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PREFACE

THE present age is essentially an age of engineering, and it is
becoming increasingly important for members of the general
public to have some acquaintance with engineering prin-
ciples. The coming of the bicycle has made some know-
ledge of engineering necessary to the great army of cycle
riders. The advent of the motor-car has rendered it highly
essential for the large and increasing number of drivers, be
they owners or chauffeurs, to have a fairly close acquaintance
with the mechanical principles underlying the machine of
which they have the control.

Itisnot enough that a chauffeur should know howto increase
or reduce the speed of his car, or to stop it by the movement
of this or that handle; to be thoroughly efficient at his work
he should understand the reason for everything, and have an
intimate acquaintance with the details of the machinery ; the
better his knowledge on such mattersthe better driver will he
make. The author has been struck with the very large amount
of ¢ rule-of-thumb ” driving that is to be found at the present
day; in fact the motor-car driver who really thoroughly
understands the principles of the machinery of his car is
quite an exception. It is, however, not always for want of
will, for if the motor-car driver of the present day has one
chief characteristic, it is his desire to know the why and the
wherefore of everything connected with his car.

™



vi PREFACE

The author therefore trusts that this little treatise will be
useful both to drivers and those who are about to take up
driving.

At the present day there are three distinct types of motor-
car in use—the Petrol, which is by far and away the most
popular; the Electric, which comes second in favour; and,
thirdly, the Steam car.

Each has its own special advantages for certain work, and,
also, it must be added, its disadvantages, for the modern
motor-car is by no means perfect yet. The mechanical prin-
ciples involved in these three types vary considerably, and
the author has thought it best, in the interests of simplicity,
to divide this book into three distinct parts ; the first dealing
with the petrol car, the second with the electric, and the
third with the steam car. Bach part will be divided into
two sections—the Mechanism will be described in detail first,
and the Management afterwards, the reason for this division
being that it is not possible intelligently to follow remarks
on management until the inter-relation of the various parts
is understood. It will be assumed that the reader has no
previous knowledge of mechanics or engineering, as probably
the majority of readers of this book will have had no oppor-
tunity or occasion previously of acquainting themselves with
the principles underlying the mechanism.

To understand thoroughly how the whole apparatus works,
a certain knowledge, not only of mechanical principles, but
also of chemistry, electricity and magnetism is required ;
there will be no attempt, however, to deal exhaustively with
these subjects, but they will be treated in quite a simple
manner, and only in such a way as to make the working
of the special apparatus clear. It would be a great help
to the reader in understanding the text if he would take
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the trouble to perform the few simple experiments
described.

It will doubtless be understood that a practical knowledge
of the mechanism of the motor-car is not to be obtained
simply by reading. It is the author’s intention that the in-
formation contained in this book should be supplementary
to practical instruction. Especial efforts have been made
to avoid the use of technical expressions and scientific
phraseology, and to bear in mind that the very large majority
of its readers will be unacquainted with scientific principles
and engineering practice.

~—— e —

- m— p—

W. P, A,

LOXDOK,
Junuary 1906,



PREFACE TO SECOND EDITION

THE call for a second edition of this book so soon after
publication is gratifying alike to author and publishers and
it may be fairly assumed that it has met a need. At so brief
an interval no substantial alterations will be necessary, but
several small errors have been rectified, and in places where
there was room for misunderstanding the text has been
modified. An extra chapter has been added giving additional
notes on the management of cars, and also an appendix giving
a number of useful diagrams of the machinery in various
cars, which will help to familiarise the reader with the general

principles of construction.

LoxXDox, dpril, 1907
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THE PETROL CAR

SECTION I-THE MECHANISM OF THE
PETROL CAR

INTRODUCTION

THE number of different makes of petrol cars now on the
market is very considerable, but, with a few exceptions, the
general arrangement is practically the same in all, the
differences consisting in moditications of some of the details.
Some of these modifications are certainly of considerable
importance in securing the quiet and efficient running of the
car; but no detailed description of them need be given here,
as the general account contained in the following pages will
suffice for locating the various pieces of apparatus in any
special make of car, and the modifications will be readily
masternd if the general principles are understood.

Dwing the reading of Chapter L. special attention is
directed to Fig. 1. Each individual part of the machinery is
narued on this diagram, and when such a part is referred to
for the first time it appears in Italics. This illustration
(as well as most of the others) is a diagram merely and
not a drawing to scale, some of the parts having been pro-
portionately enlarged in order to render them more pro-
minent. Fig. 2 (Plate I.) is from a photographic reproduc-
tion of a working sectional diagram, with which the author
is able to show graphically the movement of the various
parts and their relation to one another; such a working
diagram is almost invaluable to a non-technical person in
studying the “ Otto Cycle,” and free ase has been made of &

A



2 MOTOR-CAR- MECHANISM

in the subsequent figures when describing the interconnec-
tion of the working parts.

Although, no doubt, as experience grows the petrol car
will be much simplified in its general arrangement, at present
it cannot be conmsidered otherwise than as a complicated
machine. It is the custom to ‘mount all the mechanical
devices upon the framework or ‘ chassis” of the car. The
“ body " of the car is made to suit all sorts of conditions and
requirements, and will need no further comment on our
part.

On the fore part of the chassis is mounted the Engine,
which is the source of the driving power. This engine,
while fairly simple in itself, has to be provided with several
external accessories, which for convenience may be con-
sidered as separate and distinct systems. First there is a
somewhat elaborate System of Petrol Supply; secondly, as
the engine gets hot in working, the Cylinder, in which the
explosions take place, needs to be cooled by a Sustem of Water
Circulalion ; thirdly, as the mixture of petrol vapour and
air is ignited by an electric spark, the whole arrangement of
battery, induction coil and sparking device is termed the
Electrical Ignition System ; and, finally, the distribution of
oil to the various parts of the engine is somewhat elaborately
arranged and may be termed the Lubrication System.

‘When the power has been produced on the Crank Shaft of
the engine it is transmitted through a Friction Clutch to a
shaft conveying the power to the rear wheels; behind the
friction clatch is the Change Speed Gear, which enables the
wheels to be driven at varying speeds while the engine is
ronning at a constant rate: and attached to the rear axle is
a Differential Gear, which enables either of the rear wheels
to be turned independently of the other and both to be
driven at a uniform rate when the car is proceeding straight
forward, That part of the shaft lying between the olfinge

-
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4 MOTOR-CAR MECHANISM

speed gear and the differential gear is provided with two
Universal Joints, which allow the rear wheels to rise and fall
freely as the springs are compressed or released. The drive
may be direct from the shaft or by means of a chain gear
through an additional shaft, parallel with the wheel axle and
carrying the sprocket wheels and differential gear. In addi-
tion to the engine with its parts and the power transmitting
gear, other mechanical devices of no little importance are in
use, and will receive attention in due course ; these consist of
the Brakes, the Steering Gear, the Wheel Bearings and Tyres.

Our first duty will be to consider the engine, its parts and
accessories.

REFERENCE NOTES TO LETTERING IN FIG. 2 (PLATE I)

A. Engine Cylinder.

K. Big End of Connecting-Rod. In
B. Water Jacket for cooling the

centre is the Crank Pin sur-

Cylinder. rounded by Big End Bearing or
C. Water Circulating Pipes. Brass.
D. Cylinder Head or Combustion | L. Crank. The end of the Crank
Chamber. Shaft on right,

E. Inlet Valve, i.c., valve admitting | M. Balance Weight to counter-

explosive mixture of petrol,
vapour and air.
F. Pipe from Carburettor where ex-

balance the weight of the crank
and connecting-rod.

. Gear Wheels operating the Half

plosive mixture is made. Speed Shaft.

G. Spark Plug. O. Exhaust Cam attached to Half
H. Exhaust Valve and Pipe. Speed Shaft.

I Piston with Piston Rings, also | P. Exhaust Valve Bpindle or Rod

Small End of Connecting-Rod
attached to the Piston by the
Gudgeon-Pin.

J. Connecting-Rod.

and Spring.

. Crank Chamber Casing,
. Oil for Splash Lubrication,

N.B.—The arrow shows the direction of rotation,
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CHAPTER 1—-THE ENGINE

CONTENTS :—The Cylinder — Piston and Connecting-Rod — The
Crank Shaft—Valves—The Engine at Work—The Otto Cycle

THE engine belongs to that class of power producer termed
an Internal Combustion Engine, that is to say the fuel which
is the source of its motive-power is burnt inside the cylinder,
and not externally as in the case of the steam engine. The
Gas Engine and Ordinary Oil Engine are also internal Com-
bustion Engines.. In the petrol engine there is first and
foremost the Cylinder,in which works the Piston. The
explosion takes place in the cylinder and drives the piston
by means of its force from the top to the hottom of the
cylinder ; to the under side of the piston is attached the
Connecting-Rod, the lower end of which is connected to the
Crank Shaft,; on this crank shaft is fitted a heavy Flywheel.
To admit the petrol vapour at the right moment and to
allow of the exhaust gases escaping after the explosion has
taken place Valves are provided. Each of these parts of the
engine proper we will consider in turn.

1. The Cylinder.—The material used in the construc-
tion of the cylinder is cast iron, and it may be well to note
here that cast iron is of a brittle nature. If any lightly
made article of this material is handled roughly or dropped,
it is very liable to crack and break ; however, the quantity
used in the cylinder is large and gives ample strength for
the purpose. The inside of the cylinder in which the piston
works is bored out carefully and truly, so that the piston
fits nicely as it moves from end to end. It will be seen that

.o
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6 - MOTOR-CAR MECHANISM

the piston does not traverse the cylinder throughout its
length, and that when the piston is in its topmost position
there is a considerable space above ; this space is termed the
Combustion Chamber or Combustion Hcad. This is the space
that contains the explosive mixture immediately before firing,
and it is in this space that the electric spark sets fire to the
gases. When the explosion occurs the piston is driven
forward with considerable velocity, until the crank reaches a
point exactly opposite to the position it occupied when the
piston was at the top of the cylinder. The distance which
the piston moves in passing from the top to the bottom of
the cylinder is called the stroke of the engine. The power
developed by any given engire depends primarily upon the
size of the cylinder and the length of the stroke ; to compare
the power developed by two different cylinders, other con-
ditions being the same, it would be necessary to compare the
areas of the piston and the length of the stroke. The
volume contained in the cylinder head or combustion cham=
ber is generally one-sixth of the cylinder volume, that is to
say the sectional area of the cylinder multiplied by the
length of the stroke.

The explosion of the petrol vapour, mixed with air, neces-
sarily produces an intense heat, and this causes the walls of
the cylinder to rice considerably in temperature ; in fact,
were the heat not carried away by some means the walls
would actually get red hot. A reference to the diagram will
show that the cylinder is previded with a Water Jacket or
hollow space in the casting, through which cool water is
made to circulate round the outside of the cylinder, and so
carry away the heat. This will be referred to fully later on.

2. Piston and Connecting-Rod.—The Piston is
genorally made of castiron, and is of considerable depth. The
efficiency of an engine will necessarily depend upon the’ fall
power of the explosion being utilised, and if any part of the

Swa



THE ENGINE 7

enclosed space in which the explosion takes place is not
thoroughly gas tight, there will be leakage and loss of power ;
to ensure a really tight,joint between the piston and the
cylinder, Piston Rings are fitted. In the smaller engines
there are three, as shown in Fig. 2 (Plate I.); in larger
engines there are five ; they are fitted into grooves specially
cut in the face of the piston, and are made of cast-iron
rings tarned a trifle larger than the diameter of the cylinder,
and then cut with a saw, so that they can be contracted ; as
they are of cast iron, they are fragile and need careful
handling : they are usually slipped into their grooves by
passing them over some thin cards, as they will not bear
pulling over by hand. As their function is to prevent
leakage of the gases past the piston it is essential that the
saw-cuts in the several rings should not be one over the
other.

The Connecting-Rod is attached to the under side of the
piston by means of a GQudgeon-Pin. This rod is made of
steel, and should be of ample dimensions, as it is the
sole means of transmitting the power generated by the
movement of the piston to the Crank Shaft. If the engine
is carelessly handled and an explosion takes place prema-
tarely the connecting-rod is likely to be bent. The lower
end of the connecting-rod is enlarged to carry the Big End
Brasses or the bearing in which the Crank Pin rums.
Although the bearings are called *brasses”, gun-metal, an
alloy of copper and tin is used; as the reults of general
experience, it is not usual to make the rubbing parts of -
machinery of the same metal ; a hard metal and a soft one
give very much more durable results, and hard steel shafts
or spindles are almost invariably run either in gun-metal
or white metal bearings.

3. The Crank Shaft.—It is highly important that
this part of the engine should be thoroughly well made and

*Le
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8 MOTOR-CAR MECHANISM

of the best material. Usually the material employed is hard
steel, and a crank shaft, forged from the solid metal is
greatly to be preferred to one built up in pieces. In an
engine working with a reciprocating action every precaution
should be taken to prevent vibration, and for this reason
the heavy parts are usually balanced; on a single cylinder
engine with one crank a balance weight is provided on the
opposite side of the crank shaft, this tends to give steadier
running. On quite small engines, the crank pin passing
through the connecting-rod bearing is sometimes screwed
into the crank, but it will be readily realised that the crank
pin has to bear the full force of the explosion, and, there-
fore, needs to be of the most solid and dependable character.

While considering the principles of the engine it will be
wise to avoid complicating matters by referring to multiple
cylinder engines; a careful study of the arrangement of the
crank shaft of a multiple cylinder engine is, therefore,
reserved for future consideration. It will be seen on refer-
ence to the diagrams that when the piston is at the
topmost point the cornecting-rod is in a direct line with the
crank and centre of the crank shaft ; pressure applied to the
top of the piston while in this position cannot produce any
movement ; hence this is called the *dead-point.” If the
crank is rotated backwards or forwards ever so small a
distance, pressure applied to the top of the piston would
cause the crank to move. At first it would move slowly,
but as it reaches a right angle the speed at which it
moves is considerably greater than in the earlier and later
parts of the stroke, and the most powerful effect or turning
moment is produced near the middle of the stroke. In the
petrol engine one explosion only takes place in two revolu-
tions ; a reserve of power is, therefore, necessary to carry
the crank shaft, connecting-rod, and piston over the two
intermediate up-strokes and additional down-stroke: this

e



THE ENGINE 9

power is obtained by means of a Flywheel connected on the
crank shaft, and more generally made a part of the friction
clutch, to which reference will be made later. It is sufficient
at present to bear in mind that when an explosion has taken
place the momentum of the fiywheel will carry the moving
parts round until a second explosion takes place ; in some of
the smaller engines the flywheel is enclosed in the Crank
Chamber.

At either side of the crank is provided a bearing in which
the shaft runs; these bearings are made of gun-metal, with
arrangements for adjusting and taking up wear. They need
special attention, as they bear the brunt of every explosion
that takes place; if not properly attended to and oiled
with perfect regularity the wear is apt to be considerable.
All moving parts and rubbing surfaces in an engine or other
piece of machinery need to be lubricated, and although the
general systems of lubrication of the engine will receive
consideration further on, it will be useful to mention at this
point that the crank, crank shaft, connecting-rod, and bear-
ings are enclosed in the Crank Chamber, a metal casting
attached to the lower side of the cylinder casting. This
crank chamber is made watertight, and contains a certain
quantity of oil, into which the end of the crank dips, as it
moves round its path and splashes the oil on to the moving
parts in the chamber. This ¢ splash lubrication” is suffi-
cient to oil efficiently the piston with its rings, the upper
end of the connecting-rod, and the crank shaft bearings.

Before a petrol engine can be started it is necessary,
first of all, to draw a charge of the explosive mixture into
the cylinder, to compress it and to ignite it; in other
words, the engine cannot be started until the crank shaft
is rotated, so as to bring about the various initial opera-
tions. With a motor cycle the difficulty is easily got over
by running the machine a short distance over the ground,
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but with a heavy motor-car this is obviously impossible; a
Starting handle is, therefore, provided in front of the engine,
which operates through gear wheels or chain drive on the
crank shaft. By giving & quick turn or two to this
handle, the first charges are taken in and fired, and, all
being carefully adjusted, the engine starts ; once the engine
has started, it runs free of the handle, which may then be
removed if detackable, ‘

4. The Valves.—Two valves are required in the petrol
engine, the Inlet or Admission Valve, through which the
explosive mixture is admitted to the engine at the right
time; and the Exhaust Valve which opens when it is neces-
sary for the exhaust gases to be driven from the cylinder
before taking in a fresh supply of the explosive mixtare.
Until recently the inlet valve has been arranged to work
automatically, that is to say, when the piston is making a
downward stroke under the influence of the revolving fly-
wheel, and after the exhaust gases have been expelled, the
suction caused by the moving piston pulls the valve off its
seat and sucks in the mixture of gases from the carburettor ;
normally the valve is kept on its seat by a spring. This
automatic valve is open to several objections, as if the seat
should by any means become dirty or sticky, it may open too
late for a sufficient quantity of explosive gas to be admitted.
It is also necessary for the piston to have passed some dis-
tance down the cylinder before the suction is sufficiently
great to overcome the pull of the spring, and part of the
stroke is completed before any of the gas has been admitted ;
it also closes again before the piston has finished its stroke,
on account of the decreased suction. It is a growing custom
now to use a mechanical inlet valve, which is opened in a
similar manner to the exhavst valve, by means of a cam ; it
can thus be forced open without suction, and kept open for
any prearranged length of time ; its special advantage is
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that the opening is certain, and the quantity of mixture
admitted from time to time is unvaried. In the diagram it
will be seen that both the exhaust and inlet valves are of
similar shape, and of the so-called “mushroom” type. The
head of the valve is bevelled off on the underside, and fits
with considerable accuracy into the seat provided immedi-
ately underneath. The accurate fit of these two surfaces is
highly important, as if they do not fit perfectly they allow
gos to escape when under compression.

As one explosion only takes place in two revolutions, it is
necessary that the exhaust valve should only open once in
every two revolutions, that is immediately after the explosion
has taken place, so that as the piston moves from the bottom
to the top of the cylinder the exhaust gases may be driven
oat. The lifting of this valve must necessarily be accom-
plished by mechanical means, that universaliy adopted being
a Cam or “ eccentric "’ working on a shaft which is revolving
at half the speed of the crank shaft. A Gear Wheel is pro-
vided on the crank shaft, the teeth of which engage with the
second gear wheel, having twice the number of teeth attached
to a short Half Speed Shaft, upon which the cam is fixed.
The lower end of the exhaust valve rod is almost resting on
the lower part of the cam, and when the cam projection
strikes the lower end of the exhaust rod the valve is forced
upwards, thus allowing the gases to pass away into the
exhaust pipe and to the atmosphere.

Leading into a small chamber above the admission valve
is the pipe conveying the supply of petrol vapour and air to
the engine; there is also a pipe leading from the valve
chamber under the exhaust valve, which conveys away the
burnt gases; it is almost invariably connected to an exhaust
silencer, as the noise made by the gases passing away from
the engine at a fairly high pressure is very objectionable,
The exhaust pipe near the engine is generally raised to a
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very high temperature, and for this reason a stout insulating
piece of asbestos cardboard is bolted between the metal faces,
otherwise the heat from the exhaust pipe would be com-
municated to the head of the cylinder and cause considerable
trouble.

The point at which the electric spark takes place is in-
dicated in the diagram, immediately above the exhaust valve ;
the wires conveying the electricity from the sparking appa-
ratus are attached to this Sparking Plug and will be fully -
described later. The position of the sparking plug is not
necessarily that shown in the diagram ; sometimes it is put
into the top of the cylinder, but wherever it is placed the
points between which the spark takes place must be situated
inside the combustion head. We have now considered the
various parts of the engine in detail, and are in a position
to follow the working of the engine.

5. The Engine at Work.—In the petrol engine of the
type we are considering one explosion only (as already ex-
plained) takes place in every two revolutions; each upward
and downward stroke, however, has its own special duties in
the cycle. The system under which the engine works is
called the Otto Cycle, being the invention of a certain Dr.
Otto, who introduced the principle with the first practicable
gas engine. This Otto cycle is of considerable importance
as, with one exception, it is the only one used for petrol
engines. It is also employed in the vast majority of
ordinary oil engines and gas engines.

The Otto Cycle.—The four figures of the engine in
Plates I1. and I11. will assist materially in enabling the reader
to understand the relative parts of the engine during the
complete cycle. In Fig. 3 (Plate IL) the piston is making
o downward stroke, the admission valve is open and the
explosive mixture is rushing into the cylinder; this will
continue until the piston nearly reaches the bottom of the
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cylinder. In Fig. 4 (Plate IL) the piston is making an
upward stroke, the admission valve it will be noticed is shut,
and the charge of explosive gas is of necessity being com-
pressed ; this compression takes place until the piston reaches
the top of the cylinder when it is at its maximum, the com-
pression when the stroke is complete being from 60 to
80 pounds on the square inch. This compression of the
explosive mixture is an important factor in the proceedings,
as it is found that a substantially greater efficiency is obtained
when the gas is compressed in this way than when fired at
atmospheric pressure only. At the completion of the upward
compression stroke an electrical contact is made automati-
cally by means of a contact maker on the half-speed shaft,
which causes the spark apparatus to send a spark across the
points of the spark plug into the explosive mixture. (See¢ Fig.
5, Plate I11.) The flywheel it must be remembered is carrying
round the crank shaft over the dead point ; immediately the
explosion takes place the piston is given a considerable im-
pulse dowuwards, which continues until it reaches its lowest
point; the flywheel again carries the crank past the dead
point and the second upward stroke of the cylinder com-
mences. In Fig. 6 (Plate III.) it will be seen that during this
upward stroke the cam on the half-speed shaft is opening
and holding open the exhaust valve, so that as the piston
sweeps upwards it drives out the burnt gases through the
exhaust pipe and into the atmosphere. When the piston
reaches the topmost point the cam has finished its work, and
the exhaust valve is closed by the spring. A new downward
stroke immediately commences, the suction opens the admis-
sion valve and a fresh charge is taken in.

It might perhaps be worth while to mention in passing
that there is a so-called two-stroke petrol engine on the
market which makes an explosion every revolution, but
it is generally acknowledged that the old Otto cycle holds
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its own against new comers very satisfactorily in the
matter of efficiency, that is power developed from a given
quantity of petrol. All references to the constitution of
the explosive mixture, the details of the spark ignition,
and to the control of the explosion are left to the sections
dealing with the ¢ Petrol Supply System” and the
¢« Electrical Ignition System.” It ig sufficient to know
at the present time how the explosive mixture is ad-
mitted, and that it is ignited at exactly the right moment
by means of the electric spark. It may be mentioned, how-
ever, that a considerable variation in the power developed
by the engine can be brought about by making the explosion
occur slightly before the piston has reached its topmost
point on the compression stroke by timing the spark so as to
occur early, or its power may be substantially decreased by
timing the spark late, that is after the piston has travelled
some distance down the cylinder during the explosion stroke.
It would perhaps seem almost impossible that the spark
should take place before the compression stroke has been
completed, but the high speed at which the engine runs
makes this possible, as the firing of the whole charge takes
an appreciable time, and the full force of the explosion is
not felt until the dead point has been passed. The speed of
the petrol engine is considerable, varying from normally 500
to about 1500 revolutions per minute. It is not possible to
vary the normal speed of an individual engine very largely,
and for this reason special means have to be provided for
reducing the speed of the car while the engine is running
practically at a constant speed; in this respect the petrol
engine is at a considerable disadvantage as compared with a
steam-engine. While it is possible to advance the spark and
attain early ignition when the engine is running at a high
speed, it needs to be done with judgment, as, should the ex-
plosion take place too early, very heavy strains would be set
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up in the engine, and serious damage might result ; it is,
however, usual, notwithstanding, to so arrange the contact-
making device that the explosion occurs normally a trifle
before the compression stroke is finished. When we are
considering the fuel the reason for this will be made plain.
Early ignition is a distinct advantage when running at a high
speed, hnt advancing the spark too much, or at lower speeds,
might prove disastrous. Good management is also necessary
in the matter of retarding the spark, as, if this is done ex-
cessively, the explosion is not completed by the time the
exhaust valve opens, and a considerable amount of power
is wasted without any corresponding gain in reduced petrol
consumption; and, if the explosion takes place partially
outside the cylinder, a considerable amount of heat passes
into the exhaust pipe and silencer; this point will receive
fuller attention when the governing of the engine is being
considered.



CHAPTER II-THE ENGINE ACCESSORIES

COoNTENTS :—The Petrol Supply System—The Carburettor—The
Silencer—Water Cooling —Lubrication—Governing

1. The Petrol Supply System.—In one sense the petrol
engine is a gas engine, for the petrol is not admitted in a
liquid condition to the cylinder and so burnt, but, in a piece
of apparatus called the Carburetlor, the vapour which is
given off from this highly volatile oil or spirit mixes with
the air that is drawn through the apparatus at the time of
the suction stroke, and the mixture passing into the engine
is simply air saturated to a certain degree with petrol vapour.

The proportions need to be carefully adjusted between the
air and quantity of petrol vapour to secure the best explosive
effect, and not a little of the success obtained in runninyg a
petrol car depends upon the management of the carburettor.

The Carburettor.—The carburettor is therefore a
highly important accessory to the engine. The simplest
form is that known as the Surface Carburettor, which consists
of a tank containing the petrol and presenting a large
surface to the air drawn through the tank when the engine
is at work ; the mere passage of the air across the surface of
the volatile liquid saturates it to a sufficient degree, provided
the petrol is warm enough; at most ordinary temperatares
in the British Islands the vaporisation which takes place is
sufficient without assistance ; but in the winteritis necessary
to apply a small degree of warmth to the carburettor to
ensure that a suflicient supply of vapour is imparted to the
air.
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18 ~ MOTOR-CAR MECHANISM

The Sarface type of carburettor is somewhat cumbersome,
and is being rapidly superseded by the Spray type in every
department of automobile work ; it is, however, still used in
connection with motor bicycles, and has special advantages
for this type of vehicle.

In the motor-car proper, however, the Spray type is
universally used, and we may now go on to the consideration
of this type. The whole of the petrol supply arrangements
are shown in Fig. 7. The Petrol Tank in which the spirit is
stored is usually placed under the seat of the motor-car, the
outlet pipe at the bottom passing direct into the carburettor.
The petrol tank needs to be a little above the carburettor
level, but the difference must not be too great. From the
carburettor the air, mixed with the petrol vapour, passes by
the shortest possible route through a large pipe into the
admission valve chamber; the pipe needs to be short and
large, as the vapour tends to condense in a long pipe; a long
and narrow pipe tends also to restrict the passage of the
mixture, whereas the supply should be free and prompt.

The carburettor is an extremely ingeniouns piece of appara-
tus; that most used is the Longuemarre,; all others are modi-
fications of this type, and it will suffice to describe this one
only. If the reader understands the principle on which it
works he will have no difficulty whatever in comprehending
the various so-called improvements upon the system.

Fig. 8 shows a section of the carburettor. It will be seen
that it consists of two separate parts, the Floaz Chamber and
the Spray Chamber. In its normal condition the float
chamber is nearly full of petrol and the float floating on top.
When in this position the small needle-valve at the base of
the chamber is closed and the passage of any further petrol
into the chamber is prevented ; when, however, the supply
gets used up the float sinks, presses against the little arms
\nt A, which, in turn, lift the needle-valve; then a fresh
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20 MOTOR-CAR MECHANISM

supply of petrol runs in, raises the float, and once again the
needle-valve is closed.

The petrol has free exit from the float chamber into the
spray chamber, the top of the fine spray tubes at B being a
trifle above the level in the float chamber. At the base of
the spray chamber will be seen openings admitting air under
the hood C.

When the engine is making the suction stroke it creates a
partial vacuam in the spray chamber. A small quantity of
petrol is sucked through the fine tubes in the form of spray,
and at the same time a quantity of air is sucked up through
the opening at the bottom ; the air mixes in the space above
the spray maker with the petrol vapour, and the mixture
passes away ready for use in the engine.

It will be seen that if the air openings at the base of the
spray chamber are not sufficiently large more petrol will be
sucked through the spray tubes; this would be a disad-
vantage, a8 the air would be too heavily loaded with petrol
vapour to produce the most powerful explosion. On the
other hand, if the admission of air is too ﬂee, sufficient |
petrol will not be sucked through the tube, so a somewhat
- careful adjustment is necessary between the size of the
holes in the spray maker and the amount of air admitted at
the base.

In the latest type of Longuemarre carburettor a small
swinging gate is provided at the air entrance, which, when
the engine is working slowly, offers some obstruction to the
admission of the air ; but when there is a large demand on
the carburettor, the air rushing in opens it wider, and thus
automatically regulates the supply of air to the actual
requirements of the engine.

Above the top of the spray chamber is shown another
series of openings for extra air; this is sometimes required
in hot weather, when a larger quantity of air is needed for
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the same amount of petrol to produce the best explosive
mixture. This additional supply of air is comtrolled by
hand, and adjustment made when required.

In cold weather the petrol vapour is not formed quite so
readily as in hot summer weather, and it is found necessary
to heat the petrol so as to convert it into vapour more
readily ; it is therefore usual to place the carburettor near
the engine, where a certain amount of heat will be imparted
toit. In many carburettors there is also provided a jacket
round the spray chamber, into which some of the hot exhaust
gases from the exhaust pipe can be introduced. This addi-
tional heating is not necessary in ordinary circumstances ;
hence it is desirable, when there is a heating-jacket, that
some control be also provided, as it is not an advantage for
the petrol to vaporise too readily.

The little plunger shown at D is provided for the purpose
of agitating the float when starting the engine ; by pressing
this two or three times a good sapply of petrol is ensured in
the spray chamber.

In the pif® leading from the carburettor to the engine is
introduced a throttle-valve, by means of which the quantity
of mixture can be controlled.

A thorough understanding of this important piece of
apparatus is very desirable if a driver is thoroughly to com-
prehend how his machine works and the best way to manage
it. If any trouble is experienced in the working of the
engine at any time, attention is first turned to the electrical
ignition ; but if this is found to be in order, the trouble may
generally be traced to some fault in the carburettor. We
will leave further remarks in this connection until we arv
dealing with the management of the motor-car.

2. Silencer.—In Fig. 7 there is shown, attached to the
exhaust pipe, a cylindrical vessel which is termed the
Silencer. The exhaust valve is always opened before the
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explosion is actually completed ; thus the gases make their
exit from the pipe at considerable pressure, and if the outlet
were not obstructed in some way every explosion would j
create a loud popping noise.

The best cars at the present day are fairly well silenced by ‘
some such means as shown in Fig. 7, but no observant
person can faik to notice that the great majority of cars make
a considerable noise as they progress along the road, and the
popping is especially marked in motor bicycles.

There are several types of silencers on the market, but the
principle in almost all is the same. The force of explosion
requires to be broken up before the exhaust gases strike the
air; generally the exhaust pipe leads into an expanding
chamber with bafles, In the silencer shown in the diagram
the gases arrive at a central tube, pass through perforations
in the far end into an outer tube ; then through the opposite
end into a third tube, from the opposite end of which the
gases find their way into the atmosphere ; by this means the
exhaust gases expand by degrees instead of explosively.

Auny form of silencer which creates back “pressure, or,
in other words, prevents ready exit of the gas into atmo-
sphere, is to be avoided, as back pressure means loss of
power as well as other disadvantages.

It sometimes happens that the ignition misses fire, and the
explosive mixture finds its way into the silencer unburnt ; in
this case it is likely that the heat of the exhaust pipe will
fire it, and an explosion will occur in the silencer which
is apt to be somewhat alarming to mnovices and also to
members of the general public.

As a rule such explosions do not effect much damage;
but, if they occurred at all frequently, it would be a sure
indication that something was wrong with the management.
Many drivers advocate the provision of a by-pass and cock

on w pipe before the silencer, so that when desired
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the exhaust can be turned directly into the atmosphere
without passing through the silencer; by this means a
useful indication is given of how the engine is working ; such
a by-pass is therefore certainly desirable, but only for quite
occasional use.

3. Water Cooling.—We now pass to the consideration
of the arrangements for keeping the cylinder cool during
work. On small engines, especially those used on motor
hicyles, cooling is successfully managed by the provision of
webs or flanges formed on the outside of the cylinder
casting ; these present a large surface, and, when freely
exposed to the air as the bicycle rushes along, the heat
is carried away.

In cold weather this system is successful enough, but in
hot weather at night motor bicyclists can often observe
their engines glowing in the dark at a dull red heat.

While satisfactory for quite small work, a motor-car
requires the more efficient water-cooling apparatus.
Stationary gas and oil engines are provided with large
tanks, and depend upon natural circulation brought about
by the rising of the heated water to the top of the tank,
and the consequent supply of cold water from the bottom of
the tank to take its place. On a motor-car, however, it
is not possible to provide tanks of sufficient size to carry the
large quantity of cooling water that would be necessary on
sach a system. It would also be impracticable to pass the
water sufficiently rapidly through the water jacket by means
of nataral circulation.

A small Pump is therefore provided (m Fig. 7), driven
either by belt from the crank shaft or by means of gear
wheels or, sometimes by a friction wheel resting on the
engine flywheel. This pump, which is of quite small
dimensions, forces the water at a considerable speed through
the circulating pipes and jacket.
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The water leaves the jacket at a considerable temperature
and requires to be cooled ; this is effected by passing the hot
water as it leaves the jacket through the Radiator, which, -
until quite recently, consisted of a series of pipes with
flanges or webs on the outside to carry away the heat. This
radiator is placed in the forepart of the car, so that as it
travels rapidly through the air a quick cooling effect is
secured.

Recently a different type of radiator has been introduced,
commonly termed the Honeycomb. This is arranged some-
what after the plan of a gigantic honeycomb, the air passing
through the six-sided cells, round the outside of which the
water circulates freely. A very large cooling surface is
presented to the air, and a better result is obtained than by
means of the flanged tnbe radiator.

Provided the car is passing through still air on a cool day
or against the wind, sufficient air passes through the cells of
the honeycomb to cool the water thoroughly ; but if travelling
with the wind behind on a hot day, the passage of the air
has to be assisted by means of a small fan driven from the
crank shaft and placed immediately behind the radiator. In
several makes of car the fan and flywheel are combined, the
spokes of the flywheel being shaped to form the blades of
the fan ; this has the advantage of doing away with the
driving arrangements, and is perhaps a step in the right
direction as tending towards simplicity.

With the honeycomb type of radiator the upper part of
the honeycomb forms the tauk, and is of small dimensions ;
in fact, with this arrangement, the water tank as shown in
the diagram practically disappears.

4. Lubrication.—The importance of keeping all moving
parts of the engine and gear and, in fact, the machinery
throughout the car, sufficiently lubricated, cannot be over-
rated ; and it is possibly better to err on the side of giving
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too much oil than to allow moving parts to get dry. An
excessive use of oil, however, is regrettable and expensive,
and is a sure sign that a car is being driven by rule of
thumb, rather than by an intelligent and careful driver.

From the amount of oil one sees strewn on the roads
much used by motor cars, excessive oiling seems to be only
too common. To judge the exact amount of oil required by
the various parts can only be acquired by experience, but in
most high-class cars every help is given by the maker to
secure satisfactory results.

Some of the systems of distributing oil are very carefully
thought out, and if the driver takes the trouble thoroughly to
understand the general arrangement and use of these, there
need be no stoppages for want of oil, and no grumbling on
the part of the owner on account of the excessive sum
expended on lubricating oils.

The more general arrangement adopted for lubricating the
engine and its parts is to attach an oil tank to the splash-
board immediately in front of the driver with a number of
drip sight feed lubricators. Each of these is provided with a
tube passing to a part of the mechanism needing to be oiled
regularly, and the rate at which the oil drips can be con-
trolled by means of a small milled head screw provided on
the top of the feeding-tube, which is of glass.

For most of the moving parts a comparatively light oil is
used, but for lubricating the inside of the engine a heavy or
“cylinder ™ oil is required, which will stand the high tempera-
ture generated by the combustion of the gases. As already ex-
plained this heavy lubricating oil is introduced into the crank
chamber and is splashed by the revolving crank on to the
various moving parts.

Sometimes a little cupped recess is provided round the lower
end of the cylinder, which catches the oil as it issplashed up;
as the piston descends its lower end dips into the oil caught
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in this manner, and then in the upward movement of the
piston the oil is distributed all over the surface. It is of
course highly important that the level of the oil does not fall
below the reach of the crank, and it is usual to provide a
small pump by the side of the sight feed lubricators above
referred to, which enables a small measured quantity of oil to
be forced into the crank chamber at regular intervals.

It may be taken as an invariable rule that wherever two
pieces of machinery are rubbing together oil needs to be
introduced occasionally to prevent wear and tear. The special
parts of a motor car which need lubrication and careful atten-
tion in this respect will be pointed out to the driver when he
makes acquaintance with the particular machine he is to
drive.

Some parts cannot, of course, be readily oiled from a
central distributing tank, and have to be provided with sepa-
rate lubricators, which need individual attention from time to
time. It will suffice to call attention here to the fact that
the lubricating arrangements form an important accessory to
the machinery, and if this point is overlooked trouble is sure
to arise. The whole question of lubrication will be dealt with
fully in Section II.

5. Governing.—One disadvantage that the petrol engine
suffers from, in common with all internal combustion engines,
is its incapacity to meet a reasonable overload. This is &
special drawback in the case of a motor-car engine, as, when
a car is running up an incline, the power required is enor-
mously greater than when running under good conditions
along a level road. This is well illustrated by the fact thata
car in surmounting an incline of I in 25, that is a 4 per cent.
gradient, takes double the power it requires on a level road,
and travelling at a moderate speed not exceeding ten miles
an hour.

When it is considered that gradients sometimes exceeding
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one in seven have to be surmounted, it will be seen that if the
engine is not capable of meeting a temporary overload, as is
the case with a steam-engine, and more particularly with an
electric motor, it becomes necessary to provide an engine
sufficiently powerful to negotiate the steepest incline likely to
be met with, and at all other times the engine must be work-
ing under its normal power. It is just this that makes the
governing and control of a petrol engine somewhat complex ;
it also is not good practice from an engineering point of view
persistently to run an engine considerably under its full
load.

These remarks will make it obvious that some means of
controlling the speed of the engine when working under part
load is very necessary. For instance, should an engine
working at 20 h.p. have ite load reduced more or less sud-
denly to five or ten, the excessive speed it would attain could
not fail to be otherwise than Larmful.

There are several distinct methods by which the speed of
the engine can be controlled. The wost important is,
peraaps, the advancing and retarding of the ignition spark
as explained on. p. 104. A special lever is provided for this
purpose, usually beneath the steering wheel. A second
method is varying the supply of the explosive mixture by
opening or closing the throttle-valve ; this in some cars is
done by hand, and in other cars is automatically controlled by
means of the governor. A third method of regulating the
power of the engine is by varying the mixture of air and
petrol vapour ; but this can only be done within small limits,
and is not, however, generally used for controlling the car
when running. A fourth method, more commonly used in
connection with motor bicycles and small cars, is the mani-
pulating of the exhaust valve. If the exhaust valve is lifted
and held open no fresh charge of explosive mixture can be
drawn through the admission valve, as there is necessarily not
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sufficient suction to force open the valve against the spring
holding it on its seat ; a similar effect is obtained by holding
the exhaust valve down, this prevents the exhaust gases from
escaping into the exhaust pipe after the explosion, and once
again the admission valve is unable to open as no suction is
caused by the downward stroke of the piston.

Although the power and speed of the engine are largely
controlled by hand, it has been found necessary, and is cus-
tomary on large cars, to provide an Aufomatic Governor. In
the great majority of cases this works on the throttle-valve,
and controls the amount of the explosive mixture supplied to
the engine. The governor employed is of the old-fashioned
centrifugal type, with some improvements in the details ; this
is shown in Fig. 9. Here will be seen the two balls attached
to a system of pivoted arms and levers connected to a collar
A, sliding on the governor spindle B.

The throttle-valve is connected by means of a rod to a
pivoted fork engaging in a slot in the collar ; when the engine
is still the balls are close to the spindle, and are kept in this
position by the spring C forcing the collar downwards; in
this position the throttle valve is wide open. When the
engine starts and the speed rises the balls are thrown out by
centrifugal action—centrifugal means ‘flying from the
ceatre "—from the spindle, the spring is compressed, the .
collar drawn up, and the movement of the fork acting on the
rod closes more or less completely the throttle-valve; the
farther the balls fly outwards the more compietely closed is
the throttle-valve.

At the normal speed the balls stand at a certain distance
from the spindle; if a heavier load suddenly comes on the
engine the speed temporarily drops, the balls fall toward the
spindle, and the throttle-valve is opened more widely, thus
admitting a larger volume of the explosive mixture; on the
other hand, if, when the engine is running at its normal
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speed, the load is suddenly reduced the balls fly wider apart,
the throttle-valve is still more effectually closed and thespeed
of the engine is thus kept within limits, Although the more
usual plan is to allow this governor to act on the throttle-
valve, it can be arranged to act upon the exhaust valve. The
control of the engine speed by the advancing and retarding
of ignition is a matter requiring judgment, and is therefore
best manipulated by hand.




CHAPTER NII—ELECTRICAL IGNITION AND
ACCESSORIES

CONTENTS :—8ources of Electricity—Conductors and Insulators
—Electrical Terms—The Spark Coil or Induction Coil—The Com-
mutator or Contact Maker—Connections—Single Spark Ignition—
Lettering of Coil Terminals—Battery or Accumulator—The Spark
Plug—Magneto-Ignition—Low-Tension Ignition

No space need be devoted to the consideration of other
methods of ignition than the electrical, as its only rival,
tube ignition, has now been entirely displaced by it. It may,
however, be worth while to mention that the tube ignition
was discarded on account of its inflexibility, and the impos-
sibility of controlling the ignition so effectually as by
electrical means. Instationary gas and oil engines, however,
tube ignition is very commonly used. Flame ignition, by means
of which a flame continually burning is drawn at intervals
into the combustion chamber to explode the mixture, is still
more antiquated than tube ignition, and has so many very
distinct disadvantages that it will probably never be seen
again on & motor-car engine. A third method, which has
received some application, is also practically a thing of the
past; this is the catalytic method which took advantage
of the curious property possessed by spongy piatinum of
becoming red hot antomatically in a mixture of oxygen and
hydrogen ; as with the tube and flame ignition this method
has no flexibility, such as is possessed by the electrical method.
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Electrical ignition is of the first importance to a motor-
car driver, who should understand at least a little regarding
the principles of electricity ; a clear comprehension of the
apparatus is more than half the battle.

1. Sources of Electricity.—The supply which is given
by central stations to the street mains is generated mechani-
cally through the mediam of the steam or gas engme and
electric generator.

Electricity used for such purposes as telephones and bells
is generated in an independent primary battery by chemical
means. Whether the electricity be obtained by means of a
dynamo or primary battery it is all the same ; there is no
such thing as good or bad quality electricity ; the suitability,
however, depends upon its pressure and volume, and whether
it be direct or alternating, and it will be necessary to con-
sider what is meant by these terms a little later.

An important point for a motor-car driver is to understand
that electricity can be stored in secondary cells, otherwise
termed accumulators or storage batteries; and as these are
very largely used for operating the ignition apparatus on
motor-cars, careful consideration of their comstruction and
arrangement will be dealt with presently.

2. Conductors and Insulators. — Electricity is
conveyed from the generator to the lamps, induction coils or
other “receivers” by means of a conductor. This con-
ductor may be taken to resemble a pipe conveying water ; but
there is, however, this difference, that a return conductor has
to be provided ; thus two conductors are brought from the
generator to the receiver; the one, commonly called the
“lead” (pronounced leed), conveying current to the receiver ;
and the other, termed the ‘ return,” carrying it back. How
the electricity passes along conductors is not known, but that
it does so pass in effect is obvious.

There are good conductors of electricity and bad con-
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doctors. The good conductors are always metal; some
metals conduct well, others only fairly well, others badly.
The good conductors are:— gold, silver, copper and
alominium ; gold and silver are obviously not of much use
for general electrical purposes, on account of their cost;
aluminium is also bulky for general use, and its chief appli-
cation, eo far, has been for overhead conductors on large
electrical power transmission schemes.

For all general purposes copper is universally employed
for electrical conductors. It has a conductivity very nearly
equal to silver, and is comparatively inexpensive ; iron is a
poor conductor.

It is to be borne in mind that the quantity of electricity
which a given conductor will carry depends upon its size ; if
a conductor has too much electricity forced through it will
get hot, perhaps even red hot, and if the volume is exces-
sive it may actually be melted. As an illustration of the
difference between a good conductor and a bad conductor it
might be mentioned that iron wire of a given size would be
melted by a current which would flow without an undue
development of heat in a copper conductor of the same size.

There are certain substances that do not conduct electri-
city; these are termed insulators;—glass, porcelain, and
indis-rubber may be mentioned as very good insulators or
non-conductors. Rubber is largely used for covering con-
ductors when it is necessary to ¢ insulate ” them. Cotton is
also a fair insulator—a good insulator in fact when thoroughly
dried ; silk is also an excellent insulator for small wires ; dry
paper is a good insulator ; but all fabrics, such as cotton, silk
and paper are liable to absorb moisture, and so their
insulating properties may be lost.

There are certain substances which are neither good con-
ductors nor insulators ; water is the commonest of these, and
if the water holds in solution a small quantity of ealt, soda or
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other alkali, or an acid, it may become a fairly good conductor,
but, of course, its conductivity cannot compare with that
of copper. Now the result of these considerations is fairly
apparent : if a conductor is enclosed in india-rubber of good
qualityand sufficient thickness, it may be said to be thoroughly
insulated ; if, however, it is covered with cotton or silk it is
only well insulated so long as this remains quite dry. If by
any means it becomes wet, a leakage of electricity may take
place from the conductor; and it is important to understand
that the higher the pressure of electricity, the more liable
will it be to leakage.

Although iron is a bad conductor of electricity, yet, if it
is employed in a large mass, this does not matter for motor-
ing purposes, as the volume of current to be carried is
always small. It has, therefore, become customary to con-
nect one pole of the battery to the frame of the engine, the
various parts of which are all connected metallically, and to
carry only one conductor from the other pole of the battery
to the induction-coil. This conductor needs to be carefully
insulated, for if it lies on any part of the frame of the
machine, and the insulation is broken off or defective, leakage
of the electricity may take place. Thus it is of considerable
importance for the driver to see, from time to time, that the
conductor has its insulation in thoroughly good order, and
that there is no chance of leakage to the frame of the
machine.

3. Electrical Terms.—In trying to grasp the prin-
ciples of conductors and insnlators, we have used several
terms such as Quantity or Volume, and Pressure, and we have
also referred to the heat produced by a large quantity of
electricity forced through a small conductor. It is now
necessary to try and understand what these terms mean.

In the first place, the term Resistance must receive con-
sideration. We have seen that some metals are good

L
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conductors and others are bad, and that a poor conductor
will get hot with a current that does not heat a good con-
ductor of the same size. The heat developed is due to the
“resistance ” offered to the passage of electricity through
the conductor ; the resistance, therefore, of the bad conductor
is high. Again, if we take a large wire and a small wire of
the same metal, the large wire will carry more electricity
than the small wire; in other words, the small wire offers
more resistance to the passage of electricity than the larger
wire ; this seems almost unnecessary of explanation, as we
should hardly expect a small pipe earrying water to convey
the same quantity as a large pipe ; however, it is to be borne
in mind that the quantity of electricity which can be forced
through a given wire depends, first, upon the resistance of
the wire ; and, secondly, upon the Pressure of the electricity ;
and so we come to a second term.

This can, perhaps, be best explained by referring to a
Primary Cell, which contains & plate of carbon, a rod of zinc,
and several chemicals ; the effect of this combination is to
set up a “ difference of potential,” or a difference of level
of electricity between the carbon and zinc; if these are con-
nected together by means of a conductor, a current of elec-
tricity will flow in consequence. The difference of potential
represents much the same thing as the difference of level
between, say, two tanks filled with water, and connected
together by means of a pipe. If the water in the two tanks
is at different levels it will flow from the higher to the lower
level. So it is with the battery : the carbon is said to be at
a higher level or potential than the zinc, and is termed the
positive pole ; electricity, therefore, flows through the con-
ductor from the carbon to the zinc, which is termed the
negative pole.

Now the pressure set up by a cell depends largely upon
the chemicals employed in it. The Leclanché cell. which is
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commonly used for electric bell work, generates electricity at
about one-and-a-half volts, the volt being the unit of pressure.
The secondary cell, which is used for operating the iguition.
apparatus, gives, when fully charged, a supply of electricity
at a pressure of two volts; now if two secondary cells be
connected in Series,; that is to say, the positive plate of one
cell to the negative plate of the next, thus leaving a free
positive in one cell and a free negative in the other, four
volts will be obtained ; if three cells are connected in series,
six volts; if four cells, eight volts; and so on, without
limit. If the cells are connected with all positive plates
together, and all negative plates together, the pressure given
is that of one cell, namely, two volts, and they, in effect,
form one large cell ; with this arrangement the cells are said
to be in Parallel.

In the dynamo the pressure at which the electricity is
generated is entirely under the control of the designer; by
adopting a certain winding of the magnets he can make the
machine generate electricity at any given pressure. The
supply of electricity given from street mains is, as a rule,
100, 200, Or 240 volts ; but generators are made to supply
electricity at a pressure of 400, 500, 1000, up to 30,000
volts.

The quantity or volume of electricity which can be passed
through a conductor depends upon its resistance and the
pressure of current. The unit of pressure is the volt, as we
have already seen ; the unit of volume is the ampere, and the
measure of resistance is the ohm.

Now, to put it in quite & simple form, if a conductor has
a resistance of one ohm, and the current is flowing at the
pressure of one volt, the current passing will be one ampere.
Take another illustration : if a conductor has a resistance of
50 ohms, and a current is flowing through it at a pressure
of 100 volts, the volume of the current will be two amperes.
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4. The Spark Coil or Induction.Coil.—If two
wires leading from a cell are quickly touched together and
separated, a small spark will be seen ; if, however, the ends,
instead of being touched, are brought together with great
care, it will be seen that until they actually touch and are
separated, no spark will jump across. Now the spark for
igniting the explosive mixture in a petrol engine is required
to jump across a considerable gap, and for this purpose elec-
tricity at a high pressure is needed. It would not be possible
to use a number of cells for this purpose, as to produce
a spark capable of jumping across a space of 3y of an inch
many thousand volts must be employed, and as each
secondary cell only produces two volts it will be seen that
some thousand cells would be required to obtain the neces-
sary high pressure; this, of course, is impracticable, and
it becomes necessary to employ a little piece of apparatus
called the Induction-Coil, which will transform the low-
pressure electricity, from one or two secondary cells, up to
high-pressure electricity, capable of jumping across the gap
in the spark-plug.

The induction-coil is really a very simple piece of appa-
ratus, but the principles underlying its operation are rather
complicated. As, however, it is our desire to give the
reader an intelligent comprehension of every piece of appa-
ratus under his control, the principles will be explained as
simply as possible.

It is perbaps unnecessary to describe what a magnet is.
Every one knows that it is a piece of hard steel which,
having been magnetised, is capable of attracting and holding
to itself pieces of iron. This power of attraction is exerted
through a considerable distance, and Fig. 1o (Plate IV.) of a
horseshoe magnet showing the magnetic Lines of Force radia-
ting from the poles will help to explain how the effect takes
place. The diagram has been produced by laying a sheet of
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paper over the magnet and sprinkling upon it fine iron
filings ; a gentle tap or two has caused the iron filings to
arrange themselves along the lines of force; it is these
magnetic lines passing through a piece of iron that cause

" the magnet to attract the piece of iron to itself. The space
through which the lines of force radiate is called the Magnetic
Ficld, and in the neighbourhood of the poles where the lines
are many the attractive force is greatest. These lines of
force, made visible in the diagram are quite invisible to the
eye.

It is a curious property of these lines of force that if they
are made to pass rapidly across a piece of wire with the ends
joined so as to form a complete metal circuit, a current of
electricity is produced in the wire. If the wire is made into
a coil consisting of a number of turns and the ends are
joined, a much larger current of electricity is produced
when the magnet is approached towards or withdrawn from
it rapidly.

This peculiar property of the magnet is reversible; hence
if a current of electricity is passed through the coil of wire
it immediately becomes a magnet with a north pole and a
south pole, just like an ordinary hard steel magnet. If a
piece of soft iron is put into the centre of the coil the mag-
netism is enormously increased.

With a hard steel magnet the magnetism cannot be got
rid of except by heating it to a red heat ; but instantly the
flow of electricity through the coil is stopped, magnetism
ceases, and the piece of soft iron placed in its centre also
ceases to be a magnet. This is true however quickly the
current is passed into the coil and broken, as the piece of
soft iron becomes a magnet immediately on contact and
ceases to be a magnet immediately the circuit is broken.

This combination of a coil of wire and a soft iron core is
termed the Electro-Magnet. The larger the number of turns
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on the coil the stronger the magnet ; it is therefore desirable
to wind the turns of a coil as closely around the iron core as
possible, and the wire must be covered with an insulator to
prevent the turns from touching each other; the insulator
used in this case is cotton or silk wound on the wire to form
a continuous covering.

The induction-coil consists of such an electro-magnet with
an iron core made up of a bundle of soft iron wires, instead
of a solid bar of iron. A coil of stout wire is wound over
the core and a second coil of fine wire is wound over the
stout wire. The inner coil of stout wire is called the Primary
Cotl, and the outer coil of fine wire the Secondary Coil. In
Fig. 11 (Plate V.) is shown a small lecture-table induction
coil complete on the right, and on the left are the several parts
—iron core, primary and secondary coils—shown separately

The primary, being made of stout wire, has a comparatively
small number of turns; but the secondary has a greas
number of tarns of very fine wire. The primary is gene-
rally of cotton-covered wire, but the secondary wire is silk
covered, as silk is a better insulator. In the secondary not
only is silk-covered wire used, but each layer of turns is
separated from the others by a piece of paper impregnated
with wax, and, after winding, the coil is steeped in melted
paraffin wax. The two ends of the secondary coil are carried
to two terminals; if we attach conductors to the two ter
minals and bring them to within about § inch of each
other, we shall be able to see how this apparatus operates.

Now let us connect one terminal of a two-cell battery to
one end of the primary coil and bring a second wire from
the other terminal, and rapidly make and break contact with
the other end of the coil. Strange to say, a spark jumps
across the ends of the secondary each time contact is made
and broken on the primary, and as we are only using a four-
volt cell on the primary coil we have succeeded in trans-
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forming the low-pressure electricity to a very high pressure
in the secondary.

To make and break the circuit rapidly through the coil
sutomatically, a Contact-Breaker or Trembler (see Fig. 12)is
provided, which consists of a small piece of soft iron mounted
on a spring with a contact pillar behind, having a large screw
with a platinum tip touching on a platinum contact provided
on the spring. The electricity from the battery passes first
to this pillar, then through the platinum contacts to the
spring, and from the spring to one end of the coil ; the
other end of the coil is carried direct to the battery. The
moment a current flows through the coil the core becomes a
magnet and attracts the piece of iron on the spring, draws it
forward and consequently breaks the contact between the
two platinum pieces. The moment the .contact is broken
the iron ceases to be a magnet, and the piece of soft iron is
released ; the two platinum contacts touch again, the current
flows once more, the piece of iron is again attracted and
contact broken. This goes on with great rapidity, and
every time a contact is made a current flows and magnetic
lines of force shoot out from the magnet; when the contact
is broken the lines vanish. It is the rapid passing of these
lines of force through the secondary coil that produces the
high-pressure electricity by ‘ induction,” hence the term
induction-coil. The contact-breaker is clearly seen in Fig. 11
on the complete coil.

The Condenscr shown beneath the induction-coil in
Fig. 12 serves the double purpose of reducing the sparking
oa the platinum contacts of the trembler or contact-breaker,
and also of intensifying the spark at the plug by rendering
the make and break more prompt. It is a very simple piece
of apparatus, and generally does not appear in connection
with the ignition apparatus, as it is fitted into the same box
as the induction-coil. It consists of thin sheets of tinfoil
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interleaved with sheets of waxed paper, the tinfoil sheets
being rather smaller in size than the pieces of paper. Every
alternate leaf of tinfoil projects beyond one end of the
package, while the other leaves project at the opposite end ;
they are then connected together so as to form a package of
alternate layers of tinfoil separated from each other by
sheets of waxed paper, each layer being connected to a
platinum contact of the trembler.

It is not unusual to employ a similar condenser across the
terminals of the secondary ; used in this position it greatly
intensifies the spark. For igniting the gases a hot spark is
required for a brief moment only, and any device that will
increase the certainty of a hot spark passing across the
points at the critical moment is of advantage.

The use of platinum pieces on the contact-breaker
reduces the burning due to the spark between the two con-
" tacts ; it also tends to give a brighter spark at the spark-
plug.

5. The Commutator or Contact-Maker.—We have
seen that so long as the induction-coil has no current, or
only a steady flow of current passing through the primary,
no spark can be produced by the secondary, but on making
or breaking contact a spark is produced instantaneously
between the ends of the secondary ; all that is needed then
is to arrange a contact-making device, operated automatically
by the engine, which will secure a spark in the combustion
chamber at exactly the right moment.

We have seen that the simple making and breaking of
a circuit will produce sparks, and in some cases an induction-
coil without a contact-breaker is employed. To distinguish
between these two types that with the contact-breaker is
termed a Trembler Coil, and that without, a Single Spark Coil.
In the latter case, where a single spark is used, it is neces-
sary to provide a contact-maker with platinum points on the
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engine, very similar to the contact-breaker used on the
trembler coil ; where a trembler coil is used a contact-maker
with a rubbing contact is all that is necessary ; this is some-
times called a Wipe Contact, and is shown in Fig. 13.

The contact-maker used with a trembler coil consists of a
disc of some insulating material, generally ebonite or vulcan-
ised fibre, rigidly fixed on to the half-speed shaft A ; let
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F1a. 13.—Wipe Contact and Trembler Coil Connection-,

into a portion of the edge is a small contact piece of brass,
B, and a connecting wire is carried from this to the half-
speed shaft so as to make a continuous connection. A little
spring, C, rubs on the surface of this disc, and it will be seen
that once every revolution the small contact-piece comes into
connection with this spring. The spring is connected by
means of a copper wire to the pillar of the contact-breaker,
D, on the induction-coil ; from thence it passes through the
primary to the battery and back again to the frame of the
engine ; it will thus be seen that for a short period in each
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revolution of the half-speed shaft the contact-breaker on
the induction-coil will be trembling, and sparks will ke
passing between the terminals of the secondary, which has
been omitted from the diagram for the.sake of simplicity.

The contact-maker is generally arranged so that it can be
rotated a short distance on the half-speed shaft; in other
cases it is the spring which is movable, so that the contact-
piece meets it early or late according to its position. By
this means the spark is advanced or retarded.

6. Connections.—It will now be well to trace the
connections by means of Fig. 12. Starting from the posi-
tive terminal of the battery a wire is carried to the terminal
marked P on the induction-coil. Thence the current passes
through the primary winding to the spring of the contact-
maker, across to the contact-screw and thence to the
terminal C on the coil. A wire is carried from this terminal
to the Plug or Switch, and from the switch another wire is
carried to the brush or countact-spring ¢. Whenever the
metal contact piece b on the contact-maker touches the
spring, a connection is made with the half-speed shaft which
is metallically connected to the frame of the engine, thus
the current passes to earth, and the circuit is completed
by a wire from the frame of the machine to the negative
terminal of the battery. When the switch is on, current
passes whenever contact piece b meets the contact spring .

On the secondary side it will be seen that one end of
the coil is carried by means of a connecting wire to the body
of the engine, the other end going direct to the sparking
plug, which has only one terminal. This terminal is con-
nected to the centre sparking contact in the plug, and the
other sparking contact is connected to the frame of the
machine ; thus in the secondary circuit the only gap is that
between the two spark contacts in the plug.

The action of the whole arrangement must now be quite
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clear. It is only necessary to set the contact-maker so that
the brass contact piece touches the spring on the completion
of the compression stroke, in order that the charge in
the cylinder may be exploded. By slightly rotating the
contact spring the spark can be advanced or retarded as:
already described.

7. Single Spark Ignition.—When the single spark
ignition is used in place of the trembler coil the contact-
maker on the half-speed shaft is replaced by asmall cam, A

D CONDENSER.

D Al————1a

PRIMARY CO/L

AW e

F1a. 14.—Single Spark Connection.

ey ST

-

(see Fig. 14), which is so set that at the required moment
the projecting part B forces the spring C of the contact-
maker on to the platinum-tipped screw D. This is connected
to the induction-coil in exactly the same way as the trembler
illustrated in Fig. 12. Thus, so long as the cam is pressing
the spring against the contact-screw, current passes through
the primary of the induction-coil. There is, however, no
object in keeping the contacts together for any length of time,
as the spark only occurs immediately on the making of the
contact and again immediately on the breaking of the con-
tact, and the more frequent these sparks are the better;
thus the cam has a very short range and simply strikes
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the tip of the spring so as to make momentary contact
between the platinam tips; the sparks on the make and
break are therefore practically identical.

The trembler-coil, which gives a continnous stream of
rparks so long as the contact is made, is preferred for motor-
car work ; the single spark contact-maker is more generally
employed with the motor-cycle.

8. Lettering of Coil Terminals.—Although, tech-
nically speaking, it is a small matter, a knowledge of the
arrangement of the terminals of the induction-coil is some-
what important to the motor-car driver; in Fig. 12 we have
therefore shown the general arrangement of the terminals of
the induction-coil, which are shown as black circular dots
and marked with various letters.” The induction-coil is
usually fitted into a small square box, and has three or
four terminals; in the case of the four terminal coils,
two are provided for the primary and two for the secon-
dary. The two primary are shown beneath the coil, the
left-hand one marked V, C, or T, and the right-hand one
marked P.

A great many induction-coils used in English cars are
made in France, and are provided with letters (given on the
left of the terminals in the diagram), which are the initials of
+ French words ; the English lettering is given on the right.
In the English coils, C, meaning Contact, is the initial letter
applied to that terminal which goes to the contact-maker on
the half-speed shaft; this terminal on French coils is marked
V, C or T, initial letters for Vibrateur, Contact and Trem-
bleur. The V and T mean that the terminal is connected
to the trembler, the C means exactly the same as the
Eunglish, that is to say, the terminal is to be connected
to the contact-maker on the half-speed shaft. The other
terminal connected to the primary winding is marked P on
both French and English coils; the P on the French coils
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signifies Pile or battery, and the P on the English coil signi-
fies Positive pole of the battery.

The remaining two terminals shown above the trembler
are connected to the secondary winding ; one of these in the
French coil is marked M, which signifies Masse or body
of the engine, and on English coils M or E, meaning Motor
or “ Earth,” in other words the frame of the machine. The
other terminal is marked B on the French coils, meaning
Bougie or Spark-Plug ; and on English coils, S P, signifying
Spark-Plug.

In the case of coils provided with three terminals, one is
common to one end of both primary and secondary, and is
marked M or F ; this is connected externally to the frame
of the machine, and the other connection will be somewhat
different, as shown in Fig. 13. The secondary is not shown,
but the end not connected to the spark-plug terminal will be
connected to the same terminal as the contact-pillar D. The
third terminal is attached to the free end of the primary, and
is connected to the battery positive, the battery negative being
connected to the spring of the contact-maker.

In single-spark coils the trembler is dispensed with, and
the near end of the primary (see Fig. 12) is connected direct
to terminal C, the free end of the condenser being connected
to terminal M or E, the other connections are as for the
trembler-coil. These connections require careful study.

9. Battery or Accumulator.—The electric cells almost
universally employed for working the ignition apparatus on
a motor-car or motor-bicycle are what are termed secondary
cells or accumulators ; that is to say, they are so ccnstituted
that a charge of electricity can be imparted to them which
they will afterwards give out as required.

It is important to understand the difference between
the secondary cells or accumulators and primary cells; the
commonest form of the primary cell is the Leclanché
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which is used very largely for electric bells and telephones
another cell, which is becoming fairly well known, is the so-
called “Dry” cell, which is simply a Leclanché cell, with the
top sealed in to prevent evaporation of the liquid.

Primary cells almost invariably contain a carbon plate and
a zinc plate. In the case of a Leclanché cell the carbon plate
is surrounded with some broken pieces of carbon and oxide
of manganese, and the whole cell filled with a solution of sal-
ammoniac. It is only necessary to connect the terminals by
means of a piece of wire in order to allow the electricity to
pass through; this can be shown in various ways by a
galvanometer or other detector, or by placing the two wires
side by side on the tongue but not fouching ; if electricity is
being generated, the placing of the wires on the tongue will
produce a strong s nsation of acidity, which will immediately
cease if one of the wires be removed. This is a very simple
and ready means of testing whether there is any current in
a cell ; but the experiment must never be tried with more
than three or four cells, as the tongue would then be burned.

The secondary cell, or accumulator, consists of a number
of lead plates placed face to face in the containing box.
but separated from actual contact by celluloid sepa-
rators; the alternate plates are connected together anc
brought out to two terminals. There is always an uneven
number of plates; the two outer plates and all connected to
them are termed the negative, and those between them the
positive plates.

If two clean pieces or plates of lead are connected to a
source of electricity, direct or continuous, and placed in water
acidulated with sulphuric acid, it will be noticed that bubbles
are given off from the surface of both pieces of lead, and after
a time one becomes brown, while the other remains of a dull
lesd grey colour. The surface of that which has become
brown has been ¢ per-oxidised,” this is the positive plate,
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while that of the other has become converted into spongy
lead, this is the negative plate; the amount of peroxide and
:spongy lead “ formed ” on the lead depends upon the length
-of time the plates are subject to the action of the current.
When the charging current, is cut off it will be found that
‘they give off a current of electricity on their own account.

A secondary cell or accumulator is therefore a very simple
piece of apparatus, cousisting, as it does, only of the * formed ”
lead plates immersed in dilute sulphuric acid. The quantity
of electricity, however, that can be stored by a secondary cell
is proportional to the surface of the “active material ” on the
plates, and the larger the surface of peroxide of lead on the
positive and of spongy lead on the negative, the greater will
be its “ capacity ” for storing electricity. Very many plans
have been devised for increasing the surface of lead plates
for this purpose, and the most usual type of cell employed in
motor-car work contains what are termed ¢ pasted” plates;
this signifies that the plates are really “ grids,” or frames of
lead with hollow spaces all over the surface which have been
filled with a paste made of red lead and other chemicals.
This paste forms a hard cement, and when the plates are put
into the dilute acid (termed Electrolyte), and are connected to
a source of electricity, the red lead is changed into brown
peroxide of lead on the positive plates, and grey spongy lead on
the negative plates. This plan not only enables a large sarface
to be obtained in a small cell, but also reduces the time neces-
sary for “ forming ” the plates, and thus the cost is reduced.

The Electrolyte is simply strong sulphuric acid mixed with
water in such proportions that the specific gravity is about
1°2, more generally termed 1200 in accordance with marking
of the hydrometer used for testing the specific gravity of
acids. If ever it falls to the lot of a reader to mix the strong
sulphuric acid with water, it is necessary to caution him to
add the acid to the water, and not vice versd, as the mixing of

°
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As sulphuric acid is a powerful corrosive, which destroys .
any fabric, especially linen, that it happens to fall upon, it
needs very careful handling.

8 D
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F16. 15.—Spark-Plug.

A box containing one set of positive and one set of nega-
tive plates is termed a Cell, a box divided into two or more
divisions each with its sets of plates is termed a Battery. A
secondary cell with lead plates gives a current of electricity at
a pressure of two volts ; and a two-cell battery four volts. :f
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F16. 16.—Section of Spark-Plug.

the positive plates of one cell are connected to the negative |
plates of the next cell, leaving one positive and one negative ¥
free ; in other words, if they are connected in series. If con-
nected in parallel, that is, all positives connected together,
and al! negatives connected together, two volts will be the pres-
sure, no matter how many cells there may be ; when connected
in series two volts may be taken for each cell ; thus a three-cell
battery gives six volts, a four-cell eight volts, and so on,



ELECTRICAL IGNITION AND ACCESSORIES 51

10. The Spark-Plug.—Although a simple piece of
apparatus the spark-plug will nead a short notice. A refer-
ence to Figs. 15 and 16 will show that the single terminal,
A, is connected with a central conductor, B, passing out at
the opposite end. This central conductor is embedded in an
insulator, C, of high quality; in some plugs porcelain or
glass is used, in others the insulator is built up of discs of
mica; but whatever the material used it must be of the
highest quality as an insulator, and fireproof. The central
conductor with the insulator is mounted in a brass fitting, D,
with the lower end screwed to fit into the socket or recess
provided in the combustion head. A short piece of wire, E,
is screwed into the inner edge of the brass fitting, which
forms with the end of the central conductor the spark gap.
This gap is usually 1-16th of an inch or rather more across.
Weshall have occasiontoconsider the spark-plug infullerdetail
when we are dealing with the management of the apparatus.

11. Magneto-Ignition.—In view of the difficulty which
is sometimes found in charging secondary cells, and it
may be added the trouble which these sometimes give
in inexperienced hands, the Magneto-Ignition has recently
been coming largely into favour. The magneto machine is
simply an electric generator, in which the armature revolves
in a magnetic field provided by permanent steel magnets.
The dynamo, which is the more usual form of electric
generator, is provided with electro-magnets instead of per-
manent magnets. We have already seen that a steel magnet
owes its attractive power to the lines of force that radiate
from the poles. We have also seen that when these lines
of force cut through a closed electric circuit, electricity is
generated therein.

The armature in the case of magneto-machines is simply
a shuttle-shaped piece of iron, wound from end to end with a
number of turns of cotton or silk-covered copper wire ; this
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is mounted on a spindle running in bearings at either end of
the system of magnets, and is caused to revolve at a high l
speed in the magnetic field. The two ends of the wire ™
wound on the armature are brought out to two collecting
rings mounted on the spindle outside the bearings. Upon
these collecting rings press Brushes or flexible strips of
metal, to which wires are attached conveying the current to
the spark apparatus. The armature is driven either by )
means of gear wheels from the engine shaft or by a friction-
wheel driven from the flywheel, and as soon as the shaft of
the engine is made to revolve by means of the starting
handle, sparks are generated for igniting the charge at the
correct moment. With a small dynamo the sparks would
not be available soon enough, as the electro-magnets take 4
some time to “excite”; it would of course be possible to
excite the magnets from a battery ; but then there would be
no advantage in this system, which has been devised to
dispense with the battery.

Now let us try and consider the construction of this
apparatus in fuller detail. There are several systems of
magneto-ignition in use, but the principles involved are
very much the same in all cases. As, perhaps, the simplest |
illustration of the principles of the magneto-ignition, the
Eisemann system will be described, and the general arrange-
ment of the Eisemann Magneto is given in Fig. 17.

First, there is the magnet built up of a number of sections
of steel bars bent into horseshoe shape ; these are all suitably
hardened, and are strongly magnetised. On the inner ends
are mounted soft iron pole pieces, A, bored out to form a
tube in which the armature will run. These pole pieces of
course do not touch each other, and there is in consequence
a strong magnetic field between them,

In the diagram one side of the magnet has been cat g
away tu show the Armalure in position ; this hardly needs




‘msfg ojouBuly uuvwasly jo weilvyq—'41 'Oy

«)
)
O B
=
L -
e
o}
2
‘C mUod
%. NOI1LONONY
a wvad
“ poeemesmmee— e . DRIWIL NUV4S
ir * E LY L)
Z i 3
) I uvs
E P o ~ T
Z - o
m "! lllllllllllllllll PNILIZITIY h
o phEE T e
m ......................... . -
— “ 2VN
= ¥ @
<] et cerecceemeecceemmenaa . eem—cee- . I
wv3 ey SaINOVE

[
-c;n.l»-.. nuvay
NOIAVADTNE ANOWS

—. A e e 2Ry, W o @ x <



54 MOTOR-CAR MECHANISM

describing. The shuttle-shaped piece of soft iron, C, is clear
seen and also the turns of the wires, D. One end, howeve
of the wire is secured to the spindle, the other end beir
attached to & solitary collecting ring. The reason for this
that the return wire from the induction-coil is connected !
the metal frame of the magneto machine, a second collectir
ring and brush being thereby dispensed with. The collectir
ring (which is not shown on the diagram) consists of a di
of insulating material mounted on the spindle and carryir
on its outer edge a metal ring; upon this rests the brush, ]
which is thus always in contact with the free end of tl
armature winding. From the brush a conductor is carric
to one terminal of an induction-coil ; this terminal is co
nected inside the coil to the primary winding ; the other er
of the primary winding is connected to terminal M, whic
is also connected to terminal B!,

There is no reason why two terminals should be provide
here, as one would serve equally well. From terminal M (B
a conductor is brought back to the body of the magneto, thi
a complete circuit is established from the armature throug
the primary winding back to the armature.

There is, however, fixed across the terminals B and B! .
Interrupter or Contact-Breaker, this is operated by the Ca
fixed to the spindle of the magneto. In the normal positic
the two platinum contacts, F, of the interrupter are presse
together, but whenever the projecting parts of the cam stril
the little wheel, K, at the end of the spring carrying ti
upper point, the two contacts are separated.

Let us see what happens: in the normal position t}
points are together, the ends of the primary in the inductic
coil are therefore ‘‘short-circuited,” and no current pass
through the coil ; the moment, however, the cam knocks ti
points apart a current of considerable volume passes throug
the primary coil, and naturally a high-tension current
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generated in the secondary coil. The two ends of the
secondary coil are connected to terminals M and H.

In the diagram the apparatus is shown to be supplying a
four-cylinder engine. As the one induction coil is made to
serve for all four cylinders a Spark Distributor has to be
provided which will pass the high-tension spark to each
cylinder in turn. Following the connections from terminal H
we find it attached to a spring buffer, L, pressing on a
" continuous metal ring, N, mounted on a second spindle, O,
carried by the upper part of the magnet and driven by means
of gear wheels from the armature spindle. The coutinuous
ring is connected to the brass piece, P, of a contact-maker
which revolves with the continuous ring. Rubbing on
' different parts of the insulating disc, R, are four little

collecting contacts, which, in turn, touch the brass of the
contact-maker connected to the terminal H ; from each of
the collecting contacts a conductor is carried to the spark-
plug of one of the cylinders.* Now, just at the moment that
the cam breaks the circuit of the interrupter, the metal
contact piece of the spark distributor is touching one of the
four collecting contacts ; thus a high-tension current is
generated in the secondary coil, a spark jumps across the
gup, and a charge in the corresponding cyiinder is fired.
Of course, in a one-cylinder engine supplied with this apparatus
no spark distributor is necessary, the wire from the terminal
H being carried direct to the spark-plug. It will be borne in
mind that the second end of the secondary coil is attached to
the terminal B (M), and is thus connected to the frame of
the engine to which the frame of the magneto is screwed.

The Eisemann system comprises a low tension generator
and an induction-coil for producing a high-tension spark.
It is, however, possible to wind the armature of the magneto
with sofficiently fine wire to produce a high-tension current

® For explanation of she arrangement of the connections see page 59,
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direct from the armature. This is done in the Simms-Bosch
method, and thus the induction-coil is done away with.

It would only be confusing to the reader at this stage of
study to attempt to describe in detail other systems of
magneto-ignition. If he grasps the few essential principles
regarding the construction and working of a magneto
machine he will readily grasp the details of any special system.

It may, perhaps, be well to allude to the ingenious means
by which the spark is advanced and retarded in the Eisemann
system. The armature spindle, it will be noticed, terminates
in a collar, S, in the Spark-Timing Gear. A pin, T, is
screwed into the spindle and engages in a slot in the sliding -
collar, which is driven from the engine shaft ; this sliding -
collar also carries a gear wheel, V, engaging anot;her on the.
half-speed shaft, which operates the spark distributor. As
bell-crank lever, W, enables the loose collar to be moved
backwards and forwards over the end of the armature
spindle ; as it is moved the slot causes the pin to rotate the
armature. Thus, according to the position of the collar, the
cam strikes the interrupter earlier or later, and thus the
spark is advanced or retarded.

12. Low-Tension Ignition.—Before passing from
the consideration of the different systems of ignition it will
be necessary to devote a short space to what is termed Zow-
Tension Ignition.

If two wires from a single secondary cell are touched
together and separated with rapidity, a bright spark will be
seen. If a number of cells in series are used instead of oue,
the spark is proportionately greater ; if, however, the wires,
instead of being touched together and then separated, are
approached very carefully, it will be seen that no spark
occurs until they actunally touch, in other words the low-
tension current has no power of jumping across a gap. If
a low-tension spark is to be employed for ignition purposes
it is necessary to provide a spark-plug in which the contacts
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are actually touching in the normal position, but are separated
mechanically the moment the charge is to be fired. This
mechanical separation of the contacts is the chief objection
to the low-tension system ; but the electro-magnetic plug,
in which the contacts are drawn apart by a magnet, recently
introduced, may possibly lead to this system, which has several
advantages, being more generally adopted.

The low-tension sparks may be considerably intensified by
passing the current through a simple electro-magnet, con-
sisting of iron core, with a large number of turns of insulated
wire wound round it; when the contact is broken an * extra
current,” as it is called, is induced in the windings of the
coil, in the same way as a high-tension current is induced
in the secondary winding of an induction-coil. The effect
of this is to considerably increase the intensity of the spark
which would be given by a secondary cell alone.

In the low-tension system, with battery, it is usnal to
employ eight secondary cells (giving 16 volts) and the electro-
magnet, which is termed the *self-induction” coil.

The makers of the high-tension system, briefly referred
to above, Messrs. Simms and Bosch, have devised a low-
tension magneto-ignition. The generator is exactly similar
to that described under the Eisemann system, except that
the armature is fixed, and that a shield of soft iron is fitted
between the poles of the magnet and the armature; this
shield is caused to rock by means of a little crank attached
to the engine shaft; at the moment a spark is required the
shield is turned slightly on one side, so that the lines of force
pass momentarily through the winding of the armature; as
the magnetic field is very intense the spark produced is also
intense. A little cam, also worked from the engine shaft,
separates the contacts on the spark-plug at the critical moment.

The special advantages of the low-tension system will be
apparent when we are discussing the management of the
electrical ignition apparatus,



CHAPTER IV—A. MULTIPLE-CYLINDER ENGINES
B. THE PETROL

CONTENTS :—Ai'rangement of the Cylinders—Ignition Arrange-
ments—Nature of Petrol—Svme Simple Experiments

A.—MULTIPLE-CYLINDER ENGINES.

1. Arrangement of the Cylinders.—The main pur-
pose of multiplying the number of cylinders is to give
increased power. Single-cylinder petrol engines vary in
power from 1} up to 9 and 10 horse-power ; occasionally
they are made rather larger, but the practice, when higher
powers are required, is to double, treble, or quadruple the
number of cylinders.

Within the power limit required by an ordinary road-car
the multiplication of small cylinders is a decided advantage.
In the first place, a more even turning moment is obtained ;
four explosions at a quarter of the power of ome large
explosion must obviously be preferable to the latter.

As an explosion only takes place once in every two revolu-
tions in the ordinary Otto cycle,the provision of two cylinders
produces much the same result as would be obtained by an
engine having an explosion every revolution. Four cylinders
would give practically the same result as a double-acting
single-cylinder steam-engine in which steam is admitted
twice during a revolution, once on the down-stroke and
again on the up-stroke. Petrol engines cannot be made to
run so steadily as the steam-engine, on account of the difficulty -
of balancing the various parts; the multiplication of cylinders,
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however, does tend materially to steady the driving arrange-
ments and to reduce vibration in the car.

In a two-cylinder engine the cranks are placed opposite
each other, or 180° apart; in a three-cylinder engine
the cranks are placed 120° apart; in a four-cylinder
engine the outer cranks are placed 180° apart from the
two inner cranks, this being the latest and most approved
practice. As the various parts of the units tend to counter-
balance each other, counter-balance weights (as shown in the
diagram of the single-cylinder engine) are dispensed with.

With multi-cylinder engines the explosions are arranged
so far as possible to take place at equal intervals. In the
two-cylinder engine there will be an explosion once every
revolution of the crank shaft, but of necessity the two
explosions follow each other in quick succession ; with the
three-cylinder engine, once in two-thirds of arevolution; and
in a four-cylinder engine, once in every half revolution. The
method of firing the cylinders in a four-cylinder engine is
somewhat peculiar. Numbering the cylinders from one end
to the other, first No. I is fired, then No. 2, No. 4, and,
lastly, No. 3. By this method the tendency of the engine to
rock is minimised.

The cams for operating the exhaust valves are all mounted
on one shaft; and where mechanically operated inlet valves
are employed, a8 is now almost invariably the case, the cams
are either mounted on the same cam shaft as the exhaust
cams, or, if the valves happen to be on the other side of the
cylinder, they are mounted on a separate cam shaft.

Attention is directed to the engine shown in the frontis-
piece. This is a 30-h.p. four-cylinder engine, made by Mr.
¥. C. Blake. The crank chamber doors have been removed,
and a glimpse of the cranks can be seen. The exhaust and
inlet valves are on opposite sides of the cylinder, and operated
by independent cam shafts ; the gear wheels, driving the cam
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vhafts, can be plainly seen on the right-hand side of the
picture. For the sake of compactness and convenience an
intermediate gear wheel is used between the pinion on the
crank shaft and the gear wheels fixed to the cam shafts,
One pair of cylinders is shown in place, but the other
has been removed so as to display the pistons with rings
and connecting-rods. A heavy flywheel is seen at the far
end of the shaft.

There is some difference of opinion as to the number of
bearings which should be used to support the crank-shaft ;
the peculiar construction of the crank-shaft necessarily tends
towards undue flexibility. Some makers provide one sup-
porting bearing between the two pairs of cranks, in addition,
of course, to the two outer bearings; there can be no ques-
tion, however, that Mr. Blake’s arrangement of a bearing
between each crank is the best practice, although, necessarily,
it is more expensive.

Ignition Arrangements.—In the spark arrangements
there are several points which- will need consideration.
With the ordinary battery ignition it is usual to have a
separate induction-coil for each cylinder; one battery,
however, is used and one contact-maker on the half-speed
shaft. Instead, however, of there being one contact
spring or brush there is a spring for each cylinder; in
a two-cylinder engine there will be two contact springs
exactly opposite each other; in the three-cylinder engine,
three springs 120° apart ; and in the four-cylinder engine,
four springs 9o° apart.

With multi-cylinder engines in motor-cars trembler coils
are almost invariably used, but on motor-bicycles provided
with two cylinders single-spark contact-makers are commonly
provided with one cam projection and two contact springs.

The connections to the several induction-coils and the
method of connecting up the wires will be readily understood
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10. The Spark-Plug.—Although a simple piece of

'nppa.rabns the spark-plug will nesd a short notice. A refer-

ence to Figs. 15 and 16 will show that the single terminal,
A, is connected with a central conductnr, B, passing out at
the opposite end. This central conductor is embedded in an
insulator, C, of high quality; in some plugs porcelain or
glass is used, in others the insulator is built up of discs of
mica; but whatever the material used it must be of the
highest quality as an insulator, and fireproof. The central
conductor with the insulator is mounted in a brass fitting, D,
with the lower end screwed to fit into the socket or recess
provided in the combustion head. A short piece of wire, E,
is screwed into the inner edge of the brass fitting, which
forms with the end of the central condnctor the spark gap.
This gap is usually 1-16th of an inch or rather more across.
Weshall have occasionto consider the spark-plug infullerdetail
when we are dealing with the management of the apparatus.

11. Magneto-Ignition.—In view of the difficulty which
is sometimes found in charging secondary cells, and it
may be added the trouble which these sometimes give
in inexperienced hands, the Magneto-Ignition has recently
been coming largely into favour. The magneto machine is
gimply an electric generator, in which the armature revolves
in a magnetic field provided by permanent steel magnets.
The dynamo, which is the more usual form of electric
generator, is provided with electro-magnets instead of per-
manent magnets. We have already seen that a steel magnet
owes its attractive power to the lines of force that radiate
from the poles. We have also seen that when these lines
of force cut through a closed electric circuit, electricity is
generated therein.

The armature in the case of magneto-machines is simply
a shuttle-shaped piece of iron, wound from end to end with a
number of turns of cotton or silk-covered copper wire ; thia
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this subject. A satisfactory idea as to its properties cannot
be gained by reading, and several simple experiments will be
described which readers should themselves try and should
persevere with until they succeed in getting a uniformity of
results. When the author first attempted to carry out these
experiments he found it very difficult to secure the same
effect twice running.

Petrol, as its name implies, is one of the many products of
petroleum. Crude petroleum, like coal gas tar, contains
many things; and, when subjected to distillation, highly
volatile liquids pass over at comparatively low temperatures.

When crude petroleum is distilled, petroleum ether is
given off between 104° and 158° F.; gasoline, between 158°
and 176° F. ; and volatile liquids of various densities between
176° and 302°F. The whole group is termed petroleum
spirit or Petrol. After the first distillation petrol has to be
re-distilled and refined, as it is a most important matter that
the spirit used for petrol engines should leave no residue
after burning.

If crude petroleum is distilled above 302° F., paraffin, the
common lamp oil, is obtained ; this also has to be refined and
distilled before it is fit for nse. We need not, however,
devote much consideration to the other products of crude
petrolenm, as the petroleum spirit is the only one suitable
for driving petrol engines as at present designed. It will,
however, be of interest to note in passing that ordinary
stationary oil engines use paraffin and even the heavier
petroleum oils, and as the supply of petrol is limited, in fact
is entirely dependent on the demand for the heavier oils, it
may be that the vaporising arrangements of the petrol engine
will have to be considerably modified to suit the denser
products of petroleam.

The quality of petrol is determined by its density or
Specific Gravity, i.e., its density as compared with water,
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The lighter the oil the more volatile, and, therefore, the
better for use in the petro! engine; the best quality has a
density of '68 at 60° F. It is not, however, always possible
to obtain oil of such density, and as the various qualities of
petrolenm spirit range from 667 to *737, the purchaser of
petrol should take the trouble to see that he is provided with
what he pays for. The density is measured by means of a
densimeter, an inexpensive little instrument. In the present
state of the market a specific gravity of -7 or *72 is the limit
for high-quality petrol. It will be readily understood that
high-density petrol signifies less volatility and more trouble
with carburation in cold weather.

Owing to the extremely volatile and inflammable nature of
petrol it will be best, when carrying out the following experi-
ments, to have a small bottle of petrol available, which should
be kept carefully corked, except when taking small quanti-
ties from it for the experiments. The keeping of the bottle
corked is important, as should it be knocked over the petrol
would vaporise very rapidly and serious consequences might
ensue. One of the first lessons to be taken to heart in con-
nection with petrol is that it is dangerous stuff to have to do
with, and that too much precaution cannot be taken in
handling it. '

2. Some Simple Experiments.—Experiment 1. Put
a very small quantity of petrol into a saucer, the upturned
bottom of an egg-cup, or some other similar receptacle, and
apply a light. It will be seen that vigorous combustion
ensues, and that a bright flame is the result; it will also be
noticed that a considerable volume of smoke is given off, so
that if a piece of clean metal be held in the fame it will
become thickly coated with lamp black. This experiment
proves that petrol contains a large quantity of carbon; as a
matter of fact its chemical formula is C H,,, that is to say, it
contains six atoms of Carbon and fourteen of Hydrogen,
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The carbon atom is much heavier than the hydrogen, and
the proportion by weight is 84 per cent. of carbon and 16 per
cent. of hydrogen. It is hardly necessary to point out that
both carbon and hydrogen combine with the oxygen of the
air during combustion, the carbon and oxygen forming
carbonic acid gas and the hydrogen and oxygen forming
water.

Experiment 2.—Place about half a teaspoonful of petrol in
a clean saucer and leave it for five or six minutes; if the
weather is warm it will all have evaporated. Now take a
similar quantity, place it in the saucer and blow gently upon
it; in one minute every trace of it will have disappeared.
Woe thus see that although the petrol vaporises very readily
when exposed to the air, yet the rapidity with which it
vaporises is enormously increased by a gentle current of air
over the surface. The carburettor is the special device
adopted for securing rapid vaporisation. Aswe have already
seen, the petrol is sprayed through fine holes on to the side
of the vaporiser and a current of air is drawn briskly over
the surface thus oiled. The vaporisation is still further
facilitated by the application of heat, and as in cold weather
it would not be sufficiently rapid, special arrangements are
made for warming the carburettor. These were pointed out
when describing the engine.

Eazperiment 3.—Procure an old soda-water bottle and
thoroughly dry it ; also obtain a small glass tube drawn out
to a thin point at one end and smooth at the other ; this will
form a dropping tube. Dip the fine end an inch or two
into the petrol, place a finger over the top end, and then
allow three small drops to fall straight to the bottom of the
soda-water bottle; cover the top of the soda-water bottle
with the hand to keep the vapour enclosed, and replace the
remainder of the petrol in the bottle and cork it. Wait a
few seconds, and thenapply a light, taking care to keep the
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describing. The shuttle-shaped piece of soft iron, C, is clearly
seen and also the turns of the wires, D. One end, however,
of the wire is secured to the spindle, the other end being
attached to a solitary collecting ring. The reason for this is
that the return wire from the induction-coil is connected to
the metal frame of the magneto machine, a second collecting
ring and brush being thereby dispensed with. The collecting
ring (which is not shown on the diagram) consists of a disc
of insulating material mounted on the spindle and carrying
on its outer edge a metal ring; upon this rests the brush, E,
which is thus always in contact with the free end of the
armature winding. From the brush a conductor is carried
to one terminal of an induction-coil ; this terminal is con-
nected inside the coil to the primary winding ; the other end
of the primary winding is connected to terminal M, which
is also connected to terminal B,

There is no reason why two terminale should be provided
here, as one would serve equally well. From terminal M (B?)
a conductor is brought back to the body of the magneto, thus
a complete circuit is established from the armature through
the primary winding back to the armature.

There is, however, fixed across the terminals B and B! an
Interrupter or Contact-Breaker, this is operated by the Cam
fixed to the spindle of the magneto. In the normal position
the two platinum contacts, F, of the interrupter are pressed
together, but whenever the projecting parts of the cam strike
the little wheel, K, at the end of the spring carrying the
upper point, the two contacts are separated.

Let us see what happens: in the normal position the
points are together, the ends of the primary in the induction
coil are therefore ‘ short-circuited,” and no current passes
through the coil ; the moment, however, the cam knocks the
points apart a current of considerable volume passes through
the primary coil, and naturally a high-tension current is
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generated in the secondary coil. The two ends of the
secondary coil are connected to terminals M and H.

In the diagram the apparatus is shown to be supplying a
four-cylinder engine. As the one induction coil is made to
serve for all four cylinders a Spark Distributor has to be
provided which will pass the high-tension spark to each
cylinder in turn. Following the connections from terminal H
we find it attached to a spring buffer, L, pressing on a
continuous metal ring, N, mounted on a second spindle, O,
carried by the upper part of the magnet and driven by means
of gear wheels from the armature spindle. The continuous
ring is connected to the brass piece, P, of a contact-maker
which revolves with the continuous ring. Rubbing on
different parts of the insulating disc, R, are four little
collecting contacts, which, in turn, touch the brass of the
contact-maker connected to the terminal H ; from each of
the collecting contacts a conductor is carried to the spark-
plug of one of the cylinders.#* Now, just at the moment that
the cam breaks the circuit of the interrupter, the metal
contact piece of the spark distributor is touching one of the
four collecting contacts; thus a high-tension current is
generated in the secondary coil, & spark jumps across the
gup, and a charge in the corresponding cyiinder is fired.
Of course, in a one-cylinder engine supplied with this apparatus
no spark distributor is necessary, the wire from the terminal
H being carried direct to the spark-plug. It will be borne in
mind that the second end of the secondary coil is attached to
the terminal B! (M), and is thus connected to the frame of
the engine to which the frame of the magneto is screwed.

The Eisemann system comprises a low tension generator
and an induction-coil for producing a high-tension spark.
It is, bowever, possible to wind the armature of the magneto
with sufficiently fine wire to produce a high-tension current

® For explanation of she arrangement of the connections see page 59,



CHAPTER V—-THE CHASSIS AND DRIVING-GEAR

CONTENTS :—The Frame—Clutch—Change-Speed Gear—Driving
Shaft—Differential Gear—Brakes

1. The Frame.—In our introductory remarks we gave
a brief outline of the arrangements of the mechanical parts
of the motor-car. It now becomes necessary to study some
of these parts carefuily. In the first place, the frame,
together with the engine and all the gear carried upon it,
is generally made quite independently of the body, and is
termed the Chassis. Dealing with the frame itself, we find
that this is usually constructed of small steel girders, braced
together at various points throughout their length. In
smaller cars a tubular {frame is used, and in some of the light
cars woodwork is introduced, and has its special advantages.
On large cars rigidity is of considerable importance, but on
small cars a certain degree of flexibility is a desirable quality,
and for this reason American hickory wood has been found
thoroughly suitable. On large cars the weight of the
machinery to be carried, to say nothing of the body, is great,
and the general planning and constructional work is that of
an engineer rather than of a carriage builder.

2. The Olutch.—Passing in order along the frame from
the engine, the first mechanical contrivance we meet with is
the Friction-Clutch ; the crank-shaft of the engine generally
terminates in a heavy flywheel, the use for which we have
already studied. The driving shaft beyond this point ie
connected to the crank-shaft by means of the clutch; when
this is in gear the shaft driving the road wheels is in move-
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ment ; but when the clutch is out of gear the driving shaft
is still, so far as the movement imparted to it by the engine
is concerned. The need for this clutch is one of the peculiar
objections to the petrol engine.

The starting of the engine necessitates, as we have seen,
the use of a special starting handle; this could not be
operated were the engine crank-shaft coupled direct to the
driving-wheels ; it would also be most objectionable to have
to adopt such a plan of restarting in the course of a drive
whenever it became necessary to slow down or stop the car.
It often happens, too, while the car is running, that it is
necessary to shut off the driving power ; with a steam-engine
or electric motor there is not the least difficulty in doing
this ; but with the petrol engine it is different. Once the
engine is started, therefore, if the car has to be stopped, or
for any other reason the power needs to be taken from the
driving shaft, the clutch is detached.

In Fig. 18 we have a section of the simplest form, namely,
the Cone-Cluich. Coupled to the extreme end of the engine
crank-shaft is the flywheel, which is recessed out to receive
the sliding come of the clutch; this slides on the squared
end of the wheel-driving shaft, and an operating fork engages
in a special collar, by means of which the sliding cone can
be moved backwards and forwards. In the normal position
the spring forces the cone on to its seat inside the flywheel,
and when in this position the friction between the two sar-
faces is so great that the engine shaft will drive the wheel
shaft. The cone of the clutch is faced with leather, so as to
secure a better grip with the flywheel, and also to facilitate
the slow application and withdrawal of the cone. Metal to
metal would give too uncertain a resuit, and it is quite likely
that the two metal surfaces might “ seize,” so that it would
be difficult to withdraw the cone.

With the leather facing it is possible by careful adjust-

\
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ment to allow a steady “slip,” which when starting is a
necessity, as the engine is running at pretty nearly its
normal speed, and when the car is standing still the clutch
cone is motionless ; the coupling of the two therefore re-
quires much care. The operating fork is connected to a
pedal in front of the driver, who is thus able at a moment’s
notice, by a movement of his foot, to take out the cone;
the need for operating this with rapidity will be more fully
discussed when dealing with management.

There are many modifications of the simple cone-clutch,
but the principle is the same throughout, that is to say in
the friction-clutches the grip between two surfaces in con-
tact is utilised.

A simple cone-clutch has the disadvantage of creating a
fairly considerable end-thrust on the engine shaft. The
spring forcing the cone forward is of necessity a strong
spring, and it will thus be seen that when the cone is
‘“ home,” the spring will be pushing the engine shaft forward
with some pressure. Several improvements apon this form
of clutch dispose of this end-thrust difficulty.

3. Change-Speed Gear.—Next in order comes a gear
for changing the speed of the driving shaft. It has already
been pointed out that the range of speed of a petrol engine
ie small, and if the power is to be maintained the speed
must also be maintained. This is an important considera-
tion, especially in mounting hills where the full power of
the engine is called into requisition and the speed of the
car is of necessity lower than normal. It may thus be
taken generally that the steeper the hill the higher the
power required from the engine and the slower the travel
of the car. It is obvious, therefore, that the slowing down
of the engine on a steep hill would result in a loss of
valuable and essential power ; every explosion which takes
place in the engine within a given time represents so much
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power. Under varying conditions, therefore, the speed of
the engine must be maintained, while the speed of the car
varies, and this can only be brought about by arranging for
the driving shaft to be driven at different speeds while the
speed of the engine shaft remains practically constant.

The change-speed gear commonly in use consists of two
series of toothed wheels of various sizes arranged in a gear
box. One set of these wheels is rigidly secured on to the clutch
shaft ; these engage as required with another set of toothed
wheels sliding on the driving shaft and prevented from
rotating by a ¢ feather” or key. One of the large levers
by the driver’s right-band side is used for operating this
gear. When it is desired to change the speed the clutch
has first to be disengaged, as changing toothed wheels in
this way would not be permissible while the driving power
was on; the movement of the lever first disengages the
wheels in gear, and then brings another set into gear.

Generally three forward speeds are provided on a full-
sized car, and alsoa reverse. It is often necessary to reverse
or back a car, and as the petrol engine must always run in
one direction the reversing of the car must be managed by
gear. The most usual method is by causing a gear wheel on
the clutch shaft to engage with an intermediate gear wheel,
which in turn engages with a pinion on the driving shaft;
by this means the driving shaft is made to revolve in the
same direction as the engine shaft. The gear box is made
oil-tight, and partially filled with oil, so that all the wheels
are continually running in a bath of oil; this not only
reduces wear and tear but also reduces loss of power; it is,
therefore, important that this box be kept properly supplied
with oil.

4. Driving Shaft.—From the shaft leaving the gear
box power may be transmitted to the wheel or driving axle,
either by means of a steel shaft, or by means of chain trans.
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mission gear. Where the former method is adopted it will
be apparent that a rigid steel shaft cannot be used, as,
owing to the spring attachment of the wheels to the frame
carrying all the gear, there must of necessity be movement
between tl:e frame and the wheels. This movement is pro-
vided for by fitting Universal Joints on either end of the
section of shaft between the gear box and axle. These
universal joints are a mechanical appliance which has been
known in engineering circles for a great many years; one
particular modification of it was devised by M. Cardan, and
owing to its application to motor-car work having been first
made in France, the joints have been universally called
Cardan joints, and the shaft a Cardan shaft. It consists
simply of a fork on both of the shaft ends which are to be
coupled, these are placed at right angles to each other and
pivoted ; thus a rigid drive is secured while a considerable
play or movement of the movable shaft is allowed in any direc-
tion. The Cardan joints only provide for vertical movements
between the wheel and the frame, but, owing to the manner
of suspension on the springs, a “fore and aft” movement
is also provided for by one end of the shaft being made square,
and fitting in a square socket on the universal joint.

In the case of the chain drive a short driving shaft is
fixed immediately behind the gear box parallel to the
driving wheel axle, and at right angles to the spindle in the
gear box, to which it is geared by means of bevel wheels,
At each end of the driving shaft is fixed a small sprocket
wheel which drives on to the road wheels through chains.
The sprocket wheels attached to the road wheels are part of
the wheel hub, the wheels together with the sprockets being
free to ran on the end of the main axle, the axle itself being
fixed rigidly to the frame. '

5. Differential Gear.—Whether the drive be direct
through a shaft or through chains, it is necessary for the
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driving wheels to be free to turn independently of each
other, As the driving power must, of necessity, be coupled
to both wheels a special device termed the Differential Gear
is provided, which, while allowing the full power of the engine
to be transmitted equally to the two wheels, leaves them free
to turn on their axles independently.

This is a somewhat difficult piece of apparatus to describe

Fie. lg.—Diﬂérentinl Gear.

in words ; no diagram would enable a non.technical person
clearly to understand its operation, and some hints will be
given later how some simple experiments may be made with
the rear wheels of a car that will make its operation clearer.
Briefly, it consists of two similar bevel gear wheels, E and
F (see Fig. 19), facing each other in the same box. Fitting
into these gear wheels is a small pinion or series of pinions,
D, generally four placed go° apart, and each free to turn
on its own axis. The wheel shaft is divided, and the
large bevel wheels, E and F, are rigidly attached to each
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end. The pivots of the four bevel wheels are fixed into
. the outer case, C, of the differential which forms part of
another large bevel wheel, B, into which a small bevel pinion,
A, attached to the crank-shaft, gears. When in operation
the Cardan shaft revolves and the bevel wheel drives the case
of the differential gear ; this causes the pivots of the bevel
pinions to revolve in the direction that the driving wheels
revolve.

So long as the speed of the driving-wheels is the same,
the small pinions carry round with them the large bevel
wheels on the driving-wheel shaft. If now one wheel requires
to move faster than the other, as for instance when turning a
corner, it is free to do so, power being still transmitted to
both wheels as required, the only difference being that the
large bevel wheels are revolving at different speeds, and, conse-
quently, the small bevel wheels are revolving on their pivots.

The chief objection to the direct or Cardan shaft drive is
the dividing of the rear axle into two parts, which is mecha-
nically bad; if, however, the whole apparatus is designed
and constructed by competent persons the partscan be made
sufficiently rigid to form a perfectly satisfactory job.

As in the direct drive, a differential gear must be provided
with the chain drive; but, in this case, instead of the axle
being divided into two parts, the driving shaft is divided.

The differential gear, like the change-speed gear, needs to
be continuously lubricated ; the case is therefore made oil-
tight and partially filled with lubricating oil. If this gear
were allowed to run dry the wear and tear on the bevel
wheels would be excessive, and the power absorbed would be
considerable.

Brakes.—A highly important part of a motor-car equip-
ment is the brake gear. The weight of a motor-car is much
greater for its size than that of an ordinary vehicle. The
speed of an ordinary vehicle is not expected to exceed twelve
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miles an honr under most favourable conditions; not so with
the motor-car. The limit of speed as fixed by law at the -
present time is twenty miles per hour, and this is sometimes
exceeded ! A weighty car moving at such a velocity forms
a very formidable object on a public road, and, with what-
ever skill it may be driven, times are certain to arise when
the application of considerable brake power is necessary.

Before brakes aro applied to a petrol car the clutch is dis-
engaged, which can be done momentarily; but, notwith-
standing the instantaneous removal of the driving power, the
momentum with which a car is moving at twenty miles an
hour calls for some very powerful means of braking if the
car is to be stopped or checked materially in a reasonable
distance. It is well to bear in mind that the operation of
stopping a car moving at such a velocity means the genera-
tion of a considerable amount of heat. So many foot-pounds
of energy have been put into the car in raising it to the
speed at which it is travelling, and practically the same
number of foot-pounds of energy must be reconverted into
heat in overcoming the momentum of the car. It is there-
fore important to so arrange the brake that the heat gene-
rated will be readily and harmlessly dissipated.

In the early days of the motor-car, and also with bicycles,
it was usual to apply the brake power to the tyres of the
wheels. Solong as tyres are of iron or of solid rubber this
method is convenient, and as the heat generated is spread
over a large surface but little harm is done to the tyres.

With pneumatic tyres, however, the conditions are wholly
different. In the first place a brake should be available at
any moment, quite independently of the condition of any
other part of the car. The pneumatic tyre is always liable to
puncture, and if a tyre upon which a brake is supposed to
act is suddenly let down by a puncture or burst it is wholly
useless. A tyre burst or punctnre makes it imperative that
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~ the car be immediately stopped, and if such a puncture
occars when the car is travelling at a high speed there is all
the more need for an efficient brake to be applied without
delay. Thus brakes applied to pneumatic tyres are a mis-
take, and if any reader is unfortunate enough to come into
possession of a car provided with them, the best advice that
can be given is to have them immediately discarded and
proper band brakes fitted.

Drum or band brakes are almost invariably fitted to the
driving wheels of all modern cars. They counsist of a drum
running truly on the wheel hub and generally provided with
flanges on either side. Between the flanges and bent round
the drum is a steel band with leather facing on the inside;
the two ends of this brake band should be secured to the
brake lever, which is the second of the two long lever
handles placed at the right hand of the motor-car driver.
The handle should be so designed that when pulled over the
two ends of the brake band are drawn together; a small
movement of the handle will thus secure a strong gripping
action on the brake drum.

The special type of brake in which one end of the band is
fixed to the chassis frame and the other end only to the
bandle is to be avoided, as, should it be necessary to apply
the brake when the car is running on the reverse, the ten-
dency will be to slacken the band. Many accidents have
occurred through the use of this modification of the band
brake. Both brakes acting on the rear driving wheels are
connected by a system of small rods or flexible steel cable to
the one handle, and should have been so devised that in the
event of one brake being inoperative from any cause the
second brake should be available.

In view of the important part that brakes serve in connec-
tion with the motor-car, it would be a great mistake to be
dependent upon one only, and. in addition to the band or
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drum brake just described, it is the usunal practice to provide
a second brake operated by a pedal in front of the driver.
This additional brake is applied to different parts of the
driving shaft according to the make of the car, and, beyond
pointing out the necessity for an efficient auxiliary brake,
there will be no need to describe it in detail ; it should, how-
ever, be fixed as near as possible to the driving-wheels, and
it would be a decided advantage if, when the pedal is
depressed, the clutch were thrown out by the one operation.
In some cars the clutch is thrown out of gear by the applica-
tion of the band brakes also, but emergencies sometimes
arise when it is desirable to keep the engine coupled while
the brake is applied ; both brakes should, therefore, not be
arranged to disengage the clutch automatically when applied.

It should be mentioned that the provision of a second
brake is required by law. It should not, however, be neces-
sary to study the provisions made by legislation. Any one
who assumes the responsibility of driving a road locomotive
shonld have sufficient sense of responsibility to see that
the car he drives has every possible provision made for the
securing of the safety of the general public, to say nothing
of his own skin, quite apart from any question of law.

As with the hand or side lever brake, it is important to
have the pedal brake arranged so that it is operative in
whichever direction the car may be moying.

In addition to two brakes, a car should be provided with
a Sprag, which can be released promptly ; the need for this
is, that should a car come to a stop on a hill, it may be con-
venient, if not actually necessary, to drop the sprag before
the car can obtain any velocity backwards. If the dropping
of the sprag has been left until the car is moving backwards
with some speed it is extremely probable that if it grips the
rod will be bent, and thus become useless; or, if it is of
stout dimensions, the car may even jump over it.



THE PETROL CAR

SECTION II-THE MANAGEMENT OF THE
PETROL CAR

INTRODUCTION

HaAvING made a careful study of the various parts of the
Motor Car Mechanism, the reader should now have a very
fair grasp of the general detaiis of construction and inter-
connection of the various parts. Without a knowledge of
these points it would be difficult for the novice to understand
at all clearly many of the special points which have to be
observed in managing the car.

For purposes of comparison and reference the same order
as under Section I. will be followed. Firstly, the engine
and its several parts will receive consideration; various
suggestions will then be given in connection with the petrol
supply system, the silencer, water cooling, lubrication and
governing, in due order ; then the very important subject of
electrical ignition will receive careful attention ; and, finally,
the management of the car, under ordinary working con-
ditions and on the road, will be dealt with,
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CHAPTER I—-THE ENGINE

CoONTENTS :—The Cylinder—Piston—Crank-Shaft—Valves—The
Engine at Work

1. The Oylinder.—As it is in the cylinder of the
engine that the power is generated, it is highly essential
that, in running, the cylinder should be kept in the very best
possible condition. One of the commonest failings of a
beginner is so to manage matters that the inside of the
cylinder becomes dirty, and a deposit forms which tends to
reduce considerably the power and efficiency of the engine,
Generally speaking, this is due primarily to using too much
petrol, in other words too rich a mixtare. We have seen,
when studying the fuel, that if there is too much petrol for
the air introduced there must of necessity be a surplus of
unburnt carbon, which, being liberated in solid form, clings
to the walls of the cylinder and combustion chamber, and
causes much trouble to a tyro.

The deposit may be removed by carefully scraping the
inside of the cylinder ; but if the driver of the car finds there
is a general tendency for this deposit to form he must modify
his use of the petrol, that is more air must be admitted.
Sometimes this deposit accumulates to such an extent in the
combustion chamber that it gets hot, and self-ignition occurs
the charge being fired without help from the electric spark.
If self-ignition is suspected, it may be tested by cutting off
the spark, and if the engine continues to run the necessary
proof is obtained.

]
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If, owing to a deposit in the cylinder, the engine is running
unsatisfactorily, an improvement should be effected by using
a weak explosive mixture, that is a mixture containing an
extra quantity of air; this will prevent trouble from self-firing.

Another cause of deposit in the cylinder is due to over-
Igbrication, or the use of improper oils, the oils used in the
cylinder must be capable of standing high temperatures.
Burnt lubricating oil leaves a sticky deposit, which can be
removed by injecting a little paraffin into the combustion
head, either through the little cock or through the spark-
plug orifice ; too much paraffin tends to form a hard carbon
deposit inside the cylinder.

The instructions given as to keeping the cylinder clean
apply equally to the inside surface of the combustion head.

Owing to the high temperature at which the exhaust
gases leave the cylinder the exhaust pipe attains a very
high temperature, and it is desirable to isolate it from the
combustion head as effectively as possible, it being important
to keep the combustion head cool, otherwise the valves are
apt to get burnt and their surfaces pitted. The most
efficient way of isolating the exhaust pipe from the com-
bustion head is to put in asbestos packing between the
exhaust-pipe flange and the engine casting.

2. Piston.—We have already seen the need for piston-
rings, and also for keeping the cuts in these rings well
apart, o as to give the compressed gases that may happen
to leak through these joints as long a path as possible.
When it becomes necessary to dismantle the engine and take
out the piston, it is important to avoid inadvertently pushing
the piston end up into the combustion head when the con-
necting-rod bhas been detached from the crank. If this is
done, it is quite possible that one of the piston-rings may
expand and lock the piston into the top of the cylinder, pre-
senting an extremely difficult problem in the matter of removal,



THE ENGINE 83

After an eugine has been running for some time it is
probable that a knocking will be observed. This may be
due to the bearings at either end of the connecting-rod
having become loose through wear. If the knock is due to
this cause, it will be observed every time the direction of the
crank is reversed ; there will also be a knock when the ex-
plosion occurs. The cure is to adjust the bearings; this can
be readily done on the big end, as provision is made for ad-
justment; but the small brass in which the gudgeon-pin
rans is best replaced.

3. Crank-Shaft.—The satisfactory running of the engine
largely depends upon the crank and bearings being in correct
alignment, and running true ; should the crank-shaft by any
mischance be forced out of truth it will need to be put right
without delay. The bearings also will need careful attention
and adjustment from time to time, as, practically, the whole
brunt of the explosion comes upon the crank-shaft bearings.

Sometimes a knock is developed when one end of the
crank-shaft is higher than the other, and the whole weight
of the crank-shaft and flywheel is consequently carried
from side to side. The cure is to pack up the lower brass
until the alignment of the shaft is true, that is until it is
accurately at right angles to the piston-rod.

4. Valves.—Although the mechanically operated iulet
or admission valve is coming largely into favour, and is
pretty certain to supersede the automatic valve, this is not
yet the case. The special point to take note of regarding
the automatic admission valve is that the spring is properly
suited to its work ; too strong a spring will not admit suffi-
cient mixture during the saction, and with too weak a spring
the valve will not close with sufficient rapidity to prevent
some of the mixture being forced back again; and when it
does close it will be with considerable force. New springs
are generally provided of sufficient length to enable pieces
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to be cut off until the right strength is obtained; a better
arrangement would be some means of hand adjustment.

As springs are liable to become soft owing to the heat
developed it is well to carry spare ones, and, to avoid any
possibility of losing time on the road, a complete duplicate
admission valve with seat should be carried, which can be
promptly exchanged for that in use if it is suspected to be
giving trouble.

The great advantage of the mechanically operated valve
is, that there is no trouble with springs ; the valve is opened
at a definite point and closed with equal certainty at the
right moment.

Both the inlet and the exhaust valve are subject to high
temperatures, the exhaust valve particularly so; for during
the exhaust stroke the burnt gases at a high temperature
pass over both surfaces, the result being that they become
« pitted,” and if not ground in fresh from time to time the
joint will not be tight. If it is suspected that the valves are
not fitting with perfect accuracy on their seats, they should
be taken out and examined, and if the surfaces show signs
of pitting they must be ground in.

The mushroom heads of both valves are provided with
screw-driver slots, by means of which they can be turned
round on their seats. The grinding process consists of first
making a paste of emery powder of very fine gunality—that
used for cleaning knives is suitable ; the valve seat is then
smeared with this, and by means of an ordinary screw-driver
or one fitted into a brace the mushroom head is moved to and
fro in a circular direction, until both seat and valve fit
accurately. Too much care cannot be taken during this
process in preventing any of the emery powder getting into
the working parts of the engine; a piece of cotton waste
should be so placed as to catch any that escapes.

When grinding in valves care should be taken to avoid
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catting rings on the surfaces, by lifting the mushroom
from time to time and so changing slightly the position of
the rubbing surfaces.

Occasionally the surfaces become dirty only, and grinding
in is not then necessary ; washing with a small quantity of
paraffin or petrol will in such a case put matters right.

With a new valve difficulty may be experienced through
the spindle or rod carrying the mushroom head fitting too
tightly into its tube. When cold it should only fit fairly
well, 7.e., not too tightly, owing to the fact that the rod
expands more than the tube, and when hot will fit better
than when cold ; if too tight a fit when cold, it will stick
when hot, and not allow the head to move freely; in this
case the spindle can be reduced with emery powder.

Lubrication of valve spindles is not to be thought of ; oil is
sure to cause stickiness and want of freedom of movement.

5. The Engine at Work.—Compression. An essential
feature in the Otto cycle is the compression of the charge
before firing. If the compression is bad the explosion will
lack power, and the best effect will not be obtained from the
fuel. It may be taken roughly that the higher the com-
pression the more efficient the engine; with a pressure of
60 lbs. on the square inch at the completion of its compres-
sion stroke the efficiency of the engine is about :37, that is
to say 37 per cent. of the fuel value of the charge is trans-
formed into work in the engine. With 100 lbs. pressure the
efficiency is increased to °45.*

When a gas is compressed it is heated in the operation.
If this heat is not lost daring the process of compression,
that is to say not absorbed by the walls of the cylinder, it
helps to expand the charge and give greater pressure. It
thus follows that when the engine is working at a high
speed the interval allowed for absorption of heat by the

® Buch efficient results are not generally obtainable in practice.
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walls is less than when working slowly, and the compression
is also higher ; thus it follows that when an engine is run-
ning at a high speed its efficiency is greater than at a low
speed on this account alone.

Another result of the heating of the charge is that it
ignites more readily. From these notes it will be gathered
how important a matter it is that the compression should
always be in good order. There are several causes that
operate unfavourably in this connection, and it will be well
to devote a little time to the consideration of possible causes
of loss of compression.

Probably the most common of these is leakage through
the valves. We have already dealt with this question under
Valves, and have shown how the trouble may be disposed of.
There is also the possibility of leakage past the piston and
piston-rings; this also has received consideration. A
moment’s thought will suffice to show that there are several
joints where parts are screwed on to the combustion head;
for instance, the spark-plug orifice, the lubricator or com-
pression-cock, and occasionally the cylinder is built up of
several parts screwed together. If it is suspected that joints
are leaking, a little paraffin should be squirted round them,
and the crank turned against compression by means of the
starting-handle. If bubbles form round the joints, new ones
will have to be made. To effect this, the joint should be
broken and both surfacescarefully cleaned, and a joint, either
of asbestos or copper wire, inserted, or possibly a combina-
tion of both. If copper wire is used it should be of about
number 16 gauge, with the ends filed and butted together.
When surfaces are screwed tightly together, the copper
becomes flattened out and forms a satisfactory joint.

If compression is good it will be found difficult to turn
even a 6 h.p. engine against the compression by hand ; it is.
therefore, usual to provide a means of partially relieving
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the compression during starting operations, and for this
purpose a small cock is provided on the combustion head
which can be opened to any extent that may be required ;
obviously it will be best not to open this more than is actually
necessary for starting the engine.

The usual degree of compression when turning by hand
should be about 80 lbs., and, if desired, a small pressure-
gauge can be obtained to screw into the combustion head to
test the pressure, but this ought not to be necessary when a
driver has had a little experience in handling his engine.

In a multi-cylinder engine each cylinder can be tested for
compression by opening the cocks of all the other cylinders
in succession and trying with the starting-handle.

Power of Engine.—The power which an engine develops
depends upon the area of the piston top, the length of the
stroke, the average pressure in the cylinder during the
explosion, and the number of explosions per minute. The
whole of the power developed in the cylinder is not avail-
able for actual work, for there are losses due to friction in
the engine itself ; there is also a loss during the compres-
sion stroke due to back pressure and a slight loss during the
suction stroke.

The power developed in the cylinder can be calculated by
the aid of an Indicator Diagram, which records the pressure
inside the cylinder at various parts of the stroke. During
the downward suction stroke the pressure inside the cylinder
is slightly below atmospheric pressure; as soon as the inlet
valve is closed and compression commences the pressure
rises until, on the completion of the stroke, it is between 40
and 60 lbs. on the square inch. Ignition then takes place,
and the pressure it tho cylinder rises for a brief moment up
to about 300 lbs. on the square inch, and during the down-
ward stroke the pressure falls off. The moment the exhaust
valve is opened the balance of the explosion or expansion of

\
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the gases takes place through the exhaust pipe and silencer
to the atmosphere. If the opening were complete and
instantaneous the pressure inside the cylinder would fall
instantly to atmospheric pressure, but none of the variations
in pressure are instantaneous. In calculating the power
developed, an allowance has to be made for the negative
work done during the compression stroke, which necessarily
involves the absorption of some of the power developed
during the explosion.

The calculation of the power from the pressure diagram,
cylinder dimensions, and speed gives what is termed Jndicated
Horse Power (ILH.P.); but, owing to frictional and other
losses in the engine, the actual power developed on the
crank-shaft is substantially less. The power available on
the crank shaft is termed the Brake Horse Power(B.H.P.), or
the horse power that the engine will give when tested by
means of a friction-brake. When the H.P. of a petrol
engine is spoken of it is this brake horse power thatis meant;
and if it is suspected that an engine stated to be capable of
giving so much horse power is not up to the mark, it
may be tested and the actual power developed ascertained.
The test, however, would be of no value unless the com-
pression is good, the explosive mixture properly propor-
tioned, and all other adjustments made to secure the best
results.

A simple and useful form of air friction-brake has recently
been introduced, which should prove of considerable value for
testing the power of petrol engines; this can be used by an
intelligent person, but to test with the ordinary friction-
brake expert handling is necessary.

Engine Faults.—There are so many different means of
regulating and controlling the petrol engine, each one of
which depends largely upon the judgment of the driver for
successful adjustment, that it is not surprising to find that
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when an-engine is running, especially in inexperienced hands,
difficulties of various kinds arise.

We have already alluded to Self-Ignition, or, as it is
sometimes termed, Pre-Ignition, due to the accnmulation
of deposit in the combustion head, and, in addition to
this, there is what is termed DBack-fire, Mis-fire, and
Stlencer Euplosions, which require to be properly under-
stood.

Back-fire is an explosion which tends to drive the engine
in the wrong direction. The word ““ tend ” is used advisedly, as
when an engine is running at a fair speed, and a considerable
momentum is stored in the flywheel, an explesion may have
a tendency to drive the engine the wrong way, but the
power may not be sufficient to overcome the forward move-
ment., Nevertheless, whether it succeeds in reversing the
engine or only in checking its movements it is a thing to be
avoided, as it brings immense strain upon the moving

parts.
Back-firing may result from leaving the lever controlling

the advance and retard of the spark too far over towards the
advance when the engine is running slow. It may possibly
have been necessary to stop the engine when running at a
high speed ; this probably will have been done by shutting
off the throttle and spark, and it is quite possible under these
circumstances to omit to retard the spark. It is also quite
likely that although the lever was correctly placed when
shutting down it wmay have been shifted subsequently. In
starting again the driver ought, first, to see that the lever is
at the retard position; should this, however, have been
forgotten the explosion will take place too soon, and will
drive the crank in the wrong direction, giving a violent blow
to the person operating the handle. The term is sometimes
applied to an explosion that takes place inside the silencer ;
this, however, is an incorrect use of the term.
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Mis-fire results almost invariably from faults in the ignition
apparatus, and is fully discussed in chap. iii.

The cause of silencer explosions is referred to in chap.
ii. under ¢ Silencer.”



CHAPTER II—THE ENGINE ACCESSORIES

CONTENTS :—The DPetrol Supply System—Silencer—Water Cool-
ing— Lubrication—Governing and Control

1. The Petrol Supply System.—There is only one
subject of greater importance than the proper regulation of
the fuel supply in securing the regular and steady running
of the petrol engine, that is the Ignition, which will be dealt .
with fully in due course.

From the study of the fuel we have seen how small a
variation in the quantity of petrol will make ull the difference
between the manufacture of a powerful explosive mixture
and an almost useless mixture ; the need for careful adjust-
ment is therefore apparent.

It is, of course, not possible actually to measure the pro-
portions of petrol and air passing through the carburettor,
and adjustment must be made as required to give the best
results under varying conditions; the exact adjustment
necessary can only be ascertained by actual experience. The
fuel experiments described in Section I. should, however, be
of material assistance in indicating the need for careful and
proper adjustment, 1f the best results are to be secured.
Excess of petrol is, perhaps, to be most carefully avoided, as
not only is solid carbon produced, but it will be readily under-
stood that if combustion is not complete some of the heat
value of the fuel will be wasted. On the other hand, if too
small a quantity of petrol is used the power of the engine
will be reduced. When large powers are not required from
the engine it is an advantage to run with a weak mixture,
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Except in warm weather it is customary, before operating
the starting-handle, to press the plunger of the carburettor,
and so force a small quantity of petrol through : it is, how-
ever, possible to do this with too much energy,and it is easy
to prevent the engine from starting by overdoing it.

If a car has been standing a considerable time it is possible
that the petrol which has remained in the carburettor may
have become stale ; in other words, the more volatile portion
will have evaporated, and left only the denser portion, which,
especially in cold weather, will not give a suitable mixture
for starting the engine. ‘

It is well to bear in mind that many qualities of petrol
consist of & mixture of spirits of varying degrees of volatility,
and that if left where evaporation can take place, the more
volatile comes off fairly rapidly, and leaves behind what is
termed stale petrol, needing a much higher temperature
than is usually employed in the carburettor to vaporise it.

In the handling of petrol every care must be taken to
prevent dust and dirt getting mixed with it. Too much
care in this respect cannot be exercised, as & very small
amount of dirt wili block up the passages in the carburettor,
and prevent a proper supply of petrol passing through.
Whenever the petrol tank is filled a funnel should be used
with fine wire gauze screen. It is a good plan also to have
a tube of the same fine gauze let into the admission hole of
the petrol tank. If it is suspected at any time that foreign
matter has got into the petrol, the whole apparatus, and
especially the carburettor, should be carefully overhauled,
and the passages cleared.

With the float-feed carburettor it sometimes happens that
& very small hole develops in the float, thus destroying its
buoyancy ; the float in such a case does not close the needle-
valve when the float chamber is full, and thus the carburettor
becomes flooded. The best way to ascertain whether such a
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hole has developed is to immerse the float in hot water;
small bubbles driven out by the expansion of the contained
air and vaporisation of the petrol will indicate the exact
spot, and the leak can be stopped by means of a touch of
solder when the petrol enclosed has been driveun out.

Should there be a leakage of petrol on the car it should
be found and remedied immediately, as such a leakage is
dangerous at any time and in any place.

As petrol vaporises a certain degree of cold is produced,
and it is quite possible for the cold to be so intense that the
petrol will freeze. Should such a trouble occur, an extra
degree of heat must be imparted to the carburettor.

Another trouble sometimes experienced with the carburet-
tor is flooding with water. If acaris being run in especially
damp and heavy weather the moisture from the air may
become condensed, and the water will mix with the petrol ;
if this occurs there is likely to be a loss of power, and
occasionally mis-fires ; in some forms of carburettor such a
trouble cannot arise.

Occasionally the jolting of a car along a road will caunse
flooding of the carburettor. The float is jolted up and down
in its chamber, and the needle-valve admits rushes of petrol
when not required; to remedy this partially close the cock
on the supply tank.

In the general handling of petrol it will be well to observe,
as a fixed and inviolable rule, that a naked light must never
be taken near tanks containing petrol, be they full or empty.
Most cars are provided with small electric lamps supplied
from the ignition battery, which enable the mechanical parts
of the petrol car to be examined at night, if anything is
wrong ; this is a very wise arrangement, as under no circum-
stances could the electric light ignite the petrol vapour.

Should a quantity of petrol be upset in a building, the
first thing to do is to see that all windows and doors are
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widely openel, so as to give the vapour an opportuuity of
escaping, and all naked lights that may be burning should
be promptly extinguished. If by chance overturned petrol
catches alight, the only thing to do is to smother the flame;
this can be most effectually done by throwing sand upon it. In
all petrol motor houses and places where petrol is stored some
buckets of sand should be kept handy in case of emergency.

2. Silencer.—Allusion has already been made to the
desirability of isolating the exhaust pipe from the combustion
head of the engine, on account of the high degree of heat
that is developed in the exhaust. Sometimes the heat de-
veloped is excessive, owing to the persistent retarding of the
spark. When this happens the explosive mixture passes
from the cylinder into the exhaust only partially burnt, and
combustion continues while on its way through the exhaunst
pipe and silencer. Such mismanagement is to be deprecated,
as the high temperature of the burning gases will destroy
the seats of the exhaust valve, and will also cause the steel
spindle to “scale ”; it must be remembered, too, that not
only is harm done to the engine, but that the passing away
of gases prematurely in this manner means loss of power
and waste of petrol.

Unburnt gases pass from the cylinder into the silencer,
when mis-fire occurs, and it is possible that the charge may
become ignited by the heated exhaust pipe, or possibly by
the flame from the subsequent explosion, and a loud and
violent explosion takes place which is somewhat alarming,
not only to the driver but also to the public in the neigh-
bourhood. If such an explosion be repeated within a short
interval the cause should be ascertained, and remedied
without delay ; as a rule, no serious harm results from the
silencer explosions. It has already been explained that the
application of the term back-fire to this kind of explosion
is incorrect.
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Silencer explosions of a less degree of violence some-
times occur through the undue retarding of theignition. In
this case the exhaust valve opens before the explosion is
complete, and thus part of the explosion takes place beyond
the exhaust valve. This is, as has just been explained,
destructive, and it must be at once remedied by properly
advancing the ignition.

If it is attempted to control the engine by cutting off the
spark instead of using the throttle, silencer explosions are
very likely to occur, as, in this case, with each successive
suction stroke fresh gases are drawn into the cylinder, and
must of necessity pass un'ignited into the silencer, where if
the temperature is sufficiently high they will explode.
Attempting to control the running of an engine by cutting
off the spark is to be deprecated ; it is, however, 8 method
very commonly in use in connection with motor-cycles, the
result being the popping which is so disturbing to the nerves
of other users of the roads, and especially of the horses.
This popping in motor-bicycles is also produced by the lifting
of tho exhaust valve.

When a motor-cycle is being run through traffic neither
of these methods should be resorted to for controlling the
engine; on the open road it must be left to the choice of
the driver as to which of the several methods at his disposal
he makes use of, but it is important to bear in mind that
several of these methods result in considerable waste of petrol.

3. Water Cooling.—The gilled tube radiator has an
advantage over the honeycomb type in allowing a freer
passage for the circulating water ; it is also very much to be
preferred on the less expensive types of cars, as the honey-
comb radiator, to be reliable, needs to be made with very
great care, and, in consequence, is costly. There is less
liability with the tube form of radiator to leakage than with
the honeycomb, and should leakage accur with the latter it
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is a very difficult matter to remedy it; in fact, it is almost
an impossibility on the road. With a high-claes car, and
where the quality of the workmanship is undoubted, the
honeycomb type has several distinct advantages. It is a
good mechanical job, is an excellent water cooler, and there-
fore reduces the quantity required to the minimum ; it also
has a very neat appearance.

A trouble sometimes experienced with the tube radiators
is the enclosing of a small quantity of air in the bend of one
of the tubes. This more particularly happens when filling
the water tank after the radiator has been emptied. The
bubble of air effectually prevents circulation, and a fault
commonly known to motor-car drivers termed Air-lock is the
result ; it very soon makes itself manifest by the boiling of
the water in the upper part, while the lower still remains
cool. An air-cock is usually provided on the top of the
radiator, and opening this may possibly cure the trouble ; if
not, the water must be drained off while the engine is
running, and at the same time the tank must be filled as
fast as the water runs away ; by this means the bubble is
swept out.

The tank needs to be filled from time to time to make up
for evaporation, and when this becomes necessary it is
important to use only pure water, preferably rain water.
Care should be taken, too, to see that it is clean, and contains
no floating organic matter. This precaution is all the more
important with the honeycomb type of radiator, as the spaces
through which the water has to circulate are extremely
small.

As the function of a radiator is to disperse as rapidly as
possible the heat brought into it from the engine, anything
that helps to increase its radiating power must be an advan-
tage ; all parts of the radiator must, therefore, be made a
dead black. It is not unusual to see honeycomb radiators
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with a very bright surface ; this, of course, looks very nice,
but polished metal is a bad radiator of heat, and metal with
a dead black surface is the best possible radiator.

It should be remembered that when a car is running with
the wind there will be very little air passing over the radiator
tubes. In this case it may be necessary so to arrange the
running of the engine that the least possible heat is gene-
rated : this especially applies during hot weather.

Overheating of the engine may arise quite independently
of the efficiency of the water-cooling arrangements ; over-
lubrication, too rich a mixture, the persistent slipping of the
clutch, and the working of the engine at a poor efficiency,
from whatever cause, are the more usual reasons. In some
cars there is an especial tendency for the engine to overheat
when hill climbing, and at all times it is necessary to keep
the possibility of overheating in mind ; for should this occur,
and no immediate cause or remedy be apparent, the engine
must be given a rest to allow it to cool down.

During the winter, frost requires to be specially guarded
against. Should the water in the water-jacket of the engine
freeze, the result will be that the iron casting will burst ; the
only remedy for this is a new cylinder, a serious and expensive
matter. If, therefore, the car, when at rest, is exposed at
any time to frost the only real safeguard is to empty the
water-jacket and radiator. When at home it is best to
arrange for the heating of the motor-car house; but when
away it is not always possible to find the necessary means,
and too strong a word of caution cannot be given in this
connection, as the expense and inconvenience of a burst
water-jacket is no small matter. A distinctly ingenious
method of repair has been recently described : a saturated
solution of copper sulphate was introduced into a cracked
water-jacket, and this trickling through the crack deposited

a coating of copper, which by degrees filled it up. It took
Q
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some three or four days, however, before the deposit of
copper effectually stopped the crack, so that such a process
ts distinctly tedious.

One very common cause of leakage in the water circulating
pipes is due to a rigid connection to the radiator. The vibra-
tion of the car, which is inevitable, causes the pipes to shake
to such an extent that in course of time a crack appears at
one of the fixed ends, generally that attached to the radiator.
In most recent cars the practice has been adopted of attaching
the circulating pipes, which are made as short and as light
as possible, to the engine and radiator by means of short
lengths of stout rubber hose, some three or four inches long ;
the vibration is thus absorbed and leakage prevented.

The weight of water required for cooling purposes on a
petrol car is a distinct consideration, and for this reason the
honeycomb radiator is preferable to the tube, as the cellular
formation provides a very large area for cooling purposes,
and the quantity of water required is proportionately
small.

Occasionally when the cooling water refuses to circulate
the fault is to be found in the pump, and it is a good plan to
run the engine a short time before commencing a journey, to
ascertain that the circulation is perfect; a few minutes only
are required for this, and much trouble and vexation on the
road may thus be avoided.

4. Lubrication.—To many a beginner unacquainted
with machinery, and particularly engines, the supply of
lubricating oil seems to be as important as the provision of
petrol itself. Troubles of all kinds are frequently put down
to want of lubricating oil, which is accordingly supplied
superabundantly, thus possibly aggravating the very diffi-
cuity which it is supposed to remedy. While it is quite
proper to be particular about the provision of a sufficient
and regular supply of oil, yet its true function simply as a
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lubricant should not be confused with the fuel properties of
the petrol.

It must already have become apparent that much trouble
may be experienced through the use of unsuitable oil ; the
driver of a motor-car should therefore make himself ac-
quainted, as early as possible in his career, with the dif-
ferent qualities and properties of the oil used in motor-car
work.

The special characteristics of lubricants which are of
interest to the driver will now be briefly noticed. In the
first place animal and vegetable oils are not suitable on
account of their ready decomposition at high temperatures,
and the consequent production of corrosive acids and pitch.
Although possibly they might be used for the bearings which
ran cool, there can be no point in employing them, as quite
satisfactory (if not superior) results are obtained with the
mineral oils. It is probably within the experience of most
readers to have observed that animal and vegetable oils have
a corrosive action upon brass; the verdigris which is so often
observed on brass bearings where this class of lubricant is
used is due to the action of acid on the copper..

One very important property of lubricating oils is that the
higher the temperature to which they are submitted the
more fluid do they become, until at last highly refined oils
pass off entirely into gas; thereis no residue liable to become
- charred into a hard carbonaceous deposit. The heavy crank
chamber oil which is nsed in the cylinder becomes at the
temperature of the cylinder walls as fluid as ordinary house-
hold paraffin ; the lighter oil, too, used for lubrication of the
bearings, also becomes considerably more fluid when in use
in the warm bearings.

The converse is also true, namely, if the temperature is
lowered the oils become more viscous; for this reasonm, in
some makes of car, devices have been adopted for warming
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the oils before they pass through the sight-feed lubricators.
By this means the fluidity of oils is approximately the same
whatever the atmospheric temperature may be, and the rate
of drop recommended by makers may be always regulated
to the same. If an engine is just starting up from cold,
setting the sight-feed lubricators to work at the normal
rate before the oil has become warm will necessitate further
adjustment later on when the temperature of the oil has
risen.

After a certain degree of cold has been reached all oils
“sget,” or lose their fluid condition ; the Setting-Point varies
considerably with different oils, Most oils used in connec-
tion with motor-cars should set at a temperature between
30° and 40° F.

The suitability of oils required to stand a high tempera-
ture is ascertained by the Flash Point. When oilsare slowly
heated to a high temperature a thin smoke is given off after
a time, which, on the application of a flame, takes fire with a
quick flash. The temperature that gives rise to this smoke
is termed the flash point; it is, of course, possible to heat
the oil still further, so that on applying a flame it takes fire
and burns continuously ; this is called the Burning-Point.
It is important to use oils of high flash point for cylinder
lubrication, and those supplied for this purpose range from
550° F. to 450° ', the former being for air-cooled engines and
the latter for water-cooled engines.

If the reader has no previous knowledge of lubricating
oils for such a purpose he cannot do better than make
careful inquiries as to the make, quality, and nature of the
oils recommended for various parts of the machinery by the
maker of the motor-car, who, generally speaking, has no
direct interest in the sale of the oil.

The importance of lubricating machinery has led to the
exercise of & considerable amount of ingenuity in devising

.
N SO
....
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gimple and convenient lubricators. Of the varions systems
in use may be instanced :

(1) The 0:l Bath, used with the change-speed and differ-
ential gears ; in this the parts to be lubricated are actually
immersed in a bath of oil.

(2) Splash Iubrication, used for the cylinder and crank

chamber.
(3) Forced Lubrication, which consists of a small pump

supplying oil under pressure through tubes to the different
bearings.

(4) Ring Lubrication, which is commonly used for the
main engine bearings; here a ring is suspended from the
journal in a recess provided in the brass and dipping into a
small reservoir of oil below the bearing. The rotary motion
of the journal causes the ring to revolve, and thus a con-
tinual supply of oil is brought up from the reservoir below
to the bearing.

(5) Sight-Feed or Drip Lubrication : in this case oil is
brought from a tank and distributed by means of pipes to
the various bearings, the supply to the pipes being through
gless tubes arranged with an adjustable valve, through which
the oil passes in drops, the number of drops per minute
being regulated by a milled headed screw. Occasionally
some of the separate bearings have an independent sight-
feed lubricator with a reservoir of oil, dropping tube and
adjustable screw.

(6) Automatic Lubrication has been introducetl on some
of the leading cars; with this no attention is required for
the regulation of the supply. When the engine is running
oil is distributed from a central tank through distribution
tubes to each bearing with perfect regularity, by means of
a revolving spindle running in conjunction with the engine,
and provided with little cups or recesses which dole out the
oil according to the speed of the engine.
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7) Grease Lubrication has many advantages for such
parts as do not need very close and careful attention. A
special lubricator is designed for use with grease ; that most
commonly known is Stauffer's Lubricator. It consists of
a cup containing the grease provided with a screw cap; @
hole in the base of the cup leads to the journal; by small
turns of the cap some of the grease is squeezed into the
bearing. A very small movement is sufficient, as a rule only
about a quarter of a turn is necessary, when running, for
every hundred miles ; but a slight turn should be given every
day before starting. One advantage possessed by this lubri-
cator is that should the bearing get hot the grease melts and
runs down over the bearing. As the vibration of the car
tends to shake screwed parts loose, several grease lubricators
have been devised with self-locking caps.

If by any chance through the supply of grease running
short it becomes necessary to use oil with this type of
labricator, it is important to see that the hole passing
from the cup to the journal is free from grease ; otherwise
the oil will be effectually prevented from penetrating to the
journal. A small quantity of finely powdered graphite may
be mixed with grease lubricants with advantage. Graphite
is an excellent lubricator, and some fifteen per cent. of it
thoroughly incorporated with the grease is useful.

An important point to be remembered is, that cotton waste
or cloths soaked with oil are liable to spontaneous combus-
tion ; care should, therefore, be taken not to store for any
length of time any quantity of this material ; either the
waste should be thrown away or burnt, or the cloths, if of
any value, cleaned. Several motor-car fires have arisen solely
from this cause ; the oily waste has been put into one of the

tool boxes, and allowed to remain there until the heat
generated by the oxidisation of the oil actually casued them
to break into fiames.
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" 5. Governing and Control.—In the handling of a
motor-car, the governing or control forms one of the most
important and difficult of problems; the speed of the engine
needs to be controlled quite independently of the speed of
the car; at times great power, which means full speed, is
required from the engine; while slow speed is necessary in
the car; at other times the high speed of the car requires
only a relatively small amount of power; it is these con
flicting conditions that make automatic control impossible.
As we have already seen, a governor is provided for keeping
the speed of the engine within limits independently of other
conditions, and also independently of the driver. This,
however, is not of any great value in the actual handling
of the car, as it acts chiefly in the capacity of a safety check
in the event of the speed of the engine tending to rise to
unsafe limits. The speed of a car sometimes needs to be
increased with great rapidity, and the engine has to be called
upon for its full power ; for this purpose an Accelerator is pro-
vided, which takes the form of a pedal in front of the driver;
this, acting through a series of rods or flexible wire, prevents
the governor from closing the throttle-valve. This piece of
apparatus is used when the full power of the engine is
required, such as when mounting a hill. It is also most
convenient for slowing down and for accelerating the speed

of the car whilst threading a way amongst traffic.
Apart from the governor the speed of the car is controlled

primarily by three methods: by the nse of the throttle, the
advancing and retarding of the spark, and the variation of
the mixture of petrol vapour and air. If the throttle is to
be used for controlling the car independently of the governor,
special provision needs to be made so that the governor is
independent, and able to cut down the speed of the engine
if it rises substantially. The advantage of using the throttle
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is, that by a simple movement of the lever the power of
the engine and the speed can be controlled within fairly
wide limits. It has the disadvantage, however, that when
the throttle is closed the compression in the engine is reduced,
and thereby the fuel efficiency of the engine is also reduced.
It has already been pointed out that the higher the compres-
sion, provided no risk of pre-ignition is run, which practically
determines the limit, the more efficient will be the engine;
however, although the fuel is used wastefully, yet the silence
of working and ease of control renders this method of special
value when running throngh traffic.

Varying the lead, or advance of the spark, is more espe-
cially useful for securing higher power when the engine is
running at a high speed. It is necessary to remember that
the actual time taken between the contact established in the
battery circuit and the ignition of the gas in the combustion
chamber is very appreciable, and for this reason a lead is
always given to the contact-maker when the advancing and
retarding lever is in the mid position. A

This can be readily explained by a reference to Plate VI.
In Fig. 20 the crank is shown at the dead point, the contact-
maker will be observed just touching the spring or brush;
in other words, at this moment the spark will be formed in
the combustion head. Were it not that the explosion occu-
pies an appreciable time, and that the crank and other moving
parts of the engine are being carried round by the momentum
of the flywheel, no motion would be given to the crank. = In
consulting this diagram, therefore, it will be remembered
that although for convenience it is shown on the dead point,
the explosion will actually be effective. The two remaining
figures show the contact-maker in a position necessary to
secure the advancing and retarding of the spark. For con-
venience the contact-maker has been made movable, while
the brush is fixed. In actual practice it is almost invariably
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the case that the brush spring is movable, while the contact-
maker is rigidly fixed to the half-speed shaft.

In Fig. 21 the contact-maker has been rotated backwards
to the extreme end of the slots. The contact between the
spring and the brass contact piece will, therefore, take place
after the crank is long past the dead point, in other words
by making the contact late the spark is retarded. Fig. 22
shows the contact-maker rotated forward to the end of the
slots ; thus the spark will occur before the crank reaches the
dead point ; in other words, the spark is advanced.

As a matter of fact, in the normal position the contact
with the spring is generally arranged to take place a little
before the crank reaches the dead point, owing to the loss
of time which results between the actual making of contact
and the occurrence of the full force of the explosion. The
greater the speed of the engine the more important does
this time-lag become, and it is for this reason that the
advancing of the spark as the speed increases becomes so
essential a part of the engine control.



CHAPTER III—ELECTRICAL IGNITION

CONTENTS : — Wiring—Spark-Plug — Battery — Induction Coil—
Commutator—Testing for Faults—Battery

WHEN trouble arises with the working of an engine, in the
great majority of cases the fault will be found in connection
with the ignition ; electricity, especially high-pressure elec-
tricity, has a way of finding paths for itself which it is not
intended to run along, and the flow along the proper path is
readily interrupted if proper care is not taken.
Faults are most likely to occur in the following order in

the

(1) Wiring.

(2) Spark-Plug.

(3) Battery.

(4) Induction-Coil.

(5) Commutator.

(1) Wiring.—Dealing with these in turn the special
points it is necessary to bear in mind are the facility with
which a low-pressure circuit is broken or interrupted, and
the ease with which the high-tension current manages to
leak across insulating surfaces. ‘¢ Short circuit ” and leakage
have also to be guarded against in the low-pressure circuit.

Dealing first with the low-tension wires, it is important
that the metal surfaces and wire ends be thoroughly clean
and securely attached to their various terminals; also that
the terminals be screwed up tight, and that there is no possi-
bility of their working loose; to ensure these conditions
every terminal should be provided with a locking nut. Where
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the wire is attached to the frame of the motor, especial care
must be taken to see that the metal surface to which the
wire is attached is bright and free from rust and scale. It
must also be seen that the piece of metal that the frame
wire is attached to is soundly connected metallically to the
main body of the engine, and that there is an easy path for
the electricity through the journal to the commutator or con-
tact-maker. It occasionally happens that a good metsllic
contact is not made through a journal and bearing, owing to
the fact that the oil makes a continuous envelone around the
journal, and, being an excellent insulator, low-tension elec-
tricity cannot cross the gap; it is unusual in a motor-car to
meet with this difliculty, but should it arise the only alterna-
tive would be a spring contact-piece attached to the brass
sector and rubbing on the journal.

A low-tension current is fairly readily insulated, but
owing to the fact that oue pole of the battery is connected
to the frame of the motor, the wires must be efficiently
covered ; it is usual to employ vulcanised-rubber-covered
wires wrapped in tape and finally braided with jute, and
served over all with black ““ compound ”; the braiding simply
serves to protect the rubber from mechanical injury. It
muet not be forgotten that rubber is highly inflammable,
and also easily melted by heat ; the wires must therefore be
carried as far away from any hot metal as possible. It has
become customary recently to enclose all the low-tension
wires in a brass tube, leaving only a few inches of the in-
sulated wire exposed near the several contacts; this is an
excellent plan, the straggling wires to be seen on a car of
only two or three years ago looked most untidy, and were
the cause of a great deal of trouble. The sum of our con-
siderations then with regard to the low-tension wires is that
all contacts must be clean, all terminals tightly screwed up,
and the insulation peifect.
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With the high-tension wires the conditions are somewhat
different. Although it is highly desirable to see that all con-
tacts are clean and carefully made, the high-tension current
will jump across a fairly considerable gap, and, curiously
enough, a gap is sometimes of distinct advantage, as we shall
see later. The insulation of the wires becomes a question
of importance, and high-tension wires generally have a
much thicker rubber insulation than the low-tension wires ;
it is usual, too, to provide a covering of rubber alone without
tape and braiding ; extra care is, therefore, necessary to keep
‘the wires away from any hot metal and from positions where
mechanical injury might result. Here again it has become
customary to enclose in a tube the wires passing from spark
coils to the various cylinders.

As the spark will jump a considerable distance, and one
end of the coil is attached to the frame, the insulation of the
wire must be excellent, and the wire itself must not approach
tao closely to any of the metal work on the engine by which
the electricity could escape or pass by a short path instead
of through the spark-plug.

The thick insulation of these wires is liable to deteriorate,
especially if not of the best quality, and, may be, cracks will
form. If these cracks become filled with dirt or moistare a
leakage of the electricity is likely to occur, and the spark at
the plug, if not actually stopped, will be weak. The chief
points to be guarded against with the high-tension current,
therefore, are leakage across dirty or damp surfaces, and
jumping across small gaps and escaping to the frame of the
engine or “ earth.”

A word regarding the preparation of wire ends may be
useful. When the end of an insulated wire needs trimming
'for attachment to a terminal, it is best to cut back the in-
sulation completely for about an inch; and if the wire is
taped and braided, the braiding should be removed, and the
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tape peeled off the rubber carefully for another half-inch,
without cutting or injuring the rubber. The wire will pro-
bably have a thick coating of rubber, and the conductor in
the centre will be stranded or composed of a bunch of small
wires; to cut the rubber off, a circular cut should be made
with a sharp penknife one inch from the end ; the cut shounld
penetrate the rubber, but not injure the wires. A longitu-
dinal cut should then be made from the circular cut to the
end with the point of the knife; to do this the wire will be
laid on a piece of wood and the cut made downwards, care
being taken, as before, not to damage the wires; if the cuts
have been neatly made the insulation can be readily peeled -
off. The wires should now be lightly scraped and then
twisted tightly together, and to keep them from spreading
or straggling it is best to solder all together; straggling
strands are apt to touch across terminals and cause leakage
or “short circuit.” If a small “flexible” wire is being
cleaned, the cotton insulation is best cut gently with a sharp
knife, and scraped off till the conductor is free. If cotton
or rabber is allowed to remain on the wire end it may effec-
tually prevent coutect being made with the metal of the
terminal. Although a high-tension current will overcome
most obstructions, the same precantions should be taken to
secure a good metallic connection throughout.

(2) Spark-Plug.—In the spark-plug two things have
especially to be guarded against—surface leakage and dirty
contacts. The high-tension current passes with great facility
over a considerable surface, if moist or dirty ; the insulating
surface, therefore, between the terminal and the metal part
of the plag must be thoroughly clean, and also constructed
of suitable material. The plug becomes hot after the engine
has been running for some time ; but before starting it may
be cold, and a thick film of moistnre is likely to form on the
insulator if made of porcelain. For this reason one msker
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has adopted mica for the insulator ; this has not the same
attraction for moisture as porcelain or glass, and, as it is also
fireproof, it makes a perfect insulator for such a purpose ;
after the engine has started and the spark-plug has become
hot there can be no difficulty from surface leakage due to
condensation.

Dirty spark contacts are generally caused by the accama-
lation of oily matter, which, in course of time, becomes car-
bonised by the heat. A spark does not readily jump across
surfaces coated with a film of oily matter; it, however, more
readily jumps across dirty contacts when hot than when cold ;

“and it often happens that while an engine has been running
without fault one day, when an attempt is made to start the
next day failure results simply through dirty contacts. The
remedy is to take the plug out, and clean the contacts with a
piece of sand or emery paper.

To get over this difficulty of dirty contacts, which is by no
means uncommon, many drivers employ what is termed an
External Spark Gap; this consists of interposing between
the high-tension conductor and the spark-plug terminal a
spark gap formed by two pointed screws with the points
separated about 44 inch. It would be difficult to explain to
non-technical readers the action of this gap, but it has the
effect in practice of causing the spark to jump across dirty
contacts more readily than would be the case without it. If
required it can be placed in such a position in front of the
driver that the sparks can be seen, and if there is failure at
any of the cylinders with the sparking arrangements, the
driver becomes aware of the fact at once. The spark gaps
can quite as readily be attached to the induction-coil as to
the terminal of the spark-plug.

(3) Battery.—Trouble with the ignition arising from
battery faults will be dealt with on page 119. It is
cnstomary and wise to carry two batteries, so that if that in

-~
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use fails, the second can be substituted by turning the handle
of the two-way switch.

(4) Induction-Coil.—Faults at the induction-coil are
most likely to occur either at the terminals or at the contact-
breaker, If a fault arises at a terminal, this can be readily
ascertained by inspecting the connections and seeing that
the screws are tight.

The fault at the contact-breaker will most likely be due to
want of adjustment in the contact screw, for the platinum
contacts gradually burn away through the sparking, and
need to be adjusted from time to time; eventually new
contacts will have to be provided. When purchasing in-
duction-coils it is desirable to see that substantial pieces of
platinum are provided at the contacts; otherwise the need
for new ones will arise within a very short time. When
adjusting the screw care must always be taken to see that
there is sufficient play for the trembler, and that it moves
neither too fast mor too slow. Very occasionally trouble
occurs through the platinum pieces becoming loose and not
making proper contact either with the adjusting screw or
with the steel spring; if such trouble arises, the defective
part must be removed, and the loose platinnm secured by a
few taps from a hammer. It is wise to carry a complete set
of spare pieces for the induction-coil, so that any faulty part
can be quickly replaced without delay.

To prevent any possibility of surface leakage, the upper
part of the coil between the terminals must be kept care-
fully cleaned. The windings inside the coil occasionally give
way, and in this case it is strongly recommended that no
attempt be made by an inexperienced person to remedy the
trouble ; much the safest, as well as most economical, way
in the end, will be to send the coil to the maker to be
overhauled and repaired.

(5s) Commutator.—Trouble with the commnutator is most
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likely to arise either through want of connection between the
journal and bearing (as already described), or through a film
of metal dust forming on the fibre in the neighbourhood of
the contact piece, thus causing early ignition; the remedy
for this is to see that the surface is kept clean. The trouble
is not nearly so likely to arise with the low-tension commu-
tator as with the high-tension distributor, which needsa very
small accumulation of metal dust to cause the spark to jump
considerably earlier than it should do. This difficulty has
recently been got over by combining the spark gap with the
high-tension distributor ; thus the metal contact piece does
not actually touch the various connectors, but approaches it
within a short space, and the spark jumps across the gap:
this is an excellent method of solving the difficulty.

(6) Testing for Faults.—In the event of the car stop-
ping, it is best at once to turn attention to the ignition, as in
nine cases out of ten the fault will be found in this connection.
First, the spark should be tested; if the attachment of the
wires to the spark-plug can be easily disconnected the simplest
way will be to detach it from the terminal, and, holding it by
the rubber insulation a little distance back from the bare end,
the engine is then turned so as to make contact, and the
bare end should be approached to the body of the engine.
If a clear bright spark about half an inch long jumps across
the space it is most likely that the fault is not in the ignition ;
however, this is not certain, and before it can be definitely
decided the state of the battery must be known, and it must
also be certain that the wires and connections are all in good
order.

If the spark seems all right, a loose contact may possibly
be the cause of the trouble, and it is the quickest if this is
suspected, to pass quickly over all the terminals and see
that they are screwed down tight. It very occasionally

" Wappens that one of the wires is broken inside the insula-~
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tion ; in this case it is difficult to trace, and if all other
efforts to ascertain the cause of the failure have been unsuc-
cessful, the wires should be replaced one by one, it being
desirable to carry a set of spare lengths for this purpose;
with ends ready trimmed.

If the connections are in order it is well to remember
that the spark does not jump so readily across the spark
points inside the cylinder -when the charge is under compres-
sion a8 in the open air; and it may be that while a fair
spark is given outside, the force may be insufficient to over-
come the resistance inside ; it is possible, therefore, to have
the spark points too far apart; the correct distance is about
¢ of aninch. A thin film of oil on the points will also
greatly decrease the power of the spark to jump across the
small gap. For these reasons a coil giving a }-inch spark
in the air is necessary to ensure the spark jumping over
one-fourth of the distance in the cylinder. If a spark-plug
is suspected as being the cause of the trouble it is best to
substitute a spare one, and thus avoid delay in attempting
to find the remedy on the road.

It has been stated that the spark should be bright, and
when considering the principles of the induction-coil we
found that although the spark from the induction-coil would
pass without the aid of a condenser, yet the effect of adding
the condenser was greatly to increase the intensity of the
spark. If the spark lacks intensity when testing, it may be
that some fault has occurred to the condenser, and, if handy,
a spare one should be connected between the trembler-spring
and contact pillar (se¢e Fig. 12). A thin spark may also be
due to a feeble battery, and if the remedy is not found it may
be necessary to run with the compression cock slightly open,
80 as to assist the spark to jump the gap.

If the high-tension wire is not readily detachable from the
spark-plug the spark test may be carried out by bringing

H
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a piece of stout wire from the frame of the machine to
within a short distance of the terminal. Good connection
must, however, be made to the body of the machine first;
otherwise a severe shock to the operator will result.

(7) Battery.—Charging Arrangcments. However con-
veniently one may be placed in the neighbourhood of a
garage or other place where accumulators can be charged,
occasions are certain to arise when a knowledge of how to
connect up the cells and put in the charge is essential.

The most usual method is to take a supply from the
electric lighting street mains, and connect the battery in
circuit with some lamps. The number and power of the
lamps will depend upon the voltage of the circuit and the
charging rate of the battery. We will assume that a four-
volt battery is to be charged from a 200-volt lighting circuit,
and that the charging rate is three amperes. To get
approximately the right current through the battery it will be
necessary to use ten 16 c.p. lamps, each taking } of an ampere.
It is, of course, possible to charge the battery at a much
lower current, but the time taken will be proportionately
longer: if the capacity of the battery is 16 ampere-hours,
three amperes will charge it in, say, six hours. If unable
to connect it on to a circuit in series with ten 16 c.p. lamps,
it can be charged at the rate of 1 ampere, giving it about
18 hours’ charge, with, say, four 16 c.p. lamps ; in this case
the cells might be connected in the evening and left all
night.

Possibly the simplest way of connecting up to an existing
circuit is by means of a switch; if the switch cover is
removed, the wires can be hooked into each of the contact
pieces, and brought to the battery, and charging can be
started forthwith on connection being made, the switch, of
course, being left «off.”

It is of the greatest importance that connection is made
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properly, that is to say the positive wire of the lighting
circuit must be connected with the positive pole of the
battery. There is generally no difficulty in ascertaining the
polarity of the battery to be charged, asthe poles are painted,
positive red, negative black or bright blue; even if not
painted they are generally marked with a plus or minus sign.
Should none of these distinguishing marks be visible, an
inspection of the plates through the transparent celuloid
sides of the box will enable the connection of the brown or
positive plate to one of the terminals to be traced. The
chief difficulty will be found in ascertaining the polarity of
the charging current, especially when this is taken from the
street service. The simplest way to ascertain this is by
means of a piece of ‘pole-testing paper” which, when
moistened and touched by the two wires leading from the
switch will turn a carmine colour on the negative pole. The
wire giving rise to the carmine colour must be attached to
the negative pole of the battery, that is to the grey spongy
lead plate.

If positive is put to negative, the battery will simply assist
the lighting circuit in making the lamps extra brilliant until
the cells have been thoroughly discharged ; after this the
current will then continue to flow through the battery and
charging will have begun in the wrong direction, that is
to say the positive plate will become converted into the
spongy lead and the negative plate into per-oxide of lead;
this ‘ reversing ” of a cell is very damaging to its constitu-
tion. If pole-testing paper is not available, two little pieces
of lead dipped into acidulated water will answer the purpose
equally well ; that becoming brown is attached to the positive
wire.

In the absence of a pole-tester or pieces of lead and the
necessary acid, it may be more convenient to ascertain the
current direction by means of a8 magnetic needle. In this
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oase the following mnemonic rule should be helpful. A
single wire will be carried close over the magnetic needle and
parallel to it, and will cause the needle to deflect either tothe
right hand or to the left as soon as current is turned on. It
must be understood that a single wire conveying the current
has to be carried over the needle; not a piece of flexible
with current flowing in the two conductors, because the
action of one would neutralise that of the other. It is, of
course, necessary that connection be made through the
lamps which are to be used in series with the battery when
charging, a direct connection of the two wires without the
lamps would cause a big flash and the fuses on the distribu-
tion board would burn out.

Let us assume that the wire passing from the right contact-
piece of the switch is carried over the needle from the South
to North and thence to the left contact-piece as soon as the
contact is established ; we will also assume that the North
pole of the needle deflects to the West; the right contact
will then be positive and must be connected to the red or
positive terminal on the battery. The mnemonic word which
will enable this fact to be retained is S.N.O.W., that is to
say if the current is flowing from the South to the North
Over the needle the deflection will be to the West. The
carrent is supposed to flow from the positive to the negative,
therefore a deflection to the West of the wire will always
prove that the terminal or contact from which the wire is
brought to the South end of the needle is positive. If the
deflection happens to be to the East instead of to the West
the terminal will of course be negative and will have to be
connected with the negative terminal of the battery.

A word of caution is necessary regarding the use of
current from the lighting circuits as, particularly in Lon-
don, quite half of the Central stations supply alternating
erent instead of direct or continuous current. This alter-
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nating current is quite useless for charging motor-car bat-
teries. Either the pole-testing paper or the little plates of
lead will serve as a sufficient indicator of an alternating
current, as it will not be possible to distinguish one wire
from the other if the current is alternating.

In country houses with a private installation possibly the
best plan is to connect the two-cell battery up to three
cells of the lighting battery, positive plates to positive plates
as before. In this case, however, it will be necessary to
insert a small adjustable resistance and also a little ammeter
in the circuit ; the current should be kept adjusted to about;
the normal charging rate by varying the resistance. If the
lighting battery is small, and the motor-car battery large, it
will be best to take current from the regulating cells of the
house battery, as these are, generally speaking, less used
than the remainder of the cells; they may also be charged
at the same time as the lighting battery, being connected
and the resistance adjusted as before. With a private
house installation it may be safely assumed that the current
is direct.

In most town installations current is now supplied at about
200 volts; some few are still supplied at 100 volts, which
was at one time fashionable, but a considerable variety of
voltages are actnally in use at the present day, 100, 110,
200, 220 and 230 being the more common. In estimating
the number of 16 c.p. lamps to place in series with the
battery when charging it will only be necessary to know
whether the voltage is in the neighbourhood of 1c0 or 200, as
for all practical purposes the same number of lamps will snit
for the odd figures. We have already seen that about ten
16 c.p. lamps are necessary on a 200-volt circuit when charg-
ing a battery at a normal rate of three amperes. If the
voltage of the circuit is 100. five lamps only will be necessary
to give three amperes through the battery. Very occasion-
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ally a 50-volt battery is found in a private house; in this
case five 8 c.p. lamps will give the required current. To
ascertain the voltage of an installation it may be necessary
to detach one of the lamps; the voltage and c.p. will then
be seen frosted on to the clear glass near the brass collar.

It will now be instructive to follow the charging of a
battery from the beginning ; we will assume that a two-cell
battery is to be charged from three lighting cells at 3
amperes. The positive pole of the charging cells, as we have
learnt, must be connected to the positive pole of the ignition
battery, and the negative to the negative for the purpose of
charging. If we bad the means of testing the specific
gravity of the electrolyte or acid we should find, if the cell
has been fully discharged, that it would be about 1170.

When charging is commenced the resistance is adjusted
till the charging current is 3 amperes at first ; and if a volt-
meter is connected to the battery terminals we shall find
that the pressure is about 2'2 volts per cell. There is no
perceptible difference in the appearance of the plates at first,
but after charging has proceeded some hours bubbles begin
to be given off, and the ammeter shows that the current is
falling and is no longer 3 amperes ; we must, therefore, alter
the resistance so as to bring the current up to 3 amperes
again. Towards the end of the charge gas will be given off
freely from both of the plates, and the free gasing of the
cells is one indication that they are charged; if now the
pressure of the cells is tested with a small voltmeter it will
be found that they are taking about 2'5 volts for one cell,
or 5 volts for the two cells; the charging is now complete,
and they may be disconnected from the charging source.
If now we are in a position to test the specific gravity of
the electrolyte we shall find that it has risen to about 1200
this is another indication that the cells are charged. After
disconnecting the cells it will be found on testing with the

s
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voltmeter that the volts are now only about 2 volts per cell,
and this will be their normal pressure during discharging.
It will perhaps be as well to understand what the gases are
that play so important a part in the process of charging;
that given off at the positive plate is oxygen, and that libe-
rated from the negative plate is hydrogen ; these two gases
when chemically combined—not mixed—form water, and
what really takes place when charging is going on is, that
the current of electricity divides the oxygen and hydrogen in
the water so that they are given off in the form of gas. These
two gases mixed in the proportions given off are highly ex-
plosive, and if a light were to be brought to the little vent on
the top of the cells they would be blown to pieces; care must,
therefore, be taken that no light is ever brought near enough
to these vents to ignite the gases either when charging or
at any other time ; this explosion when the gases are lighted
is the actual chemical combination of the gases forming into
water again.

If we had been careful to keep the current properly ad-
justed to three amperes throughout the charge we should
have found, if the nominal capacity of the battery is 20
ampere-hours, that it would have taken rather more than
seven hours before the plates began to gas freely, as there is
some loss in storing electricity. All cells should be marked
on the outside with the capacity in ampere-hours ; it is un-
fortunately the practice to mark motor-car cells with the
ampere-hours when working with an ignition coil ; this was
a wholly unnecessary and misleading innovation, and when
purchasers are obtaining new cells they must take good care
to ascertain that they are being provided with cells marked
with the actual capacity in ampere-hours,

Battery Faults.—It is always desirable to know before
starting out for a run that the battery contains sufficient
charge ; this may generally be ascertained by the use of a
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small voltmeter and low resistance lamp. First, the lamp
should be connected across the terminals, and allowed to
burn for some minutes before the voltmeter test is applied ;
the reason for this is that when a battery is almost run down
it has the power of recovering its full voltage if allowed to
rest for a short time, and if a battery is tested in this con-
dition it will give the full two volts, or thereabouts, and
the driver has no means of knowing how long the charge
will last. If the low-resistance lamp is connected in circuit
some time before the voltmeter test is made, it will bring the
voltage down to the point reached at this particular state of
the discharge. If, after the lamp has been connected some
time, the voltage falls to less than 1.8 volts per cell, it is a
sufficient indication that the battery has bat little left, and it
will fail before many miles have been run; if a battery is
fully discharged there will be no need to test with the volt-
meter, as the lamp will first glow brightly and then rapidly
fall off to a dull red.

The lamp used with a two-cell battery should be a
4-volt lamp of not less than three-candle power, taking
roughly about three amperes. If a lamp taking a very much
smaller current is used it will need to be on circuit a longer
time before the voltmeter test is made. Really, the only
means of judging the current contained in the cell is by tne
voltage tested on closed circuit, .c., through the lamp
Without this test little indication can be obtained of the
condition of the battery, and, if it is suspected that the
charge is low, it is important not only to know this to avoid
inconvenience, but it is very damaging to the battery itself
to be discharged beyond its proper capacity. Nothing ruins
a battery so quickly as persistently running it right out.
Overcharging also must be avoided, as long gassing tends to
disintegrate the active material or paste which falls to the
bottom of the cells and needs to be removed.
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Faults sometimes arise through the leakage of the electro-
lyte from the boxes, which are generally made of celluloid.
This material has a very distinct advantage in that the plates
can be inspected and the level of the electrolyte readily
ascertained ; accumulators enclosed in boxes of opaque
material shonld never be used. One objection to celluloid,
however, is that it is a rather light material to use with the
very heavy lead plates, and if a battery happens to slip when
being handled the celluloid is liable to be damaged ; if it falls
only for a short distance and alights on a corner, a small hole
is likely to be made, through which the electrolyte will leak
away. Owing to the kind of high-water mark which is left
at the top of the acid, it is not easy to see at a first glance.
when a cell has been completely emptied of electrolyte, and
the author calls to mind a case of this kind where one of the
two cells ran dry and the leakage entirely escaped notice for
a long time ; the cause of the failure of the ignition apparatus
being, of course, a great puzzle.

Another possible fault is a small hole in the partition-piece
between the two cells. Should there be such a hole the two
cells act like one, and the positive and negative plates con-
nected together will discharge themselves at a rate depending
upon the size of the hole. Should a cell run down rapidly
and no cause be apparent, one of the cells should be emptied
completely, and if, after a time, the electrolyte passes from
the full to the empty cell the fault will have been discovered,
and must, of course, be remedied before any satisfactory
result can be obtained.

Occasionally cracks develop in the celluloid. If it is
necessary to mend a crack or a hole, a solution can be made
-of celluloid in amyl acetate, and after the crack has been
-cleaned a strip of celluloid can be glued on with this solu-
tion. Celluloid is very largely used for making photographic
films, and old films may be used in making the solution and
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strips, after the gelatine has been removed. Cellunloid is
highly inflammable and will burn with a very fierce flame;
care must be taken, therefore, never to allow a flame to play
on the surface of anything constructed of this material.

When charging cells in series with lamps of high voltage
every care must be taken that no short circuit occurs or
spark form between the wires in contact with the celluloid,
otherwise a hole will be very quickly burnt in the box.

Battery fanlts often occur at the terminals; the electro-
lyte, being strongly acid, readily attacks the brass termi-
nals, and, if they are not kept clean and protected in some
way from the acid, the contact surfaces are liable to become
so corroded that a good connection with the wires is difficult.
Should corrosion have set in the terminals’ heads must be
taken off and the metal-work thoroughly cleaned before they
are attached again ; all the metal-work, except the surfaces
actually in contact with the wire, should be protected with
special enamel paint, sometimes termed acid-proof paint, or
with a little vaseline. Vaseline and paint, however, are
insulators, and must not be allowed to come between the
surfaces in contact.

After a battery has been in use some time, it will prob-
ably be found that a deposit forms at the bottom of the box,
and if this deposit is allowed to collect to such an extent
that it covers the bottom of the plate, internal short circuit
or leakage between the plates may take place and the
capacity of a battery be very materially reduced. It some-
times happens, too, that, notwithstanding the use of separa-
tors between the plates, some of the active material falls
between the plates and establishes a contact from the posi-
tive to the negative. When trouble arises from either of
these causes, it may be necessary to take the plates out of
the boxes, clean away the deposit, and remove any short
circuiting pieces causing the trouble, but this should only
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be done if vigorous shaking and emptying out the electrolyte
fails to effect a cure. '

Still another fault may arise through the growth of the
positive plate. As lead becomes converted into peroxide of
lead it grows materially in bulk, and if a sufficient space has
not been allowed inside the boxes the growth may cause
them to bulge out and burst; the author has seen several
cases of this kind. In purchasing new cells it is desirable to
see that fair space has been allowed between the edge of the
positive plate and the cells for this growth. When this fault
is met with, there is no remedy but to hand the battery over
to the makers for repair.

Occasionally, through want of proper treatment, such as
allowing the cells to run right out or leaving them discharged
for a long period, the plates “ sulphate” ; this is evidenced
by their becoming coated with a white deposit. When a
cell is badly sulphated the capacity is much reduced, and the
only cure isa considerable overcharge or a succession of over-
charges, that is to say the battery must remain on the charg-
ing circuit for a long time after gassing has begun ; and it
would be well if the charging current employed were less
than the normal, so that the cell may receive a long steady
charge at a low rate.

If it becomes necessary to make up for evaporation of the
electrolyte, pure soft water should be added, preferably dis-
tilled water ; any addition of acid is not to be thought of,
as the quantity in the cell does not diminish.

(8) Magneto.—Although there appears to be so strong a
tendency to adopt the magneto machine in place of the bat-
tery ignition, the former is not without its disadvantages ;
the fact, however, that it does away at once with the trouble
of getting the battery charged at fairly frequent intervals
appeals to all those who have had difficulty through the
cells running down unexpectedly, and also through the
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trouble that often arises from not being able to get cell
recharged just when required.

It is desirable, if not necessary, to be provided with a se
of dry cells or an accumulator in conjunction with the mag
neto. Sometimes it is not easy to start the engine with :
magneto alone, and there is, of course, a possibility that th:
magneto itself may fail ; this latter, however, is an unlikel:
contingency ; and, as sowe of the more recent magnetos hav:
been designed to produce a bright spark at a low rate o
speed the need of an auxiliary battery is not so marked a
with the earlier types, when a useful spark could not b
obtained at a low rate of speed. It is not sufficient to b
provided with a battery only, but there must also be a suit
able induction-coil. If the magneto is so arranged as t
work in conjunction with an auxiliary battery, all arrange
ments will be properly made ; but if, after a car has bee
purchased, it is found that no battery auxiliary is provide
for, and the owner desires to have it added, it would be jus
as well to allow the maker of the car to provide the necessar:
apparatus, as it would be quite impossible for one unskille:
in electrical work to emsure the working together of th
various parts. As an illustration of the difficulty it may b
mentioned that, while a coil may have been made to suit th
magneto, it is quite possible that the windings would b
wholly unsuitable for the pressure given by a 4-volt battery

One disadvantage of the magneto is its expense ; the firs
expense, perhaps, is not a great matter, as it forms only
small proportion of the total cost of the car; the proportior
however, is fairly considerable in the case of a motor bicycle
The running cost, however, is not to be disregarded ; in th
first case, the power absorbed is considerable, and is bein,
continually taken from the power available for drivin,
the car; with battery ignition no power is taken frot
the engine ; again, the energy absorbed costs more than i
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supplied by means of batteries, the undoubted convenience,
however, of the magneto is worth some additional cost. The
power absorbed may be a serious item in small power cars
when surmounting a hill.

Should any breakdown occur to the magneto machine
itself it would be wisest to send it at once to the makers, as

expert knowledge is required to trace out any internal
fault.



CHAPTER IV—THE CHASSIS AND DRIVING-GEAR

CoNTENTS :—Clutch—Change-Speed Gear— Driving Shaft and Chain
—Differential Gear—Brakes—Wheels—Wheel Bearings—Carriage
Springs—Steering Gear—Tyres

(1) Clutch.—Not a few of the difficulties experienced in
running a motor-car arise from faults in the clutch. There
is a certain amount of wear and tear between the leather
facing and the hollow cone into which it beds; this can be
easily understood when it is remembered that the clutch is
allowed to slip when coupling the engine through, and at
other times. This causes wear, and, after a while, there is
a tendency for the clutch to become too fierce ; that is to say,
instead of quietly allowing a steady slip the surface is
gripped suddenly, or ‘seized before the two halves have
attained the same speed ; the objection to this will be at once
clear. Just before starting the engine is running at a high
rate of speed and the car is motionless. The clutch is
allowed to engage slowly, and the surfaces come lightly in |
contact, a certain amount of power is transmitted to the
clutch through the friction of the surfaces, which increases
by degrees as the speed of the car increases.

If the slip continues steadily, according to the degree of
pressure on the pedal, in course of time the car will be
moving at such a rate that the cone of the clutch is ronning
at the same speed as the flywheel of the engine. When
this point has been reached the clutch pedal may be released
and the spring allowed to press the cone home firmly. If,
however, the clutch seizes before the speed of the cone hag




THE CHASSIS AND DRIVING-GEAR 127

risen to the speed of the engine flywheel, a violent jerking
of the car will result ; this seizing of the surfaces is described
on page 70, and is more generally met with when a new
leather facing has been put on to the cone. The only way
to meet the difficulty is to apply the clutch with exceptional
care until the surfaces have settled down to the work. The
tendency to seize may also be modified by a judicious use of
lubricants between the surfaces, but let it not be forgotten
that it is a friction-clutch. It also sometimes arises when
the leather has worn down to such an extent that the rivets,
by means of which the leather is secured to the metal face of
the cone, have become exposed and rub on the flywheel sur-
face. These rivets are generally of copper or soft metal,
which has a great tendency to seize with cast iron, even in
" spite of sufficient lubrication. When fierceness is due to this
cause the rivets must be hammered down until they are well
below the surface of the leather face.

Occasionally fierceness is caused by grit getting between
the surfaces; the only remedy for this is to take the clutch
to pieces and clean it ; too strong a spring is also a possible
cause of fierceness.

Should a clutch have seized so firmly that it is difficult
to disengage the cone, it may be freed by putting in the
high-speed gear, and rocking the car backwards and forwards
by hand.

Any general tendency to fierceness in a clutch must be
carefully watched and guarded against ; otherwise, in cases
of emergency, the fault may involve real danger.

Another fault commonly experienced in the clutch is the
exact reverse of seizing, that is to say, a tendency to slip.
To avoid fierceness it is necessary not to have too great a
thickness of leather on the face of the cone, and as a very
small movement forward will cause the surfaces to engage,
it is obvious that a small amount of wear may possibly pre-
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vent the two surfaces coming into sufficiently close contack
In this case there will be continual slip between the engine
ond flywheel, thus preventing the full power being trans-
mitted to the wheels. Besides reducing the power available for
driving the car, power is wasted in the heating of the clutch
when continual slip takes place; a slipping clutch must,
therefore, be remedied by the adjustment of the parts, or by
providing a new leather face to the cone.

Occasionally slip is caused, not so much by the surfaces
having worn as by the use of too much lubricant on the
leather. In this case a proper degree of grip may be secured
by shaking Fuller’s earth between the surfaces; a small .
quantity only should be used.

Some novices at motor-car driving, who have a knowledge
of machinery and belts, may possibly think of applying
rosin in place of Fuller’s earth or French chalk; this wounld
be a great mistake, as it is difficult stuff to get rid of, and
will cause fierceness.

These remarks apply chiefly to the cone-clutch with leather
face, which is that most largely employed. Many ingenious
modifications of the simple clutch have been devised, but
even in these the same faults are liable to arise, but possibly
in a lesser degree.

In clutches employing metal to metal faces ample lubri-
cation is of great importance, as metal to metal, in the
absence of oil, tends to seize; in this case the friction
generates a high temperature, and the metal actually fuses
together, causing a seizure which it may be very difficalt to
remedy.

Slip is sometimes due to the spring being too weak, and
failing to press the surfaces into sufficiently intimate contact,
in this case the adjusting screw must be tightened up so as
to compress the spring, or a new and stronger spring fitted.

Seeing the importance that this part plays in the manage~
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ment of the mctor-car, it becomes essential that the driver
should by careful experiment and adjustment arrange that
the clutch grips sufficiently and not too readily, and allows
of ready slip without any tendency to seize, and allows also
the full power of the engine to be transmitted without slip
to the car when surmounting an incline. To secure these
results it is necessary that the leather surface be true, and
sufficiently, but not too much, lubricated ; that the rivets
are well below the leather surface; and that the spring is
neither too strong nor too weak. In a car which has been
in use for any length of time satisfactory working of the
clutch cannot be secured unless the engine shaft, and the
shaft to which the cone is attached, are truly centre tocentre
and in line ; trouble is sometimes caused through the wear
of the bearings and the consequent want of alignment of
the two shafts, in this case the bearings must be packed up.

2. Change-Speed Gear.—As with the clutch, the effi-
cient manipulation of the change-speed gear needs practice.
Two rules never to be forgotten are: (1) On no account
must the change-speed gear be moved until the clutch has
been disengaged ; and (2) the reverse must never be brought
into gear until the car has absolutely stopped. It would be
ridiculous to expect to reverse the car until an actual stoppage
has taken place, and a heavy strain will be brought upon the
engine and car, if such a thing is attempted.

When passing from one speed to another it is necessary to
disengage the clutch effectually and promptly, the handle
must then be pressed over firmly and decisively ; there must
be no uncertainty or undue delay, but the two operations
must be separate and distinct. Want of precision will mean
unpleasant grinding of the gear wheels, and delay means
serions loss of way, a matter of considerable importance if
the car be surmounting an incline; the manipulation of

the gear will make all the difference between mounting,
t
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or failing to moant, a steep incline, Every attempt
to mesh the wheels with the clutch partially dis-
engaged will cause a severe grinding of the opposed
edges of -the teeth, and may possibly result in broken
teeth. To facilitate meshing, the teeth of the wheels
are generally rounded off or bevelled so that they will
more readily slip into gear, even though not exactly
opposite,

It is well to bear in mind that the whole of the power is
transmitted from the engine to the driving-wheel through
this gear; it is, therefore, necessary that it should be kept
thoroughly lubricated and clean. For this purpose an
easily removed inspection door should be fitted in the case,
so that the gear can be inspected at fairly frequent intervals.
Dirt must be rigidly excluded from the case; u little road
grit admitted will very soon play havoc with the wearing
surfaces of the teeth. Some wear of the gear wheels must,
of necessity, take place, and renewal will be required from
time to time; it is difficult to state any rule in this connec-
tion, as so much depends upon the quality of the material
and workmanship, the amount of use to which the car is
put, and upon the care exercised in its management and
manipulation.

The spindle bearings will need to be kept clean and free
from grit, and shounld any undue wear take place it will be
necessary to have them rebushed ; otherwise there will be a
leakage of oil from the gear box.

3. Driving-Shaft and Chain.—The universal joint at
each end of the driving-shaft should be protected from access
of road dust. The only satisfactory way of securing this is
by enclosing them in a kind of bag of waterproof material
tied at hoth ends, sufficient room must be left in the bag to
admit of the full play of the joints; covering the joints in
this way must not lead to the omission of the necessary
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oiling ; much oil, of course, is neither necessary nor desirable,
as the amount of movement that actually takes place is
small. The oiling, however, must not by any means be
neglected, as a continual revolution of the parts will mean
wear and tear and loss of power if neglected.

In a chain-driven car, where the chain runs in the open,
as is almost invariably the case, dirt must be excluded so far
as possible from the wearing surfaces. This is generally
effected by immersing them in melted fat or tallow that sets
at ordinary temperatures. If the treatment has been pro-
perly carricd out in the first case, there is no need to give
any special attention to the chains until some two or three

thousand miles have been covered ; after this it is best to
remove them and wash them thoroughly in paraffin until

all grit and grease is removed. When clean remove the
chain and wipe off all the paraflin, then immerse in a bath of
hot tallow, and when thoroughly soaked the tallow is allowed

to set before the chain is removed; by this means all
interstices will be filled with the colid fat. It is an advantage

to mix a small quantity of plumbago with the tallow ; but
it is not easy to get it to enter the joints, as it tends to sink
to the bottom of the pan. Although the use of tallow for
lubricating chains is generally preferred, an excellent lubri-
cant is formed by making a paste of paraffin and plambago,
and applying it to all the rubbing surfaces by means of a
brush. If only the plumbago can be made to adhere suffi-
ciently to the surface it makes an ideal lubricant, as dust
does not stick to it.

The adjustment of a chain needs care ; if too tight, power
is lost through undue friction, and a breakage is not unlikely.
On the other hand, if it is too loose, a breakage may also
result ; and should the chain cause a ““knock ” at any time
through the jumping of a tooth this is a sure sign that it is
dangerously loose, A broken c¢hain when a car is running
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st a high speed, or going up hill, may cause a serious
accident.

A rod or stretcher bar, with necessary adjusting nuts, is
provided, so as to enable the tightness of the chain to be
adjusted, and also to prevent varying tension, which would
otherwise be caused by the rise and fall of the frame on
the springs. After a car has run for some distance it will
be found that the chain has become somewhat loose through
stretching, or, in the case of a new car, through the wearing
into place of the various parts; when this occurs the slack
must be taken up by lengthening the bar. If stretching of
the chain is considerable, it may be necessary to shorten it
by taking out a complete link.

Wearing of the pivots and links is, of course, inevitable,
and a fairly frequent inspection must be made to see that
none of the pivot holes have worn unduly ; if either pivot
or pivot holes have worn to any appreciable extent new links
or pivots should be substituted. If a complete spare chain
is not carried with the car it is essential that at least one or
two spare links and pivots are always ready to hand.

4. Differential Gear.——When used in conjunction with
the chain-drive the only points to be observed in the manage-
ment of the differential gear are that the lubrication is
attended to, and that inspection of the parts is made from
time to time, to see that all is well.

Used in conjunction with the Cardan shaft, however, more
attention is needed. In the first place, the great objection
to the use of the direct drive is that to enable the differential
gear to operate, the main wheel axle has to be divided into
two parts. This, mechanically speaking, is a great disadvan-
tage, as, should any heavy strain come upon the rear wheels,
the compound axle is not unlikely to be bent ; should this
happen, it is a very difficult matter to get it straightened
until the car has been sent to the repairing shop, and even
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then, unless it is done with considerable care, it will fail to
run true, thus causing excessive wear in the differential gear.
If, however, the design of the axle and gear is good, the
divided sbaft will be constructed of such mechanical strength
that bending is not likely to occur.

It is of the first importance that the differential gear
should be well made and the teeth truly cut. If there is
any undue friction the road wheels will not be entirely free
to turn irdependently of each other as they should ; any
want of freedom in this respect will result in undue wear
and tear of the tyres—an expensive consideration. This
will be better understood if the action of the gear is clearly
comprehended. The simplest way to see how the apparatus
works is to “ jack ” np the hind wheels, so that they can be
freely turned by hand, and see that the bearings are free
and well oiled.

First, place the change-speed gear in the neutral notch,
then rotate the Cardan shaft by hand in the customary direc-
tion ; it will be found that both wheels will revolve in the
same direction forward and at the same speed.

Now hold one of the wheels, and rotate the Cardan shaft
as before; the free wheel will revolve forwards. Fixing
the second wheel and revolving the Cardan shaft will cause
the first wheel to revolve in the same manner.

Again, fix the Cardan shaft by placing the change-speed
gear on the low speed; also let in the clutch, then rotate
one of the driving wheels, and it will be found that the other
revolves in the opposite direction; the same holds good
whichever wheel is rotated.

It will thus be seen that while the two wheels are quite
independent of each other, they are equally driven through
the Cardan shaft and gear. Now apply these experiments
in practice.

If & car is going straight forward, the two wheels are
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revolving at the same rate, and are receiving an equal smount
of power from the engine. If the car is turning a corner
the outer wheel will tend to move at a greater rate than the
inner ; this it is free to do owing to the differential gear.
Ordinary carriage wheels are quite independent of each
other. Assume for a moment that the differential gear
itself is not in good order, and there is undue friction
between the toothed wheels ; the tendency will be to rotate
the inner wheel at a faster rate than it really requires to
be travelling, and to prevent the outer wheel from turning
at the speed required; this will, of necessity, lead to a
grinding action between the tyres and the road, and will
also mean loss of power in the differential gear itself.

These facts demonstrate the necessity not only for taking
care when the car is purchased that the differential gear is
accurately made, but also that it receives attention from
time to time in ordinary use, so that any undue wear may
be quickly detected, especially if either or both of the rear
wheels have been subject to heavy strain through a collision
or otherwise.

Although much stress has been laid upon the possibility
of the differential gear and axle being deranged, yet, with
proper care in driving, there is not likely to be any trouble
from this cause, and many leading engineers much prefer
the direct to the chain drive, at any rate in moderate-
powered cars.

Reference has so far only been made to the differential
gear with bevelled wheels, but a form which is receiving a
good deal of favour at the present time is the Epicyclic or
Crypto gear, in which ordinary square-toothed wheels are
used in place of the bevelled wheels. The reason for this
growing preference is that it is easier to cut the teeth ac-
curately, and so obtain a freer running gear; it is also less
expensive than the highly finished bevelled gear.
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5. Brakes.—The handling of a motor-car brake is a very
different thing to the manipulation of an ordinary carriage
or cart brake. We have already seen that the weight of a
motor-car is considerable ; its velocity is also, generally
speaking, high. The momentum to be overcome is there-
fore very great, and as it is frequently necessary to pull up
a car travelling at a high rate of speed within a comparatively
short distance, the efficiency of the brake and the manner
in which it is used become of extreme importance. In case
of emergency it is allowable to apply the brake of an ordinary
carriage with the fullest possible power ; this, however, is
not the case with a motor-car with rubber tyres, provided
the brakes are proportioned to the size of the car, as, should
the power be applied too suddenly, the momentum will be
sufficient to overcome the friction between the tyres and the
road, especially if the road surface is dusty or greasy, and
canse the car to skid. This skidding will generate heat in
the tyre itself to such a degree as to raise the part in contact
with the ground to the softening temperature of the rubber,
which then serves as a lubricant. The result, in effect, is
that too severe an application of the brake actually defeats
the object of the driver by allowing the car to travel farther
than would have been the case had he applied the power
with greater judgment and care ; the wearing of flats on the
tyres is also a matter of moment. If skidding starts, all
power further to check the speed of the car is lost to the
driver, thus creating a sense of helplessness which is very
distressing in a case of serious emergency.

The position and adjustment of the brake pedal and lever
should be such that the full power may be applied without
undue exertion on the part of the driver. It is easy to
remember that in the early days of the development of the
motor-car the position of the pedal and also the method of
applying the power left very much to be desired ; in most
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good cars of the present day, however, this point has received
careful consideration. The author calls to mind one car that
he drove in which it was almost impossible to apply the
brake effectively on a hill without rising from the seat and
placing the whole weight of the body upon it.

The pedal brake is commonly used in the ordinary
manceuvring of the car, and the more powerful hand-brakes
as auxiliary or emergency brakes; the hand lever used with
the latter enables great power to be obtained, and it is neces-
sary to apply them gradually and cautiously if skidding is to
be avoided.

It is desirable to remember that skidding takes place most
readily on greasy roads, and especially on smooth town pave-
ments when wet, but there is also a strong tendency on road
surfaces where there is much grit and sand.

On town roads with a greasy surface too much care cannot
be exercised in applying the brake ; a sudden application has
often resulted in a car being completely turned round, so
that the driver finds himself looking down the road which he
has just been traversing. The suddenness with which a skid
of this kind takes place is remarkable and alarming, and in a
street through which much traffic is running a serious acci-
dent might result.

It is perhaps needless to remark that no attempt must be
made to lubricate the brake drum and bands, although, if the
brakes are unduly fierce or squeak, a minute quantity of oil

or grease may be applied.
The various parts of the brake require careful overlooking

from time to time, as, owing to the friction and ahsence of
lubrication, there must necessarily be wear and tear between
the rubbing parts and need for adjustinent and replacement

of the worn parts.
6. Wheels.—The advent of high speed has resulted in
considerable modification in the construction of the wheels,
the maznified bicycle wkeel has been discarded in all but
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small and cheap cars. The danger of collapse with the wire
spoke wheels has become very much greater since the size
and weight of cars has increased, and since the dewand for
high speed has arisen. With small cars the use of the wire
wheels is mechanically sound, provided they are constructed
with care ; they are also light.

The form now almost universally used with medium and
large cars is the artillery wheel, in which the rim is carried
by spokes of oak. With these it is possible to turn sharp
corners more abruptly than is the case with wire wheels.
The strain, however, on the wheels, whatever their construc-
tion, is enormous when a car turns a sharp corner at a high
velocity. Sometimes it is necessary to swerve very rapidly
out of the direct line when one has to avoid running over
anything. The sudden twist brings immense strain to bear
upon the wheels and also upon the bearings and on the tyres.
Owing to the very high speed at which corners are taken,
cases of collapse would probably be of more frequent occur-
rence were the tyres solid ; at the present time a certain
amount of give in the pneumatic tyre serves to absorb some
of the strain which would otherwise be transmitted to the
wheel spokes. A very simple experiment will serve to illus-
trate one of the effects produced by abrupt turns.

If a bicycle wheel running on ball bearings is removed
from a bicycle, held in two hands by means of the spindle
and a turning movement given to the wheel, there will be no
difficulty in holding it while it is running at any speed ; if a
quick movement is made with one of the hands while the
wheel is revolving at a high rate the spinning motion will
tend to twist the spindle out of the hand, and the running
wheel becomes an exceedingly difficult object to hold. By
means of this experiment some idea can be obtained of the
heavy pressure which takes place on the bearings if a sudden
tuin is given while the wheels are revolving at a high velocity.
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The low build and heavy weight of a car makes overturning
almost impossible, but, notwithstanding, the sndden whisking
of a car round a sharp corner without any attempt to reduce
speed is a highly reprehensible practice. Not only are the
tyres grievously injured by the iuevitable skid, but great
strains are set up in the wheels and bearings and considerable
risk is run of some accident occurring ; the road surface also
is injured. When it is considered how little time is saved by
turning a corner at a high speed, the absurdity of the prac-
tice must be manifest ; it is out of all proportion to the per-
sonal risk, actual damage done, and the not remote possi-
bility of damage to another vehicle or foot passenger round
the bend.

Occasionally, through the bending of an axle, the wheels
get out of track; in other words, they tend to runin different
directions ; the result is undue wear and tear of the tyres
throngh the grinding action on the road surface. If an acci-
dent occurs it is well to see that the wheels run truly after-
wards, as a very small degree out of truth will cause a very
unsatisfactory reduction in the useful life of the tyres.

The distribution of the weight upon the tyres does not
always receive the consideration that it should. The benefit
of large-power engines may be largely lost owing to insuffi-
cient weight on the driving wheels. The engine is usually
placed in the fore part of the car, and, omitting all considera-
tion of passengers for the moment, the bulk of the weight is
on the leading wheels ; a full load of passengers adds weight
on the drivers, but often not sufficient to give the wheels a
good grip on the road. The chief advantages obtained by
the use of high-powered engines are rapid starting and quick
hill cliimbing, but without sufficient weight on the drivers the
only effect of such engines will be to cause the wheels to slip
and grind the tyres to pieces. As a matter of fact, with the
\ception of racing cars, a moderate-powered engine is much
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to be preferred, as it is very rarely in ordinary running that
the full advantage of the high-powered engine can be
obtained. One method of securing a high tractive pcwer
would be to drive all four road wheels from the engine, but
this necessarily adds materially to the complication and
expense.

At the recent exhibition at Olympia a car was shown in
which this method has been adopted, but the transmission of
power to the pivoted steering wheels is not an easy problem,
and with a properly designed car with weight well distri-
buted there should be no need of such a method of drive in
cars intended for ordinary road use.

7. Wheel Bearings.—The bearings almost universally
adopted for motor-cars are of the ball kind, although some
attempts have been made to adopt roller bearings. The
extreme simplicity and frictionless nature of the ball bearing
sometimes lead to its neglect. Within limits a ball bearing
will run while dry, but not for long; heat is soon generated,
and a grinding action takes place ; it will, however, not set
up a screech like an ordinary bearing, it is important, there-
fore, to see that the lubrication is properly attended to; a
superabundance of oil is wholly unnecessary.

Road grit must be rigidly excluded from ball bearings.
This note is by no means superfluous, as badly-constructed
bearings are not uncommon ; when dirt obtains access to the
hall-race, washing out with paraffin must be resorted to.
The most serious mishap that can occur in a ball bearing is
the splitting of one of the balls; the two halves will play
havoc with the other balls, if not promptly removed. When
balls get worn out of truth, as they do after a time, the set
should be discarded. If one or several balls only appear to
have worn, it is 8 mistake to substitute new ones to replace
these while retaining the remainder, as the larger diameter
of the new balls will cause them to carry the bulk of the
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dead weight, and risk of breakage is great ; a complete new
set should be introduced.

8. Carriage Springs.—The carriage springs used with
motor-cars need to be very much more substantial than those
used on ordinary vehicles. Too great resilience is most
objectionable, and in a well-designed car special attention
will have been given to proportioning the springs to the load
to be carried. It is by no means uncommon to see a car
oscillating, and the occupants being shaken up and down
somewhat violently after some obstacle or depression in the
road has been passed over. The object of the springs is to
absorb the shocks given to the wheels while travelling over
the unequal surface of the road ; a perfect spring would do
this without allowing the shock to be felt appreciably by the
occupants of the car.

If the springs of a car are strong enough for their work,
it is desirable to occasionally apply a little oil between the
leaves so as to reduce wear and tear; but if they are at
all weak, it is best to leave the springs dry, so that the in-
creased friction may help to reduce oscillation, and to make
the running easier.

9. Steering Gear.—The parts of the steering gear must
not be neglected. The pivots need to be well lock-nutted
and secured, and it is also necessary to see that these and
other parts needing only occasional attention are inspected
every few hundred miles, as wear and tear are always tending
to reduce the size of parts, which, if neglected, may lead to
a very serious accident and possibly loss of life.

10. Tyres.—Notwithstanding the high first cost of pneu-
matic tyres they are almost universally employed in motor-
cars in preference to solid tyres, owing to the greater comfort
and ease in running experienced. The high first cost, and

v t of repair-and upkeep, render it essential that they
, ceive every care,
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The chief causes of deterioration are: (1) Running with
tyres insufficiently inflated. (2) Allowing moisture to have
access to the interior of the cover. (3) Contact of the tyre
with rusty wheel rims. (4) Contact with oil and grease.
(5) Exposure to dry heat. (6) Rubbing friction as distin-
guished from rolling friction, arising from improper handling
of the machinery.

(1) Dealing with these points in order, a common fault
with a beginner is a fear of pumping up the tyres too hard.
A deflated tyre results not only in excessive wear of the
cover, but there is also a considerable risk of the inner tube
being cat between the rim and the ground owing to the
bumping of the car over obstructions. It would be best, if
the driver is lacking in experience, to ascertain from the
maker of his tyres the pressure recommended, and as small-
pressure gauges are now provided for the purpose of testing
tyre pressures, there should be no difficulty in maintaining
the right degree. The greater the weight to be carried by
a car, the greater should be the degree of inflation.

With a tight tyre it will be found necessary to give a few
strokes of the pump once every fortnight. If it is necessary
to pump more often, it is due to a small leak, either at the
valve, or through a small puncture.

It is of course possible to pump the tyres too tight, and
it is well to remember that the continual running over the
road surface causes them to get hot and the air inside to
expand in consequence. When a tyre is properly inflated
and the car loaded, the depression should not be above two-
fifths of an inch; never more than three-fifths.

(2) While water is of advantage to the outside of a tyre,
it is most objectionable inside, and the wheels should never
be washed down with the tyres deflated. It is necessary,
from time to time, to tighten the wing muts, and so keep the
joint between the tyre and the rim perfectly secure. If
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water gets inside it will cause the linings of the cover to
rot.

(3) Rusty rims are caused either by allowing water to get
inside the tyre, or by failing to remove the mud from the
crevice between the tyre and the rim after returning from a
run on damp roads. Rust will eat into the tyre cover and
destroy it: if there is any reason to suspect that the rims are
getting rusty, the covers should be removed and the rims
cleaned and varnished.

(4) Oil and grease must be carefully prevented from coming
in contact with either the outer or inner tube, as they destroy
rubber. This especially applies to spare tubes that are
carried, as they are generally stored in the tool-box in the
neighbourhood of oil cans and oily cloths, Inner tubes should
be kept in a bag containing a small quantity of French chalk.

(5) Dry heat will cause rubber to perish ; this needs chiefly
to be guarded against in the garage or coachhouse.

(6) Undue rubbing friction may be due to imperfect
alignment of wheels, faulty differential gear, the sharp
turning of corners, skidding through the too sudden appli-
cation of brake, and want of careful driving. If the wheels
are not running on parallel tracks a grinding action will take
place, and will do as much damage in a few miles as would
be caused by the natural wear of tyres due to rolling friction
in 1000 miles. A faulty differential gear will also produce a
rubbing action tending to tear the rubber surfaces to pieces.
The ill effect of turning corners too sharply has already been
referred to, and a careful driver will make a point of dis-
engaging the clutch while taking a sharp turn. The wear of
the tyres due to slip has been referred to fully under Brakes.
If a car is not started carefully a jerking action will result,
causing a good deal of wear on the tyre surfaces; if the
clutch is let in gently the car will start smoothly,
N;is.impo_rf,ant. that.the .driver should have some know-
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ledge of the repair of tyres, for trouble is more likely than
not to occur on the road, where expert assistance is not avail-
able. Asto the execution of repairs, the author prefers to
recommend the excellent little pamphlets issued by the
makers ; these should be studied carefully and carried in the
tool-box until the driver has acquired sufficient experience.

There should be no delay in stopping a car immediately a
puncture is suspected. It is hardly necessary to make the
same observation with regard to a burst tyre, but it may be
well to state that a burst tyre, when travelling at a high
speed, often leads to loss of control, and wany lives have
been lost through the sudden and unexpected bursting of
the tyre; a burst is generally due to neglect or carelessness.
A partially deflated tyre is more liable to puncture than a
well-pumped tyre, and there is considerable danger of a burst
if a car is made to take a corner at too great a speed with
the tyre insufficiently inflated ; the cover is torn away from
the rim and the inner tube bursts through the aperture.
After repair on the road a car should be driven slowly, and if
any substantial repairs have been made to a tyre it is well,
when possible, to give plenty of time for it to dry and
harden. /

It is desirable with a car in regular use to have the tyres
taken off, examined, and treated with French chalk every
1000 miles; if sufficient dry lubrication is not used between
the tube and cover the former will be spoiled; if French
chalk is not available, finely-powdered blacklead will serve
equally well. When a car is frequently nsed the tyres should
be left inflated, but if likely to be left for any length of time
it is well to let the pressure down a little when out of use.
If a car is put aside for a lengthy period, the wheels should
be jacked up and the tyres completely deflated.

When a car comes in from a run a point should always be
made of passing the hand over the surfaces of the tyres, to
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ascertain if nails or thorns are adhering, or if any serious
cats have resulted during the run ; also, when a tyre has to
be repaired for puncture, the inside of the cover should be
carefully felt all over before the repaired tube is replaced, as
it sometimes happens that a nail, completely bedded in the
thick substance of the cover and not noticeable on the outer
surface, is protruding inwardly,



CHAPTER V—GENERAL MANAGEMENT

CoNTENTS :—Dust and Dirt—Noises in the Machinery—Tools and
Spare Parts—Breakdown Cauaes—Stoppage—Partial Brenkdowns—
Preparing to start—On the Road—Qualities needed by Drivers—
Speed—Corners—Cross Roads—Overtaking—Conclusion

'HERE are certain points connected with the management of
he car which have not so far been dealt with in describing
he various parts of the mechanism. It is now proposed to
evote a little space to the handling of the whole car.

1. Dust and Dirt.—Cleanliness is & most essential
haracteristic in the general management of a car. A special
rord of caution in this direction is necessary, owing to
be absence of any pressing need to overhaul a car and
lean it down immediately it comes in; it is so easily put
way and forgotten, especially if the owner is its customary
river and no special attendant is employed to look after and
eep it in order ; after a long day’s run, especially when one
3 tired, there is a great temptation to leave the cleaning
ntil the following morning. If this practice is followed
wuch greater labour is entailed on the following day, and, if
he whole car cannot be cleaned at once, such parts as will
offer by neglect should receive attention overnight.

As a means of preventing dirt from having too ready
ccess to the machinery it has recently become customary to
rovide a metal shield, or sometimes a leather apron, beneath
he machinery, so that the dust raised from the road is pre-
ented in some degree from invading the mechanism. This
8 a very desirable arrangement, but the covering of the
awhinery in this mapner must not lead to neglect.

A



146 MOTOR-CAR MANAGEMENT

Two points need to be borne in mind with regard to the
road dust, its penetrating nature and its destructive character.
It is astonishing what minute cracks and crevices it will find
its way into, and if such cracks give access to bearings and
other rubbing surfaces the wear and tear is likely to be
serious.

2. Noises in the Machinery.—Noises of various
kinds are most useful in helping to indicate trouble or the
approach of trouble. By means of “knocks” of various
kinds an expert driver can tell when any part of the
machinery is needing adjustment, or even worn-out parts are
needing replacement. Reference has already been made to
the knocks caused in the engine bearings by a loose chain;
another distinctive sound is a rattle resulting from a bolt
or nut having become loose.

In the petrol car there is a considerable amount of vibra-
tion, and therefore always a tendency for nuts and bolts to
become loose if not properly secured. There are several
devices in use for locking bolts ; the most common is the use
of a double nut, the second one being screwed up tight
against the first after it has been screwed well home ; this
device is termed a lock nut. Where the necessity for keeping
the nut screwed up tight is not great a spli¢ pin may be
inserted in a hole drilled in the screw above the nut ; this
will, at any rate, prevent the latter from coming loose and
being lost. Nuts used without washers are especially liable
to unscrew; the most effective washer is a steel spring
washer. A patent nut,termed a self-locking nut, is also a
most useful locking device.

A third distinctive noise which the driver of a car should
Ye alert to notice is a squeak, arising from a dry bearing or
other part needing oiling ; if such a squeak comes from a
bearing it must receive immediate attention, otherwise it
may get abnormally hot and seize, Sometimes bearings are
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lined with a white metal, which melts at a fairly low tempera~
ture, and it is quite possible for a dry bearing to become so
; hot that this metal will melt out. In any case, if a hot bearing
is suspected, the car should be immediately stopped and care-
ful search made ; generally a liberal supply of oil will suffice
to set matters right, but, should the bearing have seized, it
may be necessary to take it out and clean the surfaces ; this,
of course, applies to split bearings. If the journal seizes in
a solid brass bearing it may be very difficult to remove it.
To avoid trouble of this kind see, first, that the car is oiled
properly and regularly, and the trouble is not then likely to
occur ; should it happen, however, in spite of this, the moment
a squeak is heard search out the cause.

Very often it is by no means an easy matter to locate a
squeak ; it seems to evade the seeker’s attention, first appear-
ing to come from one part and then from another. The best
way is to feel round all the bearings and, if one is abnor-
mally hot, it is a pretty sure indication that the trouble has
been found. If, after careful search, no warm bearing can
be found, the only remedy is to oil all moving parts. Some
parts with little wear and tear and no special arrangements
made for oiling are quite liable to become dry through neg-
lect, so that, if a squeak is not readily located, it is well to
give a general oil round in all the less important parts.
From these remarks it will be seen that a driver needs
to be on the alert to detect various noises which may
indicate immediate need of attention in some part of the
machinery.

3. Tools and Spare Parts.—Perfection is not to be
expected, even in an expert chauffeur, and it is well that a full
complement of spare parts, nuts, springs, and so on, be
carried wherever the car goes. It is far better to carry a
superabundant supply than to find oneself short in a case of
emergency, far away, possibly, from any town or village. It
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may be taken as a general rule that any small part liable to
loss or wear should be carried in duplicate.

It is desirable to have a complete outfit of all tools likely -
to be needed on the road. Spanners to fit all nuts, one or
two screwdrivers, a heavy hammer, preferably of copper,
several files of different degrees of fineness, two pairs of
pliers with good cutting edges, &c.

When purchasing a new car it is well to see that all special
spanners are provided which are necessary for the adjustment
of particular parts, in addition to the customary spanner and
tool set. Sometimes it happens that the head of a bolt is
not accessible to the ordinary spanner, and in this case a
box spanner is needed ; it may be that several differently-
shaped box spanners are required, and before completing the
purchase of a car it should be stipulated that a complete set
of tools is to be provided, including all necessary box span-
ners and other special tools needed for the adjustment,
removal and replacement of the various parts of the me-
chanism.

4. Breakdown Causes.—A resumé of the causes of
breakdown may be useful. Some stress has already been
laid upon the need for cleanliness and general care of the car.
If parts are kept thoroughly clean, and well lubricated, all bolts
and screws carefully tightened from time to time and wear-
ing parts taken out and examined at intervals, breakdowns '
on the road should be infrequent. No motor-car as at
present made is perfect, and very few drivers are skilled
engineers; and until the average driver thoroughly umder-
stands his car and the engineering principles involved,
breakdowns must of necessity occur from time to time.

Stoppage.—In the event of a stoppage, the reason for
which is not at once apparent, it may fairly safely be
assumed that something is wrong with the electrical igni-
ion; instructions have already been given (page 112) for
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that the engine 18 at fault; the cylinder may have become

| hot and the piston thus robbed of its freedom by expansion

and loss of lubrication at a high temperature, one of the
bearings may have seized, or the exhaust valve spindle broken.

If the cause is still undiscovered, attention should be
turned to the petrol supply (sce page 91); the trouble may
be leakage, want of proper adjustment, the shaking loose of
parts, and possibly, in some cars in cold weather, the freezing
of the petrol. If the car has been running over rough roads
it is possible that the carburettor may have become flooded ;
the remedy is to close the stopcock partially. If it is found
that the supply of petrol is not right, and the fault is not at
once apparent, a stoppage of some of the fine orifices may
be suspected. Again, condensed water in the carbarettor
is a possible cause of trouble.

Partial Breakdowns.—These are first likely to result in
the ignition through the running down of the battery, want
of adjustment of the trembler screws, or the shaking loose

' of one of the terminals. Dirty points on the spark-plugs

are also to be suspected.

If the ignition is in good order the compression may possi-
bly be unsatisfactory ; loss of compression will be due either
to the valves or leakage past the piston-rings.

Loss of power is often due to the slipping of the clutch.
If the surfaces are so worn that they do not give an effective
grip, the nuts must be tightened.

Next to this, the proper adjustment of the mixture and
the satisfactory working of the carburettor must be looked to.

Breakdown due to the gearing and other parts of the car
outside of the engine will generally be quickly localised.

5. Preparing to 8tart.—The most certain way of
providing against any possible breakdown on the road is to
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have the car properly overhauled before the run is com-
menced. A little experience will soon teach the driver what
parts need to be examined, and perhaps adjusted before a long
run is commenced. The battery will be tested, the wires
and connections carefully looked over, and all terminals and
screws tightened where necessary ; the induction-coils and
tremblers will be tested separately; the spark-plug contacts
will be cleaned ; the carburettor pipes, taps and moving parts
inspected ; the level of the liquids in the water and petrol
tanks measured, and any deficiency made up; the oiling of
the various gears attended to ; the working of the various
levers examined ; all bolts, nuts and parts likely to have
become loose inspected; and, finally, when all parts have
been examined the engine should be given a run round for
a sufficient time to indicate that the water-circulating gear
is in thorough trim.

So far as the tyres are concerned these ought to have been
examined when the car came into the garage, as it would be
foolish to leave any overhauling that may be necessary until
just before starting out on a run; the hands should invariably
be passed over the surface of each of the tyres, if unprotected
rubber is used, to find whether there be nails or other foreign
material adhering. With protected tyres a careful examina-
tion of the surface which underlies the band should be made
after the wheels have been washed down and are clean.

Detailed directions for starting a car cannot very well be
given here as the various makers adopt different arrange-
ments of the adjusting levers and pedals.

The following general instructions should, however, prove
useful to a tyro. After all preliminary matters have been
attended to, and the moment of starting has arrived,

(1) Set the gear handle lever in the neutral notch,

(2) Set the ignition lever at the retard position.

(3) Open the throttle-valve fully.




momentarily. This must not be overdone, or the engine
may refuse to start.

(6) Switch on the battery.

(7) Put the starting-handle into gear and pull it upwards
smartly, taking care to pull it out of gear when the pull is
finished. The engine should now be moving.

(8) When the engine is running freely the throttle must
be partially closed to prevent racing.

(9) Mount the seat and advance the ignition lever to its
normal position.

(10) Press on the clutch-pedal and disengage the clutch.

(11) Put the change-speed gear lever into the first-speed
forward notch.

(12) Let the clutch in gently and the car will start, when
fairly under weigh the clutch should be disengaged and the
second speed brought into gear, and after a brief interval, if
all is clear, the third speed may be brought into use.

6. On the Road.—Very little useful purpose would be
served by describing in detail how the car is to be controlled
and regulated on the road, as this knowledge can only be
satisfactorily accumulated by actual personal experience. If,
however, the principles of the machinery have been carefully
studied, and that which actually takes place when the various
levers and handles are manipulated is understood, a driver
will very soon learn how to use the various adjustments in
an intelligent manner.

Qualities needed by Drivers.—The first essential
in a successful driver is & cool head and ready judgment in
case of emergency.

If a car is travelling at the customary rate along a high
road utilised by slow-moving traffic and foot-passengers as
well as by quick-moving motor-cars, rapid decision and
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prompt action will certainly be needed before many hundreds
of miles have been traversed. Before anything like the
legal speed is attempted a driver must possess that confidence
which arises from knowledge and experience, and beginners
should be careful not to run at high speeds until the adjust-
ment and management are thoroughly learnt.

When it is remembered that the motor-car is nothing less
than a locomotive running with the utmost freedom on the
public road without even the restriction of special rails, as
employed with the trains and trams, and that railway loco-
motive drivers have to pass through many years of training
before they are permitted to take charge of a passenger
locomotive, the need for careful training and practice ought
to be obvious.

Notwithstanding the loud and frequent protests on the
part of writers in the motor-car journals and magazines, the
outery against careless and inconsiderate driving is too
amply justified, and all true friends of motoring will do their
utmost to safeguard against rash driving by inexperienced
persons, Not a little of the animus that has been raised
against motoring as a whole has been due to the great want
of thought for the ordinary users of the road. The author
is of  opinion that much of the apparently reckless driving
is due not so much to want of consideratiop on the part of
the drivers as to the absence of a proper appreciation of the
dangers and risks incurred by the ordinary users of the road.

While travelling rapidly and smoothly along a high road
and possessed of a full knowledge of the splendid control-
lability of the car,it is difficult for a driver thoroughly to
appreciate the feeling of bicycle-riders and drivers of horse-
drawn vehicles when the car whizzes past them at double
the speed that they have been accustomed to until recently ;
and, as a matter of fact, the danger does not lie in his mani-

\ pulation so much as in the nervousness and unexpected
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behaviour of the other parties. The most trying time for a -
bicycle-rider or a driver is when the car is overtaking the
bicyclist, for then the amount of room the driver of the car
is proposing to leave is an unknown quantity, and often it is
far too little.

It is a carious physiological fact, and one ever to be
remembered by a motor-car driver, that to novices and those
who have not acquired confidence in cycle riding the
approach of a large rapidly moving vehicle actually induces
a feeling of attraction and a desire to fall off the machine in
front of the approaching monster; of course,such nervous
people should not ride on roads where motor-cars are likely
to be met with, but then, unfortunately, motor-cars do not:
confine their attention to specified roads, and are quite as
likely to be met in country lanes as on the high roads, and
the fact cannot be ignored that the bicycle-rider has an equal
right with the motor-car driver to the use of the road.

While the author has had many most uncomfortable
experiences with motor-cars when cycling, he can only call to
mind one occasion where a little courteous consideration was
shown to a small party of cyclists with whom he was riding
in the neighbourhood of Poynings, Sussex. The road was
dusty and not too wide, and a distinctly grateful sensation
was created among the cyclists by the obvious slowing down
of an approaching motor-car simply for the purpose of
passing. If drivers would realise the feeling of gratitude
which arises in the case of such considerate conduct there
would be far less complaint and perceptibly decreased
animosity against motoring. The author would feel amply
repaid for the labour involved in the preparation of this
book if every reader would make up his mind to err on the
side of over-consideration for other users of the road, rather
than show that disregard or even contempt of their rights
and feelings which is all too common.
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It is not sufficient to possess a clear comprehension of the
construction and principles of a motor-car and a long and
varied experience of the running of the machinery, but the
driver should also possess an intimate knowledge of the rights
and rules of the road, and a good knowledge of the pro-
visions of the Motor-Car Act.

Speed.—The sensation of travelling in an open car at a
high rate of speed is most exhilarating, and, where it can be
safely indulged in, there is little to be said against the
practice. It must, however, not be forgotten that the occa-
sions in which high speed may be freely indulged in are few
and far between on the much-used roads in this country.
Any attempt to run at a high speed throngh a village or past
houses standing close to the road, no matter how deserted it
may appear, is altogether inexcusable. The possibility of a
child suddenly rushing out of a cottage or garden is always
too real a terror, and when the saving in time is considered
the absurdity of the practice becomes at once apparent.

Suppose for a moment that it is proposed to run up to the
full legal speed limit through a village half a mile in length.
At twenty miles an hour the distance is covered in one and
a half minutes ; if the speed were reduced, say, to ten miles
an hour, the time required would be three minutes, the time
saved by travelling at the excessive speed is a paltry one and
8 half minutes. Is it worth while taking and creating the
very great risk for such a small gain? At 30 miles an hour .
the total gain is two minutes, at 40 two and a quarter
minutes, at 50 two and two-fifths, at 60 two and a half, thus
for every ten miles increase the time gained is proportion-
ately less, while the risk rises by leaps and bounds. Even
at night there can be no certainty of any road being deserted.
To give a specific illustration, the author has been impressed
with the great risks run by the driving of motor-cars at a
very high speed through the village of Roehampton Surrey,
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simply that the high velocity acquired in running down one
hill may be utilised in ascending the hill on the far side;
here the practice is commonly indulged in by night, and
sooner or later will inevitably resnlt in disaster.

Corners.—Very especial risk is run in turning sharp
corners, especially in the country, where the roads twist and
turn in a characteristic manner, and in very many cases are
deep down between high hedges and steep banks. It is
perfectly impossible to foresee what will be met with on
getting round the cormer; the country roads are not omly
used for wheel traffic but also as footpaths, no other provi-
sion being made for foot passengers. If a young and restive
horse, or even a woman wheeling her child and market pro-
duce home in a perambulator, is suddenly faced by the
apparition of a car travelling at high speed, it is no wonder .
if they are suddenly seized with a panic which renders of no
avail any amount of judgment and coolness or skill in
handling on the part of the driver in preventing a catas-
trophe.

Whether in shady country lanes or in perfectly open roads,
the driver of a car needs to realise that turning a corner at a
high speed inevitably means the side-skidding of the whole
car, bringing heavy wear and tear on the tyre surfaces. Very
few persons interested in motoring can have failed to notice
the broad skid marks—sometimes twelve inches wide—left
by a car after turning a corner at a high speed ; the damage
done to the tyres by such practice is incalculable, and the
saving in time is absolutely negligible.

Both caution as well as care for a car therefore demand a
slowing down at all corners.

Cross-Roads.—Cross-roads are another potential source
of danger to a car travelling at high speed. It constantly
happens tbhat by-roads crossing the main roads are bordered
by high hedges, walls. or buildings up to the very point of
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junction, so that any object travelling on the main road is
quite invisible. Many serious accidents have occurred
through failure of drivers to slow down their cars when
approaching such crossings. When one considers the care
taken to safeguard level crossings on railways, the absolute
necessity for care at cross-roads must be apparent.

Overtaking.—While it is true that a motor-car is the
best-controlled vehicle in the world, owing to the perfection
of its brakes when in order, too much reliance must not be
placed on this fact, as the mere stopping of a car quickly
in a case of emergency will not ensure immunity from
accident. A special caution is ofttimes necessary when
overtaking a vehicle, especially a bicycle; nothing is easier
than to mistake the noise made by a motor-car approaching
from behind for that made by one that has just passed.
The author remembers the considerable risk he once ran of
being cut to pieces on a railway through an exactly similar
cause. While walking on the down line an up train had
passed, and the thought occurred to him how easily the
sound of an approaching train might be merged in that of a
train just passed. Acting on this thought he turned his head,
and, to his horror, beheld an express down train within ah
uncomfortably short distance behind, leaving only just time
for him to step rapidly on to the up-line ; had he not turned
at this moment the chance of any escape was remote. The
same effect has been noticed in connection with motor-cars
aod trams on the public roads, and shows the need for
especial caution when overhauling other vehicles.

7. Conclusion.—Lest the remarks contained in this chap-
ter should give rise to the impression that the anthor isin any
way antagonistic to the motor-car, it would be well to state
most emphatically that, on the contrary, he is an enthusiastic
believer in the future of tbe automobile. He, however,
clearly recognises that nothing but harm can come to the
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industry by careless, inconsiderate and ignorant driving
Already so strong a feeling has been roused in country
districts against the motor-car that legislation is threatening
which may prove to be a most serious hindrance to the
advance of antomobilism. All true friends of the movement
must realise that if the motor-car is to have the free and un-
restricted use of the ordinary roads it must be proved by
drivers that the vehicle is not only handy and convenient, but
that it is in no way a nuisance to other users of the roads.

That the motor-car itself has been brought to a high state
of perfection, considered from the point of view of its quiet-
steady running and general controllability, is apparent. All
that is now pecessary is that the drivers of these beautiful
pieces of mechanism should be worthy of the task they under-
take, and show all courtesy and consideration to the general
users of the roads and the utmost solicitude for the safety
and lives of little children and old people who will always be
found in the neighbourhood of, and walking upon, country
roads. Once again the author desires to emphasise the fact
that very few country roads are provided with foot-paths, and
pedestrians have equal rights to the use of the roads with
drivers of vehicles.

If the industry is-not hampered by legislation or by the
stirring ap of popular feeling, its development will un
doubtedly surpass the most sanguine anticipations.

Those who have been observing the steady increase in the
number of cars registered in London will not fail to have
been astonished at the pace at which cars have been put upon
the streets, especially recently. The motor omnibus, too, has
evidently more than fulfilled the expectations of the com-
panies who have introduced them, and an immense addition
is promised in the near future.

As an illustration of the splendidly prosperous state of the
industry, it may be mentioned that at the November 1905
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Exhibition at Olympia one English firm advertised that it
had on hand orders to the value of no less than £130,000,
and after the close of the Exhibition it was announced that
orders to the value of over £2,000,000 had been booked by
the exhibitors.

The English-made motor-car has largely displaced the
foreign-made article, and it is incumbent upon the Legislature
that it introduces no unnecessary restrictions which shall
hamper this new and exceedingly important industry.



CHAPTER VI—FURTHER NOTES ON GENERAL
MANAGEMENT.

CONTENTS :—Racing the Engine—Clutch—Skidding—Manipulation
of Brakes —Construction of Cars—Accessibility—Night Driving

IN an elementary book which has for its object the instruction
of the popular mind there is always the risk of being too
concise and of omitting necessary details. While the two
partsof thebookdealing withthe mechanism and management
of the motor-car are fairly comprehensive, that is, for the
learner, it appears to the author that several points especially
relating to the handling of the mechanism might have received
a little fuller notice, and for this reason the following notes
have been added in the form of an extra chapter which seems
to follow naturally the second part dealing with the manage-
ment of the Motor-Car.

1. Racing the Engine.—The anthor has noticed a com-
mon tendency amongst drivers of cars, especially chauffeurs,
to race the engine when rununing light, especially at times of
testing in the Garage. It should be understood that this
racing at excessive speeds is extremely harmful to the con-
stitution of the engine and those responsible for the care of
motor-cars should see that this form of carelessness is not
indulged in. There can be no possible reason for causing the
engines to race round until they fairly hum when the ignition
arrangements are being tested. The author has not infre-
quently seen engines raced in this way to such an extent that
he momentarily expected to see pieces of the machinery flying
about. It should be understood that, at the normal speed,
# petrol engine runs quietly. Drivers should learn to judge by
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. |
sound when an engine is running at its normal speed, which

speed should not be exceeded.

2. Clutch.—The author did not emphasise as strongly as
he should have done the need for manipulating the clutch with
great care. In the first place, when it is necessary to dis-
engage in ordinary running conditions, the power of the
engine should be kept in check and the governor allowed to
operate. If care is not taken in this respect and the clutch
is disengaged abruptly when the engine is running at high
power and the governor cut out the racing above referred to
is sure to occur, to the detriment of the engine.

On again applying the clutch an increase in the power of
the engine should be left until the clutch isin and the driving
shaft running at the same speed as the engine shaft.

One thing to be specially guarded against is letting the
clutch in too promptly. If through careless handling the
engine is running at high speed and the clutch is allowed to
suddenly engage while the car is standing still, something
has got to go; possibly the clutch will slip, but should it be
in the least degree fierce the sprocket wheel studs, with chain
driven cars, run considerable risk of being damaged and per-
haps torn off; or the gears may be stripped ; in any case
heavy strains are set up.

These remarks apply especially to single and double
cylinder cars where the turning moment is uneven. With
the latter the two explosions follow in rapid succession and
the wrench is serious if the power is applied too suddenly.

3. S8kidding.—As dealt with on page 136 this important
subject has not received the consideration it needs and the
following additional notes should be useful.

When a car is travelling over a greasy road and a side skid
of the back wheels occurs it should be remembered that under
no circumstances should brakes be applied, or if they are in use

_‘bhey should be promptly roleased, The reason for this ig
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simple; we have alreadyseen in considering the subjectof brak-
ing thatif the brakes are put on too hard the wheels get locked
and the car skids on the tyres ; it was explained that when this
happens the grip on the road is less thanif the wheels had been
free. The application of this to sideslip will be clear ; if, for any
reason the wheels have begun to slip the application of brakes
will lessen the chance of their obtaining grip again quickly.

Side-skidding or side-slip has generally its origin in either
the wheels turning too fast for the progress of the car or the
application of brakes injudicionsly. Once the normal rolling
action of the wheel on the road is lost the friction between
the road and the tyre is reduced and the vehicle is likely to
slew or slip sideways. It is obvious, then, that if a car is
proceeding over a greasy road and the driver becomes aware
of the fact that the wheels are slipping he must immediately
reduce the power or declutch entirely; he must also be
especially cautious as to how he applies the brakes; they
must be put op, if it is necessary to use them, with the
utmost care, and if any indication of side-slip is given they
must be immediately released.

As a rule a side-slip occurs with great suddenness and the
course of action to adopt is to release either brakes or clatch
and make a quick turn with the steering wheel in the
direction in which the car is proceeding.

In addition to skidding of the back wheels it is quite
possible for the front wheels to skid, especially when turning
a corner of a greasy road. In this case the application of
brakes which operate on the rear wheels is essential, otherwise,
seeing that the steering wheels have lost their grip on the
road, acollision with the kerbstone or a lamp-post is inevitable.
To avoid skidding with the front wheels corners should be
turned quietly and with as wide a sweep as possible. Any
attempt to turn a corner abruptly on a greasy road will

probably result in loss of steering power.
A\ S
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It might be well to point out that at no (ime is it advisable
to attempt to take corners abruptly. A great deal of the
harum-scarum driving which is so prevalent shows plainly
that it is not realised how much the life of the front tyres
depends upon taking corners easily. If a car is moving at a
high speed and the steering wheels are turned abruptly the
front wheels are pushed over the surface of the ground and
a considerable grinding and tearing action takes place. I
have met owners of cars who have expressed astonishment at
the rapidity with which the front tyres wear out and very
frequently the blame is put on the tyre maker, whereas the
fault is entirely due to carelessness in handling the car.

4. Manipulation of Brakes.—This is a subject that
does not receive the consideration that it should. When
persons are learning to drive cars the proper handling of the
brakes should form a special part of the instruction. More
frequently than not a beginner learns to use the pedal brake
only and is quite unfamiliar with the use of the side lever
brake until he has been driving for a considerable time. It
is desirable that a learner should not leave the acquirement
of knowledge as to how to apply the side brakes skilfully
until the pedal brake is out of order or adjustment ; otherwise,
in case of emergency the brake handle will be pushed over
too hard and skidding will be started. Both pedal brake and
side lever brake must be handled lightly and intelligently if
they are to work efficiently.

In addition to the use of the ordinary brakes the learner
should make a point of knowing how to run on the compres-
sion. It will, perbaps, be advisable to explain exactly what
this term means. So long as an engine is developing power
it is, of course, driving a car when the clutch is in; if, however,
the gas supply is completely cut off, or the spark stopped, the
engine will cease to develop power, but at the proper period
of the cycle the gas inside the cylinder will be compressed as
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usual, Thus, if a car is running down hill with the gas or
spark cut off and the clutch in, the momentum of the car will
be driving the engine against the compression and this will
in effect act as a brake. On the top speed, of course, the
braking effect will be least, as for one revolution of the road
wheels the engine makes the smallest number of revolutions.
With the second speed the braking effect is proportionately
greater and each reduction in the gearing will give a still
more powerful effect.

If a car is proceeding along the level and comes to the
brow of a steep hill the gear will probably be in the top
speed ; if there is a clear run and it is thought safe to proceed
down the hill at a good pace the gear may be left in the top
speed. If however, the hill is a steep one or in any way danger-
ous it would be wise to slow down before the brow is reached
and change into the second speed, or, possibly, even into the
third, Generally speaking, however, the braking effect of
the second speed will be found amply sufficient to hold the
car in check.

If a driver has learnt the art of running on the compression
he can run up hill or down dale in the open country without
using brakes at all, provided the engine compression is
good. In the case of a short hill the throttle only need be
closed, but when a long hill is encountered the spark may
be switched off also, and the energy of the battery saved.
Many serious accidents have occurred solely on account of
the lack of knowledge as to how brakes should be adjusted
and used. It is well to bear in mind that it is foolishness
to start careering down hill without a thought of the
enormous momentum required to be overcome if a quick
stop or prompt reduction of speed becomes necessary.

Theterrible Handcross Hill disaster, which will befresh inthe
winds of every one, was undoubtedly due to an error of judg-
ment on the part of the driver on starting down hill. There
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is little doubt but that had he started running down the hill
quietly on the compression, he would have been able to keep
the speed of the 'bus in check by the application of other
brakes when he found that the compression was inadequate.
If a car is started down hill at a great speed there is most
serious risk of the driver not being able to get the speed
under control. A driver must ever feel that he has his car
well in hand and that he has braking power to spare for all
emergencies, never forgetting the possibility of skidding if
the brakes are applied too suddenly.

It must not be forgotten that in most cars the pedal brake
and clutch are connected so that the clutch is out before the
brake acts, and thus in putting on the pedal brake the
braking effect of the compression is taken off. Ifit is found
necessary to bring the pedal brake into operation when
running on the compression the movement of the pedal must
be done smartly ; otherwise, as soon as the clutch is detached
the car will bound forward.

If & car is driven skilfully brakes will be used but little.
It may take time to acquire the necessary experience to be
able to control speed, especially in traffic driving, so as to
avoid any frequent use of the brakes, but the author has
observed that many drivers make no effort to drive in traffic
without constantly applying brakes. When the road is clear
there is a sudden dash forward up to the next traffic block
~ when brakes are applied heavily and the car brought down to
the speed of the vehicles in front. As soon as the way is
open again all power is turned on to get forward with a
rapid acceleration, the dash ahead is continued until another
block in the traffic requires heavy application of the brakes
sgain. This method of driving is the acme of bad driving.
A good driver, knowing that he will certainly encounter a
block some distance ahead, even though he has got a clear
run for the time being, will, after passing through a block,



GENERAL MANAGEMENT 165

accelerate the speed of the car at a reasonable rate and will
also check the speed some distance before the next block is
reached without using the brakes and he will arrive at his
destination very little, if any, later than he would have done
bad he adopted the ¢ dash-ahead, jam-on-brakes” method ;
the advantage to the machinery generally by the more
careful driving is untold.

While referring to careful driving, a brief note on the
attitude of the driver when in charge of the car will perhaps
not be out of place. A dependable driver will always have
the appearance of intelligently watching over the progress
of the car and of the valuable mechanism under his charge.
One frequently sees a certain class of driver lolling back in

- his seat with hands resting negligently on the steering
wheel, his feet conspicuously placed on the pedals, knees high
in the air, and lis whole attitude that of a man reclining
with the utmost abandon in an easy chair. Presumably this
attitude is assumed to indicate to the general public his
masterful control of the machine under his care, but to
anybody in the slightest degree acquainted with motor cars
this attitude suggests a dangerous form of ignorance which,
sooner or later, will be attended with disastrous results; and
if any owner of a car finds his chauffeur adopting this attitude
he would be wise to find another at the shortest possible
notice. ,

5. Construction of Cars.—Although great improve-
ment has taken place in recent years in the general arrange-
ment and construction of motor-car machinery there is still
great roow for improvement in many details and it is not at
all uncommon to find that parts where strength and solidity
are essential, are cut down to ridiculously fire scantlings. In
one case coming under the author’s notice both sprocket
wheels on a chain-driven French car came away, through the
shearing of the studs, within a few weeks of each other ; the
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bolts were absurdly too small for the strains they were
expected to carry. In chain-driven cars it is as well to
examine the chains, especially the linking bolts and the
sprocket-wheel studs and bolts, at fairly frequent intervals.
This fault of lightness in construction is not so obvious in the
best English-made cars as in those made in France and
America.

6. Accessibility.—One serious fanlt in the construction
of cars is the small attention given to making the many
parts accessible for repairs and adjustment. There certainly
has been considerable improvement in the last few years, but
there yet remains very much to be done in this direction. The
various appliances are huddled together in such a manner that
it is a physical impossibility to get at screws and bolts with- .
out unshipping a considerable part of the machinery. This
is & most serious fault, as if a part which needs adjustment is
very difficult of access it is not to be wondered at if a chauffeur,
or even the owner, omits to give it the proper attention.

Remarks on this heading can only of course be general,
but the author would earnestly urge upon the manufacturers
of cars to see to it that all parts needing attention—and there
are very few that do not at one time or another—are so
arranged that they can be detached, examined, and adjusted
with the least possible trouble. Buyers of cars, not deeply
versed in engineering matters and motor cars in particular,
would be wise, if before purchasing, they obtained the advice
of some friend or expert thoroughly qualified to advise them
as to selection. It will not only save them much trouble in
the future, but probably heavy expenses, and possibly a
serious accident.

7. Night Driving.—It is as well to caution a learner
that driving at night has its own special difficulties. The
head lights throw their rays directly in front of a car and
.-‘wing to the absence of shadow it is difficult to distinguish
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the distance and sometimes the shape of objects in front.
The light too is thrown uniformly on all objects within the
range of the lamp and on a dark night these objects shine
out brightly as a disc surrounded by inky blackness. The
effect of continually looking at this bright disc is to render
it very difficult sometimes to judge one's position on the road,
and not a few accidents have been caused by drivers running
obliquely on to one bark at the side of the road so that the
car has been overturned ; this probably is the explanation of
Mr. St. John Harmsworth’s accident.

The difficulty of distinguishing one’s exact position is ren-
dered all the greater when travelling at quick speeds and the
very brilliant headlights which are affected by some owners,
rather increase than diminish the risk. It very often happens
that along country roads, especially at turnings, lofty trees
stand close along the road side and it is quite possible to run
point blank into the trunk of such a tree on a dark night if
not travelling with caution.

These remarks will suffice to emphasise the 1eed for very
careful driving at night, especially along unfamiliar roads.
Thirty to forty miles an hour is a safe pace along many roads
in daytime, which it would be foolishness to attempt to
traverse at over 12 to 15 miles an hour at night time.

In the absence of any regulation requiring all vehicles to
carry tail lights there is considerable danger of running into
the rear of a slow moving cart when overtaken. Country
carts in particular have a way of suddenly looming up out of
the darkness on a moonless night and as no sound gives
warning—the hearing being dulled by the rush of air past
the ears and the noises of the car—constant watchfulness is
necessary. A general law enforcing the carrying of efficient
front and tail lights by all vehicles throughout the country is
imperative,

Another word of caution is necessary on the subject of the
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automobile road signs. It frequently happens that these are
placed in such positions that they are not visible on dark
nights and unless a powerful light is used giving a wide circle
of illumination they are quite likely to be missed. It is be-
coming increasingly necessary for these signs to be placed by
a street lamp or provided with some special illumination.



APPENDIX

As a supplement to the simple diagrams illustrating the principles
of the different parts of the petrol motor-car, the author has
thought that a few clear illustrations of the parts of actual cars
would probably be useful to the learner. The following illustra-
tions have been specially selected on account of the clearness with
which the action of the different pieces of apparatus is indicated ;
they are also Jargely typical, and a careful study of these diagrams,
in conjunction with the brief description, should be a valuable
help in obtaining a closer knowledge of the principles underlying
the working of the apparatus.
In Fig. 23 is given a 4-cylinder engine for a 15 h.p. Clement
Talbot car. The diagram and notes are self-explanatory.
LoNauEMARRE CArBURETTOR (Fig. 24).—The special feature of -
this modification of the Longuemarre carburettor is the auto-
matic arrangement for supplying air and mixing it with the
petrol vapour. In Fig. 24, A is the float chamber, B the
. automatic mixing chamber, C a cylindrical throttle, D the gas
pipe carrying a rich mixture of petrol vapour from the spray
chamber, and E is the pipe conveying the mixed gases to the
engine. Fig. 244 is a section of the automatic chamber B with
the throttle. n is the exit to the engine. The cylinder r slides
inside the tube when y is drawn outwards, and closes the opening
* through n. The petrol vapour passes in through m and is mixed
* with the extra air passing through x, which is provided with holes
in the manner shown, 8o as to ensure a thorough mixture of air
and vapour. A kind of cylindrical float & rises and falls in the
chamber 5. The piston g is part of a,and when the suction of

.
4
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the engine occurs a will be drawn upwards, thus causing the
openings in ¢ to come opposite to the openings in ¢ and j. It will
be seen that a, rising and falling in b, acts as a kind of dashpot,
and the readiness with which it rises and falls is governed by the
holes d and ¢ in the upper and lower sides of a. The number
of holes open can be altered by rotating the plate %; tbus the
movement is controlled as desired. The action of this arrange-
ment should now be clear. The faster the engine is moving the
higher a will be sucked, and the wider do the openings i and j
become. v isa hot air jacket surrounding the throttle, which
prevents freezing.

SEcTION OF CARBURETTOR ON 12-16 H.r. DECAUVILLE CAR.

Fia. 2
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CARBURETTOR ON 12-16 m.P. DEcAuviLLE Car (Fig. 25).—
This carburettor is a modification of the Longuemarre spray
type. A is the float chamber, and the petrol passes to a number
of fine holes E in the wall of the hollow cone B. Into this
hollow cone fits a second cone C, which can be moved vertically
by an outside lever D, sliding on the spindle and compressing
the spring. By raising the inner cone it will be seen that the
space between the inner and outer cones can be increased, thus
regulating the quantity of air entering at F. The upper end of
the carburettor is attached to the induction tube. On the suction
stroke it will be readily understood that air is drawn in through
F and petrol through E, which latter spreads over the cone C
thus securing rapid evaporation and thorough mixture with
the air.

JET CARBURETTOR USED ON THE 12-16 H.P. VAUXHALL CAR.

FiG. 26.

A type of carburettor, not dealt with in the body of the book,



SEcTION OF CARBURETTOR USED ON SUNBEAM CAR.
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F1a. 27.
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hich is receiving some favour is the Jet Carburettor, in which
single jet of petrol is sprayed from a nozzle instead of a
amber of fine jets used in the spray type. The principle is of
wrse the same, but it is thought by some to be simpler and more
rtain in its action than the spray type.

In the illustration given the jet nozzle is shown at B. When
1e engine is sucking in the gas mixture through the induction

Secriox oF CLutrcH OF 12-16 H.P. DECAUVILLE CAR.

Fia. 28,

pe E, a little fountain of petrol rises through B and strikes the
omising mushroom C immediately above. This has a large
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surface, and the air rushing in through D passes over it, and the
petrol is rapidly vaporised.

CARBURETTOR USED ON THE 12-16 H.P. VAUXHALL CaR (Fig. 27).
—This is of the jet type. The tank chamber is clearly indicated
on the right. A is the jet nozzle, B is the atomiser, and D
is a small fan which is caused to revolve by the movement of
the gases in the tube, its object being to more thoroughly mix
the petrol vapour with the air. It will be noticed that the walls
of the chamber immediately above the jet are corrugated, so as
to increase the surface and more rapidly vaporise the petrol that
splashes on to the sides.

CrLurcH oF 12-16 H.P. DECAUVILLE CaR (Fig. 28).—Shaft M1
is part of the engine crankshaft, and to it is rigidly attached
the flywheel G provided with an internal cone seating. The
cone J is faced with leather and riveted. It is rigidly
attached to the sleeve P sliding on the spindle. The powerful
spiral spring in the normal position forces the clutch cone into
the flywheel seating. When the clutch pedal is depressed the
fork M compresses the spring and disengages the clutch. K is
an extension of P and slides in the recess in the end of M1, thus
keeping the clutch cone true centrally with the seating.

CrurcH oN THE SUNBEAM CAR (Fig. 29).—In this a leather
faced cone fits into the recessed flywheel. This cone is provided
with bosses on the inside containing springs shown at E, which
press the leather outwards. By this means the clutch is rendered
sweeter in its action. The pressure caused by the spring F can
be varied by screwing inwards or outwards the block G, which
is supported by the frame H carried by the flywheel. The
clutch is operated by the arm J, which causes the clutch sleeve
to slide over the centre spindle or driving shaft. The universal
joint K is provided on the spindle so as to take up any slight
difference there might be between the centre of the shaft passing
to the gear box and the clutch.

CHANGE-SPEED GEAR ON VauxmaLL Car (Fig. 30).—Three
speeds forward are provided and a reverse, the top speed forward
being direct drive. This represents the form of gear most in

favour at the present day.
® .
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The shaft V is connected to the clutch, and drives the sle
running through the ball bearings to which the gear wheel 1

CHANGE SPEED GEAR ON 12-16 H.P. VAUXHALL CAR,
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Fi1a. 30.

connected. C is an extension of the square shaft D, and n
inside the sleeve. When the clutch is engaged the sleeve revol'
outside C, and with it gear wheel I. This gear wheel is alwi
engaged with gear wheel I,, driving the secondary gear shaft E,



t

which the gear wheel R also 1 and 2 are rigidly connected; R, is
alwaysin mesh with R. Gear wheels 1,and 2, are free toslide on the
square shaft D, and are moved in either direction by forks G and F
respectively; in the diagram they are shown in the neutirul
position. In this position, when the clutch is engaged, I and I,,
together with R and R, also 1 and 2, will be revolving, but the
shaft D will be stationary. 1f now fork G is moved upwards so
that 1, engages with R, the driving wheels will be reversed. If
on the other hand it were moved downwards so as to mesh with
gear wheel 1, the lowest speed forward would be obtained. If
fork F is moved upwards so that the gear wheel 2, engages with
2, the intermediate speed would be obtained. If fork F is moved
downwards the dogs of the clutch 3 will engage with similar dogs
on the boss of I, and the square shaft D will be rigidly coupled
to the sleeve driven by V; thus a direct connection is obtained
between V and the driving shaft, and the top speed is obtained.
CBANGE-SPEED GEAR oN StanpaBD Car (Fig. 31).—This is
similar in general arrangement to the Vauxhall gear previously
described. With this gear four speeds forward are given and
one reverse. The direct drive, however, is on the third speed.
A is the primary shaft connected with the clutch at 3; this is
enlarged to a toothed wheel A, always engaging with the toothed
wheel A, on the secondary shaft B. All the gear wheels
revolving on B are rigidly interconnected. A, is the square
shaft upon which the primary gear wheels slide. It is con-
nected through the universal joint to shaft C, which is the pro-
peller shaft. A, is a brake drum rigidly connected to A,, upon
which the foot brake operates. The primary gear wheels are

" moved by means of the forks and rods shown at the foot of the

drawing. The reverse is obtained by shifting the primary gear
wheel I & R until it meshes with R, the intermediate gear wheel
fitted below the secondary shaft B. When I& R engages with 1
the first speed forward is obtained; when 2 and 2 engage, the
second speed forward is obtained ; when the dogs 3 and 3 of the
clutch engage, the third speed forward is obtained ; this being the
direct drive, A and A, being connected direct. When 4 and 4
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engage, the fourth speed is obtained. In considering this diagram
it is all-important to remember that the reduced end of A, revolves
inside A at all times, except when the clutch 3 and 3 is in gear.

STEERING GEAR ON 12-16 H.P. DECAUVILLE CAR.

Fia. 33
RearR AxLE oN StaNDARD CaR (Fig. 32). — In this gear,
instead of bevelled pinions and wheels being used, ordinary
squave-toothed wheels are provided. This type of gear is
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preferable to the bevelled pinions, as it is less likely to get out
of adjustment, and does not require in the first instance such
careful workmanship. It is necessary to point out that the rear
shaft A is divided in the middle, with ordinary square-toothed
wheels rigidly secured to the ends. The spindles of the pinions
are fixed rigidly into the large bevel wheel which revolves freely
on the shaft A and is set in motion by the bevelled driving pinion
rigidly attached to the driving shaft G. The outer ends of shaft
A, are rigidly attached to E,, which forms part of E, the metal
hub of the road-wheel. The whole of the outer casing of the
differential gear B, B, and C is secured to the frame of the
motor-car and is therefore stationary; A, together with the
gears revolves inside this casing. The end of shaft A, is shown
square at E, and carries the hub of the wheel which revolves round
the casing A on the ball bearings D. F is the brake drum and F,
the brake shoes.

SteerING GEAR ON DEcauviLpLE Car (Fig. 33).—The hand
wheel is attached to the steering column, the lower part of
which carries a sharply-pitched screw R operating a gun-
metal nut 8, provided with trunnions or pivots engaging with
the short fork ends on the steering lever 8, which is pivoted
at f. It will thus be seen that if the hand wheel is turned in
one direction the screw will cause the arm 8, to move forwards,
and if the hand wheel is turned in the other direction it will
move backwards. The levers and rods connecting the steering
gear with the front wheels are connected to 8,. The handles A
and B attached to the steering wheel are provided for adjusting
the ignition and air admission to the carburettor. The handle
A moves a central rod passing right through the steering column
to the nut ». Handle B is connected to a tube or sleeve fitting
over the central rod which is connected to nut m. A system of
rods connects each of these nuts to the carburettor and com-
mutator.

SteEERING GEAR ON StTANDARD CaR (Fig. 34).—This may be
considered as supplementary to the diagram of Decauville
steering gear, and is given as it renders the detail a little
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more clearly. A is the rod passing through the steering pillar
attached to the hand wheel. B is a thrust block, which

DETAIL OF STEERING GEAR ON STANDARD CAR.

Fi1a. 34.

prevents any up or down movement of the steering pillar. C is
a quick thread screw—in this case it contains several independent
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threads—which operates the block attached to the steering arm
D. Whichever way the steering pillar is turned the block will
travel along the screw and cause D to move. D, in turn, is
connected by a series of rods to the steering wheels.

BraRe oN VauxmaLL Car (Fig. 35).—This brake is of the
external type, as distinguished from the internal type more

Foor BRAKE ON THE VAUXHALL CAR.

F16. 35.

. commonly used on the driving wheels, an illustration of which
is given in the description of the brake on the Decauville
car. The foot brake on the Vauxhall car consists of a revolving
steel drum, surrounded by a steel band, carrying on the inner
face gun-metal brake plates. When the brake is inoperative
the steel band is slack, and the brake blocks lightly rubbing
on the drum. When it becomes necessary to apply the brake,
the brake pedal is depressed, drawing inwards the arm D, thus
tightening the brake band and forcing the blocks into contact
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with the brake drum. It will be seen that both ends of the
brake band are drawn together, so that the brake works equally
well whichever way the car is proceeding. The same type of
brake is used in many cars, but more generally the brake blocks
are of fibre, leather, or some similar material.

The common fault with brakes of this type is the shaking and
rattling of the steel band when loose, and in the special brake
illustrated on p. 185 this is prevented by the steady arms C.
The adjustment of the brake is effected by turning the nut E.

BRAKE ON THE DECAUVILLE CAR.

F1a. 36.

Brake ox DecauviLie Car (Fig. 36).—This brake is ome
of the two side brakes attached to the rear wheels. T, is the
drum fixed to the hub of the wheel. V and V are two internal
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brake shoes, hinged at V,, and connected to the toggle 'joint W.
‘When the rod T, is pulled in the direction of the arrow the
toggle joint is compressed and the brake shoes forced outwards
into contact with the drum. When the pull on T, is released
the brake shoes are pulled clear of the drum by means of the
spring Wi.






GLOSSARY

Accelerate.—To increase speed oontinuanf; the acceleration of a body
llo

falling under the influence of gravity follows a fixed law ; the accelera-

tion of a motor-car follows no fixed rule,

Accumulator.—The use of the term for electrical purposes signifies a cell
which, when attached to a suitable source of electricity, accumulates or
stores electricity. (See page 47.)

Acetylene.—A gas produced from carbide of calcium and water, largely
used for lighting motor-car head lamps, is very poisonous if breathed ;
mixed with air it forms a violent explosive.

Act.—A motor-car driver in Great Britain must make a point of thoroughly
understanding both the Motor Car Act, 1903 (cost 14d.), and the Rules
and Orders jssued by the Local Government Board. These are as
follows : (1) Statutory Rules and Orders 1903, No. 998, dated Novem-
ber 19, 1903 ; (2) Addendum to (1), No. 998*, dated November 20, 1903 ;
(3) Statutory Rules and Orders 1904, No. 315, dated March g, 1904 ;
(4) Addendum to (3), No. 315*, dated March 10, 7904 ; (5) Statutory
Rules and Orders, 1904, No. 1809, dated December 27, 1904 ; (6) Adden-
dum to (5), No. 18094, dated December 28, 1904 ; (7) Addendum to (5),
No. 18098, dated December 1904. The price of each of the above is
1d., so the whole set is obtainable for 83d.

Admission pipe and valve.—The pipe conveying the explosive mixture
from the carburettor to the admission valve. Sometimes erroneously
called induction pipe and induction valve.

Air.—A mixture of the gases oxygen and nitrogen in the proportion of 21
to 79 measured by volume. Also contains minute quantities of other
gases. To avoid lengthy explanation, reference to the nitrogen has
been omitted from pages 63 to 67. It is what is termed an *‘inert”
gas, that is it will not support combustion, and its presence in air
damps the force of the explosion in an internal combustion engine.

Air resistance.—When a vehicle is travelling rapidly through the air the
resistance of the air absorbs power ; the higher the speed the greater
the power required to overcome the air resistance. A car travelling
with a hood or cover requires considerably more power than one with.
out, travelling at the same speed. A stiff head wind necessitates an
il;crease in the driving power owing to the greater resistance of the
air.

Alternating current.—A current of electricity changing or reversing
direction rapidly instead of flowing steadily in one direction as the direct
or continuous current is supposed to. The alternations in a public supply
may be from 25 to 100 complete reversals or periods per second. This
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type of current is of no use for charging ignition cells, but a rotary
transformer or motor generator may be used for this purpose, taki
alternating current to drive the motor and giving out continuous
current from the generator.

Aluminium.—A metal largely present in clays aud earths, produced from
Bauxite by electric smelting. It is one of the lightest metals and is
largely used in motor-car construction to reduce weight. It is also a
good conductor of electricity.

Ammeter.—A gauge or index for measuring the volume of currents of
electricity in amperes.

Ampere.—The uni¢ of volume or quantity of electricity. (See under
¢ Pressure.”")

Ampere hour.—An electrical unit signifying a current of electricity
having a volume of one ampere flowing continuously for one hour.
Used to measure the capacity of accumulators. (See page 119.)

Anneal.—To soften metals generally or glass by heating and cooling
slowly. Brass is annealed by heating and plunging it into cold water ;
& brass tube is hardened by bending and needs to be annealed.

Armature.—Either (a) a piece of goft iron placed on or before the poles of
a magnet, or (b) that part of an electric generator which rotates in the
magnetic field (see page 52), and generates the electricity.

Asbestos.—A fibrous mineral, fireproof and a bad conductor of heat ;
manufactured into cardboard and cord and used for making joints in
Fipes and parts of machinery where great heat is developed. Also
argely used for lagging (covering) steam and hot-water pipes where it
is wished to prevent condensation and loss of heat.

Backfire.—An explosion in an internal combustion engine which tends to
drive it in the opposite direction to that in which it is moving. (See
page 89.)

Backlash.—A freedlom of movement backwards in machinery without
reversing its direction. Backlash in spur or chain gear is a sign that
the parts are worn; if bad, the parts will need to be adjusted or
renewed.

Battery.—Two or more electric cells (g.z.).

Big end.—The lowerend of an engine connecting-rod enlarged to carry the
big end bearing or brasses which surround the crank pin. (See page 4.)

Black lead.—A very pure form of carbon obtained from mines in the form
of graphite ; is an admirable lubricant, but difficult to apply to rubbing
surfaces. Also termed plumbago.

Blow.—An electrical fuse or cut-out is said to blow when it burns out and
breaks the circuit.

Boss.—A cylindrical mass of metal forming part of a machine ; the solid
centre of a pulley, or wheel, through which the shaft passes is a boss.

Brake.—A device for absorbing the momentum of a vehicle and stopping
it. It acts by friction ; considerable heat is generated between the
rubbing parts. A special form of brake is used for absorbing and
m:ll‘:f the power of an ongine and is commonly called a friction-
br

—y
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Brass.—An alloy of sinc, tin and copper in various proportions. Owing
to the use of such alloy in bearings of machinery the soft metal linings
of bearings are commonly termed * brasses.”

Broach.—To enlarge a round hole in a piece of metal with a special steel
tool termed a broach.

Brush.—A metal spring piece resting on a rotating commutator either to
collect electricity generated (as in the dynamo), or to establish contact
at definite intervals (as in the contact-maker on a petrol engine). Ses
pages 43 and §52.

Bush.—A piece of soft metal let into a mass of hard metal and drilled to
form a spindle bearing. If a bush becomes worn a new one must be
put in ; this is termed rebushing.

Cam.—A device by which movement is imparted to pieces of machinery at
regular intervals ; it usually consists of a metal disc with a projection
on the outer edge which strikes a tappet; for illustration see page 4,
where a cam is used to open the exhaust valve. A cam is mounted on
acam shaft ; the projecting part is called the cam head.

Capacity.—As applied to an engine cylinder the term signifies the whole
volume of that part lying between the top of the piston in its highest
position and the piston top in its lowest position. As applied to electric
accumulators, capacity is the measure of the quantity of electricity a
given cell can contain; it is measured in ampere-hours. Thus, an
ignition cell labelled as baving a capacity of, say, 20 ampere-hours, should
give a current of two amperes for 10 hours without the volts falling
below 1.8 per cell. 1f discharged at a high rate, say 5 amperes, the
capacity will be less than 20 ampere-hours ; that is to say the volts will
have fallen to 1.8 volts before the expiration of 4 hours. If diecharged
at less than 2 amperes the capacity would be a little more than 20
ampere-hours. This variation of capacity according to the discharge-
rate is a peculiar property of the lead accumulator. Be it observed that
the discharge should be taken continuovusly through a resistance or
lamps. A statement that a given cell has a capacity of so many
ampere-hours when the discharge is supposed to take place inter-
mittently, as with the ignition apparatus, and its capacity is coneiderably
less, probably half, is made with intent to deceive and is fraudulent.

Carbide of calcium.—A chemical compound of carbon and calcium. It
is produced commercially in the electric furnace. If wetted, carbide
of calcium gives off acetylene gas very freely ; this gas (g.v.) is a
brilliant illuminant.

Carbon.—An elementary substance largely associated with life; e.g., it
forms the great bulk of the compounds constituting the solid matter in
trees. Combines very readily with oxygen to form carbon dioxide when
combustion has been started Dy heating it in the presence of air.

Cardan joint.—A particular form of universal joint. A method of
coupling two rotating shafts so that while one remainsrigid the otheris
free to move laterally.

Casting.—A mass of metal formed by pouring the molten metal into &
mould. Cast metal is generally more brittle than wrought, i.e.,
hammered or rolled metal. A casting shrinks considerably in cooling
and allowance has to be made for this by making the mould larger than
the finished article is to be.
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Caulk.—To fill up cracks and crevices by forcing in some soft material
which will effectually prevent leakages through the cracks. Socket and
spigot pipes are caulked first by hammering in tow round the joint and
afterwards hammering in lead by means of special caulking tools.

Caution.—The motor-car driver should not only be thuroughly acquainted
with the caution signs placed aloug the roadside for his use, but he
should also make a practice of observing them. The special caution
signs now in use are given in the Local Government Board Circular,
dated March 10, 1904, No. 315% aund styled Addendum to the Motor
Cars (Use and Construction) Order 1904.

Cell (electrical).—A small box, jar, or other vessel, containing plates
(clectrodes) and chemicals of various sorts with a view to producing or
storing electricity. A cell that produces electricity, that is generates it,
is termed a primary cell, that which stores it when charged is termed a
%:condary cell, storage cell or accumulator. Two or more cells form a

ttery. '

Celluloid.—A flexible transparent substance somewhat resembling gelatine
in appearance. It is produced by the treatment of cotton or cellulose
with nitric and sulphuric acids. The resulting material (gun cotton)
being dissolved in ether and spirits of wine forms, after evaporation of
the spirit, a hard close material of highly inflammable nature. Its in-
flammability is a source of real danger if not borne in mind and care-
fully guarded against.

Centrifugal force.—The force which causes parts of a revolving object
to tend to fly from the centre of rotation. This force is made use of in
the centrifugal governor and the centrifugal pump ; in the latter case
the water is admitted to the centre of the pump and thrown by the
rotating wheel to the outside and thence is forced through the delivery
pipe.

Chassis.—See pages 68 and 126.

Circuit.—The connecting wires and cables with receiver (lamp, motor, &c.)
and generator forming a continuous conducting path for a current of
electricity. A circuit is said to be ‘“ bioken '’ when a break is made in
the conductor so that current no longer flows ; the circuit is * made”
when the connection is established so that current flows.

Cog-wheel.—A tooth wheel with teeth carefully made to engage in the
teeth of asimilar wheel so that movement or power is transmitted from
one to the other.

Collar.—A metal ring attached to, or forming part of, a spindle or shaft,
generally employed to prevent movement of the spindle in the direction
of its length or axis, or of a piece of machinery along the spindle.

Combustion.—Burning, or, commonly, the process of the chemical com-
bination of oxygen with other substances, such as carbon or hydrogen
gas. Combustion may be prolonged, as in the burning of coal in an open
fire ; or explosive, as with petrol mixture in a petrol engine.

Commutator.—A disc or cylinder attached to a spindle or shaft and
rotating truly with it, built up of metal contact pieces or segments
mounted on insulating material so that an electric current is conveyed
from the moving shaft or machinery attached thereto to the brushes
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resting on the commutator, the purpose being that the different scg-
ments shall make contact with the brushes at stated intervals only.

Conductor.—Any substance that will conduct or allow electricity to pass
through itself.

Conductivity.—The relative capacities of substances for conducting
electricity irrespective of the mass or volume of the conductor ; e.g., the
conductivity of copper is high, that of German silver is relatively low.
The conductivity of a metal is neasured in its relation to silver; that
of silver being taken as 700, copper is 94, aluminium §g, and iron 16.

Connection.—See Contact. Wires used to connect pieces of electrica
apparatus are termed connections, or connecting wires.

Contact.—To make contact or connection i8 to complete or to make an
electrical circuit (7.r.). A contact or contact piece is a piece of metal
which *makes” circuit ; e.g., the platinum contacts on the contact
maker, See page 40.

Copper.—A metal of great value for commercial and engineering purposes.
Alloys readily with most other metals, forming brass, bronze, gun-
metal, &c. &c. It is one of the best conductors of electricity and is
more largely used for electrical conductors than any other metal.

Current.—An electrical conductor is said to have a current of electricity
flowing in it when circuit has been made. This is a convenient
expression only ; it is not known whether any flow actually takes place
or not.

Cut-out.—A device inserted in an electrical circuit to break the circuit in
the event of an excess of current passing through it. More commonly
a ““fusible ” cut-out is used (see Fuse), but mechanical and automatio
cut outs of many kinds are used.

Density.—The weight of a substance in relation to its volume. The
specific gravity of a substance is its density in comparison with a given
standard ; this standard with gases is hydrogen, the density of which,
for the sake of comparison, is taken as unity ; with liquids and solids
the standard is water at 32° F., and atmospheric pressure. Thus a
given volume, gay a cubic inch or cubic foot of copper weighs 8.79
times the same volume of water; its specitic gravity or density is
therefore 8.79. Again, a given volume of petrol weighs, say .68 of the
same volume of water ; its density is thus .68. The density of petrol is
measured with a densimeter. A hydrometer is used with most fiuids
for the same purpose. The hydrometer and densimeter are instruments
of the same kind, but graduated differently.

Detent.—Ses Pawl.

Diagram, Indicator.—A diagram drawn by an instrument termed an
engine indicator. The diagram shows the pressure in the engine
cylinder throughout the stroke, or, with a petrol engine, throughout the
cycle ; from this diagram the indicated horse-power is easily calculated.

Detector.—A small electrical instrument consisting of a galvanometer or
current indicator and several primary cells. Used for testing the
continuity of electrical circuits.

Dished wheels.—Wheels intentionally inclined inwards on their axles
8o that the width apart on the road surface is less than the width at

the top.
N
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Drum.—A brake drum iz the metal rim or ring rigidly attached to the hub
of a wheel or to the driving-shaft on which the brake band rubs.

Dry cell.—A primary cell with sealed top and often containing some
absorbent material which soaks up the electrolyte. It is only “dry”
because it is entirely sealed and does not leak. If the electrolyte gets
dried up, eleztricity will not be generated. Some forms of the dry cell
are useful for ignition purposes.

Dynamo.—A mechanical generator of electricity. The term is applied to
both direct and alternating current generators, but more generally to
direct current machines, the alternating current generator being called
an alternator.

Earth, Earthing.—A term used to rignify the connection of the return
conductor in an electric circuit to the earth at two points so that the
mass of the earth really forms part of the circuit. This is a very
common plan in telegraphy and sometimes in telephony. The use of
the term has been extended to the connection of a continuous mass of
metal in the return circuit where there is no metallic connection to the
earth at all.  In a motor-car the mass of the metal work of engine and
chassis is made use of in this way. See page 47.

Ebonite.—A black substance capable of being worked into various shapes
by moulding when hot or cutting. It coneists of a mixture of
rubber and sulphur, and is a rplendid electrical insulator. It is used
for the tops of induction-coils ; also as insulating material in contact-
makers, &c.

Eccentric.—A disc mounted rigidly on a rotating shaft with its centre or
axie parallel to the axiz of the shaft, but the centres do not correspond,
the result being that the disc is out of truth and rises and falls carrying
with it the eccentric strap and rod attached thereto. Its action is
similar to that of the cam, but in place of a quick striking movement,
the eccentric rod and strap are moving throughout the revolution of the
ehaft.

Electrolyte.—The chemical solution or liquid in a cell. In a Leclanché
primary cell the electrolyte is a solution of sal-ammoniac ; in a secondary
cell it is diluted sulphuric acid.

Excite.—The current of electricity passing through the coils of an electro-
magnet is said to excite the magnet. The magnet or field coils of a
direct current dynamo are excited from the current produced by the
dynamo. The field coils of an alternator have to be excited from an
outside source, as an alternating current has very little magnetising
etfect.

Expand. —The explosion in & petrol engine is not instantaneous, but is
practically continuous through the stroke. At the moment of ignition
the pressure is greatest, but the gares formed expand uncer the influence
of the heat until the exhaust valve is opened and expansion is con-
tinued in the silencer: thus a fairly large part of force of the expansion
is not utilised.

Extra current.—See page 57.

Fault (electrical).—Either a weak spot in the insulation of the wires or
other part of a circuit allowing leakage ; or, a broken connection pre
venting the passage of electricity.
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Feather.—A strip of metal used to secure a wheel, pulley. or other piece
of mechanism to a rotating shaft, which, while preventing the shaft
from revolving inside the wheel boss, admits of the wheel xliding along
the shaft. An illustration will be found in the change-speed gear.

Flexible coupling.—A coupling between two shafts, which, while ad-
mitting the free transmission of power between them, leaves one at
liberty to move in any direction laterally while the other runs in fixed
bearings. The universal joint is a flexible coupling ; in small pieces of
machinery a spring is sometimes used.

Fuse or Bafety fuse.—Generally a piece of metal or wire, inserted in
an electrical circuit, of smaller section, or lower melting-point, than
the connecting wires, ro that, in the event of an excessive current
passing, the fuse melts before damage has been done to the other wires,
or to the apparatus. See Cut-out.

QGalvanometer.—An electrical instrument for testing or measuring small
currents of electricity ; in its simplest form it consists of a compass
needle freely suspended inside a coil of insulated wire. When a current
passes through the coil the needle is detlected to the right hand or left,
depending on the direction of the current. 1f provided with a scale
the amount of the detlection will give a rough indication of the strength
of the current.

QGassing.—In the early stages of the charging of an accumulator quite
small quantities of oxygen and hydrogen gas are given off from the
plates: but near the end of the charge a considerable quantity is given
off. When the cell is gasing freely it is evidence that the charging is
finished, and the cell should be disconnected.

Gear.—A term in mechanics generally applied to devices for transmitting:
motion or power from one part of a machine to another. There
are many types of gear, the more general being (a) gear wheels or
spur-gear, i.r., cog-wheels or toothed wheels in which the teeth
“engage” or “mesh”; (b) bevel gear, i.e., toothed wheels with
teeth on the bevel or at an angle with each other ; (¢) worm-gear, by
which motion given to a spindle with a screw or worm cut on the
eurface is imparted to a toothed wheel with peculiarly cut teeth engaging
with the worm ; this is generally used where a considerable reduction in
speed is required from the worm spindle to the wheel. There are
many other forms of gear, but the above are more commonly employed
in motor-cars. To *throw out of gear,” oue toothed wheel is moved
8o that its teeth no longer mesh with those of its companion, eg.,
when the change-speed gear lever is at the neutral notch the wheels
have been thrown out of gear.

@land.—See Stuffing-box.

Gradient.—The steepness of a gradient is measured in terms of the ver-
tical rise in a given distance of travel ; e.g., a gradient of I in 20 sig-
nifies a rize of 1 foot vertically in every 20 feet of the road surface,
not of the horizontal distance.

Grinding in.—The term applied to treating valves, so as to cause them to
fit accurately the faces of valves which have become worn. See page 84.

QGudgeon-pin. —The pin attaching the upper end of the connecting-rod
of a petrol engine to the under side of the piston.

High-tension electricity.—High-pressure electricity, such as that
produced by an induction-coil. See page 39. High-tension electricity

.
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will jump across a gap between two live conductors in the form of a
spark ; low-tension electricity will not do this,

Horse-power.—A commonly employed unit of power or capacity of an

engine for doing work. Strictly epeaking it is the unit of useful work
—a force that iz capable of lifting vertically a dead weight of 33.000
pounds through a distance of 1 foot in 1 minute is termed 1 horse-
power. The term, however, is used very loosely and sometimes mis-
leadingly. For instance, the H.P. of a steam-engine is generally stated
in “ Indicated " H.P., the useful work (that is the ‘* Brake” H.P.) such an
engine can do is only about % of the I.H.P. The term “Nominal"
H.P. ig gtill more misleading, and should be abolished altogether ; it is
more generally used in conjunction with boiler capacities, but some-
times also by old-fashioned engine-makers in conjunction with engines;
roughly it is three times the value of an Indicated H.P. Care should
always be taken when purchasing engines to see that the drake horse-
power (B.H.P.) is stated. A petrol engine is generally rated on this
basis, but this must not be taken for granted, as there is plenty of room
for dishonesty in this direction.

Hydrometer.—An instrument for measuring the density or specific

gravity of liquide. A hydrometer for measuring the specific gravity
of sulphuric acid (for accumulators) should be graduated from 1100 to
1250 ; these figures really signify 1.100 and 1.250, but the decimal
point is generally dropped.

Indicator.—See Diagram.
Induction.—A term applied in motor-car phraseology, but somewhat

erroneously, to the drawing of the explosive mixture into the engine.
(See Admission pipe and valve). In electricity it signifies the produc-
tion of electricity in a coil or apparatus at a distance from the inducing
current, and not connected thereto by conductors; e.g., induction
coil. See page 40.

Insulator.—In electricity, a substance that does not conduct electricity

to any appreciable extent. (See page 33.) Also used of bodies that
do not conduct heat appreciably. Micaand asbestos are heat insulators.

India-rubber.—One of the best known electrical insulators, largely used

for insulating wires and cables. In this connection it is more generally
vulcanised (treated with sulphur at a temperature of 280° F). Vui-
canised rubber perishes in contact with the air less readily than pure
rubber. Also extensively used for the manufacture of rubber tyres.
Its value for both of these purposes is often largely depreciated by
mixing with it in the process of manufacture an excess of “compound.”
Excessive quantities are used in cheap rubber articles, and in no other
class of goods is it more necessary to warn the purchaser to buy only
from honest and reliable tradesfolk.

Joint.—Pipes conveying fluids under tsrrm;sure need to be jointed carefully

to prevent leakage. DPipes with flanged ends bolted together have
generally some * packing” between the flange faces ; this may be an
asbestos ring, a metal disc treated with red lead paste or a ring of soft
wire (possibly copper), which is squeezed flat when the bolts are screwed
up. Joints in ditferent parts of an engine also need to be packed in a
similar way. If a joint subject to high pressure is badly packed the
¢ packing "’ may be blown out and the joint will have to be ‘*“made”

again.
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Joint (universal).—See Cardan joint.

Journal. —That part of a revolving shaft or spindle which runs inside the

ring.

XKey.—An engineering term applied to a tapering or wedge-shaped piece of
metal used to rigidly secure a pulley, wheel, or other piece of mechanism
to a revolving shaft. A ‘ key-way " is the longitudinal slot cut in the
shaft, and also in the pulley or wheel boss into which the tapered key fits,

Magnet and Magnetic fleld. —See page 37.

Mica.—A peculiar mineral found in the form of large crystals, which can
readily be divided by splitting into sheets of almost any degree of thin-
ness. The sheets are very transparent, and it forms a valuable electrical
and heat insulator. It is used in many motor-car appliances.

Misfire.—The failure of an explosive charge admitted to the cylinder of an
internal combustion engine to ignite at the critical moment, so that the
gases pass from the engine unused.

Momentum.—The force stored in & moving body : the momentum in the
revolving fly-wheel of a petrol engine carries the moving parts through
their various operations between the explorions. The momentum of a
motor-car travelling at high speed may, in the case of a collision, cause
considerable damage.

Motor.—This term is correctly applied to a machine for developing power.
It is incorrectly applied to a motor-car, sometimes by those who certainly
ought to know better.

Negative.—In electricity, se¢ page 48. In most primary cells, plates of
carbon and zinc are employed. The carbon is positive (+), the zino
negative (- ).

Oxide.—A chemical combination of oxygen with (1) a metal e,¢:, oxide of
iron, aluminium oxide, peroxide of lead, or (2) a non-metal, e.g., carbon
dioxide.

Packing.—See Joint.

Parafin wax.—A pure, white and hard wax. An excellent electrical
insulator, sometimes called solid paraffin or simply paraffin, which is
confusing.

Pawl.—A pivoted bar or catch-piece arranged to fall into the teeth of a
ratchet or tooth wheel as it rotates in one direction to prevent a back
motion when the wheel-moving power is withdrawn. The pawl or
detent may act by gravity or by a spring.

Pinion. —The smaller of a pair of toothed wheels, whether spur, bevel or )

mitre, &c.

Pitch.—The pitch of a tooth on a epur-wheel governs the size and shape,
These teeth have to be scientifically derigned and cut, otherwise they
will not engage properly. Badly designed and cut teeth will result in
noisy running and heavy wear. Teeth of a certain pitch will not mesh
properly with teeth of a different pitch; it ie therefore of great im-
portance when purchasing new gear wheels to see that they are suitable,

Platinum.—One of the rare metalr, nearly as cosfelg as gold. Valuable
owing to the difficulty with which it iz oxydised ; is used to tip the
screws of make and break contacts, for which purpose it is especially
suitable as the contacts always remain clean.
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Play.— In machinery a freedom to move ; sometimes a great fault in badly
designed machinery, e.g., if toothed wheels do not fit nicely there will
be play between the teeth—noisy play in fact. In certain parts of
machinery some play is essential ; whether play is too much or too little
is a matter of judgment and experience,

Plumbago.—See Black lead.
Positive.—See page 47 ; also sce Negative.

Pressure.—That which tends to cause movement. In electricity that
which on a circuit being closed causes a flow of electricity through the
circuit. The volt is the unit of pressure. The volume of current which
will flow in a given circuit depends upon the resistance of the circuit
and also upon the pressure. The relation between the pressure, volume

and resistance is expressed by the simple equation C=g where C is the

volume or current measured in amperes, E is the pressure measured in
volts, and R the resistance measured in ohms. This is termed Ohm's
Law. Thus if E is 200 volts and R is 20 ohms then the current will be

200
—— =10 amperes.
20

Primary coil.—See page 39.

Pulley.—A wheel or drum, varying greatly in shape, keyed to a rotating
shaft, and upon which a belt or rope runs for the purpose of transmit-
ting motion or power. There are (1) the simple flat belt pulley, (2) a
flanged pulley with flanges on either edge to prevent the belt slipping
off sideways ; (3) a grooved pulley for rope drive; (4) a split pulley
divided to enable it to be fixed to a line of shafting without taking it
down ; often a most eerious consideration ; (5) a fast and loose pulley
for stopping at will the motion of the shaft receiving power. This is
really two pulleys, one keyed to the shaft, the other close beside it, and
of the same diameter, running loose so that by a side movement the
belt can be shifted from the fast to the loose pulley and vice versa.
There are many other forms of pulley.

Resistance.—See Pressure.

Rocker.—The device on a petrol engine carrying the brush or brushes
resting on the contact-maker or commutator enabling them to be
rocked forward or back 80 as to secure the advance and retard of the
spark. Moving the rocker against the direction in which the contact-
maker is revolving will advaunce the spark, the reverse movement will
retard the spark.

Secondary.—For Secondary Coil see page 39. For Secondary Cell, see
page 48.

8hort circuit.—Short circuit occurs when the current is diverted from
the desired path through lamps or motor, &c., and flows through a path
of less resistance owing to the conductors near the poles of the battery
becoming united, either directly or otherwise. The wires are said to
be short circuited, alro the source, and the receiver. Short circuiting
generally results in a heavy excess of electricity passing, which * blows™
the fuses near the source of supply.

Sleeve.—A tube into which a rod or shaft iz inserted. The sput rear
wheel axle in a Cardan shaft driven car iz carried in a sleeve,
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8pecific gravity.—Sece Density.

8prag.—A stout forked rod attached to the underside of a motor-car which
can be lowered at a moment's notice if the car tends to run backwards
down a hill. Every car should be provided with this safety device.

8procket-wheel.—A toothed wheel with teeth specially designed for use
with chain drive.

8pur-wheels.—S¢e Gear.
8torage battery.—See Accumulator.

8trap. —A metal band around a piece of machinery. The eccentric strap
surrounds the eccentric and carries the eccentric rod.

8tuffing-box.—A metal sleeve or box containing packing and screwed to
a piece of machinery through which a moving rod passes. When
ecrewed up it compresses the packing around the rod and thus makes
& tight joint while leaving the rod free to move.

8ulphuric acid.—A powerful corrosive acid. Termed vitriol or oil of
vitriol. Used, diluted, for the electrolyte in recondary cells ; needs to
be very pure for this purpose—the * commercial” acid is not good
enough.

8witch.—An electrical device for making or breaking circuit promptly.
A two-way switch is used with two ignition batteriex, by means of which
either of the two battcries may be brought into instant use or current
be entirely switched off.

Tappet.—An arm or rod which is touched by a cam in order to impart an
intermittent movement to the rod ; used as a valve:motion in the petrol
engine.

Terminal.—Also called Binding Screw. A screw with milled headed nut
to which a wire inside a piece of electrical apparatus is brought for the
purpose of enabling the outside wires to be easily connected.

Thread of sorews.—The spiral turns on a screw are called the thread ;
the number of threads per inch of length varies enormously, also the
shape and size of the thread. Thereareseveral standard threads in use,
the Whitworth and the British Association being mostly used. There is
also the Gas thread, chiefly used for ecrewed pipes. The non-standard
threads are numerous and are termed bastard threads. Some practical
acquaintance with screw threads must form part of an intelligent motor-
car driver’s stock in trade.

Toothed wheels.—See Gear.

Universal joint.—See Cardan joint.

‘Volt.—See Pressure.

‘Voltmeter.—An instrument for measuring electrical pressure in volts.
‘Vulcanite.—See Ebonite.

“Vulcanised fibre.—A useful insulating material of brick red colour
largely used in the ignition apparatus of a motor-car.
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AcADEMY of Motoring, vii
Accelerator, 103
Accessibility, 166
Accumulator, 47, 114
Admission valve, 10, 83
Advance-spark, 104
Advice in Furohnsing. 166
Alfr control, Carburettor, 21
Air cooling of engine, 23
Air lock in radiator, g6
Ampere, 36

" hours, 119
Armature, §1
Axle, 73

» Bent, 138

BACK pressure in exhaust, 23
Back fire, &
Ball bearings, 139
Band-brake, 77
. Battery, 50, 110
»»  charging, 114
” deposit, 122
" -box leaking, 121
" -reversing, 115

. ‘‘sulphating,’ 122
Bearingr, 7,9
n Hot, 147
> Seized, 149
w _ Ball 139
Blake, F. C.,, 59

Box spanner, 148
Breakdown, Causes of, 148
Brak: Partial, 149
rakes, 4, 75, 1
Brake Bands 7735
- Frictlon, 88
» Manipulation, 161
» DPedal, 136
Branses, 7
Burning-point ¢f oils, 100
Brushes, §2
Burst tyres, 143
Burst water-jacket, g7
By-pass to silencer, use of, 22

CANM, 11
Cupucity of battery, 149
Carburettor, 14, 16

Carburettor, air-supply, 20
» flooding, 92

”» Longuemarre, 18
» Spray, 18
Surface, 16

Cardan shaft, 73, 75
Carriage springs, 140
Cast iron, brittleness, §
Cell, 50

” DI'V, 47

» Primary, 35

» Secondary, 48
Cellaloid, 12:

rators, 48

Centrifugal !oroe, 28
" governor, 28
pump, 23
Chain drive. 73, 130
» Adjusting, 132
,» Examination, 166
» knock, 130
,»» Lubrication, 131
Change-lpeed gear, 2, 71, 129
Chassis, 68
Circulating pipes, Leaking, 98
Cleanliness, 145
Clutch-friction, 68, 126
Clutch, Cone-, 70
. fierce, 127
,»  Leather, 129
+w Manipulation, 160
.  Slipping, 128
Coil terminals, setting, 46
Collecting ring, 54
Combustion head or chamber, 6
Spontaneous, 102
Commutat,or, 42, 111
Compression, 85
”" cock, 87
" ronning on. 162
Testing, 87
Condensed water in caiburettor, 93
Condenser, 40
Conductors, 33
Cone-clutch, 70
Connecting-rod, 6
Consideration in driving, 153
Construction of Cars, 165
Contact-breaker, 39
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Contact-breaker, Eisemann, 54
» -maker, 42
» pillar, 40
Corners, turning, 155, 161
Courtesy on road, 153
Crank chamber, 9
w_w_ oilg
» -Pin, 7

”» -Sh&ft, 2,7 83
Cranks, Arrangement of, 59
Cross roads, 155
Crypto gear, 134
Current, alternating, 32, 116
”" Continuous or direct, 32
" Direction testing, 116
Cylinder, 2, §, 81
. Deposit in, 81
" Over lubrication of, 82

DEAD point, 8
Densimeter, 63
Density of petrol, 62
Differential gear, 2, 74, 132
” "» experiments, 133

Drivers, Attitude of, 165

" Qualities needed by, 151
Driving-chain, 130

y w lubrication, 131

» -shaft, 130
Dry. cell, 47
Dust and dirt, 145
Dynamo, 51

EARTH-return, 44, 47
Eccentric, 10
Efficiency of engine, 85
Kisemann ignition, 52
E ectric lamps, 31
Electrical terms, 34
Electricity, Sources of, 32
Electrolyte, 49
Electro-magnet, 38
Engine, Petrol, 1, 5, 81

» at work, 12

» faults, 88

" Knock, 83

" Power of, 87

» speeds, 14

' Starting the, 9
Epicyclic gear, 134
Excitation of dynamo, 57
Exhaust pipe, isolating, 82

” silencer, 21

» valve, 10
Exhaust, 11

Experiments with petrol, 63

Explosion of petrol, danger, g3
“ premature, 7

Extra current, 57

FAuLTs, Electrical, 112

. Engine, 88
Field, Magnetic, 38
Flash-point of oils, 100
Float chamber of carburettor, 18
Flywheel, 9
Formed battery plate, 49
Frame of chassis, 68
Freezing of petrol, 93

» of warer-jacket, 97
French coils, Lettering of, 46
Friction-brake, 88

» -clutch, 2, 68, 126

GEAR-WHEELS, 11

Generator, 55

Governing, 26, 103

Governor, centrifugal, 28
Graphite, 1c2

Grid, battery plate, 49
Gudgeon-pin, 7

Gun-metal, used for bearings. 7

HALF-8PEED Shaft, 11
Hickory wood for frames, 68
Hill Descending, 163
Honeycomb radiator, 24, 95
Horse-power, Brake, 88
» Indicated, 88
” Test of, 88

Horseshoe magnet, 52
Hydrometer, 49
IGN1TION, catalytic, 31

. electrical, 2, 31, 106

o flame, 31

" high-tension, 41, 52

" low-tension, 56

“ magnets, 51
Indicator diagram, 87
Induction-coil, 36, 111
Inlet valve, 10
Insulators, 33
Interruptor, 54

JOINT-MAKING. 86

KNOCK in engine, 83
» chain, 130
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LEAD battery plates, 48
I ead, (or lead-conductor), 32
Lead, (or lead-advance of spark),

104

Leakage, Electrical, 108

s of petrol, 93
Leclanché cell, 35, 47
Lettering of coil terminals, 46
Lines of force, 37
Lock nut, 146
Longuemarre carburettor, 18
Low-tension ignition, 56
Lubricating-chain, 131
Lubrication, 9, 24,

» automatic, 102

" forced, 101

» grease, 102

”» sight-feed, 25, 100

" splash, 9, 25, 101

, with graphite, 102
MAGNET, 37

» Electro-, 38

. pole pieces, 52
Magueto ignition, 51

” machine, 123
Managemert of car, 80
Missfire, 93
Motor-Car Act, 134
Multiple cylinder engine, 58

. ” ignition, 60
NATURE of petrol, 61
Needle-valve, 18
Negative pole, 35

» _ Pplate, 48
Night Driving, 166
Noises, Distinctive, 146

Onx, 36
Oil-bath, ro1
Vil, burning-point, 100

,» crank chamber, 99

» flash-point, 100
Otto cycle, 1, 12
Overheating of engine, 97
Overtaking, 156

PARAFFIN, 62
Parallel, connecting cells in, 36, 50
Pasted plates, battery, 49
Peroxide of lead, 48
Petrol, dangers of, 93

» density of, 62

» experiments with, 93

203

Petrol, filtering, 92
n freezing, 93

n leakage, 93
, Dature of, 61
» Stale, 92
» supply system, 2, 16, gt
» tank, 18
Petroleum, crude, 62
Piston, 6, 82
» rings 7, 82

Plates, battery, 48
Platinum contacts, 42
Plugs, contact-, 44

Plunger in carburettor, 21
Pole pieces, maguet, 52
Pole testing, 115

Popping, cause of, 95
Positive pole, 35

Positive plate, 43

Power developed by engine, 6
Pump, water circulating, 23
Puncture, 143

Pre-ignition, 89

Pressure, electrical, 34
Primary cell, 35

Primary coil, 39

RAciNG ENGINE, 159
Radiator tube, 24

" honeycomb, 95
Resistance, electrical, 34
Retard-spark, 104
Return conductor, 32
Ring lubrication, 101
Road, on the, 151

SAND for garage, 94
Seized clutch, 126
» mmetal, 128

Self-ignition, Test for, 81
Self-indrction-coil, §7
Self-locking nut, 146
Setting-point of oils, 100
Secondary cell, 48
Secondary coil, 39
Series, connecting cells in, 36 5o
Short circuit, 54, 106, 109
Side-skid, 138, 160
dilencer, by-pase, 22

s  exhaust, 21, 94

»  explosion, 94
Simms-Bosch magnets, 55
Single spark-coil, 42
ignition, 45
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Skidding, 135, 138, 160
8lip, clutch, 127
Spanuers, 148
Spare parts, 147
Spark coil, 36
”» 'plug' 12, 50 109
» distributor, 53
« EAp, 110
»» tming gear—Eisemann, 56
. testing, 113
Speed, Dangers of high, 154, 166
,. of engine, 14, 159
Specific gravity of pctiol, 62
Splash lubrication, 9
Split pin, 146
Spontaneous combustion, 102
8prag, 78
Spray chamber, 18
Springs, carriage, 140
» valve, 83
Sprocket-wheel, 73
Sqneak in machinery, 146
Bulphating battery, 123
Starting, 149
, handle, 10
Steering gear, 4, 140
Stoppage, breakdown, 148
Stroke of engine, 6
Switch, 44

TERMINALS, 107, 122
Throttle-valve, 21
Time-saving, 154
Tools, 147

. Trembler, 39

Trembler-coil, 42
Two-stroke engine, 13
Tyres, 4, 140

» Barst, 143

UNIVERSAL joints, 73, 130

VALVES, 10, 83
,» automatic, 10
" grinding in, 83
» mechanical, 10
y» maushroom, 11
Valve pitting, 83
» S8pares, 83
» spindle, 85
» 8prings, 83
Volt, 35

WASHER, spring, 146
Water circulating pump, 23, 98
» cooling, 23, 95
» -jacket, 6
» »  burst, 97
" filling cracked, 97
»_supply system, 2
Wheels, 136
» outof track, 138
Wheel-bearings, 4, 139
White metal, ure for bearings 7
Wipe contact, 42
Wiring, 106
Wires, low-tension, 106
» high-tension, 108
» trimming, 108

Printeo by BaLuantvng & Co LimiTeD
Tavistock Street, London



50

A SELECTION FROM
CHARLES GRIFFIN & CO.’S PUBLICATIONS

ENTIFIC AND TEC

INICAL WORKS.

MESSRS. CHARLES GRIFFIN & OOMPANY'S
PUBLIOATIONS may be obtained through any Bookseller in
the United Kingdom, or will be sent on receipt of a remittance

to cover published price and postage.

To prevent delay, Orders

should be accompanied by a Oheque or Postal Order crossed
“UN10N of LoNpoN AND SurTH’s BANK, Chancery Lane Branch.”

& COMPLETE TECHNICAL, MEDICAL, and GENERAL
CATALOGUES forwarded Post-free on Application.

LONDON:
EXETER STREET, STRAND.

2/2/09.
C. s



GRIFFIN'S INTRODUCTORY SCIENCE SERIES.

FULLY ILLUSTRATED.

BOTANY. OPEN-AIR STUDIES 1x BOTANY.
By R. LLoyp PrAEGER, B.A., M.R.LA,, 716

THE FLOWERING PLANT. By
Prof. AinsworTH Davis. THIrD EDITION, 3/6

HOW PLANTS LIVE AND WORK.

By ELeaNor HUGHES-GIBB, . 2/6
THE MAKING OF A DAISY
By ELeaNor HugHEs-GIBB, . 2/6
BIRD-LIFE. OPEN-AIR STUDIES IN BIRD—
LIFE. By CHaRrLEs Drxon, . . 8

CHEMISTRY. INORGANIC CHEMISTRY. By
Prof. Dupré, F.R.8., and Dr. WiLsoNn

Haxe. Tairp EpITION, Re-issued, . 8

THE THRESHOLD OF SOIENCE. ™**

By Dr. ALpER WRIGHT. SEcoND EpITION, 6/

GEOLOGY. OPEN-AIR STUDIES 1xn GEOLOGY.
ByProfGAJCom,FGS M.R.I.A,
Seconp EprrioN, . 8/6
L PRAOTICAL GEOMETRY
ENGINEERING Frrrr Eprriox, . .. 46
DRAWING. IL. MACHINE' DESIGN . 4/6

Frerr Ep, By 8. H. Wn.Ls,AMInntCE
MAGNETISM & By Prof. JamresoN, late of the Glasgow and
ELECTRICITY. West of Scotland Technical College

SeveNnTE EDITION, . . . 36

MECHANICS. By Prof. Jamizson. EleHTH Enmon, . 88
MECHANICAL ‘

ENGINEERING. }BY R. S. MLABEN, . . . . ﬂ

T!{g‘g}‘ggm} By Prof. JamigsoN. Twerrte Eprtiox, . 38/6

RGY. B Prof HumBoLDpT SEXTON, Glasgow and
METALLU v est of Scotland Techmoala..l“g Collego
Foun'm EpitioN, Revised, . 6/
PHYSICS. A TEXT-BOOK OF PHYSICS
By J. H. PoynTING, Sec.D., F.R.8., and
J. J TaOMSON, M.A., F.R.8
Vol. I—Pnorlm'uns OF MATTER.
FourTH EDITION, . . 10/8
Vol. II.—Sou~xp. Firre EpiTioN, . 8/6
Vol. IIL.—Hgar. THIRD EpITION, . 15/
ELEMENTARY TEXT-BOOK
OF PHYSICS. By R. W. StewarT, D.So,
MATTER—HEAT—L16ET—S0UND.

PHOTOGRAPHY. By A. Brormers. Seconp Eprriow, 21/
LONDON : CHARLES GRIFFIN & C0.. LIWITED, BTN SIREET, ATRAND.




INTRODUCTORY SCIENCE SERIES, 19
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than these charming-lool volumes.”—Letter to the Publishers from the Head.
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OPEN-AIR STUDIES IN BOTANY:

SKETCHES OF BRITISH WILD FLOWERS
IN THEIR HOMES.
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FoUuRrRTH EDITION, Revised, with Numerous Diagrams, Exampla, and
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THE DESIGN OF STRUCTURES:

A Practical Treatise on the Bullding of Bridges, Roofs, &e.
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In Large 8vo. Handsome Cloth, Gilt, Uniform with Stability of Ships
and Steel Skips (pp. 37, 38). With 34 Folding Plates and 468
Illustrations in the Text. .- 30s. net.

The Principles and Practice of

DOCK ENGINEERING.

By BRYSSON OUNNINGHAM.

GENERAL CONTENTS.
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Breakwater Construction. — Pierheads, Quays, and Landing Stages. —
Entrance Chaannels. —Channel Demarcation. —INDEX.
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“This is a standard work . . . sure to prove a valuable book of ref ",
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In Large Crown 8vo. Handsome Cloth. 4s. 6d. net.

THE THERMO-DYNAMIC PRINCIPLES OF
ENGINE DESIGN.
By LIONEL M. HOBBS,

Engineer-Lieutenant, R.N.; Instructor in Applied Mechanics and Marine Engine
Desivn at the Roya! Nuval College, Greenwich.
“Berves its purpose admirably . . . should prove of invaluable service . . . well
up-to-date.”"—Shipping World.

In Large 8vo. Cloth. Fully Illustrated. 10s. 6d. net.

THE PROBLEM OF FLIGHT.

By HERBERT CHATLEY, B.Sc.(Exc.), Lowpox,
Professor of Olvil Engineering, Tong Shan Engineering College, N. China.
Contexrs.—The Problem of Flight. —The Helix. —The A¥roplane.— The Avi -
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In Handsome Cloth. With 252 Illustrations. 1§s. net.

THE THEORY OF THE STEAM TURBINE.

A Treatise on the Prlnil’plu of Construetion of the Steam Turbine,
with Historfcal Notes on its Development.

By ALEXANDER JUDE.

Contents —Fundamental.—Historical Notes on_Turbines.—The Velocity of Steam.—
Types of Steam Turbines.—Practical Turbines.—The Efficiency of Turbines, T: I—
Trajectory of the Steam.—Efficiency of Turbineg T I1., II1. and IV.—Turbine Vanes.—
Disc and Vane Friction in Turbines.—Specific Heat of Superheated Steam.—S
of l_loutinf Discs.— Governing Steam Turbines.—Steam Consumption of Turbines.—'

ing of Shafts.—Speed of Turbines.—InDEX.
‘* One of the latest text-books . . . alsooneofthebest . . . thereisabsolutely
no,padding.”—Sir William White in the Times Engineering Supplement.

In Large Crown 8vo. Handsome Cloth. With 131 Illustrations. 6s. net.

LECTURES ON THE MARINE STEAM TURBINE.

By Pror. J. HARVARD BILES, M.INsT.N.A.,
Professor of Naval Architecture in the University of Glasgow.
*“This h the best popular work on the marine steam turbine which has yet appeared.”—

Works by BRYAN DONKIN, M.Inst.C.E,, M.Inst.Mech.E., &e.

FourTH EDITION, Revised and Enlarged. With additional Illustrations.
Large 8vo, Handsome Cloth. 25s. net.

A TEXT-BOOK ON

GAS, OIL, AND AIR ENGINES.

By BRYAN DONKIN, M.InstT.C.E., M.INsT.MECH.E.
“*The best book now published on Gas, Qil, and Air Engines.”—Engincer.

In Quarto, Handsome Cloth. With Numerous Plates. 2gs.

THE HEAT EFFICIENCY OF STEAM BOILERS

(LAND, MARINE, AND LOCOMOTIVE).
By BRYAN DONKIN, M.INsT.C.E.

GeNBrAL ConTENTS.—Classification of Different Types of Boi.len.—gs E?erimn on
English and Foreign Boilers with their Heat Efficiencies shown in Fi ‘ables.—Fire
Grates of Various Types.—Mechanical Stokers.—Combustion of Fuel in Boilers.—Trans-
mission of Heat through Boiler Plates, and their Temperature.—Feed Water Heaters,
Superheaters, Feed Pumps, &c.—Smoke and its Pr ion.--I used in Testi
Boilers.—Marine and Locomotive Boilers.—Fuel Testing Stations.—Discussion of the Tri.
and Conclusions.—On the Choice of a Boiler, and Testing of Land, Marine, and Locomotive
Boilers.— Appendices.— Bibliography.—InpEX.

* Probably the MOST EXHAUSTIVE resumé that has ever been collected. A PRACTIVAL
Boock by a thoroughly practical man."—/7ros and Coal Trades Review.

In Large Crown 8vo. Cloth. Fully Illustrated. 5s. net.

SUCTION GAS PLANTS.

By Pror. C. A. SMITH, of the East London Technical College.

CONTENTS. —Introduction.—Details of Construction.—Fuel and Testing.—Application
Uses of Suction Plants.—Working the Plant.—Typical Plants.—Plants for 8
—Total H.P.—Effiuent.—Cost of Gas Production.—The Gas Engine.—Biblio-
.—Calorific Value of Coal Gas.—0f 801 Fuels.—Ges A —Deskrostion
" In the Producer.—Detection of CO in Exhaust —Cap\tal Cost.—ISDER.

<ONDON : CHARLES GRIFFIN & CO.. LIWITED, EXETER STREEY, ¥R,




BNGINKKRING AND MPCHANIOS, 29

FourTte EprrioN, Revised. Pooket-Size, Leather, 12s. 6d.

BOILERS, MARINE AND LAND:
THEIR CONSTRUCTION AND STRENGTH.
A BaxpB0ook or RuLEs, ¥ORMULS, TABLES, &0., RELATIVE 70 MAYRRIALS,
68, AND PrEssUREs, Sarery VaLves, SPRINGS,
Frrrings aND MoOUNTINGS, &O.
FOR THE USE OF ENGINEERS, SURVEYORS, BOILER-MAKERS,
AND STEAM USERS.
By T. W. TRAILL, M.Ixsr.0.E, F.E.R. N.,

Late Engineer Burveyor-in-Ohief to the Board o!

Trade.
** Contains an ExoxMoUS QUANTITY OF INFPORMATION arrranged in a very eonvqnlent form., .
A MOST USKPUL VOLUME . . . supplyinginformation to be had nowhere else."—The m

Sixru EpITioN, Revised. Large Crown 8vo. With numerous
Illustrations. 6s. net.

ENGINE-ROOM PRACTICE:

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

By JOHN G. LIVERSIDGE, RN., AM.IC.E

Frrrr EpitioN, Thoroughly Revised and Greatly Enlarged.
With Numcrous Illustrations. Price 10s. 6d.

VALVES AND VALVE-~GEARING:

A Practical Text-book for the use of Engineers, Draughtsmen and 8tudents.

By CHARLES HURST, PRACTICAL DRAUGHTSMAN.

PART 1.—Steam ne Valves. PART II1.—Alr Compnuor Valves and
PART I1.—Gas Engine Valves and :f
Gears. PART IV, —anp Valves.
“Ma Bvun vu.vf-:c and vu.mnulg will prove a very valuable aid, and “m |w nla;
!lnuo LBNTIPIC DESIGN &1 lco-omcu. WORKING. . . . argel
sought after by

'—Ma
.';"Al a practical mxile on the subject. the book stands withont a rival."— Mechanical

Bints on Steam Engine Design and Construotion. By CuarLks
Hugst, *‘Author of Valves and Valve Gearing.” 8:ooxn EprTION,
Revised. In Paper Boards, 8vo., Cloth Back. Illustrated. Prioe

1s. 6d. net.

Oonrxure.—I. Steam Pipes.—IL Valves.—1[I. Ovllndm —]V. Alr Pumps and Comn-
deosers. - V. Motion Work,—VI. Crank Shafts and Pedeetals.—VIL Valve Geu -~ vt
Labrication.—IX. Miscellaneous Details —lwpxx.

“A lnndy volume which every practical young enginear thoul pomasa. " =Tha NoAR

LONDON : CHARLES GRIFFIN & CO., L\MITED, EXETER STRERR, ST




32 CHARLBS GRIFFIN & 00.'8 PUBLICATIONS.

SacoNp EpiTioN. Large 8vo, Handsome Cloth, With
Illustrations, Tables, &o. 2ls. net.

Lubrication & Lubricants:

A 'rrumo on the Theory and Practiee of Lubrieation, and on the
Na uro. Properties, and Testing of Lubrieants.

AND

LEONARD ABOBBUTT F.1. 0., F.C.8., R. M. DEELEY M.LMech.E., F.G.8.
mlnttotholﬂd.xy Loco.ﬂnpar.ll Ry. 'Co.
ContrNTS.—I. Friction of Solids.—IL qun‘ tv and Plastic
thets Boaroms: Py ?T::dh:lzumn l“L‘:’m “and Niothods
paration, es. — es
lxnm!n:t.lon of Lubricants.—VIIL ngml ethods of Examination
of Lubricants.— The Systematic Tml Lnbﬁunu by and Chemiocal
Methods.—IX. The Mechanical T ot Lul canta.—x. The and Lubrication
of ‘Bnrlngl.—xl. The Lubrication of Machinery.—INDEX.
taing uuymm‘l'muowuonthonb]oo& Desorves the careful
attention of all eers.”"—Railway Oficial Gazetts.

FourTH Eprrios. Very fully Ilustrated. Oloch, 4s. 64.

STEAM-BOILERS:

THEIR DHEFEOTS, MANAGEMENT, AND OCONSTRUOTION.
Br R DD MUNRO,
Chief Bngineer of the Soottish Boiler Insurance and mtmcomy.

'* A valuabl jon for work and d about Steam Boilers, ought
to be carefully studied, and ALWAYS AT HAND."—Ce/ll. Guardian.

BY THE SAME AUTHOR.

KITCHEN BOILER EXPLOSIONS: Why

they Occur, and How to Prevent their Occurrence. A Practical Handbook
based on Actual Experiment With Dmgn.m and Coloured Plate. 3s.

In Crown 8vo, Cloth. FuIIr lllustrated. §s. net.

EMERY GRINDING MACHINERY,

A Text-Book of Workshop Practice in General Tool Grinding, and the
Design, Construection, and Application of the Machines Emp) oyod

By R. B. HODGSON, A.M.INsT.MECH.E.

** Eminently practical . . . cannot fail to attract the notice of the users of this class of
machinery, and to meet with careful perusal. "-—Clum Tnndc Journal,

Firra EpitioN. In Two Parts, Published Separately.
A TEXT-BOOK OF

Engineering Drawing and Desigp.

By SIDNEY H. WELLS, Wa.8c,, AAM.I.C.E., AM.I. Meca.E.

VoL I.—PracricAL GEOMETRY, PLANE, AND SoLip. 4s. 6d.
Vor. [1.—MacHINE AND ENGINE DRAWING AND DESIGN. 4s. 6d.
With many IUustrations, specially prevared for the Work, and numerous
Empla,farthc erof&udamm Technical Schools and Colleges.
"A aulnl. FREXT-300] uln:. calculsted to dn intellige

the subject, and net'.honmhn\ of machan) ollnhav-
to mn OOMPLETE WORKING-DRAWINGS, Tolly n&nm n o d

LONDON : CHARLES GRIFFIN & CO., LIMITED, BHETER TIREEY, TR,



KENGINEBKERING AND MECHANIUS. 33

IN THREE PARTs. Crown 8vo, Handsome Cloth. Very Fully Illustrated. "

MOTOR-CAR MECHANISM AND MANAGEMENT.
By W. POYNTER ADAMS, M.Inst.E.E.

PART |.—THE PETROL CAR. s5s. net.

Seconp Epition. With important new Appendix, illustrating and defining parts
of actual cars in use.

Contents.—SzcTioN I.—Tue MECHANISM OF THE PxTroL CaR.—The Engine.—
The Engine Accessories.—Electrical Ignition and Accessories.—Multiple Cylinder Engines.
—The PetroL—The Chassis and Driving Gear.—SecTioN 11.—THz MANAGEMENT OF THE
PreTRoL CAR.—The Engine.—The Engine Accessories.—Electrical Ignition.—The Chassis
and Driving Gear.—General Management.—APPENDIX.—GLOSSARY.—] NDEX.

! Should be carefully studied by those who have anything to do with motors.” —Aste-
mobile and Carviage Builders' Journal.

PART II.—ELECTRICAL AND PETROL ELECTRICAL
MOTOR CARS.
Pp. i.-x. + 202. With 50 Illustrations. Gs. net.

In Large 8vo. Handsome Cloth. Very Fully Illustrated. 18e. net.
A MANUAL OF

PETROL MOTORS AND MOTOR-CARS.

Comprising the Designing, Construction, and Working of Petrol Motors.
By F. STRICKLAND.

GENERAL CONTENTS.—PART l.: ENGINES.—Historical. —Power Required.—General
Arrangement of Englneu.—lgnltlon —(hrburett.om—Cyllnden Pistons, Valves, &c.—
Crank Shafts, Cran Cams, R Guides, ac. — Pump- — Flywheels. —
Pipe Amngemenu.—-sneneen .—Engine Control, Balancing.—Motor Cycle Eugines.—
Marine Motors.— I‘wo-Cycle Mot.on — Paraffin - énrburetboﬂ.—-(}u Producers PART
IL.: CARS.—G al Ar —Clutches. — Transmission. — Ditferential Gears. —
Universal Jolnu.—Axlo- — Springs. — Radius Rods. — Brakes. — Wheels. — Frames. —
Steering Gear. — Radiator. —sst:?s Mu , Bonnets, &c.— Lubrication. — Ball
Burlngn. —-Bodiem—lwbon of —Ct culations of Stresses.—Special Change Speed

] Cars.—C: —Racing Cars.—INDEX.

"'l‘humufhly pnctlesl and nlmtlﬂc. . . . We bave pl in ding it to all.”

—Mechanica

In Mediam 8vo. Handsome Cloth. Fully Illustrated. 15s. net.

OlL MOTORS.

Their Development, Construction, and Management.
By G. LIECKFELD. (Authorised English Edition).

CoNTRNTS.—Liquid Fuels for Power Production.—Development of the Petrol and
Paraffin Motors.—Working of the Later Parafin and Petrol Engines.—Ignition Devices.
—Examples of Stationary Petrol, Alcohol, Paraffin, and Crude Oil Engines.—Automobiles.
—Ship, Boat, and Air- shlg Engines —\rehlclec, dzc Driven Internal Combustion
Engines. —Erection and Attendance of Engines Driven with quid Fuel.—Correcting
Irregularities in Running.

In Crown 8vo. Handsome Cloth. With 105 Illustrations. 5s. net.

MECHANICAL ENGINEERING
FOR BEGINNERS.
Br R. 8. M'LAREN.

CONTERTS.—Materials.—Bolts and Nutas, Stud-. Set Bcrews.—Bollers.—Steam Ralsing
Accessories.—Steam Pipes and Valves. —The Steam Engine.—Power Transmission.—
ming ?hnt..—’l'he Steam Turbine.—Electricity.—Hydraulic Machinery.—Gas and

ou es.—Strength of Beams, and Useful Information.—INDEX.
benof its kind we have seen, and should He in the handa ol avery Sypreen’

coNDON: CHARLES GRIFFIN & GO., LIMITED, EXETER TIRERR, WRWN-




3 OHARLES GRIFFIN & CO.'S PUBLIOATIONS.

WORKS BY
ANDREW JAMIESON, M.INsT.C.E, M.LE.E, FRS.E,

Formerly Professor of Electvical Engineering, The Glas. and W. of Scol. Tech. Coll.

PROFESSOR JAMIESON'S ADVANCED TEXT-BOOKS.
In Large Crown 8vo. Fully Niustrated.

STEAM AND STEAM-ENGINES, INCLUDING TURBINES
AND BUILERS. For the Use of Engineers and for Students preparing
for Examinations. With 800 pp., over 400 Illustrations, 11 Plates, many
B. of E., C. and G., Questions and Answers, and all Inst. C.E. Exams.
on Theory of Heat Engines. SiXTEENTH EDITION, Revised. 10s. 6d.

““The BrsT Book yet published for the use of Students.”—ZEnginesr.

APPLIED MECHANICS & MECHANICAL ENGINEERING.
Including Al the Inst. C.E. KExams. in (1) Applied Mechanics;
(2) Strength and Elasticity of Materials; (3a) Theory of Structures;
(ii) Theory of Machines; Hydraulics. Also B.of E ; C.and G. Questions.

Vol. l.—Comprising 568 pages, 300 Illustrations, and Questions:
Part 1., The Principle of Work and its Applications; Part IL.: Fnction,
Lubrication of Bearings, &c.; Different kinds of Gearing and their Appli-
cations to Workshop Tools, &c. SixTH EbpiTiON. 8s. 6d.

‘““ FULLY MAINTAINS the reputation of the Author.”—Pract, Exgineer.

Vol. II.—Comprising Parts III. to VI., with over 800 gagn. 371 Illus-
trations ; Motion and Energy, Theory of Structures or Graphic Statics §
Strength and Elasticity of Materials ; Hydraulics nmr Hydraulic
Machinery. FIFTH EDITION. 12s. 6d.

* WgLL AND LUCIDLY WRITTEN."—T'Ae Engincer.
*,* Back of the above volumes is complete in itself, and sold sepavately,

PROFESSOR JAMIESON'S INTRODUCTORY MANUALS
Crown 8vo. With Nustrations and E ination Papers.

STEAM AND THE STEAM-ENGINE (Elementary
Manual of). For First-Vear Students, formirg an Introduction to the
Author’s larger Work. TWELFTH EDITION, Revised and Enlarged. 3/6.

4 Should be in the hands of KVERY engineering apprentice."—Practical Engt

MAGNETISM AND ELECTRICITY (Practical Elementary
Manual of). For First-Year Studeats. With stud Inst.C.E. and B. of E.
Exam. Questions. SEVENTH EDITION, Revised and Enlarged. 3/6.

A THOROUGHLY TRUSTWORTHY Text-book. PrAcCTICAL and clear.”"—Nafwre.

APPLIED MECHANICS (Elementary Manual of).
‘or First-Year Students. With B. of E., C.and G. ; and Stud. Inst. C.E.
Questions. EIGHTH EDITION, Revised and Greatly Enlarged. 3/6.
condensed into

* Che work has vERY HIGH QUALITIRS, which may be the one word
‘ CLRAR.' "—Science and Art.

A POCKET-BOOK of ELECTRICAL RULES and TABLES.
For the Use of Electricians and Engineers. By JoHN MuNro, C.E.,
and Prof. JaAMIESON. Pocket Size. Leather, 8s. 6d. NINETEENTH
EDpITION. (See p. 47 General Catalogue.

LONUON : CHARLES GRIFFIN & CO,, LIMITED, BIETER FIRKEY, TR



UNGINKERING AND MKCHANICS, 35

WORKS BY W. J. MACQUORN RANKINE, LL.D., P.RS.

Thoroughly Revised by W. J. MILLAR, C.B.

A MANUAL OF APPLIED MECHANICS : Comprising the
Principles of Statics and Cinematics, and Theory of 3Structures,
Mechanism, and Machines. With Numerous Diagrams. Crown 8vo,
Cloth. SevVENTEENTE EDITION. 12s. 6d.

A MANUAL OF CIVIL ENGINEERING: Comprising Engin-
eering Surveys, Karthwork, Foundations, Masonry, Carpentry, Metal
Work, Roads, Railways, Canals, Rivers, Waterworks, Harbours, &o.
With Numerous Tables and Illustrations. Crown 8vo, Cloth,
TweNTY-THIRD EDITION. 168,

A MANUAL OF MACHINERY AND MILLWORK: Com-
pnsing the Geometry, Motions, Work, Strength, Construction, and
Objects of Machines, &c. With nearly 300 I[llustrations. Crown
8vo, Cloth, SvEnNTH EpImMON. 128, 6d.

A MANUAL OF THE STEAM-ENGINE AND OTHER
PRIME MOVERS. With a Section on Gas, OiL, and AIR
ENciNgs, by BrvaN DoNkKIN, M.Inst.C.E. With Folding Plates
and Numerous Illustrations. Crown 8vo, Cloth. SEVKNTEERNTH
EprrioN. 12s, 6d.

USEFUL RULES AND TABLES: For Architects, Builders,
Engineers, Founders, Mechanics, Shipbuilders, surveyors, &s. With
AprpPeNDIX for the use of FLrOTRIOAL KNGINEERS. By Professor
JamiesoN, M.Inst C.E.,, M.ILE.E. SgveNnTH EpITION. 108. 6d.

A MECHANICAL TEXT-BOOK: A Practical and Simple
Introduction to the Study of Mechanica. By Professor RANKINE
and E. F. BamBer, C.E. With Numerous Illustrations. Crown
8vo, Cloth. Firrm EbprTiON. 0e.

®.* The ** MpcEANMIOAL TEXT-BooK' was designed by Professor BAwKINE as en lwTmo-
DUCTION (0 the sbove Series of Manuals.

MISCELLANEOQOUS SCIENTIFIC PAPERS. Part I. Tempera-
ture, Elasticity, and Expansi-n of vapours, Liquids, and Solids.
Part 1. Energy and ite lransformations. Part I[I1. Wave-Forms,
Propulsion of Vessels, &o. With Memoir Professor Tarr, M.A.
With tine Portrait on Steel, Plates, and Diagrams. Ryal 8vo.
Cloth. 3ls. 6d.

** No more enduring Memorial of Prof Rankine could be devised than the publica-

tion of these papers in an accessible foom. . . . The Collection is most valuable o»
of the of his di ies, and the beauty and pl of his analysis.”
—Architect.

LONDON : CHABLES GRIFFIN & CO., LIMTED, EXETTR EIREEY, VAR
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THIRD EDITION, Thoroughly Revised and Enlargvd WIM 60 Piates
Numerous lllustrations. Handseme Cloth.

HYDRAULIC POWER
HYDRAULIC MACHINERY

HENRY ROBINSON, M. InNsT. C.E, F.GS,

FELLOW OF KING'S COLLEGR, LONDON ; PROF. EMERITUS OF CIVIL ENGINEERING,
KING'S COLLEGE, ETC., ETC,
ConTeNTs —Discharge through Orifices.—Flow of Water through
—Presses and Lifts.— olxn —_

ams. —Hydrauhc IEtngmeL— hﬁhﬂ.—&ﬂl
acks. — etel hﬂ
to

o langing Machmes —Cranes. —Coal Discharging o
Po'u m—- -

Cutters.—Pile Drivers, Excavators, &c.—Hydraulic Machinery
““The standard work on the application of water power."—Cassier's Magnsine.

— Traversers. —

Shearing, and

Gates, Wheels and Turbines.—Shields. — Various Systems
Meters, &c.— INDRX.

SNecond Kdition, Greatly Enlarged. With Frontispiece, several
Plates, and over 250 Illustrations. 2ls. net.

THE PRINCIPLES AND CONSTRUCTION OF

PUMPING MACHINERY

(STEAM AND WATER PRESSURE).
With Practical Illustrations of ExciNzs and Pouprs applied to Mormve,

TowN WATER BupPPLY, DRAINAGE of Lands, &o., also Economy
and Efficiency Trials of Pumping Machinery.

By HENRY DAVEY,
ber of the Insti

of Civil Engineers, Mmbcr of the Institution of
Hoch-.nlml Engineers, F.G.8,,
ConTeNTs —Karly History of Pum

ngines—Steam Pumping
>umps and Pump Vdvu—Gonenfmlgnnm

les of Non-Rotative
‘ngines—The Cornish Engine, Simple an
‘ngines—Pit Work —Shaft Sinki

(,ox'zl:‘po —Types of
nlg—ﬂyduuhc ransmission of Power in
‘ines—Electric Transmission of Power—Valve Gears of Pumping Engines
Water Pressure Pumping Engines — Water Works Engines — Pam l
gine Economy and Tnals of Pumping Mmhmory-—Oentnfnpl and
w-Lift Pumps— Hydraulic Rams, ping Mains, &o.—INDEX.
3y the ‘one English hglmr who probably knows more about Pumping Machinery
Any ﬁ“" e’ VOLUME RECORDING THE RESULTS OF LOWG EXPRRIRNOE AND
ndoubtedly Tax BEST AND MOST PRACTIUAL TEEATISE On Pumping Machinery rmar mad
EEN PUBLISHED."—Mining Jowrnal.

WDON : CHARLES GRIFFIN & C0.. LIVTED, EXETER KV, reams



NAVAL ARCHITECTURE. 37

In Large 8vo. Handsome Cloth. Profusely Illustrated. Ix Two
Vorumes, Each Complete in itself, and SoLpD SERPARATELY.

THE DESIGN
CONSTRUCTION OF SHIPS.

By JOHN HARVARD BILES, M.INsT.N.A,,
Professor of Naval Architectare in Glasgow University.

Volume I.—CALCULATIONS AND STRENGTH. With 36 Foldin, t.ﬁ
Plates, and 245 other Illustrations. Complete in itself, wi
Index. 25s. net.
CONTENTS.—PART I.—Areas, Volumes, and Centres of Gravity. PART IL—8hip
Calculations, PART III.—Strength of Ships.

Volume IL. is in active preparation, and will be ready very shortly.

BY PROFESSOR BILES.

LECTURES ON THE MARINE STEAM TURBINE.
With 181 lllustrations. Price 6s. net.
See page 28.

Roya: dvo, Handsome Ulotn. With numerous lllustrations and Tables 25s.

THE STABILITY OF SHIPS.

Y
SIR EDWARD ]. REED, K.C.B.,, F.R.S,, M.P,

XX GRT OF THME IMPERIAL ORDERS OF ST. STANILAUS OF RUSSIA; FRANCIS JOSEPN OF
AUSTRIA ; MEDJIDIR OF TURKEY; AND RISING SUN OF JAPAN; VICB-
PRESIDENT OF THE INSTITUTION OF NAVAL ARCHITECTS.

'm'.':’irlwun Rms 'S-rnm-n or Suirs’ is lxvo?wum Thhmw‘:x. AzrCaTECY
wise have to seek in an almost emﬁenvunety bliutwu.udmdvudlhmil
possibly not be able to obtain at all elsewhere.

In Crown 8vo. Handsome Cloth. Fully Illustrated.

HYDROGRAPHIC SURVEYING.

For the Use of Beginners, Amateurs, and Port and
Harbour Masters.
By COMMANDER S. MESSUM, R.N,,
Instructor in Nautical Surveying, R.N. College, Greenwich.
NTRNTS.— Sextant. — Protractor. -Station Pointer. —Theodol litb.—-l’mﬁnl.

0o
Symbols and Abbreviations.—Plotting and Triangulation of a Small Plan.
Angle 8urvey.—Meridian Distances. ~APPENDIX.—INDEX.

LONDON : GHARLES GRIFFIN & CO., LIM\TED, BXETER \'\\&Y\.E‘\\S




38 JHARLES RRIFFIN & 00’8 PUBLICATIONS.

WORKS BY THOMAS WALTON,
NAVAL ARCHITEOT.

FourTH EpITION. Illustrated with Plates, Numerous Diagrams, and
Figures in the Text. 18s. net.

STEEL SHIPS:
THEIR OONSTRUOTION AND MAINTENANOH.

A Manual for 8hipbuilders, 8hip 8uperintendents, 8tudents,
and Marine Engineers.

By THOMAS WALTON, NaAvAL ARCHITECT,

AUTHOR OF ‘‘XNOW YOUR OWN SHIP.”

CoxTENTS. —I. Manufacture of Cast Iron, Wrought Irohmd Steel. —Com-
ition of Iron and Steel, Quality, Stre , T &o. Classification of
1 Ships. III. Considerationsin ing choice of of Vessel —. i
of Ships. IV. Strains experienced by Ships. —Methods of Computi
Comparing Strengths of Shi; V. Construction of Ships.—Alternative Modes
08' ;:ionﬁ ts d‘ih Veueln.?'? kmml?xeu V.l. P\;m' mirn-nge—
team —Rivets and Rivetting, Wor ip. ping
ments, . Maintenance.—Prevention of Deterioration in the Hulls of
Shipl.—Cement., Paint, &o. — INDEX.
* 80 thorough and well written is every chapter in the book that it is didicult to select
:ﬁ of them aa belng worthy of exceptional pra-se. ~Altogether, the work is axoslleat, and
prove of great value to those for whom It is ded."—The Engineer.

In Handsome Cloth. Very fully Illustrated. 7s. 6d. net.

PRESENT~DAY SHIPBUILDING.

For 8hipyard Students, Ships’ Officers, and Engineers.
By THOS. WALTON.

GENERAL CoNTENTS. —Classification. —~Materials used in 8hipbuilding.—
Alternative Modes of Construction.—Details of Construction.—Framing,
Plating, Rivetting, Stem Frames, Twin-Screw Arrangements, Water
Ballast Arrangements, Loading and Discharging Gear, &c.—Types of
Vessels, including Atlantic Liners, Cargo Steamers, Oil carrying Steamers,
Turret and other Self Trimming Steamers, &c. —INDEX.

s 8’1‘1:3‘1‘0 language . . . clear and easily followed illustrations.” — T'imes

ing Supplement.
¢'We heartily recommend it to all who have to do with ships.”—Steamship.

NiINTH EDpITION. IlUustrated. Handsome Cloth, Crown 8vo. 7s. 6d.

The Chapters on Tonnage and Freeboard have been brought thoroughly
u) “to. d:&e. l:xs:.d embody the latest (1906) Board of Trade Regulations on
subjec

KNOW YOUR OWN SHIP.

By THOMAS WALTON, NavAL ARCHITECT.
8pecially arranqged to suit the requirements of 8hips' Officers, 8hipowners,
8uperintendents, Draughtsmen, Engineers, and Others,

CONTENTS. — Displacement and Deadweight. — Moments. — Buoyancy. — Strain. —
Btructure. — Stability. — Rolling. — Ballasting. — Inldlng.—Shuml-ﬁICngou.—mm of
Admission of Water into 8hip.—Trim Tonnage.—Freeboard (Load-line). —Calculations..

of Calculations from Actual Drawings.— INDEX.

_.” The work s of the highest value, and all who go down to the sea in ships should make them-
res soqusinted with it.” —Shipping World (on the new sdition).

LONDON : CHARLES GRIFFIN & CO., LIWVTED, THETER FIRERY, TR,
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GRIFFIN’S NAUTICAL SERIES.

Epitep sy EDW. BLACKMORE,
Master Mariner, First Class Trinity House Certificate, Assoc. Inst. N.A. ;

AND WRITTEN, MAINLY, by SAILORS for SAILORS.

‘*THIS ADMIRABLE SERIES."—Fairplay. ‘A VERY USEFUL SHRIBS."—Nature.
‘‘BVERY SHIP should have the WHOLE SHNRIRS as 8 REFERENCS LIBRARY. HAND-
SOMELY BOUND, OLBARLY PRINTED and ILLUSTRATED.”— Liverpool Journ. of Commerce.

The British Mereantile Marine: An Historical Sketch of its Rise
and Development. By the EDITOR, CAn BLAOKMORE. 8s. 6d.
“Captain Blackmore s SPLENDID BOOK . . . contains paragraphs on every point
of interest to the Merchant Marine. The 248 p-gu of this book are THE MOST VALU.
ABLE to the sea captain that have EVER been COMPILED."—Merchant Servics Review.

Elemen Seamanship. By D. WiLsoN-BARKER, Master Mariner,
F.R8.E., F.R.G.8. With numerous Plates, two in Colours, and Frontispiece.
FIFTH EDITION, Thoroughly Revised. With additional Illustrations. OGs.
¢'This ADMIRABLE MAN Ai, by CAPT. WILSON BARKER, of the ‘ Worcester, seems

$0 us PERFECTLY DRSIGNED."—Athenaum.

Know Your Own Shl tA Sil‘l,l‘ple Explanation of the Stability, Con-
struction, Tonnage, and Ships. By THOS. WALTON, Naval Architect.
NINTH EDITION. 7s. 6d.

‘*MR. WALTON'S book will be found VERY USRFUL."—Ths Engineer.

llavlgat.lon Theoretical and Practical. By D. Wison-BARKER
WILLIAM ALLINGHAM. SEOOND EDITION, Revised. 8s. 6d.

* PREBCISELY the kind of work required for the New Certificates of competency.
Oandidates will find it INVALUABLR."—Dundee Advertiser.

Marine letooroloqm For Officers of the Merchant Navy. B
WILLIAM ALLINGHANM, Class Honours, Navigation, Science and Art Departmen!
With Lilustrations and Mape, and facssmile nproducuon of log page. 7s. 6d.
‘*Quite the BEST PUBLICATION on this subject.”—SAipping Gazstte.

La.tltude m%nd k{;g'?gltude ﬂow to ind them. By W. J. MiLLaR,
C.E. ND 0
‘‘ Cannot but prove A: uoqnhmon to t.hon lt.udying Navigation.”"—Marine Engineer.

Practical Mechanies: Applied to the roqulrement‘ of the Sailor.
By THO8. MAOKEBNZIE, Master or, F.R.A.8. THIRD EDITION, Revised. 8. 6d.
‘*WELL WORTH the money . . . EXCREDINGLY HELPFUL "—Shipping World.

Trigonometry : For the Yonnﬁ Sailor, &c. By Rion. C. Buok, of the
u N Mme-l Training College, H.M.8. * Worcester.” THIRD EDITION, Revised.

" Thh lxnllnﬂ.! PRAOTICAL and reliable volume.”—Schoolmaster.

Practical .&lgebm. By Riocn. C. Buck. Companion Volume to the
above, for S8aflors and others. SE0OND EDITION, Revised. Price 8s. 6d.
It is JUST THE BOOK for the young sailor mindful of progress.”—~Nautioal Magasine.

asters. By Bxnepior Wu. Grnss
T D P B e o

Price
ﬂfgg{nmlw masters. . . . Womtn]lym‘o.;llmmd 1t ‘—Shipping Gasetts.
A n‘llﬁg& ag’dwiu};g;l% xI‘ielp ;or Shlgma.stem.h Inolndmt

Hospital, Gresnwich. THIRD lnmox,
‘80UND, JUDICIOUS, RBALLY HELPFUL."—The

LONDON : CHARLES GRIFFIN & CO0,, LIMATED, EXETER TIREER, TR,




o CHARLES GRIFFIN & CO.'S PUBLICATIONS.

GRIFFIN'S NAUTICAL SERIES.

Introductory Volume. Price 3s. 6d.
' T ®

British Mercantile Marine.

By EDWARD BLACKMORE,

MASTER MARINER; ASSOCIATE OF THE INSTITUTION OF NAVAL ARCHITECTS;
MBEMBER OF THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS
IN SCOTLAND ; EDITOR OF GRIFFIN'S *NAUTICAL SERIRS."”

GeNERAL CoxTENTs.—HIBTO! From Early Times to 1486— Prx
nnder Henry VIII.—To De.th of Mnry— Elizabeth’s Reign —
the Reign of William III—The 18th and 1 Cenhnu—lnlﬁwhon ol

pm
Statistics of Slup Tln momn- 8 pownen—Oﬂoen-—-Mnimn—
Duties and Present Position. EDUOATION: A Seaman’s Education: what i
should be—Present Means of Education—Hints, DiscrrLoee axp Dury—
Postacript—The Serious Decrease in the Number of British Seamen, s Matter
demanding the Attention of the Nation.

* lyrrusTING and INsTRUOTIVE . . . may be read wiTm PROMT and ENJOYMENT."-
,tvmnuuolmonbjmhdodtwlthh.nywhhhlhmmmow!h-
familiarly." —8co

'howl the ropes’
This apMramrLx book TREMS with useful {nformation—Should be in the
uands of every Sallor.”— Westorn lloniw News.

FirrE EpiTiON, Thoroughly Revised. With Additional
Ilustrations. Price Bs.

A MANUAL OF

ELEMENTARY SEAMANSHIP.

Y
D. WILSON-BARKER, MasTter Marinzr; F.R.8.E., F.R.G.8,, &o., &o.
YOUNGER BROTHER OF THS TRINITY HOUER.
With Frontispiece, Numerous Plates (Two in Colours), and Illustrations
in the Text.

Gﬁlm lgnomérs.l;—The :;‘uﬂdmg of a Ship; Parts o&f Masta,
&o.— 0 cing, Gear, Lead Log,
Ambors k’ s —The &e. —hnndl.mg of Boats under pld
—Rnle of the Road—Keeping and Relieving Wltch—
Pomtu of Etiqnot lossary of Sea Terms and Index.
*,* The volume containa the XEW RULES OF THE RBOAD.

“ This ADMIRA®LE MANUAL, by Oarr. WiLsoN-Baxxzr of the ‘ Worcester,' seems to us
PFERFROTLY DRSIGNED, and holds its place excellently in ‘me 's NAUTIOAL SRRIRS,'
Although intended for those who are to become rs of the Merchant Navy, it will ve
found useful by ALL YACHTSMEN,"—Athenm@um.

*,* For complete List of Grivym's NauTI0AL BxRins, 80 p. 30,

LONDON : CHARLES CRIFFIN & CO., LIWITED, EAETER FTIREEY, ¥R,
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GRIFFIN’'S NAUTICAL SERIES.
Szconp EpiTioN, Revised and Illustrated. Price 3s. 6d.

NAVIGATION:

PRACTICAL AND THEORETICAL.
By DAVID WILSON-BARKER, R.N.R, F.R8.E, &a, &o.,

AND
WILLIAM ALLINGHAM,

FIRST-CLASS HONOURS, NAVIGATION, SOIENCE AND ART DEPARTMENT.
With Mumerous Fllustrations and Examination me

GanERAL CoNTENTS, —Definitions—Latitude and Longitude—Instrumen
of Navigation—Correction of Courses—Flane Tuvorlo Sdling— y’l
Work — Parallel Bailing — Middle Latitude

Mmtor Sailing—Current Position Be‘nnﬁl—GmtOimh&ﬂh.
&o. ) Q—WAM bﬁmﬁ umerous Useful Hints.
—Index.

“ PRECISELY ohddwmmummmxowmawmmnuhm

(romSooond Mate to Masf OCandidates will find it nrv.
QOA .
Anmmm(un. ‘Wsox- Buln( toﬂhoNnﬂulOo l.&
* Woroester,' who has had great experience in the hen blems of Na ) nd
nAnnolmthnwﬂurmmm and Nautioal my."

Handsome Oloth, Fully Illustrated. Price 7s. 6d.

MARINE METEOROLOGY,

FOR OFFICERS OF THE MERCHANT NAVY.

By WILLIAM ALLINGHAM,
Joint Author of ““ Navigation, Theoretical and Practical.”

With numerous Plaves, Maps, Diagrams, and Illustrations, and shollmilo
Reproduction of & Page from an actual Meteorological Log-Bool

SUMMARY OF CONTENTS.

INTRODUOTORY.—Instruments Used at 8S8ea for Meteorological —llouon-
cal -Books. —Atmospheric Pressure.—Air Temperatures.—Sea

canes,
Storm Tracks.—Solution ot the Cyclono Problem.—Ocean Cumnu—loobe?-.mn-
chronous Charts.—Dew, Mists and Hase.—Clouds.—Rain, 8now, an —
Mirage, Rainbows, Coronas, lhfnl. Meteors.—Lightning, Corposants, and Aurorss.—
QUESTIONS. —APPENDIX. —INDEX.

* Quite tga BEST wbllen%lun. AXD certainly the MosT INTEARSTING, on this subject ever

*." For Complete List of GRIFFIN'S NAUTIOAL SERIES, see p. 39.

LONDON : CHARLES BRIFFIN & 0, LIMATED, EYETER TTRRRR, TR
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GRIFFIN'S NAUTICAL SERIES.
Tairp EprrioN, Revisep. With Numerous Illustrations. Price 3s. 6d.

PRACTICAL MECHANICS:

Applied to the Requirements of the Sailor.
By THOS. MACKENZIE, Master Mariner, F.R.A.S.

GE¥ERAL CoNTENTS.—Resolution and Composition of Forces—Work done

K Machines and Living Agents—The M. Powers: The Lever;
icks as Bent Levers—The Wheel and Axle: Windlass; Ship's Capstan ;

Crab Winch—Tackles : the ‘‘Old Man"—The Inclined Phne, the Screw—
The Centre of Gravi ofsSlupde Mvoﬂhm Bag
Steel Wire, Manilla, Cow—Dernch and Shears— Cal on of
cm-lnmm Strain of ir Spar—Centre of Effort of Sails—Hydrostatics:
the Diving. Stability of Floating Bodies ; the Ship’s Pump, &c.

“ Wm wom the money . . . will be found EXOEEDINGLY HELPFUL."—

h ﬁ Snm' OrricEes’ BOOKOASE will henceforth be complete without
OAPTAIN MACKENTIE'S ¢ PRAOTIOAL MEOHANIOB,” Notwi my many
rﬂ!’expenenoottsegathutoldmelmamuchmthﬂu acguire,”’—

Letter to the Publishers from a Master Mariner) .

WORKS BY RICHARD C. BUCK,

of the Th H.M.8. * Worosster.’

A MANUAL OF TRIGONOMETRY H
With Diagrams, Examples, and Exercises. Prio. 8s. 6d.
THIRD EDITION, Revised and Corrected.

*." Mr. Buck’s Text-Book has been SPECIALLY PREPARED with a view
%o the Examinations of the Board of Trade, in which Trigonometry
is an obligatory subject.

*This EMINENTLY moncm. and RELIABLE VOLUME.''—S8chooimaster

A MANUAL OF ALGEBRA.

Designed to mest the Requirements of Sailors and others.
S8econp EbprrioN, Revised. Price 3s. 6d.

*,* These elementary works on ALGEBRA and TRIGONOMETRY are written speoially for
those who will have little opportunity of consu & Teacher. They are books for “lll.l
axie,” All but the simplest ex])luudon- bave, therefore, been nvoidod. and ANGSWERES te
the Exercises are given. Any person may readily, by md, of their
:mhn?u tna ‘t:u lay the foundndo? for n‘ runho&l:nth e wﬂl bo‘{ desired. It i»

oped e younger Officers of our Mercantile Marine the ound decidedl
serviceable, 'l'holnmplumd Exercises are taken from the l;mmﬂonhpon to’r

"Olurlyorungod,mddegotup. . +. .« A first-rate Elementary Algebra."—

8eooND EpiTiON, Revised. With Diagrams. ' Price 2s.

LATITUDE AND LONGITUDE: How to Find them.

By W. J. MILLAR, C.E,
Late Secretary (o the Inst. of Engineers and Shipbwilders tn Scotland.

* CONOISELY and OLEARLY WRITTEX . . . ocannot but prove an acquisition
studyi Nn::ﬁ:non."— arine Engineer.
* Young find it HANDY and USEFUL, SIMPLE and OLEAR." TAe
*,* For comblete List of Griyrmx's NAUTICAL SxRIES. 800 D. 39.

LONDON : CHARLES GRIFFIN & GO., LIMITED, EXETER STREEY, ST,
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GRIFFIN'S NAUTICAL SERIES.
SEconp EpitioN, Revised and Extended. In Crown 8vo. Price 4s. 6d.

THE LEGAL DUTIES OF SHIPMASTERS.

By BENEDICT WM. GINSBURG, M.A., LL.D. (OsNTAR.),
Of the Inner Temple and Northern Clrcnlt. Ban'htor at-Law,

General Contents.—The Qualification for the Pumon of Sh!pmamr—-m Con-
tract with the 8hipowner—The Master’s Duty in respect of lngm:'
A})e;onues Dholpllne vahlom. Aooommodnuon, ud Modlml Comforts ; B \

The Master's tﬂn of the Passengers—The .

F‘lmchl Buponnlbll ties—The Master's t.y in mpeot of the C: The Mt
Duty in Case of Casualty—The Master's Duty to certain Public Authorities—The
Master's Duty in uhuon to Pllots, S8ignals, and t Dues—The Master's Duty
upon Arrival at the Port othchnrge—Ap N ouula nwomnnumumm
Board of Trade Certificates, Dief towage of Grain Cargoes, Load Line Regula-
tions, Life-saving Appliances, ot tle at Sea, &c., &c.—Copious Index.

* No intelligent Master should fail to add this to his list of necessary books. A few lines
of it may SAVE A LAWYER'S FAE, BESIDES RXDLESS WORKY."— Liverpool Josurnal of Commeroe.

FIRST AID AT SEA.
TrRD EbpITION, Revised. With Coloured Plates and Numerous Illustra-
tions, and comprising the latest Regulations Respecting the Carriage
of Medical Stores on Board Ship. ce Bs.

A MEDICAL AND SURGICAL

FOR SHIPMASTERS AND OFFICERS
IN THE MERCHANT NAVY.
By WM. JOHNSON SMITH, FROS,
Principal Medical Officer, Seamen's Hospital, Greenwich.

*,* The attention of all d in our Merch Navyisr d to this exoeedingly
uofnln.n d valuable work. It is noedlmwnyﬁnuth the ontcome of many years
PRAOCTICAL EXPERIENCE AmOngst Seamen.

** 800MD, JUDICIOUS, RRALLY RELPYUL "—TAe Lance.

NiNTE EDITION. Revised, unsh Ohaptcra on Tnm, Buoyancy, and Caleula-
tions. Numermuluudmtwm Handsome Cloth, Crown 8vo. Price 7s. 6d.

KNOW YOUR OWN SHIP.
By THOMAS WALTON, NAvAL ARCHITECT.

8pecially arranged to suit the requirements of Ships’ Officers, Shlpownen,
8upanntendenta, Dmughtamen, Englnaen, and Others

This work explains, ina , sach im bj as:—Displ
Deadweight, —1' onnqo —Freeboard. Hmoma.— mynncy —Bmln —sn-nctm-snb-
lAmy —Bolling.— usting. — Loading. — Shifting OCargoes. — Admission of Water.—8ail

res —&

** The lmlo book will be found EXCEEDINGLY HANDY by most officers and officials connected
with shipping. Mr. Walton's work will obtain LASTING SUOCRSS, because of its unique
fitness for those for'whom it has been written."—Shipping World.

BY THE SAME AUTHOR.

STEEL SHIPS: Their Construction and Maintenance.
(8ee page 38.)
*.* For Complete List of GRIFFIN'S NAUTIOAL SERIRS, see p. 39.

LONDON : CHARLES GRIFFIN & C0., LIMVTED, EAETER SRR, TR\
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SixTeENTH EDITION, Thoroughly Revised. Large 8vo, Cloth.
pp. i-xxiv+712.  With 250 lllustrations, reduced trom
Working Drawings, and 8 Plates. 2ls. net.

A MANUAL OF

MARINE ENGINEERING:

OCOMPRISING THE DESIGNING, OONSTRUOHON.
WORKING OF MARINE MACHINERY.

By A.E. SEATON, M.I.C.E., M.I.Mech.E., ll LN.A.

GeNERAL CoNTENTS. — PaRT I.—Principles of Marine Propulsion.
Part 1L — Principles of Steam Engineering. PArT IIL— Details of
Marine Engines : and Calculations foer Cylinders, Pistons, Valves,

on Valves, &o. Parr IV.— Propellers. Parr V.—Boilers.
PaART VI.—Miscellaneous.

“'l‘hoswdon Draughtsman, and will find this work the mOeT VALUABL>
HANDBOO l{'ohonoomtholhrim now in existenoce.”—. m&a&

Ninte EprrioN, Thoroughly Revised. Pocket-Sise, Leather. 8s. 6d.
A POOKET-BOOK OF

MARINE ENGINEERING RULES AND TABLES,

POR THE USE OF

Marine Engineers, Naval Arehitee Draughtsmen.
i l%upex'lm.endem:l tsil'n(l Otgn . i

By A. E. SEATON, M.1.O.E,, M.I.Mech.E.,, M.I.N.A.,

AND
H M. ROUNTHWAITE, M.LMech.E, M.ILN.A.

** The best book of its kind, and the information is both up-to-date and reliable.”—
Engineer.

In Large 8vo. Handsome Cloth. Fully Illustrated.
THE SCREW PROPELLER
And other Competing Instruments for Marine Propulsion.

By A. E. SEATON, M.Ixnst.C.E,, M.ILMEcE.E.,, M.LN.A.

In Pocket Size. With 368 Pages. 3s. 6d. net.
ENGLISH-SPANISH and SPANISH-ENGLISH.
SEA TERMS AND PHRASES.

By FLEET-PAYMAsTER GRAHAM-HEWLETT.
“Most complete . . . useful . . . we can heartily d it."—8¢

In Crown 8vo. Handsome Cloth. Many Diagrams. 2s. 6d. net.
DEFINITIONS IN NAVIGATION AND NAUTICAL ASTRONOMY.

By P. GROVES-SHOWELL,
Head of the Navigation Department, L.C.C. Bchool, Popl-r

“Mr. Groves-Showell writes with a full knowledge of his subject, and with admirable
clearness.”—Shipbutlder.

LANDON: CHARLES GRIFFIN & CO,, L\W TED, BXETTR ‘E\\E&\‘\\\\“.
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SECOND EDITION, Revised. In Orown 8vo, extra, with Diagrams
and Folding-Plats. 7s. 6d. net.

THE CALCULUS FOR ENGINEERS
AND PHYSICISTS,

INTEGRATION AND DIFFERENTIATION,
With Applications to Technical Problems;

AND
OCLASSIFIED REFERENCR LIST OF INTEGRALS.

By PROF. ROBERT H. SMITH, A.M.Inst.C.E,, M.I.Mxcu.E., &oc.

** Interesting diagrams, with practical i1l ions of actual nce, are to be found bere
in abundance. THE VERY COMPLETE CLASSIFIAD REFERENCE TABLE will prove very useful in
waving the time of those who want an integral in a hurry.”—The Engineer.

In 4to, Boards. 7s8. 6d.

MEASUREMENT CONVERSIONS
(English and French):
48 GRAPHIC TABLES OR DIAGRAMS, ON 28 PLATES.

Showing at a glance the MuTUaL CoNVERSION of MEASUREMENTS
in DirrErENT UNITS
C¢ Lengths, Areas, Volumes, Weights, Stresses, Densities, Quantities
of Work, Horse Powers, Temperatures, &o.
For the use of Engineers, Surveyors, Architects, and Contractors.
By PROF. ROBERT H. SMITH, A.M.Inst.C.E.,, M. Mzcn.E., &c.

*." These TaBLES form the most unique and comprehensive ocollection
ever placed before the profession. By their use much time and labour will
be saved, and the chances of error in caloulation diminished.

THIRD EDITION. Pocket 8ize, Leather nmpé with Giit and Rounded Corners,
printed on 8pecial Thin Paper, with Illustrations, pp. i-xii 4-884. Price 18s. net.

(THE NEW “NYSTROM ")
THE MECHANICAL ENCINEER'S REFERENCE BOOK.

By HENRY HARRISON SUPLEE, B.Sc, M.E.
‘* We feel sure it will be of great service to mechanical engineers.”—Engineering.

THE STUDENT’S MECHANICS:
An Introduetion to the Study of Foree and Motion.

By WALTER R. BROWNE, M.A, M.Ixsr.C.E.

With Diagrams. Crown 8vo. Cloth, 4s. 6d.

‘“ Clear in style and practical in method, ' TxE STUDENT’s MECHANICS' is cordially to be
recommended from all points of view. " —A theneuns.

BY THE SAME AUTHOR.

FOUNDATIONS OF MECHANIGCS.

Papers reprinted from the £mginaer. [n Crown 8vo, I1s,
LONDON : CHARLES GRIFFIN & C0., LIMITED, TIETER TIREEY, TR
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ELECTRICAL ENGINEERING.

SecoND EDITION, Revised. /% Large 8vo. Handsome Clath Prajmel}
lilustyated with Plates, Diagrams, and Figures.

CENTRAL BLECTRICAL STATIONS:

Their Design, Organisation, and Management.

By CHAS. H, WORDINGHAM, A.K.C,, M.INsT.C.E., M. INST. MECH.E.,
Late Memb. of Cou.nul Inst.E.E., ud Electncnl Engineer to the th of Manchester ;
Electrical Eng\neer-m-Clnef to the Admiralty.
““One of the MOST VALUABLE CONTRIBUTIONS to Central Station literature we have had
for some time."— Electricity.

In Large 8vo. Handsome Cloth. Profusely Illustrated. 12s. 6d. net.

ELECTRICITY CONTROL.

A Treatise on Elestrie Switehgear and Systems of Eleetric Transmission.

By LEONARD ANDREWS
Associate Member of the Institution of C Member of the Institution of
Electrical Engmeers, &c

General Pnnclplu of S'mchgm Demgn —Construcnonnl Details.—Circuit Breakers or
Arc Interrupting Devices.. y O ucmt \! Alternating Reverse
Cnn'em Devices. — Arrangement of "Bus Bars, and paratus for Parallel Running.—
ogement of Controllmg Apparatus for I-f!gh Tenslon Systems — General
Amngement g‘mnms for Low T Sy of C

Long 'l‘ t
¢‘Not often docs the specxahst have presented to him so satisfactory a book as this. . .
t to Central Station Engineers, and, in fact, to any(me

We d i
mt.emted in the subject.”—Power.

Large 8vo, Cloth, with 334 Pages and 307 Illustrations. 16s. net.

ELECTRICITY METERS.
Br HENRY G. SOLOMON, A.M.Inst.E.E:

CoNTENTS. — Introductory. — General Principles of Continuous- Current
Meters.—Continuous-Current Quantlty Meters. — Continuous-Energy Motor
Meters —Different Types.—Special Purposes, i.e., Battery Meters, Switchboard
Meters, Tramcar Meters, —General Prm ﬁles of Smgle- and Polyphase Induc-
tion Meters. — Single-phase Induction eters.—Polyphase eters,— Tariff

ms.—Prepayment Meters —Tariff and Hour Meters.—Some Mechanical
eatures in Meter Design.—Testing Meters.—INDEX.

¢ An earnest and successful attem; n“pt to deal comprehensively with modern methods of
messuring current or power in electrical installations,” —Enp‘

In Large 8vo. Handsome Cloth. Fnlly Tlustrated.

TRANSFORMERS.

By HERMANN BOHLE, M.I.E.E.,
Prof. of Electrotechnics, S.A. College, Cape Town,
AND PROFESSOR DAVID ROBERTSON, B.8¢., A.LE.E., OF BRISTOL.

CONTENTS.—General Principles.—Magnetising md No-Load Currents.—Losses in
Transformers.—Iron Losses.—Copper Losses. —~Temperature Rise. Magll‘xetic Leahge.—
Leakage Inductance.—Vector 8 for Tmnnomers.—Sylt.emtle
formers.—Insulating Materials.—. les of Constr n -—-Den o Tran ormen.—
Applications of Transformers.—Regulating and Phase-Ch Tr: 8.—INDEX.

LONDON : CHARLES GRIFFIN & CQ,, L\WITED, EXETER TTRKRY, TR,
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In Large Crown 8vo. Handsome Cloth. Fully Illustrated. 5s. net.

TELEGRAPHIC SYSTEMS,

AND OTHER NOTES.
A Handbook of the Principles on which Telegraphic Practice is Based.

By ARTHUR CROTCH,
Of the Engineer-in-Chief’s Department, G.P.O.

CONTENTS. — Batteries, Primary and BSecondary. — Universal Battery Working. —
Duplex Telegraphy. — Duplex and Quadruplex Telegraphy.— Automatic Telegraphy.—
Multiplex Telegrnggly.— e Hughes nting Instrument.—The Baudot System.—
The Murray Type Printing Tele%'aph.— 'est and Battery Boxes.—Circuit Concentration,
&c. — Repeaters. — Bubmarine Telegraphy. — Wireless Telegraphy. —INDEX.— LIST OF
DIAGRAMS OF CONNECTIONS.

In Large 8vo. Profusely Illustrated. 8s. 6d. net.

WIRELESS TELEGRAPHY.
By GUSTAVE EICHHORN, PmD.

CoNTENTS.—Oscillations.—Closed and Open Ogcillation Systems.—Coupled
%vstems.—The Coupling Compensating the Aerial Wire,—The Receiver.—
omparative Measurement in the Sender. —Theoretical Results and Calculations
in respect of Sender and Receiver.—Cloge- and Loose-Coupled Sender and
Receiver.—Formule,—The Ondameter.—Modern Apparatus and Methods of
‘Working — Conclusion. —Bibliography.—INDEX.
‘““Well written . . . and combines with a good deal of description 'a careful
investigation of the fundamental theoretical phenomena.”—Nature.

NINETEENTH EDITION. Leather, Pocket Size, with 810 pages. 8s. 6d,

A POCKET-BOOK OF
ELECTRICAL RULES & TABLES

FOR THE USE OF BELECTRICIANS AND ENGINEERS.
BY JOHN MUNRO, C.E., & Pro¥. JAMIESON, M.INsT.C.E., F.R.S.E.

““ WonNDERFULLY PERFECT. . . . Worthy of the highest commendation we can
give it."—Blectrician.

GRIFFIN’S ELECTRICAL PRIOCE-BOOK: For Electrical, Civil,
Marine, and Borough Engineers, Local Authorities, Architects, Railway
Contractors, &c. Edited by H. J. DowsING. SecONDEDITION. 8s.6d.

ELECTRIC SMELTING AND REFINING. By Dr. W. BoRCHERS
and W. G. McMILLAN. [See p. 67 General Catalogue.

ELECTRO METALLURGY, A Treatise on. By WaLter G.
McMiLLan, F.LI.C,, F.C.S., and W. R. CooPER. [gee p. 67 General

: . Catalogue.
ELECTRICAL PRACTICE IN COLLIERIES. By D. Burxs, M.E.,
M.Inst.M.E. [See p. 57 Qeneral Catalogue.

ELECTRICAL SIGNALLING IN MINES. By Geraip J. Hoog-
wINKEL, M.LE.E,, &c. [{n Active Prepaxation.

LONDON: CHARLES GRIFFIN & CO., LIM\TED, EYETER STRRER, TS
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In Four Volumes. Crown 8vo. Fully lllustrated. 8old 8eparately.
AN ELEMENTARY

TEXT-BOOK OF PHYSICS.
By R. WALLACE STEWART, D.Sc. (Loxb.)

Just PuBLisHED, Cloth. With 142 Illustrations.

LIGHT.

CoNTENTS. — Introductory. — Rectilinear Propagation of Light.—
Photometry. — Reflection at Plane Surfaces. — Reflection at Spherical
Surfaces. —Refraction. —Refraction through Lenses. —Dispersion. —INDEX.

Other Volumes in Preparation, and which will be Published Shortly,
HEAT—-SOUND-MATTER.

In Large 8vo. With Bibliography, Illustrations in the Text, and
Seven Plates. 12s. 6d

THE MEAN DENSITY OF THE EARTH.

An Essay to which the Adams Prize was Adjudged in 1893
in the University of Cambridge.

By J. H. POYNTING, Sc.D.,, F.R.S.
“Cannot fail to be of great and general interest.”—Atheneum.

. In Crown 8vo, Cloth. Illustrated with Diagrams.

THE FORCE OF THE WIND.

By HERBERT CHATLEY, B.Sc. Enc. (LoND.),
Professor of Civil Engineering, Tong Shan Eungineering College, N. China.

CoNTENTS. — Practical Importance of Wind Pressure. — Impulsive
Force of the Wind. —Variations in Velocity.—Stream Line Theory. —
Stress in Structures due to Wind. — Windmills. — Train and Motor
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A TEXT-BOOK OF PHYSICS.

By J. H. POYNTING, So.D., F.R.S.,
Professor of Physics, Birmingham University,

And 8ir J. J. THOMSON, M.A, FRS,,
Professor of Experimental Physics in the University of Cambridge.

INTRODUCTORY VOLUME. Fovmno’Elggmn, Revised. Fully Illustrated.
10s.

PROPERTIES OF MATTER.

B b B B
- on.— o — - on.— ree!
and of M—Thar::ﬁ lects Accompan Shzn.
D‘mﬂt’ .—Surface Tension.—Laplace’s Theory of Capiliarity.—Diffusion of Liquide =
ion of Gases.— Viscosity of Liquids.—Ixpxx.

** We regard this book as quite lndhganuble not merely to teachers but to physicists of e
grade above the lowest.”— 8 'niversity Correspondent. o v hnd

VorLuuz II. Fourra EprrioN. Fully Illustrated. Price 8s. 6d.

S OUND.

Oonrexrs.—The Nature of Sound and its chief Charscteristics.—The Ioloel:y of Sound
tn Afir and other Medis.—Reflection and Refraction of Sound.— d Pitch of
Notes.—Resonance and Forced Oscillations.—Analysis of Vibrations.—The Tnmvom
Vibrations of Stretched Strings or Wires. —Pipes and other Air csvlﬁu.—nodl —Plates,
—Membranes.—Vibrations maintained by Heat.—Sensitive Flames and Jets.—Musioal
BSend.—The Superposition of Waves.— Inpex,
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VoroMe III. Tuirp Eprrion, Revised. Fully [llustrated. Prioce 15e.

HEAT.

CONTENTS. —Temperature. — Expansion of Solids. —Liquids. — Gases, — Clrcnhﬂon

and Convection. —mnmy of Heat; Specific Heat.—Conductivity.—Forms of En

Conservation; Mechanical Equlvtlent, of Heat.—The Kinetic Theory.—Change of 8!
Liquld, Vapour. —Critical Points. —S8olids and Liquids. — At.molpherlc Condmom.—
Radiation. —Theory of Exchanges.—Radiation and Temperature.—Thermodynamics.—
Isothermal and Adiabatic Changes.—Thermodynamics of Changes of State, and Solu-
tions.—Thermodynamics of Radiation.—INDEX.

‘“Well up-to-date, and extremely clear and exact throughout. . . . As clear as
it would be possible to make such a text-book "—Nature.
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