam pressure,

The commencement of the eighteenth century began the
first steps towards the development of the modern form of
engine. Savery and Newcomen made improvements which
were perfected by James Watt, who was born at Glasgow in
1737. Amongst other valuable improvements he first con-
trived to convert the reciprocating motion into a rotary one by
means of the crank. In the year 1800, Watt retired from
business, leaving the steam-engine in much the same condition
as we find it now. The application of steam-power for loco-
motion, both on land and on water, followed; and now sta-
tionary, locomotive, and marine engines, driven by steam,
are distributed all over the civilised world.
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Thomas Newcomen was the first to arrange the moving
parts of the steam-engine in such a way that the steam did
not act directly on the water to be raised. He was the first
to work out the idea of a piston, which made a distinct ad-
vance in the application of steam as a general moving power.
Newcomen's engine consisted of three principal parts: the
boiler, a vessel in which the steam was generated; the
cylinder, in which steam was condensed; and the beam,
the movements of which followed the alternate admission
and condensation of the steam, and communicated the
motion to the pump-rod. The cylinder was placed directly
~ above the boiler, from which the steam passed through a stop-
cock into the lower part of the cylinder, and acted against the
piston, which then made a stroke upwards, the pump-rod end
of the beam being balanced to suit the pressure. When the
piston was at the end of its stroke, a cock was opened, which
admitted cold water, this condensed the steam in the cylinder.
A yaeuum being thus obtained, the atmosphere acted above
the piston, forcing it down with a pressure of 15 Ib. per square
inch of surface, the motion of the piston causing the up-stroke
of the pump-rods, water, &c. By the successive repetition of
these operations, the engine was steadily worked. New-
comen’s was a single-acting engine, the steam acting on
one side of the piston only, and was cailed an atmospheric
engine, because it depended upon the pressure of the atmo-
sphere to perform the down stroke, which did the useful work.

In the modern steam-engine, which owes its general design
to Watt, the dimensions of the cylinder, to an extent, indicate
the power ; but the pressure of steam must also be considered.
The friction in models is very great in proportion to their size,
and for this reason very small ones are often barely able to
generate sufficient power to keep themselves going. The bore
of the cylinder governs the area of the piston, and this mul-
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tiplied by the pressure of steam and the length of stroke gives
the power of the engine.

Let us compare the.power of two small cylinders, one } in.
in bore and 1in. in stroke, the other 1-in. bore and 2-in.
stroke. We will suppose the pressure .of steam to be the same
in both cases, say, 10 lb. to the square inch. Speaking
offthand, many persons are apt to say that one cylinder is
twice the size of the other, and, as a natural deduction, twice
as powerful. Comparison will at once show the fallacy of the
idea. : o

The area of the 1-in. cylinder is nearly %; of a square inch,
that of the other nearly 8. Thus we see that the larger one
has four times the area ; also the length of stroke is twice as.
much. According to the rule given above we find the powers
thus: % x 10 X 1 = 2]b.and % X 10 X 2 = 161lb. So
that the power of the larger cylinder is precisely eight times.
that of the small one. In every case it is necessary to allow
a certain percentage of the power to overcome friction. The
smaller the engine the greater will be the percentage lost in
friction. These simple facts will at once show that size is a
most important consideration. If the friction in the small
engine was 2 lb. the power would not drive it, whereas if it
were that much in the large one there would still be 14 1b. of
available power. :

A cylinder 1 $-in. bore and the same length of stroke, viz.,
2 in., would give exactly double the power of the 1-in. bore
cylinder just mentioned.  If the bore was increased to 2 in.,
the power would be exactly four times that of the 1-in, bore,
the length of stroke and pressure of steam remaining the same
in each.

The velocity of the piston also forms a factor in calculating
the power, which is increased in the same proportion as the
velocity. It will be readily understood that when the pressure
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of the steam is constant, the speed of the engine will depend
on the amount of work it has t6 do. It must also be remem
bered that the pressure of steam against the piston is by no
means necessarily the same as it is in the boiler. In passing
from the boiler to the cylinder the steam pressure is always
reduced, and the greater the distance and more exposed or
tortuous the steam-pipe, the greater will be the loss of
pressure. :

Everyone knows that the power of steam-engines is given
in “horse-power.” This was a term originated by James
Watt, and it is now universally adopted. The mechanical
equivalent is a lifting power that will raise 33,000 1b. one
foot high in one minute. On this estimate the power of an
engine is.cdlculated. The rule is this: Multiply the pressure
in pounds per square inch on the piston by velocity per
minute and divide by 33,000. The velocity of the piston is
twice the length of stroke in feet multiplied by the number
of revolutions per minute.

Let us calculate the horse-power of the 1 X 2-in. cylinder,
already dealt with at a pressure of 10 lb., the speed being 100
revolutions per minute. By the previous calculation we
found that the pressure was 161b. The velocity is 1% X 100
= 333 (feet). Multiply these together, 16 X 33% = 533%,
and divide 53335 = 'o16. . . . . That is, the engine is 1335
of a horse-power, or capable of raising 528 Ib. one foot high
in one minute. That is supposing all the power was available
for duty. 1In large engines about 20 per cent. is allowed
for friction, and in the model we must allow at least 50 per
cent. This allowance for friction at once reduces the calcu-
lated power to half. '

" 'The power of an engine is the nominal, and the dufy is the
actual work that it will perform. When the horse-power of
an engine is spoken of, it must be taken in a qualified sense.
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By urging the furnace greater effect may be obtained, and by
keeping the furnace low an effect less than the nominal
power is produced. Duty is the term used to represent the
amount of work absolutely done; it disregards the size of
the engine, and simply inquires how much work is done by a
given expenditure of fuel. True economy in working will
add to the duty of an engine, whilst woeful waste in no way
affects the power.

Let us now trace the effect of the steam when admitted to
the cylinder. When the governor valve is opened the steam
flows along the pipe to the slide valve chest, and if one of the
ports is open it reaches the cylinder. In traversing the
pipes which conduct it to the cylinder the steam is cooled
considerably and its force diminished. In course of time the
parts become heated to a certain degree, and then the loss of
power is less. When the steam enters the cylinder it at once
.exerts a certain force on the piston. This has the effect of
turning the crank shaft, and in due course the slide valve
closes the steam inlet. Now the steam within the cylinder
acts expansively, and continues to drive the crank shaft to the
end of the stroke. Then the exhaust port is opened, and allows
the spent or dead steam to escape. At the same time the
inlet at the other end is opened and the live steam rushes in
and exerts its full pressure on the piston, causing it to travel
in the opposite direction. The opening and shutting of the
steam ports is effected by an eccentric on the crank shaft,
In treating of the construction of these parts, the relative sizes
are given and the correct motion explained.

Boilers, which are the vessels in which water is converted
into steam, are usually described by their shape and position,
They may be cylindrical, spherical, &c., and horizontal, verti-
cal, &c, The construction also forms a distinguishing cha-
racteristic. Tubes are usually inserted in the boiler to convey
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the heat from the fire. These tubes—which are more properly
called flues, especially in large boilers—vary in number from
one of large size to scores of small ones, thus naming the
respective boilers single-flue or multiflue. It may be advisable
to mention here that #xbu/ar boilers are those in which the
water circulates in the tubes, and the fire impinges on the
outer surfice. When the fire operates inside the tube it is
called a fflue. A tube carries water; a flue carries flame and
the volatile products of combustion.

Boilers, or steam generators, that are used to contain the
water which, when converted into steam, drives the engine,
require to be sufficiently strong to withstand an internal or
bursting pressure. This pressure is very great in high-pressure
engines, but in common models it is generally very low, and
seldom exceeds 20 Ib. to the square inch. The evaporating
capacity of the boiler is according to the requirements of the
engine it has to supply. The resistance of the piston to the
steam shows the pressure at which it should be supplied.
Boilers are generally tested, by means of a hydraulic pump, to
stand a pressure of at least double that at which they are
intended to be used. It is unsafe to generate steam in any

- vessel that has not been properly tested. This fact cannot be
too strongly impressed upon the mind of the reader.

Suppose a double-action cylinder, 1-in. bore and 2-in.
stroke, is to make 100 revolutions of the crank per minute,
let us see how much steam will be wanted to drive it. The
area of the piston is °785 in., and each revolution of the
crank will require the cylinder to be filled twice—that is, one
stroke in each direction. This will take a column of steam
+785 in. in diameter and 4 in. long for each revolution, or 314
cubic inches of steam per minute. If the speed is greater the
quantity of steam must be increased proportionately ; and
when running at the rate of 1.000 revolutions per minute—a
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speed often attained—3,140 cubic inches of steam will be
wanted to supply the cylinder. That is at the rate of about
100 cubic feet per hour.

The pressure of the steam ha.s not yet been taken into
account, but it obviously forms a most important factor in the
calculation. Water in an open vessel boils at a temperature
of 212° Fahr, Provided that the vessel allows the steam to
escape freely, all the heat that can be applied will only gene-
rate steam at the same pressure, though it will escape faster.
As the bubbles of steam ascend to the surface they escape,
having only the pressure of the atmosphere to overcome.
When water is confined in a closed vessel, like the boiler of a
steam-engine, the temperature may be raised to considerably
above the usual boiling-point. The heat is always propor-
tionate to the pressure, and steam at a pressure of 1zo01b. per
square inch is equivalent to the heat represented by 345° Fahr.

Tables are published showing the relation of the heat to the
pressure, and a short one is indicated below.

A correct knowledge of the fact that pressure depends on .
temperature cannot be urged too strongly on the mind of the
model engineer. In many model boilers it is quite impos-
sible to raise the heat sufficiently to produce an adequate
pressure. Boiling water at 212° Fahr. does not produce any
available pressure of steam, it merely counterbalances the
weight of the atmosphere, which is 15 Ib. to the square inch,
By increasing the heat, which can only be done in a closed
vessel, available pressure i8 obtained. Thus 228°= s5lb.,
241° = 101b,, 251° = 15 Ib., and so on. The steam, and the
water from which it is generated, and with which it remains in
contact, have both the same temperature.

- A cubic foot of water weighs 62°51b., and it will produce
882 cubic feet of steam, at a pressure of 151b. to the square
inch above the normal atmospheric pressure ; this 1s equal to
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a temperature of 251° Fahr, If the pressure is raised to
1501b,, which requires a temperature of 371° only 187 cubic
feet of steam will be produced. Steam is elastic, and hence
the more it is compressed the.greater will be its force. If
one cubic inch of steam, at a pressure of 30lb., is admitted
into a cylinder, and the supply cut off when half filled, the
steam will expand till it has filled the cavity, and in increasing
its bulk twofold its force will diminish in inverse ratio. The
pressure will therefore diminish to 151b. to the square inch
The expansive force of steam is always at work on the piston
of the engine, and it varies in accordance with the. arrange-
ment of the valves.

" In order to supply the requisite quantity of steam, boilers
should evaporate at the rate of one cubic foot of water per
hour per horse-power ; that will produce 1,700 cubic feet of
free steam. The capacity of a boiler should be four or five
times as much as the water it boils off per hour, and the steam
space should be at least 1o times as large as the consumption
of steam at each stroke. The heating surface should be from
15 to 2o square feet per horse-pov:ver. Many circumstances
tend to modify these rules, but they may be taken as fairly
trustworthy in ordinary practice,




CHAPTER 1L
MODEL STEAM-ENGINES.

BRIHIS handybook is intended to supply the information
A most generally useful to a maker of model engines.
It is assumed that some knowledge of mechanical manipula-
tion has been acqulred by the reader. He should be able
to use the lathe with tolerable cer-
tainty of result; in short, the handy-
books which I have already produced
in this series all form useful guides for
the tyro maker of model engines.

In order to give familiar illustrations
of those types of engines commonly
forming the stock-in-trade of the usual
dealers, the blocks in this chapter
have been borrowed from their cata-
logues. The most inexpensive type of
working model is shown at Fig. 1, and is
more fully described in a later chapter.
A similar engine, but slightly improved
in its design, is shown at Fig. 2 on the

opposite page.
Most Inex‘;:is:ve formof  EDGines shown in the later chapters,
Engine. and all the fittings belonging to them,
are mostly original, illustrated from model engines that have
been made specially, and which are not commonly to be
purchased, either complete or in parts, from the usual trade
supplies. Those readers who have acquired some manual
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TINY MODEL STEAM-ENGINES. 1

dexterity in the use of tools will find little difficulty in making
the engines illustrated, if the instructions given are carefully
followed. In each case details of each process incidental
to our engineering work will be carefully described, so that
those even but slightly acquainted with the mechanical arts
will be able to comprehend the method of procedure.

One of probably the tiniest working models in the world is
in the possession of Messrs. Penn (of Greenwich), the eminent
makers of the great engines of which it is the reduced counter-
part. It will stand on a silver threepenny-piece ; but it really
covers less space, for its base-plate measures —
only 3 of an inch by about %. The engines
are of the trunk form introduced by Penn.

They are fitted with reversing gear, and are
generally similar in design to the great engines
with which ships are equipped. The cylinders
measure 3 of an inch in diameter, and the
trunk g%5. The length of stroke is ;%; of an
inch. From the extreme smallness of this ~
model, a few of the most minute details have ™

. . F1G. 2.
necessarily been omitted; some of the parts ,, oy Engine with
are so small that a powerful magnifying-glass is Oé;;}::dtlel;s
required to show their form. The bolts which
hold the engine together are only & of an inch in diameter,
and these are all duly furnished with hexagonal nuts, which
can be loosened and tightened by a Liliputian spanner.
The weight of the whole model is less than a threepenny-
piece. )

Another tiny working model is that of the famous Great
Britain steamship, made to a scale of ;5 of an inch to the
foot. The length of the model is about eight inches, and the
breadth ahout 1}inch, It is full-rigged, with six masts and
their accorapanying spars, and has all the hatchways and deck
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fittings. The deck of this tiny vessel is lifted off and, by .he
aid of a powerful magnifier, an accurate model of the original
engines with which the Great Britain was fitted may be
critically examined. This model is so small that it stands

F1G. 3.
Portable Engine for Agricultural Work.

‘upon less space than the area of a shilling. The ship may be
launched in an annular trough of water, and, when a tap is
turned, off goes the tiny ship to circumnavigate its little sea.
“The total weight of the boat, with deck and rigging, engines,
boiler, all complete, is less than an ounce! The weight of
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the actual working part of the engines—that is, all excepting
the boiler—is just that of a sovereign.

The varieties of model engines are in many cases mdlcated
by their names, but they may be classed into two principal
divisions—those in which the cylinder is fixed, and the ad-
mission of the steam is regulated by means of a sliding-valve
moving parallel with the piston, and actuated by an eccentric
on the crank shaft; and those engines which have the
cylinder pivoted at right angles to its bore, so that the rotary
motion of the crank, coupled direct with the piston-rod, im-
parts an oscillatory movement to the cylinder. In this class

FIG. 4. Fi1G. s.
Vertical Launch Double Cylinder Vertical
Engine, Engine,

the steam ports of the cylinder are alternately brought
immediately over a hole, through which issues the steam from
the boiler, and an exhaust hole, through which the steam
escapes from the cylinder. The former are called slide-valve
engines, and thé latter oscillating engines. There are many
varieties of each class, but the difference pointed out is so
obviously discernable that it affords a ready means of dis-
tinction.

Stationary engines are intended to be fixed, as are those
used for driving machinery. Portable engines are self-con-
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tained, so that they may be moved from place to place, and put
to temporary work. They are often used for agricultural pur-
poses, such as for driving steam ploughs, thrashing machines,
&c. The illustration, Fig. 3, on page 12, shows an engine
of this type. It is mounted on wheels, so that it may be
drawn by horses along the highway roads.

Locomotives are those which are intended to travel by
steam, and are selfmoving. Marine engines arc those used
to propel ships. Figs. 4 and 5 are types. Of these classes
we shall, for the present, exclude locomotives, which are much
more complicated in their construction and consequently
are more difficult to make,

Horizontal engines are those having the cylinder lying with
its axis in a horizontal position,

There are many modifications in the designs, but the
essential characteristic is that the cylinder be placed with its
bore lying horizontally. The illustration on the next page,
Fig. 6, shows a horizontal engine of a usual type. The bed-
plate is sheet metal, mounted on six pillars, and cut away to
allow the crank-arm and cross-head to pass. The six pillars
often have their lower ends screwed into a wooden board
slightly larger than the metal bed-plate. The crank-shaft
carries the fly-wheel at one end, and the belt pulley at the
other.

Vertical engines have the cylinder upright ; sometimes they
are designated by the latter adjective. Beam engines have an
oscillating beam, as shown at Fig. 10, p. 19; one end is con-
nected to the piston, and the other to a rod which drives the
crank. Cylinders are single-acting when the steam is admitted
only at one end, and consequently with these the crank is pro-
pelled only during half of its rotation. Double-acting cylinders
are provided with valves which admit the steam at each end
of the cylinder alternately. Oscillating cylinders are fitted to
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oscillate with the motion of the crank, see Figs. 43 to 46, ard
~ the steam-valves are usually contrived to act by this oscilla- *
ting motion. Slide-valve cylinders' have a sliding valve

FIG. 6.
Horizontal Engine,

worked by a rod connected to an eccentric on the crank-
shaft, which opens the steam poris to alternately admit live
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steam and exhaust at both ends of the cylinder. Slide-valve
cylinders are invariably donble-acting.

A semi-portable engine, with oscillating cylinder, is shown
at Fig. 7. This is self-contained, and may be moved ahout,
but is not mounted on wheels. A slide-valve cylinder engine
of similar design is shown at Fig. 8.

M

FiG. 7.
Semi-portable Oscillating
Engine.

FIG. 8.
Semi-portable Slide-Valve Engine,

Small model engines are composed mainly of brass castings,
and of steel which requires no special forging for the purpose,
The screws or bolts used to unite the parts are usually pur-
chased in a finished state. Makers of these employ machinery,
which acts almost automatically, and the screws are sold at a
very cheap rate. Large models require special forgings fc;
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the crank-shaft, and the castings employed are of iron, which
 is considerably cheaper than brass,
~ The castings are made from patterns which are counterparts
"of the object required. These are imbedded in sand, and
leave a matrix, into which molten metal is poured, producing,
on solidifying,- a facsimile of the pattern. The operation is
always carried out in a foundry where the necessary furnaces
and moulding appliances are at hand. The founders charge
for the rough castings by weight, and the price is reckoned to
cover the cost of labour over the value of the metal. It is,
however, necessary to supply the requisite patterns before a -
founder can proceed to do his part of the work.
THE PATTERN MAKER’S HANDYBOOK may be consulted in
this connection with advantage. :
All vendors of castings have patterns from which their cast-
ings are moulded, and of course they charge, in addition to
the cost of labour and a profit on the cost of the metal, some-
thing for the use of the patterns. The patterns for a founder’s
use require certain modifications, which it is unnecessary to
explain in detail. Some are made in two or more parts, with
pins to hold them together. Some have projections affixed to
them ; these make prints in the mould to receive cores, which
form holes in the casting. Those patterns which enter deeply
into the moulding sand are made tapering, to draw out easily.
JIn all cases they must be made sufficiently large to allow for
shrinkage in the metal. Ordinary iron castings shrink about
onc-eighth of an inch to the foot; brass about half as much
again, Pattern-makers use a ¢ contraction-rule ’ to work by ;
this ‘is made longer than the standard measurement and
patterns made according to it are the correct size to allow for
shiinkage. ‘All these details are fully explained in the Handy-
book above mentioned. o
.- Models are often made with the boilers and engines forming
[
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but one machine. Fig. 9 shows an ordinary type of ttis kind.
It is very like the horizontal engine shown on page 13, Fig. 6,
but has an oscillating cylinder. A plain cylindrical boiler
placed horizontally is let partially through the bed-plate, and
the heat is applied by a spirit lamp beneath.

F1G. 9.
Horizontal Engine with Boiler,

A eomplete beam engine is shown at Fig. 10, and needs no
special description. The boiler of this engine is placed
vertically.

From what has been said it will be readily understood that
vendors of castings charge various prices for their goods.
- Nart in every case is the quality in accordance with the price,
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and it is difficult to give even approximate sums that should
be paid for good castings. Speaking generally, the price is
regulated by the weight, and the rate per pound is decided by
the seller. In the catalogues issued by various firms will be

FIG. 10.
Beam Engine with Vertical Boiler,
found the prices charged. As an example of the difference,
a certain size of bolts made by one wholesale firm, are retailed
by shopkeepers at rates varying from 33 to 200 per cent.
profit ; the same rule probably holds good in all other items,
Another form of engine, differing from those previously
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illustrated, is shown at Fig. 11. This type is well suited for
model work. The engraving illustrates a semi-portable Robey
engine ; the smoke~staqk is jointed and lowered for travelling.

Semi-portable Engine and Boiler.

FiG. 11.

The boiler forms the foundation on which are fixed the
“cylinder, the crank-shaft bearings, and other parts of the
'engine,
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Those readers who are not possessed of a lathe will not
have the means of finishing the cylinders and some other
parts which have to be turned. These can, however, be
bought in various stages of completion, and the beginner,
armed with only a screw-driver, may now purchase the com-.
ponent parts, and, having screwed his engine together, he may
claim some merit for his share in the erecting department.

Sets of castings quite finished and ready to be screwed
together are now sold. These are generally of the cheaper.
class, and, tacked on cards, may be seen in the windows of
opticians, The prices for the complete engine, with boiler,
lamp and all other parts, range from about five shillings
upwards. v v

A few words on the better type of partially finished parts,
These castings are more expensive than those quite rough,
but they afford an opportunity of displaying considerable skill
and judgment in completing them.

Boring the cylinders is the operation most likely to baffle
the tyro. This is done by vendors of castings for various
prices, according to size, and this charge usually includes turn-
ing the flanges ready to receive the covers, and also'boring
the steam-ways and cutting the port-holes. When all this has
been done it will be necessary to use a lathe to turn the covers
for the cylinder, and also for making the piston. ' '
" The cylinder may be purchased complete with the covers
screwed on and the slide-valve fitted. Similarly every piece
of an engine may be bought separately in a finished state, so.
that they only require putting together, and when the young
engineer has not the tools required for doing the work, his
best plan will be to purchase the finished parts.

An examination of a finished engine will show that nearly
every part of it has been fashioned on a lathe. This machine
is indispensable for all kinds of engineering work, but, being
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somewhat costly, tyros are frequently compelled to forego its
ownership, and in this case get the necessary turning executed
by a professional latheman. Those who are happily pos-
sessed of this king of machines—the father of mechanism as it
has been aptly called—will have the advantage of being them-
selves able to execute the work throughout. For want of
‘space we cannot discuss the lathe best suited for the work
treated upon in this handbook. There are now many useful
lathes manufactured in large numbers, and which may be pur-
chased at a moderate cost. The fitting up of a lathe oneself
is not an altogether impossible task, though there is some
really very high-class work necessary to produce a good lathe
suited for model engine making.

The young beginner should not choose a very small lathe ;
it is a mistake to suppose that better or finer work can be done
on miniature lathes. Three inch centres—that is, a lathe
which swings six inches—is the smallest useful size, though
one about four and a-half inch centres would be better adapted
for model engine making, and a larger lathe is necessary for
some of this work. A slide-rest is an almost indispensable
adjunct to a lathe required for. turning parallel cylinders in
metal. By means of a slide-rest, steam cylinders of any dia-
meter of bore, within the capacity of the lathe, can be bored
true, but without it a special boring bar is necessary for each
size. . '

THE METAL TURNER'S HANDYBOOK, which is a companion
volume to this, contains illustrations and descriptions of many
lathes and their appurtenances suited for model engine mak-
ing. Various chucks and tools employed in this and similar
work are also shown in that book.

A few particulars of the different kinds of engines which a
beginner may make will assist him in deciding as to the form
and size best suited to his requirements. An idea of the
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general forms and peculiarities of engines may be gleaned
from the illustrations already given and from what has been
said in this chapter. It is entirely at the discretion of the
maker whether he will build a vertical or a horizontal engine
—whether it shall have oscillating or slide-valve cylinders, and
whether it shall be of microscopic dimensions or a powerful
model. All these points are for the consideration of the con-
structor, though some hints will be of service to and assist him
in arriving at the desired result—that is the production of a
working model,



CHAPTER IIIL.
SINGLE-ACTING TOY-ENGINE.

@& HE most simple form of toy-engine is that illustrated
O below, and fully described in detail in this chapter.:
It consists of a tin boiler, a single-action oscillating cylinder,
and afly-wheel. These

parts are sold, ready

for putting together,

at a very low price,

and a complete en-

gine may be bought

for a couple of shil-

lings, though one usu-

ally described ‘as of

“superior make " at

twice that sum is by

far a preferable in-

TFiG. 12, FIG. 13. vestment.

Two Views of Toy Oscillating Engine, The drawings re-
present the most simple way of constructing a steam-engine,
and, if the workmanship is fairly good, a working model will
be produced. First is the boiler ; a tin box 1} in. deep and
2 in. in diameter will serve for this. The joint at the side
should be made by folding the edges of metal one over the
other, and then soldering. The top and bottom are both
soldered steam-tight on their respective places. The top
of the boiler must be provided with small bosses of metal,
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soldered on the inner side, into which the pillar (Flg 14)
and the safety-valve (Fig. 18) are screwed.
. The tin plate is not sufficiently thick to afford a hold for the
threads on the pillar and on the valve. A disc v ;
of brass, say the- size of a sixpence, and } in.
thick, is soldered on the under side of the lid,
and the holes, which are tapped to receive
the pillar and valve, are bored and threaded  FiG. 14
Cylinder and
before the lid is fixed. By this means a strong pijlar, showing .
hold is secured for the fittings. The screw Steam FPorts
plug in Fig. 12 is similarly provided for. When each piece is
screwed into its place, a little hemp or cotton, placed between
the shoulder of the “fitting” and the surface of the tin plate,
will assist to ensure a steam-tight joint.

The standard, or pillar, is brass, about 2 in. long from end
to end. Any form may be given to it, according to fancy, the
one shown in Fig. 14 being perhaps as good as any. The
lower part is circular, §in. in diameter, and it has a flat face
on one side, against which the valve-face of the cylinder
works. Fig. 14 shows this. The centre of the pillar is bored
up in the middle of the screwed part to meet one of the two
lower holes, it is immaterial which. The other hole is bored
right through the pillar to the opposite side, and forms the
exhaust port, the one communicating with the central hole in
the pillar being the steam port. For the sake of distinction
we will suppose the hole to the left is bored into the central
hole, and that to the right is bored through the pillar; then
when the pillar is screwed on to the boiler and steam is gene-
rated, it issues from the porthole on the left.

The upper end of the pillar is bored through at right angles
to the flat at the bottom (see Fig. 13). Through the top a
piece of brass tubing about §in. long is fixed, generally by
soldering ; this is the bearing for the crank-shaft. The crank..
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. shaft itself is a piece of steel wire bent to the form required.
The fly-wheel is fixed to one end, and prevents the shaft
coming out of the bearing, the bend of the arm serving the
same purpose at the other end.

The cylinder itself is shown at Fig. 14, and also in Figs. 12
and 13. The piston, piston-rod, and piston-head which fits the
crank-pin are shown in Fig. 15. It will be evident that the
dimensions of this engine are microscopic. The bore of the
cylinder is % in., and the barrel itself is often made of triblet-
drawn brass tube. The enlarged part at the bottom is a casting
with a flat face on one side, as shown in Fig. 14. Some makers
use a casting for the entire cylinder, but the tube is perhaps
the cheaper method of making. A piece of good tube is
sufficiently accurate in the bore for use as bought, so that the
trouble of boring the cylinder is dispensed with. The base,
for the tube to fit in, is bored to the external diameter, and
the tube fixed with solder. The lid or cover is fixed only by
being snapped on. Its object is only to guide the piston-rod.

Cylinders may be easily bored by the aid of a slide rest,
if such an attachment forms part of the lathe available.
Failing that, it is advisable to have the cylinder bored by
someone having the requisite tools, or to purchase a cylinder
casting already bored. A makeshift way of doing the job is
to make a bit of the required size and broach out the cylinder.
The bit is made of a flat bar of steel made true oa the
edges, and properly tempered; a bar }in. thick would do.
Pieces of wood are put on both sides of the bar to keep it
central and prevent either edge digging in and so spoiling the
bore. 1t is improbable that a satisfactory job would be made
by means of this latter arrangement, and one of the' methods
previously mentioned would be far preferable. Another make-
shift would be to solder a piece of triblet-drawn brass tube
inside the brass casting.
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A reference to Fig. 14 will show the working of the oscil-
lating valve, The face of the pillar is shown on the right. On
this, to the left, is the hole from which the live steam issues,
and to the right is the exhaust hole through which the dead
steam escapes. These holes are technically called ports. The
upper hole is bored through the pillar, and takes the trunnion
or pin on which the cylinder oscillates. Fig. 13 shows this
trunnion pin prolonged and having a nut on the end. A
spiral spring around the trunnion, between the nut and the
pillar, keeps the valve-face in close contact with the pillar-face.
Now, turning to Fig. 14, on the left is the cylinder, with two
holes—the upper, into which the trunnion is screwed, and the
lower, the steam-way. When the cylinder is in the position
- shown in Figs. 12 and 13, the port-hole of the cylinder is over
the solid metal between the holes in the pillar. On turning
the fly-wheel the crank draws the piston-rod out and inclines
the cylinder sideways, bringing the port-hole to the lefl.
The live steam from the boiler at once enters and forces the
piston upwards, and on the crank reaching the highest point

the cylinder is again vertical, and the hole in it is midway
" between port and exhaust. The momentum of the fly-wheel
carries the crank round and brings the hole opposite the
exhaust, allowing the steam to escape. The only force that
keeps the engine going during this part of the time is the
momentum of the fly-wheel. When the cylinder again inclines
to the opposite side, the hole comes over the steam-port, and
force—in the form of live steam—is again applied under the
piston. This series of actions will keep the engine going.

The single-action oscillating cylinder, being supplied with
steam at one end only, exerts power only during half the
revolution of the crank. The return stroke is dependent
entirely on the momentum of the fly-wheel, which also has to
drive the dead steam out of the cylinder. Steam acts only
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in the lower part of the cylinder, and as there is no power
tending to force off the cover it may be snapped on like the
lid of a pill-box.

The piston (Fig. 15) has for its head a disc of brass, with a
V-shaped groove in its edge. This is packed with hemp or

lamp-cotton, to make it fit the cy-
MH linder steam-tight., The piston-rod is.
a steel wire, about % in. diameter. It

FiG.15. Piston. s fixed in the piston-head by riveting,
to save the trouble of screwing. The end of the rod has a
small piece of brass fixed on it, which forms the cross-head,
and fits on the crank-pin.

The crank is itself all in one piece. A straight length forms
the shaft. It is bent at right angles to form the throw, and a
piece bent from this parallel to the shaft forms the pin. This
is the most simple way of making a crank, and when large
quantities are made the wire is bent upon a template.

A better type of crank is made by using a steel rod
for the shaft, with a brass arm riveted to it, and a steel pin
riveted into that. In Chapter IV., on the construction of
the horizontal engine, will be found a more complete de-
scription of such a crank, and an illustration of it is shown at
Fig. 32. i

The safety-valve is very important as a safeguard in work-
ing. Though sometimes omitted from model engines, yet
safety-valves are essential for security. They are intended to
allow steam to escape freely from the boiler when the pressure
exceeds a certain amount, and thus a dangerous explosion is
provided against. '

" The types of safety-valve are shown in the accompanying
figures. The weighted lever (Fig. 16) is most simple, and
best when there is no chance of it becoming useless through,
motion. For locomotives and ships a spring safety-valve as
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shown at Fig. 18 is used, and for models the small spring-
valve (Fig. 17) is used.

F1G. 16.

Fx. 7.
Spring Safety-Valve, -

i(p( —

e

G, 18, .
Sprirg Lever Safety-Valve.

will I IR
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‘The valve used for the toy-engine now being descnbed is
illustrated at Fig. 19. It has a spiral spring to keep the valve
on its seat, This is effective when the power of
the spring has been definably gauged; but when
the valves are put together haphazard, no depen-
dence can be placed upon the pressure at which the
valve will blow off.

oy o, The body of the valve is shown in section. The
Section of valve is fitted on the rod; it rests on the conical

%a:levty- seat of the body, and is pressed down by the spiral

spring within the barrel. The body is screwed into
the top part of the boiler by the thread at the bottom, and
steam, coming up the hole, presses the under side of the valve.
When the pressure of the steam is sufficient to overcome the
pressure of the spiral spring, the valve is lifted, and the steam
escapes through the holes shown at the top of the barrel.

The cover is screwed on the body-part, and confines the
spring. It has a hole through its centre, to allow the valve-
rod to pass. Especial attention should always be given to
the safety-valve at the time heat is applied to the boiler. See
that the valve is not fixed to its seat, nor in any way confined,
as an explosion may follow if these precautions are neglected.

The engine shown by the illustration is usually mounted on
a three-legged stand, which raises it from two to three inches,
A wire stand may be made according to, fancy, or perhaps
some contrivance may be improvised to support the boiler at
a convenient height for applying heat beneath. A glance at
the illustrations on pages 10 and 11 will show this.

A small lamp, burning methylated spirit—that is, spirits of
wine—will supply the requisite heat. It should have a clean
and dry wick of lamp cotton. The size of the flame may be
regulated to a certain extent by the quantity of wick that is
drawn out. The lamp must not be quite filled with spirits
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about two-thirds_full is ample, and then the spirit will not be
liable to overflow when warmed.

When charging the boiler, it is best to use boiling water
from a kettle. This will save lots of time that would be lost
in heating cold water with the spirit-lamp. The water is
poured into the boiler through the water plug-hole (Fig. 12).
The boiler should be only about half filled with water. The
plug is replaced, and the lighted lamp put under the boiler,
when steam will be generated in due course; and if the fly-
wheel is turned in the right direction by hand for a few turns,
the engine will presently work of its own accord.

It is scarcely necessary to repeat that the engine just de-
scribed is of the most simple description, and every detail not
strictly necessary is omitted.



CHAPTER 1IV.
HORIZONTAL ENGINES.

l NGINES of the horizontal type are usually employed
LSP8 to furnish the power required to drive fixed ma-
chinery in factories. The construction is simple, and the
form is adapted for fixing readily wherever a tolerably level
foundation is to be found.

The two illustrations (pages 34 and 35) show both sides of
a newly-designed small power engine, by Messrs. Lucas and
Davies. This design possesses several characteristic features.
The main casting is modelled from the I-sectioned girder ;
this gives strength without unnecessary weight. The cylinder
is bolted to the main casting; the guide for the piston-
head being solid with the latter. By this plan much of the
usual work of fitting is obviated. Some special tools are
necessary to bore the guide-ways true, and to face the end
against which the cylinder abuts, but when this is done the
completion of the work is very easy, as but few parts have
to be fitted. The illustrations show the engine fitted with
governors and pump. Four outline drawings which show
all principal dimensions are given on page 33. The
Figs. 20, 21, 22 and 23, are reduced to } scale from the
drawings of an engine having the cylinder 2-in, bore and 4-in.
stroke. The diameter of fly-wheel is 12 in. Complete sets
of castings for engines this size and also for one smaller size
and two larger sizes are supplied by the designers.

The several illustrations given next, show another simgle
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FIG. 24.
Front View of Horizontal Engine,.
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engine; they are drawn to scale, and they will show at a
glance constructive details which could not well be explained
in letterpress. Fig. 26 shows a plan view, and Fig. 27 an eleva-
tion of the complete

~ engine. The bed-
plate is the founda-
tion on which the
parts of the engine
are fixed. A piece
FIG. 26. of sheet brass is used

Plan of Horizontal Engine. for small models, but

larger ones have castiron foundations. Cylinders 13in. in
the bore and upwards are usually mounted on iron bed-plates,
the savmg in cost of metal being considerable when the cast-
ings are so large.
Cast bed-plates have
a moulded edge,
which adds both to
their strength and
appearance.  Sheet
metal has to be
mounted on columns
sufficiently high to

A AN

F1G. 27.
Elevation of Horizontal Engine,

raise the fly-wheel above the ground-level.

The cylinder is shown in Figs. 26 and 27. The steam-chest
containing the slide-valve is shown in Fig. 26 only. The fly-
wheel fixed on the shaft, Fig. 30, which has at its opposite
end the crank (Fig. 32). The piston-rod is shown passing
through a guide (Fig. 33) fixed to the bed by two screws. The
connecting-rod from the piston to the crank-pin is shown in
Figs. 26 and 27. The ‘eccentric is shown at Fig. 35, the rod
from it to the steam-chest is called the eccentricrod. Two
screws fix the cylinder to the bed-plate, These references are
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sufficient to enable the inexperienced reader to identify the
principal parts of this engine. By carefully studying the draw-
.ings the whole combination of the machine will be understood.
Each of the chief component parts which possess any in-
tricacy of detail is shown on a2 much larger scale. The
description of each one may be taken as generally applicable
to engines of the type shown in Figs. 26 and 27. The dimen-
sions are suited to the size known as “%-in. bore and 1}-in,
stroke.” These measurements refer to the cylinder. It will not.
be difficult to modify any of the minor details to suit another
size, whether it be larger or smaller. . -
A section of the cylinder is shown in Fig. 28; the piston and:
its rod are absent, to prevent confusion of the parts.. The
cylinder with the covers on is z in. long and 1% in. diameter
across the flanges. The bore is £in. and 1§ in. (full) long.,
The face of the cylinder where the valve works is level with_
the diameter of the flanges. This face is shown at Fig. 29,
where the size and position of each port-hole may be 'seen.‘l
The rectangle represents the steam-chest itself, and the four’
small circles are the screw-holes in the valveface for attaching’
the steam-chest. ’
Returning to Fig. 28, the steam-ways are shown at the top.
These are drilled from the ends to ’
meet the inlet steam-ports, which are
closed by the slide-valve (see Fig. 29).
The exhaust-way is in the middle, and
the port-hole communicating with it
needs no special mention. The steam s
inlet is above ; the threaded exterior FIG. 28,
is for attaching the steam-pipe from the ~ Section of Cylinder.
boiler. The glands and stuffing-boxes, for keeping the piston
and valve-rod steam-tight, are shown in section. The glands
are screwed into the castings, parts being bored out to
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receive the packings. It will not be necessary to make
special reference to the body of the cylinder, the covers, etc.,
as the reader will have become acquainted with these in the
previous chapters.

By reference to Fig. 28, the passage of the steam may be
traced. Itenters from above, filling the steam-chest, and as the
valve is shown it could find no outlet. The valve on being
moved would uncover one port, and allow the steam to enter
by the steam-way, through the slot filed in the edge. When in
the cylinder the steam would force the piston towards the
other end, the action of the eccentric meanwhile pushing the
valve along and further opening the port. When the piston had
made half ts stroke the valve would commence to close
again, and by the time the end was reached the valve would
be again in the position shown. The momentum of the fly-
wheel would carry round the eccentric, and with it the valve
would move so as to open the way to the exhaust, thus allowing
the steam in the cylinder to escape. The other port-hole would
also be opened to the live steam, which would then exert its
pressure on the other side of the piston. By the motion of the
valve the steam is let into the cylinder from each end alternately
and thus the reciprocating motion of the piston is maintained.

The slide-valve is shown in Fig. 29, the left is a view of the
face. The centre is hollowed out as shown at the section in

the middle, to allow the steam to pass into

the exhaust. The back is shown at the right ;

the saw-cut receives the valve-rod, which is

thinned down to fit it. - The face of the

B [:EJ valve, that is, all the outer part of it, is made
F1G. 29, perfectly flat to fit steam-tight on the valve-
Slide-Valve. . ce of the cylinder. Contact is ensured by

the pressure of the live steam in the steam-chest; this is
always more than that of the exhaust.
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The crank-shaft, forming the fly-wheel axle, is shown alone
half-size at Fig. 30. Thisisa rod ofround steel  in. in diameter,
the total length is 3} in. At the right-hand end it is 1e-
duced in size a length of % in,, to receive the fly-wheel and
the driving-pulley. These are generally screwed on to a
thread cut on the shaft, but wedging is a more workmanlike
way of securing driving-wheels _ )
and pulleys. The two journals R EE————]
are to rest in the plummer
blocks shown at Fig. 31 ; the 6. 30, Crank-Shatt
neck at the left-hand end is to receive the crank-arm.
The collars on the shaft outside of each journal are of the -
widths shown. One of the bearings for the crank-shaft is
shown at Fig. 31, which shows a side view, an edge view, and

- a view from the top ; in this the dotted lines

represent the screw-heads. These bearings

are usually brass castings ; they are fixed on

NS to the bed-plate by two screws each, and the
FIG. 31. cap is also held on by two other screws.

Craak-Bearing.  Various designs may be obtained, but the one
illustrated is as good as any. The thickness of the bearing is
nearly } in. The height must be precisely that which will
bring the centre of the crank-shaft level with the centre of the
piston-rod. .

Fig. 32 is the crank-arm, giving an end and side view. It
should be made of steel and fixed on the shaft by keying,
though more often it is screwed on. The thickness
is shown about 2; ; the shape may be according to
fancy. The hole at the bottom is for the crank-
pin, which is riveted in. The ‘‘throw” of the
crank is an important point, and it must never
be so much that the piston touches the ends of the
cylinder. In the present case the “throw,” that is the dis.

Fi1G. 32.
Crank-Arm,
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tance from the centre of the crank-shaft to the centre of the
crank-pin, is § in. This gives 1}-in. stroke ; there is plenty of
space in the cylinder for another % in., and possibly the
nominal stroke, 1} in. could be managed by using a thin
piston-head. The crank-pin is shown at the top of Fig. 34.
The guide-block, Fig. 33, serves to guide the piston-rod,
and steadies it against the influence of the crank. The shape
is shown by the illustrations. The hole for the piston-rod is
bored level with the axis of the cylinder and
i ? the centre of the crank-shaft. ‘The block
&b k= s secured to the bed-plate by two screws, holes
@mn for which are shown in the top view.

‘ Fig. 34 shows the crank-pin and five views
of the ends of the connecting-rod. The
crank-pin is steel % in. diameter, turned
down to } in. at the journal and at the neck, which is
riveted intp the arm, Fig. 32. The head of the rod is fitted
with a cap, held by two screws, so that it may be placed over
the crank-pin into the groove. The other end of the rod,
which is forked, is shown to the right. Here a section and
|—i=i] an elevation are given ; the round piece,

@ E g called the cross-head, which receives the
@ two screws (see section) is bored to fit
o= the piston-rod, and it is clamped to this
F1G. 34. .
Crank-Pin and Connect. DY the points of the screws shown. The
ing-Rod. sides of the fork are bored to fit freely
over the threads of the screws, so that it may oscillate with
the motion of the crank. The position of the cross-head on
the piston is determined when the engine is together; it is
placed so that the piston slides midway between the ends of
the cylinder. .
Fig. 35 shows the eccentric and the eccentric strap. The
first is a piece of brass; the large circle has a groove turned

F1G. 33.
Guide-Block.
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in it to receive the strap, and the boss is eccentric, as shown
in the left-hand figure. The amount of eccentricity is v in.,
which gives a travel of } in. to the

slide-valve. These eccentrics are % @
turned on a mandrel having double

centres, one pair serving when turn-
ing the boss, and the other when
turning the eccentric itself. A set
screw tapped through the boss serves to secure it on the
crank-shaft.

The strap on the right in Fig. 35 is cast in the form shown,
the centre is bored to fit the groove in the eccentric, and the
strap then cut in halves through the lugs. These lugs serve
to take screws, which hold the strap together. The projecting
piece on the right is to receive the eccentric rod, which is
screwed into the strap at this point,

This completes the description of the various parts of a
model horizontal engine. A glance at Figs. 26 and 27 will
show the relative position of each, and the detail figures
show the dlmensmns, which may be measured on the illustra.
tions.

The engine next illustrated is of a much more substantial
type. The Figs. are reduced from full-size drawings of an
engine having a cylinder 4-in. bore and 5-in. stroke. The
dimensions given in the text are those of the full-sized engine,
but a smaller size will make up very nicely if the same pro-
portions are observed throughout.

The first illustration, Fig. 36, shows an elevation, and the
plan immediately below drawn about 1 scale. The details
are shown about twice as large. Referring to Fig. 37, the
bed-plate, which forms the main casting is 34 in. long and
7 in. wide at the base. By constructing a scale to suit
these measurements, the illustrations may be made to serve for

FI1G. 35.
Eccentric and Strap,
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a model of any size. It is necessary to make complete
working drawings of the size intended and, of course, all the
small parts, such as bolts and screws, would be made to some
standard measurement. When reducing the size of machines,

FiG. 38. Section of Cylinder.

the tendency is to somewhat increase the relative dimensions
of the small parts. Also the necessity, which practically
exists, of using certain fittings of fixed gauge, compels a
certain amaount of departure from ‘the strict adherence to
exactly proportionate alterations in size. As an example, refer
to the bearings of the crank-shaft shown in the plan. They
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are 1 in. diameter in the original engine and, reduced to }
scale, show 4 in. diameter. It would be an inconvenient size
to adopt, and -2; in. would be at'the same time more suited to
our common methods of measurement and.also to the re-
duced size of the engine. The bolts which hold together the
‘guide-bars for the piston-head are } in. diameter, and, though
shown i in. diameter in the drawing, should be made } in.
in 2 model of this reduced scale.

j
) 1

—~=- H Y 3
1 [H -

Valve Spindle—-————- _ﬂm_

F1G. 41. Valve-Rod,

Eccentric {

F1G. 42. Eccentric and Strap.

In illustrating the details, only those of somewhat pecular
construction have been selected. All details are shown }



46 THE MODEL ENGINEER’S HANDYBOOK,

scale. Fig. 38 shows a section of the cylinder, and from it
all details of slide-valve arrangement can be seen. The com-
plete piston-rod is shown at Fig. 39; it measures 12} in.
from end to end. The end that is fixed in the piston has a
collar forged upon it to butt against the piston-head, into which
it is fitted with a cone. The extreme end is threaded for a
nut, as shown in the section of cylinder.

The connecting-rod, shown in elevation and in plan at Fig.
40, is a forging. Brasses are fitted in both ends. The end
that connects with the cross-head has its brass fixed by a
taper key, which is itself fixed by a set screw. The crank-pin
brasses are secured by a cap held on by two bolts, each fixed
by lock-nuts. The pair of brasses are shaped to fit a some-
what elliptical hole in the connecting-rod ; by this plan the .
brasses are prevented from turning in the rod.

The valve-rod is made of round steel, having an eye at
one end fitted by a knuckle joint to a rod, which is fixed by a .
transverse pin to the eccentric strap. These details are shown
at Figs. 41 and 42.

The eccentric itself is made of cast iron and has spaces
cored out in the large sizes, The elevation and the section
views, Fig. 42, show these and the method of connecting with
the valve-rod, sometimes called the vavle-spindle, and so
marked on the illustration,



CHAPTER V.
OSCILLATING ENGINES.

BRI HE action of oscillating cylinders has been described,
ISM  but before giving the details of an engine of this type
it may be well to show this form of cylinder. A single-action
oscillating cylinder is shown at Fig. 43. The action can be
understood by reference to the description of the toy engine
shown at Figs. 12 and 13. A pair of double-acting oscillating
cylinders are shown at Fig. 44. These cylinders have their

F1G. 43.
Single-Acting Oscillating Cylinder.

steam ports acting on the face of the block placed between
them. The live steam acts at both ends of the cylinder and
drives the piston in both directions. This gives these
cylinders the distinction of double acting. The small space
occupied by cylinders of this form makes them particularly
suited for confined spaces. Oscillating cylinders .are, for this
reason, mostly used in ships.

The following set of drawings show an engine with an
oscillating cylinder.

This form of construction economises space and weight ; it
{8 also more simple than slide-valve cylinders, In all oscillar
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ting eﬁgines the cylinder is mounted on trunnions or gudgeons,
so that it may swing to and fro through a small arc, and allow
the piston-rod to follow the motion of the crank. No con-

FI1G. 44.
Pair cf Double-Acting Oscillating Cylinders.
necting-rod is required in this engine, the piston-rod being
attached direct to the crank-pin.

The illustration shows an engine specially adapted for pro-
pelling a model boat. The entire machine is kept low down,
which is generally necessary for small boats. The fly-wheel
is much heavier than are those attached to toyshop engines,
but it is not unnecessarily large. Experiments show that
a weighty fly-wheel is required on an engine which has
the constant drag of a screw propeller to overcome. This
fact is ignored by some makers of engines, and in some cases
a useless engine has been made effective by the substitution
of a much heavier fly-wheel. )
~ The framework on which the cylinder is mounted, and
‘which also generally serves to carry the bearings for the -
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driving-shaft, may be of almost any design. There is no set
pattern for this purpose, and it rests with the designer to
fashion his pattern according to fancy. The form shown
possesses the essential characteristics. It is strong, yet light ;
there is a good base by which to secure the engine to the hull
of the boat. Suitable . provisions are made for the bearings of
the crank-shaft, also for the valve-face and the cylinder-trun-
nion. So long as these are provided for, the mere outline is
of little importance.

Boring the cylinder is often the most difficult job to
accomplish by a beginner who has not had some experience
at the lathe. Some methods of doing this have been given,
but there are several other ways in which it can be done. By
fixing the cylinder, with a clip and two bolts, to an angle-plate
on the face-plate of lathe, placing the valve-face upon the
angle-plate, the cylinder can be firmly secured and at the
same time easily centred.  After being set true it can be bored
with a tool fixed in the slide-rest, but this method requires the
slide-rest to be properly adjusted in order to get the bore
parallel. Cylinders can be bored very well with a flat boring bit
turned true on the edges, and two pieces of half-round wood
screwed to it. The bit should be turned parallel and size of
bore ; the two pieces of wood can be removed, and the’bit,
the end of which is made to cut the same as an ordinary drill,
hardened and tempered ; the wood must then be replaced.
Holding this drill with a hooked spanner, and feeding up very
carefully with back centre of lathe, a good bore can be got.
The cylinder should then be placed on a perfectly true mandrel,
and the flanges turned and faced up at one chucking.

Fig. 45 gives a side elevation, and Fig. 46 an end view of
the same engine, The cylinder is 1-in. bore and 1-in. stroke,
The length without covers is 1} in., that allows 1in. for thické
pess of piston, ;in. for each of the spigots of the two

B
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covers, and the same distance left vacant at each end. The
diameter of the cylinder across the flanges is 1} in., and a
scmicircular rib is shown in the middle. Each cover is held on

[}
FIG. 45. F1G. 46.
Side View of Oscillating End View of Oscillating
Cylinder Engine. Cylinder Engine.

by six hexagon-headed bolts, placed equidistant round it,tapped
into the flange. These bolts are not shown in the lower cover.

The piston-rod is shown out from the cylinder to its fullest
extent. The rod is of round steel }in. diameter. The cross-
head for the crank-pin is of brass, screwed on to the end of the
rod. Though shown as a solid piece, it would be better if
this head was cut across horizontally at the diameter of the
crank pin, and the cap secured by two screws.

The piston-rod can be made from a piece of steel rod. Tt
must be truly centered, and made quite straight; one end is
turned tapering }in. from the end, and screwed. - The other
end is slightly tapered to fit into cross-head, and a key-way
cut through it ; a small hole can be drilled, and then made
to draw the parts together, as shown at Fig. 83, with a small
round file. s
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The piston-head is in two parts, and can be made fiom
sheet brass; one must have a taper hole bored to fit the rod,
the other half is made to answer the purpose of a nut.
Having fitted and turned up the faces, they may be fixed on
the rod ; the half that is for the nut must have two holes
drilled in the back so that a forked turnscrew can be used to
screw up the piston ; it can then be turned on the rod the
exact size of cylinder bore, and a % in. groove turned for pack-
ing-rings. The rings can be cut from brass tube, and made
so that the two fit in the groove of piston-head. The rings at
this stage must be slightly larger than the cylinder bore. A
slanting cut should be made in each ring ; they must then be
placed in the piston and pressed together until the cuts are
close up ; the two rings are then fixed by their edges, and may
then be turned until they will just go in the cylinder. The
rings must be ground sufficiently narrow so that they will be
free to expand when the piston plates are screwed together.

The crank-pin is turned from steel, and is riveted into the
disc which forms the crank. A crank-arm would do equally
well, and the disc is shown simply as illustrating a different
plan. The disc is fixed on the crank-shaft either by screwing,
by a transverse pin, or by a key. ’

The crank-shaft is }-in. steel, and should be turned smooth

" and parallel to fit the hole in the standard. This hole should also
be smooth and parallel, which it will be if properly bored with
a suitable tool. A long bearing has no more friction than a
short one, though a contrary opinion seems to be prevalent.
A small hole for supplying the oil necessary for lubrication
should be made near the middle of this bearing. The same
remarks apply to the bearing through which the trunnion
passes.

‘The fly-wheel on the left in Fig. 45 is cast ironm, 2} in.
in dameter, and #in. wide on the rim. The rim shoyld
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e 1 in. thick at least, and the boss in the centre as wide
as the rim., If bored fairly true, the casting need not be
turned on its edge, though it will look better if bright. A
small key should be used to fix the fly-wheel on the shaft.
This latter, shown broken off in the drawing, projects slightly,
and carries a small disc with two pins, which engage in & fork
on the end of the propeller-shaft and so drive it, and the
screw propeller attached to its end.

The valve-face of the standard must be made perfectly
flat, and at right angles to the boring for the crank-shaft.
Fig. 48 shows the face of this standard as it would be seen
in Fig. 46 if the cylinder were removed. The section. of
cylinder, shows valve-face and steam-ways. It is convenient
to turn the valve-face in the lathe, and, at the same time,
to cut the circular groove, which, after being stopped by
plugging at both top and bottom, forms the supply and ex-
haust ports respectively. The face may be made flat by filing
when a lathe is not available, and the groove cut by means of
an annular bit with teeth on its edge which cut a channel,
but do not touch the inner circular part.

Through the centre of the valve-face a hole is bored to
receive the cylinder-trunnion. This trunnion is a steel pin,
illustrated between Figs. 45 and 46, it screws into the valve-face
of the cylinder. The outer end is threaded for a nut, which
has a washer beneath it, and keeps the cylinder close against
the standard, with che faces of the valves held together steam-
tight, yet so that the cylinder may oscillate freely. A spiral
spring beneath the nut is sometimes used, but, in good work, the
adjustment is made with a pair of lock-nuts. The hole through
the standard must be perfectly at right angles to the face, and
the trunnion in the cylinder must also be perpendicular to the
valve-face, or the two faces cannot come together steam-tight.

The stuffing-box of the piston-rod is made with a gland
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drawn down on the packing by two screws. - This arrange-
ment is shown in section at Fig. 47. The method of fitting
the gland, whether by screwing direct into the

boss of the cylinder cover, as shown on the o
right, or by screws tapped through the flange, M ﬂ
as on the left-hand, in the illustration, is

quite optional. By referring to Fig. 47 the eﬁﬁ'ﬁl&a
construction of the two forms of stuffing- Stuffing-Boxes.
boxes will be understood. The gland belonging to each is
shown separate immediately above the sections. The same
description applies to both, First the cylinder cover with the
projecting boss into which the gland is fitted ; higher is the
space for the stuffing or packing, This is filled with lamp
cotton, and, when the gland is screwed down, the cotton is
compressed so that it makes a steam-tight fitting for the piston-
rod to slide in. The hole for the piston-rod is shown through
the centres of both sections.

As before explained, the gland on the left is secured by two
screws shown in the section ; it is fitted into a plain cylindrical
hole. The other gland is threaded to screw direct into the
cylinder cover, which is tapped to receive it. The first method
is the one always employed in large engines. The screwed
gland has a knurled edge, so that it may g
be turned with the thumb and finger. A |

The action of the valves in a double-
action oscillating cylinder will be best ex-
plained by reference to Fig. 48. This shows
the face of the standard and the section of
the cylinder. There is a flat face to the

F1G. 48.
A i . Valys-Face of Oscil-
cylinder, usually circular; this has the  lating Engine,

usual steam-ways bored in it., These holes meet others,
drilled from the ends of the cylinder, parallel with its bore,
and conduct the steam to the ends of the cylinder through the
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side passages. On the face of the standard are two holes,
drilled from the back, one to receive the steam from the boiler,
the other to take the exhaust pipe. These holes are not bored
through, but communicate with the semi-circular grooves.
The cylinder is placed against the standard, and held close to
it, as shown in Fig. 45, by means of the trunnion illustrated
in the same Fig.

When the cylinder is vertical, as shown in Fig. 46, the port-
holes are opposite the solid parts of the valve-face. Suppose
live steam issues from the boiler and fills one of the semi-
circular channels ; directly the cylinder is moved on one side,
snd one of the port-holes comes over the groove, the steam
enters the cylinder, and, pressing against the piston, compels
the crank to revolve. By the same motion the other port is
brought over the other semi-circular channel, and the dead
steam escapes. When the cylinder again reaches a vertical
position the steam-ports are again closed, but the momentum
of the fly-wheel carries it over the dead centre, and then the
positions of the ports are reversed. The one formerly over the
exhaust now opens to the live steam, and the port just charged
with steam comes over the exhaust. Thus the steam is ad-
mitted alternately at both sides of the piston, and so the
engine continuex to work.



CHAPTER VI.
LAUNCH ENGINE.

HE engine shown in this chapter is one that has worked
well and may be depended upon. The large drawings

are reduced to } scale, and all details are shown  scale, of the
original engine,

The base on which the engine is built is of cast iron. It is
12in. wide and the side strips are g in. long. It is %in.
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FI1G. 49.

Plan View of Launch Engine,

thick with a hole in the centre; see plan view, Fig. 49.
The cross-pieces which support the bearings for crank-shaft
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are strengthened by webs underneath. The top of this base has
“chipping-pieces” projecting where the standards rest. These

FI1G. 50.—Front View of Launch Engine,

should be faced off level in a planing machine. The chlppmz-
pieces of course save a great deal of work when chipping and
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filing is the process by which the base is prepared to receive
the parts to be bolted to it.
- The six hexa-
gon nuts shown .
- in the plan view,
and not in the
other drawings, are
to fix the engine
to its place in the
boat.

Next is Fig. 50,
a front view ; Fig.
51 is a side view.
From these the
general design of
this engine may be
seen, and the prin-
cipal dimensions ,
taken. The de- _
sign is one that
will make up. very
satisfactorily on a
reduced scale,
Some of the de-
tails may be regu- == B
lated in a model 55 =y
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ing, some atten- U U =
tion must be paid

to dimensions of F1G. 51. Side View of Launch Engine.

the smaller parts, which must be slightly larger than precise
proportion would give. The engine is 2}-in. bore and 2}-in,
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stroke. It has reversing gear to make it practically useful;
though the double eccentrics and link motion give a good deal
of extra work, and they may be left out of a smaller model.
The pump shown on the illustrations is also quite an auxiliary
and may be dispensed with. It is fully described in Chap. IX.

The standards are cast together, the top forming the cylinder
cover. It may be questioned whether this plan is to be pre-
ferred to casting each standard separate. Probably this will
depend entirely on the appliances that are available for finish-
ing the castings. This engine can have the insides of the stand-
ards, which form the guides for the piston cross-head, ffished
on a 6-in. centre lathe, if it is strong enough for such work.

The method of finishing the insides of these standards is
this: First carefully prepare the feet so that the pair of
standards rest fairly and stand quite upright. The holes for
the holding-down bolts can then be bored, one near the corner
of each foot. The casting is next mounted on a face-plate
and fixed quite upright and with the end disc, which will form
the cylinder cover, running true. If chucked carefully and
firmly, the disc can be centred and a hole bored through—this
will afford a bearing for the back poppet-head centre. The
~ disc, which is to form the cylinder cover, can now be roughly
turned nearly to size and shape.

The hole in the centre of the cover can be bored out
much larger than the piston-rod requires and can be finished
afterwards. By this plan a boring bar can be used through
this hole, and with its other end on the mandrel-cone centre

point, which would be projecting in the centre of the face-.

plate. A cutter-block and cutter, arranged to bore the inner
faces of the standards to about 2} in., diameter will finish the
guides for the cross-head. Sections of the standards are shown
at Figs. 52 and 53. It is advisable to get the cylinder fitted on
the bottom cover, and to turn the lower flange and cover
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together, so as to ensure a perfect agreement of their surfaces.
This can be done by boring the cylinder and turning the
flange-face for the lower end at least, before the standards are
mounted in the lathe ; so as to have it prepared for fitting on
and fixing when the boring bar is in use.

In Figs. 52 and 53 we have sectional views of the upper part
of standards. One view ’
vertical and one hori-
zontal. The upper ver-
tical view shows how
the cylinder fits the top
of the standards, also
the stuffing-box for
piston. Near the bot-
tom are shown cross
slots which are the
ends of the cross-head
guides. In the lower - ‘
horizontal section may
be seen the sectional
form of the standards,
also the plan form of
crosshead. The oil
chambers are shown.  Fia. sa. Vertical Section of Cylinder Cover.

The pair of stan- FI1G. 53. Horizontal Section of Standard.
dards may be cast apart and have ears at their tops to attach
them to the cover of cylinder. In this case the guide-faces
may be got up with a file, but only in a way far inferior to the
method previously described, When there is no chance of
using a lathe, this inferior method must be adopted.

It is unnecessary to say much in connection with these
drawings of the complete engine. The various parts are all
clearly shown in position. Each one of special importance is
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Hlustrated on an enlarged scale later on in this chapter. Many

of the special features of construction have:been discussed in

previous chapters. - There are points of similarity in this and

' ' the horizontal
engine descri-
bed in Chapter
VII. The sec-
tion, Fig. s4,
through the
side elevation
affords a means
of comparing
many measure-
ments.

The cross.
head is formed
solid ‘with the
pistoni, and a
vertical section
is shown at Fig.
55, where the
oil chambers
are seen, and
also themethod
of securing the

¥ cover which is
a plate fixed by
the knurled-

n headed screw.

Theconnect-
ing-rod is
shown at Fig.

56, which gives three views and needs no explanation. The

F1G. 54. Sectional View of Launch Engine,
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‘CONNECTING-ROD.,

r0d is rectangular in section and has a T-piece forged at one
end The other end has an eye, which is jointed to the cross-

head. The
brasses in this
o \\_M connecting-
' \\! - rod are fitted
vy P2 chown.
;\\\\\ Theyhavethe
\. clamping
N bolts passed
right through
them, and
these should
fit, At strap at the'outer end and
the T-piece on the rod serve to
hold the two bolts together. Lock-
nuts are required to guard against
these bolts becoming' loosened in
wear. _

The eccentric and its belongings
are shown at Fig. 57." A plan and
side view of the eccentric are given.
The eccentric is £ in. thick, it has
ascrew tapped through the wigest
part of it. The throw of each. ec-
centric is 4% in., giving a travel of
3 im. to'the slide-valve. The pump
eccentric is made precisely as illus-
trated, but has &-in. throw, so as
to give the pump-plunger a travel
of §in.

N

FIG. 55.
Section of Cross-head.

(1]

FiG. 56. Connecting Rod.

The straps for valve eccentric and also for pump eccentric

gre of the form illustrated at Fig. 57.

Lo

It will be noticed that
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each is intended to be fixed to a T-piece connection on the
eccentric rod. The two screwed studs are for this purpose,
and a glance at the eccentric rod, shown at Fig. 58, will show

QG 9 o
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FI1G. 57. Eccentric and Strap.

the method of application. A

recess is cast in the strap to U ((ﬂ . ( nﬁ
contain oil for lubrication. It \Q) “HH H O
has a small cover fitted, to pre- }G. 58. Eccentric Rods,
vent the contents from being thrown out.

The eccentric rods to work the link for valve gear are shown
at Fig. 58. They are both alike sideways, but one is straight
and the other bent, as shown in the two edge views. Each
rod is T-shaped at one end and forked at the other, to connect
with the eccentric strap and with the link ;cs?ectively. The
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pump eccentric rod and all the pump construction will be
found described in Chapter IX.

Reversing the motion of this engine is managed with a
link. Slide-valves when fitted with the link motion, work
satisfactorily. With the aid of this contrivance, engines can
be reversed by simply moving the reversing lever. Steam can
be worked with almost any amount of expansion, the change
being rapidly made by a small movement of the lever. By
altering the amount of expansion, the greatly-varying power
required in some kinds of engines can be obtained. Not only
reversed motion but the varying speed required for boats, and
the varying power required for locomotives, can be readily
obtained by simply shifting the lever to the required position.
.- The motion illustrated at Fig. 59 is that usually arranged with
the slot-link shifting.
The concave part is
then towards the
crank axle, Eachend
of the link is worked
by a separate eccen-
tric, the radius of the
curved slot being equal to the effective length of eccentric
rods. The slide-valve rod is connected with a block which
moves in the slotted link. The slide-valve is worked by either
of the eccentrics, as wished, by merely shifting the link by

I — 11

F1G. 59. Link and Die: side and edge views.

O l (] (e} 0'::::::.'?:'

:_;_’ I HH 3} f::::l.‘.‘..‘:' @

F1G..60. Valve-rod and Cross-head.
moving the reversing lever, to which it is connected by means

of links and levers.
The slide-valve rod and cross-head are shown at Fig. 6o.
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The valve-rod has a cross-head to take the die which travels in
the link, Fig. 59. This is slotted to a radius of g in. A forging
is generally used for a full-size link, but smaller sizes may be cut
from a piece of bar metal, mild steel being good material to
use, The small hole shown in the end of valve-rod is drilled
ta a depth of about 1 in., and met by a hole drilled in side-
ways to allow the free passage of air or steam between the
valve-box and the recess into which the end of the valve-rod
works. Without this hole a vacuum might be formed. The
two other holes are to take screws put through the slide-valve
to fix it to the valve-rod. The method of doing this is shown
at Fig. 65. Views of 'both ends of the valverod are given at
Fig. 6o.

The quadrant-plate, which holds the reversing lever, is
shown at Fig. 61. It is bolted with lugs cast on the cylinder,

1© =] ©

F1G. 62,
Clamping Bolt for Quadrant,

© «—j)

F1G, 63. Bolt for
Link Motion
Connections. '

FIG, 61. Quadrant Plate—
Side and Edge Views.

The bolt, used for securing the reversing lever, and 1ts washer
are shown at Fig. 62. The pins of the reversing motion are
also shown at Figs. 63 and 64—where their dimensions can be
measured. A reference to Figs. 50, 51, and 54 will show
the position of each pin or screw.

The valve-face is shown at Fig. 65, and the slide-valve also.
The ports are very wide, so as to get quick action in opening
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and closing. Each port is 1} in. long and % wide. The
exhaust being double that width. The method of securing the

slide-valve to its rod is shown here ; it
has been explaired in a previous para-
graph. A piece¢ of copper wire se-
cures the screws from loosening. The
steam inlet is arranged in this engine
by bolting a union on to the steam-
chest. This unionis shown at Fig. 66.

The brasses for crank-shaft are shown
at Fig. 67, a top view, side view, and
bottom view being given. The latter
shows a wide channel cut for free
lubrication. This is a very important
point inan engine, and more especially
when run at a quick speed. The caps
which fit on the plummer-blocks are
provided with large receptacles for oil,
These are made in the castings, as
shown at Fig. 68. A piece of brass

o mQ
£ O

Fi1G. 64.

Pin in Link, for Couplings
of Reversing Lever.

=)
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F16. 65.
Valve and Valve-Face.

tube is fitted in each oil box, and a wick of lamp cotton
used to conduct the oil to the bearing. A cover is fitted to

each receptacle.

i\ FI1G. 67.

F1G. 66.

Union for Steam
Chest.

Brasses for Crank-Shaft.

The cylinder grease cup is shown in section at Fig. 69

F
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The construction of this grease cup can be seen by reference
to the several illustrations where it is shown attached to the
engine cylinder. Figs. 50 and 51 show the grease cup in
elevation, the first shows the cock plug across the illustration,
the second at right angles to the former position. In Fig. 54
is shown the section of the grease cup in the same position as
in Fig. 51 ; and in Fig. 69 the section is shown as in Fig. 5o.
Very small grease cups and cocks of all kinds are best made
from solid rolled metal—castings are likely to be defective
and are always liable to breakage when reduced to finished
dimensions. :

A detailed description of the process of making this grease
| e cup will be interesting,
/ \ and much of the in-
[ 11 L i | | formation is applicable
[ to other fittings for
e model engines. The

PN finished grease cup is Fic. 69.

O L9 ] O zin. long and 1} in. Section of

Cylinder

. . . Lubri-
diameter; a piece of cator,

FIG. 68. Cap for Brasses—
Elevation and Plan Views, metal ]argc enough to

finish to these sizes is therefore requisite. The first
operation is to bore a hole } in. diameter through the
centre. A twist drill will run through easily and will leave
two holes sufficiently straight and smooth for all requirements.
Each end should now be carefully steam-fired so that the piece
can be run on the lathe centres without any fear of its going
out of true in wear. The threaded part at one end has to be
turned down to & in. diameter, and 3 in. long, and whilst this
is being done the bulk of the metal may be turned off to the
shape shown in the drawings. ,
The threaded part, screwed into a true hole in some chuck,
will form the best means of chucking the piece to completely
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finish it. Turn away the end, which forms the top, to get it
the correct distance from the shoulder, which is 1§ in.—then
enlarge the }in. hole to }in. diameter for a depth of Jin.;
now turn away the interior to form the space for grease—this
is done with bent tools. The sectional drawings show this
space very evenly made, but, if a metal lubricator were cut in
halves to show the section, it is very probable that the work-
manship of the turner would not compare advantageously
with those of the draughtsman, so far as the interior con-
struction is concerned. The }in. hole can now be tapped
with a 4% in. thread to take the knurled nut which forms the
cover. This nut is best turned from a piece of stick metal ;
the thread having been cut on the screwed part, the nut
should be knurled and then cut of. It may be finished in its
place. '

The hole for the plug is just 1in, from the shoulder; it
must cross the }in. hole exactly midway, and should be a
1in. diameter. It is advisable to make a much smaller hole
first and to bore it from both sides, first filing two flats pre-
cisely opposite and centre-punch these to start the drill fairly.
If these holes do not exactly middle, a small round file can be
used to draw the hole over as required. The hole is finally
tapered slightly, the largest end being about +% in. diameter:
an ordinary taper broach will do for this purpose.

The plug is turned in one piece with its handle. To make
it, a piece 2} in. long and §in. diameter is wanted. This is
turned to the shape shown, and the tapering part is ground to
fit the hole at an early stage. The small end is screwed with
a %-in. thread, and behind that is a square for the washer.
The handle is bent at right angles to the plug when all is
finished. Don’t try to bend brass when hot, but anneal and
cool before bending. The hole in the plug is made by drill-
ing up the -in. hole; the rough edges are best removed from
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FI1G. %0.
Double Cylinder _Launch Engine.
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DOUBLE CYLINDER LAUNCH ENGINK. 6y

the plug by slightly chamfering. The grease cup is thus
completed. ’

'The pump for this engine is fully illustrated and described
in Chap. IX.—See Figs. 93, 94, 95 and 96, page 104.

On the opposite page is shown, Fig. 70, a double cylinder
launch engine fitted with reversing motion. The illustration,
taken from a photograph of one of Messrs. Lucas and Davies’
engines, is sufficiently clear to show details of construction.
Sets of castings for three sizes, viz., }-in., $-in. and 1-in. bore
of cylinder may be had. “The design shows two single cylinder
engines built on one bed-plate, and acting on one crank-shaft.
If the bed-plate, crank-shaft, and the plate forming the cylinder
covers were all divided vertically down the centre of the illus-
tration, two independent engines would be the result,
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CHAPTER VII. '
TANK ENGINE. '

Bl HE following pages are devoted to the minute descrip-

il tion of a small steam engine that can exert a con-
snderable amount of power in proportion to its size and not
knock itself to pieces, as many low-priced and flimsily-built
engines do. The design is one which has been found to fully
satisfy exacting requirements. The plan and elevation of
engine can be used to measure from by taking a suitable
scale. The illustrations are printed } scale of the dimensions
given in the text. The details are shownon a larger scale. This
engine, of the dimensions given in the text, is worked at a
mean pressure in the cylinder of about 451b. of steam per
square inch, and, being run at 1,000 revolutions per minute, *
gives over 4 h.p., the power resulting principally from the -
high speed. Many doubt the possibility of running the -
engine so quickly, though such engines very often run at much
higher speeds. An advantage of high speed is the superior
controlling power of the fly-wheel. The regular working of
the engine increases as the square of the speed-~that is, a fly-
wheel running at 1,000 revolutions per minute has four times
the controlling power that it would have if running at 500
revolutions. Another advantage of high speed is, that it
often enables the engine to over-run the resistance, and this,
especially in the case of very small engines, is of great
benefit in ensuring 1egularity of speeds,

A reference to the plan and elevation of the complete
engine, shown at Figs. 7t and 72, affords an idea of the




TANK FORMING BASE OF ENGINE, 7

design,, The engine is built upon a cast iron oblong base
having semicircular ends made hollow, and serving as a water
tank. The bottom is covered by a plate of sheet iron cut to
shape and fixed by a dozen screws tapped into the casting.

A sheet of metal, 45 in. thick, and cut to fit inside of the bed-
plate, is required to form a cover for this tank., It rests on a
ledge of the casting, as shown by dotted lines in elevation and
plan of engine. Itis held down by screws, and has a man-
hole at the fly-wheel end to admit a supply of water. The
sheet metal will require to be slightly dished just under the
crank-pin, so as to allow the connecting-rod end to pass. The
tank part of bed can be cast best without a bottom and have
a plate screwed on, as shown, but it may be cast in one piece
with the bottom. The Fig. illustrating the elevation should
be examined, so as to get an idea of the shape of the casting.

‘The bed-plate, formed by making the top rim of the tank
sufficiently massive, can be proceeded with first when the
construction of this engine is undertaken. The seatings for
the lugs of the cylinder must be filed or planed out perfectly
" square on the bed, so that the cylinder will fit tightly into
them. The seatings for supports of the guide-bar are
each 1}in. long, the distance apart of the inner sides
being 2z in. The distance from the centre of guide-bars to
the centre of cylinder is 54y in. bare. The plummer-block
seating is 3}in. long, and from its centre to the centre of
cylinder is 10}4 in. full. The guide-bars are 315 in. long from
centre to centre of holes for studs, the width of bars being
5 in.; they are rounded at ends. The distance-pieces be-
tween the bars are tubular pieces of metal, they are fin.
diameter, and  in. long, the holes through them and through
the bars being 2, in. full diameter. The distance from centre
to centre of the two sets of guide-bars is 3in. It will be
much easier to file up the edges of the cast iron guide-bars if
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the holes are first drilled through the ends, the distance-pieces
then put in their places, and a couple of bolts put through to
hold them together, as the two bars, being half an inch apart,
will offer a better support to the file than the narrow edge of
one ‘would do. The rubbing faces of guide-bars are, of course,
filed up as true as possible before the block is ground in. The
supports for the guide-bars are 2 in. high, and rounded to the
same shape as the bar ends. The studs for holding down the
guide-bars are tapped into this support, which also has a #-in.
hole for holding it down by a bolt shown in the drawing. The
thin part of support, which forms its foot, is 4 in. thick, and
the same width as guide-bars, viz., f5in. The bars have the
edge of rib on top polished, the remainder being painted.
Each of the top bars has a 3-in. hole tapped in the centre of
boss, to receive an oil-cup, as shown on drawing.
The plummer-blocks, shown at Fig. 73, are iron, and have
) their bases filed up, so
as to fit tightly in their
places between the
lugs cast on the bed,
i g the edges of base being
/ left bright, all the rest
N of the blocks and also
the caps being painted,
| 1 excepting the tops of

—T circular bosses on
©O©)|

@ @) 1(’:j, which the nuts rest,
F1G. 73.—Plummer-Block,

which are bright. The
- ———— plummer-blocks are

13in. high from bed,
exclusive of cap, and are filed or planed out to a width of
§in. to take “brasses,” the bottom being rounded to fit the

bearings, 80 as to bring their centres 1 in. from bed. The

- - m




BORING AND TURNING CYLINDER, 75

bearings, which are of gun-metal, are bored out § in. diameter,
and turned % in. on outside ; the flanges at ends are 14 in. di-
ameter. The length of each bearing is }3in., and {in. between
flanges, where they fit in plummer-blocks. The outer edges
of flanges can either be rounded or chamfered. The bearings
can be bored and turned in the way described for the cylinder
without putting them on a mandrel, which might injure the
boring. They are then to be fitted in the plummer-blocks;
and, after making sure that the centre of the hole is just 1 in.
above the bed, the plummer-block cap is fitted on to its place
over the turned gun-metal bearing, the under-side of the cap
and top of plummer-block being left barely } in. apart. The
studs for holding down the plummer-block and also the cap
are £ in. diameter, and placed as shown in the plan’ view,
Fig. 73. _

A hole } in. diameter is drilled through centre of cap and top
of bush for oiling the bearing of crank-shaft ; this holeis 45 in.
diameter through the bush and bottom of cap, the top being
tapped with a £ in. thread for oil-cup, which is illustrated at
Fig. 74. A small pin is put through the bottom
bush into plummer-block td prevent bush-from
turning. ) ' '

We can next commence operations on the
cylinder, which is made of gun-metal in this
case, though cast-iron is as good, and proceed  FiG. 74.
in the following way: with a coarse file burrup ~ OCvP
one end of the cylinder, so as to get it square with the flanges,
fix it with ordinary soft solder on the face of a perfectly true
brass chuck. Turn the outer end of the cylinder true, the
flange being &5 in. thick, then reverse and resolder on the
chuck, the flanges being got to run as true as possible. By
soldering the cylinder on the chuck it is held much more firmly
than by the ordinary ways of chucking, and also it can be
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bored, and flanges and both lugs turned at one chucking, thus
getting all quite true with the bore, which is difficult to do if
the cylinder has to be chucked several times. The cylinder
is then bored out to 1} in. diameter. The bore must be per-
fectly parallel throughout, as upon this the satisfactory work-
ing of the engine greatly depends. The flanges are made
2% in. diameter, the length of cylinder over flanges is 213 in.
Both sides of the lugs for holding down the cylinder can be
turned at the same time. If the seats in the bed-plate are
made square with the bed, the axis of cylinder will be parallel
with the bed. The outsides of lugs are 2{gin. apart, the
width of each being {in., and the thickness f;in. The
centre of cylinder bore must be 1 in. from under side of lugs,
to correspond with centre of bearings in the plummer-blocks.

A few grooves should be turned in the face of each flange
to hold the red lead used for packing the joints.

We can now commence the crank-shaft, for which a wrought
iron forging will have to be obtained, about 3-in. larger in
every way than the finished size, which is as follows :—
Total length, -8} in, : diameter of shaft, 4 in.; diameter of
journals, §in.; distance apart, centre to centre, 3% in.;
length of each journal, }§in.; throw of crank, which is
measured from centre of crank-pin to centre of shaft, 1 in. ;
diameter of crank-pin, § in; length, § in. ; outside width of
crank, 1% in. ; the width of each throw thus being 3§ in,, and
its thickness is 13 in.; the crank is midway between the
journals, but it is § in. from the middle of the crank-shaft.
The crank is usually forged solid, and the crank-pin cut out
afterwards ; this is a much sounder job than if the crank-pin
and slot were worked out in the forging. The bent cranks, as
illustrated on page 78, are, however, even better.

Cranks may be made in several forms, as illustrated in the
engines shown at Figs, 12, 26, 45, &c. &c. The block crank,




VARIOUS FORMS OF CRANKS: i

made by welding a piece of bar iron on to a rod and then
cutting away the metal to form the throw, is most common,
This form is not good for strength, and recently large
cranks have been generally made by bending from the rod of
iron or steel. On page 78 are shown several cranks, as bent
by the Grantham Crank Company, and some of the model
makers supply small cranks made in a similar way. Powerful
hydraulic presses are used to bend the large cranks, and the
ends are forced inwards as the throws are formed. Thus the
continuity of the fibre and the uniformity of section at the
bends is not injured, and the work is done with less heats.

When the space between the bearings is limited, that part ot
the rod forming the crank throws, is made elliptical in section.
This adds strength where needed and decreases the space
necessary between the bearings. Fig. 76 shows the crank
made with the throws of elliptical section. Fig. 45 is an
ordinary-shaped crank, which has collars on the shaft to
make the shoulders of the bearings. By this method the
crank-shaft is not weakened by reducing in diameter to form
the bearings. Fig. 77 shows a three-throw crank, and Fig. 78
the end view of same. The three throws are equal, and this
crank is suited for such an engine as a triple cylinder, after the
style of the one illustrated at Fig. 7o.

All the cranks shown on page 78 are bent from the plain
rolled rod of steel or iron by special hydraulic machinery,
and by this process the fibre of the material is not fractured,
but continued round the throw of the crank, and the arms are
.found to be as strong as the shaft. In making an ordinary
block crank, the material is greatly deteriorated by the number
of heats required, and the fibre running across the web is
destroyed by cutting out the throw. The cost is much in

favour of a bent crank, as that of a finished block crank often
exceeds double that of a bent crank of equal strength A
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practice is becoming general now to 1ake vertical, horl-
zontal and other types of engines with outside bearings, so
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CENTRING A CRANK-SHAFT. ”

dispensing with the disc and substituting a bent crank. In
lJaunch engines, pumps, &c., the block crank is still largely
used ; for the reason, no doubt, that the distances between the
Dbearings are short. These cases are met in bent cranks by
making the arms of the throw of oval section.

For turning the crank-pin of an ordinary forged crank
always have a throw-piece on each end forged to correspond
to the throws of the crank. These arms are centred, and -
have small holes drilled in them corresponding to the centre
of crank-pin, and thus serve to carry the shaft between the
lathe centres while the pin is being turned, after which these
arms can be cut off and the ends of shaft turned. It is best to
turn the shaft and outsides of the crank webs first ; the in-
sides and the pin can be turned after. It is important that
the crank-pin should be quite parallel with the shaft, in order
that the connecting-rod does not bind when it is bolted up
tight.

To mark off the centres for turning the crank-pin, proceed as
follows :—Lay the shaft on a flat surface, with the crank-throw
horizontal, and scribe a line ‘level with'centre of the crank-pin
along each of the arms on end of shaft ; these lines will be
parallel with the surface on which the shaft lies; set off 1in.
with dividers, and place one leg in the shaft centres, and
scribe a line cutting across those previously made. If this
be carefully done at each end of the shaft, the point of inter-
section of each two lines will represent the true centre of the
crank-pin, and a small hole can be drilled in each point to
take the lathe centres, so as to turn the pin. It will be noticed
that the shaft and crank-pin are finished up to the crank-throws
with a circular curve ; the journals must also be finished in
the same way, as the shaft is much stronger and less likely to
break than if finished up square. The sides of the crank-
<;l_1rows can be turned ; the outer sides at the time the shaft is
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turned, the inner when the pin is turned. The edges of the
throw can be filed or planed, as most convenient.

The ends of the crank-shaft which project outside the
journals may be turned just a trifle taper, as the fly-wheel,
eccentric, and belt-drum can then be fitted with less trouble,
though it will be as well to also put a key in each. The key-
ways in the crank-shaft may be } in. wide and ¥ in. deep, and
extend from the ends to within }in. of the journals. To
make a perfect fit of the shaft in its bearings, it will be as well
to slightly grind it in. To do this, the bearings must be
firmly fixed in their places, and the shaft put in them with
a little silver sand, or what is better, powdered pumice-stone
and oil, the longest end of shaft being to the left side of bed-
plate, as shown by the illustrations. The top halves of the
brasses and the caps are put on, and the shaft turned round
pretty quickly, the caps being pressed down as the brasses
wear, until it is found on inspection that the shaft bears
equally all over the bearings, when both shaft and brasses
must be thoroughly cleaned from all grit.

The fly-wheel, which is of iron, is g in. diameter and 1 in,
wide on rim, and should weigh about g 1b., a lighter wheel
not being sufficient to carry the engine steadily over the
centres. Being too large to turn on a mandrel easily, it may
be clamped on a face-plate, and, after turning both sides and
the edge, the hole for the crank-shaft must be carefully bored
to §in. diameter, and very slightly tapering to fit tightly
on the shaft. A key-way must be made } in. wide and % in.
deep, to correspond to that in shaft, and for which a steel key
will be required with a head on large end. This should be
3in. thicker than rest of key, and }in. long. This head
is for the purpose of extracting the key from its place in
wheel. The belt-drum is 33 in. diameter, and 1in. broad on
face, and slightly rounded, as shown in illustrations, so as to
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prevent the belt slipping off. This wheel can be fixed on a
face-plate, or in a boxwood chuck, and bored out the same as
fly-wheel, after which it can be driven on a mandrel and the
rim turned. A key-way is also required the same as in the
fly-wheel. The mandrel on which the whee! is turnéd ought
to be very short, and the wheel fixed on it as near the back
centre as it can be, to prevent the chattering that is 1nev1table
on turning heavy things on long mandrels.

The smaller work belongmg to this engine will be dealt with
in the next chapter.



CHAPTER VIIIL
TANK ENGINE DETAILS.

\ in the last chapter, the smaller parts can now be.
proceéded with. A transverse section of the complete cylinder
is shown at Fig. 79. :

F1G. 79.—Transverse Section of Cylinder,

To turn the top cylinder cover, it will be best to ehuck it by
the stuffing-box, and turn the back, making the spigot project
barely 1 in., and fitting it very tightly into the cylinder. Two
or three grooves must also be turned on the face of the cover
to help hold the red lead with which the joint is made. A
5-in. hole is drilled right through centre of this cover, for the
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piston-rod. The cylinder bottom is turned in the same way,
and a {in. hole drilled through its centre. The bottom and
-the cover are then fixed on the cylinder, each by eight studs
$in. diameter, and the complete cylinder chucked between
centres in the lathe. The flanges of both covers can then be
turned the same size as those of the cylinder. This makes a
‘true joint, not always the case if each flange and cover were
turned separately. The covers are the same thickness as the
flanges of cylinder, and are slightly hollowed on their outer
faces, as shown on drawings, Figs. 80 and 81. The stuffing-
‘box on cover of the cylinder is 3 in. diameter, the flange being
I in. diameter and & in. thick. To take the gland, the
stuffing-box is bored out # in. full diameter, and to within
4 in. of the inside face, the bottom of the hole being cham-

FiG. 80,—Longitudinal Section of Cylinder.,

fered or rounded, to cause the packing to press against piston-
rod. "The glahd is % in. diameter, § in. long, the flange being
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the same diameter and thickness as that of the stuffing-box.
The hole through the gland for piston-rod is % in. full -
diameter, and is chamfered or rounded out at end for packing.
The glands of stuffing-boxes have studs 3 in. diameter.

The next thing is to true up the valve-face on the cylinder.
This must be quite square with the feet or lugs, and pro-
ject 4 in. beyond the flanges of the cylinder. The length of
valve-face is 2 in., and its width 14 in. All the ports in the
cylinder are 1} in. long, the steam ports are & in. broad, and
the exhaust port § in. broad, and the distance between the
neighbouring ports in. In making these steam ports, it will
be easiest to drill several holes close together, and to chip
away the intervening metal to make the ports to required
size. 'To make the steam passages in cylinder, several holes,
as large as the casting allows, are drilled up from the ends to
meet those in valve-face, The ends of cylinder are filed away
on the side next the bore to a depth of % in., and the same
width as steam port, thus leaving a good passage for steam
into cylinder when the covers are on. The spigots of the

FIG 81.—Section through Slide-valves,

cylinder-covers are also chipped away the same width as the
ports, and 4 in. from the edge, to prevent them blocking the
port when they are on the cylinder.

The slide-valve is fully illustrated at Fig. 81, It is {in,
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long across the face, and 14gin. broad on the outside. The
exhaust cavity is } in. long,  in, wide, and 2;in. deep. On
the back of the valve a projection is cast, through which the
valve-rod passes, and this is secured in its place by two coliars
and set screws. It is always desirable that the steam should
enter the cylinder as quickly as possible at the commencement
of the stroke, and the ports ought to be long, more particularly
when the engine is intended to run at a very high speed.
When this engine is required to run at 1,000 revolutions per
minute, which it can easily do when working, the cylinder has
to be filled with steam 2,000 times, and emptied as often, in
the course of one minute; the steam and exhaust ports
necessarily must be of ample capacity. Not only must they
be large enough, but properly designed, in order that the
valve opens a large enough area of the port at once to ensure
a quick supply of steam to keep the piston moving at the
required speed. The exhaust also should be sudden and
ample, otherwise there will be a considerable loss of power
from back pressure. How to set the slide-valve and the lap,
lead, and compression - are explained in the directions for
putting the engine together. .

Failing a planing machine, the easiest way of facing up the
slide-valve box is to solderit on a chuck and turn one face,
then reverse it and turn the other, at the same time making it
the right thickness, viz., $}in. The box must then be put on
its face on a surface-plate, and the centres of the stuffing-
boxes carefully marked with a scribing block, and a hole
5 in. diameter bored through each, care being taken to have
the two holes in a straight line. The cover, if filed flat, can
be temporarily soldered to the valve-box, so that its edges can
be turned at the same time as those of box. The ribs
and edges are got up bright with a file, the spaces betwecen
rips wil] b pajnted the same as thie ough parts of valve
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box. The box’can be put between centres in the lathe,
and the flanges of stuffing-boxes turned to $in. diameter, and
¢in. thick. The end flanges of the box can be turned at the
sanie time, the length of box over flanges being same as the
valve-face. The slide-valve box must again be put on the
surface-plate, so that the centre of the flange for throttle-valve
and the piece cast on under side of box can be both marked
from face and ends of box. The top and bottom flanges may
then be turned to size, the flange for throttle-valve being 3 in,
diameter, and #; in. thick. A smooth file passed over flanges
will lay a straight grain. This way of making the valve box
will be found much easier than filing it to shape, and also
makes a much better job, as the work should be left perfectly
square. ;

The recesses in stuffing-boxes for glands are 31 in. diameter,
and reach within fin. of the inside of the box. The glands
are {5 in. each long, and fit the recess ; the flanges being same
diameter and thickness as those of stuffing-boxes.  The
flanges. of glands and stuffing-boxes are then filed on two
opposite sides, so as to make them elliptical, ¥ in. across,
The holes through the glands for valverod are 3;in. diameter
to fit the valve, which is a piece of %-in. bright stcel wire.
The studs for nuts in valve-box and glands are {5 in. diameter,
and are placed as shown on drawings. The inside of box
must be filed out to % in. wide, so as to allow the valve to
work freely. The valve-rod having bearings at both ends of
box causes the valve to work much better, and also helps to
prevent leakage at the stuffing-box. The piston-rod does not
require to be carried through both covers, as the cross-head
and guides prevent any tilting action that would wear the hole
in the gland oval, and thus cause leakage.

For the piston rings it will be best to obtain two steel forg-
ings large enough to turn into rings 1} in. diameter and } in.
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square in section. They can be easily turned by soldering them
on a chuck and turning one side, then reversing and turning
the other side till each ring is in. thick. The two can then be
soldered together and on the chuck, and the insides bored out
to 1} in. diameter, the outsides being made about {15 in. too
large to go into the cylinder. The edges of rings must be
carefully polished to prevent them scratching the cylinder, and
a piece cut out of each, about % in. long, to allow them to be
sprung into the cylinder, all burr being removed from the
edges of cut. They are then ground into their place on
piston, to insure a steam-tight joint, the rings being left just
free enough to spring open, when the back disc of the piston-
head is screwed up tight. The cuts in the rings are placed
on opposite sides of piston, so that the steam which passes
one cut is stopped by the other ring.

The exhaust-port is carried through to under-side of cylinder,
where it is connected to exhaust-pipe by a short length of
$-in. copper tubing, with flanges on each end, and bent, as
shown in transverse section of cylinder, see Fig. 79. TQ
bend the tube, fill with lead, when it can be easily bent to
the required curve, after which the lead can be melted out.
The flange on end of pipe next to cylinder is elliptical, its
greatest diameter being § in., and its least § in., the greatest
diameter being parallel with cylinder. The pipe is fastened to
cylinder by two }-in. studs and nuts, which pass through wide -
part of flange. The flanges can be made separately, and either
brazed or silver-soldered on ends of tube, the one on cylinder
end being set back -2 in. from end of tube, so as to allow a
leather or rubber washer to be inserted between the flange and
the cylinder. The flange on outer end of tube is }2 in. in
diameter, and has four %-in. studs in it (see Fig. 79). Both
flanges are } in. thick. The steam pipe has also four -in
studs, as shown.
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The piston-rod is made from a piece of &-in. bright steel
wire 5 in. long. It must be centred perfectly true, and
the end for piston being screwed with a 1-in. thread, and
then turned tapering for a length of § in. The piston-head
has a taper hole through it, into which the tapered end of
piston-rod is forced as tightly as possible, and a }-in. nut
screwed on the small end of rod keeps the piston in its place.
The piston-rod is then put in the lathe, and the piston turned
till it will just go easily into the cylinder. The thickness of
piston-head is § in,, see Fig. 80. It is then turned for a dis-
tance of % in. from the side the nut is on, to a diameter of
1} in,, leaving a flange at the front, of the same diameter as
the cylinder, and +; in. thick. The back of the piston is then
- turned away to a depth of % in., excepting the boss in the
centre, for the piston-rod nut to press against, which is § in,
diameter. A disc is required the same diameter as the front
flange of piston, and i in. thick, with a l-in. hole through it.
This is put over boss on back of piston, and four 3-in. holes
are drilled through into piston, into which four studs are tightly
screwed, and on which nuts are put, to keep piston back in its
place. The holes in back must of course be large enough to
allow studs to slip through, so that it can be taken off when
the nuts are removed.

The exact length of the piston-rod can be best determined
when the guide-bars and cross-head, &c., are in their places.
It will not be necessary to polish the work until the engine is
finished, as it will get tarnished, and possiby scratched, in the
progressive stages of fitting together.

The dimensions

l:[,[—fl l ——I]:I of cross-head pin,
FIG. 82.—Pin for Cross-head. Fig. 82, are:—

Length over all, 3% in.; diameter, }} in.; length between
owtsides of collars, 2} in. ; thickness of collars, {5 in. ; length
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of parallel part for cross-head, }4in.; diameter of journals
that go in slide-block and of small tapered part, } in. The
small end of tapered part is finished up to collars with a ‘curve,
as shown. This pin is made of steel, and should be hardened
in the middle to prevent wear.

The cross-head for the piston-rod, shown at Fig. 83, is also of
steel, and the easiest, as
well as the best, way of
making it is to drill a
bole, 1 in., through it to
fit the small taper end of
piston-rod, and put it on
a steel mandrel—near the
end of the mandrel to
prevent springing—then
turn it to the following
dimensions and to the shape shown by the three views in Fig.
83: Diameter of collar on end next piston-rod, § in. ; dia-
meter of hollow, % in. full ; the length from square part of
cross-head to outside of collar being % in. In marking off
the hole in the cross-head for the pin, the truest way will be
to mark the centre of hole on one side of cross-head 1} in.
from the collar on end, and put between centres; advance a
sharp-pointed tool in slide-rest till the point just enters the
centre-punch mark previously made. Draw the tool away, turn
the cross-head half round, and again advance the tool ; then,
by working the cross-head slightly, another scratch will be
made.

A hole drilled through both of these marks is at rightangles
with the axis of piston-rod ; but it might be not exactly across
the diameter. Turn the cross-head round till the original
centre-punch mark is exactly opposite the point of tool in
sliderest; then, supposing the lathe has a divided pulley,

FIG. 83,—Cross-head.
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draw back the tool a little, and turn the mandrel exactly halfe
way round, and the cross-head with it, and press the tool.
_point tightly against the cross-head. It can then be worked
along by the slide-rest screw, thus making a scratch at right
angles to and across the one previously made, _

A hole drilled through the point of intersection of these
two scratches and through centre punch-mark on opposite
side, will be both at right angles to the axis of, and exactly
diametrically across the piston-rod. It is really only the work
of a few minutes to do the centreing, and when this is done it
allows of the sides of the cross-head being turned, which they
could not well be if the holes were out of truth. The hole
for cross-head pin is bored & in. diameter. The 3-in. man-
drel is then taken out, and replaced by one put in holes for
pin. The sides of cross-head can then be turned to shape
like drawing, Figs. 83, and to the following dimensions :—
Extreme width of cross-head, 44 in.; width of square part,
g in.; depth of square part, 4 in. ; and diameter of circular
bosses on each side of cross-head, § in. The ends of cross-
head are rounded, as shown. The width of opening in the
fork is $ in. for small end of connecting-rod, and depth Z in.
from centre of bosses. . )

The two slide-blocks are of gun-metal; one is shown
in detail, Fig. 84. Itis 1} in. long,
} in. thick, and & in. wide on the
working face, the flange on inner
__ side being g in. thick, and the same
in height. The hole for cross-head
pin is 1 in. diameter, and if the block
is chucked on a mandrel the sides

FiG. 84.—Slide Blocks.  51,q ends can be turned up true ; the
rubbing surfaces will have to be filed or planed. If the ends
of the block are left rounding as they are turned, they will
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ride over the oil on the guide-bars, and not tend to scrape it
up, as they would do if they were left quite square and
sharp.

Each slide-block should be made a tight fit between the
bars, and should be put between them with some powdered
pumicestone or fine silver sand and oil, and worked backwards
and forwards till it works freely, and still is a tight fit; after
which every particle of grit must be removed from the block
and guide-bars.

Having proceeded thus far, the exact length of the plston
rod can be determined. The hole in cross-head must be
broached out till the cross-head pin will nearly fit it ; then the
pin, Fig. 82, can be ground into its place, it being necessary
that it should fit in the cross-head tightly, otherwise the
engine will hammer when working. The_ hole in cross-head
for piston-rod will have to be broached out taper to a diameter
of 4 in. at the outer end, so that the piston-rod may be fitted
into it. :

Put the slide-blocks, Fig. 84, on the ends of pin, and
place them between the guide-bars, and push them towards
the cylinder till the centre of pin is exactly r1in. from
centre of guide-bar. The cylinder, without the bottom
on, can now be put in its place on the bed, and the
piston pushed back till it is exactly {7 in. from end of cylinder.
The position of end of cross-head can now be marked on
piston-rod ; this is then turned taper, so as to fit the hole in
cross-head tightly to that point. When the rod is fitted in
cross-head, it should not go to within g5 in. of its proper posi-
tion, this space being left for the key to pullup. The key, shown
in Fig. 83, is a piece of tapered steel §in. long, full % in. thick,
}in. wide at top, and 5 in. at bottom. The slots in cross-
head and in piston-rod for this key are each 5 in. wider than
key, but in opposite directions, when cross-head is in its place
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on rod ; the end of the slot in the rod on the end next to the
piston is Py in. nearer to piston than the corresponding end of
slots in cross-head: and ends of slots in cross-head on side
next the cross-head pin are fyin. nearer to the pin than slot
in piston-rod; consequently, whén the key is forced in its
place, it draws the tapering piston-rod and cross-head closely
together and wedges them tightly.

For the connecting-rod it is unnecessary to give a special
drawing, as similar connecting-rods have been illustrated at
Figs. 40 and 56, and the exact shape of this one is shown in
Figs. 71 and 72; an iron forging, large enough to work to
the following finished dimensions, will be required :—Length
from centre of hole for cross-head pin to big end (outside)
5% in.; diameter of boss, little end, £ in. full ; width, § in.
bare ; width of big end, { in. ; depth, 1 in. ; thickness, }in.;
width of rod, %in., parallel from end to end; depth, little
end, 1} in. ; big end, } in. full. If the rod is put between
centres, the flange for bolts at big end can be turned at top
and bottom, and back and front, the sides being turned when
it is bolted on the brasses. The hole in little end can either
be bored out the right size and the iron afterwards case-
hardened, or a small hardened steel bush can be made and
forced into the rod, the bush being about fyin. thick all
round, and of course forced very tightly so as to fix in the rod.
Great care must be taken that the hole is perfectly square with
the rod. The cross-head pin must be as tight a fit in the rod,
consistent with working properly. A small hole must be drilled
through top of boss on rod, for the purpose of lubricating the
pin. It will be advisable to have a small oil-cup fitted on,
with a cap to keep out the dirt.

The brasses for big end of rod are gun-metal castings, and
are to be finished to 1g;in. long, that is, parallel with con-
necting-rad; depth, 1 in,; width, {fin. ; width across bosy




CONNECTING-ROD AND ECCENTRICS, 03

in centre, §in. bare ; diameter of boss, $§in., and rounded
off as shown. In making the brasses, first file the two inner
faces square and smooth, then solder ther together ; they can
then be fixed on a chuck and the centre bored out for the
crank-pin to a diameter slightly less than § in., it being finished
to the size by grinding. The pair of brasses are now put on a
mandrel, and both the sides and bosses turned to the requisite
width and diameter. The two ends will now have to be
turned flat and paralle], care being taken to keep the division
line of brasses in the centre, both top and bottom. Par-
ticular care must be taken that the ends of the brasses which
pull against the connecting-rod are perfectly square with the,
axis of crank-pin, otherwise the big end will be twisted and
will bind on pin. The top and bottom edges will have to be
turned at the same time as the ends.

A piece of iron, }in. thick, is required to go on outside of
big end. The holes for the two bolts are 5 in. diameter, and
are 1 in. apart, centre to centre. The brasses will require
to be ground to the crank-pin ; this is done by placing the little
end on the cross-head, putting the pin through it and the
guide-blocks, and the big end with the brasses on the crank-
pin with some powdered pumicestone and oil; then by turning
the shaft round and tightening the nuts on big end a good fit
will be made of the bearing. A hole will have to be drilled in
the top of the big end to take an oil-cup with a y%-in. thread.
The position of cup is shown on drawing, Fig. 72, and a cup
of suitable design is shown at Fig. 74.

The eccentric will next engage our attention. Great care
must be paid to fitting the strap on the sheave ; otherwise they
will work with a deal of unnecessary friction. The following
is a good means to adopt in making eccentrics up to about
3 in, in diameter. The strap, which is of gun-metal, is first
soldered on & chuck and bored out to 1§ in. diameter,
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and the side is also turned; it can then be reversed on
‘the chuck, and the other side turned until the strap is
‘gin. thick,. The holes in the lugs for holding together
‘the two halves of strap are next made to clear the bolts, which
are f¢in. bare in diameter. These holes must be made before
the strap is cut, so as to insure their being opposite in both
lugs. The flat part of strap, for taking end of eccentric rod,
is 1fin. long, and g§in. from inner edge of strap. It is
fastened on by two J5-in. studs and nuts, as shown, the studs
‘being tightly screwed into eccentric strap, An oil-cup will be
required on strap, as shown. A drawing showing the inside of
these cups is given at Fig. 74. ' '
The eccentric sheave, which is of cast iron, car be soldered
on a ‘chuck,and turned on one side, then reversed and turned
on the other side, till it is 4 in. full in thickness. The edge is
now turned till the sheave is 2} in. in- diameter, and a groove
sunk in edge for the strap ; this groove is §in. bare in width,
and 1%in. full in diameter. The strap, which has been cut in
two, is now carefully ground into this groove, with a little fine
silver sand and oil, until it bears equally all over, but the
grinding must stop when the two halves of strap are within
o5 in. of together, so as to allow room for tightening up.
‘Having marked the centre of sheave, the chick must now be
warmed till the solder melts, and the sheave then pushed over
4in. to one side. The centre of hole is now marked, and a
‘§-in.’ drill put through, and the hole then bored out with a tool
in the slide-rest, to the exact size of that part of shaft on which
itistofit. = .
The best way to fix the sheave on the shaft will be by a
-pdinted steel screw passing diameterway through centre of
widest part of sheave. This screw, owing to the strain
from it passing through the centre of sheave, always keeps -
sheave perfectly square with shaft, while a key, especially in
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filed key-ways, almost always bears unequally, and thus
twists the eccentric- sheave, and causes the strap to bind in
the groove. A countersunk hole in shaft should be made for
the point of this screw, but it must not be drilled till the slide-
valve has been set. .

The eccentric rod, which also works the feed pump, is of
wrought iron, and of the following dimensions :—Length from
end to centre of pin for working valve gear, 6in.; rod at
large end, depth, £ in. ; at small end, o in. ; block for valve-
gear pin, depth, i in.; thickness, 4% in. ; rod parallel, thick-
ness, in.; end for eccentric strap, thickness, 5 in. full;
{ength, 18 in.; width, §in; block for valve-motion pin,
length, §in. ; diameter of pin, % in. ; length of werking part,
¥5in; diameter of hole for pin of pump plunger, & in.;
diameter of boss on end of rod, fin.; thickness, 1 in.
Fig. 72 shows the shape of this rod.

The valve levers and supports are clearly shown in the
details illustrated by Fig. 85, and are drawn double. The
eccentric-rod lever is 15 in. long from centre of rocking shaft
to centre of slot for sliding block ; length of slot, Zin.;
width, 5 in. full ; width of slotted end-of rod, 5 in. ; length,
f5in. ; thickness, 4% in. bare; widths of tapered part of rod,
large end, £ in. ; small end, % in. ; thickness, % in.; diameter
of cireular head of rod, 3} in.; length,  in. ; diameter of hole
for rocking shaft, 2 in. '

The small lever is similar to the large one, with the excep-
tion that it is slightly bent, as shown, this being to allow the
boss to clear the nut which holds down one of the guide-bar
supports. The rod can be made straight at first, and cranked
to the extent of fin. full, as shown, when finished. The
outer edge of the tapered part is flush at bottom with edge of
boss, as shown in Fig. 85. The boss is 3} in. diameter, and
#in. long; diameter of centre hole, y%in.; distance from
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centre to centre of slot, 33in. ; length of slot, 3} in. ; width,

f5in. ; full width of head, {in.; length, 4}in.; thickness,
P5in. ; thickness of tapered part,

@‘@_@ %in.; width of wide end, }in.;

@ g ‘:E}] small end, -ﬁ;in. full. The dis-

tance apart of the two levers, that

N is, between the bosses on rock-
E— Iﬂ“m ing shaft, is 2 in, the rocking
" Fic. s, shaft being % in. diameter, and

Lever for Slide-valve and Force the levers fixed to it by two small
Pump. keys, as shown.

The angular position which these two levers form can be best
determined in the process of erection. The small blocks that
slide in the slots in levers are the same thickness as ends
of levers, and are, for the large lever, 4% in. bare, long, and for
the small lever, 2in. long. Each block has a full 4%-in. hole
through it for the pins to work in. These blocks are shown
in Fig. 85, and must be a good working fit in the levers.
Both the levers and blocks are best made in forged steel, for
the sake of strength. The rocking shaft is a piece of bright
steel wire. The steel bolt for valve-rod cross-head is shown
in Fig. 86 ; it is 4% in. diameter, and is § in. long between nut
and head.

The valve-rod cross-head is shown large size in Fig. 86; it
is screwed with a {J-in. screw,
and a pin put through, as shown,
to prevent it turning. The di-
mensions of cross-head are :—
Length from centre of pin to
end next valve, 32 in.; dia-
meter of beading on end, § in.; Cross-heads for Valve-rod and for
diameter of circular part ot Throttle-valve coupling.
sides, $in. ; depth of cross-head, {yin.; width, fin.; width
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across circular bosses, § in. ; width of opening for rocking lever,
o5 in. full; depth, sufficient to allow lever to work freely.
Hole for pin is % in. diameter. The length of valve-rod is
4} in., in addition to the part in the cross-head.

The bracket marked Fig. 87 carries the valve-lever rocking-
shaft, -and is made of cast iron. O
‘The bracket is bolted to the bed
by two -in. studs and nuts, the ¢ .
studs being screwed firmly into the o110
bed. The bracket is 2in. long,
and % in. thick where the studs FIG. 87.
pass through, the curved rib in Bracket for Rocking Lever.
front being the same thickness. The depth is % in. from top of
bed to bottom of bracket, and the centre of the %-in. hole for
rocking shaft is 1§ in. from top of bed ; the diameter of top of
bracket is § in., and length, § in. bare ; the width of bearing
surface of bracket on top of bed is % in., measuring inwards
from edge of bed, the rest of the length of the top of bracket
thus projecting over the bed. The distance from. centre of
bracket to centre of cylinder is 2 in.

This completes the details of tank engine shown on
pages 72 and 73.




CHAPTER IX.
GOVERNORS AND PUMPS.

AR HESE adjuncts are necessary to a complete’ model,
l though often both are neglected. In this chapter the
governor of the engine shown on pages 72 and 73 and two
pumps for engines shown at Figs. 50 and 72 are illustrated.and
described.

The governor, or regulator, was for many years used by
millers to regulate the speed of their grindstones, and was
adapted by Watt for the purpose of working the throttle-valve
in the steam pipe. The motion of the governor is derived,
in the first instance, from the engine itself, by a cord or strap
running round the crank-shaft and communicating its motion
to the vertical governor spindle. Two weighted arms are
attached to the spindle, revolving with it ; they have joints, so
that the arms can be raised from or depressed towards the
spindle. The arms are connected by levers which move freely
on joints at their ends, and are connected 1o a ring, freeto move
up and down the spindle. When the engine is moving with
great velocity, its increased rate of motion will be communicated
to the governor spindle, and the weights or balls attached to
the arms will fly further from the spindle, moving the ring oh
the spindle ; this ring moves a bent lever, at the end of which
is the throttle-valve. ~'When the velocity of the engine is
excessive, the action of this lever contracts the opening
through throttle-valve, consequently less steam will pass
into the cylinder, and the velocity of the engine will be
decreaged. Should the engine be running too slow, the balls
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would fall, the throttle-valve be opened, more steam admitted,
and the engine would have its velocity increased. It is called
a pendulum governor, because the time of a revolution is
affected by the length of the axis of the cone formed during
the rotation, in a manner analogous to that in which the time
of swing of an

ordinary pendu-

Jum is affected

by the length of

the pendulum.

The governors

and throttle-

valve, &c., for

the tank engine

described in

two previous

chapters are

shown full sizeQ

on accompany-

ing illustrations,
Figs. 88 and 89,
the dimensions
can therefore be
easily obtained
by direct mea- |
. surement. The
governor is made
of the following
materials:—Cen-
tral spindle,steel;
large weight, small balls, bell.crank lever, and central
pillar, all wrought iron ; the base box and upper part, which
forms the bearing for the bell-crank lever, are cast iron. The

8o

F1Gs. 88 and 89,
Section, Elevation, and Details of Governor.
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lever bracket (L) can be turned on the column as shown;
this is for the purpose of getting the bell-crank in a line with
throttle-valve ; when once set it is prevented from turning by a
small set screw in the side pinching it against the pillar.

All pins for holding together are steel, and the mitre wheels
are gun-metal. The wheel on central spindle is fixed by means
of a pin, as shown ; and the one on driving spindle is puton a
square, with a screw in end to keep it on, as also shown,
The small driving pulley may be cast iron.

The governor is driven by a belt % in. wide, from an iron
pulley 1} in. diameter, and § in. wide, and with a }-in. groove
round it. This is on the crank-shaft between driving pulley
and eccentric, and is fixed with a key. .

The joints for connecting bell-crank of governor to throtlle-
valve are shown at Fig. 86, the rod connecting the two being
a piece of %-in. bright steel wire. Great care must be
exercised in making throttle-valve and stop-cock, to prevent
any leakage of steam, as it would greatly impair the action of
the throttle-valve in regulating the speed of the engine. An
external leak in the stop-cock would make everything very
unpleasant, besides spoiling the lagging of the cylinder.

The stop-cock and throttle-valve are made separately;
section and illustrations are shown at Figs. 9> and 91, so as to
simplify the construction, and also to get a sufficiently large
chamber for the throttle-valve. It will be seen that the plug
of the stop-cock does not go right through the shell, it being .
kept up steam-tight by a gland piece on outer end. The shell
of cock ought to be cast solid, the steam-ways being too
small to core easily.

The best way to make the steam-cock will be to bore a hole
the same size as small end of plug, nearly through, as shown,
Full 7 in. of metal should be left. The hole is then bored-
out with a taper broach to the size shown, the taper stopping
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fzin. from end of hole in order to allow plug to come
further through in tightening up. The steam-way in the
casting is to be bored next, and the ends next the plug are to
be widened lengthways of plug, as shown on detail, in order
to give a full passage to the steam. The broach is then put
into hole for plug to clear away all burr. The plug is to be
turned to the size shown, and. carefully ground into its place ;
but before it is quite finished the steam-way must be drilled
through it, and filed out to the length and width shown on
sectional drawings of cylinder (Fig. 79). The plug can now
be finally ground in till it is

within & in." of the end of -
hole, this" space being left
for future regrinding. The
projecting end of plug should
be parallel from end of shell
to its end, so as to offer no
impediment to its being
ground in further. The
grinding must be done very Saction

carefully, care being taken
not to press more on one
side than on another. Two

Whoo!

studs and nuts, gin. dia- - Sectien Elovation

meter, are required to hold F16s. g0 and o1.

the plug-gland on its place. Section, Elevation and details of Steam-
The hand wheel is fixed Tap and Throttle-valve.

with a nut on a square. - p

The throttle-valve chamber is larget than the bore of stop-
cock, so as to allow room for the valve without choking the
passage of the steam. The valve is an oval disc with a square
hole through it for the spindle. If it has projecting pieces
cast on purpose, it can be turned on the slantto the same
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_size as the chamber, and so would fit it perfectly steam-tight,
The pieces it is turned on can then be cut off. The lever on
end of spindle is to be in the position shown on elevation
(Fig. 72) when the valve is open. This lever is iron, and the
spindle—which is steel—is reduced near its end to a square
to take the valve, and then further reduced at end of square to
a round, so as to form an inner bearing inside valve-chamber,
as shown on section. The lever is fixed on end of spindle by
a small set screw. The spindle is made steam-tight in the
stuffing-box by having a cord formed of two or three strands
of lamp cotton twisted round it, and then forced tightly down
into stuffing-box by the gland. The construction of this part
is shown on sectional drawing of cylinder (Fig. 79). The
steam-pipe, stop-cock, and throttle-valve are bolted to each
other and to the cylinder by four 4 in. studs and nuts in each,
as shown. The throttle-valve and stop-cock are gun-metal,
and the steam pipe, which is 3}in. external diameter, is
copper, as are also the exhaust and pump pipes. - This com-
pletes the governor.

In large steam-engines the feed water, to replace that used
to make steam, is usually forced into the boiler by a feed pump,
worked by the engine or by an injector. The feed pipes are.
often fitted with a weighted valve, which allows the water to
pass to the cistern when the feed cock is closed. A donkey
pump is sometimes attached to the boiler, to feed it when the
engine is at rest. The feed water is generally heated before
it enters the boiler, by passing it through a multitubular water
heater, so placed that the gases from the furnace may pass by
and heat them.,

- The usual type of pump sold for use on models is shown:
at Fig. 92. -

Force-pumps for very small boilers are usually a mistake,
They deliver more water than the boiler can take, or they
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will not act atall. If wanted for the sake of appearance, it
would be much the best to put on a dummy pump. A pump
can often be made , '

of a 4wlorkable and U

useful size by gearing |
from the plunger of
the pump to the N
crank-snatt i such .
a way that tne stroke
of the pump repre-
sents a dozen revolu-
tionsof the fly-wheel;
or the pump may be
made so that it can
be disconnected as
a rule and set to
work .as occasion
may require.

Feed pumps are
generally single-
acting and are often
arranged with a trunk plunger, so that an eccentric-rod can
be directly connected with the plunger by means of a joint
without the use of a guide. With this arrangement, care
should be taken to make the stuffing-box, which guides the
plunger, at least equal in length to the stroke.

In ordinary practice the capacity or theoretical quantity a
feed pump will inject in a given time is at least equal to twice
the quantity evaporated by the boiler, or in marine engines
about four times. _

The efficiency of feed pumps is about from zo per cent. to
70 per cent. of their theoretical delivery, due to the area of
the plunger and speed of the strokes. This loss of efficiency

FI1G. 92,
Diagonal Force-Pump,
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is mainly caused by the fact that unless the pﬁmp plunger is
moved slowly the barrel is not filled at the end of a complete

FI1G. 93.

FIGS. 93, 94, 95 and g6.
Cross, Vertical and Horizontal Sections of Force-pump for Launch-Engine,

stroke. This is due to the inertia of water, which cannot
follow the vlunger when moving rapidly. As a general rule,

~

1
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the quicker the pump runs the smaller the eﬁicnency. The size
ot pump depends upon the quantity of water to be delivered,
and is best calculated from the particulars of the engiries to
be worked.

The length of stroke and the area of plunger govem the
work done by feed pumps.

The accompanying illustrations (Flgs 93, 94, 95 and 96) show
the construction of the feed pump shown in its place on the
launch-engine described in Chapter VI, The illustrations are
scale drawings, and for the most part explain themselves. As.
before mentioned the plunger has §-in. stroke, and is §in. in
diameter. The plunger is made of brass tube with one end
closed by a disc of brass fixed by hard solder. The joint by
which the plunger is attached to the eccentric-rod is screwed
into the centre of the disc, and a pin put diametrically through
the plunger forms an effectual fitting (see Fig. 96). The
connecting-rod is shown at Fig. 97.

The valves are made by spheres resting on seatings as
shown in the sectional view. The best method of making
these spheres is to bore a hole through a short piece of round
steel rod, so as to leave only about % in. thickness all round.
Then turn away the steel from the inside so as to get the
middle part of the IT :lz]
boring bigger than .-
the ends. File the
ends flat, then
harden and tem-
per. The bore
should be ground FI1G. o7.
out with a cylin- Connecting-rod for Force-Pump.
drical grinder so as to get the ends quite true, and the ends
should then be polished on a flat surface. This tool should
be made about two-thirds of the diameter of the ball on
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which' it is intended to act. It should be fitted in a handle,
and one end may be used for roughing, and the other for
finishing the spheres.

To produce true spheres turn a ball roughly to shape—gun-
metal is good material for the balls—and make a cup-shaped
wood-chuck to hold it very loosely. The tool applied to the
rough ball will soon remove all irregularities, and when it
ceases to cut, a perfect sphere will be produced in a few
minutes’ work. If too large for the purpose it must be reduced
by filing, and then trued again by the cutting tool.

These balls must not be allowed much play when working,
or the seatings will be damaged. The drawing shows the
methods of checking the rise of both balls in this pump.

The seatings should be very narrow, in fact, merely the edge
taken off the sharp arris. The ball may be used itself to very
slightly grind its own seat. Large balls are made hollow to
reduce the weight, and so prevent injury to the valve seatings,

This pump is provided with an air chamber, to equalise the
flow of water, and it forms a cushion to break the force of the
hammering caused by the water being injected. A back-
pressure valve is used in some cases to prevent the flow of
(1 water in one direction. One is illustrated by
4 Fig. 98. Its object is to relieve the pump of the
4 weight of all that water which has passed the
“ valve. .

In all fast-running hydraulics an air chamber

F1G. ¢8. should be attached to the delivery side of a
Bat;';;ﬁ':?fure pump (to equalise the pressure and flow), and
Force-Pump. if a very fastrunning pump, to the suction
side also. The suction pipe should be made as short as
possible. A feed escape-valve is sometimes attached to
the delivery side of a pump or to air chamber, if one is used.
This valve is weighted, so that in the event of the engine going
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too fast, and the pipe not getting cleared quick enough, the
slight increase of pressure opens the valve and allows the
water to escape. When a feed escape-valve is used, a feed
check-valve is made adjustable, and the quantity of water
entering the Dboiler can be regulated, or the supply stopped,
by screwing down the stop which regulates the lift of valve.
The pet-cock often fixed to a feed pump barrel is used to test
the action of the pump (to see whether it is drawing water),
and to draw off confined steam or air. Lift of valves in feed
pumps should be restricted and carefully adjusted, because
with great lift the valve acquires too much velocity, and there-
by increases the
pressure in barrel
each time the valve
closes, and in-
creases wear of
seatings. In large .
pumps it is often
better to use, in-
stead of a single
large valve, two
small valves. As
before noted, sphe-
rical valves are |
sometimes  made
hollow for light- *
ness. FIG. 99.

Fig. 99 shows a Section of Force-Pump.
sectional view of a force-pump, from which may be seen the
general principles on which these pumps act. The inlet and
outlet for water are shown.

The feed pump for the tank engine, already fully described,
is shown by complete scale drawings in Figs. 100, 103, 102 and
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103 ; it may be made in gun-metal. It is on the trunk principle,

this form throwing much less friction on the gland than that"

with a solid plunger with the eccentric-rod fixed to the outer end.
It is of extra large dimensions, in order to allow the engine to
be worked from a boiler of good size, besides which, it is very
unpleasant to be working an engine the pump of which is
barely able to keep up the supply of water ; and there is also
another reason, viz., that very small pumps often refuse to act.
A good model boiler is often spoiled through inability to keep
up the water level.

If it is desired, a return pipe and tap can be screwed into
pump between first and second delivery valves, as shown in
Figs. ‘This arrangement allows the pump to be always
pumping water, which, when not being sent into the boiler,
can be returned to tank ; and thus preventing valves gettinz
stuck on their seats, and ensuring the water going into boiler
immediately it is turned on. The amount of feed can also be
regulated by it better than by shutting off the tap on suction
pipe, as it this latter is done, the pump, owing to its not being
filled properly at each stroke, will hammer very much. The
barrel of the pump may be cored out in the casting, but it will
be better to have the clack-boxes cast solid and bore them out
afterwards. .

The plunger of this pump is made of a piece of §-in. triblet
brass tube 1 in. long, into one end of which a disc of brass,
# in. thick, is silver soldered. In the centre of this, a f-in.
hole is drilied and tapped. Into this is to be screwed a joint
for eccentric-rod of the shape and size figured on sectional
drawings, page 109. A lock nut will be required on end of
screw to prevent joint working loose. The pump will reqaire
three 3-in. studs to hold it to bed-plate : one in each foot on
sides of stuffing-box and one under clack-box, as shown.

The barrel of pump is bored out to §in. diameter to
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within % in. of bottom, the stuffing-box being afterwards en.
larged to §in. diameter and 5 in. deep, the gland being
§in. long, diameter, §in. bare, thickness ot flange, #in,,

PG 103

Fi1G. ---

F1GS. 100 to 103
Horizontal, Vertical and Cross Sections, and details of Force Pump for Tank Engine.

length, 1 in., width, §in., and of shape shown in Fig. 102
The outside diameter of pump barrel is § in., and that of
stuffing-box, #in, full, and length §in. Flange for fixing to
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bed, measures, from end to end, 1% in., and width }in. The
centre line of pump is to be 33 in. from face of bed, and the
face of flange consequently this distance from centre. Thick-
ness of flange, ¥ in., and flange under clack-box the same;

"length of flange being }in., and depth, fisin. The length of
pump barrel from commencement of curve in stuffing-box to
upper side of first clack-box is $}in. The diameter of both
clack-boxes is % in., the length of first one being £ in., and
the second one }} in., and the top raised fyin. above the first
one, the two being connected by a square piece § in. wide and
gin. deep. This piece is in one casting with pump, and
serves as a passage for the water.

The construction and dimensions of the valves and seatings
is so clearly shown on the scale drawings that it is not
necessary to give sizes here, so a few hints as to how to set
about making it will be given.

The box next barrel is first carefully centred at top and
bottom, and a full $5-in. hole is to be drilled right through.
A large hole of the diameter and depth figured on drawing is
then drilled into each end, thus leaving a flat disc in about
centre of box. These holes will require to be tapped with a fine
thread to size given. On this disc the first delivery-valve is
seated. The f-in. hole in central disc will require to be very
carefully smoothed on the upper edge to form a seating for
valve. The two caps on top of clack-boxes are as shown, with
central pieces projecting inside to regulate lift of valves.

The exact length of these pieces can be determined when
valves are in, and should be such as to allow valves to lift not
more than f#zin. bare. The suction-valve is prevented from
rising too much by a piece of #5-in. brass wire passed through
two holes in top of valve-seating piece before it is screwed
into clack-box. Construction is shown in details.

The passage from first to second delivery-valves can be
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made by drilling two holes fully 4 in. diameter through the
piece joining the two clack-boxes. They can be drilled from
near the top of the first clack-box slightly slanting downwards
to the bottom of second box, that is, within % in. of the bottom.
The second box is then to be centred top and bottom, and a
Y5-in. hole drilled right through, if it is desired to put a return
pipe to pump ; if not, to within § in. of bottom. This hole must
have full communication with the two holes from first box.
The top of box is bored out and tapped same as previously
described, and a cap fitted to it. The valveseat is also
treated the same.

To connect the delivery-pipe union there is a §-in. piece
cast on the second clack-box close to the top, as shown ; this
piece has a §in. thread on it to take the union, and has a
5in. hole through it into box. The thread for suction-pipe
union is {-in. diameter.

The bore of suction-pipe of pump is % in., and delivery-pipe
Pyin.  Pipes have collars on end to keep unions on. The
connection of pump suction-pipe with tank is made with a
union and screw piece, same as to pump, but, of course, with-
out avalve in it. The tap is shown on elevation of tank
engine, page 73.

The return tap of pump may be connected to tank by an
indiarubber tube stretched over tap, and the tube should
be wrapped with wire to secure it to the tap.

Valves are the most likely parts. of these pumps to give
trouble. The mitre seating cone valves, as shown at
Fig. 99, are often considered easier to make than the
ball valves illustrated in connection with the pumps for
the Launch Engine and Tank Engine previously described.
It is not difficult to substitute the one for the other,
but balls are the better form, and the method of making
these, described on page 106, is really not difficult.



CHAPTER X.
ERECTING A MODEL,

FOR HEN all the parts of an engine are made, we can
ABl proceed to the pleasantest part of the work, that is,
erecting—the technical term for putting together. If the
preceding chapters have been read carefully, there will be
very little trouble in putting together the Tank Engine de-
scribed in Chapters VII. and VIII., as the dimensions and
drawings were taken from an engine already constructed and
working most satisfactorily. All the bright parts must first be
polished. The zinc plate is first fitted to the bed, and then
the cylinder can be dealt with. The front cover must have a
thin layer of red lead spread over the part that fits against
cylinder ; after which it is bolted to cylinder as firmly as
possible, all the lead that squeezes out from between the joint
being wiped off, as also any that may chance to have got into
the cylinder. The piston and rod—minus the rings and back
— are then put in, and the rings sprung into the cylinder, the
cuts being at opposite sides. The piston is then pushed up
into the rings, and the disc put on and bolted down to it,
leaving the rings just free to expand. The back cover of
cylinder is then treated with red lead, the same as the front
one ; but after being forced down as tightly as possible it is
taken off again to see that no red lead has got into the cy-
linder, after which it can be bolted down permanently. The
gland on cylinder cover is now to be packed, by wrapping a
cord of about eight strands of lamp cotton several times
round piston-rod and gradually forcing it into the stufting-
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box; and after oiling it, the gland should be tightly bolted
down, care being taken that it bears equally on the piston-rod
all round. The cross-head is now put on the piston-rod and
fixed by the cross key. If all the flange joints are faced up
absolutely true, all that will be necessary to make them steam-
tight will be to rub them with a little boiled oil before putting
together. This, of course, is the best joint, but where it
cannot be made, a thin layer of red lead, or disc of brown
paper soaked in oil will do. It must not be forgotten to
make a hole through the paper to let the steam pass where
necessary.

The valve-chest is now to be bolted to the cylinder, the
flanges being packed with red lead, and then the cylinder -
can be bolted to the bed-plate. Two holes will be required in
the zinc cover of the tank for the ends of the blow-off cocks
«~which are already fixed in their places—to project through.

The blow-off cocks are of the shape shown in Figs. 79 and
80, which illustrate sections of the cylinder. It will be seen
that one handle opens both cocks at the same time, the plugs
of both cocks being connected. The plug of cock in front of
cylinder has arod left on it, as shown, which has a square
socket made in the end of it, into which the squared end of
the second plug fits. 1In screwing the taps into the cylinder,
the one next to the front has to be put in first, after which
screw in the shell of the second one ; then put in the plug,
first placing the nut and washer in their place on the rod
between shell and socket. The nut can be screwed up as the
plug comes through shell, while, at the same time, the square
on end of plug will slide into the socket. When the cocks
are full open, the handle that works them will have to be at
an angle of 45° from the vertical, so as to allow of the neces-
sary motion for shutting of. The cylinder lubricator is
shown both in Figs. 79 and 8o, The lagging for cylinder

4
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is best prepared now that it is not liable to get damaged in
putting together.

_ The cylinder is held down by two -%-in. studs and nuts on
the outside; but the two studs under valve-chest, instead of
baving nuts on them, are } in. diameter, and have washers
and taper pins through them, these being easier to fix than
nuts would be in this position, though they are just as effec~
tive. Great care must be taken to get cylinder exactly in
* line with the bed, though it would be difficult to do other-
wise if the previous instructions have been followed. The
exhaust-pipe connecting elbow will have to be fixed to cy-
linder before it is bolted down, the joint being made with red
lead or brown paper and oil. The. lower guide bars and
" supports are now to be fixed down, and then the small end.
of connecting-rod and the cross-head, with the cross-head pin
through them, are put in their place between the guide blocks,.
and then the distance pieces and top guide bars are bolted
down. The plummer-blocks being bolted down, the crank-
shaft in its place, and the caps on, the big end of connecting-
rod can be fixed on the crank-pin. The fly wheel may now
be fixed, when it can be seen whether the piston, guide
blocks, &c., work properly.

At this stage of the work it is necessary to know something
of the action of
the slide-valve,
illustrated  at
Figs. 104, 105
and 106. The

FIG. 104. following points
Steam-ways in Cylinder, should be re.
membered :—
. Lead is the amount of opening which a valve has when the
engine is on the centre.
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A slide-valve is said to have no lap when the valve will just
span the exhaust port and bridges, and the faces just equal
the ports in .
‘width ;  when
the valve does
not bridge the
ports it has ne-
gative lap (see
Fig. 103).

When a slide- S
valve has neither lap nor lead the eccentric is set at an angle
of go° with the crank on the side toward which the engine is
torun, Moving the eccentric forward makes. the action of the
valve earlier with reference to the crank at all its points.

Moving the eccentric backward makes the action of the
valve later with reference to the crank at all its points.

When the face of the valve exceeds the ports in width, the
,amount which it projects over the edges of the port when in
its central position is termed lap. The projection of the
outside edge over the port—that is, the edge at which the
opening for admission takes place—is called the outside Qr
' steam lap ; the

projection on

the inside or
exhaust side of
55 the face is call-
ed the inside or
exhaustlap (see
Fig 106).
" When outside lap is added the eccentric must be set
_enough further ahead of the crank to take up the lap, so that
the valve may be all ready to open when the engine is upon
‘the centre. Usually a little lead is also given in order that

FI1G. 108.
Negative lap in Cylinder.

FI1G, 106.
Exhaust lap in Cylinder.
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the steam may get in and the port be opening as the -piston
advances. The effect of outside lap is to close the valve
earlier and allow the steam to expand. The effect of inside
lap is to close the exhaust earlier and introduce compression.

Having a clear idea of the working of the valve, we may
proceed to set the eccentric. This is a work requiring great
care, s0 most minute instructions are given how to doit. The
slide-valve rod is first to be put in its place in the valve-box.
The slide-valve being in the box, with a collar at each end,
the rod passes through thera. The bracket for valve levers,
with the levers in their place, is next bolted down, and the
small lever connected to the valverod cross-head. The
eccentric and strap is next put on the crank-shaft and fixed
there—the position does not matter at first—and the eccentric
rod is connected to the long valve lever, the eccentric-rod be-
ing next the bed-plate, and parallel to it. The crank-shaft is
‘now turned round till the wide side of eccentric is next the
cylinder, and then the slide-valve is fixed on its rod in such a
position that the back port is open }in. Now turn the shaft
half round till the wide side of eccentric is furthest from
cylinder, and note if the front port is also cpen 3in. If both
ports open exactly the same amount, the valve is in its right
place on rod ; if they do not open the same, the valve must
be moved a little towards the one most open until they both
open the same. The slide-valve is then securely fixed on its
rod, after which the eccentric can be fixed in its proper position.

This is done as follows : Turn the crank on its near centre,
the piston-rod will be thus into the cylinder as far as possible,
- .then place the eccentric with its widest side down, then keep
‘turning this side round #wards the cylinder until a strip of
writing paper can just be inserted between the valve and th:e
back port. Now fix the eccentric tightly on the shaft by the set
screw, then turn the shaft round till the crank is on the other
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centre, that is, the piston-rod fully out, and note if the
strip of paper can just be inserted into the front port. When
50, the eccentric is in its proper position, and after working
the pointed set screw about a little so as to make a decided
mark in the shaft, a small hole should be drilled for the point
of screw to go in, and so prevent eccentric shifting. This
amount of opening of port before the commencement of the
stroke is called the lead, and is for the purpose of checking
the momentum of the moving parts, and thus preparing for the
return stroke. It is absolutely essential to the silent and good
working of all engines, but more partlcu!arly of those that run
at a high speed.

If the setting of the valve on its rod is carefully done, the
lead will be the same at both ends of the stroke. The collars
for holding the valve in its place are provided with set screws,
as shown on Fig. 8r. :

The feed-pump is bolted on béd in the position shown on
drawing, the plunger being within % in. of bottom of barrel,
when fully in. The axis of pump is parallel with that of
eccentric-rod when in either extremity of its throw. The
suction and delivery pipes are connected after pump is fixed.
To connect eccentric-rod to pump plunger, it will have to be
unbolted from eccentric strap and valve gear and the plunger
taken out of pump. The small joint can then be connected to
rod and screwed into plunger, the lock nut fixed, and the parts
connected up again. The governor pedestal is bolted to bed-
plate with four studs and nuts, as shown in Figs. 88 and 89.

The stop-cock and throttle-valve may next be fixed up to
cylinder valve-box, the joint being made as described ; and con-
nection made between the governors and throttle-valve by the
piece of -in. steel wire and adjustable screwed joints. The
pump and valve-box glands now require to be packed the same
as described for cylinder glands. It will be as well to make the
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joint of valve:box ¢over with brown paper, as the cover may
require to be taken off, and a red lead joint has to be re-made
each time it is broken, while a brown paper one does not.
The throttle-valve connecting-rod to governors will require to
be cranked out a little to meet the crank on valve-spindle (see
plan of engine on page 72). The exact length of this rod
¢an only be-determined when the engine is under steam. It
can be lengthened or shortened by unscrewing or screwing up
one of the joints according to the speed at which it is desired
the engine should run. Lengthening the rod will cause the
engine to run quicker, that is, within certain limits. The
driving pulley, and that for the governor, are next to be put
on, and the lubricators screwed in (these latter are shown in,
position on Figs. 71 and 72). Thelast thing to be done before
painting is to lag the cylinder. The lagging may be made of
mahogany or_rosewood, .cut into strips }in. wide and % in.
" thick. These are got up to as smooth a surface as possible
and oéed : French polish will not do, as the heat causes it to
blister. The engine is now ready for painting—the colour
may be according to choice. The parts to be painted are the
fly-wheel and driving-pulley spokes, all the bed-plate, with the
exception of the tops of the lugs, the body of the pump,
recesses in valve-box cover, body of valve-box, guide bars,
governor stand, plummer-blocks, etc.; in fact, everything,
except those parts which have been got up bright with the
file or have been turned.

Before painting, the castings should be trimmed up smooth
and well-cleaned by brushing; a coat of lead colour should
then be applied. When this is thoroughly dry it should be
smoothed with glass-paper, and again painted. These pro-
cesses may be repeated again before the final coat of colour
is applied.

A boiler that would best suit this engine should work safely
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at 50lbs or 6olbs. pressure, and is beyond the power of most
amateurs to make. It ought to be vertical, from zoin. to
241n. high and g in. to 1zin. in diameter, and about 24 tubes
4 in. diameter through. A boiler this size will make enough
steam for all purposes, but if it is only desired to work the
engine as a model, a very much less one will do, say ahout
6 in. diameter by 12 in. high, to burn charcoal as fuel

T



CHAPTER XIL
MODEL BOILERS.

WY FEW words on model boilers and their construction
M will now be advisable. They have been mentioned
several times incidentally in the preceding chapters, but, with
the exception of the small tin boiler for the oscillating engine
described in Chapter III., particulars of their construction
have been omitted. It is not an easy task making a steam
boiler, and in most cases it will be found cheapest in the end
to purchase ready magde.

The materials most generally used are brass and copper ;
sometimes iron, or, what amounts to the same thing, tin-plate,
is employed, Brass or copper, from the ea3e with which they
can be manipulated, are the best for a beginner to work on.

Brass can be bought in the form of tube of sufficient size
for small models, and strong enough to stand the steam
pressure. The edges of the bought tube are brazed together,
and thus the joint is made nearly as strong as the other part.
The tube is afterwards drawn, and except from a slight dis-
colouration, the joint is not noticeable.

Brass tube, from two inches to six inches in diameter, cut
in lengths suited for boilers, i8 sold by most of the model
engineers. The price of the tube ranges from about 2s. per
foot for the small to about 10s. per foot for the large size ; the
short length necessary for a boiler being charged at about the
same proportion. This is merely for the tubular body part of
the boiler, and it may be placed vertically or horizontally as
required,
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The ends or flanges which have to be fitted on are extra
pieces. Sometimes a plain disc of metal is fixed by soldering
with pewter, but this plan should be strenuously avoided.
The ends should atleast be brazed on. It is best also to use
discs with a rim round them to fit outside the boiler shell.
-This gives a much stronger hold than is possible with a plain
disc of sheet metal,

Castings used for the boiler ends must be quite free from
any flaws, as the weak part will be apt to give way under the
steam pressure. It is often advisable to use castings, which
may be made of a shape exactly suited to certain requirements.
An inverted cup-shaped casting for the lower end of a vertical
boiler gives a good heating surface. A flue for the chimney
must be putin it, and this goes up to the top end of the
boiler, which may approvriately be dome-shaped.

" FI16. 107. : FIG. 108.
Vertical Boiler, . Vertical Boiler,

Two vertical boilers of the ordinary type sold at the shops
are shown at Figs. o7 and 148,
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The flue and both ends of the boiler should be brazed in
their places, not soft-soldered. Some prefer to use silver
solder for such purposes, and this is an excellent material.
When the joints are made to fit properly, as they should do
before soldering, only very little solder is required to unite the
parts. Borax is used as the flux, both for the alloy employed
in brazing and for silver solder. The heat required to flow

-these properly may be got from an ordinary gas jet, with the
burner or nipple removed, using a common blowpipe to urge
the flame.

A horizontal boiler is frequently only a plain tube,
with ends soldered in, and supported on legs to raise it
sufficiently to allow a lamp to be put underneath. The heat
‘applied in this manner does not take effect as it should. The
flame is deflected from the surface of the boiler, and, more-
over, any breath of wind stirring will blow the flame aside. A
plain saddle-shaped boiler is much better; in this form the
heating surface is large, and the heat from the furnace is
applied to it direct, and cannot well-be deflected.

Flues or tubes are very desirable in any form of boiler, and
one or the other should be used. The plain straight chimney
put through the boiler is the most simple form of flue. If this is
of spiral form, like a corkscrew, the effect is infinitely increased,
because the heat, instead of ascending straight up through the
vertical tube, is met at every turn with a fresh surface of metal.
In winding its way through a spiral flue, the heat is absorbed
in a way quite unattainable when a straight tube is used.
Several small flues are of course better than one large one of
the same area. By increasing the number of flues the cost of
making a boiler is also increased, and it is to save expense
that large flues are used.

Boilers for locomotives, which are required to make steam
very fast, have an immense number of flues running through
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them. The space between the flues, which is occupied by
the water, is often very small, and in fact the flues are put as
‘closely together as possible. As the heat rushes through
‘them it is absorbed by the water in contact with the flues, and
turns it into steam. ~ The greater the heating surfa':e the more
rea.dlly is the stéam generated.

A boiler suited to the engme shown at Fig. 3, on page 12
is described below by a coppersmith.
Fig. 109 shows boiler quartersize. It will be seen that
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F1G. 1009,
Horizontal Boiler.

only one large flue passes from fire-box to smoke-box, instead
of a number of small -ones. It has been found that for small
models, intended to burn charcoal, one large flue gives good
results and is much easier to make than one having a number
of smaller flues.

The first thing will be to get some sheet copper; those who
do not possess the skill to do it themselves may have the boiler
brazed together. Others who have not the conveniences for
brazing may prefer riveting, but it will be found to take very
much longer time. In either case it requires care: in brazing
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to avoid burning the copper, and on the other hand to keep
from bruising the boiler in the process of riveting. ‘
To make that part of boiler that contains fire-box, cut two

pieces of the copper 6} in. by 43 in.; this will leave % in. to

flange over for riveting. The other plates must be cut as Fig.
110. The oval hole is the fire-hole. The round hole is
where the body of boiler fits on. To flange both plates, we
require some tinplate workers’ tools, but in the absence of these
we must get a piece of round iron, 2-in. diam., and square up
one end; fix this in vice after having carefully marked the
plate all round % in. from edge, lay it on the iron, and, with a
hammer, bring the edge over square. It will be better to cut
out fire-hole, &c., after the edge is turned over. Now we want
another piece 4 in. wide to rivet ends to, and to get the
length measure round the edge of one of the plates with a
piece of string. This plate must be bent in shape of a U,
Fig. 110, and riveted to the two plates. To do this we

[BIRIEE

F1G. 110,
Fire-Box and Ends of Boiler.

shall want a riveting stake made round at the end, and some
copper rivets g thick ; they can be made from copper wire,
or purchased at the ironmonger’s. '

It will be best to drill the holes for rivets. Put one at the
top and one on each side, near bottom corner; space the
holes with a pair of compasses—they may be § in. apart ; rivet
with a small hammer, and, for appearance sake, finish with a

snap. ‘This tool is made by drilling a conical hole in the end

of a piece of steel. To use it, give the rivets a few blows
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with a hammer, then place on the punch, and strike the end
with the hammer until you have a nice conical rivet head.
The body of boiler is 7 in. long, and flanged at both ends.
The copper must be cut off 7} in. by 11 in., and bent round,
the seam either brazed or riveted, and the flanges at the ends
brought out. One end is riveted to the fire-box part, the
other carries the tube-plate at smoke-box end. In riveting
these parts together, the holes may be counter-sunk on the
outside, and the punch or snap dispensed with, as the lagging
will cover these rivets. The tube-plate at the end of boiler
must be thicker than the rest, and the hole for tube bored
out, so that the tube can be nicely driven in. This plate is
also flanged to take the smoke-box, which is 2 in. wide by
4}in ; one end is flanged inwards to form a ledge for fire
door. The chimney bottom may be made either from sheet
copper or cast brass. The fire-box must be made in the same
manner as the boiler, and riveted ; one side that the tube fits
in must have }in. space left all round for water. A ring is
put round the fire-hole, and riveted through. The same with
the bottom, only this will want to be square, and made to fit
well between boiler and fire-box. The whole is riveted all
round. Before putting in the fire-box the hole for tube must
be made. It should be screwed with a fine thread, and tube
made to fit before putting it together. When all is riveted
the joints may be smelted with soft solder, which will make it
steam tight.

The sheet copper used for this boiler should be 22 and 16
gauge on the Birmingham plate.

Tubes are often put across the fire-grate; they are then
called cross tubes. Two, placed one above the other and
crossing each other, will give a large amount of heating
surfice. By adding this simple contrivance to a vertical
boiler with a straight flue it may be made to give off much
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more steam. One or two cross tubes generally suffice to con..

vert a useless boiler—that is, onie that will not generate enough
steam—into an effective one.
The fuel used to heat very small boilers is generally spirits

of wine. -This is put in a suitable receptacle, and burnt.

through a cotton wick. Several wicks are used in large
boilers, and they are placed to heat the largest surface avail-
able. Spirit-laraps are a source of danger if proper precautions

are not taken. Unless there is a free outlet for the air within.
the lamp, it will be expanded by the heat, and cause the.
spirit to rise too quickly in the wick. Sometimes it will over-.
flow, and then it burns wherever it may be. Care must,

therefore be exercised in using spirit fuel. In model boats it
occasionally happens that the spirit overflows, and the boat is
all ablaze. An iron tea-tray, or some such utensil, should be

used to stand the boiler on when the furnace is to be lighted..

Charcoal is a better fuel when there is sufficient space in
the fire-box to contain a supply. The waste steam from the
cylinder must always be conveyed to the chimney, and escape

up it to make a draft through the fire. Without this it cannot.

be made to burn sufficiently fierce for the purpose. A
charcoal fire will act very well with a little attention, and
except for the smallest engines it is always preferable to
methylated spirit.

As it is not possible to give any adequate mstructlons on.
bonler—makmg in the limited space at my disposal, the above
hints are chiefly intended for the guidance of purchasers.

A safety-valve should always be fitted to a steam boiler..

One of the spring valves has been illustrated in the chapter

treating of the small oscillating engine. The lever safety-,
valve is more certain in its action, especially in model work,.

and is better adapted for stationary purposes. A weighted

lever is of no use to a locomotive or marine. boiler, as the
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motion of travelling would disarrange the gear. The safety-
valve of every engine should be tested frequently, to make
sure that it does not stick in its place and that all works
perfectly free.

A glass gauge, by which the height of water may be seen at,
a glance, is frequently attached to boilers having any pre-
tension to high-class workmanship, There is a good deal of
work in a properly made gauge, and the cost is corre-
spondingly high. Two or three stop-cocks are required in a
gauge, and these involve good workmanship, or they will not-
stand the pressure. Leaky taps are a sign of inferior work.

Gauge-cocks are sometimes used instead of the water-gauge.
just mentioned. These are plain taps with straight noses.
Two are wanted on a boiler ; they are screwed in, one at high
water and the other at low water level. By turning on these
taps it is easy to see whether the water is within these limits,
but the precise height cannot be ascertained. The gauge-glass
is therefore much preferable.

Whistles are fitted to boilers only as ornaments. They are
quite useless ; as signals, except such as can be given by word
of mouth, are not required in working model engines. These
attachments are made to sound by allowing the steam to act
as the breath does in common whistles.

A chapter is devoted to force-pumps, used to force water
into the boiler to make up for that converted into steam, and
conveyed through the cylinder. These pumps are actuated
by an eccentric on the crank-shaft, and at every revolution of
the crank, throw a small quantity of water into the boiler.
When we consider how much water is evaporated to make the
quantity of steam used for each revolution of the cylinder, we
may arrive at an idea of the work required of a force pump.
Practically the water to be injected at each stroke is too small
to be dealt with, unless a large cylinder has to be supplied.



128 THE MODEL ENGINEER'S HANDYBOOKX.

The only way to work a force-pump for a model satisfactorily
is by gearing, so that a stroke of the plunger is performed
about once to each hundred revolutions of the crank.

A better plan for feeding small boilers is by hand. The
force pump is attached to the boiler in the usual way, but hot
connected to the engine. The plunger is worked by a hand-
lever, and when it is seen that water is wanted in the boiler,
a few strokes of the lever will suffice.

Governors ate used to control the speed of the engine.
Without any such contrivance the engine runs at a speed cot-
responding to the wotk it has to do. The heavier the load
the slower the speed, and immediately that the load is
decreased the speed increases. A governor consists of a pair
of balls, which are attached to arms pivoted to an axis revolved
by the engine. The faster the speed the greater is the centri-
fugal force of the balls, and by connecting these with a valve,
called a throttle-valve, in the steam-pipe, the supply of steam
is reduced as the speed increases. By this means a uniform
rate of speed is attained, irrespective of the steam pressure or
the duty demanded of the engine,




CHAPTER XII.
MISCELLANEOUS ITEMS

.. I_:i this chapter we have space for some brief notes on
B8 those processes incidental to the work already de-
scribed, which have been mentioned but not explained in
previous chapters.

Drills and Drilling.—Small drills, those under in. diameter
are generally made by filing the round steel wire slightly taper-
ing and then spreading the small end with a single blow from a
tolerably heavy hammer. Using a light hammer, and spread-
ing by a series of gentle taps, will effectually spoil the steel.
There is no occasion to anneal the steel for hammering, pro-
viding it is moderately soft. For all drills up to one-eighth of
an inch diameter, the steel should not be forged, as the bulk
of the metal is too small to heat any predetermined temper-
ature with any degree of certainty. Very small drills can be
made from good sewing-needles, which are of convenient form
to be readily converted into a drill.  Firstly, the needle must
be made sufficiently soft for working by heating till it as
sumes a deep blue colour. The extreme end may he made
quite soft, and filed slightly tapering to a trifle less than the size.
of the hole to be drilled. The point is now spread out by a
sharp blow of a hammer—not by a series of gentle taps, which
would cause the metal to crack—and filed up to-shape. The
thickness of the drill across the flattened part should be about

a third the diametrical measurement. Finish up the end on a
strip of Arkansas stone a file being too coarse for such small
work. K
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Drills should have their cutting ends shaped so that the
cutting edges form an angle of from 9go® to 120°. The blade
of a drill about 4in. diameter should be about one-fifth of its
diameter at that part where it is widest, and the point should
be thinner down to about one-eighth. The thinner the point
the easier will the drill enter. '

It is the great difficulty of getting such a very s:nall piece of
steel to an exact predetermined degree of temperature—hot
enough to harden, but not so hot that it is burned—which
makes the manufacture of these small tools uncertain; and.
this is abundantly proved by the fact that of half-a-dozen
drills made from the same wire, thereby assuring uniformity of

quality in the material, it often happens that some are exceed-
ingly good and others of no use whatever, the difference being

caused by the manipulation during hardening. This does not
apply to drills or other steel things which are of sufficient size
to show, by the colour of their surface, how hot they are ; but
it is the tiny pieces that are difficult to manage, which, by the
contact with the flame, are immediately rendered white hot.
By heating the drill and piunging it into the body of a
lallow candle, the hardening will be effected, but the steel wilt
not be rendered so hard that it crumbles away under pressure
in use. Thus, in one operation, the drill will be hardened and
tempered. Instead of tallow, white wax, sealing wax, and
such like materials, are adapted to the purpose. There is
another method which finds favour with some: it is to envelop
the thin point of the drill in a metal casing, and so get a bulk
of metal which can be heated to a nicety, the drill inside
being, of course, raised to the same temperature as the sur-
rounding metal. The whole is then plunged into oil or water.
Still there is the difficulty of tempering to overcome, though
the danger of burning is avoided ; burnt steel is of no use for
tools.  The best plan is to exexcise the greatest possible care
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not to over-heat the drill, and harden and temper in one
operation by plunging into tallow

Fiting.—This is an art not to be learned thhout consider-
able practice. The file must be used with long, slow and
steady strokes, taken right from point to tang, moderate pres-
sure being brought to bear during the forward stroke. The
file must be relieved of all pressure during the return stioke,
otherwise the teeth will be liable to be broken off, just in the
same manner that the point of a turning tool would be broken
if the lathe were turned the wrong way. It is not necessary to
lift the file altogether off the work, but it should only have its
bare weight pressing during the back stroke. One of the chief
difficulties in filing flat is that thé arms have a tendency to
move in arcs from the joints, but this will be conquered by
practice. Work which has been filed up properly will present
a flat, even surface, with the file marks running in straight
parallel lines. Each stroke of the file will have been made to
obtain a like end, but work which has been done by a careless
or an inexperienced workman will often bear evidence that
each stroke of the file was made without regard to any others,
and the surface will be made up of a number of facets, varying
in size, shape and position. ‘Those who have never received
any practical instruction in the use of files, generally have a
bad habit of pressing heavily on the tool, during both forward
and backward stroke, and, at the same time, work far too
quickly. These habits, combined, will almost invariably spoil
whatever is operated on, producing surfaces more or less
rounding, but never flat. .

The position of the vice at which we are to operate is a
most important point to be decided before commencing our
filing proper. The vice should be fixed at the correct height,
and so that the work held in the jaws will lie level. Asto
what is really the correct height, some slight difference of
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opinion exists. This is, probably, owing to the fact that the
height of people varies. For filing general work, the top of
the vice jaws should be placed so as to be level with the
elbow of the workman, which will be found to range from
4oin. to 44in. from the floor; therefore 42in. may be con-
sidered as an average height best suited for all heights of
workmen, when the vice is to be permanently fixed.

If the work to be filed is small and delicate, requiring simply
a movement of the arms, or right hand and arm alone, the
vice should be higher, not only in order that the workman
may more closely scrutinise the work, but that he may be able
to stand more erect. If the work to be filed is heavy and
massive, requiring great muscular effort, its surface should be
below the elbow-joint, as the operator stands further from his
work, with his feet separated from 1oin. to 3oin., and his knees
somewhat bent, thus lowering his stature ; besides, in this class
of work it is desirable to throw the weight of the body upon
the file, to make it penetrate, and thus, with a comparative
fixedness of the arms, depend largely upon the momentum of
the body to drive the file.

Thus, in fixing the height of the vice, the nature of the work
and the stature of the operator should be considered. Having
the vice fixed properly, the correct position to assume, when
filing, is the next consideration. The left foot should be
about 6in. to left and 6in. to front of the vice leg; the right
foot being about 3oin. to front, that is to say, join. away
from the board in a straight line with the vice post. This
position gives command over the work, or, rather, over the
tool, and is at once characteristic of a good vice-man. The
file must be grasped firmly in the right hand, by the handle.

The operation of filing an iron casting just home from the
foundry would be preceded by thoroughly brushing the cast-
ing with a hard brush, so as to remove all the loose sand.
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Then take an old file and file away steadily at the skin till
you come to a surface of pure metal. Having by then re-
moved those parts which spoil files, the .old file, with which
but slow progress is made, can be changed for a better one.
The best, as well as the most economical, will be one which
has been used for filing ‘brass till it has become too much
_ blunted for that material. Such a file is in first-class conditivn
for working on cast iron after its sandy skin has been removed,
and when worn out on that, it will serve first-rate for steel.

When the object is to remove a mass of metal, the fiie
requires to be as large as can be conveniently handled upon
the work. For machinists’ use this need not, for the largest
work, exceed a 2o-in. file, which, to make it bite well and take
a fair cut, will require all the power a man can exert continu-
ously. The cut of the file should be, for roughing wrought
iron, a bastard cut; for steel, a second cut; and for brass, a
rough cut.

To obtain the greatest amount of duty, the file, if a large
one, requires applying on the forward stroke with all the power
the operator can put on it ; while, if a small one, with as much
power as can be without danger of breaking the file. The
end of the file-handle should rest against the palm of the hand,
so that the file is pushed, and not dragged. The left hand
must just hold the point of the file lightly, so as to guide it,
and, when taking the forward cut, a fairly heavy pressure
must be applied, proportionate to the size of the file in use
. and the work being done.

On the forward stroke, the front foot should be almost
entirely relieved of the operator’s weight, which will fall on the
file ; while on the back stroke, the front foot should take most
of the weight, so that the file may be relieved. The file strokes
should not all be made parallel one to another, but first at
one angle and then at another, so that the file marks will cross



134 THE MODEL ENGINEERS' HANDYBOOK.

and recross each other, which enables the tool to cut easier.
The speed of the file may be as quick as it can be pushed,
providing the file is pressed to the work with all the weight
possible, or if a small one, with all its strength will stand.

When it is necessary to file up a small surface—say 2 in. of
3in. square—the file must be applied in continually changing
directions, not always at right angles to chops of the vice. In
that case, though the work might be made perfectly straight in
that direction, yet there would not be any means of assuring a
like result on the part lying parallel to the jaws. When the
surface is fairly flat, the file should be applied diagonally both
ways ; thus any hollow or high places, otherwise unobservable,
will be at once seen, without the aid of straight edges. This
method of crossing the file cuts from corer to comer is
recommended in all cases.

The file should invariably travel right across the work, using
the whole length of the file, not only an inch or so as is often
the case. When in use the file must be held quite firmly, yet
not so rigid that the operator cannot feel the work as it pro-
gresses. The sense of touch is brought into use to a far
greater extent than the inexperienced would imagine, and a
firm grasp of the tool, at the same time preserving a light
‘touch to feel the work, is an essential qualification for a good
filer.

For filing to shape, a smaller file must be used, so that even
while remoying the mass of the metal, the shape of the work
can be readily observed by a slight lateral motion of the file,
without entirely removing it from the work, or without stop-
ping the file strokes. In filing to fit lies the greatest art of
filing, for in this it is necessary that the file be of true outline,
and to be so applied that it touches the work at the required
spot only.

Hardening and  Tempering Steel.—If we heat a picce of
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cast steel to redness and plunge it into clean cold water
until its temperature is reduced to that of the water, the result
will be that the steel will be hardened. The degree of the
hardness will depend upon the quality of the steel, the tem-
perature to which it was heated, and to a small degree upon
the temperature of the water in which it was cooled. In any
event the operation will be termed “hardening.” If we reheat
the steel, a softening process will accompany the increasing
temperature, until upon becoming again red-hot it will assume
its normal softness, and if allowed to cool in the atmosphere
the effects of the first hardening will be entirely removed.

The soft steels, approaching more in their nature to wrought
iron, are exceedingly difficult to harden and temper to a uniform
degree, because of the difficulty experienced in producing them
of uniform grade. Many kinds of these steels are made of so
low a grade as to make it difficult to determine the line of
demarcation separating them from wrought iron.

As a rule, the steel that shows a fracture of fine dull grain,
the face of the fracture being comparatively level, is of better
quality than that showing a coarse or granulated surface:
brightness denoting hardness, and fibrousness toughness.

The higher the grade of steel, the lower the temperature at
which it will harden, and the harder it will be if ¢cooled in
water from a given temperature.

The part of the tool required to be hardened must be
heated through, and heated evenly, but must on no account
‘be overheated. The tool must be finished by sudden cooling,
and if this does not give to the steel a fine grain -and silky
texture—if, after the cooling, were it broken in the hardened
part, the fracture should show a coarse grain and dull
colour, instead of a fine grain and glossy lustre—the tool is
spoiled. The special dangers to be avoided in hardening
each kind of tool must be learned by experience. Some tools
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will warp if they are not plunged into the water in a certain
way.

A piece of hardened steel heated slightly, and allowed to
cool again, becomes tempered. It suddenly changes from
brittle glass to supple whalebone, and in the process of chang-
ing its nature, fortunately it changes colour, so that the work-
man can judge by the hue of the colour the extent of the
elasticity which it has acquired, and can give to each tool the
particular degree of temper which is most adapted to its
special purpose, After the steel is hardened, if we polish one
of its surfaces and slowly reheat it, that surface will assume
various tints, beginning with a pale yellow and ending in a
blue with a green tinge, each colour appearing as the steel
attaing a definite temperature; by the appearance of the
colours we are informed of the temperature of the steel, or in
other words, how far, or to what extent the resoftening has
progressed.

The various colours which tempered steel successively passes
are as follows : straw, gold, chocolate, purple, violet and blue.
Of course, in passing from one colour to another, the steel
passes through the intermediate tints. It really passes through
an infinite series of colours, of which the six above mentioned
are arbitrarily selected as convenient stages. The elasticity
of tempered steel is acquired at the expense of its hardness.
It is supposed that the maximum of hardness and elasticity
combined is obtained by tempering down to a straw colour.

In tempering steel, regard must be had to the quality most
essential in the special tool to be tempered. A turning tool
may be required to be very hard, and is often taken out of the
water hot enough to temper itself down to a degree so slight
that no colour is perceptible, whilst a spring is required to be
. very elastic, and may be tempered down to a blue.
Lacquering.—Properly-lacquered brass work will retain its
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colour, and resist the action of the atmosphere for a long time,
hence the practice of always lacquering work which should
retain a good appearance. The process is rather difficult to

- execute on lacge surfaces, where the tyro will find the lacquer
continually getting a smeary look.

The process is only to preserve the bright surface of the
metal by coating it with a layer of varnish. The colour of
this varnish may be modified to suit the work to which it has
to be applied. Lacquer contains either seed-lac or shell-lac,
hence its name. Seed-lac is the gum in its original form, and
when it has been purified and prepared by moulding into thin
sheets it is called shelllac. This material may be bleached so
as to become almost colourless ; but in that condition it is not
so strong or effective for lacquering purposes. With regard to
applying the lacquer, it should be understood that much de-
pends on the condition of the work. Perfect cleanliness and
a tolerable polish are necessary to insure a successful applica-
tion of the lacquer. The work must be heated to about the
temperature of boiling water before lacquering, and this must
be laid on evenly with a camel-hair brush.

With regard to the lacquer itself, a good pale gold lacquer is
made by dissolving 50z. of seed-lac in half a gallon of methy-
lated spirits, and then adding a small quantity—less than half
an ounce—of red sanders : yellow is made by mixing turmeric
with lac varnish ; deep gold is made with dragon’s blood and
lac varnish ; red contains a larger proportion of dragon’s blood.
Lacquers suffer a chemical change through heat and light, and
for this reason must be kept in a cool place, and away from the
light. The brushes used should always be carefully washed out
in methylated spirits, and be kept scrupulously clean.

Lacquering is done in two ways, called cold lacquering and
hot lacquering. By the former, a little lacquer being taken on
a common camel-hair brush is laid carefully and evenly over
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the work, which is placed in an oven or on a hot stove ; the
heat from this continued only a minute or two is sufficient to
set the lacquer, and the work is finished. Care must be taken
not to have the work too hot so as to burn the lacquer, nor yet
too cold, for in this case the lacquer will not be thoroughly set.
By the second method, the work is heated first to about the
temperature of boiling water, and the lacquer quickly brushed
over it in this state, the work being afterwards placed in an
oven for a minute or so. If very small, the article will require
this, because it will have parted with most of its heat to the
lacquer; if heavy, it will retain sufficient to perfect the process -
without being placed in the oven. The greatest difficulty is
'to know the exact degree of heat, and this knowledge is only
attained by experience—so different is the nature of the ma-
terials, the quality of the different lacquers, and the effect to be
produced. When work is newly lacquered the lacquer is soft,
and the work ought to be exposed to a gentle heat for a short
‘time to evaporate the alcohol and harden the lacquer. Small
gas cooking-stoves are very suitable for this purpose, and it
‘will be found that after newly lacquered work has been baked
for a short time, any little unevenness in the laying on the
lacquer will be much improved.

Soldering and Brazing.—In using ordinary “soft” or pewter
solder for uniting surfaces that are already tinned—such as
‘tinned iron plate and tinned copper—resin is the best and
.cheapest flux ; but when surfaces of iron, brass; or copper,
‘that have not been tinned are to be joined by soft solder,
soldering fluid is by far the most convenient flux. Resin
possesses this important advantage over soldering fluid, that
it does not induce subsequent corrosion of the article to which
it is applied. When acid fluxes have been applied to anything
that is liable to rust, it is nccessary to see that they are
thoroughly washed off with clean warm water, and the articles
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carefully and thoroughly dried. Oil and powdered resin mixed
together make a good flux for tinned articles. The mixture
<an be applied with a small brush, or a swab tied to the end
of a stick.

For soft solders, the best flux is a soldering fluid which may
be prepared by saturating hydrochloric acid with zinc. The
addition of a little salammoniac improves it. To prepare
this, put 4 pint of muriatic acid (also called spirits of salts and
nydrochloric acid) into a glass, and add small pie:es of clean
«zinc, which will be dissolved by the acid. Let it stand for
several hours, till the ‘acid has ceased to act; then add a
small quantity of water—say a wine-glass full—when ebulli-
tion will re-commence. Let it stand undisturbed for a few
hours, and again add a small quantity of water. Continue
this until the quantity of water added equals that of the acid

3 pint). When all action has ceased, add 1 o0z. of salam-
moniac; let it stand 12 hours, then decant the clear liquid
into a bottle, which should be kept well fastened when not in
use. Throw away the sediment. A solution of phosphoric
acid in alcohol makes, it is said, an excellent soldering fluid,
which has some advantages over chloride of zinc.

When uniting work of copper, iron, brass, etc., the solder
generally used is a fusible brass, and the process is called
brazing. The work to be soldered is prepared by filing or
scraping perfectly clean the edges or parts to be united. The
joints are then put into proper position and bound securely
together with binding wire or clamps; the granulated spelter
solder and powdered borax are mixed in a cup with a very
little water and spread with a strip of sheet metal or a small
spoon along the joint to Le united. The work is then placed
upon a clear fire and heated gradually to evaporate the water
used with the solder and borax, and also to drive off the water
contained in the crystallised borax, which causes it to boil up
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with a frothy appearance. If the work is heated hastily the

-boiling of the borax may displace the solder, and for this
reason it is better to roast the borax before mixing with the
solder. When the borax ceases to boil the heat is then in-
creased, and when the metal becomes a faint red the borax
fuses like glass, and shortly after, as the heat of the metal is
increased to a bright red, the solder also fuses, which is in-
dicated by a small blue flame, from the burning of the zinc.
Just at this time the work should be jarred slightly by being
tapped lightly with the poker or hammer; to put the solder in
vibration and cause it to run into the joint. For some work
there is no necessity to tap it, for the solder is absorbed into
the joint without.
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THE MECHANICAL ENGINEER’S POCKET-BOOK,

Comprising Tables, Form Rules, and Data: A Handy Book of Reference
for Daxlhu in Engineering Practice. By D. KINNEAR CLARK, M. Inst. C.E
Fourth tion. Small 8vo, 700 pp.. bound in flexible Leather Cover, rounedfé
corners e e e e e e e

SUMMARY OF CONTENTS —MA'anuA‘ncu. TABLES.~MEASUREMENT OF SUR.
FACES AND SOLIDS.—ENGLISH AND FOREIGN WRHIGHTS AND MEASURES.—MONEYS.—
SPECIFIC GRAVITY, WRIGHT, AND VOLUME.—MANUFACTURED METALS.—STEEL PIPES.

—BOLTS AND NUTS.—SUNDRY ARTICLES IN WROUGHT AND CAST IRON, COPPER,
BRASS, LEAD, TIN, ZINC.—STRENGTH OF TIMBER.—STRENGTH OF CAST IRON.—
STRENGTH OF WROUGHT IRON.—STRENGTH OF STEEL.—TENSILE STRENGTH OF
COPPER, LEAD, &c.—RESISTANCE OF STONES AND OTHER BUILDING MATERIALS.—
RIVETED JOINTS IN BOILER PLATES.—BOILER SHELLS.—WIRE ROPES AND HEMP
ROPES.—CHAINS AND CHAIN CABLES.~FRAMING.—HARDNESS OF METALS, ALLOYS, AND
STONES.—LABOUR OF ANIMALS.—MECHANICAL PRINCIPLES.—GRAVITY AND FALL OR
BODIES.—~ACCELERATING AND RETARDING FORCES.—MILL GEARING, SHAFTING, &c.—
[RANSMISSION OF MOTIVE POWER.—HEAT.. —Counumou FUELS.—WARMING, VENTI-
LATION, COOKING STOVES.—STEAM.—STEAM ENGINES BOILERS.—RAILWAYS.~
TRAMWAYS.—STEAM SHIPS.—PUMPING STEAM ENGINES AND PUMPS.—COAL GAS, GAS
ENGINBS, &c.—AIR IN MOTION.~COMPRESSED AIR.—HOT AIR ENGINES,—WATER
POWER.—SPEED or CUTTING TOOLS.—COLOURS.—ELECTRICAL ENGINEERING.

* Mr, Clark manifests what is an hmnpemapﬂonofwhnhﬂkdymbeunﬂdhlpocku.
book, and he is reall undvanedlnthemoﬂcondenudon. It is very difficult to hit upon any
mechanlcalnginrzxz subject concerning which this work supplies [nonformation, and the
cxcdlmtlndexanheendaddstohsu .. In one word, it is an e ly handy and efficlent

of which the engineer be saved many a wearisome lation, or yet more
wearisome hunt through various text-books and treatises, and, as such, we can recommend
it to our readers.”"~ Engim

“It would be lo\md dlﬁcult to compress more matter within a similar compass, or produce a
book of pa}swhk bemncompnctweonmkntforpockctnfm...wul
be by of all classes.”—Pyactiasl Bngineer,

L. A
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MR. HUTTON'S PRACTICAL HANDBOOKS.

THE WORKS' MANAGER’S HANDBOOK.
Comprising Modern Rules, Tables, and Data. For Engineers, Mi]lwrigl‘::
and Eiler Makers ; Tool Makers, Machinists, and Mei Workers ; Iron
Brass Founders, &. By W.'S. HutroN, Civil and Mechanical Engineer,
Author of “‘The Practical Engineer's Handbook.” Sixth Edition, carefully
Revised, with Additions. In One hand Volume, med 8vo, 1
bound. st Pudlished. 1810

The Author having compiled Rules and Data for his own use i a great
modern enginesring work, and having found his motss extremely m

va 0j
decided £ publish them—revised to date—belisving that a practical work, su:
the DAILY REQUIREMENTS OF MODERN ENGINEERS, wowld be favourably recesved

“Of this edition we may repeat the appreciative remarks we made upon the first and third.

tbolppurmeofthehttunrz‘c ble modifications have been made, although the
total number of remains almost the same. It is a very useful collection of rules, tables, and
‘workshop and drawing office data.”— 7Ae Enginecer, Ma¥ lo.llpf

*The author treats e subject from the pdnen view of one who has collected workshop
notes for application in wo: ppnctlc? rather than from the theoretical or literary
volume contains a great deal of that kind of information which is gained only by practical experience,
Mkm-ﬂmnlnboob."—ruﬂw.]m%

“The volume is an exceedingly useful one,
mles.mdwdlwonht{o:fbdnzonmrymr‘ ical engi s b

*‘ The informa is precisely that likely to be required in practice. . . . The work forms
ldadnblsuddldon:o‘t;‘e}l not only of the works' manager, but of any one connected with

m@hﬁ.— ning Fowu:

“ B of useful information, stated in a concise form, Mr. Hutton's books have met a
Mgvammngmzimr;ﬂ;hebooknnﬂmncmmdyud\dtommdw
[ g a copy.” 4 ineey.

o Py
S &

THE PRACTICAL ENGINEER’S HANDBOOK.
Comprising a Treatise on Modern Engines and Boilers, Marine, Locomotive,
and Stationary. And containing a large collection of Rules and Practical
Data relating to Recent Practice in Designing and Constructing all kinds of
Engines, Boilers, and other Engineering work. The whole constituting a com-
prehensive Key to the Board of Trade and other Examinations for Certificates
of Competency in Modern Mechanical Engineering. By WaLTER S. HuTTON,
Civil and Mechanical Engineer, Author of * The Works' Manager's Handbook
for Engineers,” &c. ith upwards of 420 Illustrations. Sixth Edition,
Revuenj’ and anlarged. Medium 8vo, s6o pp., mngl; bound.
(Just Published. 18/0

This Work is designsd as a companion to the Author's * Womks'
MANAGER'S HanNDBOOK." It 6s many new and original features, and com-
tains, like its 07, @ qua of matter not originally intended for publication
but collected by the Author for otwn use in the construction of a great variety of
MobpErN ENGINEERING WORK.

Tluin/omation&syvminacmdmmfw,mamuhwby
upwards a‘l’{ 4320 Illustrations; and comprises & quantity of tabulated matter of great
value to all engaged in d«si%mg, constructing, or estimating for ENGINES, BOILERS,
and OTHER ENGINEERING WORK.

T d we hay
) 1 no engi can go igh without ) ing

ngineer,

s, and a valuable text-book for students of

mnd experience of the leading authorities on

¢ quantity of rules and practical data, and has

e « There is no doubt that this book is

bea v;ry pular compendium,"'—. ineey.
and in such a form that it cm,geadly
&4 and and is

Amwe AB = a =

well chosen, greatly
most * shel where it will rank
X engineers’ ves, where as

d on the office shelf of all practical engineers.”
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MR. HUTTON’S PRACTICAL HANDBOOKS—continued.

STEAM BOILER CONSTRUCTION.

A Practical Handbook for Enﬁ eers, Boiler-Makers, and Steam Users.
Containing a large Collection of Rules and Data relating to Recent Practice
in the Design, Construction, and Working of all Kinds of Stationary, Loco-
motive, an arine Steam-Boilers. By WaLTErR S. HutToN, Civil and
Mechanical Engineer, Author of “The orks' Manager's Handbook,” ¢ The
Practical Engineer's Handbook,” &c. With upwards of 500 Illustrations.
Third Edition, Revised and much Enlarged, medium 8vo, cloth . . 18/0
B Tiis WoRK is fsswed in continuation of the Series of Handbooks written
ﬂu Author, vis. :—' Tug WoRKs' MANAGER'S HANDBOOK " antd “ THE PRACTICAL
NGINEER'S HANDBOOK, which ars so htgldy appnctatod by engincers for the
practical naturs of their information ; and is consequently writien in the same style

as thoss works.
The Author belisves that the ient form /ar sasy
n/um “J such a large amount of thoroughly pmckcal smformation on Steam-

be of c abls service to those whom it s dandlutmm
ﬂu boo}c may be deemed worthy of as favourab a reception as has been accorded to
§ts predecessors.

“ One of the best, if not the best, books on boilers that has ever been published. The infor-
mation is of the riﬁht klnd. in a simple ‘and accessible form. So far as generation Is concemned, this
standud book on neam tice.”~—KBlectrical Review.

numgement. is cleart d.l’ laid before the reader. The
volumeshom tm e hasboea to the condition of one of the most exact
ld;nc:, lndmchabookisofﬂwuummueto the fin de siécle Engineer and Works Manager.”
- a:
" Thm has long been room for a modern handbook on steam bollers ; there is not that room
now, because Mr. Hutton bas filled it. Itisa thoroughly E_racﬂcal book for those who are occupied
tn the constmctltm, dedzn selection, or use of boilers.

* The book is of so imp and thaﬂtmultﬁndluwaylntotlu
libraries of mry one interested in boiler using or bollor manufacture if they wish to be thomghly
W ‘e strongly recommend the book for the intrinsic value of its contents.”—Mackhésner:
lari

PRACTICAL MECHANICS’ WORKSHOP COMPANION.
Comprmng a great variety of the most useful Rules and Formulz in Mechanical
Science, with numerous Tables of Practical Data and Calculated Results for
Facnhtatmg Mechanical Operauons. By WiLLIAM Tzuru:‘rou, Author of

¢ The Engineer’s Practical Assistant,” &c., &c. Eighteenth Edition, Revn.sed
Modernised, and ooruudeubly Enlarged by WaLTer S. HurToN, C. lif
of “The Works' Manager’s Handbook,” ‘‘ The Practical Engineer’ s Hand-
book,” &c.  Fcap. 8vo, nearly so0 pp., vnth 8 Plates and upwards of 250 Illus.
trative Diagrams, strongly bound for workshop or pocket wear and tear. 6/0Q
** In its modernised form Hutton's “;Il‘nem on’ should have a wide sale, for it contains much

which the find of use, and not a few tables and notes which

he look for in vain in other works. This modernised edmon wm be appreciated by all who
have “It hnw :tﬂv‘:l.ﬂ:hzreu‘ . in the ‘enclnn e il th

me success iere are

a many men who, in a great measure, owe th ﬂzrlnlnlﬂ?.tothhlltthbook.“—ﬂuﬂdbw

o

m
to the vy am ";’:2.‘.’.”"“?‘&';"‘:"“‘°m“'ﬂ e e e e o gy
eve: uirements of eers, ts, t ous les connect:
ryandvl::l? 3 Thanqwmodmhed"exﬂonlswoﬂhluwelghthzold. wilding
News, gecond Notice.,
is well-known and largely-used book ins infc ion, b
sort so useful to the foreman and dnu hteman. So much fresh §
to constitute it pnctlcally a new book. It will be largely uled in tha office and workshop.
‘luham‘axl Wor.
“The bﬂshenvbdyentmnedthauskof ision of this and useful
book to Mr. Hutton, than whom a more competent man they could not luve found.”—Zfrom.

up to date, of the

ENGINEER’S AND MILLWRIGHT’S ASSISTANT.
A Collection of Useful Tables, Rules, and Data. By WiLLiam TEMPLETON.
Eighth Edition, with Additions. 18mo, cloth . . N . . 2/8

*Occupies a foremost place among books of this kind. A more suitable resent to an
.pprenﬂce to any of the mechanical trades could not possibly be made.”—Bus/ding
* A deservedly popular work, It should be in the ‘drawer’ of every meclnnk:. —Engll:&

A2
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THE MECHANICAL ENGINEER’S REFERENCE BbOl(.

For Machine and Boiler Construction. In Two Parts. Part I. GENERAL
ENGINEERING DATA. Part II. BoiLER CONSTRUCTION. With 51 Plates and
numerous Illustrations. By NerLson FoLey, M.I.N.A. Second ‘Edition,
Revised throughout and much Enlarged. Folio, half-| bound, net . £38 8s.
PART 1.—MEASURBS.—CIRCUMFERENCES AND AREAS, SQUARES, CUBBS,
FOURTH POWERS.—SQUARE AND CUBE ROOTS.—SURFACE OF TUBBS.—RBCIPROCMA.—
LOGARITHMS. — MENSURATIOR, — SPECIFIC GRAVITIES AND WEIGHTS.—WORK AND
POWER. — HEAT. — COMBUSTION. — EXPANSION AND CONTRACTION. — EXPANSION OF
GASES.—STEAM.— STATIC FORCES.—GRAVITATION AND ATTRACTION.—MOTION AND
COMPUTATION OF RESULTING FORCES.—ACCUMULATED WORK.—CENTRE AND RADIUS
OF GYRATION.—MOMENT OF INERTIA.—CENTRE OF OSCILLATION,—ELBCTRICITY.—
STRENGTH OF MATERIALS.—ELASTICITY.—TEST SHEETS OF METALS.—FRICTION.~
TRANSMISSION OF POWER.—FLOW OF LIQUIDS.—FLOW OF GASES.—AIR PUMPS, SURFACR
CONDENSERS, &c.—SPBED OF STEAMSHIPS.—PROPELLERS.—CUTTING TOOLS.—FLANGES.
~COPPER SHEETS AND TUBRS.—SCRE NUTS, BOLT HEADS, &c.—VARIOUS RECIPES
AND MISCELLANEOUS MATTER.—WITH DIAGRAMS FOR VALVE-GEAR, BELTING AND
ROPBS, DISCHARGE AND SUCTION PIPES, SCREW PROPELLERS, AND COPPER PIPES.
PART IL—TREATING OF POWER OF BOILERS.— USEFUL RATIOS.—NOTES ON
CONSTRUCTION. — CYLINDRICAL BOILER SHELLS. — CIRCULAR FURNACES. — FLAT
TES.—STAYS. — GIRDERS.—SCREWS. — HYDRAULIC  TBSTS. — RIVETING. — BOILER
SB'l'I'ING. CHIMNRYS, AND MOUNTINGS.—FURLS, &c.—EXAMPLES OF BOILERS AND SPREDS
OF STEAMSHIPS.—NOMINAL AND NORMAL HORSE POWER.—WITH DI AGRAMS FOR ALL
BOILER CALCULATIONS AND DRAWINGS OF MANY VARIETIES OF BOILERS.
“ Mr. Foley is well fitted to compile such a work. ‘The dlagrams are ru.t
of the work. .e'y Regarding t hegv“hole work, it ma be very fairly stated that Foley has
ced a volume which will undoubtedly fulfil the dedu of the author and become indispensable
all mechanical engineers.”—Marine Engincer.
‘*‘ We have carefully examined this work, and 1l fi book
for the use of marine eers.”— Yournal of A merican Soa‘cor Q/chal Bngineers.

COAL AND SPEED TABLES.

A Pocket Book for En eers and Stearu Users. By NrLsoN FoLrv, Author
of * The Mech ngineer's R Book.” Pocket-size, cloth . 8/8

TEXT-BOOK ON THE STEAM ENGINE.
With a Supplement on GaAs ENGINES, and PART 11, on HEAT ENGINES. By
m..' WT. M. GoopEvE, M.A., Barnstu-at-Lawz Professor of Mechanics at the R
College of Science, London Author of ““ The Principles of Mechanics,” *‘ The
‘,‘ Elemenu of Mechanism,” &c. Fourteenth Edition. Crown 8vo, cloth 8/0

+ Professor Goodeve has given us a treatise on the steam engine which will bear compulson
with myt.hlng written by Hmde;| or Maxwell, and we can awazd it no higher praise.”"—Emngiseer.

ON GAS ENGINES.

With Appendix describing a Recent Engme with Tube lgmter. By T. M.
Goon:vn:, M.A. Crown 8vo, cloth . 2/8
* Like all Mr. Goodeve' swddnnthe&’mmtlsmexcepthnlnpdntofm«dmdkme
Itisa ullnble little volume.”—Meckanical Worid.
THE GAS-ENGINE HANDBOOK.

A Manual of Useful Information for the Designer and the Engmeer ByE. W,
RoperTs, M.E. With Forty Full-page Engtavmgs. Small Fcap. 8vo, leather.
[Just Published. Net 8/68

A TREATISE ON STEAM BOILERS.

Their Strength, Construction, and Economical Workmg. ByR. Wn.soN, C.E.
Fifth Edition. 12mo,cloth . . . 6/0

*The best treatise that has ever been published on bollen."—Englnar
“The author shows himself zgerl‘ect master of his subject. and we heartily recommend
employing steam power to possess themselves of the work. "—Ryland's Iron T Cireslay.

THE MECHANICAL ENGINEER’S COMPANION
of Areas, Circumferences, Decimal Equivalents, i m inches and feet, millimetres,
squares, cubes, roots, &c.; Weights, Measures, and other Data. Also Prac-
tical Rules for Modern Engine ropomons. hy R. EDWARI.':‘SJ M.Inst.C.E.

Fcap. 8vo, cloth. [ Just Published. 8|8
** A very useful little volume. It contains many tables, classified data and memoranda
generally useful to engineers '—Engincer.

i o .
o B S R TR S S Sk o e o




MECHANICAL ENGINEERING, &«. 5

A HANDBOOK ON THE STEAM ENGINE.

With especial Reference to Small and Medium-sized Engines. For the Use of
En ne Makers, Mechanical Draughtsmen, Engmeenn Students, and users

team Power. By HermanN HAeDER, C.E. ed from the German
wnh considerable additions and]alterations, %H H P. PowLes, A.M.I.C.E.,
M.I.LM.E. Second Edmon, Rewsed. Ith nearly 1,100 Illustrations.

Crown 8vo, cloth . . . o s e e
"Aperf dn eam udmns.mdmwhlchmustukenpu
O i 1 % hancls of 4l wbi ars Torerested
Ismexcdlent mdlhouldbalnt e hands of all who are interested in the con
struction and d«ign of medium-sized stationary engines. . . . A careful study of its contents md
the i leads to the that there is probably no other book like it

in this country. Thovolumedmsu showing the results of p
may claim a complete achievement of this idea."—Naswure,

BOILER AND FACTORY CHIMNEYS.

Their Draught-Power and Sublhx With a cha ter on Lightning Conduc
By ROBERT Wu.sou. A.I.C.E., Authorof ““ A m\tue on Steam Bonlets," &c.
Crown 8vo, cloth . 36

* A valuablk b wdwlll oflchntllcbulldlng —Tluﬂu(ldor

BOILER MAKER’S READY RECKONER & ASSISTANT.
With Examples of Practical G and Templati fortheUseofPlnen,
Smiths, and Riveters, By JoHN C

OURTNEY, Edited bg . K. CLark
M.I. C.E Third Edition, 480 pp., with 140 Illustrations. Fcap. 8vo 7/6

* No workman or apprentice should be without this book."—Iron Twade Circslar,

REFRIGERATION, COLD STORAGE, & ICE- MAKING'

A Practical Treatise on the Art and Science of Refrigeration. ‘[
WaLLis-TAYLER, A.M.Inst.C.E., Author of *‘ Refrigerating and Ice- akmg
Machinery.” 600 pp., with 360 Tliustrations. Medium 8vo, cloth.
[Just Puélulutl Net 186/0
**The author has to be letion and production of such an impor-
tant work and it cannot fail to have a IarFe body ol’ readers, for it leaves out nothing that would in
any way be of value to those interested in the subject.”—Stearship.
*“No one whose duty it is to handie the mammoth »reserving installations of these latter days
can afford to be without this valuable book."—Glasgow Herald. .

THE POCKET BOOK OF REFRIGERATION AND ICE-

MAKING FOR 1903.

Edited by A. J. WaLLIs- TAYLER,A M.Inst.C.E. Author of ‘¢ Refrigerating
and Ice-making Machinery,” &c. With Diary and Almanac. Small Crown
8vo, cloth. [ Just Published. Net 2/6

REFRIGERATING & ICE-MAKING MACHINERY.
A Descnﬁuve Treatise for the Use of Petsons Employu V’ Refri;
A

and Ice-Making Installations, and others. LLIS- Aw.n,
A.-M, Inst. C.E. Third Edition, Revised and Enlarged " With Tllustrations.
Crown 8vo, cloth. [Just Published. 7/6
“I’ucﬂal explicit,

t, and
“We recommend the book, 'llk‘\ gives the cost of v vadous synum and mustntlons showlng
details o.f‘ parga of mchincry and men.:m ranger f fth
and of the
Iaxi')tl. % and tabuhud physics of u&igunﬁng lt h one of theben ‘compilations on the
subject.

TEA MACHINERY AND TEA FACTORIES.

A Descriptive Treatise on the Mechanical AgFlunces required in the Cultiva.
tion of the Tea Plant and the Preparation of Tea for the Market. By A. J.
WaLLis-TAVLER, A.-M. Inst. C.E. Medium 8vo, 468 aP With 218

Illustrations. [Just Publisked. Net 28/0
** When t ti first introduced into the British possessions little, if any, machinery
was employ:%. fa‘uﬂ":':v‘?g :s:‘ is almost :i ‘o ‘This volume contains a very full account of the

machinery necessary for the proper outfit of a t‘acto and also a description of the processes
carried out by this machinery."—Fosxrnal Socie
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ENGINEERING ESTIMATES, COSTS, AND ACCOUNTS.
A Guide to Commercial Engineering. With
and Costs of Millwright Work, Miscellaneous Productions, Steam Euglnes and
Steam Boilers; and a Section on the Preparation of Costs Accounts, B
A GENERAL MANAGER. Second Edition. 8vo, cloth. [Jwst Published. 12

Thhhmomdhmundnqmdulbook. subject-matter in constant in
Mn-ymy mklhop.d. Thebookhlnnhm not only to the young . but
mdmmqumm Thahfomdmhglmhlﬂnln.m
-nu.-d:lunthm&h«sgnldgn"  the lntin ' acquaintance of the author with

every phase

AERIAL OR WIRE-ROPE TRAMWAYS.

‘Their Construction and Mlmgement. zA. J.Wavrris-TavrLer, A.M.Inst.C.E.
With 8z Illustrations. Crown 8vo, cl (Just Published. T/6
it

“This is in its way an excellent volume. Wit %h{o&edﬂuﬂgoﬁhm
yet lays before its readers a very good tion of systems of rope transmission in use,
and gives as well not a little valuable information lbout their working, u;m and management.
We can safely recommend it as a useful general treatise on the subject.”—7he Engimeer.

MOTOR CARS OR POWER-CARRIAGES FOR COMMON

By A ,[ WALLIS-TAYLIR, Assoc. Memb. Inst. C.E., Author of * Modern
Cycles,” &c. 212 pp., with 76 Illustrations. Crown Bvo. cloth . . 4/8

* My, Wallis-Tayler's book is a welcome addition to the literature of the sub ject, as it is the
production of an En, r.lndhnnotbeenwﬂuenwhhlmmmhin epmmoﬁono
companies. book is clearly ex throughout, and is just the sort of work that
an eng_(neer, u:lnking o( tumlng E’wf n to nwtor-canhge rk, would do well to read as a

PLATINO AND BOILER MAKING.

A Practical Handbook for Workshop Operations. By Josern G. Hornz!
AM.I.LM.E. 380 pp. with 338 llhmnuons. Crown 8vo, cloth . 3

** The latest production from the pen of this writer is ch rised by that evid ofclou

with which wlllmduthebookexc yuccepnhlesom

practical band. . A practical handbook on a subject which has not hitherto received much
umdon(mmttwnqvnlﬂedwd-lwhhkln ! World.

PATTERN MAKING.

A Practical Treatise, embracing the Main Em of E neenn%Conmcuon '
:3 l;c{rdmnge&ﬂ:gi both Han Sacnrd M Cane) madl;, ngine Work, dSheaves
ul i ews, ine Parts, Pumps and Cocks,
the Moumg gt?‘ Pattems in Lonm and G &c. o with the
methods of estimating the weight of Castings ; with an h})pendlx of Tables for
Workshop Reference. By Joseru G. HorRNER, A.M.I.LM.E. Third Edition,

Enlarged. With 486 Illustrations. Crown 8vo, cloth . . . Net 718
"Awellwmtentechnkllgulde.wldn written by a man who danwuhmdhnpnc
%i::d ‘what he.:?men ak t.o.r. .« We lzregmmend it tzﬂlgin::i\rhg young
YAn vade forqn‘ Lo o desiven b Deome maser 5 bis tader’
—BEnglish Mechanic.
MECHANICAL BNGINEERING TERMS
Lockwood's Dicti y of). bracing those current in the Drawing Office,

mern Shop, Foundry Fimn Tutmn z, Smiths’, and Boiler Shops, &c. Com-
r ; A Hdited yJGHoan:,px.MlME
hird Ejmon, Revtsed. Crown 8vo, cloth . . . Net 7[8
. fh d; dictio ired by th
J“g'i!'he o a ang ""’p'tf‘if'm ﬁnc},{he l:ook ofgmtvd::gﬁmdm and overy
r and hanic she have a copy.”"—Buslding Ne

TOOTHED GEARING.

A Practical Handbook for Offices and Workshops. By Josern HozNER,
AM.ILM.E. With 184 Illustrations. Crown 8vo, cloth . [*]

A ot

! We must give thc book our ungucllﬂod pnlu for its thoroughness of treatment, and we can
b most practical book on the subject yet written."—
Uukan(al World.

FIRES, FIRE-ENGINES, AND FIRE BRIGADES.

With a History of Fire-Engines, their Construction, Use, and Manage.
ment, l"orengn Fire Systems; Hints on Fire- Bngades, &c By CHARLES
F. T.'Youne, C.E. 8vo, cloth 81 44,

"'l‘omholmmdmumlnwodinm b‘octolﬁnsund
- tad se sul ﬁnapuum we can
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AERIAL NAVIGATION.

A Practical Handbcok on the Construction of Dirigible Balloons, Aérostats,
Aérop'anes, and Aéremotors. By FREDERICK ALKER, C.E., Associate
Member of the Aéronautic Institute. With 104 Illustrations. Large Crown
8vo, cloth. [Just Published. Net. T7/6

STONE-WORKING MACHINERY.

A Manual dealing with the Rapid and Economical Conversion of Stone. With
Hints on the Arrangement and Management of Stone Works. By M. Powis
BaLg, M.I.M.E. Second Edition, enlarged. Crown 8vo, cloth . . 90

:: ihould be in the han%'of.nﬂeg mason or student okf. ’toncwork.'—Co!l{cry Gurdan. "
uﬂm handbook wl p "——
Machinery Market.

PUMPS AND PUMPING.

A Handbook for Pul;? Users. Being Notes on Selection, Construction, and
ln:fetnmt. By Powis BaLe, M.I.LM.E. Fourth Edition. Crown
8vo, [ Just Published. 8|8
*The matter is set forth as In fact, ion rather than diffuse-

n‘-hubemthcluthor’snhnthmuzhwt thodmmnuneohnommedmythlnzukdyw
be of use."— Fournal of Gas Lighting. ye

MILLING MACHINES AND PROCESSES.
A Practical Treatise on Shaping Metals by Rotary Cutters. Including
Information on Making and Grinding the Cutters. By PaurL N. HasLuck,
Author of * Lathe-Work."” 35: PP- |th upwardsof 3oo Engnvmgs. Lar e

crown 8vo, cloth . . H

" A new dapmnlnmf‘lnee llun!u . Weunrecommmdthlsworktomln

machines ; it is what it professes to be—a practical treatise.”—Engincer,

** A capital and reliable book which will no doubt be of considerable service both to those
who are already acquainted with m.muwwnwmmconmplanlumm
Industyies,

LATHE-WORK.

A Practical Treatise on the Tools, Appli: and P
the Art of Turning. By P.N. HASLUCK. Seventh Edmon Crown Bvo. 6/0

“debynmmwhomnmonlyhowwwko:fhtwbedom.butwhonkohwﬂm
a;dolt.mdhowwconvoyhhhowbdgo others. To all turners this book would be valuable,”

* We can safely recommend the work to engineers. To the amateur it will simply be
invaluable, Tomgudmuwmconma 'wormmm —Bngineer. Py

SCREW-THREADS,

And Methods of Producing Them. With numerous Tables and complete
Directions for mi Screw-Cutting Lathes. By Paur N. HasLuck, Authcr
of * Lathe-Work,” &c. Fifth Edition. Waistcoat-pocket size (-]

* Full of useful information, hints and practical criticism. Taps, mdncnwing tools
generall; mm«umedandtheixactb lﬂ:ed. :'aleps s,

“Jtisa Pndlumohllchedmﬂsoﬂhemw-cutﬂuhtha;hhﬁam
bvpamonaﬂthesubjecu it treats upon.”"—Carpentey and Builder,

TABLES AND MEMORANDA FOR ENGINEERS.
MECHANICS, ARCHITECTS, BUILDERS, &c.
Selected and Arranged by Francis SMiTH. Sixth Edmon, Revised, |ncl||dmg
EvrecTRICAL TaBLES, FORMULAE, and MEMORANDA. Waistcoat-pocks
limp leather. [Just Publum ﬁ

"l!wvuldp«h;pabeudlﬁcuktomnkeamnnpocmbookmbnolmnmdbmh
to suit ALL engineers as twvuldbetomakelunlvmalmodlclne but Mr. Smith's waistcoat.
kucoﬂecﬂonmaybelbokeduponua

* Th bmenmpleweluvomneno of uul\xl ‘matter packed lntothadlnun
slons of a card-case.”—Buslding Ne u’fﬁ“ table pocket treasury of knowledge.”"—Jrow,

POCKET GLOSSARY OF TECHNICAL TERMS.
Engluh-Frenclﬂ French-English ; with Tables suitable for the Archi |

Engineering, Manufacturing, and Nautical Professnons. By louN ] A.uls

FLETCHER. Third Edition, 200 pp. Wai size, 1/8

“Itis a ve ad foi mdmsandconu dannlnFuncedenghndwh\e

so que a numberlyo the words g Pﬂ‘

he little book will be u th to students and tuvellen"—drcm
Tho and mla‘ny of the

of terms is very c Tables are new and well arranged,
We cordiall d the book.,'— Mech
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THE ENGINEER’S YEAR BOOK FOR 1902.

s‘ormnls,kul«s,'l‘ubles Data and M dain h 1
Electn arine and Mine Engineering. By H. R. Klurl,A.ﬂ Inst. C K.,
M.LE. E , Principal Technical ﬁcer n neer-m-Chlef 's Office, General Post
Oﬁee, London, uthot of * H’m Electrical Testing,” * The
Electrical eer's Pocket-Book &c. Wlth 1,000 lllustmlons“?ecm.l

Enmved for the work. Crown 8vo, 900 pp., leather. [ Just Publis. 8]6
ﬂo‘s Year Book really requires no commendation. Its sphen of usefulness is widely

known, md is used by engineers the world over.”—7Ae Bngincer.

2 "Thevolumhdhﬂncﬂyhldvmofmdmﬂu ! in this Y. —
'l‘hhnllﬂlioandvdl-dd‘udhwko( fi meets the d ds of all iptions of
"‘l‘mwkhup—co-dateh!omuhnhmbnnchot gineering and on. "

Bwilding News.

“‘nnn.d' of the M could be suj in a more admirable,
M hndly Iuwled a or rable.
MMmt. lnddut may Justly be nld, of lt."—lﬂnhw _';fmml.

*“ There is certainl, kfthomcom«.whkhm as
'dlufomnlamdubhyl. It deserves to become :&““ m

nmnh.
** Brings together with great skill all the technical information which an has to use
day by day. Itis in every way admirably equipped, and is sure to prove succ: "—Scotsman.
* The up-to-dateness of Mr. Kempe's compilation is a quality that will not be lost on the busy
poople for whih the work 1 [armaded G lespin Herald.

THE PORTABLE ENGINE.

A Practical Manual on its Construction and Management. For the use
of Owners and Users of Steam Engmea genu'n.lly. By WiLLiam Dyson
WANSBROUGH. Crown 8vo, cloth 3/6
“Thhhlwtkofvduetothmwhouumm hhmy Slwuklbenadbyenfy
one who has a steam engine, on a farm or elsewhere. —‘lsrll.amm
“We J;commmdthkworkwbuyenmdownusofm-enz{nes.mdwthmm
have to do with their construction "= Timber Trades Fourna
* Such a general knowledge of the steam-engine as Mr. Wansbrough furnishes to the reader
should be acquired by all intelligent owners and others whommmmcf::ine. '—Building News.
** An excellent text-book of this useful form of englne. The * Hints to Purchasers’ contain &
deal of and lish Mechanic,

STATIONARY STEAM ENGINES.

Their Care and Management. By CHARLES HursT, Autnor of “Vdves and
Valve Gearing.” Crown 8vo. [In the press.

IRON AND STEEL.

A Work for the Forge, Foundry, Factory, and Office. Containing ready,
useful, md trustwor y Information for Ironmasters and their Stock-takers
Manl‘f of Bar, Rail, Plate, and Sheet Rollmg Mllls, Iron and Metai
ers ; Iro éhlp and Bridge Builders; M Mining, and Con-
sultmg Engi meers Archuecu, Contractors, Builders, &c. l§y CHARLES HOARE,
Autbor of * The Slide Rule,” &c. Ninth Edition. 32mo, leather 6/0
* For comprehensiveness the book has not its equal.”"—/rex,
* One of the best of the pocket books.”—Englisk Mechanic,

CONDENSED MECHANICS.
A Selection of Formula, Rules, Tables, and Data for the Use of En eerin
Students, &c. By W. W. G. C. HuGHEs, A M.I.C.E. Crown Bvo, cl 2/

** The book is well ﬁt‘t:dfnrthm wh%m thdrkao o
thelr work, or are preparing for examination an wl:hwufnsh wlng‘ Yldﬂlw.
their fo! muhagdr—ﬂamﬂnﬂmr

THE SAFE USE OF STEAM.

Coummng Rules for Unprofesnoml Stum Users. By an Encunn. Seventh
Edition. Sewed . . . . Bo.

** If steam-users would but launthhmzlebook Man,boﬂuuplodonswuldbecome
sensations by their rarity."—Zmglish Mechanic, by
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THE LOCOMOTIVE ENGINE.

The Antobiﬁriphy of an Old Locomotive Engine. By ROBERT WEATHER-
BURN, M\ILM.E. With Illustrations and P s of G and R T
STEPHENSON. Crown 8vo, cloth. [Just Published. Net 2/6

SUMMARY OF CONTENTS: — PROLOGUE.—CYLINDERS.—~MOTIONS.—~CONNECTING

RODS,—FRAMBS,.—WHEELS.—PUMPS, CLACKS, &¢.—INJECTORS.—BOILERS,—SMOKE BOX.

—CHIMNEY,.—WEBATHER BOARD AND AWNING,~INTERNAL DISSENSIONS,—ENGINE

DRIVERS, &c.

“ It would be difficult to imagt ing moreﬁl;llf lously pl d. more cleverly worked
out, and more charmingly written, Readers cannot to find the volume most enjoyable.”—

Glasgow Herald,

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT.

A Popular Treatise on the Gradual Improvements made in Railway Engines
between :So‘i' and xaf6. By CLeMmeNnT E. STRETTON, C.E. Fifth Edition,
Enlarged. With 120 [llustrations. Crown 8vo, cloth. U«st Published. 3/6

“ Students of railway history and all who are interested in the evolution of the modem
lacomotive will find much to attract and entertain in this volume."—Zke Timses.

LOCOMOTIVE ENGINE DRIVING.

A Practical Manual for Engineers in Charge of Locomotive Engines. By

MicHAEL REvNOLDS, Member of the Society of Engineers, formerly

motive Inspector, L. B.&S. C. R. Eleventh Edition, Including a KRy TO

THE LocomoTive ENGINE. Crown 8vo, cloth . . e . . 4/68
#Mr. Reynolds has ed d has it well. W onfidently recom-
mend the bock nor only. ta b6 pracHeal driven bt b averyons who tikes s Intercst I the
e Roraods has oiened & e ohipmer’ia the Nterature of the day. His treatise I
admirable.”— A thenaum. v

THE MODEL LOCOMOTIVE ENGINEER,

Fireman, and Engine-Boy. Comprising a_Historical Notice of the Pioneer
Locomotive Engines and their Inventors. By MicHAEL REVNoLDS. Second
Edition, with Revised Appendix. Crown 8vo, cloth. [Just Published. 4/6
“From the technical knowl of the author, it will appeal to the railway man of to-day
more forcibly than anything written by Dr. Smiles. . . . The volume contains rmation of a

technical kind, and facts that every driver should be familiar with."—Emglish Mechanic.
“ We should be glad to see this book in the ion of every in the kingdom who has

ever laid, or is to lay, hands on a locomotive engine,”~—.

CONTINUOUS RAILWAY BRAKES.

A Practical Treatise on the several S{;tems in Use in the United Kingdom :
their Construction and Performance. ith copious Illustrations and numerous
Tables. By MicHAEL REVNOLDS. 8vo, cloth .

* A popular explanation of the different brakes. It will be of great assistance in form
%mophfk on, and will be studied with benefit by those who take an interest in the brake,"—ZEmg/ss.
nic.

STATIONARY ENGINE DRIVING.

A Practical Manual or Engineers in Charge ot Stationary Engines. Bé
MicHAEL REvNoLDs. Sixth Edition. Crown 8vo,cloth .~ . . 4/l
* The author is thoroughly acquainted with his subjects, and his advice on the various points
treated is clear and iruﬂcal. . . « Hehas produced a manual which is an exceedingly useful
one for the class for whom it is specially int ”—Engfn«ﬁu(.
“Qur author leaves no stone unturned. He is determined that his readers shall not only
w hing about the stati engine, but all about it.”—Sngvnecr.

ENGINE-DRIVING LIFE.
Stirring Adventure and Incidents in the Lives ot Locomotive Engine-
Drivers. By MicHAEL ReyNoLps. Third Edition. Crown 8vo, cloth . 1/i

“ Perfectly fascinating. Wilkie Collins’s most thrilling conceptions are thrown into the
shade by true z:cldents. endless In their variety, related in every p.g';.d'—zvm British Mail,

THE ENGINEMAN’S POCKET COMPANION,

And Practical Educator for Enginemen, Boiler Attend and Mech

By MicHAEL REvNoLps. With 45 Illustrations and numerous Diagrams.
Fourth Edition, Revised. Royal 18mo, strongly bound for pocket wear. 3/6
"Thhldmlt!blewgrklfwdlsugedto accomplish its object, being the honest workmanship

ofa
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CIVIL ENGINEERING, SURVEYING, &c.

LIGHT RAILWAYS FOR THE UNITED KINGDOM,
INDIA, AND THE COLONIES.

A Practical Handbook settin, fonh t.he Principles on which Light Railways
should be Constructed, Worked, eX and detailing the Cost of
Cd:::gucuon, Equlfment, Rmnue lnd Worlung Expenses of Local Railways

d countries, and in Belgi France,
Smue,:-lmd, &c. By J. C. Mackay, F.GS., AM.Inst CE & Mustrated

with Plates and Diagrams. Medxnm 3vo, od;, [Just Published. 18/0
% Mr. Mackay's volume Is clearly an d, and freely
ilustrated. The bookbemdywhthnbmlmw&ed. We d it toall
in the subject. It is sure to have a wide sale,”—. sy News, .
TUNNELLING.

A Practical Treatise. By CuarLks Preuini, C.E. With additions by
CHARLES S. Hirr, C.E. 'Including 150 Diagrams and Illustrations. Roy:
8vo, cloth. (Just Published. Net 16/0

PRACTICAL TUNNELLING.

Explninmghl: detail Setdnﬂout the Works, Shaft- linkm%md Heading-driving,
Ranging Lines and Levelling underground, Sub-Excavating, ‘Fmbemg
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 FREDERICK
W. Simms, M.Inst.C.E. Fourth Edition, Revised and Further Ext
including the most recent (:8?5) Enmples of Sub-aqueous and other Tunnels,
by D. KINNEAR CLARK, E.

8vo, with 34 Folding Plates
and other Illustrations. [Just hed. 2s.

" ‘l'h edition hn boul to d is thi dered a work
which ct .mglmnpm (1896} ly should ha ml:nddt:m u:: engin‘ mx who I:nve co:o

workclnhardl lll'ordtobewlthont butvhlcht the profession
is invaluable, umlgmththﬁmamtowmgmﬁmmm
nuhod.—kadmy”m
estimation in which Mr. Shnm:bookhubeenhdd for mnyyuucannotbomon
truly expressed than in the words of the late Prof. Rankine: Thebeasoun:e of
the subject of tunnels is Mr, F. W. Simms's work on Practical Tunnelling.’ "—A rckdétect.

THE WATER SUPPLY OF TOWNS AND THE CON-
" STRUCTION OF WATER-WORKS.

A Practical Treatise for the Use of Engineers and Students of Engineering.
By W. K. BurToN, A.M. Inst. C.E., Professor of Sanitary Engineering in the
Imperial University, Tok: anan, and Consulung Engineer to the Tokyo
Water-works. Second mon, Revised and Extended. With numerous
Plates and Illustrations. Super-royal 8vo, buckram. [/ust Pwblished. 28/0
I. INTRODUCTORY. — II, DIFFERENT QUALITIES OF WATER. — III. QUANTITY OF
WATER TO BE PROVIDED.—IV. ON ASCERTAINING WHETHER A PROPOSED SOURCE OF
SUPPLY 1S SUFFICIENT,—V. ON ESTIMATING THE STORAGE CAPACITY REQUIRED
TO BE PROVIDED.—VI. CLASSIFICATION OF WATER-WORKS.—VII. IMPOUNDING RESER-
VOIRS.—VIII. EARTHWORK DAMS.—IX. MASONRY DAMS.—X. THE PURIFICATION OF
WATER.—XI. SETTLING RESERVOIRS.—XII. SAND FILTRATION.—XIII. Pumncu‘lon
OF WATER BY ACTION OF IRON, SOFTENING OF WATER BY ACTION OF LIME, NATU!
FILTRATION.—XIV. SERVICE OR CLEAN WATER RESERVOIRS—WATER Townns—s-r
PIPES.—XV. THE CONNECTION OF SETTLING RESERVOIRS, FILTER BEDS AND SERVICE
RESERVOIRS,—XVI. PUMPING MACHINERY.—XVII. FLOW OF WATER IN CONDUITS—
PIPES AND OPEN CHANNELS.—XVIIL. DISTRIBUTION SYSTEMS.—XIX. SPECIAL PRO-
VISIONS FOR_THE EXTINCTION OF FIRE.—XX. PIPES FOR WATEBR-WORKS.—XXI. PRB-
VENTION OF WASTE OF WATER.—XXII. VARIOUS APPLICATIONS USED IN CONNECTION
WITH WATER-WORKS.
APPENDIX 1. By PROF. JOHN MILNE, R.S.—C TIONS CONC
PROBABLE EFFECTS OF EARTHQUAKBS OoN w.u'n-wonxs, AND THE SPECIAL Pu
CAUTIONS TO BE TAKEN IN EARTHQUAKE COUNTRI:
APPENDIX II. By JOHN DE RIJKE, C.E. —ON SAND DUNES AND DUNE SAND AS
A SOURCE OF WATER SUPPLY.,
“ The chapter u, filtration of water is very complete, and the details of construction well
ted. e work should be specially’ to civil ngaged in work in
Japan, but the interest Is by no means confined to that locality.”—ZEsngsneer.,

** We congratulate the author upon the practical commonsense shown in the preparation of
‘work. The plates and ave prepared with great care, and
unnotﬁﬂwbeol'matudmncemthemdm "—Busldes.
. The ‘whole art of water- worksconstrucﬂon isdealt with in a clear and compuhens!
lnthls an ndmdlndividd mmsgm:&: treatise shows ll‘u’ll ucﬂomthlnhfmlt
Indopudut udy an u up-hnu. hrzel based uj
ly ind individual exp ly pon own practice

.
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THE WATER SUPPLY OF CITIES AND TOWNS.

By WiLLiaM HUMBER, A. M. Inst. C.E., and M. Inst M.E., Author of ‘‘Cast
and Wrought Iron Bri eConstmctlon, &c., &c. Tlustrated vmh Djouble

Plates, 1 Single Plate, Coloured Fro: , and ds of 2
and containing 400 pp. of Text. lmp. 4to, elegantly and snbsnntnlly
balf-bound in morocco e e e t 26 Bs.

LisT or CONTENTS.

ISTORICAL SKETCH OF SOME OF THE MEANS THAT HAVE BEEN ADOPTED FOR
THR SUPPI.Y OF WATER TO CITIES AND TOWNS.—II. WATER AND THE FORRIGN MATTER
USUALLY ASSOCIATED WITH IT.~III. RAINFALL AND EVAPORATION.—IV. SPRINGS AND
THE WATER-BEARING FORMATIONS OF VARIOUS DISTRICTS.—V. MEASUREMENT AND
ESTIMATION OF 1HE FLOW OF WATER.—VI. ON THE SELECTION OF THE SOURCE OF
SUPPLY.—VI1I. WELLS.—VIII, RESERVOIRS.—IX. THE PURIFICATION OF WATER.—
X. PUMPS.—XI1. PUMPING MACHINERY.—XII, CONDUITS.~XIII. DISTRIBUTION OF WATER.
=XIV. METERS, SERVICE PIPES, AND HOUSE FITTINGS.—XV. THE LAW OF ECONOMY OF
WATER-WORKS,—~XVI. CONSTANT AND INTERMITTENT SUPPLY.—XVII. DESCRIPTION OF
PLATBS.—APPENDICES, GIVING TABLES OF RATES OF SUPPLY, VELOCITIES, &c., &c.,
TOGI‘I'HIR WI‘I‘H SPECIFICATIONS OF SEVERAL WORKS ILLUSTRATED, AMONG WHICH
: ABERDEEN, BIDEFORD, CANTERBURY, DUNDEE, HA!JFAX, LAMBETH,
Rorn-mnlum. DUBLIN. AND OTHERS.

* The most :ymaﬂc vahubloworkuponmmppl hitherto produced in
tn any other language. It is almost th Ly mﬁ'
dlsdncﬂvooﬂ’mchmdﬁmnmn of English - Bngé

RURAL WATER SUPPLY.

A Practical Handbook on the Supply of Wntet and Construction of Water.
works for small Country Districts. By ALLAN GrReEENweLL, A.M.I.C.E.
l.nd W. T. Curry, A.M.I.C.E., F.G.S. Wlth Illustrations. Second Edngc;a

Crown 8vo, cloth. [Just Published.
“Wcmndmdoug as a very useful book for those concemned in obtaining
mlw:nmm ving a great deal of fc a . 7
 The volume i luabl upon all d wﬁhmmyply
. Full of details on points which are before wat "= Nature,

HYDRAULIC POWER ENGINEERING.

A Practical Manual on the Concentration and Transmission of Power 1

Hydraulic Machinery. By G. CrRovDoN Maxrks, A.M. Inst. C.E

nearly 200 Illustrations. 8vo, cloth. [Just Published. th 9/0

SUMMARY OF CONTENTS :—PRINCIPLES OF HYDRAULICS.—THE OBSERVED PLOW

OF WATER,—HYDRAULIC PRESSURES, MATERIAL.—~TRBST LOAD PACKINGS FOR SLIDING
SURFACES.—PIPE JOINTS.—CONTROLLING VALVES,—PLATFORM LIFTS,—WORKSHOP,
FACTORY, AND DOCK CRANES,—HYDRAULIC ACCUMULATORS.~PRESSES,—SHEET METAL
WORKING AND FORGING MACHINERY,—HYDRAULIC RIVETTERS,—HAND, POWER, AND
STEAM PUMPS.—TURBINES.—IMPULSE AND RE-ACTION TURBINES,—DESIGN OF TUR-
BINES,~WATER WHEELS.—HYDRAULIC ENGINES,~RECENT ACHIEVEMENTS,~TABLES,

*‘We have nothing but praise for this thoroughl nluabln work. The author has succeeded
K as well as fr —Pyractical Engineey.

in mdeﬂnzbl:is subject ol eh N
dngl ommen u a useful and up-to-date manual on hydraulic trans-
mission and utilisation of po‘yvu "—Mechanical Worid.,

HYDRAULIC TABLES, CO-EFFICIENTS, & FORMULAZ.
For Flndlag the Discharge of Water from Orifices, Notches, Weirs, Pipes, and
Rivers. ith New Formule, Tables, and General lnformanon on -fall,
Ca.tchment-Basms, Drainage, Sewerage Water Su R y for Towns and Mill
Power. tz Joun NeviLrg, Civil ngmee:, MP 1.A. Third Edition,
revised, with additions. Numerous Illustrations. Crown 8vo, cloth . 14/0

* It is, of all English books on the sublect, the one nearest to completeness.”—dA rchstect,

HYDRAULIC MANUAL.
Consisting of Working Tables and Explanatory Text. Intended as a Guide in

Hydraulic Calculations and Field Operations. Lowis D'A. JACKSON,
Author of *Aid to Survey Practice,” “Modm et.rology." &c. ourth
Edition, Enlarged. Large crown 8vo, cloth . . . 16/0

*The author has constructed a manual which may be uccepted as a trustworthy guide
to this branch of the engineer’s profession.”—ZBngincering.

WATER ENGINEERING.
A Practical Treatise on the e, Co and Utilisa-
tion of Water for the Suppl of Towns, for Mlll Power, and for other Purposes.
By C. Sracg, A. M. Imé Second Edition. Crown 8vo, cloth . 7/8

"M-mllpncﬂaluvuluonmm of towns, and on some applications of water-
power, the work is in many respects excellent.”—. M
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THE RECLAMATION OF LAND FROM TIDAL WATERS.

A Handbook for Engineers, Landed Proprie and others mtersted m
Works of Reclamation. By ALEXANDER Bs:tzﬁm M.Inst. C.E.
Tllustrations. 8vo, cloth. st bublished. Vet 1o/e

* The book shows in a concise way what lnstobedm&nnchlmlnglau from the sea, and
the best way of doing it. ‘l‘hcworkcontaimagna deal of practical and useful information which

cannot fail to be of service entrusted with the enclosure of salt marshes, and to land-
e e ormmﬁ?&‘“m‘md "well, and his book contalns ala
mdmormm and others d in works {redan.do:n'.'
- re.
MASONRY DAMS FROM INCEPTION 10 COMPLETION.
Includi l, Forms of Specification and Tender, Pockec
of Forces, &c. For the use of d vil and Mmmg neers.
C Coun'u:v, M. Inst. C.E. Bvo, cloth, Publslud /6
“Tbevolumoonuhu deal of data, and fumnish ths gt d
advice, Man]numlw wmbefmndhthomrhmm:ndpodﬂon.loaﬂon
of dam, fi tions and g News,
RIVER BARS.

The Causes of their Formation, and their Treatment by *‘Induced Tidal
Scour”; with a Description of the Successful Reduction by this Method of
dleBuuDublm Byl. J. MANN,AmuEng.wtheDublumudDoch
Evonrd. oy:l.n.doth;h.‘. . .;I/Q

o of rivers 1t “MM:MM‘MM A the

TRAMWAYS THEIR CONSTRUCTION AND WORKING.
Embracing a Comprehensive History of the System; with an exhaustive
Analysis of the Various Modes of Tnctlon, mch:lmg Horse Power, Ste-.na
Cable Traction, Electric Traction, &c.; lon of the Vari
Rolling Stock; and ample Details of éost
Edition, Thoroughly Revised, and Includln the Progress recently made in
Tramway Construction, &c., &c. By D. Kinngar CLark, M.Inst. C.E.
With 400 Illustrations. 8vo, 780 pp., buckram. [J ust Pubhslud. 28/0
* The new volume is one which will rank, ng and those & d

tramway woctln( with the Author's 'ald-hmom on nﬂway machinery.”—7The Engincer.

SURVEYING AS PRACTISED BY CIVIL ENGINEERS

AND SURVEYORS.
Including the Setting-out of Works for Construction and Surveys Abroad, with
many Examples taken from Actual Practice. A Handbook for use in the ’Field
nnd the Office, mtended also as a Text-book for Students. By JOHN WHITE-

[lun A.M. Inst. C.E., Author of ** Points and Crossings.” With about
260 fl ustrations. Demy 8vo, cloth. (Just Published. Net 10/6
PRACTICAL SURVEYINO.

A Text-Book for Students g for Examinations or for Survey work in

the Colonies. By Grorce W. Usiii, AAM.L.C.E. With 4 Plates and up-
wards of 330 Illustrations. Seventh Edition. Including Tabls of Natural Sines,

Tangents, Secants, &. Crown 8vo, cloth 1/6 ; or, on THIN PAPER, leather,
gilt edges, for pocket use. . . . « e P 1 2/6
*The best forms of & are described as to their d modes
of em t,mdthemmlnnnmahhhlnuonworkmdequlpw wchutbounhoth
his u&'-m:n as surveyor, draughtsman and teacher, Ins found necessary, and which the the student
in his “Th%erlncowmﬁnd most serviceable.” —Em and we have no o s
ing that the wﬂlﬁnduabmsrgu E'its Deserves t go

oo the frst bookwhkhmndbemlnmhndso(lpupﬂolcmlﬂnm

AID TO SURVEY PRACTICE.

For Reference in Surveying, Levelling, and Setting-out; and in Route Sur.
veys of Travellers by Land and Sea. ith Tables, llustnuons, and Remrds.
By Lowis D'A. JAcxsoN, A.M.I.C.E. 8vo, cloth . 12/8
valuable vade-mecums the surveyor. We recommend this book ll conhhlng
Th:lpplammt mm;‘.:cm of the accom :;l rnym—d ”.
mw.mmbmm of writing, mm ntyq one." —Bwiider,
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SURVEYING WITH THE TACHEOMETER.

A practical Manual for the use of Civil and Military Engineers and Surveyors,
Including two series of Tables s lly computed for the Reduction of
Readings in Sexagesimal and in Centesimal Degrees. By NEiL KENNEDY,
‘M, Inst. C.E. With Diagrams and Plates. Demy 8vo, cloth Net 10/6

** The work is very clearly written, and should remove all difficulties in the way of any surveyor
desirous of making use of this useful and rapid instrument."—Nature. v orany

ENGINEER'S & MINING SURVEYOR'S FIELD BOOK.

Consisting of a Series of Tables, with Rules, Explanations of Systems, and
use of Theodolite for Traverse Surveylngs:nd plotting the work with minute

by means of Straight Edge and Set Square only ; Levelling with the
Theodgiltey Settm%-vout Cuz-va wxsth and mtlgout the 'fheodoh iuthwotk

Tables, &c. Davis Haskorr, C.E. With numerous Woodcuts.
Founh Edition, Enlarged. Crown 8vo, cloth . . 12/0

‘The book is hand; .thenpame blesoﬁlnumdnngen:s waymlm will
it mdul for many oﬂ::' P > ke tables all t:s: same.”—, W°

LAND AND MARINE SURVEYING.

In Rel’erencc to the Prej garnnon of Plans for Roads and Railwa

Rivers, Towns' Water Supplies; Docks and Harbours. With gelcnption
and Use of Surveymallmtrummts. By W. Davis Haskorr, C.E.

Edition, Revised, Additions. Large crown 8vo,cloth . . . 9/0
‘l‘h!shooknmst.‘sfevmv:ut vlho(oﬂwtudmt. Wohanmhednﬂonlnncm-

PRINCIPLES AND PRACTICE OF LEVELLING.

Showing its Application to Pur of Rul‘uy and Civil Engineering in
the Construction of Roads; wi . TELFORD'S Rules for the same. By
FRrREDERICK W. SiMmMms, FG.S, nn C.E. Eighth Edition, with the
addition of LAaw's Practical Enmplet for Sémt Railwa Rd
TravTwINE's Field Practice of Laying-out ith 7 hues
and numerous Woodcuts, 8vo, cl .

*»* TRAUTWINE on CURVES may be had | sepnrm . . 5/

“‘l‘hmbookonkvdnnglnmonolour

blishers have rendered a substan fum
ymgum rs.bybﬂngingmthopmentodiﬂonofl(rﬂmmn "—.Bnp‘yunw

AN OUTLINE OF THE METHOD OF CONDUCTING
A TRIGONOMETRICAL SURVEY.
For t.he Formation of hical and Topographical Maps and Plam Mlll
::Z Reconnaissance, LEVELLING, &c., with Useful Probl
Tables. By Lieut.-General Frome, R.E. Fourth Editi evised
33"" Re-written by Major-General Sir CHARLES Wuuum, G.C.M.G., R E.
ith 19 Plates and 115 Woodcuts, royal 8vo, clot.h . . . 16/0

“Novordiofpralse from us c-nmungth uwum
by this work. Sir Charles Warren has revised th een work.mdmdemch as were
necessary to bring every portion of the contents up to the present date.”"—Broad A ryow.

TABLES OF TANGENTIAL ANGLES AND MULTIPLES
FOR SETTING-OUT CUR!
From i to 200 Radius. By A. ansm M. Inst. C.E. _6th Edition,
With an Ap on the use of the Tables for Measuring up
Cntves Printed on so ds, and sold in a cloth box, waistcoat-pocket size
Iw‘t Publisked. 3[6

“Enchublehpthudonlurd.whlch,phcodonmthmdo , leaves the hands free
to d thenpldity ‘of work."—B1

" -ryhmd ammyknowthnnllusdn sworkmustmlontwoolﬂun which
hewahtohhownwdan.mdh-mmm " A thencesim,

HANDY GENERAL EARTH-WORK TABLES.
Giving the Contents in Cubic Yards of Centre and Slopes of Cuttings_and
Embankments from 3 inches to 8o feet in D or Height, for use with either
66 feet Chain or 100 feet Chain. By J. H. Warson Buck, M. Inst.C.E.
On a Sheet mounted in cloth case. ; [Just Published. 3/8
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EARTHWORK TABLES.
Showing the Contents in Cubic Yards of Embmkments.BCuttings, &c., of
Heights or Degdu up to an average of 8o feet. By Josnr nomutrr, C.E.
and Francis Caupin, C.E. Crown 8vo, cl 5[6
“Thevgh'hkhwcurxyhlwmd. byaslmple dlvkionofuchcmu ucﬂon lmthm

A MANUAL ON EARTHWORK.

By ALex. J. S. Gurun, C.E With Diag S d Edition.

18mo, cloth e e e . . 28
THE CONSTRUCTION OF LARGB TUNNEL SHAFTS.

A Practical and Theoretical Essay. . H, WATsoN Bucx, M. Inst. C.E.

Resident Engineer, L. and N. W. R. dl Folding Plates, 8vo, cloth 12/6

"I{m oft:{em 'y given ‘“ ofuumpmﬂcdvﬂmtothnmo:ndmow
ll'dl.t Nltﬂ construction
i e found of ° 5 he ook to"the-cagiasering profeston. =

“‘llllbore‘m‘kd civil engineers as of the utmost value, and calculated to save much
time and obviate many nd:;'h-.—c«u Guardian,

CAST & WROUGHT IRON BRIDGE CONSTRUCTION

Complete and Practical Trutue on), including Iron Foundati In

ree Parts,—Th ical, Pr: l, and iptive. By WiLLIAM Houueer,

A. M. Inst. C.E., and M. 'Inst. M.E. Third Edition, revised and much im-

proved, with 115 "Double Plates (20 of which now first appear in this edition

and numerous Additions to the Text. In 2 vo!s., unp. 4%:1( -bound in
morocco . . . .

slevations, gl uucttom.la nled;ui;m @ “d'“nA "mcch eahance”the
8 ven, very mu
ve of those stndo:i."—c neey and Avchitect's 's Fournal.
*Mr. Humbor‘l mdy volu; ied—in which the most impo:
erected during the last five mcia" che direction of the late Mr. Brunel, Slr W C
Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among our most eminent
u‘lmmdu'nlndlp-dhdln‘wdeﬂn. '—Bnginesy.

ESSAY ON OBLIQUE BRIDGES
(vll’nctlul and Theoretical). With 13 large Plates. By the late GEoRrGE
AtsoN Buck, M.I.C.E. ' Fourth Edition, revised by his Son, J. H. WA'I‘SON
Buck, M.I.C.E. ; and with the addition of Description to D
Fi nztheConmmon of Obhquc Bndzes. byW H. BarLOwW, C.E

Royal 8vo, cloth . “12/10

*The standard text-book fo lllmgimers dnwu\:hukl(r Buck‘stanh..
and it would be pouummi.m —B

* Mr. Buck's treatise ncognhod hhnumcntb-dlnmd
the subject of many of the intricacies tou. Asnguldewtheenzhn-
architect, on a ydmcuumbject.llr Bucklwogk —~Butlding Ne

THE CONSTRUCTION OF OBLIQUE ARCHES
*A Practical Treatise on). By Joun Hart. Third Edmon, vnth Ph.tu
mperial 8vo, cloth . . ce e 8/0

GRAPHIC AND ANALYTIC STATICS.

In their Practical Application to, the Treatment of Strm in Roo&, Solid
Girders, Lattice, Bowstring, an Bnd% d Iron Arches and
Piers, and other Fra.meworks. J R. HupsoN GranaAM, C.E. Containing
Diagrams and Plates to Scale. ith numerous Examples, many taken from
existing  Structures. E‘recul arranged for Class-work in leges and
Universities. Second Edition, %evnsed and Enlarged. 8vo, cloth 168/0

* Mr, Gnhamsbookw&llﬁndaphce h graphic and lyti stldamundor
studied."—Engineer.

“Theworkhmellentﬁ'om- t of view, and has evidently been
vih much care. The digections thﬂngm:lnpoglmph. aro llusteatod by n abunisrce of

WEIGHTS OF WROUGHT IRON & STEEL GIRDERS.
A Graphic Table for Facilitating the Computation of the Weights of Wrougn

Iron and Steel Girders, &c., for Parliamen and other Es
J. H. WaTson Buck, M. Inst: CE. On nShet:try A
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PRACTICAL GEOMETRY.

For the Architect, Engineer, and Mechanic. _Giving Rules or the Delineation
and Application of various Geometrical Lines, Figures, and Curves.
E. W. TArN, M.A,, Architect. 8vo,cloth ., . ., . .,
*No book with the same objects in view has ever been published in which the clearness of
the rules laid down and the il ive diag: have been so satisf: Y. =St

THE GEOMETRY OF COMPASSES. ‘

Or, Problems Resolved by the mere Description of Circles and the Use of
Coioured Diagrams and Symbols. By OrivEr Bvrne. Coloured Plates,
Crown 8vo, cloth . e . . . . e . e [-

HANDY BOOK FOR THE CALCULATION oF STRAINS

In Girders and Similar Structures and their Strength. Consisting of Formule
and din&’ Diag; with details for Practical Applica-
tion, & By WiLLiam Humper, A. M. Inst. C.E., &c. Fifth Edition.
Crown 8vo, with nearly 100 Woodcuts and 3 Plates, cloth . . .
* The formulse are neatl d, and the di good."—Ath
““We heartily commend this really handy book to our engineer and architect readers.”—
Buglish Mechanic,

TRUSSES OF WOOD AND IRON.

Practical Applications of Science in Determining the Stresses, Breaking
Weights, Safe Loads, Scantlings, and Details of Construction. With Complete
Working Drawings. By WILLIAM GRIFFITHS, Surveyor. 8vo, cloth. 4/8
*This handy little book enters so minutely into every detail connected with the con-
struction of roof trusses that no student need be i of these "—Practical Engineer.

THE STRAINS ON STRUCTURES OF IRONWORK.

With Practical Remarks on Iron Construction. By F. W. SuEILDs, M.1.C.E.
8vo, cloth . . e e e+ e+« + « .« . BlO

A TREATISE ON THE STRENGTH OF MATERIALS.

With Rules for" Application in Architecture, the Construction of Suspension
Bridges Railwa{:', gc. By PETER BArLOwW, F. A new KEdition, revised
by his Sons, P. W. BarLow, F.R.S., and W, H. Barrow, F.R.S. ; to which

his
are uddedmhxperimmu by HoDGKINSON, FAIRBAIRN, and KIRKALDY; and
Formule for calculating Girders, &c. Arranged and Edited by Wa. HuMssr,
A .M. Inst.C.E. 8vo,cloth. . . . . . . . . 18/0
*“ Valuable alike to the student tyro, and the d iti r.ul::- 'ylll”ul_w'ays rank

in future as it has hitherto done, as the standard treatise on that parti sub) .
"Mnsclentiﬁc;ork of the first class, it deserves a foremost place on the bookshelves of
an ¥ .

SAFE RAILWAY WORKING.
A Treatise on Railway Accidents, their Cause and Prevention; with a De.
scription of Modern Appli and Sy By Co T E. STRETTON,
C.E., Vice-President and Consulting En%ineet, Amalgamated Society
Railway Servants. With Illust and Coloured Plates. Third Edition,
Enlarged. Crown 8vo, cloth . . 3/68

o,

“A book for the engh the the agers; and, in short, all who wish for
information on railway matters will find a perfect encyclopazdia in ‘Safe Railway Working,'"'—
Railway Review,

“We commend the remarks on railwa slgnlmnito all railway managers, especially where
a code and ice is ad "'—IIM': atlway Fournal,

EXPANSION OF STRUCTURES BY HEAT.

By ngm{‘ KeiLy, C.E., late of the Indian Public Works Department. Crg;g
8vo, cloth . [ . e e e e . .
“ The aim the author has set before him, viz., to show the effects of heat upon metallic and
other structures, is a laudable for this is a branch of physics upon which the engineer or
architect can find but little reliable and comprehensive data in books."— Hutider,
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THE PROGRESS OF MODERN ENGINEERING.
Complete in Fom Volumes, imperial 4to, hnlf-moroeoo, price £12 12s.

Each volume sold uﬁn&dy as follows :—
FirsT Series, Comprising Civil, lca.l Mume, Hydraulic, Railway,
Bridge, and other Enzmmmg Works, By Wlu.um HumBER,
A, nst. C.E., &c. Imp. 4to, with 36 Double Plates, drawn to a large scale,
Photographic Portrait of Jobn Hawkshaw, C. E., F.R.S., &c., and eopm.
descriptive Letterpress, Specifi , &c. Hal . . £8 8s.

LisT oF THE PLATES AND DIAGRAMS,

VICTORIA STATION AND ROOF, L. B. & S. C. R. (8 PLATES); SOUTHPORT PIBR
(s PLATES) ; VICTORIA STATION AND ROOF, L. C. & D. AND G. W, (6 PLATES); ROOF
OF CREMORNE MUSIC HALL; BRIDGE OVER G. N. mux.w:m Roor or STATION,
DUTCH RHENISH RAIL. (u Puu'asx BRIDGE OVER THE 'l‘mum.sil DON
EXTENSION RAILWAY (5 P! RMOUR PLATES; SUSPENSION BRIDGE, THAMES
(4 PLATES); THE ALLEN USP. AVON (3 PLATES); UNDER-
GROUND RAILWAY (3 PLATES)

HUMBER’S MODERN ENGINEER!NG.

SecoND Serimms. I Double Plates, Photographic Portrait of
Robert Stephenson. mvl-!:,‘ﬁ P., F S., &c., and oopiou descriptive Letter-

press, Specifi .+ . 838 8s.
LiSsT or THE PLATES AND Du\cnus.

BIRKENHEAD DOCKS, LOW WATER BASIN (15 PLATRS); CHARING CROSS STATION
ROOF, C. C. RAILWAY (3 PLATES); DIGSWRBLL VIADUCT, GREAT NORTHERN RAILWAY;
ROBBERY WOOD VIADUCT, GREAT NORTHERN RAILWAY; IRON PERMANENT WAY;
CLYDACH VIADUCT, MERTHYR, TREDEGAR, AND ABERGAVENNY RAILWAY; EBEW
VIADUCT, MERTHYR, TREDEGAR, AND ABERGAVENNY RAILWAY; COLLEGE WOOD
VIADUCT, CORNWALL RAILWAY' DUBLIN WINTER PALACE ROOF (3 PLATES); BRIDGR
‘o‘vgllftA ;'tg)i THAMES, L. C, & D. RAILWAY (6 PLATES); ALBERT HARBOUR, GREENOCK

HUMBER’S MODERN ENGINEERING.

THIRD Sznxu Imp. 4to, with Double Plates, Photographic Portrait of
. R. lnepPru.’ Inst. &E., nnd coplcm de:cnpuph
s &c. Half . £38 3s.

LisT oF THE Pl.Am AND Dtmnus.

MAIN DRAINAGR, METROPOLIS.—Nos#h Side.—MAP SHOWING INTERCEPTION OF
SBWERS; MIDDLE LEVEL SEWER (2 PLATES); OUTFALL SEWER, BRIDGE OVER RIVER
LBA (3 rums& OUTFALL SEWER, BRIDGE OVER MARSH LANE, NORTH WOOLWICH
RAILWAY, AND BOW AND BARKING RAILWAY JUNCTION ; QUTFALL SEWER, BRIDGE OVER
BOW AND BARKING RAILWAY (3 PLATES) ; OUTFALL SEWER, BRIDGE OVER EAST LONDON
WATER-WORKS' FEEDER (3 PLATES) ; OUTFALL SEWER RESERVOIR (2 m‘mg)o;gurrm
SHWER, TUMBLING BAY AND OUTLET; OUTFALL SEWER, PEN Stde.
OUTFALL SEWER, BERMONDSREY BRANCH (2 PLATES) ; OUTFALL SEWER, RESERVOIR AND
ggmrsu ;g;\rns) OUTFALL SEWER, FILTH HOIST ; SECTIONS OF SEWERS NORTH AND

UTH SID

THAMBES EMBANKMENT.—SECTION OF RIVER WALL; STEAMBOAT PIBR, WEST-
MINSTER (3 PLATES); LANDING STAIRS BETWEEN CHARING CROSS AND WATERLOO
BRIDGES ; YORK GATE (2 PLATES) ; OVERFLOW AND OUTLET AT SAVOY STREET SEWER
gru‘ras) STEAMBOAT PIRR, WATERLOO BRIDGE (3 PLATES); d 'UNCTION OF SEWERS,

v.msl A':ll; sx_}g:nous GULLIBS, PLANS AND suc-nons; ROLLING STOCK ; GRANITR
AND IRON FOR'

HUMBER’S MODERN ENGINEERING.

FourTH SERrIES. Imp. 4to, with 36 Double Plates, Photomphu: Portrait
lohn Fowéer, late Pru?.lnst.’ C.E.,3|6nd copious descriptive y ?'

e e e e e e £3 8-.
LisT oF THE PLATES AND DIAGRAMS.

ABBBY MILLS PUMPING STATION, MAIN DRAINAGE, METROPOLIS (4 PLATES);
BARROW Docxs 3 PLATES); Mmguxs VIADUCT, SANTIAGO AND VALPARAISO RAILWAY,
2 PLA’ 'S LOCOM T. HELEN'S CANAL RAILWAY l? PLATRS); N

TRERT S "mu ROOF, cmmc ROSS RAILWAY (3 PLATES); ROAD BRIDGE OVER
R R MOKA (2 PLATES) ; TELEGRAPHIC Arnn‘rusro mmuu' VIADUCT
OVER THE RIVER W IDLAND RAILWAY (3 PLATES); ST. GERMANS VIADUCT,

MILLWALL DOCKS (6 PLATES); ILROYS PA ‘I'IN'I' EXCAVATOR ; METROPOLITAN DiS-
TRICT RAILWAY (6 PLATES) ; 'URS, PORTS, AND BREAKWATERS (3 PLATES),
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MARINE ENGINEERING, SHIPBUILDING,
NAVIGATION, &c.

THE NAVAL ARCHITECT'S AND SHIPBUILDER’S
POCKBT- BOOK of F ormul Rules, and Tables, and Marine Engineer’s and
or's Handy Book of Reference. By CLEMENT Mackrow, M.LN.
Elght Edition, Carefully Revised and En| a.rged Fcap., leather,
[Just Published. Net 12/6

SUMMARY OF CONTENTS :—SIGNS AND SYMBOLS, DECIMAL FRACTIONS.—TRIGONO-
METRY.—PRACTICAL GROMETRY.—MENSURATION.—CENTRES AND MOMENTS OF FIGURES.
~MOMENTS OF INERTIA AND RADII OF GYRATION.—ALGEBRAICAL EXPRESSIONS FOR
SIMPSON'S RULES,—MECHANICAL PRINCIPLES.—CENTRE OF GRAVITY.—LAWS OF MOTION,
—DISPLACEMENT, CENTRE OF BUOYANCY.—CENTRE OF GRAVITY OF SHIP'S HULL.—
STABILITY CURVES AND METACENTRES.—SEA AND SHALLOW-WATER WAVES.—ROLLING
OF SHIPS,—~PROPULSION AND RESISTANCE OF VESSELS.—SPEED TRIALS.—SAILING
CENTRE OF EFFORT.—DISTANCES DOWN RIVERS, COAST LINES.—STEERING AND
RUDDERS OF VESSELS.—LAUNCHING CALCULATIONS AND VELOCITIES.—WEIGHT OF
MATERIAL AND GEAR.—GUN PARTICULARS AND WEIGHT.—STANDARD GAUGES.—
RIVETED JOINTS AND RIVETING.—STRENGTH AND TESTS OF MATERIALS.—BINDING
AND SHEARING STRBSSES, &c.—STRENGTH OF SHAFTING, PILLARS, WHEELS, &c.
—HYDRAULIC DATA, &c.— CONIC SECTIONS, CATENARIAN CURVES. — MECHANICAL
POWERS, WORK.—BOARD OF TRADE REGULATIONS FOR BOILERS AND ENGINES.—BOARD
OF TRADE REGULATIONS FOR SHIPS.—LLOYD'S RULES FOR BOILERS.—LLOYD'S WEIGHT
OF CHAINS.—LLOYD'S SCANTLINGS FOR SHIPS.—DATA OF ENGINES AND VESSELS.—
SHIPS' FITTINGS AND TRESTS.—SEASONING PRESERVING TIMBER.—MEASUREMENT OF
TIMBER.—ALLOYS, PAINTS, VARNISHES.—DATA FOR STOWAGE.—ADMIRALTY TRANS-
PORT REGULATIONS. —RULES FOR HORSE-POWER, SCREW PROPELLERS, &c.—PER-
CENTAGES FOR BUTT STRAPS, &c.—~PARTICULARS OF YACHTS.—MASTING AND RIGGING
VBSSELS.— DISTANCES OF_ FOREIGN PORTS.— TONNAGE TABLES.—VOCABULARY OF
FRENCH AND ENGLISH TBRMS. — ENGLISH WEIGHTS AND MEASURES., — FOREIGN
WEIGHTS AND MEASURES.—DECIMAL EQUIVALENTS.—FOREIGN MONEY.—DISCOUNT
AND WAGBS TABLES.—USEFUL NUMBERS AND READY RECKONERS.—TABLES OF
CIRCULAR MEBEASURES.—TABLES OF AREAS OF AND CIRCUMFERENCES OF CIRCLES.—
TABLES OF AREAS OF SEGMENTS OF CIRCLES.—TABLES OF SQUARES AND CUBES AND
ROOTS OF NUMBERS.—TABLES OF LOGARITHMS OF NUMBERS.—TABLES OF HYPER-
BOLIC LOGARITHMS. —TABLES 0!’ NATURAL SINBS, TANGENTS, &c.—TABLES OF
LOGARITHMIC SINES, TANGENTS, &c

“In these da; o{ ldvanced knowle a wol'k like this ls of the greatest value. It contains
a vast amount of unhssluag that it is the most valuable complhﬁon for its
specific purpose that has evef been o tuval architect, engineer, :urveyor. or seaman,

shlpbullder. can afford to be wlthout this work."—Nautical Magasss

"Should used by all who are engaged in the construction or d fvm...wm
be found to conuin the most useful tables and formulze required by shipbuilders, carefully collected
from the best au ﬂu,mdputtogethuhapowhrmddmplefom The book is one of

donal m
““The wfeuknui‘shipbuildel has now, in a convenlent and accessible form, reliable data for
many of the that ireun in the course of his work.”—/ron.
There is no doubt that a pocket-book of this descripﬁon must be a necessity in the ship.
building trade. . . The volume contains a mass of useful clearly exp d and
presented in a handy form.”"—Marine Engineer.

WANNAN’S MARINE ENGINEER’S GUIDE

To Board of Trade Examinations for Certificates of Competency. Containing
all Latest Questions to Date, with Simple, Clear, r Correct Solutions ;
302 Elementary Questions with Illustrated Answers, and Verbal Quesuons
and Answers; comé:lele Set of Drawings with Statements completed. By
A.C. WANNAN, ., Consulting Engineer,and E. W. I. WANNAN, M.I.M.E
Certificated First Class Marine Engineer. Illustrated with numerous Engra.v-
ings. Third Edition, Revised and Enlarged. soo pages. Large crown 8vo,
cloth. [Just Publisked. Net 10/6
** The book is clearly and plainly written and avoids y, expl i and fi 1
and we ita of marine ineering."” i

WANNAN’S MARINE ENGINEER’S POCKET-BOOK
Contmmn the Latest Board of Trade Rules and Data for Marine Eng‘meers.
By A. C. WannaN, Third Edition, Revised, Enlarged, and Brouf‘ht Ug
Date. Square 18mo, with thumb Index, leather. (Just Published. 8/0
“Thereis a t deal of useful information in this little pocket-book. It is of the rule-of-
thumb order, and mn that account, well adapted to the uses of the sea-going engineer.”—
Bngineer,
L, B
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SEA TERMS, PHRASES. AND WORDS

(Technical Dictionary of) the English and l"rench l‘nﬁg
gEn%uh -French, French-Engluhk For the Use of Seamen, ng ots,
lup uilders, Shnpowners, and S lp-brokers. Complled by W. mux, e of
African teuluhlp Company. Fcap. 8vo, cloth limp 10
.,m lume will be A flots, shipbulld
owners. It will be found ectull b'd " S ship-
“ A very useful dictionary, which has been wanted by French and English engineers,

masters, officers and othon."-&lu”ln{ Wor

ELECTRIC SHIP-LIGHTING.

A Handbook on the Practical Fitting and Running of Ships’ Klectrical Plaat,
for the Use of Sl'npowneu and Builders, Marine Electricians and Sea-, gom
Engineers in Chuga g URQUHART, Author of * Electric Light,”
** Dynamo Construction,” &c. d Edition, Revised and Extended.
326 pp., with 88 Illustrations. Crown Bvo. cloth. [Just Publisked. 716

MARINE ENGINEER’S POCKET-BOOK.
Consisting of useful Tables and Formule. By Frank Pnoc-rox, A.LLN.A.
Third Edition. Royal 32mo, leather, gilt edges, with strap . 4/0

** We recommend it ommdusugoinzfnwn w-m'-—.ﬂml&m
** A most useful companion to all marine engineers.”—

ELEMENTARY ENGINEERING.
A Manual for Young Marine Engineers and A%pfenuoes. In the Form ot
Questions and Answers on Metals, Alloys, Strength of Materials, Construction
and Management of Marine En ines and Boilers, Geometry, &c. &ec. Wlth
an Appendix of Useful Tables. By J. S. BrEwer. Crown 8vo, cloth . 1/6
* Contains much valuable information tor tlw Cl-l!l for vhom it is intended, espocially in the
chapters on the management of boilers and agasss

MARINE ENGINES AND STEAM VESSELS.
A Treatise on. By ROBERT MURRAY, C E. Eighth Edition, thoroughly
Revised, with considerable Additions the Author and by GEORGE
Caruisie, C.E., Senior Surveyor to the Bo-rd of Trade. xamo, cloth .

PRACTICAL NAVIGATION.

Consisting of THE SAI1LOR’s SEA-Boo! James GreenNwoop and W. H.
RossEr; together with the exquisite at ematical and Nautical Tables for
the Working of the Problems, by Henry Law, C.E., a.nd Profossor J
YounG. Illustrated. 12mo, strongly balf-bound .

THE ART AND SCIENCE OF SAILMAKING.
SamyueL B. SADLER, Practical Sailmaker, late in the employment of
DI essrs. Ratsey and Lapthorne, of Cowes md Gosport. th Plates and
other Illustrations. Small 4to, cl th . 12/6

* This extremely tical work gives nll tba h ol the manu.
':;:uu. cutting wt&ﬁ seaming, and zgorlng It is cophusly {llustrated, and will form a first.

CHAIN CABLES AND CHAINS.

Compnsmﬁ Sizes and Curves of Links, Studs, &c., Iron for Cables and Chains,
ble and Chain Making, Forming and 'Weldin Links, Strength of
Cables and Chains, Certificates for Cables, Markmf Cables, Prices of Chain
Cables and Chains, Historical Notes, Acts of Parliament, Statutory Tests,
harges for Testing, List of Manufacturers of Cabl &c., &c. B
Tuomas W. TraiLL, F.E.R.N., M.Inst.C.E., Engineer-Surveyor-in-Chief,
Bonrd of Trule. lnlpeczor of Chain Cable and Anchor Proving Estabhshmem.s,

and G Lloyd's C * on Provm]i Establishments.
With " Tables, 1ll , and Li ing Foho,
cloth, bevelled boards . . B2 2.

"hmnlnsanstamoumofuhuhhhfmﬂon. othlngsmtobewanﬁnz!onnkek
a and d work of on the subject.”"— Naxtica! Magasine,
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MINING, METALLURGY, AND
COLLIERY WORKING.

THE DEEP LEVEL MINES OF THE RAND,

And their Future Development, considered from the Commercial Point of View.

ley G. A. DEnnvY, M.N.E. Inst. M.E., Consulting Engineer to the General

ining and Finance Corporation, Ltd., of London, Berlin, Paris, and Johan-

nesburg. Fully Illustrated with Diagrams and Folding Plates. Royal 8vo,

buckram. (Just Published. Net 28/0

** Mr. Denny by confining himself to the consideration of the future of the deep-level mines

of the Rand breaks new ground, and by dealil’l‘g with the subject rather from a commercial stand-

point than from a scientific one, ap to a widecircle of readers. The book cannot fail to prove
of very great value to investors in South African mines,"—Mining Fournal,

“ The volume will interest all who are concerned in any way with the Witwatersrand

Goldfields."—7hke Times.

PROSPECTING FOR GOLD.
A Handbook of Information and Hints for Prospectors based on Personal
Experience. By DANiEL J. RANKIN, F.R.S.G.S., M.R.A.S. Author of * The
Zambesi Basin,” &e. ; formerly Manager of the Central African Company, and
Leader of African Gold Prospecting Expeditions. With Illustrations speciall

Drawn and Engraved for the Work. F’cap. 8vo, leather. et T/
“‘ This well piled book ins a collection of the richest gems of usetul knowledge for
the prospector’s benefit. A special table is given to accelerate the spotting at a glance of minerals
iated with gold.”"—Mining Fournal.

THE METALLURGQGY OF GOLD.
A Practical Treatise on the Metallurgical Treatment of Gold-bearing Ores.
Including the Assayini,‘ Melting, and Refining of Gold. By M. EiSsLER,
A.LLM.E., M. Inst. M.M. Fifth Edition, Enlarged. With 300 Illustrations
and Folding Plates. Medium 8vo, cloth. a{imt Published. Net 21/0
* This book (horoughl, deserves its title of a ‘ Practical Treatise.' The whole process of gold
m.ﬁomthebmu of the quartz to the assay of the bullion, is described in clear and o ly
ve and with much, but not too much, fulness of detail.”"—Saturday Review.
*“The work is a h of fon and valuable data, and we strongly recommend it
to all professional men engaged in the gold-mining industry.”—Mining Fournal.

THE CYANIDE PROCESS OF GOLD EXTRACTION.
Including its Practical Application on the Witwatersrand Gold Fields and else-
where. %y M. EissLer, M.E. With Diagrams and Working Drawings.
Third Edition, Revised and Enlarged. 8vo, cloth . . . Net7/8

““n'fcmk Iostj:‘l?t "hhlt was needed u;’::: uaint mining mu“;k'wlg t::“lctualwoﬂ:li?gm

m“m%ﬂ e 'r’:_az pop'uh";.'“ as a general ° successful for

DIAMOND DRILLING FOR GOLD & OTHER MINERALS.

A Practical Handbook on the Use of Modern Diamond Core Drills in Pro-
specting and Exploiting Mineral-Bearing Properties, including Particulars of
the Costs of Apparatus and Working. By G. A. DENNY, M.N.E. Inst. M.E.,
M.I.M. and M. Medium 8vo, 168 pp., with Illustrative Diagrams, /6

* Mr. Denny deserves grateful reco; for supplying a decided want. We strongly
recommend e ard of directors to carefully peruse the pages of this valuable volume of eminemy
practical data, which should be in the ion of those interested in mining."—Mentrng Fous A

FIELD TESTING FOR GOLD AND SILVER.

A Practical Manual for Prospectors and Miners. By W. H. MERriTT,
M.N.E. Inst. M.E., A.R.S.M., &c. Fcap. 8vo, leather. Net B/0
‘‘As an Instructor of prospectors’classes Mr. Merritt has the advantage of knowing
exactly the information likely to be most valuable to the miner in the field. The work will be a
useful addition to a prospector’s kit.” —Mining Fournal.
*It gives the gist of the author’s experience as a teacher of prospectors, and is a book which
no could use h without finding it pan out well. —chﬁmcn.

THE PROSPECTOR’S HANDBOOK.
A Guide for the Prospector and Traveller in search of Meta.l-BenrinSg or other
Valuable Minerals. By J. W. ANDERrsON, M.A. (Camb.), F.R.G.S. Ninth
Edition. Crown 8vo, cloth, 8/@ ; or, leather, pocket-book form., . 4/8
* Will supply a much-felt Colonists, in whose y'vayb_ are so often thrown

want, especially among
many specimens the value of which it is difficult to determine. ngineer.
‘How to find commercial minerals, and how to identify them when the‘ l.l’: fo‘m‘d. are the

leading points to which attention is directed. The author has managed to pacl! much pi
detail his pages as would supply matesial for a book three times its size.”—Mining Fourna’,
B 2
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THE METALLURGY OF SILVBR.

APmtxchrmueontheAmAI and Lixiviation of Silver
Ores. Including the Assa; ng, eltmf md Reﬁmn of Silver Bulllon By
M. EissLer, Author of The Metal urgy of Gold‘ Edmon
Crown 8vo, cloth . . 10/8

" treatise, IMI rk g
o, SRS e s b g ot 7 gt e

cunnected with the indum — M Fournal.

“ From ﬁlst to last the book is thoroughly sound and reliable.”—Colllery Guardian.

“For s, and i alikevedomtluwwolmywork
on the mbjec! 0 hlncfy and yet 30 comprebensive.”"—Glasgow Hevald.

THE HYDRO-METALLURGY OF COPPER.

Being an Account of Processes Adopted in the Hydro-Metallurgical Treat-

mem of Cupriferous Ores, Including the Manufacture of Copper Vitriol, vndl
&ters on the Sources of Supply of Copper and the Roasting of Copper O:

EissLer, M.I.M.M. Medium 8vo, cloth. [/xst Publisked. Net 12/6

THE METALLURGQGY OF ARGENTIFEROUS LEAD.

A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of
Lead Bullion. Including Reports on various Smelting Establishments and
Descriptions of Modern Smelting Furnaces and Plants in Europe and America.
By M. EissLer, M.E., Author of ‘‘ The Meullurgyol Gold,” &c. Crown 8vo,
400 pp., with 183 Illustrmons, cloth . . . 12/8
*“The are fully md extcndvely trutad of, embrace
lllthemesexperlem:edlnthpm‘.oftmlmfmthevm:mmmmw its issue from
the rdnery as an article of comnmerce.” —Practical 5
* The present volume fully maintains the re| uu:fonoﬂhemthor ‘Those who wish to obtain
a thorough insightlmothepreamtmeonh!s umywmotdobmthnmdthkvolmmd
all mining engineers cannot fail to find many useful hints and suggestions in it."—Zndsstries.

METALLIFEROUS MINERALS AND MINING.
By D. C. Davies, F.G.S. Sixth Edmon thoro hly Revised and much
Enhrged by his Son, E. HENRY DAVIIS, ‘1‘7’ 600 pp., with 173
Illustrations. Large crown 8vo, cloth jast Publulmi Net 12/8

* Neither the lcdcllmln nor the general reader, whmlnu.cnhvalbm

for his com his guide. "—dlmm(

“Asahlstoryonbepreuntmom the worid this book has a real value,
and it supplies an actual want.”—A thenaum.

MACHINERY FOR METALLIFEROUS MINES.

A Practical Treatue for Mining EnEmeers Metallurgists, and Manag ers of
Mines. By E. HeEnrv Davies, M .S. Medium 8vo, clot ,
With Folding Plates and other Iilnstuuons [/wt Publulwd Net 25/0
* Mr. Davies, in this handsome volume. has done the ad of
mines good service. Almost every kind of machinery in actual use is ureﬂllly dncdbed. and the
woodcuts and plates are —A thenaum.
*From cover to cover the work exhibits all the same characteristics which excite the confi-
dence and attract the menﬁon of the student as he peruses the first &ge. The w'?nrkb.my safely

be the d
and the reputation odu author enhanced.”—AMining ?oml.

EARTHY AND OTHER MINERALS AND MINING.
By D. C. Davigs, F.G.S., Author of ‘‘ Metalliferous Minerals,” &c. Third
Edition, Revised and Enlu'ged by his Son, E. HENRY DAVIIS, M.E., E.G.S.
With about 100 Illustrations. Crown 8vo, cloth. . 12/6
"Wedonmofmbudot:hnnmwkhmymm on mlnlng nutun M contains

the amount of informa packe
* We should be inclined to rank it ulmonﬁ best of the handy technical and trades
manuals which have recently appeared.™ Quarteri Z Review,

BRITISH MINING. .
A Treatise on the History, D ical Devel and Future
Prospects of Metalliferous Mmes |n zhe United ng(fom. By RoOBERT
HunT, F.R.S,, late Keeper of Mining Records. 50 PP., vuth
230 Tilustrations. Second Edition, Revued Super- royl.l 8vo, clé Ep
*The book is a hy of 1 onmlnhn&mbjecu.lndwknowol
of this kin

::o‘l!lw, wortimb‘id vuld be ﬁclen rentah dul indispensable in lib: of every
r. Hunt's volume it w su! t to ren t e in the
in the of the mining and r‘ZIl o =

Athenaum. V"=
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POCKET-BOOK FOR MINERS AND METALLURGISTS.
ing Rules, Formulae, Tables, and Notes for Use in Field and Office
By F. DaNvERs Power, F.G.S., M.E. Second Edition, Corrected.

Fap. 8vo, leather. [Just Published. ©/0
“This llent book is an ! olland,mdoughtwﬂndnhmnh
English ek and mining engineers.”—ZBngincering,

THE MINER’S HANDBOOK.
A Handy Book of Refe on the subj of Mineral Deposits, Minin
Operations, Ore Dreslng. &c. For the Use of Students and others intereste,
in Mining_ Matters. Joun MiLNE, F.R.S., Professor of Mining in the
Imperial University of }lpa.n Third Edition. Fcap. 8vo, leather . 8

“ mee-or Milne's handbook is sure to be received with favour by all connected with
mining, and will be extremely popular among students. "— A4 thenaums,

THE IRON ORES of GREAT BRITAIN and IRELAND.

Their Mode of Occurrence, Age and Or;fm and the Methods of Searching for
and Working Them. With a Notice of some of the Iron Ores of Spain. B
J. D. KenpaALL, F.G.S., Mining Engineer. Crown 8vo, cloth . . 16/&

MINE DRAINAGE.

A Complete Practical Treatise on Direct-Acting Underground Steam
Emg Machinery. B‘z STEPHEN MICHELL. Second Edition, Re-written
nlarged, 390 pp. With aso Illustrations. Royal 8vo, cloth. Net 26/0

SUMHARY OF CONTENTS :—HORIZONTAL PUMPING ENGINES.—ROTARY AND NON
ROTARY HORIZONTAL ENGINES.—SIMPLE AND COMPOUND STEAM PUMPS.—VERTICAL
PUMPING ENGINES.—ROTARY AND NON-ROTARY VERTICAL ENGINES.—SIMPLE AND
COMPOUND STEAM PUMPS.—~TRIPLE-EXPANSION STEAM PUWNPS.—PULSATING STEAM
PUMPS.—PUMP VALVES.—SINKING PUMPS, &c.,

*This volume an of § and new matter.
The book should undoubtedly prove of great use to all who wish for infornution on the sub-
Ject, inasmuch as the different patterns of steam pumps are not alone lucidly described and
clearly illustrated, but in addition numerous tables are supplied, in which their slzes, capacity,

price, &c., are set rorth, hence facilitating the a pump to suit
h‘y 'm‘se that the reader may du(re. or, on the other hand, su vo?lm him with useful
form. about any of the pumps that come within the scope of the volume."— The Engineer.

ELECTRICITY AS APPLIED TO MINING.

A Practical Treatise for Mining En&meers. By ArnoLp Lupton, M.Inst.C.E.,
M.LE.E.,G.D. AspiNALL PARR, M.L.E.E., and HErRBERT PERKIN, M.L. M. E.
With a large number of Illustrations. Medium 8vo. cloth.

[Just Puélulud Net 7/6

THE COLLIERY MANAGER’S HANDBOOK.

A Comprehensive Treatise on the Laying-out and Worhn of Collieries,
Designed as a Book of Reference for Colhery anagers, and for the Use of Coal
Mining Students preparing for First-class Certificates. By CALEB PAMELY,
Mining Engineer and Surveyor ; Member of the North of land Institute of
Mining and Mechanical Englneers and Member of the Souti Wales Institute
of Mining Engineers. With 700 Plans Diagrams, and other Illustranons.
Fourth Kdition, Revued and nlarged, medium 8vo, over

Strongly bound . o e s 4 & e go

SUMMARY OF CON’I‘BN‘TS—G LOGY.—SEARCH FOR COAL—MI‘N’BRAI. LBASBS
AND OTHER HOLDINGS.—SHAFT SINKING.—FITTING UP THE SHAFT AND SURFACH
ARRANGEMENTS.—STEAM BOILERS AND THEIR FITTINGS.—TIMBERING AND WALLING.—
NARROW WORK AND METHODS OF WORKING. — UNDERGROUND CONVEYANCE. —
DRAINAGE.—THE GASES MET WITH IN MINES; VENTILATION.—ON THE FRICTION OF
AIR IN MINES.—THE PRIESTMAN OIL ENGINB PETROLEUM AND NATURAL GAS.—
SURVEYING AND PLANNING.—SAFETY LAMPS AND FIRBDAMP DETECTORS.—SUNDRY
AND INCIDENTAL OPERATIONS AND APPLIANCES.—COLLIERY EXPLOSIONS.—MISCEL-
LANBOUS QUESTIONS AND ANSWERS.—Appendix: SUMMARY OF REPORT OF H.M.
COMMISSIONERS ON ACCIDENTS IN MINES.

* Mr, Pamely has not only muncompmhenﬂnuhmcobookou Mghotdu
Nluble to the nqulrements of min engineers and coll.iuy managers, but lu:ﬁo 1

students with a class-book that as as it
hwem:fg Pkt .'znmdeun.md ”ﬁ'&aw’&'&nw‘;“& et ﬁm in
e ve, up to ns the mlc es
A mining dp go wrong who followed this work."—Coliery

"Thll Is the most ‘all-round’ work coal blished in the
g 0 O LT S AR P
Sennwn. Pa, U.S.A).
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COLLIERY WORKING AND MANAGEMENT

Comprising the Duties of a Colliery the Oversight and Arrange-
ment of Labour and Wages, and the Systems of Working Coal
thB,nn:L otL I;I“ll o m .:gronnd 3&«@::“' o
28 ustrations,

Hedmn&vo,dodl. [Just Published. 18/0

“This ks, an admirable Handbook for Managers, in fact it isan
as well most useful and work
e e A e T e e B
are an attractive feature of the -ut.bah(vty&hnd sily troe of the
Mm ﬁ mewwﬂuylm gaen
literary ability, are w-wm
of the subject ofcoul 'hichhlshm

Mll;l::qu ‘mﬁmmdmmm lm

COAL AND COAL MINING.

the late Sir WaringTON W. Suyrn, F.R.S., Chief Inspector of the
ines of the Crown. Eighth Edition, Revised and Extended by T. Fomn
Brown, Mmu;f Englneer, Chief ln:pecwr of the Mines of the Crown

f t Published.
“oAs‘:.:«ﬂm mw'-cnlﬁdh&knd [{t:whs. ugle
pal

d -
pf.:dw a very lurge

NOTES AND FORMULZE FOR MINING STUDENTS.
By Jouwn Hnlnu Mnnru.l.ll.A. Late Professor of Mining in the Durham
Col of S % pon-Tyne. Fourth Edition, Revised and
l_li:.lumg&‘ thy H. Bmh“' AM. lnst.C.E. SIIIl.l.l crown lvo, doth 2/3
udmmmmmmm call ’h-hhg '

INFLAMMABLE GAS AND VAPOUR IN THE AIR

ghac nn;andnmengetg). ByanxC!nwl:s,DSc.‘{rAtl;L
Prof. of Chemistry in ni College, ham
er on THE DETECTION AND Muvas:"m or Pmom‘uun VAlrou:

Eng

vErTON REDWOOD, F.R.S.E., Counsulting Adviser to the n

la:donnnde:the?enoleumm Crown Wkglusu“h ¢ 5/0

“ Professor Clowes has given us a volume on a subject of much « o

Mwbmmmuy study this book, which is easy of compre-
hension and contains many good things."—The Enginecer.

-Abookthnmnhhgw coal miner—can afford to ignore or to leave
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ASBESTOS AND ASBESTIC.
Mmaﬂwm?ogm, WL BL:O“" H. é‘w‘F S.A.

lotype Plates and other Il
UmPusthd 168/0
* An interesting and invaluable work."—Colliery Guardian.

GRANITES AND OUR GRANITE INDUSTRIES.
Bszoml F Hmls, FGS. Membre de la Société Belge de Géol
at the u’l:beck lnsuumon, &c. With lof“
tr:nons Cmvn!vo. cloc.h

((A N ‘w. ‘
_ 2'-"7 manual for h&.gu-h.bdum

TRAVERSE TABLES.

For use in Mine Surveying. By W. Lmvrrrn, Minin
8vo, cloth. (Jnst P A Net alo
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ELECTRICITY, ELECTRICAL
ENGINEERING, &c.

SUBMARINE TELEGRAPHS.
Their Hutory Construction, and Working, Founded in part on Wﬁnsculu-
DORFF's  Traité de Télégmplne Sous-Marine,” and Com led from Authontn-
tive and Exclusive Sources. By CHArLEs BriguT, F.R.S.E, 8vo,
780 pp., fully Illustrated, mclndmg Ma.ps and Foldlng Plates. th 3;.
*There are few, If any, persons more submarine

My. Charles Bright. The auf thmhudmhhworkldlnm lndhuvnutmlnlwxy k:hvﬂl

p) : muc H able volume E!mm. for many years to
come, h e pomlon of the English classic on submarine telegra Ingineer,
“ Mr Bright's te y written and admirably illustra book will meet with a welcome

from cable m¢ lectrician.
*The author deals with hh lubject from all points of view—political and strategical as well as
odentiﬁc. The work wll.llbe of interest, not only to men of science, but to the general public. We

DYNAMO ELECTRIC MACHINERY: its CONSTRUC-
TION, DESIGN, and OPERATION.
By SAMUEL SuELDON, A.M., Ph.D., Professor of Physics and Electrical
%{ngineermg at the Pofytechmc Institute of Brooklyn, assisted by HoBART
ASON, B

In two volumes, sold se l_famtdy, as follows : —
Vol. L—DIRECT CURRENT MACHINES. Third Edition, Revised. Large
crown 8vo. 280 pages, with 200 Illustnmons.
ust Published. Net 12/0
Vol. IL—ALTERNATING CURRENT MACHl ES. Large crown 8vo. 260
pages, with 184 Illustrations. Uut Pu& ished. Net 12/0

Designed as Text-books for use in Technical Ed and by E
}vhm work includes thie handling of Direct and Al i Current Machi P ly, and
ror Stud proficient in math }

THE ELECTRICAL ENGINEER’S POCKET-BOOK.
Consisting of Modern Rule& Formulw, Tables, and Data. By H. R. Keumrr,
M.Inst.E.E., A.M.Inst.C. Techmcal Officer Postal Telegnphs Author
“A Handbook of Electrical Testing,” &c. Second Edition, Revised, with
Addmom. With numerom Illustrations. Royal 32mo, oblong, leather’ 8/0

“ 1t is the best book o kind."—Rlectyical Enginesy.
. ‘I'he Electdcd Engineer‘n Pocket Book is I good one."—Blectyician,

ELECTRIC LIGHT FITTINO.
A Handbook for Working Electrical Engineers, embodying Practical Notes on
Installation Management. By J. W. UrQuuART. With numerous Illustrations.
Third Edition, Revised. Crown 8vo, cloth . . . 8/0

“This volume deals with what may be termed omech:nlcs uf ahctdc lighting, and Is
uddrwedmmvhomdmdz:medhthewrk.ormtnhhg r it ‘l'heworktnvens
Lmdul gr’zund.mdmy a sequel to the same author's useful work on * Electric

ELECTRIC LIGHT.
Its Production and Use, Embodying Plain Directions for the Treatment of
Dymmo-Elecmc Machines, Batteries, Accumulators, and Electric Lamps.
J. W. Urqurart, C.E. Sixth Edition, Revised with Additions and 14
ll ustrations. Crown 8vo, cloth, [Just Published. é
* The w! holegwm\dofehcukgc ughdngbmmwlmcomodmduphlmdlnavuycku

concise manner,
"Audmmdmmtﬁcucmmmmmdmmm—

"=Blectyical Review,

B

DYNAMO CONSTRUCTION.

A Practical l%:sndbook fotFthe Use 1{ %n eet-C'gnﬁnncamu :tnd %leﬂricim
in-Charge. Embracin, Framework ng, Fie and Armature
Winding and G H ‘hy J w. RQUHAIT Second
Edition, Enlarged. C'tovn 8vo, cloth 7/6

** Mr. Urquhutsbookkm first one which dealswlth uleso mnen ln mluvaythatthe
engin, d them. Thcbookkve?retdab{e.andmcwmorhndsm:
readers up to dlﬁcult subjects by reasonably simple tests."”.
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ELECTRICAL AND MAGNETIC CALCULATIONS.

For the Use of Electrical Engineers and Artisans, Teachers, Students, and all
others interested in the Theory and Application of Electricity and Magnetism.
By A. A. ATKINSON, Professor of Electricity in Ohio Universi'y. Crown 8vo,
cloth, (Just Published. Net ©/0

THE ELEMENTS OF ELECTRICAL ENGINEERING.

A First Year's Cou-se for Students and Workmen By TysoN SEweLL,
A L.LE.E., Assistant Lecturer and Demonstrator in Electrical Engineering at
the Polytechnic, Regent Street, London. With upwards of 200 Illustrations.
Demy 8vo, cloth. (/ust Published. Net T/6

THE MANAGEMENT OF DYNAMOS.
A Handy Book of Th and Practice for the Use of Mechanics, Engineers,
Students, and others in Ebu{e of Dynamos. By G. W. LuMmMis-PATERSON.
Second Edition, thoroughly Revised and Enlaged. Crown 8vo, cloth. 4/8
* An example which deserves to be taken as a model by other authors. The subject is treated
in a manner which any intelligent man who is fit to be entrusted with charge of an engine should
:;m&umd. It is a useful book to all who make, tend, or employ electric machinery.

THE STANDARD ELECTRICAL DICTIONARY.
A Popular Encyclopadia of Words and Terms Used in the Practice of Electrical
El:gineering. By T. O'CoNor SLOANE, A.M., Ph.D. Third Edition,
with Appendix. Crown 8vo, 680 pp., 390 lllustntions, cloth . . Net 7/8
“ The work has many attractive features in it, and ls, doubt, a well put together and
useful publication, ‘l‘holmwnto{gmundconndmybc from the fact that in the index
about 5,600 references will be found."—XElectvical Review,

ELECTRIC SHIP-LIGHTING.

A Handbook on the Practical Fitting and Running of Ships' Electrical Plant.

For the Use of Shipowners and Builders, Marine Electricians, and Seagoin,
&n}inmin-(:harze. By J. W. UrQuuarT, C.E. Second Edition, neviuﬁ

Extended. 326 pp., with 88 Illustrations, Crown 8vc, cloth . . 7/
* The subject of ship electric lj is one of vast imp and Mr. Urquhart is to be
highly c:l‘:plimted for placing such a ble work at the service of marine electriclans.”—7ke

9985 .

ELECTRIC LIGHT FOR COUNTRY HOUSES.
A Practical Handbook on the Erection and Running of Small Installations,
with Particulars of the Cost of Plant and Working. By } H. KNIGHT.
Third Edition, Revised. Crown 8vo, wrapper. [Just Published. 1/0

ELECTRIC LIGHTING (ELEMENTARY PRINCIPLES OF).

By Avan A. CamPBELL SWINTON, M.Inst.C.E., M.Inst.E.E. Fourth Edition,
Revised. With 16 Illustrations. 'Crown 8vo, cloth. (st Publisked. 116

DYNAMIC ELECTRICITY AND MAGNETISM.

By PuiLip ATkinsoN, A.M., Ph.D., Author of ‘Elements or Static
Electricity,” &c. Crown 8vo, 417 pp., with 120 Illustrations, cloth . 10/6

POWER TRANSMITTED BY ELECTRICITY
And lpxlied by the Electric Motor, including Electric Railway Construction.
By P. ATkinsoN, A.M., Ph.D. Third Edition, Fully Revised, and New

atter added. With g4 Illustrations. Crown 8vo,cloth . . Nez 9/0Q
HOW TO MAKE A DYNAMO.
A Practical Treatise for A C Illustrations and

Detailed_Instructions for Constructing a Small Dynamo to Produce the
Electric Light. By ALrrED Crorrs. Sixth Edition, Revised and Enlarged.
Crown 8vo, cloth. [Just Published. "élo

THE STUDENT’S TEXT-BOOK OF ELECTRICITY.
By H. M. Noap, F.R.S. Cheaper Edition. 650 pp., with 470 Illustrations
Crown 8vo, cloth . . . . . . . . . 9/0
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ARCHITECTURE, BUILDING, &c.

PRACTICAL BUILDING CONSTRUCTION.
A Handbook for Students Preparing for Emmanons and a Book of
Reference for Persons Enz:ged in Building. By “Louu PARNELL ALLEN,
Surveyor, Lecturer on Building Constructlon ham College of
Science, Newcastle-on-Tyne. _Third Edmon, Revised and Enlarged.
Medium 8vo, 450 pp., ‘m.h 1,000 Illustrations, cloth. [Just Published. 7/6

* The most of building tion we have seen, It contains all that is
ne 'y to prep d Kotchcvlrb\n dons in b
fews.

“mwtmmﬁmﬂiumhwhk&mmunwm ‘The
the hand of a man of experience bulldinzopenﬂm—nd volume must be a
many teachers as well as to students.”—Zhe A rchitect.

“The work is sure to :fomldablerlv;ltogrutandmzllcompemo alike, and
Ndsmnouken asa student’s text-book. Iugonumba of illus-

fur the great medtthey;om for purposes of reference in

-ncﬂyooﬂ-pondinztoconmle:m '— Forurnaloef & British Avch

PRACTICAL MASONRY.
A Guide to the Art of Stone Cutting. Comprising the Construction, Setting
Out, and Working of Stairs, Circular Work, Arches, Niches, Domes, "Penden-
tives, Vaults, Tracery Wmdows, &c., &c. For the Use of étudents, Masons,
and other Workmen WILLIAM R. PURCHASE Bmldmﬁ Ins or to the
l?»o\’o'uh gh oLi X ph l;‘}L\:lmon, with Glossary of ; vo, 142 Pp.,
with g2 Lit| ogn ic Plates, comprising near separate
cloth, * ’ i ‘°(°/m Publukd‘ 76
*‘Mr. Purchase's ‘ Practical Masonry ' will undou found useful to all interested in
this & subj or Il mofthnmmplu mmlm
actual work carried out, the diagrams bdng carefully drawn. The book is a p al treatise
the subject, the author hlm.elf ed as an operative mason, and afterwards acted n
foreman mason on man: '"gorun pﬂormthelndmmtofhhpw
poddm. It should boélmdofm utiluytouc students and others, as well as to
those to whom it is speclally onrnal of the Royal & British Architects,

MODERN PLUMBING, STEAM AND HOT WATER

HEATING.
A New Practical Work for the Plurber, the Heating Engineer, the Archltect,
and the Builder. By J. J. LAWLER, Author of *“ American Sanitary Plumbing,”
&c. With 284 Illustrations and Folding Plates. 4to, cloth.

(Just Published. Net 21|=
HEATING BY HOT WATER.
With Information and Suggestxons on the best Methods of Heltlng Public,
Private and Horticultural ‘"ld':fs' By WALTER JoNEs. Second Edition.
With ¢6 lllusmmons, crown 8vo, . . Net2/8
“We fid d all ‘lnheadnzbyhotmmncuulwpyolthh
valuable little uuﬂn."—-rlw Plumber and Decovator.

CONCRETE: ITS NATURE AND USES.
A Book for Architects, Builders, Contractors, and Clerks of Works. By
GrorGE L. SurcLirre, A.R.I. B.A. 390 pp., with numerous lllustrmons.
Crown 8vo, cloth, . = . . . . 7/6

** The author treats a dlmcuksubjectlnaludd manner. The numul ﬁllsulongfdt
It is careful and exhaustive ; equally useful as a student's guide and an architect's o(
?owml( Institute of British Avchitects.
** There is room for this new book, w l)xobublybo for some time the standard work
on the subject for a builder’s purpose.”—Glasgow

LOCKWOOD’S BUILDER’S PRICE BOOK for 1902.
A Comptehenswe Handbook of the Latest Prices and Data for Builders,
Architects, Engineers, and Contractors Re-constructed, Re-written, ancl
Greatly Enla.rged By Francis T. W, MILLER. 800 clocely-pnnted
crown 8vo, cl N
‘l‘hisbooklsl mandshouldﬁnd:plminemEnzlhhoﬁmmmcm
“ An e: t booE of ufem

"Inlummdmhed mthisPﬂceBookhwhatuvorkofﬂ:hundshwldbe—cmpu-
hensive, reliable, well well bound. " ~Byéts,
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THE DECORATIVE PART OF CIVIL ARCHITECTURE,

By Sir WiLLiamM CaMBERs, F.R.S. With Portrait, Illustrations, Notes, and
an EXAMINATION OF GRECIAN ARCHITECTURE, by JosEpH war, F.S.A.
Revised and Edited by W. H. LEEDS., 66 Plates, 4to, cloth . 21/0

THE MECHANICS OF ARCHITECT URE.
A Treatise on A Mechani d to the Use of Architects.
By E. W. TARN A Author of gcxence of Bmldlng, &c. Second
Edition, Enl d with 125 Crown c.loth 7/6
Thehoothanquuﬁﬂmdhalp‘nlmuﬂol hite

A HANDY BOOK OF VILLA ARCHITECTURB.
Being a Series of Designs for Villa Residences in various Styles. With
Outline Specifications and Estimates. ByC.chxls, Architect. 61 Plates,
4to, half-morocco, gilt edges . . .« £1 11s. Bo.

* The whole of the dslg'ns bear evidence oltllelr belnz ths vork of an artistic architect, and

they will prove very valuable and suggestive,”—Busiding

THE ARCHITECT’S GUIDE.
Being a Text-book of Useful Information for Architects, Engineers, Surveyors,
Contfacton, Clerks of Worl , &. By anmucx oens, Arch:tect
Third Edition. Crown 8vo,cloth . .~ . . 3/6

ARCHITECTURAL PERSPECTIVE.

The whole Course and Operations of the Draughtsman in Drawing a Llrse
House in Linear Perﬁ%ecuve. Illustrated by 43 Foldmz Plates. By
FBRGUSON. Second Edition, Enlarged. 8vo, boards
It is the nmthtdﬂﬁbkdthemﬂmonthhﬂlmudulbjoctthltllunInﬂwlth.—

E. INGRESS BELL, ESQ., inthe R./.B.A. Fournal
PRACTICAL RULES ON DRAWING.
For the Operative Builder and Yonng Student in Architecture. By GEORGE
PyNE. 14 Plates, 4to, boards . e e e . e 8
MEASURING AND VALUING ARTIFICER’S WORK

The Student’s Guide to the Practice of). Containing Directions for_takin
imensions, Absf tractm%de same, and bringing the Quantities into Bill, wit!

Tables of Constants for Valuation of Labour, and for the Calculation of ‘Areas
and Solidities. Ori, l y edited by E. Dosson, Architect. With Additions
by E. W. TarN Seventh Edition, Revised. With 8 Plates and
63 Woodcuts. Croma's 8vo, cloth. st Published. 716

** This edition will be found the most on the principles of ring and
valuing artificer’s work that has yet been published. —Bmldw News,

TECHNICAL GUIDE, MBASURER. ..AND ESTIMATOR.

For Builders and Surveym C h ions for Measuring
Work in all the Bulldm Trades, Complete Specnﬁcatlons for Houses Roads,
and Drains, an Method of Estimating the a Building
collectwely. By A. C, BeaTon. Ninth Edition. uswout pockct

gilt edges . N 1 d

**No builder, architect, surveyor, otuhleuhmxldbovlthmhh‘m'"—mdldw News.

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE.

A Guide to the Architect, Engineer, Snrvegot and Builder. With an Essay
on the Structure and Science of Modern Buil dmgs. Upon the Basis of the

Work by ALFRED BARTHOLOMEW, thoroughly Revised and greatly
added to by FREDERICK ROGBRS, Architect. Edmon, Revised. 1 gvg

*“The work Is too wenhlowntoneeduyrecommmdaﬁonﬁomus. Itlsouofthebooh
with which every young must be

THE HOUSE-OWNER’S ESTIMATOR.
Or, What will it Cost to Build, Alter, or Repair? A Price Book for Un-
ofessional People as well as the Architectural Surveyor and Builder. By
TD SimoN.  Edited by F. T. W. MiLLer, A.R.I.B.A.  Fifth Edition.
Carefully Revised. Crown 8vo, cloth. (Just Publisked. Net 816
‘‘ In two years it will repay its cost a hundred times over,”"—Field.
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SANITATION AND WATER SUPPLY.

THE BACTERIAL PURIFICATION OF SEWAGE:
Being a Practical Account of the Various Modern Blologlcal Methods of
Purifying Sewage. By SipNevy Barwise, M.D. (Lon D.P.H. (Camb.),
etc. With 10 Page Plates and 2 Folding Dugrams ?nl 8vo, clot
[Just ublished. Net 8/0
THE PURIFICATION OF SEWAGJE.
Bemg a Brief Account of the Scientific Principles of Sewage Purification, and
their Practical Application. By SipDNEv BARWISE, M.D. Lond ), M R.C.S.,
D.P.H. (Camb.), Fellow of the Sanitary Institute, Medi H
to the Derbyshire County Council. Crown 8vo, cioth [Just Publu'kd 5/0

WATER AND ITS PURIFICATION.

A Handbook for the Use of Local Authorities, Sanitary Officers, and others

interested in Water Supply. By S. RipEaL, D.Sc. Lond., FlC Second

Edition, Revised, with A itions, including numerous Tilustrations and Tables.
drown 8vo, cloth [Just Published. Net ©/0

RURAL WATER SUPPLY.

A Practical Haudbook on the Supply of Water and Construction of Water
works t‘or Small Co tﬁ Districts, By ALLAN Greenwerr, A.M.I.C.E.,
and W. T. Curry, A.M.I.C.E. Revised Edition. Crown 8vo, cloth 5/0

THE WATER SUPPLY OF CITIES AND TOWNS.
By WiLLiam HuMmBer, A.M. Inst. C. E nnd M. Inst M E. Imp. 4to, half.
bound morocco. (See page 11.) . . Net £6 68.

THE WATER SUPPLY OF TOWNS AND THE CON-
STRUCTION OF WATER-WORKS,
By Proressor W. K. BurTon, A.M. lnst C.E. Seoond Edltxon, Revised
and Extended. Royal 8vo, cloth. (See page 10.) 25/0
WATER ENGINEERING.

A Practical Treatise on the Measurement, Storage, Convﬁanoe, and Utilisa.
tion of Water for the Supply of Towns. By C. SLAGG, A.M. Inst. C.E. 7/8

SANITARY WORK IN SMALL TOWNS AND VILLAGES.

By CHARLES SLAGG, A. M. Inst. C.E. Crown 8vo, cloth . . . 8/0
SANITARY ARRANGEMENT OF DWELLING-HOUSES.
By A. J. WaLLI1S-TAVLER, A.M.Inst.C.E. Crown 8vo, cloth . . 2/8

MODERN PLUMBING, HOT WATER HEATING, &c.

A New Practical Work for the Plumber, the Heating Engineer, the A.rclutect,
and the Builder. By J. J. LAWLER, Autllor of ‘ American Slmta.ry Plumbing,”
&c. With 284 Illustrat.lons and Folding Plates. 4to, cloth.

[Just Published (see page ns) Net 21/=

PLUMBING.
A Text-book to the Practice of the Art or Craft of the Plumber. By W. P,
BucHAN, R.P. Ninth Edition, Enlarged. Crown 8vo, cloth . . 8/
VENTILATION.
A Text-book to the Practice of the Art of Ventxlndng Bmldlnp. By W. P,
BucHAN, R.P. Crown 8vo, cloth . . 3/6

THE HEALTH OFFICER’S POCKET-BOOK.

A Guide to Sanitary Practice and Law. For Medical Officers of Health,
Sanitary Inspectors, Members of Sanitary Authorities, &c. By EDWARD
F. WiLLouGusy, M.D. (Lond.), &c. Second Edition, Revised and Enlaj

Fcap. 8vo, leather. [Jwst Published. Net 1 /6
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CARPENTRY, TIMBER, &c.

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
lron and Stone with Timber, &c. To wlnch is added an Essay on the Nature
Prtéyemes of Timber, &u, with Descriptions of the kinds of Wood used
m Building ; also numerous Tables of the tlings of Timber for different
Specific Gravities of Materials, &c. By THomas TreDGoLD, C.E.
w x Appendlx of Specimens of Various Roofs of Iron a.nd Stone, Illus-
Seventh Edition, thoroughly Revised and considerab) g Enl arged by .

E WVNDHAII TArN, M.A., Author of ‘‘The Science of Building,”
With 61 Plates, Portrait of the Author, and several Woodcuts. In One la.rge

Vol 4to, cloth” .. 28/0
ttobehuverymhltectsmdmfyb\lﬂdeﬂﬂbﬂry -B!dldcr

“A work whose is

author’s princi are rather ‘tlun',' d by time. The additional

concermned. The
plates are of great intrinsic nlu -BwlU‘n( News,

WOODWORKING MACHINERY.
Its Rise, Progress, and Construction. With Hints on the Management of Saw
hti'lll{‘ and tl})le Ecv.)l'llc))l'nii;ldl Conl\iasi?i, o{; Timber. 4 A E Ple
of Recent Designs by ng Engli: rench, and American ngmeers.

M. Powrs BALE, A.M.Inst.C. i: ’ hil‘ Second Edition, Rev:sed’7
with large Additions, large crown 8vo, 440 pp., cloth . . .

“Mr. Bale is evidem.l&'an expert on the subject, and he has coll d so much inf “
Mhubookhnll-mﬁclenz bulldenmdothenenzazod of timber."—Arck
*The most of :_1_‘ hi we have seen. The
luthmlsadummzh master of his subject.”—Bwuilding News.
SAW MILLS.

Their Arrangement and Management, and the Economical Conversion of
Timber. By M. Powis BALE, A.M.Inst.C.E. Second Edition, R

Crown 8vo, cloth. [Just Published. 10/8
* The admss m’.rkaﬂonohhm dlscuuod,mdthembectenmiud
from a financial standpoint. Hence the size, ag:;onder. and disposition of saw and the like
are gone into in and the course oftheﬂm trlcedfmm lu ncepdonmlu dellveqln
converted state. We could not desire a

THE CARPENTER’S 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,
.S.A. Together with Pm:nca.l Rules on Drawmg, by Gnoms Pyne.
With 74 Plates, 4to, cloth . £1 1s.

A PRACTICAL TREATISE ON HANDRAlLING.
Showing New and Simple Methods for Finding the Pitch of the Plank, Drawing
the Moulds, Bevellmg }'omtm&up‘ and Squaring the Wreath. By GEORGR
COLLINGS. uon, evised and Enlarged, to which is added
A TREATISE ON STAIR-BU!LDING With Plates and Diagrams . . 2/8
“Will be found o({mctlcnl uﬁlltyln the execudon ofthis difficult branch of joinery."”—Bwuilder.
hat intricate branch of joinery is elucidated by

the ald of plates and explanatory Gaxsette.

CIRCULAR WORK IN CARPENTRY AND JOINERY.
A Practical Treatise on Circular Work of Single and Double Curvature. B:
GEORGE CoLLINGS. With Diagrams. Third %dmon, 12mo, cloth . 2/5
deﬁnlt;:m‘,na::cmq‘ A Eleofwhltabookoftl\h Hlld should be, Cheap in price, clear in
THE CABINET-MAKER’S GUIDE TO THE ENTIRE
CONSTRUCTION OR CABINET WO

By RICHARD BrrMeap. Illustrated with Plans, Sections and Workin,
Drawings. Crown 8vo, cloth. [ Just Published,
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HANDRAILING COMPLETE lN EIGHT LESSONS.

On the Square-Cut S: tam S. GorLpTHORp, Head of Building
Department, Halifax School. With Enght Plates and over 150
Practical Exercises. 4to, cloth . . . 3/6
“ olnus

Likely to be of considerable valu &. mdmhm!hgghammlsgogdw&

The toftbobookkmdlm.
Tm?!rmm

TIMBER 'MERCHANT’S and BUILDER’S COMPANION.

New and Copi Tables of the Reduced Weight and Measure-
ment of Deals and Battens, of all sizes, from One to a Thousand Plecm, and
the relative Price that each size bears l;)er Lineal Foot to any given Price
Petersburgh Standard Hundred ; the per Cube Foot of gq\nre Tim|
to any i{ven Price per Load of so Feet, &c., &c. lzr WiLriaM DowsING.
Fourth Edition, Revued md Corrected. Crown 8vo, cloth . . . 8/0

. We are glad to see a fontth edition of these admirable tablu, which for correctness and
L of leave to be desired.”—7imber Trades Fournal.

THE PRACTICAL TIMBER MERCHANT.

A Guide for the Use of Bulldmg Contractors, S S, Bullders’t &c.,

com m{vuseful Tables for all purposes connected with the Timber Trade,

ood, Essay on the Strength of Timber, Remarks on the Growth of

Tnnber &ec. ByW RICHARDSON. ond Edition. Fcap. 8vo,cloth . 8/6

“Contains much valuable information for timber and all
others connected with the growth, sale, and manufacture of timber. "—MVme

PACKING-CASE TABLES.

Showing the number of Superﬁcial Feet in Boxes or Packing-Cases, from six

inches square and upwards. By Rlcnannsou, Timber Broker. Third

Edition. Oblong 4to, cloth . . .« .« .+ . 8l6
* Invaluable labour-saving tables.”—Jfronmonger,

GUIDE TO SUPERFICIAL MEASUREMENT.

Tables calculated from 1 to 200 inches in length by 1 to 108 inches in breadth.

For the use of Architects, Surveyors, Engineers, Timber Merchants,

Builders, &c. By James Hawkings. Fifth ition. Fcap., cloth. 8/8

* A useful collection of tables to facilitate rapid calculation of surfaces. The exact area of

mymmceofwhkhthounduluvebmmemhwdm be instantly determined. The book will
be found of the greatest utility to all dinb g op

PRACTICAL FORESTRY.

And its Bearing on the Improvement of Estates. By CHArLEs E. CUrTIS,
F.S.1.,, Professor of Forestry, Field Engineering, and Genera.l Estate
Ml.nagement. at the College of Agriculture, Downton. Second Edition,
Revised. Crown 8vo, cloth. [Just Published. 8/6
SUMMARY_OF CONTENTS: — PREFATORY REMARKS. — OBJECTS OF PLANTING.—
CHOICE OF A FORESTER.—CHOICE OF SOIL AND SITE.—LAYING QUT OF LAND FOR
PLANTATIONS.—PREPARATION OF THE GROUND FOR PLANTING.—DRAINAGE.—PLANT-
ING.—DISTANCES AND DISTRIBUTION OF TREES IN PLANTATIONS.—TREES AND GROUND
GAME.—ATTENTION AFTER PLANTING.—THINNING OF PLANTATIONS — PRUNING OF
FOREST TREES.—REALIZATION.—METHODS OF SALE.—~MEASUREMENT OF TIMBER.—
MEASUREMENT AND VALUATION OF LARCH PLANTATION.—FIRE LINES.—COST OF
PLANTING.
‘““Mr. Curtis has in the course of a series of short plthy fforded much inf
tion of a useful and on the of trees,”—
Qlinstyated Carpentey and Buildey,

THE ELEMENTS OF FORESTRY.
Deslgned to afford Information concerning the Planting and Care of Forest
Trees for Ornament or Profit, with suggestions upon the Creation and Care of
Woodlands. By F. B. HouGH. Large crown 8vo,cloth . . . 10/0

THE TIMBER IMPORTER’S, TIMBER MERCHANT’S,
AND BUILDER’S STANDARD Guib
RicHARD E. GRANDY. Compn.sms —A.n Aml_lym of Deal Standards,
Hyome and Foreign, with Comparative Values and Tabular Arrangements for
fixing Net Landed Cost on tic and Nonh Ammcan Deals, including all
mlermedmteExpenus, Freight, 1 e, &c. with cop Informa-
tion for the Retailer and Builder. Third Edluon " 1amo, cloth .
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DECORATIVE ARTS, &c.

SCHOOL OF PAINTING FOR THE IMITATION OF
WOODS AND MARBLES.
As Taught and Pncuud by A. R. VAN pDER BurG and P. VAN DER Bure,
of the ds Puntm} Institution. Royal follo, zBi by 12§ in.,,
l“ wuhz full Plates ; also 12 plain compnsmg
154 Figures. Third Edition, cloth. { /tat Publi; k«i. £1 11s. 6o.

LISTOF PLATES —LVA.IIOUSTOO!.'. UIRED FOR WOOD PAINTING.—2, 3. WALNUT;
PRELIMINARY STAGES OF GRAINING AND FINISHED SPECIMEN.—4 TOOLS USED FOR
MARBLE PAINTING AND METHOD OF MANXPULA’I‘ION 6. ST. REMI MARBLE;
EARLIER OPERATIONS AND FINISHED SPECIMEN. — 7. BTHODS OF SKETCHING
DIFFERENT GRAINS, KNOTS, &c.—8, 9. ASH: PRELIMINARY STAGES AND FINISHED
PECIMEN,—10, METHODS OF SKETCHING MARBLE GRAINS —11, 12. BRECHE MARBLE ;
PRELIMINARY STAGES OF WORKING AND FINISHED SPECIMEN.—13. MAPLE ; METHODS
OF PRODUCING THE DIFFERENT GRAINS.—14, 15 BIRD'S-EYE MAPLE; PRELIMINARY
STAGES AND FINISHED SPECIMEN.—16, METHODS OF SKETCHING THE DIFFERENT
SPECIES OF WHITE MARBLE.—17, 18. WHITE MARBLE ; PRELIMINARY STAGES OF
PROCESS AND FINISHED SPECIMEN.~—19. MAHOGANY ; SPBC(HBNS OF VARIOUS GRAINS
AND METHODS OF MANIPULATION.—g0, 21. MAHOGA.NY ; EARLIBR STAGES AND
FINISHED SPECIMEN.—322, 23, 24. STENNA MARBLE; VARIETIES OF GRAIN, PRELIMINARY
STAGES AND FINISHED SPECIMEN.—ss, 26, 27. JUNIPER WOOD; METHODS OF PRO-
DUCING GRAIN, &c.; PRELIMINARY STAGES AND FINISHED SPECIMEN.—a8, 3. VERT
DE MER MARBLE; VARIB‘I‘IB OF GRAIN AND METHODS OF WORKING, UNFINISHED
AND FINISHED SPBCIIBNS.—@I 3, OAK ; VARIETIBS OF GRAIN, TOOLS EMPLOYED
AND METHODS OF MANIPULA‘I‘ION. RELIMINARY STAGBS AND FINISHED SPECIMEN.—
gnc "{."swAUlSORT MARBLE; VARIETIES OF GRAIN, UNFINISHED AND FINISHED

1

"Thouwhodednw.mln;ki!lhmmof ﬂngwoodslndmrbleswlllﬁndldvmuge
in consulting this book. . Some of the Wo! Men's Clubsmldgiv thdxyounz
theoppottunltytouud k."—Bud’ldcr

o mm&%'ﬁmﬂn . tedphteswlll be th las nhublo

managemeat of ly execut not e t to

themdm-hollmsnmkhghhworkufdthﬁn of

“ Students and novices are fortunate who are hbmwmmMsdnnoﬂoa
work."—The Avchitect.

ELEMENTARY DECORATION.
A Guide to the Simpler Forms of Everyday Art. Together with PRACTICAL
HOUSE DECORATION. By James W. Facgv. With numerous Illus-
trations. In One Vol., strongly -bound . . . . . . 80

HousBONPVAV":lTINO' GRAINING, MARBLING, AND
A Practical Manual of. lg ErLis A. DavipsoN. Eighth Edition. Witoh
|

Coloured Plates and Wood Engravings. 12mo, cloth boards . . e
'M"::‘mmof‘ fi jon of use to the and of value to the practical man."—Engiisk

THE DECORATOR’S ASSISTANT.
A Modern Guide for Decomwe Artists and Amateurs, Painters, Writers,
Gilders, &c. C of 600 R Rules, and Instructions ;
with a vanet%of Information for General Work connected with every Class of
Interior and Exterior Decorations, &c. Seventh Edition. 152 pp., cr.8vo. 1/0

* Full of ipts of value to i gilders, &c. The book contains the gist of
larger treatises on colour and technical processes. Itmldb.dlﬁcultmmeﬁwkhuworklohl
of varied information on the painter's art.”—Bwsldsng News.

MARBLE DECORATION

And the Termmology of British and Foreign Marbles. A Handbook for
Students. ‘&GIORGI H. BLAGROVE, Author of * Shonng and its Apphca-
tion,” &c. ith a8 Illustrations. Crown 8vo, cloth 3/6
** This most useful and much wanted handbook should be hmmummm

\der."—Building World.
A carefully and usefully written treatise ; the work is iall ical.”
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DELAMOTTE 8 WORKS ON ALPHABETS AND
ILLUMINATION.

ORNAMENTAL ALPHABETS, ANCIENT & MEDLEVAL.

From the Eighth Century, mth Numerals; including Gothic, Church-Text,
large and small German A.rabesque, Initials for Illumination,
Mmoqmg &c 5 &c for the use of Architectural and Engineering
M Masons, Decorative Painters, Lithographers,
Engravers, Carvers, &c &c. Collected and Engraved by F. ISILAMOTTE, an

printed in Colours, "New and Cheaper Edition. Royal 8vo, oblong.

ornamental boards . 2/6

“ For those who insert enl.melled temu round gikled cha.llces, who bluon shop legends

over shop-doors, who letter church walls with pithy this book will be
useful."—A thenaum.,

MODERN ALPHABETS, PLAIN AND ORNAMENTAL.
Including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew,
Cowt Hand, Engrossmg 'fuscan, Riband, Gothic, Rustic, and Ambesque,
with several Ongma] Dengns, and an Ana.lysts of the Roman and Old English
Alphabets, la:ge and small, and Numen.ls, for the use of Draughlsmen,
Surve rs, Masons, Decorative Pai Li E

llected and Engraved by F. Dxumo‘r’r:, l.nd ?nnted m Colours.

New and Cheaper Edition. Royal 8vo, oblong, . 2/8

* There is comprised in it every possible shape into whlch the letters of the alphabet and
m«:m be fomel:lt,tn.ndl:he u.lent whlch has been expended in the conception of the various

MEDIZLEVAL ALPHABETS AND INITIALS FOR
lLLUMINATORs.
y F. G. DELAMOTTE. Conuumng 21 Plates and Illuminated Title, printed
m Gold and Colours. With an Introduction by J. WiLLls Brooks. Fourth
and Cheaper Edition. Small 4to, ornamental boards 4/0

“A_volume in which the letters of the alphabet come f fon.h rlﬁpd ln gﬂd.lnx and all the
colours of the prism i and s and glo

A PRIMER OF THE ART OF ILLUMINATION.
For the Use of Beginners; with a Rudimentary Treatise on the Art, Practical
Directions for its Exercise, and Examples taken from Illuminated MSS.,
inted in_Gold and Colours. By F. DELAMOTTE. New and Cheaper

ition. Small 4to, ornamental boards . . 6/0
* The examples of anclent MSS. mmended to the student. whlch wit.h much good sense.
the author pfm ossibi to all, are d with § o and k
well as taste.”—A thencum.

THE EMBROIDERER’S BOOK OF DESIGN.
Contammg Initials, Emblems, Cyphers, Monograms, Ornamental Borders
Ecclesiastical Devices, Mediz and Modern Alphabets, and National
Emblems. Collected by F. DILAMO‘I‘TE, and pnnted n Colours. Oblong
royal 8vo, ornamental wrapper . 1/6

** The book will be of gteat assistance to ladhs and young chﬂdm who are endowed with
the art of plying the needle in this most ornamental and useful pretty work.”—Z&as¢ Anglian Times.

INSTRUCTIONS IN WOOD-CARVING FOR AMATEURS.

With Hints on Design. By A Lapy. With 10 Plates. New and Cheaper

ition. Ctown 8vo, in emblematic wrapper . 2/0

* The handi f the d. ,wwdlaslbookcanlmpmk.mybelumﬁum A
Lady's’ publication,” —Atlmwum

PAINTING POPULARLY EXPLAINED.
By THomas JouN GuLLICK, Painter, and Joun Timss, F.S.A. Including
E‘reaco, OIlp Mosaic, ?lmr-%oellclmr, %’ater GlaEs;s, Tem; hr:;’ gnc“lli‘“flth
iniature, Painting on um, Pott nsunel,
Edition. ' Crown 8vo, cloth " S . “. 'sio
*o* Adopted as a Prize Book at South ngtou.

“ Much ma be learned, even those who fancy they do not require to be taught, from the
careful perusal olythb p by reaytlse. "—dAdrt Fournal,
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NATURAL SCIENCE, &c.

THE VISIBLE UNIVERSE.
s o it o B, B X G
u
tnd 12 Plates. Demy 8vo, clothp‘, . . 16/0

luable and lucid tlunry
it b" ing“c’fw P coriss Ph' e e tate of oo erowlodge Mr. Gore
*In presen account e of our v,
hunudeavaluabh addition lotlwlkentum of the subject.”—Natwre.
“ Mr, Gons‘VthU verse'’ is one of the ﬁnutwrhonmmonﬂcdsdumthnhne
nlplrlnndh\mothoduhxhn cover to cover, but
tlleuy(ekwdutlndunlcﬂudut will be as wcepubleandnnuhblewtbonvhnmke
tific pretensions as to those who devote th "
Ladellm

STAR GROUPS.

A Student’s Guide to the Constellations. By J. ELLARD Gore, F.R.A.S.,
M.R.L. A., &c., Authar of “The Visible Universe,” *The Soenu-y of the
Heavens,” &c. With 30 Maps. Small 4to, cloth . . 8/0

* The volume contains thMymwshowlnemdthoMmmudo—the uked-qe
noti e;jch:dmm :.;'{n Fc of 'y o {tbemldnlgh
to ice object 8| or the a sul of it
pomp’ of the heaveas not! :;\Fcouklbebettet lnm:.s.etof E"ﬂﬂ_'}m g
square inches in area and udmxnothlngthatcannotnoncebaldmdﬁed. _ym

AN ASTRONOMICAL GLOSSARY.
Or, chuonnr{ of Terms used in Astronomy. With Tables of Data and Lists
of Remarkable and Interesting Celestial Ob ects. By J. ELLArRD GoRE,
F.R.A.S., Author of ‘‘ The Visible Universe, &c. Small crown 8vo, clotz,e
"Am_mmmmhmmmmwbewwm

"Anfyhandybook . the utility of which is much increased by its valuable tables of

THE MICROSCOPE.

Its Construction and Management. _Including Technique, Photo-micrography,
and the Past and Future of the Microscope. By Dg HENRI vAN HEURCK.
Re-Edited and Augmented from the Fourth French Edmon and Tmnslned
by Wynne E. BAmx,FGS 4oopp,wuh p ol‘zsow y
imp. 8vo, cloth . . 18/0

" %htnnslaxlon of Ils well-] knovrn work.klt once poPulu and commdv‘. " Tiomes,
“The

ASTRONOMY.
“7 the late Rev. RoBERT Mun M.A,, F.R.S. Third Ed.luon, Revised by
1LLiaM THYNNE Ly, B. A F.R.A.S., formerly of the Royal
Greenwich. 12mo, cloth . 2/0
* A sound and simple treatise, very cudullyodhod.andaupiulbookfwbqhm —

* Accu down to the of the time Mr. Lynn."—
& l;_tdyw requirements prosent by ynn. =

A MANUAL OF THE MOLLUSCA.

A Treatise on Recent and Fossil Shells. By S. P. Wooowarp, A.L.S.,
F.G.S. With an Appendix on RECENT AND FossiL CONCHOLOGICAL
DISCOVIRII-S, b{v RAI.PH Tate, A.L.S., F.G.S, With 23 Plates and
upws of 300 Reprmt of Founh Edmon (1880). Crown ;\Ira

wA " of hologk 'umd ) oodeol » o Sole Gossip.

THE TWIN RECORDS OF CREATION.
Or, Geolov and Genesis, their Perfect l-hnnony and Wonderful Concord.
yG W, LE Vaux. 8vo,A<‘:Io N . . 8IO
m whovould&i:t Godsz‘_z‘o‘:"h l[llnﬂG:"“l’Wﬂﬂ. muddlﬁst‘m':;?:
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HANDBOOK OF MECHANICS.

By Dr. LARDNER. _Enlarged and re-written by wamm Lozwv, F.R.A.S.
378 Illustrations. Post 8vo, clof . P . 8/0

*“The penpicul of the original has been retained, and chagters which had become obsolete
h-n been rep ced others of more are

&o care has been taken to show the lalgphcation of the various branches of
phy!ks to the Indusuhl arts, and to the g Fournal,

HANDBOOK OF HYDROSTATICS AND PNEUMATICS.
By Dr. LARDNER. New Edition, Revised and Enlarged by BENjAMIN LoEwy.
F.R.A.S. With 236 Illustrations. Post 8vo, cloth . . . . 8/0

“ For those ‘who deshe to attain an accurate knowledze of phy:ical sclence without the
f ' this work is well adapted.”—Chermical News.

HANDBOOK OF HEAT. '
By Dr. LARDNER. _Edited and re-written by BENJAM!N Louwv, F.R.A.S., &c.
117 Illustrations. Post 8vo, cloth ., . 6/0
o Th;o “ is alwa cle:r;'nd pucln. and conveys lnmcdon wuhout havlng anyclmndims

HANDBOOK OF OPTICS.
az Dr. LARDNER. New Edition. Edited by T. OLvER HARD!NG, B.A. Lond.
ith 298 Illustrations. Small 8vo, 448 pp., cloth . 8/0
* Written by one of the ablest English scientific writers, beautifully and ehboumly lllmtrnte¢
—Mechanics' Magasine

ELECTRICITY, MAGNETISM, AND ACOUSTICS.
By Dr. LARDNER. Edited by Geo. CAREY Fos-rzn, B.A,, F. C S. With
400 Illustrations. Small 8vo, cloth . .
* The book could not have been entrusted to any one better calcuhtod to presem t.he 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,

HANDBOOK OF ASTRONOMY.

By Dr. LARDNER. _Fourth Edition. Revised and Edited by Epwin DuNxin,
F.R.A.S., Royal Observatory, Greenw:ch With 38 Plates and upwa.rds of
100 Woodcum 8vo, cloth . . o/6

“Probably no other book contains the same amount of Informadon In mpendlous and

well a form—certainly none at the price at which this is offered to the public "—A thenasm,

‘e can do no other than pronounce this work a most manual of y, and

we lttongly recommend it to who wish to acquire a general—but at uxe same time correct—
with this sublime science.”"—Quarterly Fournal of Science.

MUSEUM OF SCIENCE AND ART.

Edited by Dr. LARDNER, With upwards of 1,200 Engravings on Wood. In
Six Double Volumes, £1 1s. in a new and elegant cloth binding ; or hand.

somely bound in half-morocco . . . . £1 11s. B0,
b “A‘c‘:‘ea p and i et scle:l:iﬁc. all!k‘e ng Illﬂ ttra “! The pamcombl;e
:'umo ponax_lf}an greax dge, powers, a popular
Sspanm books formed from the abovs.
Common Things Explained. ss. Steam and its Uses. 2s. cloth.
The Microscope. 2s. cloth. Popular Astronomy. 4s. 6d. cloth.
Popular Geology. 2s. 6d.cloth, The Bee and White Ants. zs. cloth.
Popular Physics. 2s. 6d. cloth. The Electric Telegraph. 1s. 64.
NATURAL PHILOSOPHY FOR SCHOOLS.
By Dr. LARDNER. Fcap.8vo . . . 8/68

"A very convenient class book for junior students in prlvute schools."—ﬂn’td.rll Quarterly

ANIMAL PHYSIOLOGY FOR SCHOOLS
By Dr. LARDNER. Fcap. 8vo . . . . . . 8/8
* Clearly written, well d, and llentt Il.l d.” dener's Chronicle.
THE ELECTRIC TELEGRAPH.

By Dr. LARDNER. Revised by E. B. BrRIGHT, F.R.A.S. Fcap.8vo. . 2/8
“One of the most readable books extant on the Electric Tel h."—English Mech.

L. <
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CHEMICAL MANUFACTURES,
CHEMISTRY, &c.

THE GAS ENGINEER’'S POCKET-BOOK.

Comprising Tables, Notes and Memoranda relating to the Manufacture,
Distribution and Use of Coal Gas and the Construction of Gas Works. By
H. O'ConNoOR, A.M. lmt C.E. Second Edition, Revtsed g ubp crown 8vo,
fuily Illustrated, 1 lished. 1

** The book contains a vast unount of information. ‘l‘he author soes consecutively thmgh
“;‘ : rks. dH.“I:u o ainlx eeded in making s o;{lt..ll:lo - nhnnttd orfp;l:
of a gas-wol e cert; Succt n a com| n of matters o
-bsolgteky interesting to read.™ ‘orid,

useful work of refe ﬁ d all i din eating by
ag, while the analyses of the nrbus desc ptions of gas wul be of value to the teamical chemkt.
i mttet in any way and use :’fefu is dealt with. The book has
< y been a ul addition to gas literature,"—
“The volume oonnh\l a great quantity of {alised Inf th iled, we
xmm«.w mmkgmmbhum.mthmfﬂwhomhkspodﬁany
produced.”—Engine.

LIGHTING BY ACETYLENE

Generators, Burners, and Electric Furnaces. By WiLLiam E. Giees, M.E.
With 66 Illustrations. Crown 8vo, cloth. [ /ust Pa&luhd. 7/8

ENGINEERING CHEMISTRY.

A Practical Treatise for the Use of Analytical Chemists, Engineers, Iron
Masters, Iron Founders, Students and others. Comprising Methods ofAndysu
and Valuation of the incipal Materials used in Engineering Work,
Analyses, Examples and Suigestlons By H. EJ PuiLnies, F.I.C,, 'FCS
Thu-d Edmon, evised and Enlarged vo, 420 pp., with Plates and
other Illustrations, cloth. (Just Published. Net 10/8
“In %h work the author lus rendered no small nrvlce ,to a numerous body of pncﬁcll
P b ;:;I“ v; ‘ood thi 'y per its "—Clum(asl Nm:
“ of ngs. !l db o Rerild
“The analytical methods he h as m and
m‘l‘h a whole, suc! m to give npld trust.

tred pary "y e

worthy results ln experlenced ere !s much excellent descrlpdve mmu
the chapter on * in this respect.”™ BW.
NITRO-EXPLOSIVES.

A Practical Tratue conoernl the Properti Ml.nufu:t and Anal

of Nitrated S % the Ful s Jess’ Powders, m

Celluloid. ByP. G. SAN!ORD, F.I.C. Conmlung Chemist to the Cotton Powder
Company, &c. Wlt.h Il usmnons. "Crown 8vo, od:. [Just Published. ©/0
“Any one having the and uld make nltm-glycerlne or n
cmo& to say nothing of o axploslves. by the aid of the lnmcﬂons in this volume,
very few text-books in which can be found just wha.t is wanted. Mr, Sanford ¢oel
lhmgh tbe whok list of ex‘plodm commonl sed. names any given exploslve. and tells us of what
d and how 'he book is milm throughout.”—Bngisncer.

A HANDBOOK ON MODERN EXPLOSIVES.

A Practical Treatise on the Manufacture and Use of Dynumt Gun-Cotton,
Nitro-Glycerine and other Explosive Compounds, including Collodion-Cotton.
With Chapters on Explosives in Practical Appllcatlon By M EISSLII,
Mining Engineer and Metallurgical Chemist. Editi

With 150 Illustrations. Crown 8vo, cloth. [Jwst Publuhcd 12/8

* Useful not only to the miner, buulsotooﬁcmofbothmvk:ueovhom bhsﬁncnd the
use of explosives generally may at any time become a necessary auxiliary,”—.

DANGEROUS GOODS.

Their Sources and Properties, Modes of Storage and Transport. With Notes
and Comments on Accidents arising therefrom, together with the Government
and Railway Classifications, Acts of Parlmnent, C. A Guide for the Use of
Gc:iveﬁmenft and Railwa 3 % 5 D
an anufacturers, an serso xoslvesnnd anerousGoods. B
H. Josuua Puiures, F.I.C, F.C.S. &own Bvo, 374 PP- ,gclot.h . - [
Merits a wide circulation, lndlnwlgmt. study,”—Cj News
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A MANUAL OF THE ALKALI TRADE.

Including the Manufacture of Su] unc ACld, Snlpha.te of Soda, and Bleach mﬁ

Powder. By JoHN Lomas, Al N

London. 390 pp. of Text. Wxth 232 Illustratlons and Workmg Drn.wmgs.

Second Edition, with Additions. Super-royal 8vo,cloth . . £1 10s.
"Thhbooklswﬂttenbya f for The work details of the most

are given, mdthesemacco mpanied by no Teudnnty
v{ngs. all ofwhlcﬁ mny be used for the putposec of construction. Ever,y step in the manu-
hct\lrelsvez‘ y described in this manual, and each i
d not merely a sound and lumi: ion of the chemical principles of the

trade, but a notice of numerous mmen which have a . most Important bearing on the mcceuful
conduct of alkali works, but which by even exp
authors.”—Chemical Review,

THE BLOWPIPB IN CHEMISTRY, MINERALOGY, AND

Conmmng all known Methods of Anhydrous Analysis, Y Working
Examples, and lnstrucuons for Making Apparatus, By Licut.-Colonel W. A,
Ross, R.A., F.G.S. With 120 Illusmmons. Second Edition, Enlarged.
Crown 8vo, cloth . . . 8/0

* The student who ‘znoes consclenﬁously thmugh the ooumo{ nvﬂmuuﬂnﬂ heu laid down

will gain a better insight he had *got an ofthe
R,est text-books of the day, and passed my o o “? 4
fews.

THE MANUAL OF COLOURS AND DYE-WARES.
Their Properties, Applications, Va.luntlons, Euxmes and Soplnsucauom.

For the Use of Dyers, Printers, Di . W. SLATER.
Second Edition, Revised and gready Enlnrged Crown 8vo, cloth . 7/8

“ cyclopadia of the materia tinctoria. e information respecting eac|
article IsA complat;‘e;m' and the methods of d&termlninz tha value of lngles such as these, so
En”l;h to lophtﬂiudon. are given with 1 as well as "—Chemist
foe is l:odot.hu wo(rik which m pucbdy the same gtwnd. To nudum puvuln(

A HANDY BOOK FOR BREWERS.

Being a Practical Guide to the Art of Brewing and Malting. Embracing the
Conclusions of Modern Research which bear upon the Pracuce of Brewmg
By HERBERT EDWARDS WRIGHT, M.A. S d Edition, E d
8vo, 530 pp., cloth. [Just Publu"ud. 1 2/8
* May be consulted with adnntlzeby the student who is preparing himself for examinational
tests, while the scientific brewer will find in it a »éssume of all the most important discoveries of
modem times. Theworkhwﬂnmthmghm lnldurmdconchomnnu lnduu-uthor
takes gr[;ut care to vague and well blished facts.
“ We have re in this handy boo! d ha hesitation in
S e B e s b
in this counny.lt:hwldhn-plmontho:hdmofmqbnwu’n bmy—Bnanr

“Akhou dent are primarily of half-
an-hour’s dun&:n cannot r-u to lmpuu the pnctk:al bmet vdth th. unu of lnving found a
guide and inb ! Trade Fournal,

Y

FUELS: SOLID, LIQUID, AND GASEOUS.

Their Analysis and Valuation. For the Use of Chemists and Engineers. By
H. EJ Pml.x.ni‘siIFC .S., formerly Analytical and Consulting Chemist to2t/hoe

Rlwy. ird Edmon, Revised and Enlarged. Crown 8vo, cloth
to have its in the lab of every g and wh
fuel ls on a large "—Chaermical News.

THE ARTISTS’ MANUAL OF PIGMENTS.
Showing their Composition, Conditions of Permanency, Non-Permanency, and
Adulterations; Effects in Combmauon with Each Other and with Vehicles ; 3
and the most Reliable Tests of Purity. By H. C. STANDAGE. Crown 8vo. 2/6
* This work is indeed mss/fsm-in-, fam. and we can, with good conscience. recommend it to
all who come in contact with pigments, whether as makers, dealers, or users.”—Chemsian! Review.

Cca
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A POCKET-BOOK OF MENSURATION AND GAUGING.

Containing Tables Rules, and M da for Revenue Officers, B Sy
Spirit Merchants, . B. ManT, Inland Revenue. Second Edition,
Revised. 18mo, ;wher . . . . . . . . . . [o]

* This handy and useful book is ad d to the requi of the Inland R Depart.
ment, und will be a favourite book of reference.”—Crévilian.
* Should be in the hands of every practical brewer." —lnun Fournal,

INDUSTRIAL ARTS, TRADES, AND
MANUFACTURES.

TEA MACHINERY AND TEA FACTORIES.

A Descriptive Treatise on the Mechanical Appliances required in the
Cultivation of the Tea Plant and the tion of Tea for the Market. By

. J. WaLLIS-TAYLER, A. M. Inst. C.E. Medium 8vo, 468 pj With 218
Illustrations. [Just Publulm{. Net 25/0

SUMMARY OF CONTENTS :—MECHANICAL CULTIVATION OR TILLAGE OF THE
SOIL.—PLUCKING OR_GATHERING THE LEAF.—TBA FACTORIES.—THE DRESSING,
MANUFACTURE, OR PREPARATION OF TEA BY MECHANICAL MEANS.—ARTIFICIAL
WITHERING OF THE LEAF.— MACHINES FOR ROLLING OR CURLING THE LEAF.~
FERMENTING PROCESS.—MACHINES FOR THE AUTOMATIC DRYING OR FIRING OF THE
LEAF.—MACHINES FOR NON-AUTOMATIC DRYING OR FIRING OF THE LEAF.—DRYING
OR FIRING MACHINES.— BREAKING OR CUTTING, AND SORTING MACHINES.—PACKING
THE TEA.—MEANS OF TRANSPORT ON TEA PLANTATIONS.—MISCELLANEOUS MACHINERY
AND APPARATUS.—FINAL TREATMENT OF THE TEA.—TABLES AND MEMORANDA.

“The subject of tea machinery is now one of theﬁmimereﬂtonhrgcdmofpeoph to
whom we strongly commend the volume "'—Chamber of Commerce Fournal,

‘*When tea planting was first inttoduced into the British possessions little, if any, machinery
was employed, but now its use is almost uni This volume contains a very full account of the
machinery necessary for the proper outfit of a fact lnd also a description of the processes best
carried out by this machinery.”—%onrnal Smor(;y

FLOUR MANUFACTURE.
A Treatise on Milling Science and Practice. By memcn Kick, Imperial
Regierungsrath, Professor of Mechanical Technology in the Imperial German
Polytechnic Insmute, Prague. Translated from the Second Enlarged and
Revised Edition with Supplement. By H. H. P. Powu‘.s, Assoc. Memb.
Institution of Civil Engineers. Nearly 400 pp. Illustrated with 28 Folding
Plates, and 167 Woodcuts. Royal 8vo, cloth e . . 81 Bs.

* This valuable work h and will remain, the standard au!horlty on the science of mi .
The miller who has read an d.imgdthhworkwﬂllu la.lldth foundation, so to s , of a

successful 0
ly. In this handsome volume we at last have the mt-bookofmodmmmingln rood,
lppy English, which has little, if any, trace of the German mp‘ldlmn. ~—The Miller.

COTTON MANUFACTURE.

A Manual of Practical Instruction of the Processes of Opening, Carding,
Combing, Drawing, Doubhn and Spinning of ‘Cotton, the ethods of

Dyeing, &c. For the U Operatives Overl

By JouN LISTER, Techmml Instructor, Pendleton. 8vo, clo&h . e 7/6
“ A distinct advance in the literature of cotton mnuﬁctule."—Madsm
# It is thoroughly reliable, fulfilling nearly all the requi desired.”—Gl Hevald,

MODERN CYCLES.

A Practical Handbook on their Construction and Repair. By A. J WaLLis-
TAYLER, A. M. Inst. C. E., Author of * Refrigerating Machmery, &c. With
upwards of 300 Illustrations. Crown 8vo, t Publsshed. 10/6
men mo::nw (i ‘”"9‘ s raone n the cmnlor bullm“ o.;. :I:‘aé‘pl:::d“l; n.“ '.¥ o
book will pmvo‘a m&.bu guide for al{ those who aspire to the mmulutun or repair of their own
‘A most comprehensive and up-to-date treatise.”— 7Tke Cycle.
wa
»ommcd:r.fy—“#dlmmk' which is quite entitled to rank as a standard work for students of cycle
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CEMENTS, PASTES, GLUES, AND GUMS.

A Practical Guide to the Manufacture and Application of the various Aggluti-
nants required in the Building, Metal-Working, Wood-Working, and Leather-
Working Trades, and for Wori:shogi Laboratory or Office Use. With upwards
of goo Recipes and Formule. By H. C. STANDAGE, Chemist. Third Edition.
Crown 8vo, cloth. [ Just Published. 2/0

*We have Elmure in :Petldn( favourably of this volume. So far as we have had
experience, which is not inconsiderable, this manual is trustworthy. "—.A thesaums. .

‘*As a revelation of what are considered trade secrets, this book will arouse an amount of
curiosity among the large number of industries it touches.”—Daily Chromicle.

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 Avx. WATT. Sixth Edition, including an
Appendix on Modern Candlemling. Crown 8vo, cloth.
[ Just Pubdlisked. T8
*The work will ve useful, not merel, the technological student, but to the
soap boiler vrh«!’::’ishes“t"oyund‘sntanﬁ“L d the theg t?)l' his -tzic"—c:ﬂnm an;:
“ A thoroughly practical treatise on an art whk:hr{as almost no literature in our 1

‘We congratulate the author on the success of his endeavour to fill a void in English al
literature,”—Nature.

PRACTICAL PAPER-MAKING.

A Manual for Paper-Makers and Owners and Ma.nnPgers of Paper-Mills. With

Tables, Calculations, &c. By G. CLAPPERTON, Paper-Maker. With Illus-

trations of Fibres from Micro-Photographs. Crown 8vo, cloth . . 8/0

* The authe for th irements of responsible mill hands, apprent &c., whilst

hhmud:ilﬁ'b::'oc:;ﬁron t° :::cllce to ,:.gmﬁ'of tech:olozy. as ki as tokv:'enn guper-
makers and owners. e illustrations form an excellent feature."—The Worid's Paper

“We rybody & d in the trade to get a copy of this thoroughly practical

book."—Paper Making.

THE ART OF PAPER-MAKING.

A Practical Handbook of the Manufacture of Pa&er from Rags, Esparto,
Straw, and other Fibrous Materials. Including the Manufacture of Pulp from
Wood Fibre, with a Description of the Machinery and Appliances used. To
which are added Details of Processes for Recovering Soda from Waste Liquors.
By ALEXANDER WATT, Author of *‘ The Art of Soap-Making.” With 1}‘/&

trations. Crown Svo, cloth . . . . . .

“It may be ed as the standard work on the subject. The book is full of valuable
information. The *Art of Paper-Making’ is in every respect a model of a text-book, either for a
technical class, or for the private student."—Paper and Printing Trades Fournal,

A TREATISE ON PAPER.

For Printers and Stationers. With an OQutline of Paper Manufacture ; Complete
Tables of Sizes, and Specimens of Different Kinds of Paper. By RICHARD
PARKINSON, late of the Manch Technical School. Demy 8vo, cloth.

[ Just Publisked. 316

THE ART OF LEATHER MANUFACTURE.

Beini:al’ractical Handbook, in which the Operations_of Tanning, Currying,
and ther Dressing are fully Described, and the Principles of Tanning
Explained, and many Recent Processes Introduced ; as also Methods for the
Estimation of Tannin, and a Description of the Arts of Glue Boiling, Gut
Dressin%d&c. By ALEXANDER WATT, Author of ‘‘ Soap-Making," &c.
Fourth Edition. Crown 8vo, cloth . . .. . . . . 9
** A sound, comprehensive treatise on tanning and its accessories, The book is an eminently
bo duction, which redounds to the credit of both author and publishers."—Chemica/

THE ART OF BOOT AND SHOE MAKING.
A Practical Handbook, including Measurement, Last-Fitting, Cutting-Out,
Closing and Making, with a Description of the most approved Machinery
Employed. By Jonn B. LENo, late Editor of St. Crispin, and The Boot and
Shos-Maker. 1amo, cloth. . e . . . . . . . 210
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WOOD ENGRAVING.

A Practical and Easy Introduction to the Study ot' the Art. By W. N. BrRowN.
12mo, cloth . 1/6

“mbookisdurmd eomrlne.lndwmbeunemto lnym mdngwundcmnd the
of the raphic,

MODERN HOROLOGY, IN THEORY AND PRACTICE.

Translated from the French of CLAUDIUS SAUNIER, ex- Dnrector of the School
of Horology at Macon, by JuLieN TRIPPLIN, FzR Besancon Watch
Manufacturer, and EDWARD R1GG, M.A., Assayer in the ﬂoyal Mint. With
Seventy-eight Woodcuts and Tweng two Coloured Coppet Phtes.z Seoond

Edition. Super-royal 8vo, cloth, 22 2s. ; half-calf .
* There is no horological work in the English language at all to be co: to t uc
ton of M. Sa' mleuforclearnes and completaness. lthlhkegoodasl forthcmuﬁzd
a for d skilled workman, "—Horologica.
“The h(st. t.he lnon com lete, and the most | rqlhble of thou lltenry P uctions to which
continental watchmaki ebted for t e P y over their brethren
—hﬁct.thoBookofBooh, ¢ Treatise.'"— A

THE WATCH ADJUSTER’S MANUAL.

A Pnctncal Guide for the Watch and Chronometer Adjuster in Making,
Spnnglng iming and Adjusting for Isochronism, Positions and Tempernnres
E. FriTTs. 370 pp., with Illustrations, 8vo, cloth . . 16/0

THE WATCHMAKER’S HANDBOOK.

Intended as a Workshop Companion for those in Watchmaking and

the Allied Mechamca.lp n.s. Translated from the French of CLAUDIUS
SAUNIER, and enlarged il Jurien TrippLiN, F.R.A.S., and Epwarp
RiGG, oyal Mint. Third Edition. 8vo, cloth. 9/0
“Each tml ltuldulniuall' ‘l‘helmnmmthgoodandthahnmugekdw

and concise. pl‘t?s‘:n mirable guide for the young watchmaker.”—. n«riﬁq

*It is im ble to s too highly of its excellence. lt loq‘lltunu\t in

lbook intended for the use of a workman, Should be found in every workshop."—#atck and

A HISTORY OF WATCHES & OTHER TIMEKEEPERS.

By James F. Kenpai, M.B.H. Inst. Boards, 1/@; orcloth, gilt . 2/8

*The best which has peared on this subject in the English language.”—.
" the book whcly:;':\‘l) nuz, thm is lnteruﬁnx matter in it concerning the ingenlmu
devices opm ancient or

ELECTRO-PLATING & ELECTRO-REFININGOFMETALS.

Being a new edition of ALEXANDER WATT's *‘ ELECTRO- DEPOSITION " Re-
and Largely Rewritten by ArRNoLD PHivip, B.Sc., A.L.E.E., Principal

Assistant to the Admiralty Chemist. Large Crown 8vo, clot
lsshcd Nd. 12/6

Emlnem.ly a book for the practical worker in electro-d it 1t
ip and ly p d and used in the worluhop -
EW.
ELECTRO-METALLURGQY.

Practically Treated. By ALEXANDER WATT. Tenth Edmon, mcludmg the
most recent Processes. 12mo, clot! 3/8

* From this book both amateur and artisan ma; leam cverything nocesuy for tho !ucoouﬁxl
prosecution of electroplating.”—Jyon, 4

JEWELLER’S ASSISTANT IN WORKING IN GOLD.

A Practical Treatise for Masters and Workmen, Compiled from the Experience
of Thirty Years’ Worksho Practice. By GEORGE EP Gu, Author of * The

Goldsmith's Hand Crown 8vo, cloth 16
N “Thlsmlnlulof y Mludﬁob‘ vtllllbl.mxﬂhly
his bl ofw P "emThe Time * toa
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ELECTROPLATING.
A Practical Handbook on the Deposition of C&Ppet, Silver, Nickel, Gold,
Aluminium, Brass, Platinum, &c., &c. By J. URrqQuHaArT, C.E. "Fourth
KEdition, Revised. Crown 8vo, cloth. Unst Published. 8B/0

* An excellent practical manual."—Engssneers
* An excellent work, giving the newest inform:&m. " Horological Fournal,

ELECTROTYPING.
The Re uction and Multiplication of Printing Surfaces and Works of Art
b tll:e lectm-Deposmon of etals. By J w. RQUHAR‘I‘,C E. Crown gv/rg
ot . . . . . .
* The book is thorou; the reader is, therefom. conductsd through the luding

laws of electricity, then throu; {n the metafs lectrof rs, the apparatus, and the depositing
processes, up toythe final p:egmﬁon of the wo:lgx—.{rt ournal, P

GOLDSMITH’S HANDBOOK.

By GeorGE E. GEE, Jeweller, &c. Flﬁ.h Edmon 12mo,cloth . . 8/0
“ A good, sound educator, and will be d as an hority. " —Horolog ical

SILVERSMITH’S HANDBOOK.

By GeorGe E. GEE. Jeweller, &c. Third Edmon, with numerous Illustra.
tions, 12mo, cloth . . ' . . 30
‘**The chief merit of the work is its ncﬂcal clnmeu The workers in the cnde will
ly discover its merits when they sit down to study it. '—Eu(lak Meckanic,

*.* The above two works together, strongly half-bound, price 7s.

SHEET METAL WORKER’S INSTRUCTOR.
Comprising a Selection of Geometrical Problems and Practical Rules for
Descﬂbm%” e Various Patterns Required by Zinc, Sheet-Iron, Copper ll.‘ld
Tm-l:lazﬁ , orl;;rs‘.’ ?y qunénl_llfinunv “;A&NI D,Iiligw Egmon, 8Re\n
great nlarg OSEPH ORNER rown 8vo, 2,
with qyao Illust.rulonys, cloth. ! [Just P: ‘ 54.;}’6

BREAAI?”‘& B!I‘SCUIT BAKER’S & 5UGAR-BO|LER’S

Including a hri; variety of Modern Recipes. With Remarks on the Art of
Bread-making. By RoBErT WELLs. Third Edition. Crown 8vo, cloth. 2/0 .
“ A large number of wrinkles for the ordinary cook, as well as the baker."—Safwrday Review.

PASTRYCOOK & CONFECTIONER’S QUIDE.

For Hotels, Restaurants, and the Trade in general, adapted also for Family
Uo’:‘b By R. Wll.ls, Author of * The Bread and Biscuit Baker.” Crown ;\;3

* We cannot ?eak too hlghl of thk ually exmllmtwork. In theud- af keuoompeﬁdon
our readers cannot do better than ;unchm this book."—Bakers’ Times. v

ORNAMENTAL CONFECTIONERY.
A Guide for Bakers, Confectioners and Pastrycooks; including a variety of
Modern Reci and Remarks on Decorative and Coloured W %c With x
Original Designs. By RoBerT WELLS. Second Edition. Crown8vo . 8/

** A valuable work, practical, and should be in the hands of every baker and confectioner.
‘l'bi lllustn tive designs are alone worth treble the amount charged for the whole work.”—2Bakers’

THE MODERN FLOUR CONFECTIONER, WHOLESALE

Contumng a Iarge Collectlon of Recipes for Cheap Cakes, Biscuits, &c. With
e 1 sed in their Manufacture, By RoBErT WELLS,
Anthor of “ The gread and Biscuit Baker,” &c. Crown 8vo, cloth . 0

worklsohdeddedly&r;cﬂcalchamtﬂ. and in every recipe regard is had to economical
voang "—North British Daily

RUBBER HAND STAMPS
And the Manipulation of Rubber. A Practical Treatise on the Manuf: of
Indiarubber Hand Stamps, Small Articles of lndurubber, The Hektogm&h,
Sﬂecml Inks, Cements, a.nd Allied Subjects Bay Td(gé:ouon SLOANE,
wre 8vo, P
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HANDYBOOKS FOR HANDICRAFTS.

BY PAUL N. HASLUCK.
Editor of * Work " (New Series), Author of *‘ Lathe Work," * Milling Machines, ' &c.
Crown 8vo, 144 pp., price 1s. each.

Thess HANDYBOOKS have besn written to supply smformation for WORKMEN,
STUDENTS, and AMATEURS in the several Handicrafts, on the actual PRACTICE o)
the WoRksSHOP, and are intended to convey in plam la» ¢ TEcHNicAL KNOw-
LEDGE 0f the sevéral CRAFTS. In describing the processes em yld and the manipu-
lation of material, workshop terms are used ; workshop practice ss fully explained ;
;:d the text 4s freely sllustrated with dmmgs of modern tools, appliancss, and

0C8S58S.

THE METAL TURNER’S HANDYBOOK.

A Practical Manual for Workers at the Foot-Lathe. With over 100 Illus-
trations.
“ The book will be of servk:e l.l!ke to the lmt.our lnd the nﬂun tumer It dhphyl
thorough knowledge of the subject.”—Scotsman.

THE WOOD TURNER’'S HANDYBOOK.
A Practical Manual for Workers at the Lathe. With over 100 Illustrations.

)
have

it d.

“ We recommend the book to young tumers an A of
hitherto sought in vain for a manual of this special Induury "—Mechanical World.

THE WATCH JOBBER'S HANDYBOOK.

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of
100 Illustrations .
chis “We mngly uMso allyounxyemns connectod wm: the ww;h mda to uquln lnd study

THE PA l"l ERN MAKER’S HAN DYBOOK.
A Practical Manual on the Construction of Patterns for Founders. With
upwards of xoo Illustrations
* A most valuable, if not indispensable mual for the pnttem mker —Kmld(c.
THE MECHANIC'S WORKSHOP HANDYBOOK.

A Practical Manual on Mechanical Manipul
on various Handicraft Processes. With Useful Notﬂ and 'Muczllnneous
Memoranda. Comprising about 200 Subjects . 1/
A _very clever and useful book. which should foundln svery workshop, and k she
certainly find a place in all
THE MODEL ENGINEER’S HANDYBOOK.

A Practical Manual on the Construction of Model Steam Engmcs With
tﬂ)wards of 100 Illustrations. . . . 10
. Hasluck has produced a very zood nm. book.' —Bmldcr

THE CLOCK JOBBER’S HANDYBOOK.
A Practical Manual on Clanmg, Repairing, and Adjusnng With upvnn%sl g

oo Illustrations . . . .
" lt ls of inestimable service to t.hose i the tnde." “C y s
THE CABINET MAKER’S HANDYBOOK.
A Practical Manual on the Tools, Materials, Appli and P
employed in Cabinet Work. With upwards of 100 Iflustrations . . 1/0

‘' Mr, Hasluck's thom little Hand k is the most we
have o Jh-gdns_ yboo amonpt practical guides

THE WOODWORKER’S HANDYBOOK OF MANUAL

INSTRUCTION.
Embracing_ Information on the Tools, Materials, Appli and P;
Employed in Woodworking. With 104 Illustrations. . . . . 1/0

W, by who kn Orlmou:l ohr ru:kPm:ss be done, but bow todo ¥, and
ritten by a man who ows, not o ow work ought to lon w to an
how to oonvz{ his knowledge to others.”—E: ’qynﬁw:ﬂn( ? *

“ Mr. Hasluck writes , and gives "'
* Mr. Hasluck bines the ri of a practical teacher with the mlnlpulldu skill and
nlenttﬁc knowledge of processes of r.he trained hani and the are marvels of what
gltodnced am e."—Schoolmastey.
of all lgﬁ and d of Iy Ch:

: ; md chup. -youmcl q/Edum
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COMMERCE, COUNTING-HOUSE WORK,
TABLES, &c.

LESSONS IN COMMERCE.

By Professor R. GAMBARO, of the Royal ngh Commercnl School at Genon.

Edited and Revised by James GaoLT, P

Law in King's College, London. Fourth Edmon Crown 8vo, cloth . 8/8

* The publishers of this work have rendered considerable service to the cause of commerchl

oduudon b; tho o] nune production of this volume. . . . The work is peculiarly acceptable to

to class books. Ina phrase, we think the work

Its ob}ect in fumishmg a brief account of those laws and customs of British trade with which
commercial man interested therein should be familiar."—Chka: of Commerce Fournal.

“ An invaluable guide in the hn.nds of those who are preplnnz or a commercial career, and,

in fact, th it of b should be imp on every one."—

Cosunting H

THE FOREIGN COMMERCIAL CORRESPONDENT.

Being Aids to Ci Cor d in Five Languages— _fll!h
French, German, Italian, and Spams.h By Conrap E. BAKIR. hird
Edition, Ca.refully Revised Throughout. Crown 8vo, cloth.
[ Just Published. 4/6
* Whoever wishes d in all the { by Mr. Baker cannot do
better than study this vork, the materials of which are llent and They
consist not of entire specim: lmrs. bllt—wlut are far more useful—short passages, sentences, or
expressing the same me.ral ea in various forms.”—A thenaum,
‘* A careful examination has convinced us that it is well d and
rellable. The book is a thoroughly good one."—Schoolmaster.

FACTORY ACCOUNTS their PRINCIPLES & PRACTICE.
and Manufacturers, with Appendlces on the
Nomenclature of Machme Details; the Income Tax &
Factories; Fire and Boiler Insurance ; the Factory and Woricshop Acts,
including also a Glossary of Terms and a large number of Specimen Rulmgs.
By EMILE GARCKE and J. M. FeLis. Fifth Edition, Revised and Enlarge
Demy Bvo, cloth [ Just Pubhshed 7/ 6
“ A very description of the i
udmﬂzﬂng the Factory Accounts to the general commercw books is one which we thomughly
with,"—A ccountants' Fournal.
* Characterised by extreme thorou; ‘There are few owners of factories who would not
derive great benefit from the perusal of mtm admirable work."—Local Government Chronicle.

MODERN METROLOQGY.
A Manual of the Metrical Umts and SEstems of the present Century. With
nglish System. By Lowxs D. A,
J ACKSON, A. M. Inst. C. E Au&or of ““ Aid to Survey Pncuce, &c. Lnrge
crown 8vo, cloth . . 12/8

“We mommend the work oo all lnmuted ln the pncucal n‘om of our weights and
measures.”—Nasure.

A SERIES OF METRIC TABLES.

In which the British Standard Measures and Weights are com| with those
of the Metric System at present in Use on the Continent. By Dowuxm,
8vo, strongly bound . . . . 10/8

“Mr., Dowlings‘l‘abhsmweu twgethetulmadymkonummeconndonofm
system into the other."—.A thenasums, P

THE IRON AND METAL TRADES’ COMPANION.

For Expeditiously Ascertaining the Value of any Goods bought or sold by
Weight, from 1s. per cwt. to 1125, per cwt., and from one farthing per pound to
one shilling per pound. By THoMAS DowniE. 396 pp., leather . . (o]

** A most useful set of tables, nothing like them before existed.” —2Bwus/dss wﬁf News.
"Althaug_h specn {klgnpudho the iron and metal trades, the tables
is bought and sold by weight,”—Rasiway News,

every other




42 CROSBY LOCKWOOD & SON'S CATALOGUE.

NUMBER, WEIGHT, AND FRACT IONAL CALCULATOR.

Containing u%wds of 3so, g at a Glance the
Value at 422 Different Rnes, ungmg ﬁ'om riyth of a Penny to 20s. each, or per
cwt., and £20 ton, of any number of articles consecutively, from 1 to 470.
Any number of 1rs., and lbs., from x cwt. to §7o cwts. Any number of
tons, cwts., qrs., bs., from 1 to 1,000 tons. By WiLLiam Crapwick,

Public Accountant. Thu'J Edition, Revised. 8vo, strongly bound . 13 O

“It is as easy of reference for any answer or ‘1 of
nuldn up accounts or estimates the bookdmust prove uluahle to all who kuve any constdcubh

l:y price odo
Thomonpuﬁectwtkofmklndyetpmpand. —Glc.rgwll

THE WEIGHT CALCULATOR.

Bemin Series of Tables upon a New and Comp! Plan, exhibiting at
eference the exact Value of any Weight from 1 Ib. to 15 tons, at 300
Progressive Rates, from 1d. to 1685, per cwt., and containing 186,000 Direct
Answers, which, with their C g of a sin, le addition
(mostly to be ormed at nqht), will lﬁ'ord an aggregate O 10,266,000
Answers ; the w] be:ﬁg and d 0 correctness and
oce des ch By HENRY HARBEN, Accountant. Fifth Edition, carefully
oyal 8vo, strongly half-bound . . . . . £1 Bs.

o pdcu:ldmmdlhl mm;ikm’ x:b&mn“ ; book .11 ' tile offices."
.“ value men. a nec in mercant —

g essary

THE DISCOUNT QGUIDE.

Comprising several Series of Tables for the Use of Merchants, Manufacturers,
Ironmongers, and Others by which may be ascertained the Exact Profit ansmg
from any mode of usin; lscounts, either in the Purchase or Sale of
the method of either Altering a Rate of Discount, or Advancmg a Pnce, SO as
to produce, by one operation, a sum that will uu'ed Profit after
allowing one or more Discounts: to which are add ables of Profit or
Advance from 1} to go per cent., Tables of Discount from x to 98! cent.,
and Tables of Commission, &c., ’from # to 10 per cent. ENRY ARBIN,
Accountant. New Edition, Corrected. Demy 8vo, half- bound . 1 Bs.
“‘ A book such as this can only be appreciated by business men, to whom the sav'lng of time
mnsuvlng of money. The work must prove of great value to merchants, manufacturers, and
general traders.”—Byiisk Trade Fourmal,

h

TABLES OF WAGQES.

At 54, 52, so and 48 Hours per Week. Showing the Amounts of Wages from
One quarter of an hour to Sixty-four hours, in each case at Rates of Wages
advancing by One Shilling from 4s. to sss. per week. By THos. GARBUTT
Accountant,” Square crown 8vo, half-bound . . Gld

IRON-PLATE WEIGHT TABLES.

For Iron Shipbuilders, Engineers, and Iron Merchants. Containing the
Calculated Weights of upwards of 150,000 different sizes of Iron Plates from
1 foot by 6 in. by  in. to 10 feet by ? feet by 1 in, Worked out on the Basis of
40 lbs. to the square foot of Iron of 1 inch in thlcknus. By H. BURLINSON
and W. H. SimpsoN. 4to, half-bound . . < + . £18s.

MATHEMATICAL TABLES (ACTUARIAL).

d Conversion Tables, Logamhms Cologarith:
Anufoganﬁlms and Reclprocals. By J. W. GORDON. Roy 8vo, mou mﬁ
on canvas, in cloth case. [Just Published. 8/0
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AGRICULTURE, FARMING,
GARDENING, &c.

THE COMPLETE GRAZIER AND FARMER’S AND
CATTLE BREBDER’S ASSISTANT.

A C di of Husb Originally Written by WiLLiAM YOUATT.

Fourteenth Edition, entu-ely e-wmten, considerably Enlarged, *and brought

up to Present Requirements, by WiLLiam Fream, LL.D., Assistant Com-

Royal Cc on Agriculture, 1893, Author of “ The Elements
of Agriculture,” &c. Royal 8vo, 1,100 pp., with over 450 Illustrations,
handsomely bound. [ Just Published. £1 11s. Bo.

SUMMARY OF CONTENTS.

BOOK 1. ON THE VARIETIES, BREEDING, BOOK VII. ON THE BREEDING, REARING,
REARING, FATTENING AND MANAGE- AND MANAGEMENT OF POULTRY.
MENT OF CATTLE, BOOK VIII. ON FARM OFFICES AND

BOOK II. ON THE ECONOMY AND MAN- IMPLEMENTS OF HUSBANDRY,
AGEMENT OF THE DAIRY. BOOK IX. ON THE cu:.'runa AND MAN.

BOOK III. ON THE Bnmmmc. REARING, AGEMENT OF GRASS LAN
AND MANAGEMENT OF HO BOOK X. ON THE Cuunwvron AND

BOOK IV. ON THE Bnnanmc, RBARING, APPLICATION OF GRASSES, PULSE AND
AND FATTENING OF SHEEP. ROOTS,

BOOK V. ON THE BREEDING, REARING, BOOK XI. ON MANURES AND THEIR
AND FATTENING OF SWINE. APPLICA‘HON TO GRASS LAND AND

BOOK VI. ON THE DISEASES OF LIVE
STOCK. BOOK xn. MONTHLY CALENDARS OF

FARMWORK,
** OPINIONS OF THE PRESS ON “THE Nzw EpITION,

* Dr. Frumhtobe lated on the hummtoxiveusnwork
which will at once become the standard chssh: of the t‘arm pucﬂce of the coun We believe
that it will bs found that it has no compeer among the many works at presen stenc .

The ill while the which rep :ha 11-kn:
Neow Years Gift, owned by the Queen, is a work of art." --Tlu Times.
* The book must be recognised as occupying the proud e most exh ive work

of rdennce ln the English lang\.age on the subject with whh:h lt duls, tlwceum
most guide hat exists in the English language
to-day. . The book is one that ouxht to be on every farm and in the library of every land
om."—dlorb Lane
*In point of er.haunlvemss and accuracy the work will certainly hold a pre-eminent and
““_Sue on among books dullnz with sciendﬁc agﬂcul:u practice, It s, In fact, an agricul-
library of itself.”’—Noyth Britis.

FARM LIVE STOCK OF GREAT BRITAIN.

By RoBerT WaLLAcg, F.L.S,, F.R.S.E., &c., Professor of Agriculture and
Rural Economy in the Umversny of Edmi)urgh Third Edition, thoroughly
Revised and considerably Enlarged. With over 120 Phototypes of m:e
Stock. Demy 8vo, 384 pp., with 79 Plates and Maps, cloth. .
* A really complete work on the history, breeds, and management of the farm stock of Great
de;hk‘ln. and one which is likely to find its way to the shelves of every country gentleman'’s library.”
. ‘l‘he Latest edition of * Farm Live Stock of Great Britain' Is a production to ud of. lnd
its issue ;.I_Ot the least of the services which its author has rendered to wmﬁm
Scottish Farmer.

NOTE-BOOK OF AGRICULTURAL FACTS & FIGURES
FOR FARMERS AND FARM STUDENTS,

By PriMrosE McCoNNELL, B.Sc., Fellow of the Hnghland and Agricultural

Society, Author of ‘‘ Elements of Farming."” Sixth Edition, Re-written, Revised,

and greatly Enlarged. Fcap. 8vo, 480 pp., leather. [ ju.rt Publisked. 6/0

SUMMARY OF CONTENTS :  SURVEYING AND LREVELLING.— WBIGHTS AND

MEASURES. — MACHINERY AND BUILDINGS. — LABOUR. — OPERATIONS. — DRAINING. —

EMBANKING,— GEOLOGICAL MEMORANDA.— SOILS.— MANURES,— CROPPING.— CROPS.—

ROTATIONS. — WEEDS.— FEEDING. — DAIRYING.— LIVE STOCK.— HORSES, — CATTLE. —
.—chs.—Pouu'xv.—Fonnsrkv —HORTICULTURE.—MISCELLANEOUS.

*No farmer, and ought to be without !hls multum-in-parvo
llllml.l of all lubjecu connected wkh the farm.’ -—Nwﬂo British Agrwulm
“The of i is m¢ e matter is

of th
I.t: pages. They teem with information." —;::B:nh:nd H?:‘:oe who takesa through
THE ELEMENTS OF AGRICULTURAL GEOLOGY.
A Scientific Aid to Practical Farming. By PRIMROSE McConNELL, Author
of ‘ Note-Book of Agricultural Facts and Figures.” Royal 8vo, cloth
(Just Published. Net 21/0

“On every page the work bears the i of a 1y | ledge of the subject dealt
with, and we have nothing but unstinted praise to offer.”— Tke Field.
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BRITISH DAIRYING.

A Handy Volume on the Work of the Dairy-Farm. For the Use of Technicd
Instruction Clmes, Studems in Agricultural Colleges and the Workmid
Farmer. SHELDON. With Illustrations. mon,
Revised. ('grovm Bvo, cloth [j ust Published. 2|8

* Confidently recommended as a useful text-book on dairy farmi

* Probably the best half-crown manual on dairy work that has yet beenprodueed. "—Novth

British Agriculturist.
“It 1s the soundest little work we have yet seen on the subject.”—7ke Times,

MILK, CHEESE, AND BUTTER.

A Practical Handbook on their Properties and the Processes of their Produc-
tion. Including a Chapter on Cream and the Methods of its Separation from
Milk. By JoHN OLIVER, late Principal of the Western Dairy Institute,
Berkeley. ith Coloured Plates and 200 Illustrations. Crown 8vo, clmh_”a
" d masterly production. It may be cordialh ded d
An ﬁ&"ﬂﬁiﬁ'} scn:em:e. '—Nortk Bn’l\i.rh' 2. 24 rist. to all
‘‘We recommend this very comprehensive and carefully- -written book to dairy-farmers and
studmxso dairying. Itis a distinct acquisition to the library of the agriculturist, —dAgvricsitsral

SYSTEMATIC SMALL FARMING.
Or, The Lessons of My Farm. Bemg an Introduction to Modern Farm
Practice for Small Farmers. By R. ScorT BUrN, Author of * Qutlines of
Modern Farming,” &c. Crown 8vo, cloth. . . . . . 80

“Thislsthecompletstbookoﬂndmweha ve seen, and one whlcheverynmeuufumr
will read with pleasure, and accept as a guide."—Fieid.

OUTLINES OF MODERN FARMING.

By R. Scorr BurN. Soils, Manures, and Crops—Farming and Fnrlmn
Economy—Cattle, Sheep, and Horses—Management of Dairy, Pigs,
Poultry—Utilisation of own-Se wage, Irrigation, &c. Sixth Edition. In One
Vol., 1,250 pp., half-bound, profusely Illustrated . . . . . 12/0

FARM ENGINEERING, The COMPLETE TEXT-BOOK of.

Comprising Draining and Emba.nkm Imgtmon and Water Su Farm
oatrr enwa.nd ates ; Fann A ; Bari R’I

Field 1 pl d Machi gricultural Surver ing, &c. B Ptofessot
Jonun Scorr. In One Vol,, 1 xso PP., half-bound, with over 600 I ust:-n11120na
/!

** Written with care, as well as with knowledge and ability. ‘l‘he author has done hk
work well ; we have found him a very trustworthy guide wherever we have tested his statements.
The volume will be of great value to agricultural students."—Mark Lane Express.

THE FIELDS OF GREAT BRITAIN.

A Text-Book of Agriculture. Adapted to the Syllabus of the Science and
Art Department. For Elementary and Advanced Students. By Huch
CLEMENTS (Board of rade) Second Edmou, Revtsed, with Additions.
18mo, cloth . . 2/6

It is a long time since we hava seen a book whln:h bas pleued us more, or whkh conninl
such a vast and useful fund of knowledge.”"—Educational T3

TABLES and MEMORANDA for FARMERS, GRAZIERS,

- AGRICULTURAL sTUDBNTS, SURVEYORS, LAND AGENTS,
AUCTIONEERS, &

With a New System of Fa.rm Book-keeping. By SipNevy Francis. Fifth

Edition. 272 pp., waistcoat-pocket size, flmp leat{ B . . 16

“W g less than 1 oz., and occup, glen'g no more space than a match-box, it contains a mass
of facts and calculations which has never before, in such handy form, been ob! ble. Every
operation on the farm is dealt with. The work may be taken as &oroughly accurate, the whole of
tjl;e tables having been revised by Dr. Fream. We cordially recommend it."—Bell's Weekl
lessenger.

THE ROTHAMSTED EXPERIMENTS AND THEIR
PRACTICAL LESSONS FOR FARMERS.

Part I. Stock. Part I1. Crops. By C. J. R. TiprER. Crown 8vo, cloth.

{Just Published. 3/8

"“‘h‘nhnn'no dm&t t‘l‘n.t the took will be welcomed by a large class of farmers and others
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FERTILISERS AND FEEDING STUFFS.
A Handbook for the Practical Farmer. By BERNARD DvER, D. Sc (Lond.).
With the Text of the Fertilisers and Feeding Stuffs Act of 189, Third
Edition, Revised. Crown 8vo, cloth. (Just Puglulud 1/0

"'n:u l.lttle book is precisely what it professes to be—'A Hmdbook for the Practical
D{nr has done farmers good urvlce in placing at their disposal so much useful
telligible a form."—Zhe Timse

BEES FOR PLEASURE AND PROFIT.

A Guide to the Manipulation of Bees, the Production of Honey, and the
General Management of the Apiary. By G. GOrRDON SamsoN. With
numerous Illustrations. Crown 8vo, wrapper . . P . 1/0

BOOK-KEEPING for FARMERS and ESTATE OWNERS.

A Practical Treatise, nting, in Three Plans, a tem adapted for all
Classes of Farms. By Jonnson M Woommu, C untant.
Fourth Edition. Crown 8vo, cloth .

* The volume is a capital study of a most important wbject."—ulmlmml Ga\m.

WOODMAN’S YEARLY FARM ACCOUNT BOOK.
Giving Weekly Labour Account and Diary, and showi the Income and

Expenditure under each Department of Crops, Live St airy, &c., &c.
With Valuation, Profit and Loss Account, an ance Sheet at the i!nd of the
Year. hzz‘ OHNSON M. WOODMAN, Chutaed Accountant. Second Edition.
Folio, d .. . e P . .+ Net 16
* Contains every isite form for keeping farm mdllymdlccmeely—

4,

THE FORCING GARDEN.
Or, How to Grow Early lf;uhns, Flowers and Vegetables. With Plans and

Estimates for Bullde ouses, Pits and Frames. With Illustrations.
By SamueL Woopo. Crown8vo,cloth . . . . . . . 8/8
* A good book, containing a great deal of valuabl ing.” —Gardeners’ Magasi

A PLAIN GUIDE TO GOOD GARDENING.

How to Grow Vegetablu, F ruits, and Flowers. By S. Woopn. Fourth
Effmon, with , and 1 lustmt.ions Crown
8vo,cloth . . 36

"Avetygoodbook.mdooetobohlghlymommdod nlpncdalguldn Thopncﬁul

MULTUM- N -PARVO GARDENING.

How to Make One Acre of Land produce £620 a year, by the Cultivation
of i“mus and Vegetables ; also, How to Grow Flowers in Three Glass Houses,
80 as to realise £176 per annum clear Profit. By SamuEL Woop, Author of
““Good Gardening,” &c. Sixth Edition, Ctown 8vo,sewed . . . 1/0

“We are bound to recommend it as not only sulted to the case of the amateur and gentle-
man's gardener, but to the market grower. ' —Gardeners’ Magasine.

THE LADIES’ MULTUM-IN-PARVO FLOWER GARDEN.
And Amateur’s Complete Guide. By S. Woop. Crown 8vo,cloth . 8/6
“ Full of shrewd hints and useful instructions, based on a lifetime of experience.”"—Scotsman.

POTATOES: HOW TO GROW AND SHOW THEM.

A Practical Guide to the Cultwwon and Genen.l Treatment of the Potato.
By J. Pink. Crown 8vo . . 0 e . . [o]

MARKET AND KITCHEN GARDENING.

By C. W. Suaw, late Editor of Gardening Jliustrated. Cloth . . 3/6
* The most valuable compendium of kitchen and market-garden work published."—Far»icr,
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AUCTIONEERING, VALUING, LAND
SURVEYING, ESTATE AGENCY, &c.

INWOOD’S TABLES FOR PURCHASING ESTATES
AND FOR THE VALUATION OF PROPERTIES,

lncluding Ad A e Polici Copyholds, Defened Annuxtlu,

F Cp d Rents R[ :1’ fAnnuu.lesh st te

es, tuities, Renewals of eversions, Sinl un
%zag zétﬁdmon, Revised and Extended by WiLLiAM Su::ioox.n?a
F R A.S., with Logarithms of Natural Numbers and THoMAN's Logarithmic
Interest and Annuity Tables. 360 pp., Demy 8vo, cloth.

[ Just Published. Net 8/0
lnberestodln !he purfnh-nmd ulﬁf:fm and in the adjustment of compensation

as wall as in &c., will the present edition of
emium service.”—Engineering. )
** This valuable book has been derabl . d and imp d by the labours of
Mr. Schooling, and is now very indeed.”—E
“ Altogether this edition will prove of extreme value to many classes of professional men in

saving them many long and tedious calculations.”—/nwvestors’ Review.

THE APPRAISER, AUCTIONEER, BROKER, HOUSE

AND ESTATE AGENT AND VALUER’S POCKBT ASSISTANT.

For the Valuation for Purch Sale, or R I of Leases, Annuities, and
Reversions, and of Property genera.ll H w:th Prices for Inventories, &c. By

gom« WHEELER, Valuer, &c. Sixth Edition, Re-written and greatly Eztended

y C. Norris, Surveyor, Va.lucr, &c. Royn] 3amo, cloth . 8/0

** A neat and concise book o and d list of

pdcu forinventories, and a ve? ide to dmrmlne the value of! l’urnlture. &c. "—Eamda’d.
“Cvnuinsalugequm and useful i as to the for

d and of with prices for

ﬂﬁmm; and a g\dda to dntennhu the value of interior ﬁnings and other eﬂ'ects."—ﬁn‘ld«

AUCTIONEERS: THEIR DUTIES AND LIABILITIES.

A Manual of Instruction and Counsel for the Young Auctioneer. By ROBERT
SQUt:lbs Auctloneer. Second Edmon, Revised an pa.rtly Re-written. %)57:
8vo, . . .
“ ‘l‘he’ standard text- book on tho topic! of whlch lt uuts."—Am
"‘l‘heworkls one?fgmnl excellent character, and gives much information in a com-
lorm.,

“Ma berecommendodu a t deal of information on the law relating to
3 yln nry bl 3"‘“! {ml

“ Aucti y be ving so pleasing a writer to mini to their special
needs."—Solicitors’ ?mmal.

THE AGRICULTURAL VALUER’S ASSISTANT.

A Practical Handbook on the Valuation of Landed Estates; including
Example of a Detailed Report on Management and Realisation; Forms of
Valuations of Tenant Right ; Lists of Local Agricultural Customs ; Scales of
Compensation under the Agricultural Holdings Act, and a Brief Treatise on
Compensauon under the Lands Clauses Acts, &c. By Tom BRIGHT, Agricul-
tural Val uer, Author of ‘‘The Agncultural Surveyor and Estate Agent's
Handbool Fourth Edition, with Appendix containing a Digest of the
Agricultural Holdings Acts, 1883 and 1goo. Crown 8vo, cloth.
Just Publisked. Net 8/0
*Full of tables and in with the valuation of telunt rlght. estatu. labour,
contents and weights of timber, : and farm produce of all kinds.
“An k, full of practical tables ane dataofundoubted ‘interestand
value to yors and preparing ions of all kinds."—Farmer.

POLE PLANTATIONS AND UNDERWOODS.

A Practical Handbook on Estimating the Cost of Formmg, Renovating,
Improving, and Grubbing Planmnons and Underwoods, their Va.luauon fo:
Purposes of Trmsfer, Rental Sale By Tou B T.

8vo, cloth . . o 3/6
*To valu formn and agenu it will be a welcome nld. —Nm British Agvicultnrist,
* Well calc to assist the valuer in the discharge of his duties, and of undoubted interest
and use both to Y ..Ind pariug valuations of all kinds,"—KXens Hernld,
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AGRICULTURAL SURVEYOR AND ESTATE AGENT’S
HANDBOOK.

Of Practical Rules, Formula, Tables, and Data. ' A Comprehensive Manual

for the Use of Surveyors, Agents, Landowners, and others interested in the

Equipment, the Management, or the Valuation of Landed Estates. By

Tom BRIGHT, Ax;iscultural Surveyor and Valuer, Author of * The Agri-
cultural Valuer’s Assistant,” &c. ith Illustrations. Fcap. 8vo, Leather.

Just Published. Net /6

“ An exceedingly useful book, the contents of which are admirably chosen. The classes for
whom the work is intended will find it convenient to have this p ive handbook ib

for reference.”—Lsve Stock Fournal,

“ a singularl pact and well infc d pendi of the facts and figures likely to

be required in estate work, and is certain to prove of much service to those to whom {t is

addressed.”—Scotsman.

THE LAND VALUER’S BEST ASSISTANT.

Being Tables on a very much Improved Plan, for Calculating_ the Value of
Estates. With Tables for reducing Scotch, Irish, and Provincial Customary
Acres to. Statute Measure, &c. By R. Hubpson, C.E. New Edition.
Royal 32mo, leather, elastic band . . . . . . . 4/0
% Of incalculable value to the country gentl and lonalman, —Farmers Fournal.

THE LAND IMPROVER’S POCKET-BOOK.

Comprising Formule, Tables, and Memoranda ired in any C: i

relating to the Permanent Improvement of Landed ?ropeny. By JoHN EWART,

Surveyor. Second Edition, Revised. Royal 32mo, oblong, leather . 4/0
* A compendious and handy little volume."—Spectator.

THE LAND VALUER’S COMPLETE POCKET-BOOK.
Being the above Two Works bound together. Leather . . . . 78

HANDBOOK OF HOUSE PROPERTY. .

A Popular and Practical Guide to the Purchase, Mortgage, Tenancy, and
Compulsory Sale of Houses and Land, including Dilapidations and Fixtures :
with Examples of all kinds of Valuations, Information on Building and on the
right use of Decorative Art. By E. L. TARBUCK, Architect and Surveyor.
Sixth Edition. 12mo, cloth . . . . . . ' . . . 8/0
*The advice is thoroughly practical.”—Law Yournal.
* For all who have gs with house property, this is an Indis) ble guide.”—Decoration.
* Carefully brought up to date, and muchimproved by the addition of a division on Fine Art.
A well-written and thoughtful work."—Land Agens's Record.

LAW AND MISCELLANEOUS.

MODERN JOURNALISM.,
A Handbook of Instruction and Counsel for the Young Journalist. By JoHN
B. MackiEg, Fellow of the Institute of Journalists. Crown 8vo, cloth . 2/0
*“ This invaluable guide to ism is a work which all aspirants to a journalistic career will
read with advantage.”— Fournalist,
HANDBOOK FOR SOLICITORS AND ENGINEERS
Engaged in Promotin‘g Private Acts of Parliament and Provisional Orders for
the Authorisation of Railways, Tramwaﬁ, Gas_and Water Works, &c.
{31 L. LIVINGSTONE MacassEY, of the Middle Temple, Barrister-at-Law,
. Inst, C.E. 8vo, cloth . o e . .. . .+ 81 Bs.

PATENTS for INVENTIONS, HOW to PROCURE THEM.

Compiled for the Use of Inventors, Patentees and others. By G. G. M.
HARDINGHAM, Assoc. Mem. Inst. C.l‘!‘,., &c. Demy 8vo, cloth . . 1/8

CONCILIATION & ARBITRATION in LABOUR DISPUTES.
A Historical Sketch and Brief Statement of the Present Position of the
Question at Home and Abroad. By ]. S. JEANs, Author of ‘ England’s
Supremacy. &c.” Crown 8vo, 200 pp., ¢ . e e 8




48 CROSBY LOCKWOOD & SON'S CATALOGUE.

EVERY MAN’S OWN LAWYER.

A Hmdy-Book of the Principles of Law and Equit ‘1711 With a Concise
Dicti of Legal Terms. By A Bnmxs-rn. irty-ninth Edition,
fully R d, and including New Acts of Parliament of 1gor. Com-
prising the Youtl:/ul Offenders Act, rgor; the Larcemy Act, 19or; the
Intoxicating Liguors Act, rgor ; the Factory and Workshop Act, 1901, and
other enactments of the year. /udzcml Decisions during the year have also

been duly noted. Crown 8vo, 80o pp., strongly bound in cioth.
Unst Ps&lulud. a/8

*4* This Standard Work of Reference Sforms o CoMPLETE EPITOME OF THE
Laws oF ENGLAND, comprising (amongst other matter):

THER RIGHTS AND WRONGS OF INDIVIDUALS—LANDLORD AND TENANT—VENDORS
AND PURCHASERS—LEASES AND MORTGAGES—PRINCIPAL AND AGENT—PARTNERSHIP
AND COMPANIES—MASTERS, SERVANTS AND WORKMEN-—CONTRACTS AND AGREEMENTS

LIFR, FIRE, AND MARINE INSURANCE—ACCIDENT AND FIDELITY INSURANCE—CRIMINAL
LAW—PARLIAMENTARY ELECTIONS—COUNTY COUNCILS—DISTRICT COUNCILS—PARISH
COUNCILS—MUNICIPAL CORPORATIONS—LIBEL AND SLANDER—PUBLIC HEALTH AND
NUISANCES—COPYRIGHT, PATENTS, TRADE MARKS—HUSBAND AND WIFE—DIVORCE—
INFANCY—CUSTODY OF CHILDREN—TRUSTEES AND EXECUTORS—CLERGY, CHURCH-
WARDENS, &C.—GAME LAWS AND SPORTING—INNKEEPERS—HORSES AND DOGS—TAXRES
AND DEATH DUTIES—FORMS OF AGREEMENTS, WILLS, CODICILS, NOTICES, &C,

4 The object of this work is to enable those who comsult it to heip themselves to the
law ; and thereby to di as far as with p and advice. There
are Mmany wrongs a and grievances which persons u‘ﬂ“ o from time o time through not
bmh'wor'lwnb I_yﬁ,rrdnu,s many :mhcwa:matadmdv'l
lawyer's office as of a ltow's UA this dook at Mnd bckewd that many & SIX-AND-
Excunucam be saved ; ma; wn;{‘ndnud ma: 'kt veclaimed ; many a law
Mt many an il a'?;u work Aas nub’;u ndard legal
adviurq/-ll classes, and has also made a reputation for itself as a o
awyers rtddin(alada:;dmm law libyaries, who are glad to have at hand a work

OPINIONS OF THE PrEss.
“1It is a complete code of English Law written in plain language, which all can understand,

. . Should be in the hands of every business man, and all who wish to abolish lawyers bills."—
Wa‘(y Times.

*¢ A useful and concise epl of thelaw, plled with b "—Law Mc ¥
* A complete d.icest of the most useful facts which constitute English law."—Glebe.
“This 1} . « « Admirably done, d, and irably

cheap.”"—Leeds Mercury,

* A concise, cheap, and complete epitome of the English law, So plainly written that he who
runs may read, and he who reads may und: d."—Figare.

** A dictionary of legal facts well put together. The book is a very useful one."—Spectator.

THE PAWNBROKER’S, FACTOR’S, AND MERCHANT’S
UIDE TO THE LAW OF LOANS AND PLEDGES.
th the ofl:atum and a Digest of Cases. By H. C. FoLkARD, Barmteglat‘-
W, . . . . . . . . . . . .

LABOUR CONTRACTS.
A Popular Handbook on the Law of Contracts for Works and Services. By
Davip GiBeoNs. Fourth Edition, with Appendix of Statutes by T. F. UTTLEY,
Solicitor. Fcap. 8vo, cloth s 4 e e . . . . 83/8

SUMMARY OF THE FACTORY AND WORKSHOP ACTS

(1878-1891). For the Use of Manufacturers and Managers. By EmiLE
GARrckE and J. M. FeLrs. (Reprinted from ‘‘FACTORY ACCOUNTS.”)
Crown 8vo, sewed B ' . ' . "o N . . . Bb.

BRADBURY, AGNEW, & co. LD., PRINTERS, LONDON AND TONBRIDGE.
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It is not too much to say that no books have ever proved more
popular with or more useful to young engineers and others than the
excellent treatises comprised in WEALE'S SERIES,”—Engineer.
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2  WEALE’S SCIENTIFIC AND TECHNICAL SERIES.

CIVIL ENGINEERING & SURVEYING.
Civil Engineering.

By HeNrv Law, M.Inst.C.E. Including a Treatise on HvyDRAULIC
ENGINEERING by G. R. BUR\ELL M.I.C. Seventh Edmon, revised,
with LARGE AppiTions by D. K. Crark, M.I.C.E. . . 616
Pioneer Engineering:
. A Treatise on the Engineering Operations ¢ d with the Settl of
Waste Lands in New Countries. By Ebpwarp DossonN, M.InsT.C.E.
With numerous Plates, Second Edition . . . . . . 4/8
Iron Bridges of Moderate Span:
Their Construction and Erection. By HaxLToN W. PexDRED. With 40
Illustrations . . . . . /10
Iron and Steel Brldgu and Yia.ductl

A Practical Treatise upon their Construction for the use of Engineers,
Draughtsmen, and Students. By FRANC(S C.uarm, C E. With numerous
IHustrations . . . B /6

Constructional Iron a.nd Steel Work,
As applied to Publw, anate, and Domesnc Bmldmgs. By FRANCls
Camein, C.E. 3/6
Tubular and other Iron Glrder Brldgu.
Describing the Britannia and Conway Tubular Bndgu. By G. DRYSDALE
Denmesey, C.E. Fourth Edition . . . (0]
Materials and Construction:
A Theoretical and Practical Treatise on the Strains, DestEnmg, and Erec-
tion of Works of Construction. By Francis Camrin, C, 3/0

Sanitary Work in the Smaller Towns and in Yilla.gu.
By CHARLES SLAGG, Assoc. M.Inst.C.E. Third Edition . 3/0

Roads and Streets (The Construction of).
In Two Parts: I. THE ART oF CoNSTRUCTING CoMmON Roaps, by H.
Law, QE Revised b“ . K. Cuuuc,CE. II. RECENT PrAcCTICE: In-
Pa 00d, Asphalte, &c. By D. K. CLaRk, C.E. 4/6
Gas Workl (The Construction
And the Manufacture and Distribution of Coal Gas. By S. HugHuss, C.E.
Re-written by WiLLiam Ricuarps, C.E, Eighth Edition . e 6
Water Works
For the Supgly of Cities and Towns. With a Description of the Princi :ll
Geological mations of En land as influencing Supplies of Water
SamueL HucHes, F.G.S., C Enlarged Edition . . .
The Power of Water,
As applied to drive Flour Mills, and to give motion to Turbines and other
Hydrostatic Engines. By Josert GLYNN, F.R.S. New Edition . 2/0
Wells and Well-Sinking.
By Joun Geo. SwinpeLL, A.R.I.B.A,, and G. R. BurnzLt, C.E. Reviced
Edition. Witha New Appendix on the Qualmes of Water. Illustrated 2/0
The Dra.inage of Lands, Towns, and Buildings.
D. Dewmrsey, C.E. Revised, with large Additions on Recent
Pracuce, by D. K. CLARK, M.1.C.E. 'Third Edition « . . 4/6
The Blasting and Quarrying of Stone,
For Building and other Purposes, Wlth Remarks on the Bhvin¢ up of
Bridges. By Gen. Sir-J. Burcovne, K.C.B. . . . f
Foundations and Conorete Works.
With Practical Remarks on Fi Pl Béton,

Pile-driving, Caissons, and Cofferdams. By E. Douon, M.R.1.B.A.
Eighth Edmon R .. 1/6




WEALE'S SCIENTIFIC AND TECHNICAL SERIES, 3

Pneumadtics,
Including Acoustics and the Phenomena of Wind Currents, for the Use of
Beginners. By CuarLEs Tomuinson, F.R.S. Fourth Edition . 1/6
Land and Engineering Surveying.
For Students and Practical Use. By T. Baker, C.E. Eij hteenth Ednion.
Revised and Extended by F. E. Dixon - A.M. Inst, C.E., Professional
ciate of the Institution of Surveyors. th numerous Ullustrations and WO
Lithographic Plates . . Just published 2/0
Mensuration and Measuring.
For Students and Practical Use., lth the Mensuration and Levellu;g

Land for the purposes of Modern Engineering, By T. Bakegr, C.E.
Edition by E. NuGenT, C.E. . xm o YIRS

MINING AND METALLURGY

Mining Calculations,
For the use of Students Preparing for the Examinations for Colliery
Managers’ Certificates, comprising numerouu Rules and Examples in
Arithmetic, Algebra, and Mensuration. By T. A. O'DoNance, M.E.,
Minerel Flrst-gl;ss Certificated Colliery Manager. { Just published. 3/68
Rudioons of. By A. Ramsav, F.G.S. Fourth Edition, revised and
enlarged. Woodcuts and Plates. ... . . .
Coal and Coal Mining,
A Rudimentary Treatise on. By the late Sir WARINGTON W, SmvTH,
F.R.S. Eighth Edition, revised by 1. ForsTERBrRown . . . 3/6
Metallurgy of Iron.
Containing Methods of Assay, Anal s of Iron Ores, Processes of Manu-
facture of Iron and Sﬁ[, &c. By H. BAUERMAN, F. G.S. With numerouo-
Illustrations. Sixth Edition, revised and enlargeri 8510
The Mineral Surveror and Yaluer's COmplete Guide..
By W. LINTERN. urth Edmon, w:th an Appendix on Magnetic 3a/ne«'l

Angular Surveying . .
Slate and Slate Quarry. ing

Scientific, Practical, and Commerclal By D. C. DAVIES, F.G.S. With.

numerous Illustrations and Folding Plates. Fourth Edition . . 3/0°
A First Book of Mining and Quarrying,

With the Sciences connected therewith, for Primary Schools and Self In-.

struction. By J. H. CoLuins, F.G.S. Second Edmon o 1/6
Subterraneous Surveying,

With and without the Magneuc Needle. By T. Fenwick and T. BAKER,.
C.E. Illustrated. . . . 6

Hinin}f Tools.
anual of. By WiLLiam MoORGANS, Lecturer on Practical Mining at_the:
Bristol School of Mines . . e e e e e e e

Hininogf Tools, Atlas

Engravings to Illustrate thc above, containing 235 Illustrations of Mining
Tools, drawn to Scale. 4to o e . e e

Phylical Geology,
Partly based .on Major-General PorTLOCK'S - ¢ Rndimenu of Geologyo

. .

By RaLpu TaTE, A.L.S,,&c. Woodcuts. . .
Historical Geolo,
Partly based on a{vr-General PorTLock's ‘ Rudiments.™ By RALPH
"TaTE; A.L.S,, &c. oedcutsy... e e e e 2/8
Goolo Phylioa.l and torioal.
u;ung of *Physical G ogy,” which sets forth the Leading Principles
of the Science; and * Historical Geology," which treats of the Mineral

iniic-Conditions oﬁthe Earth at each succwuve epoch. By Racen
Tare, F.G.S. -~ . . i ™ . . . 4/8
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MECHANICAL ENGINEERING.
- The Workman’s Manual of Engineering Drawing.

By Jouu Maxron, Instructor in Engineering Drawing, Royal Naval
e, Greenwich. Seventh Edition. 300 Plates and Diagrams . 3/6
ln.l- Solld, Liquid, and Gaseous.
Their Analysis and Valuation. For the Use of Chemists and Engineers.
By H. J. Puirries, F.C.S., formerly Analytical and (,o...sultmg “hemist
to the Great Eastern Rallway Third Edition . .
Fuel, Its Combustion and Economy.
Consisting of an Abrid, ment of *‘ A Treatise on the Combustion of Coal and
the Prevention of Smoke.” By C. W. WiLLiams, A.I.C.E. With Exten-
sive Additions by D. K. CLAIK, M.Inst.C.E. Fourth Edition /6
The Boilermaker’s Assistant
In Drawing, T emglatmg, and Calculating Boiler Work, &c. Byﬁ{' CourT-
NEY, Practical Boilermaker. Edited D. K. Crark, C. [o]
The Boiler-Maker's Ready Reckoner,
With Examples of Practical G ry and Templating for the Use of
Platers, Smuhs, and Riveters. By JouN CourTNEv.  Edited by D. K.
CLark, M.1.C.E. Fourth Edition . 4/0
* > The last two Works in One Volume, hall- &nmdh utztltd “ THB Bou.ln-
muums READY-RECKONER AND AssISTANT.” By J. CourTNEY and
D. K. CLark. Price T(O.
Steam Boilers:
Their Construction and Management. By R. ARMSTRONG, C.E. lllustr;t/ed

Steam and Machinery Mana.gement.
A Guide to the Ar and E g of Machinery.
By M. Powis BALE, M. TRt MLE. oo o O nagement of ac /8
Steam a.nd the Steam Engine,
Stationary and Portable. Being an Extension of the Treatise on the Steam
) Engine of Mr. J. SewgLL. By D, K. Crark, C.E. Fourth Edition 3/6
The Steam Engine,
A Treatise on the Mathematical Theory of wn.h Rules and E.nmples for
Practical Men. By T. BakERr, C.E. . e 1/6
The Steam Engine.
By Dr. LARDNER. Illustrated . . . . . . . . 1/6
Locomotivo Engines,

By G. D. Dznmzv, C.E. With large Additions treatmg of the Modern
Locomotive, by D. K. CLark, M.Inst.C.E. . . . . 3/0
Locomotive Engine-l)rivlng
A Practical Manual for” Engmeers in charge of Locomotive Engines. B:
MicHAEL ReynNorps, Tenth Edition. 3s. 6d. limp ; cloth boards . 4/;
Stationary Engine-Driving. :
A Practical Manual for Engineers in charge of Stationary Engines. B
MicHAEL REVNOLDS. Sixth Edition. 3s. 64. limp ; clotm . é

The Smithy and Forge.
lncludmgdthe Farrier's Art and Coach Smitking. By W. J E. Cn/él;g

Fourth Edition . « e e
Modern Workshop Practioe,
As ap lied to Marine, Land, and Locomotive Engmei, Floating Docks,

ing Machines, Brid, Shi -bmldm &c G. WiINTON.
Fourﬁ: lsdmon, lllus'tmedm . P . & .J . 3/6

Mechanical Engineering. -
Comﬁnsmz Metallurgy, Moulding, Camng, Forging, Tools, Workshop
me Mechani Mampnlatwn, Manufacture of the Ste:un Engine,
raNcis Camein, C. E Thn-d Edition e e e 6

Dotaﬂl oty Machin .
Comprising Instructions for the ercuhon of various Works in Iron in the
Fitting-Shop, Foundry, and Boiler-Yard. By Francis Camein, C.E. 3/0

.
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Elementary Engineering:
A Manual for Young Marine ngmeenand Apprentices. In the Form of
Qucmons and Answers on Meuh. ;mgth of Materials, &c.
. S._ Brewer. Fourth Edition .. 8
Power Motion:
Horse-power Motion, Toothed-Wheel Gearing, Lo and Short Dn
Bands, An u ar Forces, &c. By JAMES ARMOUR, C. Third Edition 2
Iron and
Exhnbmng the P les concerned in the Construetm of Iron Beuu,
Pillars, and Girders. By J. ArMOUR, C.E. . e 2/8
Practical Mechanism,
. And Machine Tools. By T. Baker, C.E. With Remarks on Tools and
Machinery, by J. Nasuvty, CE. . . . . . . . 2/8
Mechanics:
Bemaj ition of the G 1 Principles of Mechanical Science,
and their Ap hwnons. By CuarLes TomrinsoN, F.R.S. . . 116
Cranes (The Construction of),
And other Machinery for Raisin Heavy Bodlel for the Erecuon of Build-
ings, &c. By Josepn GLYNN, F.R.S. = . . . 1/8

.

NAVIGATION, SHIPBUILDING, ETC.

The Sailor's Sea.TBook' N By ] G
A Rudimentary Treatise on Navigation. AmEs GreENwOOD, B.A.
With numerous Woodcuts and Coloured ; lates. New and en'lu'god
Edition. By W. H. Rosser . . e . . 2/8
Practical Navigation.
Consisting of THE SAILOR'S SeA-Book, by James Greexwoop and W, H.
ROSSER ; together with Mathematical and Nautical Tables for the Workin,
of the Prob ems, by HEnrRY Law, C.E., and Prof. J. R. Younc. T/t
Navigation and Nautioal ltronomy,
n Theory and Practice. By Prof. J. R. YounGg, New Edition. 2/8
Ha.thema.tioa.l Tables,

For T'rigonometrical, Ast i and Nautical Calculnionl; to which is
refixed a Treatise on Loz:mhms By H. LAW, C.E. Toge her with a
genes of Tables for Navi and N y By ) .

R. YounG. New Edition . .
Masting, Mast-Making, and Rl‘{ing of Ships.

Also Tables of Spars, ng?ng, Blocks ; Chain, Wire, and Hemp R

&c., relative to every class of vessels. By RoBeRrT KiprPING, N.A. . %
Sails and Sail- gg

With Dralt&ghtnnz, and Ccntre of Effort of the Sails. By RosErt

Ki1pPING, . . . . . 2/8
Marine Engines a.nd Stea.m Yuull.

By R. Murray, C.E. Eighth Edition, thoroughly uvued mth Addi-

nons by the Author and by 8!0!0! CARLISLE, . 8
Naval Architecture:

An Exposition of Elementary Principles. By James Peaxx . . 3/8
Ships for Ocean and River Service,

Principles of the Construction of. By Hakon A. SommErreLDT . 1/8
Atlas of Engra.ving

To Illustrate the above. Twelve large folding Plates. Royal 4to, cloth 7/6
The Forms of Ships and Boats.

g’odw. BLAND. inth Edition, with numerous Illustrations and

R 11
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ARCHITECTURE AND THE

BUILDING ARTS.

Constructional Iron and Steel Work,
As applied to Pubhc, Private, and Dommu: Buildings. By Francis
Camrin, C.E. e e e . 3/6

Building Bltatu
A Treatise on the Development, Sale, Purchase, and Mmgement of Budd-
ing Land. By F. Marttano, Third Edition . . . 2/0

The Science of Building:

An Elementary Treatise on the Principles of Construction. By E. Wynb-
HAM Tarn, M.A. Lond. Fourth Edition . . . . . . 6

The Art of Building:

General Principles of Construction, Strength, and Use of Materials, Workin,
Drawings, Specifications, &. By Epwarp Dosson, M.R.L.B.A. . 6
K Book on Building,

Civil and Ecclesiastical. By Sir Enumm Bxcxl:r'r. Q C. (Lord Grin-
THORPE). Second Edition . 4/6
Dwoelling-Houses (The lroctlon ot),
Illustrated bya Perspective View, Plans, and Sectionsof a Pmr of Vlllas, with
Specification, Quantities, and E yS. H. B 2/8
Cottage Building.
By C. Bruck ALLEN. Eleventh Edition, with Chapter on Econotmc Cot-
tages for Allotments, by E. E. Aveexy, CCE, . . . . 2/0
KAcoustics in Relation to Architecture and Building.
The Laws of Sound as applied to the Arrangement of Buildings. By Pro-
fessor T. RoGrr SMmiTH, F.R.I.B.A. New Edition, Revised . 1/6
The Rudiments of Praotlca.l Bricklaying.

General Prll‘lclple\ of Bricklaying; Arch Drawing, Cuumg and Setting ;
Pointing ; Paving, Tiling, &c. y ’ Apam Hammoxp, With 68 Woodcuts

The Art of Practical Brick Cutting a.nd Sottln‘
By Apam Hammonp. With go Engravings .

Brickwork :

A Practical Treatise, embodying the General and Higher Principles of
Bricklaying, Cutting and Setting ; with the Applnatwn ois Geometry to Roof
Tiling, &c. By F. WALkEr . . o . . 1/6

Briocks and Tiles,
Rudimentary Treatise on the Manufacture of ; containing an Qutline of the
Principles of Brickmaking. By E. Doss&)N, M.R.L.B.A. Addulons
C. Tomrinson, F.R.S. llustrated . . .
The Practical Brick and Tile Book.
Comprising: Brick AND TiLe MakiNG, by E. Dosson, M.Inst.C.E.;
Practical RICKLAYING, by A. HAMMOND ; BRICK'CUTTING AND Srrrluc,
by A. HAmMOND, 550 pp. With 270 lllusu'auous, halfbound . . 6
1? and Joinery—
THE ELEMENTARY PRINCIPLES OF CARPENTRY. Chiefly composed from the
Standard Work of THoMAs TrepGoLD, C.E. With Addmons,and TREATISE
ON Joinery, by E. W. TArN, M.A. Seventh Edition . .
Carpentry and Joinery—Atlas

Of 35 Plates to accompany and Illustnte the foreg\)inz book. With
iptive Letteroress. 40 . 6/0

. . . .

. . .

.
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K Pmtica.l Treatise on Handrailing;

New and Simple Methods. By Geo. CoLLinGs. Second Edition,
Revued including a TREATISE ON STAIRBUILDING. With Plates . 2/6

Circular Work in Carpentry and Joine

ry.
A Practical Treatise on Circular Work of Single and Double Cnrvatzn;'é

By GeorGE CorrinGs. Third Edition . . .

Roof Carpen
Practical Lessons in the Framing of Wood Roofs. For the Use of Workin,
Carpenters. By Geo. CoLLINGS . . . . . . 2/

The Construction of Roofs of Wood and Iron;
Deduced chiefly from the Works of Robison, Tredgold, and Humber 1}3

E. WyNpDHAM TARN, M.A., Architect. Third Edition . . .
The Joints Made and Used by Builders.

By WvviLL J. CHRisTY, Architect. With 160 Woodcuts . . 3/0
Shoring

And its Application: A Handbook for the Use of Students. By GIOIGI

H. BLaGrove. With 31 Illustrations . e 1/8

The Timber Importer’s, Timber l!ercha.nt’l, and

Builder's Standard Guide.
ByR.E.Geavoy . . . . . . . . . . 20

Plumbing:
A Text-Book to the Practice of the Art or Craft of the Plumber. With
Chapters upon House Drainage and Ventilation. By WM. PAToN BUCHAN,
Eighth Edition, Re-written and Enlaxzed, with soo IHustrations (-]

Yentilation:
A Text Book to the Practice of the Art of Ventilating Buildings. By W. P,
Buenan, R.P., Author of * Plumbing,” &c. With 170 Illustrations 3/6

The Practical Plasterer:
A Compendium of Plain and Ornamental Plaster Work. By W. Kemp 2/0

House Painting, Graining, Marbling, & Sign Writln‘
With a Course of Elemental?' rawmg. and a |Iecuon of Useful R
By EcLis A. Davipson. Eighth Edition. Coloured Plates . Io

** The above, in cloth boards, stromgly bound, 6/0
A Grammar of Colouring,

Applied to Decorative Painting and the Arts. By GEORGE FiELp. New
Edition, enlarged, by ELuis A, DavipsoN. With Coloured Plates . 3/0

Elementary Decoration
AsapplledtoDwelhngHouses,&c By James W, Facgv. Illustrated 2/0

Practical House Decoration.
A Guide to the. Art of Ornamental Painting, the Arrangement of Colours in
Apartments, and the Principles of Decorative Design. By James W. Facev

*.* The last two Works in One handsome Vol., half-bound, entitled ** Houss
DECORATION, ELEMENTARY AND PRAC'I‘ICAI., price /0.

Portland Cement for Users.
By Henrv Faija, A.M.Inst.C.E. Third Edition, Corrected . . 2/0
Limes, Cements, Mortars, Conoretes, Mastics, Plas-
tering, &c.

By G. R. Burnere C.E. Fifteenth Edition . . . . . 1/8
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Masonry and Stone-Cutting.
‘The Principles of Masonic Projscuon and t.heu' applwldou to Construction
By Epwarp Dosson, M.R. . . . 2/6
Arches, Piers, Buttresses, &o.:
Experimental Essays on the Principles of Construction. By W. Bu;;a

st snd Mommmroments
Gilders', e s e Telnens W yl:.C.Bumu 76

The Complete Hmmr
Setting forth the Measurement of Boudl, Gla.u, Tlmber lnd Slont. By R.

HorroN. Sixth Edition . . . 4/0
** The above, strongly bound in lutkcr, fncc 6/0
Ll‘ht:
duction to the S of Optics. Designed for the Use of Students

of An:hltectun, Engineering, and other Applied Sciences. By E. WynD-
HAM TarN, M.A., Author of * The Science of Building,” &c.. . 1/8

Hints to Young Architects.
By GEORGE WIGHTWICK, Architect. Sixth Ediuon, revised and enlarged
by G. HuskissoN GUILLAUME, Architect . . .« « o 36

Architecture—Orders:
The Orders and their /Asthetic Principles. By W. H. Lzxps, lllumit%

Architecture—Styles:
The History and Description of the Styles of Architecture of Various

Countnez‘from the Earhesz to the Present Period. By T. TALpOoT BURY,
F.RLB. e e T 210

*.* OrDERS AND S‘rvm OF ARCHITECTURE, in One Vol., 3/8.

lrohltoctuu—nul‘n
The Princtutas of Design in Architecture, u deducible from Nature and
exemplifiea in the Works of the Greek and Gothic Architects. By Epw.
Lacy GARBETT, Architect. Illustrated . [:3

** The three preceding Works u One handsome Vol.. ‘41/ M mhthd
¢ MODERN ARCHITECTURE,” price 6/0-

Pcnpootlvo for Beginners
Eted to Young Stud and ‘A in Archi , Painting, &c.
BORGE PYNE . e e . . e e e
lrchitootura.l Modelling in Paper.
By T. A. RicHARDsON. Wi lllunnuons, engraved by O. Jewirr 1/6
Glass Staining, and the Art of Painting on Glass.

From the German of Dr. GESSERT and EMANUEL OTTO FROMBERG. With
an Appendix on THE ART oF ENAMELLING . . . . . 2/68

Yitruvius—The Architecture of.
In Ten Books. Translated from the Iaun by JosepH GwiLT, FSA.,
F.R.A.S. With 23 Plates . o . . o e . 6/0

N.B.—This is the only Edition of VITRUVIUS )mra&lc ata Mc Price.

Grecian Architecture,
An Inquiry into the Principles of Beauty in. With an Historical View of the
Rise and ss of the Art in Greece. By the EArL or ABerDEEN {0
*" The two preceding Works in One kandsome Vol., half bound, entitled
* ANCIENT ARCHITECTURE,” price élo
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INDUSTRIAL AND USEFUL ARTS.

Cements, Pastes, Glues, and Gums.
A Guide to the Manufactm and Application of Agglutinants. With goo
Recipes and Formulze. By H. C. STANDAGE . . . . . 210
Clocks and Wa.tchu, und Bells,
A Rudimentary Treatise on. By Sir Emumn Bu:xm, Q.C. (Lord

' GRIMTHORPE| Seventh Edition.” . . . « . &4/8
Electro-Metallur

Practically Treated. By ALEXANDER WATT. Tenth Eduion, en|

and revised including the most Recent . .
The Goldsmith’s k.

Containing full Instructions in the Art of Alloying, Melnn Red

Colourinngollectmg and Refining, Recovery o?‘i A o ﬁ

&c., &c. By GeorGe E. Ggr. ifth Edition . . o e 3/0
The Silversmith’s Handbook,

On the same plan as the GoLpsmiTH’s HANDBOOK. G. E. Gee. 3/0

*o* The last two Works, in One handsome Vol., w/y 7/0.

The Hall-uu-kin‘ of Jewellery.

Comprising an account of all the different Assay Towns of the United

Kingdom ; with the Stamps and Laws relating to the Standards and Hall

Marks at the various Assay Offices. By Grorae E. GEE . . 30
French Polishing and Enamelling.

A Pracual Work of lnnructnon, lncludm numerous Recipes for mahg

Polishes, V. laze-L %y R. BITMEAD . 1
Practical brga.n Buildin‘.

By W. E. chxsou, M.A. Second Edition, Revised, with Additions 2/6
Coach-Building:

A Practical Tremse By J.n«u W. BurGess., With sz Illustrations 2/6
The Cabinet-Maker’s Guide

To the Entire Construction of Cabinet-Work. By R. BitMgap . 2/6
The Brass Founder’s Manual:

Instructions for Modelling, Pattern Making, &c. By W. Granam . 2/0
The Sheet-Metal Worker's Gui

A Pracnc-l Handbook for Tinsmith iths, Zi k &c., with
ﬁrams. By W. J. E. CRANE. Ilmd Edition, revised . 1/6
S‘Ilin‘ inery:
Its Constructlan, Hmovy, &c. With full Technical Directions for Ad)ust-
f W. UrQuHART, C.E. « e . 2/0
Gas !' tting .
A Practical Handbook. B Jouu BrAack: New Edition . . 2/8

Construction of Door
From the Papers of A. C. Hous. Edited by C. Tomrinson, F.R.S. 2/6
The Model Locomotive Engineer, Fireman, and
Engine-Boy.
By MicHABL REYNOLDS . . . 36
The Art of Letter Pa.lntlng ‘made Euy
By J. G. BaprnocH, With 12 full-page Engravings of Examples . 1/6
The Art of Boot and Shoemaking.

Including Measurement, Last-fitting, Cutting-out, Closing and Making.

Joun Brprorp LENO With numerous Illustrations. Fourth Edition 2/6
Mechanical Dentistry:

A Practical Treatise on the Constraction of the Various Kinds of Amﬁan)

Dentures. By CHARLES HunTER. Fourth Edition . 3/0
Wood Engraving :

A Practical and y Introduction to the Art. By W. N, Brown . 1/9
Laun Management.

A Handbook for Use in Private and Public Laundries . . . 2/0
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AGRICULTURE, GARDENING, ETC.

Draining and Embanking:
A Practical Treatise. By Prof. Joun Scorr. With 68 Illustrations 1/6
Irrigation and Water Supply:
A Practical Treatise on Water Meadows, Sewage Irrigation Wurpmg, &c.;
on the Construction of Wells, Ponds, Reservom, &c. iiy Pr Joun
ScorT. With 34 Illustrations . . 1/6
Farm Roads, Fences, and G-.m
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 Prof. Joun Scort. With 75 Illustrations . 1/6
Farm Buildings:

A Practical Treatue on the Buildings necessary for various kinds of Farms,
their Arrangement and Construction, with Plans and Estimates. By Prof.
Joun Scotr. With 105 lllustrations . . . .« . 210

Barn Implements and Machines:
Treating of the Application of Power and Machines used in the Threshing-
barn, Stockyard, f)ury, &c. By Prof. J. ScorT. With 123 Hlustrations.

2/0
Field Imglomontl and Muachines:
ples and Details of Construction and Points of Excellence, their
Management, &c. By Prof. Joun Scorr. With 138 Illustrations 22/0
Agricultural Surveying: -
A Treatise on Land Surve: mf Tevelling, and Setting-out ; with Directions
for Valuing Estates. By J. Scort. With 62 Illustrations . 1/8
Farm Engineer
By Protessor Joun 01‘1' Comprising the above Seven Volumes in One,
1,150 pages, and over 6oo Illustrations. Half-bound . . . 2/0
Outlines of Farm Management.
Treating of the General W of the Farm. Stock ; Contract Work ;
Labour, &c. By R. Scort Burn . . 6

Outlines of Landed Estates Ma.na.g.ment.
Treating of the Varieties of Lands, Methods of Farming, Setting-out of
Farms, Roads, Fences, Gazes, Dmuge, &c. By R. Scort Burn. 2/6
" Whe adove Two Vols. in One, handsomely half-bound, price 810
Soils, Manures, and Cro
(Vol. I. OutLINES oF MODERN FarMiNG.) By R. ScorTt Burn . 22/0
Farming and Farming Economy.
(Vol. 1I. OuTLINES OF MODERN FArMING.) By R. Scort Burn J/0

Stock: Cattle, Sheep, and Horses.
(Vol. 11I. OuTLINES O MODERN memc) By R. Scort Burn 2/6

Dairy, Pigs, and Poultry.

(Vol. 1V. OuTLiNES OF MODERN FARMING.) By R. ScorT Burn 22/0
Utilization of SBewage, Irrigation, and BReclamation
of Waste Land.

a (Vol. V. OutriNes oF MoDERN FArMING.) By R. Scotr Burn . 2/6

Outlines of Modern Farming

By R. Scort BURN. Consistin, of the above Five Volumes in One,
1,250 pp-, profusely Illustrated, half-bou . 2/0
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Book-keeping for Farmers and Estate Owners.
A Practical Treatise, presenting, in ‘I'hree Plans, a System adapted for all
classes of Farms. By J. M. Woopman. Third Edition, revised . 2/8

Ready Reckoner for the Admeasurement of Land.
By A. ArmAN. Fourth Edition, revised and extended by C. Norris 22/0

Miller's, Corn Merchant’s, and Farmer's Ready
Reckoner.
Second Edition, revised, with a Price List of Modern Flour Mill Machinery,
by W.S. Hurton,CE. . . . . . .« .« . .

The Hay and Straw Measurer.
- New Tables for the Use of Auctioneers, Valuers, Farmers, Hay and Straw
Dealers, &c. By JouN STegLe . . . . .« . . . 2/0

Meat Production.
A Manual for Producers, Distributors, and Consumers of Butchers’ Meat,
By Joun EwarT e e e e e e e e e . 218

Sheep :
The History, Stri E y, and Di of. By W. C. SroonEr,
M.R.V.S. Fifth Edmon, with ﬁne Engravings. . .« . . 3/6

Market and Kitchen Gardening.
By C. W. Sxaw, late Editor of * Gardening Illustrated” . . . 30

Kitchen Gardening Made Easy.

Showing the best means of Cultivating every known Vegetable and Herb,
&c., with directions for management all the year round. By Georce M. F.
GLENNY. Illustrated . « . .. . . 1/6

Cottage Gardening:
Ur Flowers, Fruits, and Vegetables for Small Gardens. By E. Hospav.

1/6
Garden Receipts.
Edited by CHARLESW. QUIN . « « « + o« « « 1/8

Fruit Trees,
The Scientific and Profitable Culture of. From the French of M. Du
BreuiL. Fifth Edition, carefully Revised by GEORGE GLENNY. With
187 Woodcuts e e e e e e e e . . 3/6

The Tree Planter and Plant Propagator:

With numerous Illustrations of Grafting, Layering, Budding, Implements,
Houses, Pits, &. By Samve. Woop . . . . . . 2/0

The Tree Pruner:
A Practical Manual on the Pruning of Fruit Trees, Shrubs, Climbers, and
Flowering Plants. With numerous. Illustrations. By SAMuEL Woop 1/8

* ¥ The above Two Vols. in One, kandsomely half-bound, price 316,
The Art of Grafting and Budding.

By CHARLES BALTET. With Hlustrations . . . . . 2/8
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MATHEMATICS, ARITHMETIC, ETC.
Descriptive Geomet:

ry,
An Elementary Treatise on ; with a Theory of Shadows and of Perspective,
extracted from the French of G. Monge. To which is added a Description
of the Principles and Practice of Isometrical Projecuon By J. F. HEATHER,
M.A. With 14 Plates . . . . e o e

Practical Plane Geometry :
Giving the Simplest Modes of Constructing Figures contained in one Plane
and Geometrical Construction of the Ground. By J F. Hzxrur.n, M.A.
With 215 Woodcuts . . . /0

Analytical Geometry and Conio Boctlonl
A Rudimentary Treatise on. AMES HANN. A New Edition, re-
written and enlarged by Professor j' . Youne e e . 2
Euclid (The Elements of).
With many Additional Propositions and Explanatory Notes; to which is
prefixed an Introductory Essay on Logic. By HENkY Law, ol 2/6

*.* Sold also separately, vis:—

Euclid. The First Thtee Books. By HEnrv LAw,C.E. . . . 1/8
Euclid, Books 4, 5, 6, 11, 12. By HENry LAW,CE. . . . 1/6

Plane Trigonometry,
The Elements of. By James HANN. e e+« e« . 18

Spherical Trigonometry,
The Elements of. By JAMB.S Haxx. Revised by CuarrLes H. Dow-
LING, C.E.

Wt Or w:tk’ “ The Elmmat: o Plam Tngmomttry,” n Onc Vdumt, 2/6

Diﬂerontia.l Caloulus,

Elements of the. By W. S. B. Woowousl., F.R.AS., & . . 1/
Integral Caloulus.

By Homersham Cox, B.A. e e e e e e . w18
Klgebra,

The Elements of. By James Haopoon, M.A. With Appendix, containin,
Miscellaneous Investigations, and a Collection of Problems o . 2/6

K Key and Companion to the Above.
n extensive Repository of Solved Examples and Problems in Algebra.
By J. R.Young . . B o . 1/8

commorcial Book-keeplng.
With Commercial Phrases and Forms in Enghsh, French ltah:\n, and
German. By James Hapbvon, M.A.. . 1/6

Arithmetio,
A Rudimentary Treatise on. With full Exp.anatwns of its Theoretical
Principles, and numerous Examples for Practice._ For the Use of Schools
and for Self-Instruction. By J. R. Young, late Professor of Mathemaug

in Belfast College. Thirteenth Edition . . . . e e
A Kog to the Above.
J. R.YounGg . . e e e e . . 116

Eqna.tiona.l Arithmetlc,
Applied to Questions of Interest, Annuities, Life Assurance, and General
Commerce ; with vmous Tables by which al Cnlculanons nuy be zmtl
facilitated. By W. HirsLEy e e e e .

Arithmetic,
Rudimentary, for the Use of Schools and Selflnxtructlon. By JAMN
Hapbpon, 'A. Revised by ABRAHAM ARMAN . 1/8

A Kog to the Above.
y A. ARMAN . e e e e e e e e . 18

e
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Mathematical Instruments:
Their Construction, Adjustment, Testing, and Use concisely Explained.
By J. F. HEATHER, M.A., of the Royal Milica? Academy, Woolwich.
Fourteenth Edition, Revised, with Additions, by A. T. WaALMIsSLEY,
M.L.C.E. Original Edition, in 1 vol., Illustrate e e e [+]
2> In ordering the above, be careful to say *‘Original Edition," or the
number in the Series (32), to distinguish it from the Enlarged Edition in
3 vols. (as follows)—

Drawing and Measuring Instruments.
Including—I. Instr empk&ed in Geometrical and Mechanical Draw-
ing, 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. . 1/8

Optlcla.l Instruments.

g (more lly) Tel Microscopes, and Apg{mtus for
groducin copies of Maps and Pians by Photography. By J. F. HeaTh
1.A. Illustrated e e e e e e e 1'/3
Surve and Astronomical Instruments.
Including—I. Instruments used for Determini g the G 1 F
of a portion of Ground. II. Instr in A ical Ob-

servations. By J. . Heather, M.A. lllustrated. . . . 1/8

*.* The above three volumes form an enlargement of the Authoy's oviginal
“ Mathematical Instruments,” price 2/0. (Described at top of page.)

Mathematical Instruments:
Their Construction, Adjustment, T'esting and Use. Comprising Drawing,
Measuring, Optiul, Surveying, and Astronomical Instruments. By J. F.
HEATHER, M.A. Enlarged Edition, for the most part entirely re-written.
The Three Parts as above, in One thick Volume. . . . 4/8

-'The Slide Rule, and How to Use It.
Containing full, easy, and simple Instructions to perform all Business Cal-
culations with unexampled rapidity and accuracy. By CHARrLES Hoarg,
C.E. With a Slide Rule, in tuck of cover. Seventh Edition . .

Logarithms.
With Mathematical Tables for Trigonometrical, Astronomical, and Nautical
Calculations. By Henrv Law, C.E. Revised Edition . . . 3/0

GCompound Interest and Annuities (Theory of).
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, Paris. Fourth Edition . 4/0

Mathematical Tables,
For Tri ical, A ical, and Nautical Calculations ; to which is
refixed a Treatise on Logarithms. By H. Law, C.E. Together with a

geris of Tables for Navigation and Nautical Astronomy. By Professor J.
R.Younc. New Edition . . . ., . . . ~. . 4{5

Mathematiocs,
As applied to the Constructive Arts. By Francis Caumrin, C.E., &c.
Third Edition . . . . . . .. . . .. . 30
Astronomy.
By the Rev. RoserT MaiN, F.R.S. Third Edition, revised and cor-
rected to the Present Time. By W. T. Lvax, F.RAS. . . . 2/0

Statics and Dynamios,
The Principles and Practice of. Embracing also a clear development of
Hydmmiuiml-lydmdynmﬁu, and Central Forces. By T. Bakzr, C.E.
Fourth Editi e e e e e e 0 .« 118
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BOOKS OF REFERENCE AND
MISCELLANEOUS VOLUMES.

A Dictionary of Painters, and Handbook for Picture
Amateurs.

P.emg a Gmde fot leors to Public and Private Picture Galleries, and for

Art-S Gl y of Terms, Sketch of Principal Schools of

Painting, &c. By PuiLipeE Darvr, B.A, . . . o 2/6
Pl.lntin* Po(?ulu!¥ Explained.

uLLick, Painter, and Joun Timss, F.S.A. lncludmf Fresco,

OII. Momc. Water Colour, Water-Glass, Tempera Encaustic, Miniature,

Painting oa Ivory, Vellum, "ouery, Enamel, Glass, &c. Sixth Edition §/0

A Dlotion of Terms used in Architecture, Build-
x;ﬁlnurln‘ Klnl:‘, Metallurgy, Archse-

By Jonm \Vul.z. Sixth Edition. Edned by R. Hunt, F.R.S. . §/0

Music:
A Rudimentary and Practical Treatise. With numerous Examples. Bé

CHARLES CHILD SPENCER . o e e e .. 21
Pianoforte,

The Art of Playing the. With numerous Exercises and Leuons.

CuArLES CHILD SPENCER . o . . . . . é
The House Manager.

A Guide to H ) Cookery, Pickling and Preserving, Household

Work, Dairy Management, Cel e of Wines, Home-| btewmg and Wine-
makmg, Gardening, &c. By AN OLp HOUSEKEEPER . 3/6

Manual of Domestic Medicine.
By R. Goopoing, M.D. Intended as a Family Guide in all cases of
Accident and Emergency. Third Edition, carefully revised . . 2/0

Management of Health.
A Manual of Home and Personal Hygiene. By Rev. James Bairp 1/0
Natural Philosophy,

For the Use of Beginners, By CuarLes Tomrinson, F.R.S, . . 1/6

The Elementary Principles of Electric nghting.
By Aran A, LAMI’BELL SwintoN, M.INST.C.E., M.LE.E.  Fourth

E dmon, Revised . . B . . o [Just Published 1/6
The Eleotric '.l‘elograph

Its History and Progress. By R. Saming, C.E,, F.S.A., &c. . . 30
Handbook of Field Fortification.

By Major W. W, KxoLLys, F.R.G.S. With 163 Woodcuts . . 3/0

o, .
Pure and Applied. By S. H. Emmens. Third Edition . . . 1/6

Locke on the Human Understanding,
Selections from. With Notes by S. H. EMMENS . e e« 1/6

The Compendious Calculator
(Intustive Calculations). Or Easy and Concise Methods of Perfommg the
various Ayithmetical Operations required in
Transactions ; toge!her with Useful Tables, &». By Duum. 0 Gom\uu
Twenty- -seventh dition, carefully revised by C. Norgzis . 2/8
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Measures, Weights, and Monoi!: of all Nations.
With an Analysis of the Chrnuan, ebrew, and Mahometan Calendars.
. By W. S. B. WooLHoUsE, F.R.A.S., F.S.S. Seventh Edition
Gn.mma.r of the English Tonguo,
ken and Written. With an Introduction to the Study of Comparative
P ilology. By Hyor CLARKE, D.C.L. Fifth Edition. . . . 1/6
Dictionary of the English Language.
As Spoken and \Vritten. Concammg above xoo,oao Words. By Hvor
CLAkkE, D.C.L. . 3/6
Comﬂele uutln the Gn.umn, 5/3.
Compuition and Punctuation,
Familiarly Explained for those who lm\e neglec(ed lhe Sludy of Grammar
By JusTiN BRENAN. 18th Edition. . . 1/6
French Grammar.
With Complete and COMISe Rules on the Genders of French Nouns. P
G. L. Strauss, Ph.D. . . . . . . . . . 1/&
English-French Dictiona.ry.
Comprising a large number of Terms used in Engmeenng, Mlnmg. &c.
By ALFRED ELwWES . . . . . . . 2/0
French Dictionary.
In two Parts—I. French-English. II. English-French, complete in
One Vol . . . . 3/0
. ‘ O with the (.;RAMMAR, 4/6
French and English Phrase Book.
Containing Introductory Lessons, with Translations, Vocabularies of Words,
Collection of Phrases, and Easy Familiar Dialogues . . . . 1/6
German Grammar.
Adapted for English Students, from Heyses Theoreucal and Practical
Grammar, by Dr. G. L. STRAUSS . e . 1/6

Gex'ma.n 'l‘ri%lot chtiona.ry
A. HamiLtoN., Part I. German.-French-English. Part I1.

Enghsh -German-French. Part 111, French-German-Englis 3/
German Triglot Dictionary.

(Asabove). Together with German Grammar, in One Volume . 8/0
Italian Grammar.

Arranged in Twenty Lessons, with Exercises. By ALFRED ELwEs. 1/6
Italian Triglot Dictionary,

Wherein the Genders of all the Italian and French Nouns are care‘ull

noted down. By ALrFrReD ELwEs. Vol. L. Italian-English-French. é
Italian Triglot Dictiona

By ALrrep ELv.es. Vol I1. nglnsh-l"rench Italian . . . 2/6
Italian Triglot Dictionary.

By Avrrep ELwes. Vol. 11L French-Italian-English . . . 2/6
Italian Triglot Dictionary.

(As abm!eg) In One Vol. . . e e e e . T/6
Spanish Grammar.

In a Simple and Practical l-‘orm. With Exercises. By ALFreDp ELwes 1/6
Spanish-English and English-Spanish Dictionary.

Including a large number of Technical Terms used in Mining, Engineering,

&c., with the proper Accents and the Gender of every Noun. By ALrrED

EL\\ ES . . o . . 4/0
b ¢8O itk the CRAMMAR, 6!0. :
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Portuguese Grammar
a Simple and Practical Fonn With Exercises. By ALrrev ELwes 1/6

Portu‘um-En‘lhh and English-Portuguese Dic-
tion
lnclndlng -rge number of Technical Terms used in Mi ining, Engmeermg,
&c., with the pr(iper Accents and the Gender of cvery Noun. By ALFrRED
Evwgs. Third Edition, revised . . B o . . 8/10
** Or with the Guuuu, TIO

Animal Physiocs,
Handbook of. By Dionvsius Lum\u, D.C.L. Wuh s:o Illustntuons
In One Vol. (732 pages), cloth boards . . T/8
** Sold also in Two Part.r, as ﬁrllaw —
ANiMAL Puvs:cs. By Dr. LArDNER. Part I, Chapters 1.—VII. 4/0
ANIMAL PHysics. By Dr. Lagvoner. Part I1., Chapters Vlll.—XVlslIlé

BRADBURY, AGNEW & €O, LD., PRINTERS, LORDON AND TONBRIDG®




MANUALS ror SPECIAL TRADES AND INDUSTRIES.

ENGINEERING.

MILLING MACHINES AND PROCESSES: A Practical Treatise
on Shaping Metals by Rotary Cutters. Including Information on
Making and Grinding the Cutters. By PAuL N. HasLuck. With
upwards of 300 Engravings. Crown 8vo, 12s5. 64, .

LOCKWOOD'S DICTIONARY OF TERMS USED IN THE
PRACTICE OF MECHANICAL ENGINEERING. Edited by
. G. HORNER, A.M.LM.E., Author of ¢‘Pattern Making.”
hird Edition, Revised and Enlarged. Crown 8vo cloth, 7s. 64. net.

TOOTHED GEARING: A Practical Handbook for Offices and
Workshops. By J. G. HORNER, A M.I.M.E., Author of ‘ Pattern
Making,” &c. Crown 8vo, with 184 Illustrations. 6s. cloth.

THE PRACTICAL MECHANIC’'S WORKSHOP COMPANION.
By W. TempLETON. Eighteenth Edition, Revised, Modernised
and Enlarged by W. S. HuTToN, C.E. Fcap. 8vo, nearly 500 pp.,
with upwards of 250 Illustrations, 6s. leather.

THE ENGINEER’S, MILLWRIGHT'S AND MACHINIST'S
PRACTICAL ASSISTANT. By W. TempLETON. Eighth Edi-
tion. 18mo, 2s. 64. cloth.

TABLES, MEMORANDA AND CALCULATED RESULTS, FOR
MECHANICS, ENGINEERS, ARCHITECTS, BUILDERS,
ELECTRICIANS, &c. By Francis SMITH. Sixth Edition, Re-
vised. Waistcoat-pocket size, 1s 6d. leather.

THE WORKMAN’S MANUAL OF ENGINEERING DRAWING.
By JouN MaxToN, C.E. Seventh Edition. 3s. 6d. cloth.

CONDENSED MECHANICS: A Selection of Formulz, Rules,
Tables and Data for Engineering Students, Science Classes, &c.
By W. G. C. Huclies, AAM.I.C.E. Crown 8vo, 2s. 6d. cloth.

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT:
A Popular Treatise on the Gradual Improvements made in Railway
Engines between 1803 and 1896. By CLEMENT E. STRETTON, C.E.
With 120 Illustrations. Crown 8vo, 3s. 6d. cloth.

LOCOMOTIVE ENGINE-DRIVING: A Practical Manual for
Engineers in charge of Locomotive Engines. By MICHAEL REY-
NoLDs, M.S.E. Eleventh Edition. 3s. 64. cloth ; or, 4s. 6d. cloth gilt.

STATIONARY ENGINE-DRIVING: A Practical Manual for
Engineers in charge of Stationary Engines. By MICHAEL REY-
No1Ds, M.S.E. Seventh Edition. 3s.6d. cloth; or, 4s. 6d. cloth gilt.

THE ENGINEMAN'S POCKET COMPANION and Practical
Educator for Enginemen, Boiler Attendants and Mechanics. By
MicHAEL REYNOLDs. Fourth Edition. 18mo, 3s. 64. cloth.

CROSBY LOCKWOOD & SON, 7, Stationers’ Hall Court, E.C.
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MANUALS ror SPECIAL TRADES AND INDUSTRIES.

WATCHMAKING AND JEWELLERY.

THE WATCHMAKER'S HANDBOOK: A Workshop Companion
for those engaged in Watchmaking and the Allied Mechanical
Arts. Translated from the French of C. SAUNIER, and Enlarged
l& J TrIPPLIN, F.R.A.S. and EpwaArD RicG, M.A. Third

ition. Crown 8vo, gs. cloth.

A TREATISE ON MODERN HOROLOGY, in Theory and Prac-
tice. Translated from the French of C. SAUNIER, by J. TRIPPLIN,
‘F.R.A.S., and EDWARD RiGG, M.A. With Woodcuts and Coloured
Plates. Royal 8vo, £2 2s. cloth; £2 10s. half-calf.

A HISTORY OF WATCHES AND OTHER TIMEKEEPERS.
By James F. KENDAL, M.B.H.Inst. 250 pp., with 88 Illustra-
tions, Is. 64. boards; or, 2s. 6d. cloth gilt. .

CLOCKS AND WATCHES, AND BELLS; A Rudimen Trea-
tise on. By Sir EDMUND BECKETT, Bart., Q.C. Seventh Edition.
4s. 64, cloth limp; or, gs. 64. cloth boards.
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