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PREFACE

The feelings of admiration which most of us expe-

rience at the sight of a modern express train speeding

along at the rate of fifty miles an hour or more, are

centred as a rule in the locomotive from which the

whole swiftly moving body derives its motion.

To many the sight has but a momentary interest

which vanishes as soon as the train is lost to view,

whilst on others the effect is to awaken in their minds

a desire to know more about the construction of the

engine and the principles which govern its working.

ro Many people, too, have acquired a rudimentary

"knowledge of the various parts of the engine, and

have a rough idea of the functions which certain of

these parts have to perform
;
others, again, are fairly

well acquainted with the principal features which

distinguish one type of locomotive from another, but

are yet at a loss to understand why these differences

exist.

It is with a view’ to clearing away some of the

difficulties which beset the path of the seeker after

information that this little treatise has been prepared
;

but, as will be readily understood, the available space

5
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6 PREFACE

at disposal will not permit of more than a brief

explanation of the principal features of modern loco-

motive construction and practice. Nevertheless, if

as a result of what has beto written the student’s task

is rendered easier, the object sought by the writer

will have been attained.

Foreign practice in locomotive construction is not

touched upon in this treatise.

C. S. L.

London, E.C.



THE LOCOMOTIVE SIMPLY

EXPLAINED
By CHAS. S. lake.

CHAPTEE I

The Boiler

It is within the knowledge of all that the motive

power employed for propelling the vast majority of

railway locomotives is steam, and our present aim is

to study, firstly, the methods by which the steam is

produced
;
and secondly, the manner in which it is

made to perform its work.

In the first place, therefore, let us turn our attention

to the boiler as the direct source from which all the

necessary power is derived. An example of modern

boiler construction is shown on page 9, and by

referring to this illustration the method of generating

steam may be easily followed.

The fire box is formed of two distinct portions,

7



8 THE LOCOxMOTIVE SIMPLY EXPLAINED.

known as the ‘‘ inner fire box ’’ and the outer fire box ”

or shell. Both are built up of plates riveted together

;

those used for the inner box being usually of copper,

and the outer ones either of iron or steel.

The outer shell is directly connected to the barrel

(viz., the cylindrical portion) of the boiler, by means

of a riveted Joint, but the inner fire box is a separate

receptacle altogether, and is connected to the outer

shell by means of screwed stay-bolts at the sides,

front and back, and also by what are termed roof

or crown stays, or bars of various patterns, at the top.

These roof stays generally take the form of girders

arranged longitudinally and connected to the outer

fire box shell by means of brackets and bolts, or

sling stays,’’ as they are called. On the under side

of the girder a number of ‘‘ lugs ” are provided resting

upon the top of the inner fire box. The girder is held

tightly in position by means of set-screws, entered

from the under side of the fire box roof, and screwed

into the lugs. In the type of fire box known as the

Belpaire ” pattern, which is being largely adopted in

this country, the top of the outer shell, instead of

being semicircular as in other designs, is flat, like the

roof of the inner fire box, and ‘‘ direct ” stays in the

form of bolts are used. To those who are unacquainted

with these matters the foregoing description, simple

as it is, may appear to be somewhat complex, but if

the illustrations figs. 1 to 5 are examined, the method

of construction will be easy to follow.

A foundation ring is provided as shown, and this

forms the bottom of the water space between the
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10 THE LOCOMOTIVE SIMPLY EXPLAINED.

inner and outer fire boxes, the plates of which are

riveted together through the foundation ring, and

also round the fire hole, which, as its name implies, is

the opening through which the coal is shovelled when
the fire is being replenished.

A Outer Shell. C Roof or Crown Stays.
B Inner Fire Box. D Fire Hole.

Below the fire box is the fire grate, which consists

of a number of bars arranged longitudinally (see fig. 5),

with spaces between them to allow of the passage

of air to the fire. Unless this is provided for, the

perfect combustion of the fuel could not take place.

Below the grate, again, is the ash-pan (fig. 1). This

is provided to catch the ashes which fall through
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between the fire bars, and if the drawing (fig. 1) is

referred to, it will be noticed that the ash-pan is

fitted with dampers ’’ both front and back. These

consist of flat plates suspended on hinges, and capable

of being opened or closed at will by the engine-driver.

Fig. 3 .—Section thkough Smoke Box.

E Blast Pipe. G Cylinders.
F Tube Plate. H Steam Pipes to Cylinders

It is by means of the dampers that air is admitted

to the fire grate. Mechanism in the form of an

arrangement of rods and levers, and communicating

with the driver’s ‘‘ cab,” is provided, and the handles

for manipulating this gear are formed with a series

of notches upon them, so that the amount of opening

of the dampers may be varied and the current of air
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regulated, according to the requirements of the fire

and the circumstances under which the engine is

Fig. 4.—Fire Box Roof Baes—Girder Pattern.

working at any given time. Another important
feature of fire box construction is the hrick arch (figs.

1 and 5). The function of this is to deflect the gases

Fig. 5 .—Sectional Plan of Locomotive Fire Box.

(Upper half shows fire bars in position, the lower half with them removed.)

A Water Space. B Screwed Stays (copper).

arising from the fire, over towards the back of the

fire box, and by so doing to retard their progress to-
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wards the tubes, thus causing them to circulate more

generally about the fire box, and so to ensure their

more thorough combustion before entering the tubes.

The barrel of the boiler is built up of iron or steel

plates in the form of rings riveted together. Some
boilers are of the telescopic ’’ pattern, others are

parallel throughout. The telescopic boiler is pro-

duced by forming the rings of different diameters

and then overlapping the ends and riveting all

round the overlapped portions. The rings of the

parallel boiler are of the same diameter throughout,

and are connected by what are termed hitt joints
;

Butt Joint. Lap Joint.

Fig. 6 .—Methods of Connecting Boiler Plates.

one form of which, as well as a specimen of lap joint-

ing for telescopic pattern boilers, is shown in fig. 6.

The boiler barrel contains a large number of tubes

which extend the entire distance between the fire-

box “ tube plate’’ at the one end and the smoke box

tube plate at the other. These plates contain a

number of holes corresponding to that of the tubes,

and the ends of the latter are passed through these

holes and are then expanded in the plate by means

of a special tool known as a “tube expander,” a

process which makes them a tight fit in the tube

plate. At the fire box end the tubes are beaded over

after passing through the plate, and steel ferrules
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are in most cases driven in. This is done to protect

the ends of the tubes from damage arising from the

action of the fire.

The front tube plate separates the boiler barrel

from the smoke box, whilst the back tube plate is an

integral part of the inner fire box. The tubes are

made either of copper, brass, iron or steel, and are

usually between 200 and 250 in number according

to their size.

The hot gases arising from the fire have to pass

through the tubes on their way to the smoke box,

and in so doing they transmit the greater part of the

heat which they contain to the tubes, which are

quickly heated through, and as the water in the boiler

is in direct contact with the outer surfaces of the

tubes, it rapidly becomes converted into steam. The

water also surrounds the inner fire box except on the

under side. The space between the inner and outer

fire boxes, and which is spanned by the screwed stay-

bolts already referred to, is called the water space,’'

and here steam is very quickly produced owing to

the much greater heat given off by the fire box as

compared with the tubes, on account of the plates, of

which the former is comprised, being directly exposed

to the intense heat of the fire and the flames and

gases whilst at their highest temperatures. The

inner surfaces of the tubes and the walls of the

interior fire box (that is to say, the parts with which

the gases, etc., are brought directly in contact) are

termed the heating surfaces of the boiler. Every

locomotive engineer recognises the necessity of



THE BOILER. 15

providing as much heating surface as possible in

the engines he designs, for upon the steam-raising

capabilities of the boiler the success of the loco-

motive very largely depends.

The majority of modern locomotive boilers are

supplied with a steam dome. The function of this

appendix is to form a reservoir for the collection of

steam well up above the water-level of the boiler. It

is a well established fact in engineering, that more

work can be got out of an engine when “ dry steam

{i.e, steam with which water is not commingled) can

be obtained, and consequently by taking it at a point

as far removed from the boiler barrel as is practicable,

the risk of water being intermixed with the steam is

minimised, although by no means entirely obviated.

The regulator valve which governs the admission of

steam to the cylinders, is located in the dome for the

reasons referred to. A pipe, sometimes termed the

dry steam pipe, extends from the dome to the smoke
box, where the supply pipes to the cylinders are

connected up to it. These supply pipes encircle the

inside of the smoke box, in which the temperature is

always very great, so that in this way the steam is

subjected to a drying influence immediately before

reaching the cylinders.

Some engineers fit a device known as a “ super-

heater ” to their engines. This apparatus, as its

name indicates, is provided for raising the tempera-

ture of the steam and thus ridding it of moisture,

or “ saturation,’' as it is called, before being used in

the cylinders.
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Those engines which are not provided with domes

are fitted instead with a ‘'steam collecting pipe”

running along close to the inside of the top of the

barrel above the water-level. The upper portion

of this pipe is perforated with a number of holes

through which steam enters. In such cases the

regulator is in the smoke box.

4

Fig. 7.—Steam Dome.

(Arrows indicate passage of steam.)

,

A very popular type of regulator valve for use in

the dome is shown in fig. 7. The valve itself (A)

is cylindrical in form, and has top and bottom seatings.

When lifted off these seatings by means of the rod

B (which is raised and lowered by means of an eccen-

tric worked from the cab by rod C) steam enters at the

top (as indicated by arrows), and also passses through

the body of the valve and enters the pipe from the

under as well as the upper side of the valve. This
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is a very simple type of regulator, and is extensively

used on some railways.

The safety-valves on most locomotives are placed

over the fire box except where domeless boilers are

used, when they are more often than not mounted
upon the middle ring of the boiler barrel. The most

popular type of safety-valve in this country is that

known as the Eamsbottom ’’ pattern, which consists

of two hollow pillars or columns open to the boiler

at their base and closed at the tops by the valves

themselves, which, as will be seen, are united by a

lever and held down on their seats by means of a

spring.

These valves are loaded to resist all pressures up

to that at which it is desired that the steam should
“ blow off’'; or, in other words, that at which it shall

have acquired sufficient

force to lift them off

their seats, and by so

doing clear a way for its

own escape.

The loading process is

effected by adding ten-

sion to the spring J (fig.

8) until the desired

amount has been reached.

Fig. 8.—Ramsbottom’s Duplex
Safety Valve.

Assuming for the moment that the pressure selected

is 175 lb., then sufficient tension must be put upon

the spring to keep the valves down on their seats

until the needle of the pressure gauge in the driver’s

cab points to that particular figure, when the force

17—2



18 THE LOCOMOTIVE SIMPLY EXPLAINED.

exerted by the spring is overcome by the pressure

of the steam acting upon the valves, with the result

that they are lifted from their seats and the steam

escapes into the atmosphere. To adjust the valves to

any required pressure it is necessary to screw up the

uut M (fig. 8) (while the boiler is under steam)

until the correct degree of tension to withstand

pressure up to that determined upon is arrived at.

The steam pressure of modern first-class British

locomotives ranges between 175 and 200 lb. per

sq. in.

The boiler barrel, the top and sides of the outer

fire box, and the dome, are covered with material of a

non-conducting nature such as wood, felt, or asbestos,

to prevent loss of heat by radiation. Of the three

substances named, wood is by far the most commonly

used. This covering is termed the “ lagging of the

boiler, and outside this again comes the iron sheath-

ing, which is formed of plates held in position by

means of bands or hoops (also of iron), the ends of

which are brought together below the boiler and

pulled up tight with a small bolt and nut.

It is this outer sheathing which is visible to the

eye in the completed engine, and which is painted

and lined out in the attractive manner common in

this country.

The smoke box is the chamber situated at the

forvrard end of the boiler, and in it are the pipes

which supply steam to the cylinders, the blast pipe

which provides a means of escape for the steam

after it has done its work in the cylinder (the
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exhaust steam, as it is called), the blower (one form

of which is illustrated by fig. 9 and described later),

and other minor appurtenances according to the

designer's individual practice.

Some engineers provide their engines with ‘‘ spark

arresters," and these when present are invariably

placed in the smoke box.

The chimney, which is either

built up of wrought iron plate,

or constructed of cast iron in

one piece, may be of various

patterns, each railway having

virtually a design of its own,

although some resemble others

so closely that it would be

difficult to distinguish them

if removed from their respec-

tive engines. The orifice of 9.—^last Pipe andITT.. Blower.
the blast pipe is arranged to

come immediately beneath the opening of the

chimney, so that the exhaust steam may have

free means of escape to the atmosphere outside.

It will be noticed that on some, in fact on the

majority, of recent engines the chimneys are very

short. The necessity for providing boilers of greater

steam-raising capacity has led to larger diameter

barrels being used. This fact has compelled de-

signers to pitch the boiler with its axis higher above

the rails than usual, so that the larger diameter of the

barrel may clear the wheels
;
and as no engine in this

country may stand at a greater height than 13 ft.
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6 in. above the rail (that dimension being the

British loading gauge ’’ measurement), the increased

height of the boiler has made it compulsory to cut

down the length of the chimney. On some loco-

motives an extension piece, virtually a continuation

of the chimney itself, is carried down into the

smoke box, with a view to creating a better draught.

It is the practice also on some railways to use

extended smoke boxes. The principal object aimed at

in this construction is to provide a larger space for

the collection of ashes which find their way through

the tubes in company with the gases from the

furnace. The effect of the blast on the fire is less

acute with the extended form of smoke box, and

consequently the ejection of ashes into the atmosphere,

commingled with the escaping steam, is considerably

lessened. When very narrow smoke boxes are used,

“ fire throwing,” or sparking, is often very noticeable

indeed. This will be better understood after reading

Chapter II., in which the action of the exhaust steam

and its effect on the fire is explained.

The door of the smoke box is circular in form, and

is dished out with a view to strengthening it. It is

suspended on hinges, and a handle is provided in the

centre of the door for opening it, and a second handle

is used for screwing it tightly up to the front of the

smoke box. The spindle carrying these handles has a

spade-shaped head with shoulders, and this head is

made flat so that it may easily pass between two bars

stretched across the smoke box inside. By turning

the handle outside, the head is brought into a vertical



THE BOILER. 21

position with the shoulders bearing against the bars

(after having passed between them flatwise), so that

it is impossible for the door to be opened unless the

handle is turned again to bring the spade end into its

flat position once more, and then it can be withdrawn

between the bars again and the door opened.

The object of the door is principally that of

providing a means of access to the tubes and for

facilitating operations when washing out the boiler.

Before leaving the subject of the smoke box, a few

explanatory remarks on the construction and object

of the blower may be of service. One form of blower

is illustrated by flg. 9. It is formed by bending a

small pipe into the shape of a ring, which encircles

the mouth of the blast pipe. In this ring a number
of small holes are provided, and the pipe, of which

the ring is part, is led away to the dome from

whence it obtains steam. By manipulating a handle

in the cab the driver can admit steam to the per-

forated ring, and this steam, by escaping through the

holes and up the chimney, exercijes a similar effect

upon the Are as does the exhaust steam from the

cylinders when the engine is running, only of course

in a much lesser degree. The blower is principally

used when the engine is stationary, and especially

just before starting away from a terminus, when it is

necessary that the fire should be aroused a little.

The cab, which provides shelter for the engine-

men, is placed at the fire box end of the boiler. The
design of the cab is a matter which rests entirely

with the designer of the engine. Some cabs are



Fig. 10 .—Arrangement of Driver’s Cab, “Precursor ”

CLASS Engines, London and North-Western Railway.

22
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commodious and well arranged, others are precisely

the opposite. The writer speaks after a lengthy

experience of both, and can testify to the advantages

possessed by the more ample designs.

The cab fittings having direct relation to the boiler

are the water-gauge columns, for indicating the

height of water in the boiler, the pressure gauge for

showing the steam pressure therein, injectors for

supplying the boiler with water, and last, but not

least, the regulator handle or ‘'starting lever,'’ by

means of which the driver controls the movements

of the engine.
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CHAPTEE II

The Engine

Having gained some idea of the method by which

steam is generated, it now behoves us to follow its

action in propelling the engine. The broad principle

of the steam engine is probably understood by the

majority of readers, and there is really no material

difference between that principle as applied to

locomotives and to other types of engines. For the

benefit of those whose ideas are not clear upon the

subject, however, the manner in which motion is

communicated may be briefly explained. In the

preceding chapter we found that the steam for

supplying the cylinders was taken either from the

dome or collected by means of a perforated pipe.

In either case its actual admission into the cylinders

is effected in the same manner, viz., by means of

slide valves.

Those readers who have studied the action of that

important member (which subject has already been

dealt with in a very concise manner by another

writer, in a work forming one of the same series as

24
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the present little work will be well acquainted with

the mode of distributing steam to the cylinders, and

for the moment this feature will be passed over.

The steam having been admitted to the cylinder,

pushes the piston therein before it. Attached to

the piston is a rod, the opposite end of which is

secured to a cross-head, which is virtually a block slid-

ing between two bars termed guide ’’ or slide ” bars.

Affixed to the cross-head again is a connecting rod

Fig. 11.—Diagkam of Engine Pauts.

(Movement may take place in either direction shown by arrows.)

E Crosshead.
F Connecting Rod.
G Crank.
H Path of Crank Pin.

A Cylinder.
B Piston.
C Piston Rod.
D Slide Bars.

which communicates rotary motion to the driving

wheels, through the medium of what are termed

cranks. Eeference to the diagram fig. 11 will serve

to demonstrate simply the manner in which the

reciprocating movement of the piston and cross-head

is transformed into a rotary one at the crank axle.

The majority of locomotives are provided with

two cylinders. These may be placed either between

or outside the main frames of the engine. When the

^“The Slide Valve Simply Explained.” By W. J. Tennant,

A.I.Mech.E., Model Engineer Series No. 2.
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former plan is adopted, the engine is described as

having “inside” cylinders, whilst with the other

arrangement it is spoken of as being an “outside

cylinder engine.”

The use of inside cylinders renders it necessary to

construct the axle of the driving wheels with two

cranks in it, as it is impossible to arrange for the

connecting rods to actuate crank pins attached to

the wheels themselves, as is done when the cylinders

are outside the frames.

The cranks are set at an angle of 90° to one

another (right angles), so that when one of the pistons

is at the end of its stroke the other is exerting full

power.

Those engines which have more than one pair of

wheels of the same diameter as the driving pair,

have such wheels connected together by means of

rods, the object of which is explained in Chapter III.

We may now perhaps revert to the subject of the

cylinders, and study briefly the action of the steam

within them, and this brings us again to the subject

of the valves and the manner in which they work.

These valves are of various patterns, but the most

common is that known as the “ ordinary flat or D
pattern slide valve.” This consists of what we may
term a rectangular block with a cavity on its

under side. This block is made to slide to and fro

over the face of the ports in the valve chest, which

latter chamber is usually cast in one. with the

cylinders in modern practice. This movement of

the valve over the face of the ports has the effect of
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alternately opening and closing them to admit a fresh

supply of steam and to allow the exhaust steam to

escape.

A form of valve known as the “ piston ” or cylin-

drical type is largely used by some engineers. The

construction of this valve may be followed by refer-

ring to fig. 12. The idea is to lessen as much as

possible the resistance due to friction caused by the

constant rubbing of one surface against another. In

the piston valve there are no large surfaces exposed

to steam, and it is more easily moved than the

ordinary slide valve
;
and as its frictional area is so

much less than that of the last-named pattern, the

loss of power due to that cause is largely minimised.

The mechanism by means of which motion is

imparted to the valves is termed the valve gear.

To adequately deal with this branch of our subject

a very large amount of space would be required.

The pattern of gear most extensively used in this

country is that known as the Stephenson '' or shift-

ing link motion,'’ and is illustrated by fig. 13.
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Briefly, this consists of four eccentrics keyed to

the axle of the driving wheels. These eccentrics are

virtually cranks whose throw must be equal to

half the travel of the valve. There are two sets of

gear to the engine, and we will confine ourselves to

dealing with one set, taken by itself. Thus we have

two eccentrics, one of which is called the forward

eccentric and controls the forward movement of the

valve, and the other is known as the backward

eccentric, which similarly governs the backward

movement of the valve. The centre portions of the

eccentrics are called the sheaves, and the other

portions the straps. Attached to the straps are

rods known as the forward eccentric rod and the

backward ditto. These rods are forked at their

forward extremities, and these forked ends are secured

to a curved link termed the expansion link, the

forward eccentric rod being attached to the top of

the link, and the backward rod to the bottom thereof.

The link is supported by others known as the

suspension links, which are attached to a shaft above

carrying a weighted bell crank, the upper arm of

which communicates, by means of a rod, with the

reversing handle or wheel in the cab. The expansion

link can be either raised or lowered, and the process

of so doing effects the reversing of the engine, and

also governs the amount of travel given to the

valve, and thus varies the periods of admission

and expansion of steam in the cylinders. The rod

which connects the slide valve with the link is made
in two portions. The first portion is secured at one
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end to the valve, and at the other to the second

spindle, whilst the rearmost end of the latter is

forked and encloses both the link and also a block

which fits in the slot of the link. This block is

fixed to the valve spindle, and is stationary so far

as vertical movement is concerned.

Now we know already that the link may be

raised or lowered as desired, and it may also be held

in any position in relation to the valve spindle as

follows :—If the link is lowered as far as possible,

it will have the effect of bringing the forward

eccentric rod somewhere near in line with the valve

spindle, and this will cause the valve to be under the

direct influence of the go-ahead eccentric
;
and whilst

the link is in this position, if steam is given to the

engine it will move forward. This position is known
as full forward gear. In a similar manner, if the

link is raised to the utmost extent, the backward

rod and the valve spindle are then nearer being in

line, and the backward eccentric exercises the greater

influence, and the engine will be reversed and travel

in the opposite direction. This will be full backward

gear. Now place the engine in mid gear, viz., with

the link located centrally {i.e, with its top and

bottom extremities equidistant from the centre of

the valve spindle). Open the regulator with the link

in this position. The engine will not move. Why ?

Because the valve is now equally influenced by both

eccentrics, each counteracting the action of the

other, and minimising the travel of the Valve to

such an extent as to render it impossible to get
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sufficient steam into the cylinders to operate the

pistons.

Any position of the link may be used between full

mid mid gear on either side of the centre of the valve

rod, and the engine will run either backwards or

forwards according to which end of the link is nearer

to the centre of the spindle.

By means of this arrangement the travel of the

valve can be suited to almost any circumstance. It

can be varied so that the cut-off is early or late, and

in this way a great economy in steam is effected.

Headers have doubtless observed that when an

engine is starting away from a station, especially

when it has a load behind it, the sound of the exhaust

is very loud and sharp. After a short period has

elapsed, however, this sound is considerably modified.

Why is this ? It is because the engine has got

the train in hand ’’ and well on the move, and

can now afford to work with a smaller supply of

steam, and the driver knowing this has “ linked

up accordingly
;
that is to say, he has raised or

lowered the link (according to whether he is

running in forward or backward gear) from full posi-

tion to some intermediate point between that and

mid gear, and so has reduced the travel of the valve

;

is thereby cutting off earlier, with a longer period of

expansion in the cylinder, and is consequently

economising steam, saving coal, and increasing his

bonus ” all at the same time.

Now a word or two about kyj, which has a great

deal to do with cut-off in the cylinder. Lap is the
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amount that the valve projects beyond the port open-

ing when the valve is in its central position^ and it will

be understood if this is read with sketches before

one that the greater amount of lap, the earlier will

be the cut-off, and the longer will the steam be

imprisoned in the cylinder, during which time it will

be working expansively. With a late cut-off, such

as where the valve has no lap (or when the engine is

working in full gear the steam would have to be con-

tinuously supplied and exhausted and no expansion

would take place, and this would do away with all the

economical working methods which the expansion link

and lap provide. By lead is meant the width of port

opening when the piston is at the beginning of its

stroke. The valve closes the exhaust port at that end

of the cylinder which the piston is approaching hefore

the piston reaches the end of its stroke, and the steam

left in the cylinder acts as a cushion against the

advancing piston as it nears the end of its stroke.

This is done to prevent shock and undue stress on

the other parts of the motion. Then the valve admits

a little live steam, and this lends impetus to the

piston and gets it ready to start on the return stroke

the instant the crank is over the dead centre.

The action of the steam of the cylinder, and the

movements of the valve, may be briefly summed up

as follows :

—

(1) Steam admitted to cylinder, termed admission,

(2) Valve closes admission port, termed cut-off.

(3) Steam shut in cylinder works expansively,

termed expansion period.
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(4) Valve opens exhaust port, termed release.

Now what takes place after release ? The exhaust

steam escapes by way of the blast-pipe and the

chimney into the atmosphere. In so doing it drives

the air before it up the chimney, thus creating a

partial vacuum in the smoke box, which has to be

compensated for by air entering through the damper

and fire hole, and thence via the tubes to the smoke

box.

The effect of the blast, therefore, is to create a

draught, and by so doing to cause the fire to burn

more rapidly, and it goes without saying that the

greater the volume of steam and the quicker the

succession of exhaust discharges, the more fiercely

will the fire burn. The blower, it will be remem-

bered, replaces this action of the blast-pipe when the

engine is stationary.

Another pattern of valve gear which is largely

employed in Great Britain is that known as the

'Moy’’ gear, after the name of its inventor.

In this type no eccentrics are employed, motion

being taken direct from the connecting rod of the

engine (see fig. 14).

The absence of the eccentrics renders the use

of this gear possible and advantageous where it would

be extremely difficult, if not impossible, to fit .that

already described. In cases where locomotives have

three or more cylinders driving separate pairs of

wheels, such as the three cylinder engines on the L.

andN.-W. Bailway, and the four-cylinder design on the

L. and S.-W. Railway, Joy's gear is employed for the

17—3
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outside cylinders, as it occupies much less space and

is in every way more

convenient under the

special circumstances

involved. Many of the

North - Western en-

gines have their driv-

ing axles supported in

the centre by an addi-

tional bearing carried

by a frame between

the crank webs, and

this occupies the space

usually taken up by

the eccentrics, so that

to fit the Stephenson

link motion in this

case the central bear-

ing would have to be

abandoned, whereas its

presence in no way in-

terferes with the work-

ing of the Joy gear.

Space prevents a de-

tailed account being

given of the working

of the gear
;

full de-

scriptions of which

may be found in all

tlie principal books which are published on the

'' Steam Engine.'’
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Briefly, the desired movement of the valve is

brought about by utilising independently the back-

ward and forward movement of the connecting rod

and combining this with the vibrating movement
of the rod, and the result is a movement which is

suitable to work the valves, allowing of the use of

any proportions of lap and lead required, and giving

an almost mathematically correct cut-off for both

sides of the piston, and for all intermediate degrees of

expansion. All these terms will be familiar to the

student by now if he has read the description of the

link motion which precedes this, and he will know
within a little what it is that is required of a valve

gear.

The operations of reversing the engine and varying

the valve travel are effected by altering the position

of the curved slide block H. By inclining itforward

of the vertical the engine is made to move forward,

whilst by inclining it backward of the vertical the

engine will move backward. The central position

corresponds to mid-gear.

The various movements of the curved slide are

controlled from, the cab by means of the reversing

wheel and rod.

The reader's attention having been called to the

subject of steam economy as effected by cutting off

the supply to the cylinder before the piston has

completed its stroke, the moment is opportune in

which to say a few words on that vastly important

branch of the same subject, viz., compound locomotives.

This term is probably a familiar one to many, but
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precisely what it is that constitutes the term may
not be equally apparent. In a compound locomotive

the cylinders are of unequal diameters. There

may be only two cylinders, or there may be

more, but in any case there is always a difference

in their sizes. Speaking for the moment of a

two-cylinder compound, the smaller one will be

termed the high-pressure cylinder and the larger

one the loiv-pressure cylinder. Steam from the boiler

is admitted in the ordinary way to the former, and

after it has done its work therein it passes into the

low-pressure cylinder instead of being discharged

straight away up the chimney as usual. The work

performed in the low-pressure cylinder is wholly

due to the steam expanding therein, and so it will

be seen that the one supply of steam does its

work twice over, and the advocates of the compound

principle point to this fact as constituting a great

advantage, and claim economy of steam (and conse-

quently fuel) as one resultant gain. In the simple
”

engine, as those having non-compound cylinders are

called, each supply of steam does its work in one

cylinder only, and is ejected into the air whilst still

retaining a large percentage of usefulness
;
and this,

it is stated, is thrown away, whereas in the com-

pound engine practically all the power is taken out of

the steam before final exhaust takes place. Around

the point represented by the relative merits of “ com-

pound’’ verus “simple” locomotives a fierce controversy

has raged ever since the compound principle was

applied in a practical manner to railway engines
;
and
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even now, after years of experiment and trial, the

adherents of either principle still retain their original

opinions. There are three- and four-cylinder com-

pounds, and also three- and four-cylinder simple

engines in use in this country, but the multiplication

of cylinders in the latter class is a very uncommon-

practice, the number being almost universally re-

stricted to two.

A few words as to the construction of the

cylinders will be useful before passing on. They are

made of cast iron, and, as before stated, are in many
cases cast in one with the steam chest (in which the

valve works). When inside cylinders are used it is

customary nowadays to cast the pair of them and

the steam chest all in one. With the outside position

this is of course impossible, for then the cylinders are

separated from one another by the width at which

the frames are set apart. Both ends of the cylinder

are provided with covers as shown in the drawing,

and the back cover carries the stuffing hox, through

which the piston rod has to pass backward and

forwards. Inside this box the packing is placed

to prevent steam from leaking through from the

cylinder and thus being wasted.

Sometimes asbestos is used as packing, and at other

times ‘‘ metallic ’’ packing, consisting of a system of

metal rings and springs, is employed. A gland (fig.

15) fits into the opening of the stuffing box, and this

can be forced against the packing by screwing up the

nuts which will also be seen in the drawing. This

compresses the packing, and as wear takes place and
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a disposition to leak (or blow/’ to use the correct

expression) manifests itself, the nuts are screwed up
and the leakage stopped.

The steam chest may be cast either so that the

steam and exhaust ports are above, below, or at the

side of the cylinder, when the latter is secured in

c'

Fig. 15.—Section through Cylinder and Steam Chest.

A Cylinder.
B Piston.
C Piston Rod.
D Stuffing Box and Cover.
C ^ Front Cylinder Cover.

E Steam Chest.
F Slide Valve.
G Valve Rod.
H Gland.

position. This depends mainly upon other circum-

stances in the design of the engine.

The piston is a circular disc of metal, made usually

of cast iron and slightly smaller than the inside

diameter (the lore) of the cylinder. Around its

outer circumference channels or grooves are cut.

Eings or hoops of iron fit into these grooves. These

are known as the '' piston rings,” and they are made
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SO as to be an easy fit with regard to width, and

about one eighth inch larger in diameter than the

cylinder. They are turned so as to present a smooth

outer surface, and a piece about a quarter inch long

is then cut out of the ring before placing it in the

groove. This imparts a quality of spring to the ring,

and when the piston is being placed in the cylinder

the rings have to be compressed
;
but once inside, the

tendency is for them to spring outwards, and thus

form a steam-tight joint with the smooth bore of the

cylinder, and preventing steam working past the

piston and being wasted. If the outer surface or face

of the piston itself were made to fit in the cylinder

and the rings dispensed with, then after a slight

amount of wear had taken place the piston would

allow steam to pass and would thus have become

useless, whereas the rings continue to spring outwards

as they wear
;
and as they are very cheaply produced,

it is a very easy and inexpensive matter to replace

them. The piston rod passes through the piston and

is secured by means of a nut. That portion which

rests within the body of the piston is tapered, as is

also the hole which receives it, thereby forming a

perfectly secure and rigid fastening.

The distance travelled by the piston on the passage

from one end of the cylinder to the other is termed

the piston stroke, and this corresponds exactly with

the diameter of the circle described by the centre of

the crank pin—the path of the crank pin, as it is

called. The cylinder must be so fixed that a line

drawn through it horizontally intersects the centre
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of the axle to be driven. If this were not done the

rotary motion of the crank would not he possible.

Sometimes cylinders are inclined towards the crank

axle. Then a line parallel to the angle at which

they are set must also pass through the centre of

the axle.

The cylinders used on modern locomotives are

from 17 up to 20 in. in diameter by 24 or 26 in.

stroke. Low-pressure cylinders vary very greatly.

On the North-Western Eailway they are principally

20| and 30 in. diameter according to the class of

engine. Drain-cocks are fitted at either end of the

cylinders for ridding them of water. These cocks are

controlled by rods from the cab.

The engine and boiler of a locomotive are carried

upon frames supported by wheels and axles. These

frames are usually made of steel plates about one inch

in thickness. Their outline depends very largely

upon the type of engine for which they are intended.

Fig. 16 shows one of the frames of a four-wheels

coupled express locomotive with a leading four-

wheeled ‘‘ bogie’’ truck. The guides F and F^ are

bolted to the frame, and they are provided with

flanged faces upon which the axle-box may slide up

and down according to the effect produced by

unevenness of the rails upon the spring. The

forward end of the frame is narrow at G and G^, and

deeper again ab G^. The narrow parts are so formed

to clear the tops of the bogie truck frames, and the

deeper portion is made thus so as to provide a

bearing surface to which the cylinder may be bolted.



THE ENGINE. 41

w
c/2

C/2

<1

P-i

PQ

p"

p
p

p
o
p
g
3
<1

p
w
H

ICO

ti)

In engines where the

leading truck is absent

and a single pair of

wheels are provided, the

forward end of the frame

is differently formed,

g and then an additional

opening is provided for

I
the guide and axle box

i of the leading axle,

u This part of the frame

has to be made much
deeper if it is for a

^ passenger engine, on

I .
account of the leading

1*1 wheel being smaller in

diameter than the
O
00 others; but if a goods

engine this is not neces-

sary, as all wheels are

then of the same dia-

meter (Chapter III.).

^ The majority of loco-

1 g motives have two

cl frames, but some have

II four, viz., two inside the

wheels and two outside,

but, as stated, it is more

usual for the engine

to have one frame on

either side.
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The frames are placed not more than about 4 ft.

1 in. apart (for the standard gauge, i,e. 4 ft. 8| in.),

and they are stayed together at different points.

The buffer beam at F acts as a stay at the extreme

end, and when inside cylinders are provided they

form an excellent means of holding the frames

securely in position. Then there is the motion plate,

which stretches across from one frame to another,

and is bolted to both. This plate supports the after

ends of the slide bars and the guides for the valve

spindles. A stay-plate is usually provided immedi-

ately in front of the fire box, and finally a large cast

iron footplate ” is fitted between the frames at the

trailing end. The axle boxes are usually formed of

gun-metal, and they are allowed a little side play in

the guides to facilitate movement when traversing

curves.

The wheels of a locomotive are comprised of four

parts : viz., the centre (which includes the spokes and

rim), the tyre, the axle, and the crank pin. The

material used for the centre is either wrought iron,

cast iron or cast steel. The tyres are ‘'shrunk’’

{i.e. forced) on to the rim of the wheel whilst hot

and by means of hydraulic pressure. After the tyres

have been shrunk on, the wheels are taken to the

lathe, and there the surface or “ tread ” of the tyres

is turned to the exact form required.

Steel set-screws entered from the inside of the

rim are used as a further means of securing the

tyre to the rim of the wheel. The balance weights

shown in fig. 17 are provided with the object of
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ensuring the even

wear of tyres and

the engine gener-

ally. The action

of the reciprocat-

ing parts {i.e. pis-

tons with rods,

etc.) and the re-

volving parts

(wheels, cranks

and rods) of the

engine is such as

to cause a very

irregular motion

at any but a slow

speed, and there-

fore the weights

are there to coun-

teract this effect.

The driving
wheels have larger

balance weights

because of the

cranks and con-

necting rods,

whereas in the

other coupled

wheels only half

the coupling rod

has to be balanced

beside the crank
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and pin. The general steadiness in running and

degree of oscillation depend on the accurate balanc-

ing of the engine.

The wheels are forced on to the axles by means
of hydraulic presses, and keyways are cut, half in

the axle and half in the wheel, and steel keys driven

in. The crank pins are pressed into the wheels by

hydraulic presses. The crank axles used for inside

cylinders are either ‘'built up'’ of separate parts

or cast in one piece. They are invariably of steel

(fig. 18).

The bogie truck, which carries the leading end of

the engine,^ is a separate carriage altogether, and is

free to move independently of the main portion of

the locomotive. It is held in place by means of a

large central " pin " known as the bogie pin. This is

fixed to the main frame of the engine at its upper

extremity, whilst at the lower end it passes through

a casting which forms the central portion of the

bogie between the frames. This casting is riveted

to the frames of the bogie, and it is planed at the

top to receive a “cross-slide.” The latter is planed

both top and bottom, and is bored out for the

reception of the bogie pin. The cross-slide is

kept in position by controlling springs, and outside

the frames of the bogie other springs placed in an

inverted position are provided to take the weight.

The bogie pin is hollow, and through its centre

^ In tank engines the bogie is very often placed at the trailing end,

and in a few cases both ends of the locomotive are supported upon

bogies,
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another pin passes, and this is secured at the bottom

by a nut and washer to prevent any likelihood of the

B Position of
Cranks on Axle.

\

F
"

A Axle. C Connecting Rod Crank Pins.
B Crank Webs. D Tyre.

E Coupling Rod Crank Pins.

bogie becoming disconnected from the engine (see

fig. 19).
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When a locomotive fitted with a bogie truck

strikes a curve, the frame partially revolves round

the pin, and the cross-slide also moves in a transverse

Elevation.

Plan.

Fig. 19.—A Four-wheeled Bogie Truck.

A Main Frame of Engine. D Main Inverted Springs.
B Frame of Bogie. E Stay Bars.
C Guard Irons. F Controlling Springs.

direction. When the curve has been traversed and

the straight road is regained, the controlling spring

referred to (which has been compressed whilst

running round the curve on one side of the truck)
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resumes its normal position, and in so doing brings

the truck back into its place.

The majority of locomotives intended for fast

service are fitted with bogie trucks nowadays; indeed

it would not be going too far to say that the practice

is universal, and is undoubtedly the best plan for

carrying the leading end of an engine. Not only

does it greatly facilitate passing round curves and

through switches, but it also assists the designer by

making it easier to generally distribute the weight

of the engine over a greater length and so to avoid

excessive weight at any one point. The wheels and

axles of a locomotive are connected to the main

frames of the engine by means of springs, so that

shocks and concussions may be lessened and the

various parts of the engine protected from injury,

through being unduly subjected to the rough treat-

ment which they would meet with unless the springs

were provided. The two most usual patterns used

are those known as laminated or ‘‘plate’’ springs,

and “ coil ” springs. The connecting and coupling

rods are made of steel and are secured to the crank-

pins by means of bolts, cotters and taper pins. In

every case that portion of the rod end which is

in actual contact with the crank-pin is made of

gun-metal or similar material, but is spoken of as the

connecting rod or coupling rod “ brass.”

Locomotives intended for long distance traffic are

fitted with “ tenders.” These vehicles are for the

conveyance of coal and water for supplying the

engine en route, and thus rendering it unnecessary to
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stop in order to replenish the stock of either com-
modity. On some railways water is taken into the

tender whilst the train is in motion. Water troughs

are laid between the rails, and the tender is fitted

with apparatus for taking up water at any speed at

which the engine may be running. The apparatus

consists of a hinged scoop, which can be let down so

that the mouth is below the water in the trough and

facing the direction in which the train is moving.

The fact of the scoop being forced through the water

in this way causes a supply of the latter to run

upwards into the tender at great velocity, without

the aid of pumps or other mechanical means.

The majority of tenders are run upon six wheels,

but on many railways, notably those where water

troughs are not used—‘‘double bogie’’ {i.e. eight-

wheel tenders on two separate bogie trucks) are

employed. The water in the tender is conveyed by

means of pipes to the injectors, which deliver it to

the boiler. These injectors are of various patterns,

and their action is brought about by utilising a jet of

steam and bringing it in contact with the flow of

water, so that the steam is condensed, and its velocity

being imparted to the water, enables the combined

steam and water to enter the boiler. During recent

years a new pattern of injector has been introduced

worked by exhaust steam, thus utilising steam

which would otherwise go to waste.

Both at the front of the engine and at the back of

the tender, spring buffers and screw-coupling gear is

provided. The buffer beams are secured to the engine
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and tender frames by means of angle plates. One

of the most important matters which bear upon loco-

motive construction is the question of brake power.

•Years ago reliance was placed entirely upon hand

brakes, but nowadays it is compulsory for all passenger

trains to be fitted with “ continuous ’’ brakes.

The two principal automatic brakes are the

“ Westinghouse compressed air” and the ‘'automatic

vacuum ” brake. Both systems are extensively

employed, and it would be difficult to decide as to

which of the two is in reality possessed of the greater

efficiency.

In the Westinghouse brake the engine is provided

with a pump which supplies air at a pressure of

75 to 80 lb. per sq. in. to reservoirs beneath the

engine and also under the carriages. These reservoirs

are connected by a pipe extending throughout the

train, and which pipe is connected together between

each of the carriages and the engine tender by flex-

ible hose pipes. When the pressure is released from

the train pipe by the driver operating a small handle

in the cab, the reservoir and the train pipe are auto-

matically cut off from one another, and the former

is placed in communication with the cylinder, the

piston in which is forced outwards and the brake

applied.

The vacuum brake is applied by admitting air into

the train pipe, which air enters the cylinder below the

piston. The admission of air to the train pipe auto-

matically cuts it off from the reservoir, and also from

that portion of the cylinder above the piston which is

17—4
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forced upwards by atmospheric pressure, and this

movement causes the brake blocks to be brought in

contact with the wheels.

The brakes are applied by means of blocks which

are made to bear upon the tyres of the coupled wheels

of the engine and all the wheels of the tender. In

locomotives having only one pair of driving wheels

the small “ trailing wheels are also braked. The

blocks referred to are attached to “ hangers,’’ which

are in turn suspended from the main frame of the

engine at the upper end, whilst at the lower end they

are connected to cross-beams which are connected

by means of a system of rods to the mechanism by

which the brake is operated.

Many engines are fitted with steam brakes, and all

have hand-brake power in addition to those which

are automatically applied.

It is necessary to provide locomotives with '' sand-

ing gear.” In wet or frosty weather, when the rails

are in a wet or greasy condition, the tendency is to

cause the driving wheels to slip ” without imparting

motion to the engine. If sand is deposited in front

of the driving wheels they will then be assisted to

obtain the necessary “ grip ” of the rail, and so the

engine will move forward or backward as the case may
be. Sand boxes are provided on either side of the

locomotive, and pipes connected to the bottom are

brought down to within an inch or so above the rail.

The necessary gear for working the valve which

allows the sand to escape from the box down the

pipe is worked from the cab. Steam sanding gear is
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largely used on modern engines. The advantage of

this is that it deposits the sand right under the tread

of the tyre at the point of contact between the wheel

and the rail under all circumstances, whereas in the

ordinary apparatus, where the sand falls down the

pipe by gravity and without any propelling force

of a mechanical nature, it is often blown away by

the wind before it reaches the rail and thus the

desired effect is lost. Compressed air is sometimes

used for driving sand under the wheels, but steam

is much more frequently the agent employed. Every

working part of a locomotive has of course to

be well lubricated. Oil cups and syphons are

attached to the various parts so as to be easily

accessible with the aid of oil cans, fitted with long

spouts. Much of the lubrication of the engine is

done by means of ‘'sight feed lubricators’" fixed in

the driver’s cab. The use of these is found to be

very convenient, as the passage of the oil may be

watched in the cab instead of its being necessary

to go round the engine whilst running to ascer-

tain if the oil cups are working properly. A glass

tube filled with condensed water forms part of the

cab fittings, and the oil has to pass through this tube

on its way to the pipe which leads to the valve chest

or cylinders or elsewhere. The oil is propelled by a

jet of steam in this method of oiling.



CHAPTEE III

Modern Locomotive Types

Having now completed our brief study of the

locomotive from a constructional point of view, it

will be interesting to turn our attention to the

completed machine in some of its numerous forms,

and inquire into the reasons for the many differences

which exist, not only between the arrangement and

general appearance of the engines used upon railways

distinct from one another, but also between those to

be seen in everyday working upon the same railway

system.

These types might be divided and subdivided

almost indefinitely, but in the interests of space it

will be necessary to confine the matter to a review

of the better known classes of engine, such as are

employed for working the ordinary traffic on the

majority of the main lines of this country.

The principal feature by which one design of

locomotive may be distinguished from another is the

number and position of the wheels, and, to facilitate

the identification of locomotive types without having
52
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recourse to the lengthy and tiresome method of

describing the wheel arrangement in full, a system

of notation has been adopted whereby the class to

which a locomotive belongs can be ascertained at

a glance or described verbally with the minimum of

trouble. This is done by simply referring, with the

aid of numbers, to the wheels as they are placed under

the engine, the leading wheels first, then the coupled

wheels, and lastly the trailing wheels. When a

coupled axle leads, or is the last to be employed, the

figure 0 is added to denote the fact
;
thus, instead of

saying, or writing, four wheels coupled bogie loco-

motive, it is only necessary to use the formula 4-4-0,

i.e. four bogie wheels leading, then four coupled wheels

with no other wheels behind them. The following

table will further explain the use of the method.

n o (>)-0 Four-coupled bogie 4-4-0

QO GXP n Atlantic 4-4-2

n o no Four-coupled double bogie, or

‘‘double-ender” 4-4-4

o GKO o Four-coupled double-ender 2-4-2

o o Six-coupled bogie 4-6-0

n o Q-QQ o Pacific Cl11

Six-coupled 0-6-0

Eight-coupled 0-8-0

QQQQ o Eight-coupled, radial 0-8-2

Consolidation 2-8-0

Of course innumerable other combinations could be

given, but the few selected above will suffice to

illustrate the principle upon which the system of

locomotive classification now generally adopted in



MODERN LOCOMOTIVE TYPES. 55

this country is based. For working passenger trains

engines are employed having larger wheels than

when goods traffic has to be dealt with. No doubt

readers have observed this for themselves, and have

also noticed that passenger locomotives have as a

rule either one pair of driving wheels or two pairs

coupled together, whilst goods ” engines have three

pairs coupled and in some cases four pairs, all of the

Fig. 21.—SiX"COUpled 0-6-0 type Locomotive, North-Eastern-

Railway.

same diameter and much smaller than that of the

passenger engines.

It will be apparent to all that the smaller the

diameter of the wheels the more quickly are the

revolutions completed at any given speed, and

fresh power can be more frequently applied by the

cylinders, but that the larger the diameter of the

wheels the easier it is to attain high speeds once the

initial effort of starting has been overcome.

Now, goods trains are usually very heavy, and

the speed at which they are hauled is moderate, so
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that small wheels are better adapted to this class of

traffic. By coupling the wheels together the power

exerted by the cylinders is communicated to all the

wheels at once^ through the medium of the coupling

rods, instead of to only one pair or two pairs as the

case may be. The larger the number of coupled

wheels the better the ‘‘ grip which the engine gets

on the rail
;

or, to put it in another way, the greater

the amount of adhesive force which is exerted.

Every wheel so coupled is virtually a driving wheel,

and direetly assists to propel the engine, whereas

uncoupled wheels have to be pulled or pushed along

according to whether they are behind or in front of

the driving pair which obtains direct motion by

means of the connecting rods. The weight of the

engine itself provides adhesion, and this weight spread

over three or four pairs of coupled wheels naturally

has the effect of increasing the hauling capacity of

the engine, but the speed capabilities are curtailed

owing to the smallness of the wheels. Passenger

trains are much lighter than goods trains, so that

engines having fewer coupled wheels but of greater

diameter are needed. The effort of starting away

from a state of rest is not so easily overcome, but

once the train is “ under way the engine will run

faster because of the fewer revolutions which the

wheel has to make to attain a high rate of speed, and

the consequently slower movements of the piston and

other reciprocating and rotating parts by means of

which motion is communicated to the wheels.

Under modern conditions it is almost imperative
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that at least two pairs of wheels should be coupled

together in passenger locomotives. The use of

“ single
”
locomotives (i.e. those with only one large

pair of wheels) is being slowly abandoned, as train

weights are such nowadays as to render it necessary

to employ engines capable of starting away more
quickly, and running up inclines without losing speed

to such a degree as often happens when uncoupled

Fig. 23 .—Eight-coupled 4-Cylinder Compound Goods Engine,
0-8-0 TYPE, Lancashihe and Yorkshire Railway.

engines are used. With moderate train loads the

single ” locomotive is unrivalled for high speed, the

absence of the coupling rods being all in favour of

exceptional prowess in that direction, but the type

cannot be relied upon under the varying conditions

which govern railway working
;
and further, windy

and wet weather (which interferes in a very marked

degree with the work performed by all classes of

engines) is more detrimental to single driving

engines than the other types, for the reason that

the former have the least adhesion of any, and
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therefore are very much hindered by the slipping of

the driving wheels, which is a prolific cause of loss

of power, and consequently headway is retarded.

The most general wheel arrangement for passenger

engines is that in which two pairs are coupled

together and are preceded by a four-wheeled bogie

truck. Engines of this description used to be known
as belonging to the “ four-coupled bogie ” class, but are

now called 4-4-0 type engines, and either inside or

outside cylinders may be employed with equal facility.

There being only two pairs of wheels coupled, the

engine can be made to run at almost any desirable

speed if not overloaded, and yet it possesses sufficient

adhesion to allow of its being able under all ordinary

circumstances to start away with a good load and to

traverse gradients without losing too much of its speed.

Four-coupled engines have been known to run even

faster on the level than a single engine under precisely

similar conditions; and vice versa, the latter type

have on occasions demonstrated their ability to haul

equally heavy and sometimes heavier loads than the

coupled engine over the same road. Much depends

on the condition of the engine itself at the time and

the way it is handled, all other conditions being

equal. The writer recently conducted some experi-

ments on locomotives of various types, and recorded

on two occasions results which were entirely opposed

to what recognised theories would have suggested,

and on other occasions noted precisely the reverse

;

but in designing locomotives for specified classes of

work it is customary and safe to ignore these occa-
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sional happenings and proceed on lines which are

firmly established.

Upon some railways passenger engines are being

introduced having six-coupled wheels and a leading

truck, 4-6-0 type. This design is adaptable to

circumstances involving both requirements, viz. power

and speed. The extra coupling rods give greater

Fig. 25.—“Atlantic” or 4-4-2 type simpi.c Express

Locomotive, North-Eastern Railway.

adhesive power, whilst the diameter of the wheels is

kept about the sauie as in the four-coupled design.

For working heavy and fast passenger trains over

hilly routes the six-coupled express engine is perhaps

the best which can be employed. On other lines

“ Atlantic ” 4-4-2 type engines have come into

favour. These have a bogie truck leading, then four

coupled wheels, and behind them a small pair of

trailing wheels. The advantage claimed for this

design is that as both pairs of coupled wheels are in
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front of the fire box an almost unlimited space is

available for the development of the fire box itself.

Goods engines with eight-coupled wheels are in use

on several railways, some having outside and some
inside cylinders. The hauling power of this class of

engine is very great, and trains made up of sixty

loaded trucks and weighing upon the average between

700 and 800 tons, and at times considerably more,

are drawn with ease by them. On the London and

North-Western Eailway large numbers of eight-

coupled compound locomotives have been built.

Some of these have three and others four cylinders.

In each case the high-pressure cylinders are outside

the frames and the low-pressure inside, and all drive

the same axle. The three-cylinder locomotives are

being converted into two-cylinder simple engines.

It is usual on some railways to make the driving

wheels or the third pair of wheels of these eight-

coupled engines without flanges to facilitate rounding

curves. The long coupled wheel base presents a

rigid resistance to the movements of the engine

when passing round curves, and this is partially

relieved in the manner referred to.

Very few engines which are intended entirely for

goods traffic are fitted with bogie wheels in this

country. The Great Western Eailway have a few,

and the London and North-Western and Caledonian

Eailways have a ‘‘ fast goods ” design in which six-

coupled wheels are provided, and also a leading truck.

Inside cylinders are still very popular in Great

Britain, but the outside position is being largely
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Central
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resorted to on many lines. The advantages claimed

for the respective methods are briefly as follows :

—

Inside cylinders,

(1) The cylinders are pro-

tected from atmos-

pheric conditions

and retain their heat

better.

(2) Motion of engine pro-

tected from dust and
wet.

(3) Steadier running en-

gine.

(4) General neatness of

appearance.

Both methods have undoubted advantages, and

both, it is needless to add, have their ardent advocates.

Many engines have a combination of both inside and

outside cylinders— the North-Western compounds

and the South-Western four-cylinder engines, for

instance. The Great Central, North-Eastern, Midland,

Glasgow and South-Western, Great Northern, Great

Western, and Lancashire and Yorkshire Eailways,also

possess locomotives with three or more cylinders.

The “ tank’’ engine designs are innumerable.

Practically every railway company possesses one or

two separate classes of these engines. Some have a

great many more. Perhaps the most commonly used

type is that having four wheels coupled in front

and a trailing bogie under the cab, but there are

Outside cylinders.

(1) Access to working
parts rendered easier.

(2) No crank axle (which
is liable to break).

(3) Direct driving on to

the wheels them-
selves.
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many ten-wheel tank engines now running with a

leading truck, four coupled wheels, and a trailing pair

behind the fire box. The principal advantage of

' tank” locomotives is their handiness. They run

equally well in either direction, and therefore do not

need turning at the end of every journey. They

carry the coal and water on the same framework as

the engine and boiler^ and are an all-round compact

and convenient pattern of engine for working

suburban and shorter distance traffic, and for such

are largely employed by all railway companies.

As giving an approximate idea of the principal

dimensions usual in passenger engines of the four-

coupled bogie type, the following are thoroughly

representative for an up-to-date British locomotive.

Cylinders, 19 to 20 in. dia. x 26 in. stroke.

Coupled wheels, 6 ft. 6 in. to 7 ft. dia.

Bogie wheels, 3 ft. 6 in. to 4 ft.

Boiler diameter, 4 ft. 9 in. to 5 ft. 6 in.

Length of barrel, 11 ft. to 12 ft.

No. of tubes, 250 to 300, Ifin. to 2 in. diameter.

Centre line of boiler above rail, 8 ft. to 8 ft. 6 in.

Bail to top of chimney, 13 ft. 4 in.

Heating surface (tubes) . . 1540 sq. ft.

„ (fire box) . .125 „

Total . 1665 „

Carrying capacity of tender, 5^ tons coal and 4000

gallons water.

Total weight of engine and tender in working

order, 95 to 100 tons.
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The wheels of six-coupled goods engines vary

between about 4 ft. 9 in. to 5 ft. in diameter. Eight-

coupled goods engines usually have wheels about

4 ft. 3 in. to 4 ft. 9 in. in diameter, six-coupled bogie

passenger engines 6 ft. to 6 ft. 6 in., and passenger

tank engines from 5 ft. 6 in. to 6 ft. diameter. The

London, Brighton, and South Coast Eailway have

a number of these engines with 6 ft. 9 in. wheels,

the largest in this country for this type of

engine.

The various types of engines and the class of traffic

for which they are specially adapted may be summed
up as follows :

—

(1) Single driving
”

engines.

(2) Four wheels coupled,

6 ft. 6 in. to 7 ft.

(3) Four wheels coupled,

5 ft. 6 in. to 6 ft.

(4)

Six -coupled bogie

engines.

Fast, and moderately

weighted passenger

trains.

Heavier passenger trains,

also booked to run at

high speeds.

Passenger trains on hilly

stretches, and also
‘‘ fish specials and
excursion traffic.

Fast heavy passenger

trains on very hilly

sections, especially

where traffic is compe-
titive and four-coupled

engines have to be run
in duplicate to keep
time.

Same as No. 2.

(5)

“ Atlantic " type.
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(6) Six-coupled type with
bogie, 5 ft. 6 in. to

6 ft.

(7) Six-coupled, without

other wheels.

(8) Eight wheels coupled,

no other wheels.

(9) Tank engines.

Same as No. 3 as regards

class of traffic, but may
be used on heavier

work.

Goods trains up to about

500 or 600 tons weight.

The heaviest class of

goods trains, weighing

up to 800 or 900 tons.

Suburban and shorter

distance main line

traffic.

These engines are, how-
ever, at times called

upon to do all kinds of

main line work.
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CHAPTEE IV.

A LOCOMOTIVE CATECHISM IN BRIEF.

Q, = Question. A. = Answer.

Q. How many parts does a locomotive boiler consist

of?

A. Four: (1) the inner fire box, (2) the outer

fire box, (3) the barrel, and (4) the smoke box.

Q. What are the functions of each part ?

A. (1) contains the fire itself, (2) forms a

protective shell and water space, (3) contains the

tubes, etc., and (4) is a chamber in which the gases

are collected after passing through tubes and which

are carried away up the chimney by the action of

the blast. The steam pipes to the steam chest, etc.

are also fixed in the smoke box.

Q. Why are tubes provided ?

A. To form heating surface with which the water

in the boiler is brought in contact and is converted

into steam, and at the same time provide a means

of communication between the fire box, through

which the gases, air currents, etc., pass.

Q. What material is used for tubes?

A. Either copper, brass, iron, or steel.
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Q. What material is used for inner and outer

dre boxes and boiler barrels ?

A. Inner fire boxes generally copper
;
outer shells

iron or steel
;
boiler barrels iron or steel.

Q. How are the fire boxes connected together ?

A. By means of screwed stay-bolts sides, front and

back, and by girder or “ direct stays on top. The
'' foundation ring ” also helps to secure them together.

Q. What is the object for which the dome isprovided?

A. To act as a reservoir for steam above the water-

level of the boiler.

Q, Why above the water-level ?

A. Because dry ” steam, or steam unmixed with

water, does better work in the cylinders—exerts

more power.

Q, What else is the dome for ?

A. It contains the regulator valve, which governs

the admission of steam to the cylinder supply pipe.

Q. What other fixtures are there on the boiler ?

A. The safety-valves and whistle.

Q, What are their functions ?

A. The safety-valves to relieve the pressure in the

boiler when it becomes too great
;
the whistle to give

audible warning of approach, and for signalling.

Q. After the steam has left the dome, the regulator

being opened, what does it do ?

A. Passes along the supply pipe to the steam chests.

Q. And what next ?

A. Enters the cylinder through one of the ports.

Q, And then ?

A. Forces the piston before it in one direction or
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the other according to which side of the piston it has

been admitted.

Q. What effect does this have ?

A. It moves the piston rod and cross-head (along

with the piston), and also the connecting rods which

cause tlie driving wheels to revolve and the engine

to go forward.

Q. But how if it is desired the engine shall go

backward ?

A. Then the engine must be ‘‘ reversed.''

Q. How is this done ?

A. By means of the link motion.

Q, What is the link motion ?

A. A mechanical means of reversing the engine,

and also altering the travel of the slide valve accord-

ing to the requirements of the driver. More steam

or less steam may be admitted to the cylinders as

desired by raising or lowering the link by means of

the reversing wheel in the cab, and the engine may
be made to travel in either direction at will by the

same method. If the expansion link " is lowered

to the utmost extent the motion of the valve is

governed by the forward eccentric and (if raised as

much as possible) by the backward eccentric, whilst

the central position is mid-gear and the engine will

not move at all, as no adequate supply of steam can be

admitted to the cylinders, the valves having insuffi-

cient travel.

Q. What is meant by piston stroke ?

A. The distance travelled by the piston from one

end of the cylinder to the other.
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Q, What positions do the cylinders occupy ?

A. They are either outside or between the frames,

and generally immediately adjacent to the smoke box.

Q, How is motion communicated to the wheels

when outside cylinders are used 1

A. By connecting rods acting on crank pins in the

wheels themselves.

• Q. When inside cylinders are used, how is it

managed t

A. The driving wheel axle is provided with two

cranks.

Q, What angles are they set at with relation to one

another ?

A. Usually 90° (right angles).

Q. Why?
A. Because with this arrangement when one piston

is at the end of the stroke the other is under the full

influence of the steam and working to its greatest

advantage.

Q. What are “ compound locomotives

?

A. Those in which the cylinders are of unequal

diameters, and in which the steam which has been

supplied from the boiler is used twice before being

ejected into the atmosphere.

Q. What are these cylinders called ?

A. The smaller ones are called high-pressure or

the '‘first’’ cylinders, and the larger ones the low-

pressure or “ second ” cylinders.

Q. What is the advantage claimed for this method ?

A. That by using the steam twice over, first in

the high-pressure cylinder, and then (by reason of
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expansion) in the low-pressure cylinder, a great saving

in steam and fuel is obtained.

Q. Why are larger ^uheels used on engines em-

ployed in hauling passenger trains than on those

which deal with goods traffic ?

A. Because higher speed is required than would be

possible with the small wheels used on goods engines,

which could never be got to revolve fast enough to

give the required speed.

Q, Goods engines have three pairs and sometimes

four pairs of wheels coupled. Why is this ?

A. The greater number of wheels coupled the more

the adhesion, and as it is required to start away with

heavy loads and keep them moving once they are

started whether the road is level or hilly, this matter

of adhesion is all-important, as it means a '‘grip ’’ on the

rail \vhen the resistance of the train is at its greatest.

Q. Why not have ten or twelve wheels coupled ?

A. Because the coupled wheel or “ rigid ” wheel

base would be very long, and would interfere with

the movements of the engine when rounding curves.

Q. Are such engines never employed

A. Not in this country up to the present, although

a locomotive has been built with ten coupled wheels

placed closely together.

Q. Why are tenders provided on some engines and

not on others ?

A. Those engines which have to run long distances

without stopping are supplied with tenders. Those

intended for local and shorter distance work are not.
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motive Practice in the Railway Countries of the World. With 300 illustrations

and 8 folding plates. Postage, Great Britain, 6d. ; Foreign and Colonial,
fOs. 6d.

A Supplement to The World’s
Is. Od.

A Supplement to The World’s
d.

Is. 3d.

Locomotives of 1906 . By C. S. Lake.
Locomotives. Postage 3d.

Locomotives of 1907 . By C. S. Lake.
Locomotives. Postage 3d. ...

The Model Locomotive : Its Design and Construction. By Henry
Greenly. 274 pages. 370 Illustrations and 9 Plates. Demy 8vo. Postage
4d. «». ... ^ ... ... ... 6 s. Od.

Loc 9motive Engine Driving. By Michael Reynolds. A Practical Manual
for Engineers in charge of Locomotive Engines. Eleventh edition.
Crown 8vo. Cloth. Postage 4d. ... ... ... ... 43 . 6d.

The Locomotive Engine and its Development. By Clement E. Stretton,
C.E. A popular Treatise on the Gradual Improvements made in Railway
Engines between 1803 and 1903. Sixth Edition. Revised and Enlarged.
With 130 Illustrations. Crown 8vo. Cloth. Postage 4d. ... 4 s. 6 d.

Modern British Locomotives. By A. T. Taylor. 100 Diagrams and
principal Dimensions. Postage 3d. ... ... ... ... 4 s. gd.

The Locomotives of the Q.N.R. By George Frederick Bird. A Chrono-
logical account of the Locomotive Stock of the G.N.R. from its inception to
the present day ; every type illustrated and described. Postage 3d. 3 s. 6 d.

Locomotives of the L. B. & S.C. R. A complete history of all the locomo-
tives of the L.B. & S.C.R. from 1839 to the present day. 144 illustrations

from Drawings and Photographs, every engine illustrated and described.
Postage 3d. ... ... ... ... ... ... 3s. 6 d.

Railway Appliances. By Sir J. Wolfe Barry, K.C.B., F.R.S., etc. A Des-
cription of Railway Ccn<?truction subsequent to the completion of the Earth-
works and Structures. With 218 Illustrations. Fcp. 8vo. Postage 3d. 4s. 6 d.

The Locomotive Portfolio. By F. Moore. Containing 12 beautifully executed
Coloured Plates of Modern British Express Locomotives. Postage 4d. 3 s. 6d.

The Locomotive of To-day. A thoroughly practical Treatise on the British
Locomotive; every detail carefully illustrated and described. Post. 3i. 2 s. 6 d

Railway Working and Appliances. By Edward S. Hadley. Describes the
Methods and Mechanisms by which Railways in Great Britain are conducted.
Illustrated. Postage 3d. ... ... ... ... ... Is. 6d.

Railway Views. An Album containing Photo Engravings of Railway Subjects
at Home and Abroad. Postage 2d. ... ... ... Is. ()(}.

Engine Driving Life. By Michael Reynolds. Stirring Adventures and Inci-
dents in the fives of Locomotive Engine Drivers. Third Edition. Crown 8vo.
Cloth. Postage 3d. ... ... ... ... ... ... Is. 6 d.

The Locomotive Simply Explained. By C. S. Lake. A First Introduction
to the Study of the Locomotive Engine. Postage Id. ... 6 d.

Machine Design and Drawinis^.

The Elements of Machine Design. By W. Cawthorne Unwin, F.R.S.
Part I. General Principles, Fastenings, and Transmissive Machinery. With

345 Diagrams, etc. Postage 4d. ... ... ... 7s. 6d.
Part II. Chiefly on Engine Details. With 259 Illustrations. Postage

4d. ... ... ... ... ... ... ... 6s. Od.
Mathematical Drawing Instruments and Materials. By A. G. Thornton.

Describes all Instruments and Materials used in Drawing, Tracing, &c.
Postage 4d. ... ... .. ... ... ... ... 3s. 6d,

Machine Drawing. By T. Jones, M.I.M.E., and T. G. Jones, M.Sc., Wh.Sc.
Book 1. Eleventh Edition. Enlarged. General Details of Engines and

Machines. 58 Plates (four coloured). Postage 4d. ... 3s. Od.
Book 2. Machine Tools. Drilling, Planing, Slotting, and Shaping. Second

Edition. 48 Plates (four coloured). Postage 4d. ... 3s. Od.
Book 3. Engine and Pump Details. Third Edition. 44 Plates (four

coloured). Postage 3d. ... ... ... ... ... 3s. Od.
The above three books, handsomelybound in one volume. Postage6d. 105. 6d.
Book 4. Electrical Machines and Details. 16 Plates. Postage 2d. Is. Od.
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An Introduction to Machine Drawing and Design. By David Allan Low.
With 153 Illustrations and Diagrams. Crown 8vo. Postage 3d. 2s. 6d.

Sketches of Engine and Machine Details. By Wallace Bentley, M. I.M.B,
This book contains over 200 Detail Drawings, fully dimensioned, from
the latest practice, and includes drawings from Stationary, Locomotive, and
Marine Engines, Boilers, Gas and Oil Engines, Machine Tool, Electric
Motors, etc. Fourth Edition, enlarged Postage 3d.... ... 2s. 6d.

Machine Shop Arithmetic. By Colvin. A Pocket Book containing Solutions
to Problems met with by every mechanic. Postage 2d. ... 2s. 6d.

Bn^neering Mathematics Simply Explained. By H. H. Harrison. A
Textbook for Apprentices, Students and Engineers. Postage 3d. is. 6d.

Engineer Draughtsmen’s Work. By a Practical Draughtsman. Hints to
Beginners in Drawing Offices. Second Edition. With 80 Illustrations.
Postage 2d. ... ... ... ... ... ... ... |s. 6d.

Mechanical Drawing Simply Explained. An Elementary Handbook on
Engineering Draughtsmanship for Students, Apprentices and Amateurs.
Fully Illustrated. Postage Id. ... ... ... ... 6d.

Marine Engineering.

Text Book on Marine Motors. By Capt. E du Boulay. Postage 6d. iOs. 6d.

Wannan’s Marine Engineer’s Guide to Board of Trade Examinations for
Certificates of Competency. By A. C. Wannan, C.E.. and E. W. I.

Wannan, M.I.M.E., Certificated 1st Class Marine Engineer. Containing all

latest Questions to Date, with Simple, Clear, and Correct Solutions ; 302
Elementary Questions with Illustrated Answers, and* Verbal Questions and
Answers; complete set of Drawings with Statements Completed. Large
crown 8vo. Cloth. Postage 5d. ... ... ... lOs. 6d.

Verbal Notes and Sketches for Marine Engineers. Contains Notes and
Sketches given at the Board of Trade Examination. By J. W. Sothern.
Postage 4d ... ... ... ... ... ... 7s. 6d.

Drawing and Designing for Marine Engineers. By Chas. W. Roberts,
M.l.Mar.E. With 27 Illustrations and 21 large Plates. Demy 8vo. Clotb
gilt. Postage 4d. ... ... ... ... ... ... 6s. Od.

Engine-room Practice. By John G. Liversidge, A.M.I.C.E., etc. A Handbook
for Engineers and Officers in the Royal Navy and Mercantile Marine, including
the Management of the Main and Auxiliary Engines on board ship. Third
impression, with numerous Illustrations. Lrg. cr. 8vo. Postage 4d. 6s. Od.

Elementary Lessons in Steam Machinery, and the Marine Steam
Engine. By J. Langmaid, R.N., and H. Gaisford, R.N. With a Short
Description of the Construction of a Battleship. Compiled for the Use of

Junior Students of Marine Engineering. New Edition. 8vo. Postage
8d .., 6s. Od.

The Resistance and Power of Steamships. By W. H. Atherton, M.Sc., and
A. L. Mellanby, M.Sc. Cloth. Postage 3d. ... ... ... 5s. Od.

.Varine Engineers : Their Qualifications and Duties. ByE. G. Constantine,
A.M.I.C.E., etc. With Notesonthe Care and Management of Marine Engines,
Boilers, and Machinery. Crown 8vo. Cloth. Postage 4d. ... 5s. Od.

Practical Mechanics. ByThos. Mackenzie, F.R.A,S. Applied to the Require-
ments of the Sailor. Second Edition, revised. With numerous Illustrations.

Postage 3d. ... ... ... ... ... ... ... 3s. 6d.

Practical Advice for Marine Engineers. By Chas. W. Roberts, M.l.Mar.E.
With 64 Illustrations. Crown 8vo. Cloth. Postage 3d. ... 3s. Od.

Model Making and Amateur Mechanics,

Practical Boat Sailing for Amateurs. By G. Christopher Davis. Second
Edition. Revised and Enlarged, and with several new plans of Yachts. Con-
taining particulars of the most suitable sailing boats and yachts for amateurs
and Instructions for their proper handling, etc. Illustrated with numerous
diagrams. Postage 4d. ... ... ... ... 5s. Od.
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Model Yachts and Boats. By J. Du V. Grosvenor. Giving their Designing,
Making and Sailing. Illustrated with 118 designs and working diagrams. In
Leatherette. Postage 3d. ... ... ... ... ... 2s. 6d.

Practical Boat Building: for Amateurs. By Dixon Kemp. Second Edition,
Revised and Enlargecf, containing full instructions for Designing and Building
Punts, Skiffs, Canoes and Sailing Boats, etc. Fully Illustrated with working
diagrams. Postage 3d. ... ... ... ... ... 2s. 6d.

Amateur’s Companion to the Workshop. Being a Collection of Practical
Articles and Suggestions for the use of Amateur Workers, with some details

as to construction of Electrical and other Models and Apparatus. Illustrated.

Postage 3d. I
... ... ... ... ... ... ... Is. 6d.

Model Steam Engine Design. By R. M. de Vignier. Illustrated. Post-
age l|d. ... ... ... ... ... ... ... Is. 6d.

Building Model Boats. By P. N. Hasluck. Illustrated. Postage 2d. is. Od.

Repousse Work for Amateurs. By L. L. Haslope, showing the Art of Orna-
menting thin Metal with Raised Figures. Illustrated. In Paper. Postage
2d ... .. ,. ... ... ... ... ... is. Od.

Working in Sheet Metal. By the Rev. J. Lukin, B.A. Being practical instruc-
tions for making and mending small articles in tin, copper and iron, zinc and
brass. Illustrated. Third Edition. In paper. Postage Id. ... Is. Od.

Model Engineer’s Handybook. By Paul N. Hasluck. A Practical Handbook
on the Construction of Model Steam Engines. With upwards of 100 Illustra-

tions. 144 pages. 8vo. Cloth. Postage 3d. ... ... ... Is. Od.

Model Sailing Yachts. How to Build, Rig, and Sail Them. Edited by
Percival Marshall, A.I.Mech.E. A practical handbook for Model Yachts-
men. Illustrated. Postage 3d... ... ... ... ... is. Od.

Simple Mechanical Working Models : How to make and use them. Edited
by Percival Marshall, A.LMech.E. Gives Instructions for making Model
Water Motors, Model Hot-air Engine, Cardboard Working Model Locomo-
tives, Model Gravitation Railway, etc. Fully Illustrated. Postage Id. 6d.

Machinery for Model Steamers. Edited by Percival Marshall, A.I.Mech.E.
A Practical Handbook on the Design and Construction of Engines and Boilers
for Model Steamers, the Use of Liquid Fuel, and the Proportions of Machinery
for Model Boats. Fully Illustrated. Postage Id. ... ... fid.

Model Steamer Building. Edited by Percival Marshall, A.I.Mech.E. A
Practical Handbook on the Design and Construction of Model Steamer Hulls
and Fittings. Fully Illustrated. Postage Id. ... ... 6d.

Model Steam Turbines : How to Design and Build Them. Fully Illustra-

ted. Postage Id. ... ... ... ... ... ... 6d.

Model Steam Engines : How to Understand Them and How to Use Them.
Postage Id. ... ... ... ... ... ... ... 6d.

Models for Engineering Students.

Working Models, T ‘ X ” Series), Prepared by T. & T. G. Jones.
Model No. 1. Complete in box, with book of Notes and short Essay on the

Steam Engine. Postage 3d. ... ... ... ... 2s. 6d
Model No. 2. Complete in box, with book of Notes and short Essay on the

Steam Engine. Postage 3d. ... ... ... ... 3s Od.
Nos. 1 and 2. Complete in box, with Notes. Postage 3d ... gs. Od.

Working Models. By T. & T. G. Jones. Series 1 & 2 show at a glance the
working of the various Types of Slide Valves used in modern Steam Engines.
Eight Cardboard Models, in box with full explanations. Postage 2d. 2s. gd.
Series 3. Comprising 6 Cardboard Models of modern High Speed Engines

specially constructed for driving Dynamos. Complete in box, with full

explanatory notes. Postage 3d. ... ... ... ... gs. Od.

Oescriptive Geometry Models. By Thomas Jones, Gold Medallist.
Series No. 1. Six Models with descriptive letterpress and 40 Problems for

Solution. Postage Id. ... ... ... ... ... Is. 3d.
Series No. 2. Six Models with descriptive letterpress and 40 Problems for

Solution. Postage Id. ... ... ... ... ... Is. 3d.
Series 1 and 2, in one volume. Postage l|d. ... ... ... 2s Od.
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Motor Cars and Cycles.

The Encyclopaedia of Motoring*. Containing full definitions of every term
used in motoring, with special articles on roadside troubles, etc Illustrated.
Postage 4d. ... ... ... ... ... 7s. 6d.

Petrol Motors and Motor Cars. By T. Hyler White, A.M.I.M.E. A Hand-
book for Engineers’ Designers and Draughtsmen. Cloth. Illustrated.
Postage 3d. ... ... ... ... ... ... 4s. 6d.

Useful flints and Tips for Automobilists. From The Autocar. 478
suggestions for repairs, &c. Postage 3d. ... ... ... 2s. 6d.

Motor Repairing for Amateurs. By John Henry Knight. 69 Illustrations-
Postage 2d. ... ... ... ... ... ... ... gs. 6d.

Magnetos for Automobilists. How made and how used. By S. R. Bottone.
Postage 3d.,.. ... ... ^

... ... ... ... 2s. Od.

Ignition Devices. For Gas and Petrol Motors. By S. R. Bottone. A chapter
treats specially of Structural Details, Choice and Management ofAutomobiles.
Illustrated. Postage 3d. ... ... ... ... ... 2s. 6d.

Carburetters and Carburation. By Douglas Leechman. Many different
types are explained and Illustrated. Postage 3d. ... ... 2s. Od.

Motor Ignition Appliances. A practical treatise on the application of Elec-
tricity in the production of the Ignition Spark in Petrol Motors. By T. H.
Hawley. Postage 3d, ... ... ... ... ... is. 6d.

Electric Ignition for Motor Vehicles. By W. Hibbert, A.M.I.E.E. Gives
particulars of some systems, faults, &c. Illustrated. Postage 2d. is. 6d.

The Autocar Handbook. A Guide to the Motor Car. How to Select,
Maintain and Drive an Automobile. Illustrated. Postage 3d. Is. 6d.

The Motor Manual, A practical handbook dealing with the working principlesr

management, etc., of petrol cars. 160 illustrations. Postage 3d. is. 6d.

Systems of Electric Ignition for Motor Cars. By Douglas Leechman.
Ill Illustrations. Describes many different types. Postage 3d. is. 6d.

Cycle building and Repairing. Prepared under the direction of P. N. Hasluck,
A Practical Manual, with 142 Illustrations. Cloth. Postage 2d. Is. Od.

Petrol Motors Simply Explained. By T. H. Hawley. Describes the prin-

ciples on which Petrol Motors work, with hints on driving. Illustrated,
Postage 3d. ... ... ... ... ... ... fs. Od.

“The Car “ Encyclopaedia of Component Parts, Motoring Definitions
and 1 erms. Postage 2d. ... ... ... ... ... Is. Od.

Practical Motor Car Repairing. A Handbook for motor car owners and
drivers. Illustrated Postage Sd. ... ... ... ... is. Od-.

The Art of Driving a Motor Car. By Lord Montague. Postage 2d. is. Od.

Motor Car Mechanics for Beginners. By G. Foster Pedley. Postage 2d,

IS. Od.

The Care of the Car and How to Drive It. By Lord Montagu and R. J-

Mecredy. Postage 2d. ... ... ... ... Is. Od.

Motor Cvciesand How to Manage Them. Eleventh edition. Postage 2d. is. Od.

Hints and Tips for Motor Cyclists. From “The Motor Cycle.” 262 well

indexed Hints and Tips. Postage 2d. ... ... ... Is. Od.

The Petrol Engine. Troubles and Remedies. By C. W. Brown. Postage 2d.

IS. od.

Popular Books on Engineering and Science.

The Conquest cf the Air. By John Alexander. The Romance of Aerial Navi-
gation. With Preface by Sir Hiram S. Maxim. Illustrated. 160 pages.
Handsome cloth cover. Crown 8vo. Postage 3d. ... ... Is. S^*-

Simple Scientific Experiments. By Aurel De Ratti. Describes Forty-six
instructive Experiments in Electricity, Magnetism, Hydraulics, Hydrostatics,.
Light, and Acoustics. Fully Illustrated. Postage Id. ... 6d,

Pumps and Hydraulic Engineering.

Practical Handbook on Pump Construction. By P. R. Bjorling. Second
Edition. 9 Plates. Crown 8vo. Postage 4d. ... ... 5s. Od,



26-29, Poppin's Court, Fleet Street, London, E.C. 7

Centrifus^al Pumps, Turbines, and Water Motors. By Chas. H. Innes,
M.A. Including the Theory and Practice of Hydraulics (specially adapted
for Engineers). Third Edition. Crown 8vo. Postage 4d. ... 4s. 6d.

Notes on the Construction and Working of Pumps. By Edward C. R.
Marks, A.M.I.C.E., M.l.M.E. Crown 8vo. Postage 3d. ... 4s. 6d.

Pumps and Pumping. By M. Powis Bale, M.l.M.E. A handbook for Pump
Users. Being Notes on Selection, Construction, and Management. Fourth
Edition. Crown 8vo. Cloth. Postage 3d. ... ... ... 3s. 6d.

Reference and Pocket Books,
Engineer’s Sketch Book of Mechanical Movements. By T. W. Barber.

Fourth Edition, with 2,603 Illustrations. 348 pages. 8vo. Postage 4d. lOs. 6d.
A Pocket Book for Mechanical Engineers. By David Allan Low, M.l.M.E.

With over 1,000 specially prepared Illustrations. Fcp. 8vo. Gilt edges,
rounded corners. Postage 3d. .. ... ... ... 7s. 6d.

Lockwood’s Dictionary of Mechanical Engineering Terms. By J. G.
Horner, A.M.I.M.E. Comprising upwards of 6,000 definitions. Third
Edition, revised, with additions. Embracing those current in the Drawing
Office, Pattern Shop, Foundry, Fitting, Turning, Smiths’ and Boiler Shops,
etc., etc. Crown 8vo. Cloth. Postage 4d. ... ... 7s. 6d.

Wannan’s Marine Engineer’s Pocket Book. By A. C. Wannan, C.E.
Containing latest Board of Trade Rules and Data for Marine Engineers.
Third Edition, revised, enlarged, and up-to-date. Square 18mo., with Thumb
Index. Leather. Postage 3d. ... ... ... 5s. Od.

The Mechanical Engineer’s Pocket Book. By D. Kinnear Clark, M.Inst.C.E.
Fifth Edition, thoroughly revised and enlarged, by H. H. P. Powles,
A.M.I.C.E., M.l.M.E. Comprising Tables, Formulae, Rules, and Data. A
handy book of reference for daily use in Engineering Practice. 700 pages.
Bound in flexible leather cover, rounded corners. Small 8vo. Postage
4d. ... ... ... ... ... ... 6s. Od.

The Engineers’ Pocket Dictionary, French—English. By M. LvofiF.

Pocket size. Words used in Mechanical and Electrical Engineering, Motor
Car and Cycle Building. Postage Id. ... ... ... Is. 6d.

Wire and Sheet Gauges for the World. By C. A. B. Pfeilschmidt, of Shef-
field. Paper. Postage Id. ... ... ... ... ... Is. ©d.

Miscellaneous *

Inorganic Chemistry. A short account of its more important applications.
By V. B. Lewis. Postage 4d. ... ... ... ... 3s. 6d.

Radium and other Radio-Active Elements. By L. A. Levy and H. G.
Willis. A popular account of Radium treated experimentally. Crown 8vo.
Illustrated with drawings and 20 full-page plates. Postage 3d. 2s. 6d.

Practical Kites and Aeroplanes. Howto make and work them. By Frederick
Walker, C.E. A Practical Work on the Construction and Use of Kites and
Aeroplanes. Illustrated. Postage 2d. ... ... ... is, 6d.

Talking Machines and Records. A Handbook for all who use them. By
S. R. Bottone. Illustrated with examples of different types of instruments
with full instructions for making a simple phonograph. Postage 2d. |s. 6d.

Practical Bookbinding. By W. B. Pearce. Intended for these who wish to
do their own Bookbinding. Illustrated. Postage 3d. ... Is. Od.

Flying Machines, past, present and future. By A. W. Marshall and H,
Greenly. 23 plates and other illustrations. Cloth. Postage 3d. 2s. Od.
Ditto ditto. ... ... ... Paper. Postage 2d. is. Od.

VVhat a Business Man ought to Know. Being the Daily Business Life in a
Merchant’s Office. Postage 2d. ... ... ... ... Is. Od.

Letters that bring Business. By the Author of What a Business Man ought
to Know. Postage 2d. ... ... ... ... ... Is. Od.

Systematic Memory. Or How to Make a Bad Memory Good and a Good
Memory better. ByThos. Maclaren. Postage 2d. ... ... |s. Od.

Mow to do More Business. Postage 2d. ... ... ... Is, Od.
Simple Photographic Experiments. Postage Id. ... ... 6d.
Simple Chemical Experiments. Postage Id. ... ... 6d.
Patents Simply Explained. A simple guide to the patenting of Inventions and

registration of Trade Marks and Designs. Illustrated. Postage Id. 6d.
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Steam Engineering.
Th« Steam Turbine. By Robert M. Neilson, Wh. Ex., A.M.I.M.E. With

145 Illustrations. 8vo. Postage 4d. ... ... ... ... 1 5s. Oc
A Text Book on Steam and Steam Engines. By Prof. Jamieson, For

the Use of Students Preparing for Competitive Examinations. With 600
pages. Over 200 Illustrations, 6 folding Plates, and numerous Examination
Papers. Fourteenth Edition. Revised. Postage 4 d. ... IOs. 6d.

Steam Engine Theory and Practice. By W. Ripper. With 438 Illustra

tions. 8vo. Postage 4d. ... ... ... ... ... 9s. Od

The Marine Steam Turbine. A practical description of the Parson’s Marine
Turbine. 60 illustrations. Postage 3d. ... ... ... 6s. Od.

Steam Boilers. By R. D. Munro. Showing their Defects, Management,
and Construction. Fourth Edition. Fully Illustrated. Postage 3d. 4s. 6d.

Steam Engineering. By W. W. F. Pullen, Wh. Sc.,M.I.M.E., A.M.I.C.B.
A Treatise on Boilers, Steam, Gas and Oil Engines, and Supplementary
Machinery, with Instructions for Carrying out numerous experiments.
350 pages. 300 Illustrations. Postage 5d. ... ... ... 4s. Od.

Stationary Engine Driving. By Michael Reynolds. A Practical Manual for

Engineers in Charge of Stationary Engines. With Plates and Woodcuts.
Sixth Edition. 8vo. Cloth. Postage 3d. ... ... ... 3s. 6d.

Elementary Manual of Steam and the Steam Engine. By Prof.
Jamieson. For First year Students. Ninth Edition. Revised. With Illus-

trations and Examination Papers. Postage 3d. ... ^
... 3s 6d.

injectors : Theory, Construction, and Working. By W. F. Pullen,
Wh. Sc., A.M.I.C.E. Second Edition. Revised and Enlarged. Crown 8vo.
Postage 3d. ... ... ... ... ... ... ... 3s. 6d.

A Handbook for Steam Users. By M, Powis Bale, M.I.M.E., A.M.I.C.E.
Giving Rules for Engine Drivers and Boiler Attendants, with Notes on Steam
Engine and Boiler Management, and Steam Boiler Explosions. Fcp. 8vo,
Postage 3d. ... ... ... ... ... ... ... 3s. 6d.

The Compound Engine. By William J. Tennant, A.M.I.Mech.E. An elemen-
tary treatise on the working of Compound Engines. Crown 8vo. Cloth,
Postage 3d. ... ... ... ... ... 2s. 6d.

Steam. By W. Ripper. With 185 Illustrations. Postage 3d. 2s. 6d.

The Theory of the Steam Turbine. By H. M. Martin, Wh.Sc. and R. H.
Parsons, A.M.I.C.E. Illustrated. Postage 2d. ... ... is. 6d.

The Working of Steam Boilers. By Edward G. Hiller. Postage 2d. Is. Od.
Ditto ditto ditto Cloth. Postage 3d. Js. 6d.

The Care and Management of Stationary Engines. By C. Hurst. A
Practical Handbook for Men-in-Charge. Crown 8vo. Cloth. Postage 3d. Is. Od.

Model Steam Engines ; How to Understand Them and How to Run Them.
By Henry Greenly. Fully Illustrated. Postage Id. *

... 6d,

Model Boiler Making. By E. L. Pearce. A Practical Handbook on the De-
signing, Making and Testing of Small Steam Boilers. Fully Illustrated with
Original Working Drawings. Postage Igd. ... ... ... 6d.

The Slide Valve Simply Explained. By W. J. Tennant, A.M.I.Mech.E.
Gives a clear and simple explanation of the Working of the Steam Engine
Slide Valve. With 36 Illustrations. Postage Id. ... ... 6d.

Workshop Tools and Processes^

Metal Plate Work : Its Patterns and their Geometry, for the Use of
Tin, Iron, and Zinc Plate Workers. By C. T. Millis. Fourth Edition.
280 Diagrams. 470 pages. Crown 8vo. Postage 4d. ... ... 9s. Od.

Pattern Making. By Joseph Horner, A.M.I.M.E. Third Edition. Enlarged.
With 486 Illustrations. A Practical Treatise embracing the Main Types of
Engineering Construction, including Gearing, Sheave, and Pulleys, Screws,
Machine Parts, Pumps, Estimating the W^ght of Castings, etc., etc., etc.
Crown 8vo. Postage 4d. ... ... ... ... ... 7s. 6d.
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Platins: and Boiler Making:, By Joseph G. Horner, A.M.I.M.E. A Practical
Handbook for Workshop Operations. 380 pages, with 338 Illustrations

Crown 8VO. Cloth. Postage 4d. ... ... ... ... 9s. Od
Spons’ Mechanics’ Own Book. A Manual for Handicraftsmen and Amateurs.

Fifth Edition. 1,430 Illustrations, 720 pages. Demy8vo. Postage 5d. 6s. Od.
In Half Morocco. Postage 5d. ... ... ... ^

... 7s. 6d.
Spons’ Workshop Receipts. For the Use of Manufacturers, Mechanics, and

Scientific Amateurs. Vols. Crown 8vo. Postage 4d. Per volume 3s. Od.

The Principles of Fitting:. By J. G. Horner, A.M.I.M.E. For Engineer
Students. Illustrated with about 250 Engravings, and containing an Appendix
of Useful Shop Notes and Memoranda. Second Edition. Postage 3d. 5s. Od.

Workshop Appliances. By C. P. B. Shelley, M.I.C.E. Giving Descriptions
of some of the Gauging and Measuring Instruments, Hand cutting Tools,
Lathes, Drilling, Planing, etc. With an additional chapter on Milling,
by R. R. Lister. With 323 Illustrations. Fcp. 8vo. Postage 3d. Ss. Od.

Watch Repairing, Cleaning^ and Adjusting. By F. J. Garrard. A Practical
Handbook deming with the materials and Tools used, and the Methods of Re-
pairing, Cleaning, Altering and Adjusting of English and Foreign Watches, etc.
With over 200 Illustrations. Crown 8vo, Cloth. Postage 4d. ... 4s. 6d.

Practical Ironfounding*. By J. G. Horner, A.M.I.M.E. Illustrated with over
100 Engravings. Third Edition. Postage 3d. ... ... 3s. 6d.

Ornamental Turning:. By J. H. Evans. A Practical Work on the Con-
struction and Uses of the Ornamental Lathe for Amateur and Professional
Turners. Illustrated. In Three Volumes. Postage 4d. each Volume.

Each 3s. 6d.
Workshop Makeshifts. By H. J. S. Cassall. Being a Collection of Practical

Hints and Suggestions for the use of Amateur Workers in Wood and Metal.
Fully Illustrated. Cloth gilt. Postage 3d. ... ... ... 2s. 6d.

Practical Lessons in Metal Turning:. By Percival Marshall, A.I.Mech.B.
A Handbook for Young Engineers and Amateur Mechanics. With 209
Original Illustrations. Third Edition. 182 pages. Postage 3d. 2s. Od.

The New Turner’s and Fitter’s Handbook. By T. Greenwood. A com-
plete Guide to Screw-cutting with many Tables. Postage 2d.... 2s. Od,

Practical Plumbers’ Work. By Paul N. Hasluck. 289 illustrations. Post-
age 3d. ... ... ... ... ... ... ... 2s. Od.

Simple Decorative Lathe Work. By James Lukin, B.A. A Practical Hand-
book of the Construction and Use of the ordinary Turning Lathe for the
purpose of the Art. Fully Illustrated. Postage 2d. ... ... 2s. Od.

Screw Threads, and Methods of Producing: Them. By Paul N. Hasluck,
With numerous Tables and complete Directions for using Screw Cutting
Lathes. Fifth Edition. Waistcoat pocket size. Postage Id. ... , is. 6d.

Workshop Mathematics. Parts 1. and 11. By F. Castle, M.I.M.B.
8vo. Postage 2d. ... ... ... ... ... each Is. 6d.

Turning: for Beg:inners. By J. Lukin. Being Elementary Instruction in the
Art of Turning in Wood and Metal. Postage 3d. ... ... Is. 6d.

The Possibilities of Small Lathes. By James Lukin, B.A. Including par-
ticulars and details for making an inexpensive overhead, and other useful
accessories for, and notes on, the choice of a Lathe. Fully Illustrated.
Cloth. Postage 3d. ... ... ... ... ... ... is. 6d.
Ditto ditto ditto Paper. Postage 2d. ... ... is. Od.

Pattern Maker’s Handybook. By Paul N. Hasluck. A Practical Manual on
the Construction of Patterns for Founders. With upwards of 100 Illustra-

tions. 144 pages. Crown 8vo. Cloth. Postage 3d. ... ... Is. Od.

Mechanic’s Workshop Hardybook. By Paul N. Hasluck. A Practical
Manual on Mechanical Manipulation. With Useful Notes and Miscellaneous
Memoranda. Comprising 200 subjects. 144 pages. Crown 8vo. Cloth.
Postage 3d. ... ... - ... ... ... ... ... is. Od.

6ng:raving: Metals. Prepared under the direction of Paul N. Hasluck,
Practical Manual. 177 Encravings and Diagrams. Cloth. Post 2d. Is. Od.

Machine Shop Companion. By Wallace Bentley, M.l.M.E. It includes an
illustrated chapter on “ Screw Cutting,” with list of Change Wheels.
Rules, and Tables for everyday Workshop Use. With over 50 Illustrations.

Postage Id. ... ... ... ... ... ... ... Is. Od.
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Metal Working Tools and their Uses. By Percival Marshall, A LM’E..
A Practical Handbook for Young Engineers and Amateur Mechanics..
Showing how to use Simple Tools required in Metal Working and Alodel
Making. Fully Illustrated. Second Edition. Postage Id. ... 6d.

The Beginners* Guide to the Lathe. By Percival Marshall, A.I.Mech.E..
An Elementary Instruction Book on Turning in Wood and Metal. Post*
age Id. ... ... ... ... ... ... ... 6d,

A Guide to Standard Screw Threads and Twist Drills (Small Sizes). By
George Gentry. Postage IJd. ... ... ... ... 6d.

ELECTRICAL ENGINEERING.
Dynamos and Motors.
Design of Dynamos (C(.ntinuous Current Generators). By Silvanus P. Thomp-

son. 92 Illustrations and 8 folding plates. Postage 6d. ... 12s. Od.

Practical Testing of Dynamos and Motors. By Chas. F. Smith, Wh Sc.,.

A.M.I.C.E., A.M.I.E.E. Postage 4d. ... ... ... 5s. Od.

Continuous Current Dynamos and Motors and their Control. By W. R.
Kelsey, B.Sc., A.I.E.E., F.Ph.S. Postage 4 d. ... ... 5s. Od.

Tho Management of Dynamos. By G. W. Lummis-Paterson. A Handybook
of Theory and Practice for the Use of Mechanics, Engineers, Students, and
others in charge of Dynamos. Third Edition, revised. Crown 8vo. Cloth.
Postage 3d. .. ... ... ... ... ... ... 4s. 6d.

The A. B.C. of Dynamo Design. By Alfred H. Avery, A.I.E.E. With 61

Illustrations and 103 pages. Third Edition. Postage 3d. ... 2s. Od.

Tho Application of Electric Motors to Machine Driving. By Andrew
Stewart, A.I.E.E. Postage 2d. ... ... ... ... 2s. Od.

Dynamo Attendants and their Dynamos. By F. Broadbent, M.l.E.B. A
Practical Book for Practical Men. Fourth Edition. Postage 3d. Is. 6d.

Practical Dynamo and Motor Construction. By A. W. Marshall,.
A.M.I.E.E. A Handbook of Constructive Details and Workshop Methods,
used in building small machines. Postage 3d. ... ... Is. Od.^

How to Manage a Dynamo. By S. R. Bottone. A Handbook for Engineers,
Electric Light Engineers, and Electro Platers. Illustrated. Third Edition,
revised and enlarged. Post 8vo. Cloth. Pocket size. Postage Id. Is. Od.

Care and Management of Electrical Machinery. A handbook for the use
of power users and attendants. Illustrated. Postage 3d. ... is. Od.

Small Dynamos and Motors; How to Make, Test, and Repair Them.
By F. E. Powell. Contains Instructions and Drawings for Making Small
Dynamos and Motors of various sizes, from 10 to 500 watts, including tables-

of suitable windings. Fully Illustrated. Third Edition. Postage Id. 6d.

Small Electric Motors: How to Make and Use Them. By F. E. Powell,
Fully Illustrated with Original Diagrams and Drawings. Postage Id. 5d.

Electrical Apparatus Simply Explained. Fully Illustrated. Postage Id.

6d.

Electric Lighting.
Electrical Engineering for Electric Light Artisans aud Students. By

Slingo and Brooker. Well Illustrated. Postage 6d. ... I2s. Odo.

Electric Ship Lighting. By J. W. Urquhart. A Handbook on the Practical
Fitting and Running of Ship’s Electrical Plant, for the use of Shipowners and
Builders, Marine Electricians, and Seagoing Engineers-in-Charge. Second
Edition, revised and extended. With numerous Illustrations. Crown 8vo.

Cloth. Postage 4d. ... ... ... ... ... ... 7s. 6d..

Electric Wiring, Fittings, Switches, and Lamps. By W. Perren Maycoob,
M.l.E.B. A Practical Book for Electric Light Engineers, Wiring and Fitting
Contractors, Consulting Engineers, Architects, Builders, Wiremen, and
Students. Third Edition, revised. With 360 Illustrations. Postage 4d. 6s. Od,»
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Electric U^htin^r and Power Distribution. By W. Perren Maycock,
M.l.E.E. An Elementary Manual for Students. Fifth Edition, revised.

Vol. I. With 231 Illustrations. Postage 4d. ... ... 6s. Od.

Vol. II. With 400 Illustrations. Postage 4d. ... ... 7 s. 6d.

Practical Electric Light Fitting. By F. C. Allsop. A Treatise on the Wiring

and Fitting-up of Buildings deriving current from Central Station Mams, and

the Laying-down of Private Installations. With 224 Illustrations. Fourth

Edition, revised. Postage 3d. ... ... ... ... 6 s. Od.

Electric Wiring. By W. C. Clinton, B.Sc. (Lond.) A Primer for the use of

Wiremen and Students. W^ith 80 Illustrations and a selection of Work
Examples. Fcp. 8vo. Postage 3d. ... ... ... ... 2 s. Od.

Amateur Electrician’s Workshop. By S. R. Bottone. A Handbook of

Practical Instruction in the Making of Electrical Models and Appliances. In

Two Volumes. Postage 2d. each. ... ... ... Each Is. 6d.

Private House Electric Lighting. By F. H. Taylor, A.M.l.E.E. Describes

Modern Methods in Wiring and Fitting, including a chapter on Small Genera-

ting Plants. Postage 3d. ... ... ... ... Is. Od.

A Guide to Electric Lighting. By S. R. Bottone. For Householders and

Amateurs. Pictorial covers Postage 3d. ... ... Is. Od.

Electric Lighting for Amateurs. Contains Instructions for fitting up small

Electric Installations. Fully Illustrated. Postage Id. ... 6d.

Electrical Apparatus^

Primary Batteries. Their Theory, Construction, and Use. By W. R.

Cooper. Postage 5d. ... ... ... ... ... lOs, 6 d.

The Electric Magnet. By Charles R. Underhill, Illustrated. Postage 4d. 6 s. 6d-

The Construction of Large Induction Coils. By A. T. Hare. A Workshop
Handbook. With 35 Illustrations. 152 pages. Postage 4d. ... 6 s. Od.

Electrical Influence Machines : Their Development and Modern Forms,
with Instructions for Making Them. By J. Gray, B.Sc. Second
Edition. Revised, with 105 Illustrations. Postage 3d. ... 5 s. Od.

The Induction Coil in Practical Work, including Rontgen X-Rayc.
By Lewis Wright. With Illustrations. Crown 8vo. Postage 3d. 4s. 6 d.

Secondary Batteries. A practical Handbook for Owners and Attendants, By
an Engineer. Postage 4d. ... ... ... ... ... 4s. Od.

Electric Instrument-Making for Amateurs. By S. R. Bottone. A Prac-

tical Handbook. With 96 Illustrations. Seventh Edition. Revised and
Enlarged. Postage 3d. ... ... ... ... ... 3 s. 6d.

induction Coils. By G. E. Bonney. A Practical Manual for Amateur
Coil-makers. Revised. With 101 Illustrations. Postage 3d. 3 s. Od.

Electro Chemistry By G. Gore. Postage 3d. ... ... 2 s. Od.

Dry Batteries. • How to Make and Use Them. By a Dry Battery Expert.

Limp Cloth. Postage Ifd. ... ... ... ... ... Is- 6d.

Experimenting with induction Coils. By H. S. Norrie. Containing

practical directions for operating Induction Coils and Tesla Coils. Limp
Cloth. Postage Igd. ... ... ... ... ...

Practical Induction Coil Construction. By John Pike. A handbook of

constructive details and workshop methods used in building and repairing

modern spark coils. Illustrated. Postage 3d. ... ... Is. Od.

Induction Coils for Amateurs: How to Make and Use Them. Edited by

Percival Marshall, A.I.Mech.E. Fully Illustrated. Postage Id. 6d.

Simple Electrical Working Models: How to Make and Use Them.
Edited by Percival Marshall, A.I.Mech.E. 43 Illustrations. Postage Id. 6 d.

Small Accumulators: How Made and Used. Edited by Percival Marshall,

A.I.M.E. With 4.1 Illustrations. Seventh Edition. Postage Id. 6 d.

Electric Batteries: How to Make and Use Them. Edited by Percival

Marshall, A.I.Mech.E. Fully Illustrated. Sixth Edition. Postage Id. 6 d.

Small Electrical Measuring Instruments. Describes the Making and Using
Galvanometers, Voltmeters. &c. Fully Illustrated. Postage Id 6 d.

The Wimshurst Machines and other Static Electrical Apparatus Simply
Explained. By A. W. Marshall. Postage Id. ... 8 d.
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Elementary Text Books on
Electricity and Magnetism.
The Elements of Electrical Engineering:. By Tyson Sewell, A.I.E.E. A

hirst Year s Course for Students. Fourth Edition. Postage 4d. 5s. Od.
Elementary ^ssons in Electricity and Magnetism. By Sylvanus P.

Thompson, D.Sc., F.R.S. Illustrated. Fcp. 8vo. Postage 8d. 4s. 6d.
Elementary Manual of Magnetism and Electricity. By Prof. Jamieson.

For First Year Students. Fifth Edition. With Illustrations and Examination
Papers. Crown 8vo. Postage 3d. ... ... ... ... jg. 6d.

First Book of Electricity and Magnetism. By Perren Maycock, M.I.E.b!
Second Edition, revised and enlarged. With i07 Illustrations. Postage

_ - 2s. 6d.
Magnetism and Electricity for Beginners. By H. E. Hadley, B.Sc. (Lond.)

Adapted to the Elementary Stage of the S. Kensington Syllabus. Globe 8vo.
Postage 3d. ... ... ... ... ... 2 g

Problems and Solutions in Elementary Electricity and Magnetism.By W. Slingo and A. Brooker. With 98 Illustrations. Crown 8vo. Pos*
tage 3d

Electrical Engineering. By S. R. Bottone. Gives constructional Details of
Appliances described. Illustrated. Postage 3d. ... ...a 2s. Od.

The Study of Electricity for Beginners. By Norman H. Schneider, Com-
prising Elements of Electricity and Magnetism. Postage l§d. (s. 6d.

Electrical Circuits and Diagrams. By Norman H. Schneider. Gives 217
Diagrams of Connections. Limp Cloth. Postage l^d. ... ... Is. 6d.

Do. Do. Do. Part II. Alternating Current Generators and Motors, Single
phase and Polyphase Transformers, etc., etc. 69 Diagrams. Postage

IS. 6d.

Miscellaneous Electrical Subjects*

Medical Electricity A practical Handbook for Students and Practitioners.
12 plates and Illustrations. Postage 6d. ... ... ... 1

2

s. 6d.

Electric Traction. By J. H. Rider, M.I.E.E., M.I.C.E. With numerous
Illustrations. A Practical Handbook on the Application of Electricity as a
Locomotive Power. Crown 8vo. Cloth. Postage 6d. ... IOs. 6d.

The Alternating-Current Circuit and Motor. By W. Perren Maycock,
M.I.E-E. An Introductory and Non-Mathematical Book for Engineers and
Students. SecondEdition. Revised. With 140 Illustrations. Postage 3d. 4 s. Sd.

The Electro-Platers’ Handbook. By G. E. Bonney. A Practical Manual
for Amateurs and Students in Electro Metallurgy. Fourth Edition. Revised
and Enlarged, with an Appendix on Nickel Plating for Cycles. Postage

3s. Od.
Electrical Experiments- By G. E. Bonney. A Manual of Instructive Amuse-

ment. With 144 Illustrations. Second Edition. Postage 3d.... 2s. 6d.
Simple Experiments in Static Electricity. A Series of Instructive and

Entertaining Experiments for Students and Amateurs. Fully Illustrated.
Postage Id. ... ... ... gjj,

X Rays Simply Explained. A Handbook on the Theory and Practice of Radio-
graphy. Fully Illustrated. Postage Id. ... ... ... gj.

Alternating Currents Simply Explained. By A. W. Marshall. Postage Id. 6d.
Electric Power. What it is and what it can do. ByA.W. Marshall, A.M.I.C.E.

Postage Id. ... ... ... ... ... ... .. 3 ^.

Reference and Pocket Books^
A Pocket Book of Electrical Rules and Tables. By J. Munro, C.E., and

Prof. Jamieson. With numerous Diagrams. Sixteenth Edition, thoroughly
revised and enlarged. For the use of Electricians and Engineers. Leather.
Pocket size. Postage 3d. ... ... ... ... ... gs. gd.
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Molesworth’s Pocket Book of Engineering Formulae. A useful book for
Civil, Mechanical and Electrical Engineers. Contains many Tables of
interest. Pocket size, 899 pages. Postage 2d. ... ... 5s. Od.

A Guide to the Electrical Examinations. By F. H. Taylor. A Handbook
of Reference for Students and Teachers, w^ith an appendix of specimen
Questions and Answers. Cloth. Postage 3d. ... ... is. 6d.

Ditto ditto Paper. Postage 2d. ... ... ... ... is.Qd.

Whittaker’s Electrical Engineer’s Pocket Book. Edited by Kenelm
Edgcumbe, A.M.l.E.E. With 143 Illustrations. Leather. Postage3d. 3s. 6d.

"The Practical Engineer” Electrical Pocket Book and Diary. (Pub-
lished annually.) Postage 3d. ... ... ... ... is. Od.^

Leather, gilt edges, with Pocket and Elastic Band. Postage 2d. is. ed.

Practical Electrician’s Pocket-book and Diary. By H. T. Crewe.
M.I.M.E. Cloth. Postage 2d. ... ... ... ... Is. Od.

Leather. Postage 2d. ... ... ... ... ... Js. 6d.

The Handy Electrical Dictionary. By W. L. Weber, M.E. Gives several
thousand definitions. 224 pages. Pocket size. Postage Id. Cloth. is.Qd.
Leather. Postage Id. ... ... ... ... ... is. 9d.

Telephones, Telegraphy, and Bells.

Telegraphy. By Sir W. H. Preece, K.C.B., F.R.S., V.P.In., and Sir J. Sive.
wright, K.C.M.G. With 267 Illustrations. Fcp. 8vo. Postage 5d. 7s. 8d.

Telegraphy. A Detailed Exposition of the Telegraph System of the British
Post Office. By T. E. Herbert, A.M.I E.E. 50 Illustration. 900 pages.
Postage 5d. ... ... ... ... ... ... 6s. 6d.

The Practical Telephone Handbook. By Joseph Poole, A.I.E.E., Wh.Sc.
With 473 Illustrations. Third Edition, revised and enlarged. Postage
4d. ... ... ... ... ... ... ... ... 6s. Od.

Practical Electric Bell Fitting. By F. C. Allsop. Tenth Edition. 186 Ulus-

trations. Crown 8vo. Postage 3d. ... ... ... ... 3s. Sd.

Telephones: Their Construction and Fitting. By F. C. Allsop. Eighth
Edition. 184 Illustrations. Crown 8vo. Postage 4d ... 3s od.

Wireless Telegraphy and Hertzian Waves. By S. R. Bottone. Second
Edition, revised. With 37 Illustrations. Postage 3d. ... ... 3s. Od.

Practical Telephony. By Jas. Bell, A. I.E.E. , and S. Wilson. A Simple and
Practical Handbook for the use of Students and Employees. Copiously Illus>

trated. Postage 4d. Fourth Edition. Revised ... ... 3s. 6d

Electric Bells, and All About Them. By S. R. Bottone. A Practical Book
for Practical Men. With more than 100 Illustrations. Seventh Edition, revised
and enlarged. Postage 3d. ... ... ... ... ... 2s. Od.

Telegraphists’ Guide. By Jas. Bell, A.I.E.E., and S. Wilson, A.M.l.E.E.
Sixth Edition. 208 Cuts. Postage 3d. ... ... ... 2s. Od.

Wireless Telegraphy for Amateurs. By R. P. Howgrave Graham. Gives
full details of construction of apparatus required. 51 Illustrations.

Postage 3d. 2s. Od.

How to Instal Electric Bells, Annunciators and Alarms. By Norman H.
Schneider. Gives some 59 Diagrams. Limp Cloth. Postage l^d. is. 6d.

Telephone Troubles and How to Find Them. By W. H. Hyde. A com-
plete Handbook for the Telephone Inspector. Postage Id. ... Sd,

Electric Bells and Alarms. By F. E. Powell. Gives instructions for fitting

same to any part of any ordinary building. 51 Illustrations. Seventh
edition. Postage Id.... ... ... ... ... ... 6d.

Telephones and Microphones : How to Make and Use Them. Edited by
Percival Marshall, A.I.Mech.E. A Practical Handbook on the Making and
Using of Simple Forms of Telephones and Microphones. Fifth Edition. With
29 Illustrations, Postage Id. ... ... ... ... ... 6d„
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WOODWORKING.
Modern Practical Joinery. By G. Ellis. With 1,000 Illustrations. Imperial

8vo. Postage 5d. ... ... ... ... ... ... 15 s. OJ.
Practical Stair Building and Handrailing. By W. H. Wood. With 32

Plates. Crown 4to. Postage 5d. ... ... ... ... lOs. 8d.
Handyman’s Book of Tools, Materials, and Processes Employed in

Woodworking. By Paul N. Hasluck. With about 2,500 Illustrations and
Working Drawings. 768 pages. Royal Svo. Cloth. PosiagiSd 9s. Od.

The Art and Craft of Cabinet Making. By D. Denning. A Practical
Handbook to the Construction of Cabinet Furniture, the Use of Tools, Forma-
tion of Joints, Hints on Designing and Setting Out Work, Veneering, etc.

With 219 Illustrations. Postage 4d. ... ... ... ... 5s. Od.
Educational Woodwork. By A. C. Horth. A complete Manual for Teachers

and Organisers of Woodworking Classes. Fully Illustrated with Photo-
graphs, Drawings, and facsimile Blackboard Lessons. Crown 8vo. Cloth.
Postage 4d. ... ... ... ... ... ... ... 2s. Od.
The Three Yearly Courses of Exercises given in the above Book are published

separately in paper covers as under :

—

Section 1.—Course of Exercises for First Year Students. Postage Id. 4d.
Section II.—Course of Exercises for Second Year Students. Postage Id. 4d.
Section III.—Course of Exercises for Third Year Students. Postage Id. 4d.

Cabinet Making for Amateurs. Being Clear Directions How to Construct
many Useful Articles, such as Brackets, Sideboards, Tables, Cupboards, etc.

Illustrated. Cloth gilt. Postage 3d. ... ... ... ... 2s. 6d.
The Cabinet-Maker’s Guide to the Entire Construction of Cabinet

Work. By Richard Bitmead. Illustrated with Plans, Sections and Work-
ing Drawings, including Veneering, Marquetrie, Buhlwork, Mosaic, Inlaying,
etc. Crown 8vo. Cloth. Postage 3d. ... ... ... 2s. 8d.

Carpentry and Joinery Workshop Practice. By C. F. and A. G. Mitchell.

A Manual for the use of Students. Cloth gilt. Postage 3d. Is. 5d«
Circular Work in Carpentry and Joinery. By George Collings. A Practi-

cal Treatise on Circular Work of Single and Double Curvature. With Diagrams.
Third Edition. 12mo. Cloth. Postage 3d. ... ... ... 2s. 6d.

A Practical Treatise on Handrailing. By George Collings. Showing New
and Simple Methods for finding the Pitch of the Plank, Drawing the Moulds,
Bevelling, Jointing-up, and Squaring the Wreath. Second Edition, revised
and enlarged, with an addition of “A Treatise on Stair Building.” With
Plates and Diagrams. 12mo. Cloth. Postage 3d. ... ... 2s. 6d.

Practical Graining and Marbling. By Paul N. Hasiuck. With numerous
Illustrations. 160 pages. Crown 8vo. Cloth. Postage 3d. ... 2s. Od.

Practical Staircase Joinery. By Paul N. Hasluck. With numerous Illustra-

tions in the text. 160 pages. Crown 8vo. Cloth. Postage 3d 2s. Od.
French Polishing and Enamelling. By R. Bitmead. A Practical Work for

Instruction. Including Numerous Recipes for Making Polishes, Varnishes,
Glaze- Lacquers, etc. Postage 2d. ... ... ... ... Is. 6d.

Cabinet Worker’s Handybook. By Paul N. Hasluck. A Practical Manual
on the Tools, Materials, Appliances, and Processes Employed Cabinet
Work. With upwards of 100 Illustrations. 144 pages. 8vo. Cloth.

Postage 3d. ... ... ... ... ... ... ... is. Od,
Wood -Carving for Amateurs. By D. Denning. Full Instructions for Pro-

ducing all the Different Varieties of Carvings. Second Edition. In Paper.
Postage 2d. ... ... ... ... ... ... ... Is. Od.

Chip Carving and other Surface Carving. By Eleanor Rowe. With 71 Illus-

trations. The book has been written for the homeworker. Post. 2d. Is. Od.

Marquetrie Woodstaining for Amateurs. By Eliza Turck. A Practical
Handbook to Marquetrie Woodstaining and Kindred Arts, Profusely Illus-

trated. In Paper. Postage 2d. ... ... ... Is. Od.
Mounting and Framing Pictures, Prepared under the direction of Paul N.

Hasluck. A Practical Manual with 240 Illustrations. Cloth. Postage 2d. Is. Od.
Woodworker' s Handybook. By Paul N. Hasluck. Embracing Information

on the Tools, Material Appliances and Processes Employed in Woodworking.
With 104 Illustrations. 144 pages. 8vo. Cloth. Postage 3d. ... Is. Od

Wood-Turner’s Handybook. By Paul N. Hasluck. A Practical Manual for

Workers at the Lathe, with over 100 Illustrations. 144 pages. Crown 8vo.

Cloth. Postage 3d. ... ... ... ... ... ... Is. Od.
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The Beginner’s Guide to Carpentry. By H. Jarvis. A Practical Hand-
book for all Beginners in Carpentry. Illustrated with Drawings and Photos
showing how Tools snould oe used. Crown 8vo. Postage 3d. Is. Od.

Polishes and Stains for Woods. By David Denning. A Complete Guide to

Polishing Woodwork with directions for Staining, and full Information for

making the Stains, Polishes, etc. In Paper. Postage 2d. ... Is. Od.
House Decoration: Comprising Whitewashing, Paperhanging, Paint-

ing, etc. By Paul N. Hasluck. A Practical Manual with 79 Illustrations.

Cloth. Postage 2d. ... ... ... ... ... ... Is. Od.
Soft Woods and Colonial Timbers. A practical handbook on the selection

and uses of Soft Woods and Colonial Timbers. Fully illustrated. Postage
Id 6d.

Hardwoods, English and Foreign. Describes Hard and Fancy Woods used
by carpenters and cabinet makers. Illustrated. Postage Id. ... 6d.

Woodwork Joints: How to Make and Where to Use Them. By a
Practical Joiner. Postage Id. ... ... ... ... 6d.

Veneering, Marquetry and Inlay. A Practical Guide to these interesting

methods of decorating woodwork. Fully illustrated. Postage Id. 6d.
The Beginner’s Guide to Fretwork. Containing full instructions on Tools,

Materials, and Methods of Working. Six full-size original Fretwork Designs
are given with this work. Postage l|d. ... ... ... 6d.

How to Use the Stanley Universal Plane for Moulding, Matching,
Ploughing, etc. By a Practical Woodworker. Illustrated. Post. Id. 6d.

Elementary Wood Carving. Being a Practical Guide to Relief and Incised
Carving. Fully Illustrated. Postage I§d. ... ... ... ... 6d.

Doormaking for Carpenters and Joiners. Fully Illustrated. Pos-
tage l^d. ... ... ••• ••• ••• ... 0?.

Practical Polishing, Staining, etc. for Woodwork. Gives methods of
Staining, etc. Postage Id. ... ... ... ... ... 6d.

Window viaking for Carpenters and Joiners. 121 Illustrations. A most
useful book. Postage Id. ... . . ... ... ... 6d.

S!.niple Lessons in Wood Tunning. 97 Illustrations, Diagrams and
Working Drawings. Postage Id. ... ... ... ... 6d.

“ The W^oodworkcr.” Devoted to Carprntry and
Joining, Cabinet Making, Wood Carving, Marquetry,
Inlaying, Wood Turning, Fret Working, and Tools and
Materials. Numerous Illustrations. Postage M.
Every Thursday ... ... ... ... Id.

Annual Subscription, post free... ... 6s. 6d.

Vol. I, Oct 1901, to Sept., 1902; oujt of print.

Vol. II, Oct., 1902, to March, 1903; Vol. Ill, April,

1903, to Sept., 1903; Vol. IV, Oct., 1903, to March,
1904; Vol. V, April, 1904 to Sept., 1904; Vol. VI.,

Oct., 1904, to March, 1905 ;
Vol. VII, April, 1905, to

Sept, 1905; Vol. VIII, Oct., 1905, to Sept., 1906;
Vol. IX, Oct., 1906, to Sept. 1907. ;

Vol. X., Oct.
1907, to Sept. 1908.

Vol. II, III, V, VI, VII, IX and X. Postage 4d
;
Foreign

and Colonial, 8d. Each ... ... 3s. 6d.
Vol. IV. and VIII. Postage 4d.

;
Foreign and Colonial

8d. Each ... ... ... 4s. 6d.
Binding Cases for Vol. Postage 3d. ... Is. Od.
Reading Case, with Strings, to hold 12 parts. Post-

age 3d. ... ... ... ... Is. Od.
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PERIODICALS
(Contim^ed).

“ The Model Engineer.” Contains Practical Articles,

Original -Working Drawings and High-class Illustra-

^

tions on Model Engine Making, Lathe Work, Pattern;
Making, Sheet Metal Working, Brass and Iron

Founding, Forging, Tool Making, Motor Cycles, Mode i

Yacht Building, Small Dynamos and Motors, Electrif y

Bells, Batteries, Accumulators, Telephones, Influence i
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