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PBEEACE
(TO THE FRENCH EDITION)

The interest taken in the new industry of road locomotion

and the development it is acquiring in France impels me to

congratulate you on the task you have undertaken, and

though, notwithstanding your request, I do not intend to

write a preface, I cannot refrain from the pleasure of testify-

ing to the opportuneness and value of your interesting work.

This industry, which a few years back was but in its ex-

perimental stage, has now become a most important national

one, which is due entirely to the results obtained by French

manufacturers.

To spread the knowledge of these results and to instil

a desire of adopting this new and fruitful application of

mechanics to road locomotion is indeed useful work.

You have fulfilled these aims by writing your book, and

no doubt your readers will feel the same pleasure as myself in

perusing the second part, dealing historically and descriptively

with our carriages of the future.

Theorists and scientists will find in the first part scientific

information, technical details, and the laws that govern this

new industry.
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Your book will certainly be well received by the members

of the Automobile Club of France, who are all watching with

the greatest interest the exciting struggle between petroleum,

steam, gas, and electricity, vying with each other for the

honour of serving us.

Those of your readers who are not so well acquainted with

these matters will be able to learn the difference between the

various systems, and will wish to avail themselves of the

pleasures of auto-car travelling, and will become, thanks to

you, fervent adepts of the new system of road locomotion.

Believe me, dear Mr. Farman,

Yours &c.

BARON DE ZUYLEN DE NYEVELT,

President of the Automobile Club of France.
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AUTO-CAES

CHAPTER I

INTRODUCTION

Although still in its infancy, the auto-car industry has

lately made such gigantic strides that it would be impossible

to deal exhaustively with it in this little book.

Electricity, steam, compressed air, and last of all petroleum

having each in turn been applied to the solution of this pro-

blem, we ought, to deal thoroughly with the subject, first to dis-

cuss the sciences of electricity, thermo-dynamics, and chemis-

try, and then go into the question of mechanics and its special

application to the sources of energy with which we have to

deal, a process entirely beyond the scope of the present work.

We will therefore merely touch upon steam, electrical,

compressed-air, and other motors, giving, however, a more

detailed description of petroleum motors, which, in our estima-

tion, seem to have a brilliant future before them.

At the outset, however, we think it advisable to state

the well-known fundamental laws of the thermo-dynamics of

perfect gases, as these laws will be constantly referred to in

this book.

We will assume that we are dealing with gases which obey

Boyle's and Gay-Lussac's laws. Although practically no

known gas obeys these two laws exactly, the discrepancy is so

slight that we are easily able, by means of formulae deduced

B
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from these two hypotheses, to foresee what will take place in

our motors.

Boyle's Law.—Boyle's or Mariotte's law is expressed by the

following equation :

—

pv=p
1
v

l
— C,

which means that the volume of a gas is inversely proportional

to the pressure to which it is subjected. In other words, we
know from Boyle's law that if we double the pressure of a gas

whose volume is one litre at atmospheric pressure we halve

that volume.

Gay-Lussac's Law.—This law tells us that at constant

pressure the volume of a gas varies with the temperature, the

increase being in proportion to the change of temperature and

the volume of the gas at zero.

Let a represent the increase of volume per unit volume of

the gas per degree of temperature.

Then, if the gas is raised from a temperature t to a higher

temperature t', the increase of volume will be represented by

AV=a(f -t)V,

so that the volume V of the gas at t' degrees at a constant

temperature p will equal

v =r+ &v=y + a (t -t)v.

By making t = o, then

r'=vQ + a r t',

or

F=r (i + o,
which is the equation expressing Gay-Lussac's law.

The value of a has been found experimentally to be equal to

—-

-

, and is called the coefficient of expansion of a gas.

Assuming this coefficient to be a constant, we easily arrive

at a notion of what is meant by the term absolute temperature.

Let us take, for instance, a volume V of gas at a temperature of
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0° centigrade, and then lower the temperature to — 273°

below 0°.

According to Gay-Lussac's law the volume becomes
j

v=r- Vut,

or, by substituting the values of a and t,

F' =F(1 -273 X273) = -

This temperature of — 273°, at which gases would, so to

speak, shrink into nothing, is called absolute zero, and all

temperatures which are counted from this point are known as

absolute temperatures. In this work we shall designate all such

temperatures by capital letters, and ordinary centigrade tem-

peratures by small letters.

The relation between absolute temperature and ordinary

centigrade temperature is expressed by the equation

T=t + 273.

By combining the laws of Boyle and Gay-Lussac we obtain

an equation which enables us to express a simultaneous change

of pressure and temperature.

Let v represent the volume of a gas at a pressure 2>o and

temperature t , and v
L

its volume at a pressure p x
and tem-

perature t
x
.

Considering the change of temperature alone by supposing

the pressure p Q to be constant, we find from Gay-Lussac's law

that

(1) v' = vQ [1 + «(«i - <o)] J (Po,«',«i)-

Now bv varying the pressure and considering the-tempera-

ture ty as a constant, we find from Boyle's law that

(2) rl= m.w
Pi

A combination of equations (1) and (2) gives

Pi'\ — vap a [1 + «(h —t )].

b 2
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And if « = 0°, then

(3) iVi = ''qPoC 1 + at i)>

which is the fundamental equation between the volume,

pressure, and temperature of a perfect gas.

If the temperature be kept constant and the pressure

varied, the volume will change in consequence, and this change

can be represented graphically by a hyperbolic curve which

is called an isothermal line, there being a different isothermal

line for each temperature, as shown in Fig. 1.

Things are different, however, if the gas under considera-

tion is enclosed in a covering which is a non-conductor of

heat. By varying the

volume of the gas we

F

V
Fig. 1.

vary its pressure and

temperature simultane-

ously, and the curve

that we obtain by set-

ting off the pressures

as ordinates and the

volumes as abscissse is

known as adiabatic or

isentropic ; that is, of

constant entropy.

What is meant by the entropy of a gas ?

This is rather difficult to define correctly without having

recourse to long calculations.

We may, however, say that the entropy has the same

relation to heat as the weight of a body has to the potential

energy it possesses througli being raised. Let us consider, for

instance, a body of weight P kg. situated at a height above

ground of H metres ; the potential energy E which that body

can furnish is represented by E = P xE kilogrammetres, and

E
this energy will decrease by

//
:
Pkgm per metre of fall.
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The weight of a body, therefore, measures its decrease of

potential energy per metre of fall. Similarly, we may say

that the term thermal weight expresses the loss of thermal

energy per degree of fall in temperature, the latter being

analogous to the height in the former case, i.e. representing

the intensity of the force.

If, therefore, a gas has an energy E or (A E) calories owing

to its absolute temperature T, it will evidently lose energy

A 7?
equal to — per degree of fall in temperature. We can

\w
therefore call t-~ the thermal weight of the gas under con-

sideration. This quotient will remain constant so long as

heat is neither given to nor taken from the gas.

The thermal weight is no other than the entropy, whence

the name of isentropic line given to the curve which represents

the transformations effected without gain or loss of heat.

If you add a quantity of heat dq at a temperature T to a

gas, you increase its entropy or thermal weight by an amount

-M. On giving heat and raising the temperature from t
y
to t2 ,

the increase of entropy will be expressed by the function

J t.

i dq

T
h

Fig. 2 represents a series of isentropic lines cutting iso-

thermal ones.

With the exception of electrical motors, all those we shall

examine are worked by an elastic fluid, either gas or steam.

While undergoing a certain series of transformations,

which is termed a cycle, these gases, enclosed in a cylinder,

impart dynamic force to a piston which in its turn transmits

that force to the working shaft. In considering the theory of

the motors we have to examine we shall always be obliged

to show, by means of isothermal and adiabatic lines, the cycle
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*/i

undergone by the gases, although this is not really what

happens. It is impossible to obtain in any motor a transforma-

tion at an absolutely constant temperature without having an

infinitely powerful source of heat at our disposal.

It is equally impossible, notwithstanding lagging, jackets,

and the various methods of covering that have been tried, to

obtain a cylinder which is an absolute non-conductor of heat,

so that a perfect

adiabatic trans-

formation has

never yet been

accomplished.

As one cannot

take into conside-

ration all the con-

ditions which go-

vern and modify

the cycle of any

motor, the usual

practice is to cal-

culate the power

on the assumption

that all theoretical

conditions are complied with, and then modify the result by
a certain coefficient of efficiency which practice has established

for the particular type of motor under consideration.

We will therefore examine more closely the isothermal

and adiabatic transformations in order to ascertain the
quantity of external work which these transformations can
furnish for a given expenditure of heat and a given fall in
temperature.

External work done by an isothermal transformation.
Heat absorbed.—Let U represent the energy (manifested to
us as temperature) contained in a kilo of gas, Q the heat

Fig. 2.
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stored up in this gas, and W the external work, then we shall

have the fundamental equation

This simply means that any gain or loss of heat entails a

corresponding variation in the caloric energy of the gas, and,

in some cases, either positive or negative external work, the

sum of these two variations being equal to dQ.

But the energy U of a gas depends upon its temperature

alone, just as the potential energy of a body depends upon its

height above ground. Therefore we can say that

which equation has been ex-

perimentally proved correct by

Joule, and bears his name.

It follows, therefore, that all

the heat supplied dui'ing an

isothermal transformation does

not increase the energy U of a

gas, as by our definition we work

at a constant temperature. The

caloric energy will alone do the

necessary external work.

For an infinitely small change of volume (Fig.

external work done will be represented by

dW= pdv,

and the total work of an isothermal expansion from p

will be the integral of the above differential.

We have, therefore,

3) the

to f x

W

and as

= / pdv

V



AUTO-CARS.

the integral becomes

w

and we have therefore

= I ~T d"=Po>>o I v ,

J >< J >'

W=p v log,-1
.

v

Let <2 be the heat that has been required to keep the tem-

perature constant, and we have

\

A Jt

Fig. 4.

(4) Q = A.p v log. ^,

in which .4 = — = — . E is what is termed the mechanical
E 425

equivalent of heat ; that is, the number

of kilogrammetres which correspond to a

calorie. This equation, therefore, gives

the heat required and the work done by

an isothermal expansion.

Work done during an adiabatic ex-

i pansion.—According to the definition, this

operation must take place without gain

or loss of heat, so that

(4) dQ = 0.

If from a point 1 in the adiabatic curve (Fig. 4) we
expand the gas to 2, the external work represented by the

area A 1 2 B will be equivalent to the decrease of the internal

energy of the gas.

Let us again take equation (4) and substitute for dQ its

equivalent :

dQ = dU + dW=0;
or

dU + A2)dv = 0,

<»> (*) + + (f + V) * - »



INTRODUCTION.

Then, assuming the volume of the gas to be constant, a

change of pressure will entail a corresponding change of

internal heat equal to

Cydt = -^— dp,
dp

Cv being the specific heat of a gas with constant volume.

Similarly, assuming the pressure to be constant, we shall

have

(Sr + Ap
)

dv = c*
dt

'

Cp
being the specific heat of a gas at constant pressure.

The specific heats Cv and CT can almost be considered to

be independent of the temperature. The ratio between Cv and

CT is generally expressed by y.

By substituting in equation (5) the above values for
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the integral of this equation being

]og,^-2 + y log,^ = 0;
P\ v

i

or again :

(8) P-2V 2
y = PiVi 7 = constant.

This is the general equation of an adiabatic expansion ; it

enables one to calculate the work done during this expansion,

as follows :

W= I pdv;

but

whence

Pi = Piv i

r — ,

V

• 2

W — P\°\ l v~ dv.

By integration we find

(9) w=p^:-'- vr).

which is the work done theoretically by an adiabatic ex-

pansion.

If we represent the internal energy of the gas at points

1 and 2 by £7", and U2 , the difference between U
1
and U2 will,

from what we have shown, be equal to the external work ; we
shall therefore also have

(10) U
x
-Ut = A. W= AP^L (v^-v'A.

Carnot's Cycle.—Amongst the various cycles or trans-

formations through which a gas may pass there is a very im-

portant one which it is always sought to obtain in practice.

The cycle in question is formed by two isothermal lines

and two adiabatic lines (Fig. 5).
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1

The line A B represents an isothermal expansion at a

temperature t 2 .

The cylinder containing the gas is isolated at a point B,

so that the working substance may neither receive nor give

out heat, and from B to a point C, which corresponds to a

temperature t
t
, the expansion is effected adiabatically.

From C the gas is compressed, but is maintained, however,

at a constant temperature t
l

. This is an isothermal com-

pression which must stop at D, so that the cycle may be

completed by an adiabatic operation from D to A.

From D to A, then, we operate by adiabatic compression.

Such are the four stages which form the Carnot cycle.

The values that we have found for adiabatic and isothermal

expansions enable us to thoroughly

analyse what takes place during a

Carnot cycle and to establish cer-

tain theorems upon which the

science of modern thermo-dynamics

is based. We do not intend to

pursue our examination of this

cycle any further, as it would lead

us too far. A brief outline suffices,

because, the cycles being all different in practice, not much

advantage would be gained for the investigation of those

motors which we propose to examine.

The principle which we deduce from the above is known

as Camot's Principle, and may be stated as follows : The ratio

of the amount of heat converted into work to the amount of heat

taken from the source of heat is a constant for all substances

working according to Carnot cycles between the same limits of

temperature.

Let Q2 be the amount of heat taken on the isothermal t2

and Q v
the amount given on the isothermal t u we can always

state that

l\\\ Qi — Q\ — Q'2—Q'i _ constant.
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But if, on the other hand, we make

we find that

whence

so that we obtain

and

Q=/Tdr ,

Q = T(Jlt - H o) ;

Q 2
= T2 (fJi—i'o)
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The exhaust ceases at a point D near the end of the stroke,

and from this point the steam is compressed till it nears

original pressure.

The volume occupied at A (Fig. 6) by the steam is known

as clearance. One sees at once that the cycle of a modern

steam-engine is far from resembling Carnot's ideal cycle.

The first isothermal operation from A to B is carried out

at constant pressure, so that the external work done during

that time is expressed by

pj dv = p (v
t

- r ),

.AfKJW SfafiJ

(py>

Fia. 6.

V being the clearance.

Whilst the steam is

expanding from B to C
heat escapes through

the sides of the cylinder,

so that the operation

is not an adiabatic one.

Moreover, some of

the water which has

condensed on the cold

cylinder barrel during admission forms into steam during

the period of expansion, which complicates matters.

All these phenomena modify the expansion to such an

extent that, instead of calculating the work done as we did in

the case of an adiabatic expansion, it is found more convenient

in practice to consider the expansion as an isothermal one, so

that we may use equation (3) (see page 8) :

TF=P F
1
log,^.

The exhaust takes place from C to D, and the negative

work corresponding to this stage of the cycle is expressed by

yr-1'3
dv= - p>(va

- rt ).
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The negative work required for the compression is found

by the formula given above for expansion.

In the chapter on The Theory of Motors we shall enter

more fully into the working of steam motors, and show how

to calculate their principal dimensions for -any given power

required.

For the present we will merely state that their efficiency

is far below Carnot's ideal cycle. Speaking on this matter,

Mr. Dwelshauvers-DeYy, professor at the University of Liege,

says :
—

' The breaks in cycles which are inevitable in our present

engines considerably reduce the proportion of heat that can

be utilised. This reduction is as much as 13 per cent, in the

best engine imaginable, more than a third of the amount of

heat which theoretically should be at our disposal.

' The maximum practical amount of heat available for work

is about 20 per cent, of the heat expended, and no possible

improvements can very much affect this limit, which corresponds

to a consumption of 4-849 kilogrammes ' of water per horse-

power per hour at the rate of 655 calories per kilogramme,

which is the total heat of six atmospheres at absolute tension.

' We can never hope to lower consumption of steam to five

kilogrammes 2 per horse per hour, inasmuch as the action of

the cylinder walls affects the operations we have analysed, 3 and

losses take place which can never be entirely avoided. This

action of the walls is such that even in some engines provided

with good condensers the portion of heat represented by the

work indicated forms but a small proportion of tlie maximum
20 per cent.'

We may add that, in addition to these losses of heat, that is,

of work, in the cylinder itself, there are losses inherent to the

boiler which always amount to at least 40 per cent.

In our best engines the amount of heat converted into

1 10-77 lbs. 2 11-00 lbs.

3 Dwelshauvers-D6ry, Etude calorimttrigue de la machine a vapeur.
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work in the motor is 8 per cent, of the total heat, and, as the

boiler efficiency is at best 60 per cent., our engines only use

0-08 x 0-6 = 0-048,

or 4 -8per cent, of theheat evolvedby the coal combustion. These

figures correspond to an expenditure of about 8 to 9 kgs. 1 of

steam per horse-power per hour at a pressure of 7 atmospheres,

which, with a good boiler, means a combustion of 900 grammes 2

of fuel.

We shall conclude this chapter with a few words on the

resistance to traction of cars along roads or on rails.

rULL OF CAR ON RAIL AND ROAD.

In both these cases the resistance to traction depends to

some extent on the diameter of the axle journals, although the

general rule is to adopt a y
coefficient of traction pro-

portional to the weight

of the car.

In calculating the di-

mensions of a journal two

essential conditions must be considered :

1st. The pressure on the journal must not cause excessive

heating. A certain pressure per square centimetre, found

experimentally, is allowed. Let I (Fig. 7) be the length and d

the diameter of a journal, then

{A) ld = P,

where P is the total pressure on the journal and p a co-

efficient proportional to the pressure per square centimetre,

which is generally taken at 20 kilos, per square centimetre.

2nd. The sectional area of thejournal must be sufficient to

resist fracture. It must therefore always be equal to

I

V
Fio. 7.

(*)
32 B'

19-8 lbs.
2 1-98 lbs.
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where B/ is the load per square centimetre which the metal

can safely carry. For auto-cars the rule is to make

R 1 = 300 kgs. per square centimetre when iron axles are

employed.

Formulae (A) and (B) enable us to find the length I and

diameter d of any journal.

It is self-evident that the larger d is the higher will be

the coefficient of resistance to traction, as the leverage of the

axle friction will increase, all other things being equal, with

the distance of the rubbing surface from the axis of rotation

This coefficient will also vary inversely with the diameter of

the driving wheels, which for this reason should be made as

large as possible.

On rail the coefficient of resistance is about y^j of the

load carried when flanged tyres are used, and about -^j with

flat tyres. The tractive force can be calculated from these

data without considering the size of the wheels or journals.

Let P represent the weight of a car, f the coefficient of

resistance, and i the incline per metre, then the total resist-

ance will be

(14) E = P{f±i),

the sign ± being the incline. The work for a distance I run

on a uniform road will therefore be

(15) W=Pl(f±i);

and the power required, v being the speed in metres per second,

will be

W = Pv(f + i) kilogrammetres,

or

(16) W = — l.~ - horse-power.

Mr. Reckenzaun has remarked that the resistance to trac-

tion is doubled on curves of 15 metres radius (49 ft.), and is

trebled on 10-metre (33-ft.) curves.

It is frequently the quadruple at starting.
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The adhesion of a car on rails varies from ^th to TVth of

the weight on the driving wheels. Therefore if the force

exerted at starting is too great the wheels will skid.

Let p be the load carried on the driving axle, then the

following must always hold :

(17) P-f = P(f + i),

where f is the coefficient of adhesion, which may vary from
-25 to O10, i being the steepest gradient.

This formula enables the minimum load on the drivingo
wheels to be determined beforehand for a single self-propelled

car, or for a car or tractor hauling another one. In the latter

case P represents the weight of the hauling car plus that of

the hauled car with its load.

The case is much more difficult for a car running on an

ordinary road ; the general practice is to adopt a coefficient

of resistance of -06.

This figure may vary very much according to the state of

the road and the kind of tyre used. There is no doubt, how-

ever, that 30 per cent, or 40 per cent, is saved in resistance to

traction by using pneumatic tyres. The coefficient then be-

comes 0'042 to -036, but it can be reduced still further by

using ball bearings, and may even become less on road than

on rail.

In our opinion, pleasure auto-cars should be built as light

as possible, so as to enable them to have all the recent improve-

ments which have been applied to bicycles.

In estimating the tractive force required we have not

hitherto taken into consideration the resistance of the air.

This resistance does not affect the question much for heavy

cars going at slow speed, but for light cars travelling fast it

becomes important.

The following table gives the wind resistance, which

increases, roughly, with the square of the velocity.

Take, for instance, a car whose front elevation has an area

c
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of 3 square metres going at a speed of 20 kilometres an hour. If

there is no wind, the resistance to passage through the air will

be 3-2 kgs. x 3m2 = 9-6 kgs., as a speed of 20 kilometres an

hour, or 5-5 metres per second, is equivalent, from the table

below, to a pressure of 3-2 kgs. per square metre.

Nature of "wind
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We have laid some stress on this point because we feel

sure that light, and not bulky, cars will be in great request

for self-propelled traffic on common roads. The same pleasure

will be experienced in using these cars as is obtained at

present by bicyclists. To possess a steed which neither tires

one nor tires itself, to roam at will on the most picturesque

roads and visit the most charming sites, and to stop where one

chooses and then start again in search of fresh fields and pas-

tures new, are advantages not to be lightly despised.

Auto-cars, in our opinion, will be chiefly used for touring

and pleasure trips. Tractors for hauling heavy loads do not

seem to meet a want, and for traffic of this kind between

villages we think a light railway on the Decauville system will

be found far preferable.

We will go more fully into the theory of motors in the

following chapters, explaining in greater detail the funda-

mental points which we have touched upon in this chapter.

c2
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CHAPTER II

GENERAL AND HISTORICAL

It is difficult to give the exact date when the self-propelled

vehicle was first invented. There are documents dating as

far back as the Egyptians showing a car propelled by the

action of steam escaping into the air. Who knows if, better

still, they did not use some kind of steam-engine for carrying

out their gigantic engineering works ! However that may be,

it is only since Denis Papin that we have known what power

steam can produce under pressure, and the first self-propelled

or auto-car of which we have any reliable information dates

back to the year 1771. The inventor, Cugnot, was an

artillery officer, who may be said to have foreseen the exten-

sive application which this kind of locomotion would have.

This invention was merely a primitive car running indifferently

through the bogs and slushes of Paris at a rate of about 2^

miles an hour. This venerable ancestor has been carefully

preserved at the Conservatoire National des Arts et Metiers

in Paris.

About the same time Worcester invented an engine for

raising water. Newcomen did better, for he was the first to

build a working engine worthy of the name, but the first

properly so-called steam-engine is due to Watt. He was,

without doubt, one of the greatest geniuses of modern times,

for he built a complete steam-engine, and whereas his prede-

cessors had only made incomplete models, he left us a real

masterpiece, perfect from every point of view, which we have
only been able to improve by modifying the details. Watt
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invented double action, the condenser, the air pump, the
regulator, and expansion. He caused the consumption of fuel

to fall from 22 lbs. to 8-8 lbs. per horse-power per hour. In
1829 Robert Stephenson, the pioneer of the locomotive engine,

built the first practical locomotive engine, the ' Rocket.'

Fig. 8 shows this engine, which ran regularly between
Manchester and Liverpool. Let us add, to be just, that in

1808 Trevithick built two separate types of engines, the first

for road locomotion and the second for running on flat rails.

These two were built

before the Rocket, and

worked fairly well,

but did not attain

speeds of 25 miles an

hour, like the latter.

From that time for-

ward the locomotive on

rails made such great

progress that forty

years later the whole

of Europe was pro-

vided with, railways.

Apart from a few

trials which failed, the

road locomotive was

completely abandoned,

at least as far as passenger traffic is concerned. The motors,

and, above all, the steam generators, were still too heavy,

too cumbersome, and too dangerous to enable the grand pro-

blem of self-propelled traffic along public roads to be solved in

a practical manner.

Bicycling has again brought the subject to the front, and

numerous inventors have sought to substitute an engine for

the human motor on the bicycle and tricycle.

Messrs. de Dion & Bouton were the first, we think, to

Fig. 8.—' The Socket.'

SW^-S^'
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attempt the solution of this problem by means of the steam

motor. Their first trials date back to 1882, but from the start

they were stopped by a great difficulty

—

the generator.

In the first place, Messrs. de Dion & Bouton had to invent

a suitable boiler, and it was only after two years of research

that their efforts were crowned with success. The generator

which is called after them was adopted by the French Navy
for their torpedo boats on account of its small volume and its

high steaming power.

It was first applied to a quadricycle seating two, and then

to a Tandem tricycle, in which the second seat was utilised

for carrying a motor and a generator, weighing together about

110 lbs. The engine of one horse-power enabled a speed

of 18^ miles an hour to be attained, which even now may be

considered a very satisfactory result. In 1885 Messrs. de Dion

& Bouton built a tricycle which covered 0'62 mile in one

minute. This is, therefore, the first light, rapid, and easily

controlled auto-car which has run on our roads.

Three years later Mr. Serpollet applied his generator with-

out water to a tricycle, and obtained exceedingly satisfactory

results. We will describe this apparatus further on ; for the

moment we will merely state that it is the only steam system

which is allowed to run within Paris. Already several tram-

way lines have adopted the Serpollet generator, which enables

them to obtain a very appreciable saving on animal traction.

But even as far back as 1860 Lenoir had designed a gas

motor which worked regularly, and had sought inspiration

from the ideas of Beau de Rochas, the real discoverer of this

new type of motor, which appears to have such a brilliant

future before it for self-propelled road traffic. Since then this

system has been improved upon, and the race of auto-cars

from Paris to Bordeaux and back in 1895 placed it in the

first rank of the various systems adaptable to this kind of

traffic.

The petroleum auto-car is only one or two years old. In
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1894 it was not fairly represented in the Petit Journal compe-

tition, organised by Mr. Pierre Giffard, in which steam cars

certainly obtained the greatest success. We owe the first

practical petroleum motor for road locomotion to the German
Daimler, and even to-day his motor still occupies the first

rank. Messrs. Panhard & Levassor and the firm Peugeot,

both car-builders, were the first to foresee the prospects of

petroleum, and they adopted and still continue to use the

Daimler motor for working their cars. The ancient history of

petroleum cars is therefore to-day's, and the rapid progress

which has been made within a year enables us to build the

greatest hopes on this rival of steam.

The race from Paris to Bordeaux last year has proved this
;

petroleum gained a brilliant victory, the first eight arrivals in

this great race being cars propelled by petroleum motors. Let

us remind our readers that M. Yves Gue'don, secretary to the

Organising Committee of the race, resigned his duties after

the race in order to prepare jointly with M. Clement, the

well-known French manufacturer, for the race Paris to

Marseilles and back, which took place in October last.

The auto-cars which will enter for the race on behalf

of M. Clement, under M. Guedon's direction, may become

dangerous rivals to those propelled by the Daimler motor.

Besides steam cars for tramway purposes, we have also

electric and compressed air cars.

The use of compressed air is quite recent ; in fact, leaving

aside the experiments carried out in 1840 by two French

engineers, Messrs. Andraud and Tessier du Motay, which had

no practical results, we must go back to 1872 for the first

practical work carried out by Mr. Mekarski. We know, in

fact, that much of the work done up till now in applying

compressed air to tramway traction is due to this engineer.

On November 4, 1872, Mr. Meltarski took out a patent,

No. 97,072, for a compressed air motor with regulatedpressure.

On June 23, 1873, he took out an additional patent for
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heating air by mixing it with steam, and this completed his

system as it is worked to-day.

In 1873 Mr. Mekarski built the first experimental engine,

which ran in 1874 on the private railway of Maltournee

from the plaster quarries of Neuilly-Plaisance.

At the same time a compressed air locomotive for tunnelling

the St. Gothard was built at Creuzot, and was fitted with Mr.

M^karski's pressure regulator.

At the end of 1875 and during 1876 numerous experi-

ments were made with the first auto-car for tramways on

the Courbevoie-l'Etoile tramway line. These experiments,

witnessed by the most eminent scientists of France, were

exceedingly successful, and in consequence Mr. Mekarski

obtained a concession for tramways at Nantes. These tram-

way lines were opened to traffic on February 13, 1879, and

have since always worked without a hitch ; they are very

economical (the cost of working per car mile during the last

ten years has only been 4-25<£).

The first line of compressed air tramways subsequently

built was that of the Nogentais tramways, in August, 1887.

The depdt is placed where the experimental plant for the first

trials had been set up.

Meanwhile Mr. Mekarski' went on improving his compressed

air apparatus with the object of obtaining a much higher

pressure, and also of storing a greater amount of air in the

same volume.

He succeeded in storing air at a pressure of 427 lbs. per

square inch in the tanks on the Etoile tramway.

As this air was only employed at a pressure of 142 lbs. in

the cylinders of the motors, the work done in compressing air

from 142 lbs. to 427 lbs. was lost, but unfortunately the only

method of storing a large amount of energy in a small volume

is to have an exceedingly high pressure. Mr. Mekarski saw
this, and in all his new plant the air is compressed at a

pressure of 1,138 lbs. per square inch.



GENERAL AND HISTORICAL. 25

On the line from Vincennes to St. Augustin, in Paris,

there are 24 auto-cars, of which 20 are used daily, one being

in reserve and three in the repairing sheds. From this it will

be seen that in buying auto-cars a certain saving in prime

cost is realised, which compensates to some extent for the

cost of compressors, boilers, and charging apparatus.

During the last ten years electricity has, even more than

compressed air, become one of the most useful means for

tramway traction. Electric traction was first studied in

Europe by Messrs. Siemens and Halske, and it was taken up

in the United States, where it has been greatly extended. In

less than three years 130 cities in the United States have

adopted electric traction, which is equivalent to a total mileage

of 1,860 miles. It has been substituted for animal traction

almost all over the United States, but in Europe this method

of traction has gained less partisans. It is necessary to have

a copper wire | inch in diameter, above the line, supported by

poles at certain distances apart. This was considered un-

sightly, and is the only reason given by our town authorities

for the non-adoption in our large cities of so adaptable, so

clean, and so rapid a method as electric traction.

True, overhead wires can be dispensed with by using

accumulators, but the general efficiency is much impaired by

the great increase in dead weight due to the accumulators.

This system, however, is much employed in Europe, and has

given good results. Accumulators have also been used for

road traction, but up to the present the results leave much to

be desired." We may mention Mr. Jeantaud as one who has

done much good work in this direction, and who obtained a

comparative success in the Paris-Bordeaux race.

In our opinion, road traction by electricity will only be

possible when we have found a good generator of electric

energy, and accumulators cannot be considered as such. "What

would bethought if Mr. M^karski were torecommend his system

for attaining the same end ? It would be thought ridiculous,
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and yet no objection is found to the accumulation of electricity

although both systems are exactly similar ; for, whether we
store electricity or compressed air, we are always storing the

power originally supplied by a steam-engine. Possibly air

accumulators are even less liable to deteriorate than electric

accumulators, and their capacity is certainly at least as great

per unit of weight.

Besides electricity and compressed air as tractive forces,

we have had liquid carbonic acid, which was employed

a few years ago for the first time. It was, however, not a

commercial success, and has since been given up, so we will

not deal with it in the present work, because we have already

so much to say on really practical applications of steam, elec-

tricity, compressed air, and petroleum that we have no space

to speak of systems that have been abandoned, although, of

course, it is quite possible that some of them may hereafter

be taken up again.



27

CHAPTER III

THEORY OF VARIOUS TYPES OP MOTORS

Steam Motors

We will deal with the steam motor very briefly, and chiefly

from the point of view of its application to road locomotion.

"With the exception of tractors, the power required rarely

exceeds four or five horse-power, so that neither compound ex-

pansion nor condensers are necessary. Our steam motor will

therefore be of the very simplest kind. Let us begin by describ-

ing the method of cal-
A 7?

culating the dimensions -j-

of a motor for any given

power required.

CALCULATION OF PARTS
OF SINGLE-CYLIN-

DEK EXPANSION
ENGINE

The work done (Fig.

9) by a double stroke

of the piston (to and fro)

is given by the area

ABED F. Suppose the engine to be single-acting, i.e. with

steam admitted on one side of the piston only. A double-

acting engine does twice as much work. Let us assume, also,

that there is no compression as shown on figure.
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First stage. Full admission of steam.

WQ = work done = A B C = P F .

P = total pressure on piston in kilogrammes.

V = volume of steam after admission.

If we call p the pressure of steam on admission in kilo-

grammes per square centimetre, S% the area of piston, and l the

stroke ; when the piston reaches a point B we shall have

(«) W = Po .S*.ln .

Second stage. Expansion.

Taking equation (3), we find

W
l
= work of expansion = BEHC =

= p r .ioge
-l°,
"o

Vc being the volume swept by the piston.

We shall therefore have

(
h
) Vi=Po^SUog,n,

l
a
= total stroke of piston.

n = degree of expansion = ratio of total volume to volume

swept up to point of cut-off.

Third stage. Exhaust.

Wi = FBJIO = P
i
Vc

(c) Wa
= Pl .l

c .S*;

Py being the back pressure in kilogrammes per square centi-

metre acting on the piston during exhaust.

The total work the engine can do for one stroke will

therefore be

W
t
=W + Wy

-W%
= Po S>-

[> + g\ log, n - & Jo
]

(17) Wt
= p l S* flog. . n . + 1 - P±J .
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This is the formula expressing the theoretical work done
;

but, having regard to the fact that in practice the cycle is far

from resembling the ideal cycle, Wt is multiplied by an ex-

perimental coefficient K& in order to obtain the work measured

on the indicator diagram.

Therefore

The power available on the pulley will be equal to the

work indicated, less loss due to friction. For this another

coefficient, K , is taken as a multiplier of Wh so that

ru = Ayra TFt =.A-urt

where Ku = K^K^.

Finally, therefore,

(18) Wu = 7fu . p l S> [l + log, n - W~j
.

The degree of expansion varies generally from 5 to 6 and

the back pressure p t
from a half to three-quarters of an atmo-

sphere for condensing engines.

p will rarely exceed 6 or 7 atmospheres.

Kn varies with the engine horse-power, and the subjoined

table gives the values of -fiTu which are generally taken.

Horse-power
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calculate the stroke and diameter of the cylinder of a single-

acting engine which is to give 10 horse-power at 300 revolu-

tions per minute.

We shall have

„. 10 x 75 kilogrammetres x 60 ,_.,..
Tr u = oqtj =150 kilogrammetres.

So that

150 = A'u . p^S2 T 1 + log, n - P^~\
.n I p J

The pressure of admission being 6 atmospheres, and

the degree of expansion 5, we have, for a non-condensing

engine,

p = 60000 kgs. per square metre.

n = 5

j»! = 15000 kgs. per square metre.

JTU = 0-5.

log, n = 3"91.

By substitution we shall have

150 = 0-5 .

6-^° . IJ3> (l + 3-91 - i^S-5
)

150 = 6000 x 3-66 x l S2 = 21960 x lDS
2

;

whence

^2 =
2TM0

= Om30071 = ^ 7r '-2
-

The ratio - is generally fixed arbitrarily, and should be

less for high-speed than for low-speed engines.

We may take in our case - = 4, which makes
r

3-14 . 4r3 = 0-0071
;

whence

'^S=^
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so that

or

r = 0-0825„

D = diameter of piston = 16'5cm .

By substituting the value of r, the equation

enables the stroke of the piston to be calculated :

la = i x 8 -25om = 33 centimetres.

The cylinder must be made slightly longer than lc to allow

for clearance. When there is compression just before the end

A _J3

of stroke the clearance must be such that the pressure of com-

pressed steam contained therein shall equal the pressure of

steam admitted at beginning of stroke.

The same calculations would have held good for a double-

acting engine, but in that case the 150 kilogrammetres required

per stroke of piston would have been halved.

Compound engines.—Engines with two cylinders are used

for high pressures. The steam, having gone through its cycle

in the first cylinder, passes into a second cylinder, and from

thence into a condenser or into the atmosphere, as the case
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may be. The two cylinders are generally cast together, and

work simultaneously. Fig. 10 shows the cycle followed by

the steam.

Let

V = volume of the large cylinder, shown by the abscissa ED
;

V — volume of the small cylinder
;

F
.

V
r = ratio =

,

m — yf '

V =: volume at which steam is admitted to the small

cylinder
;

n = total expansion —
;

'0
yi

n = partial expansion =-° in small cylinder
;

'0

V =: volume at which steam is admitted into large cylinder

after leaving the small cylinder
;

n
i
= partial expansion =5 in large cylinder

;

p = pressure of steam admission in large cylinder
;

p' = pressure of steam admission in small cylinder
;

•p\ = pressure of exhaust in large cylinder.

Calculation of volume of large cylinder.—This is effected

in the same manner as for a single-cylinder engine working

with a pressure of admission p and a total expansion n. The

coefficient K of mechanical efficiency is, however, slightly

less, so that, as Kn varies also, we must call its new value K'm
which has been found experimentally to equal

7i'u = 0-9 /ru .

Calculation of volume of small cylinder.—Both cylinders

in compound engines are generally designed to work together,

which enables the transmission gear to have the same dimen-

sions.
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(19)

We can therefore lay down the following equation :

'

Po V (l + loSc n -^j) =

= p' F' (l-f log^-^'Y
V V P o /

From previous hypotheses, BG being an isothermal curve,

we shall have

(a)

or

Po Vo=P'o V'o',

.J -Fn^o-
P T7T

And
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n, p\ and^o being known, the value of n can be found, and

then V and V' can be calculated from equations

r' = n r
and

tti tt-i it mnnaV

The volume of the small cylinder is therefore found, and

the problem becomes similar to the one dealt with in a single-

cylinder engine.

Besides single-cylinder and compound engines we have

triple and even quadruple expansion engines. To find the

cylinder dimensions of these latter the same method must be

followed as for compound engines, care being taken, however,

to allow for decrease of mechanical efficiency.

Only single or double expansion steam motors are used for

traction purposes. If complication is not objected to, though

it should be avoided as far as possible for road motors, practice

tells us that it is better to employ single-cylinder engines for

pressures up to 4 atmospheres, compound engines from 4 to 7

atmospheres, and triple or quadruple expansion engines for

higher pressures.

As we have already said, the general tendency is to simplify

road motors as far as possible, more particularly as they are

often driven by inexperienced people. For this reason we
find that single- cylinder engines are almost always used, the

compound principle being only adapted to large motors of 50

or 100 horse-power.

The condenser, which is largely used in marine and

stationary engines, is never employed for steam traction, on

account of the quantity of water it requires, and for this

reason road motors can never have a very high efficiency. For

4 or 5 horse-power engines the consumption of water is gene-

rally 20 kgs. (44 lbs.) and of fuel 2 kgs. (4'4 lbs.) per horse-

power per hour, and the boiler must be designed in accordance

with this estimate.
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Valve Gear.—Once the size of the cylinder has been settled

for a given power and given degree of expansion, the valve gear

must be arranged to obtain the cycle which has been decided

upon. For many years valves and cocks were used which were

opened and shut at the required moment by

suitable mechanical devices. The latter, how-

ever, were comparatively complicated, so that pm n
now it has been found preferable when dealing

with low power to use a simple slide valve, which obtains

all the required stages of the cycle during its travel.

This valve consists of an arched metal plate, accurately

planed and fitted (Fig. 11), which slides over another plate cast

on to the cylinder, with which it

communicates by means of two

passages, a, b (Fig. 12).

A third passage c leads to the

condenser, or is open to the at-

mosphere. The cast-iron plate is

accurately planed, and is covered

by a steam chest connected

with the boiler. The slide valve

must never at any point of its travel allow steam from the

boiler to pass direct into the exhaust passage c ; but as it

travels it opens the steam ports a and b alternately, and allows

steam to pass from the steam chest into the cylinder. The

slide valve is so designed that when steam is admitted through

the port a to one side of the

a c U\

Figs. 12 and 13.

^'///''.W////'///////''//''////'///

rflSL I
c

Fig. 14

cylinder piston the other port

b, which communicates with

the other side of the piston,

is put into communication

with the interior of the slide valve, so that the steam con-

tained on that side may escape through the exhaust port c.

Fio1

. 14 shows an ordinary slide valve on its valve seat at

a point midway in its travel. Fig. 1 3 shows a plan of the three

d 2
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ports, a, b, and c. The widths e and i, by which the edges of the

valve overlap the edges of the ports, are called outside and

inside lap. Without laps it would be impossible to expand

steam, because immediately the valve had closed one port, a for

instance, it would put it into communication with the exhaust c.

To admit steam at the beginning of the piston stroke, if

there were no lap, the slide valve would have to be at its dead

centre at that very moment, and this would mean that the

eccentric would have to be set at 90° to the engine crank.

On account of the lap e the eccentric must be fixed so

that its radius makes a greater angle than 90° with the crank.

Let us call this angle of advance c, then the angle formed by

the crank and the centre line of the eccentric will be 90° + ?-

Fig. 15.

In order to fix the dimensions of the slide valve, it is

necessary to know the position it will occupy compared with

its mean position, with reference to the various positions of

the piston with an eccentric of given radius. Zeuner's

diagram shows how this can be done.

Zeuner's Diagram.—Fig. 15 shows the slide valve at a

distance x from its midway position. Let w represent the

an^le through which the crank has passed from commencement

of stroke of piston and o the angle at which the eccentric is

set, then x will equal OB , so that

x = OB = r sin OEB = r sin (<o + ?.),

or

x = r sin S cos w + r cos 2 sin w.
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If
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Zeuner's diagram. The opening of a steam port will be re-

presented by

h = x — e,

and the opening of the same port to the exhaust by

K = x — i.

The ports must always be designed so as not to choke the

steam as it enters the cylinder, the velocity of admission

being taken at 25 metres per second.

Any valve motion can be designed by means of Zeuner's

diagram. We will not dwell upon this point, but will refer any

reader desirous of going more deeply into the matter to

special works which have been written on the subject.

Steam Generators.—We will" now say a few words about

steam generators to conclude our general description of the

steam-engine.

The least complex boiler (without doubt) is the old longi-

tudinal boiler heated from without. By giving it sufficient

length its efficiency can be made at least equal to that of

other types of boilers, but it has the great disadvantage of

taking up too much room, and is consequently not adapted for

the purposes of road locomotion.

The tendency is, of course, to get very light boilers, which

steam well for a small volume. Tubular boilers give the best

results from this point of view, and can steam from 100 to 120

kilos of water per square metre (20
- 5 to 25 '6 lbs. per square

foot) of heating surface at a pressure of 7 atmospheres,

whereas boilers with inside fire boxes of the Lancashire type

only steam about 35 kilos of water per square metre (7 lbs.

per square foot) of heating surface. An ordinary locomotive

boiler is shown in Fig. 17. To have a strong boiler the

thickness of the plates forming the shell should be calculated

from the following formula, prescribed by official regulations :

'

e = \-8d(n - 1) + 3,

1 In France.
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e being the thickness of the plates in millimetres, d the

diameter of the shell in metres, and n the number of absolute

atmospheres in the boiler.

We have already said that all well-proportioned boilers

have about the same efficiency, and produce from 8 to 9 lbs.

of steam per lb. of fuel.

The total heating surface of the boiler must therefore be

calculated according to the number of lbs. of steam required

per hour for the motor on the basis of a steaming power

of 100 kilos per hour per square metre (20'5 lbs. per square

foot) for boilers of the locomotive type. Once the total heating

surface is known, the grate area can be made about one-

thirtieth. This area can be calculated exactly by assuming that

about 70 kgs. of coal per hour per square metre (14-3 lbs. per

square foot) is burnt with ordinary draught and 135 kgs.

(27-7 lbs.) with forced draught.

We will not dwell any longer upon this subject, as we

shall have to refer to it when dealing with special types of

boilers, such as those of Messrs. de Dion & Bouton and of

Mr. Serpollet, which have been specially designed for road

locomotion. We will now pass on to petroleum gas motors.
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Gas Motors.—The working of a gas motor can easily be

understood.

Let us suppose that by some process we fill a cylinder

with a mixture of carburetted air, or a mixture of gas and

air, in such a proportion as to obtain an explosive charge
;

then, by causing an explosion with an electric spark or other

means, the gas mixture is instantaneously raised to a very

high temperature and to a correspondingly high pressure.

The piston, which previously confined the gas to one side of-

the cylinder, will be driven forward till the pressure acting on

it falls, owing to the increase in volume of the hot gases

caused by the travel of the piston, nearly to atmospheric

pressure.

On the return stroke the burnt gases will be driven out,

and by recharging the cylinder with another supply of

explosive mixture the piston will again be driven forward.

The cycle we have just described can be obtained by

admitting the explosive mixture into the cylinder at the com-

mencement of the stroke of the piston by means of a special

compressor. Motors of this type are called single-cycle motors,

the charge being exploded for every revolution of the crank.

In this case the gas can be admitted at atmospheric or even

higher pressure before the explosion. Hence two new sub-

divisions.

In most of our present motors the gas is compressed by

first drawing in the mixture during the whole of the forward

stroke of the piston, and by compressing it during the return

stroke, the explosion only taking place when the piston starts

on its second forward stroke. The different stages of this

cycle are as follows :

—

First forward stroke : drawing in of charge.

First return stroke : compression of charge.

Second forward stroke : explosion and expansion.

Second return stroke : expulsion of burnt gases.

The stroke of the piston during explosion and expansion



THEORY OF VARIOUS TYPES OF MOTORS. 41

is the only useful one of the four, and is typical of Otto-cycle

motors, which, like the single-cycle motors, can have the

explosive charge previously compressed or not.

Otto-cycle motors with compression before admission are

used to a greater extent than the others.

The gas motor has undoubted advantages over the steam

motor, as it enables one to do away with a heavy and cumber-

some generator, namely, the boiler. The first stage in Carnot's

cycle, the production of a certain volume of steam at con-

stant pressure, takes place in the boiler, whereas, with gas

motors, it takes place, as described above, in the cylinder of

the motor, and, as the operation is almost instantaneous,

there is practically no loss of heat. It follows, therefore,

that if the cycle of the hot gas were to convert all the avail-

able energy into work the efficiency of the motor would

approach perfection.

Unfortunately this is not the case, as the gas has a very

high temperature, and it is necessary to cool the cylinder with

water in order to be able to lubricate it properly. This causes

a loss of heat, which may amount in some cases to 50 per cent,

of the total heat available. On the other hand, the burnt

gas is still at a high temperature even when its pressure

has fallen to atmospheric pressure, and its expulsion at this

temperature, which is about 1000° centigrade absolute tem-

perature, is another source of loss.

After explosion the gas attains a temperature of 2000°

absolute, so that if it is expelled at 1000° we have again a

loss of 50 per cent, of the total heat available.

At first sight one might be led to think that a loss of 50 per

cent, on one hand and of 50 per cent, on the other would leave

no heat whatever available for work. This is not the case,

however, as the 50 per cent, of heat lost during expulsion is 50

per cent, of what remains after the heat lost due to the cooling

process has been deducted ; in other words, 25 per cent, of the

total heat available. Let Qb
designate the total heat evolved
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by the explosion ; then the loss due to cooliDg will be

will only be

50
Q t . -— , so that the heat remaining for conversion into work

Q\ — Qt — Qi •

yqq—g~-

The 50 per cent of this heat Q\ is carried away by the

heated gas, and the heat convertible into work will become

Qu = p = 9a = 25 per cent, of Qt .

This result is not attained in practice, however, and an

efficiency of 20 per cent, is considered exceedingly good, and is

twice as much as we can obtain even with the best type of

Steam motor.

This advantage is owing to the absence of boiler, as the

latter rarely has a greater efficiency than 50 per cent. As-

suming for one moment the losses inherent to steam generators

to be nil, the efficiency would be doubled, and we should then

get approximately the same result with steam motors as we
do with gas and petroleum motors.

By the efficiency of a motor we have hitherto meant the

ratio of the heat converted into work to the total heat

produced. Part of the work thus obtained is utilised as

useful work on the shaft, whilst another portion is absorbed

in overcoming the friction of the working parts.

We will call the ratio of useful work on the shaft to the

total theoretical work available the mechanical efficiency of

the motor. Let /j be this new efficiency, Wt the work

theoretically available, and TFU the useful work, then we
obtain :

w„ w, - w„
Mechanical efficiency = p

" t

w% wt
'

Tfp being the loss of energy due t friction.

If
fjc

represents the heat efficiency of the motor and WT

the total energy obtained by the combustion of the gas, then
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_ Wt

so that the useful efficiency pu will be

/u- w;--jy; - Wc
/'o

One sees at once that the useful efficiency of a motor is equal

to the heat efficiency multiplied by the mechanical efficiency.

The latter varies very little, and depends entirely on the

quality of the workmanship of the motor. The heat efficiency,

however, can be largely increased.

One of the best devices hitherto adopted to obtain this

increase of efficiency is to compress the gas considerably just

before explosion. We can see at once the advantages of this

isothermal compression.

Let v be the volume of the gas at the time of explosion, P
its pressure, and Q the heat it evolves in combustion. If the

compression has been isothermal, the final temperature and

resulting pressure will be the same, whatever the degree of

compression. The greater the compression of the charge at

constant temperature the greater will be its pressure P.

Again, we know that the greater the initial pressure the

more expansion we can obtain before falling to atmospheric

pressure, and consequently the lower will be the temperature of

the escaping gas, so that less heat will be carried away and lost.

An adiabatic compression has not the same advantages,

because the compression raises the temperature of the gas

before explosion, so that when the latter takes place the tem-

perature is higher than if the gas had not been compressed.

Otto-cycle motors have this drawback, because the gas is

compressed in the cylinder, which, being itself at a high

temperature, consequently increases that of the gas before

explosion.

As in steam-engines, there is every advantage in increasing

the speed of the motor so as to reduce the loss due to the
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action of the walls of the cylinder. Evidently the less contact

there is between the heated gas and the walls of the cylinder

the less heat will be carried away by the water of circulation.

But in increasing the speed we must not forget that the loss

occasioned by friction increases proportionately, and we may
get to a point when the available heat we save is absorbed by

the increased friction.

After these few remarks, we will now examine the working

of gas motors, and apply the laws of thermo-dynamics already

set out in Chapter I.

HEAT STUDY OF GAS AND PETROLEUM MOTORS.

Otto-cycle Motors.—Let us assume (Fig. 18) the piston of

the motor to be at the commencement of its first forward

stroke, during which it draws in the mixture of gas and air.

\

^
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compressed at a certain point on the return stroke, so that the

compression is shown on diagram by the dotted line 2' 3'

instead of by the curve 2, 3.

We will, however, assume in the following that compres-

sion takes place, as is generally the case, at the beginning of

the return stroke.

The work required for an isothermal compression is

(Chap. I. p. 8)

(21) Wc
= p <\. log, -'.

'o

For an adiabatic compression it becomes

(22) W„ = P^- ('t'T - 'V'?) (adiabatic).
I _ y \

i'
t
and i' being known quantities, the value of Wc is easily

found in both cases.

For an isothermal compression the resulting pressure at

point 3 will be

(23) p3
=P^ = Po ^;

>'o >'o

and for an adiabatic compression we shall find from the

equation

Po rC = iVo?
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.

-- --«.

that

(24) Pa=Pa ^y.

In the mixtures generally employed y is equivalent to

about 1-4, so that we see at once that p3
will have a higher

value by adiabatic than by isothermal compression. But, as

we have already said, the first method has the disadvantage

of increasing the temperature of the gas, so that after explosion

the resulting temperature is higher than with an isothermal

compression. We can easily find the temperature of the gases

at the end of an adiabatic compression by means of equations

Fo"t = RTa

and

;V*o = ST3

whence

£> = ^ 11'
.

* o J- ''o

And as, from equation (21),

^3_ My
the former expression becomes

or
and therefore

(25) Tz
= T

^J
y 1

1 (y = 1. 4).

This equation enables us to calculate T3 as a function of

1 1 , i' , and T , all of which are known quantities.

Equations 22, 23, 24, and 25 consequently enable us to

calculate all the steps of the compression—that is, the work of
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compression, the final pressure, and the final temperature, so

that point 3 is absolutely fixed.

Explosion and expansion of the gas takes place during the

second forward stroke, corresponding to the third stage in the

cycle. The explosion is not quite instantaneous in practice,

so that c is not the abscissa of point 4, as shown on the

diagram (Fig. 19). Point 4 will be more or less distant from

the perpendicular dropped from 3, according to the rapidity

of explosion and speed of the piston, and it may, for instance,

be at 4'.

This disturbance of the theoretical cycle varies with each

separate motor, so that we cannot, of course, take it into con-

sideration, but must calculate the final pressure and tempera-

ture after explosion as if it were instantaneous.

Under these circumstances the work done during explosion

is nil, as the piston has not moved, and the heat evolved has

only increased the internal energy of the mixture.

Let Q be the amount of heat evolved per kilogramme of

explosive mixture, Ti the final temperature, and P4 the final

pressure, then

(26) (T< - T3)Cy = Q.

T3 is known, and CT , the specific heat of the mixture

can be found from

Cv
= 0-172 + 0-0000492 Tv

So that, by substitution,

(26') (Tt
- T

3 )
(0-172 + 0-0000492 TA )

= Q

the heat evolved Q depends upon the quality of the mixture.

For ordinary lighting gas mixed with 6 volumes of air, §=574
calories.

If we proceed by isothermal compression, then, assuming

the surrounding air to be at a temperature of 15° C, or 288°

absolute, the above equation is modified :

(74 - 288°) (0-172 + 0-0000492 1\) = 574 caI
,
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which, on being worked out, becomes

r4 = 2298°.

We will take a numerical example further on for an

adiabatic compression.

We notice, with M. A. Witz, the author of an interesting

work on the steam-engine, that after combustion the gas is

contracted in the proportion of 142 to 148, which diminishes

the final pressure to a corresponding extent.

Therefore, designating the final pressure of the gas after

explosion by Pe, and assuming there is no initial compression,

we find

(27)
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After explosion the pressure of the gas must be reduced

as much as possible to atmospheric pressure by expansion,

which can be considered adiabatic on account of the low

specific conductivity of the gas in question.

The gas must therefore have a pressure P for a final

volume i
t
so that

p ,, r — p ,. r1 4'0 — * 1
t

or

Pa

\ <'o I •*

whence

(29) "> =
"°(ft)

17
-

If there is no initial compression, then

n = >'o (7-6) i =>•0-7-6 •>"* = 3-9

and with a pressure of 3 atmospheres

,-
t
= ,v (22-8)"-" 5

'0-

The temperature can be found from equation (25), as in the

case of an adiabatic compression :

If the gas had not been Compressed, we should have had :

Tb
= 2298. (~)°'

4

= 1200°-

And with a compression of three atmospheres

T* = 2298. -

°'4

= 820°.
5

8

The above figures clearly demonstrate the advantages of a

preliminary isothermal compression. It is not all gain, how-

ever, as we must remember that negative work was required to
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compress the gas, and this may, in some cases, as we shall see

later on, cancel the advantage of being able to expel the burnt

gas at a lower temperature. As in road locomotion, high power

and small volume are required before all, and economy is a

secondary question ; so we must, in such a case, have pre-

liminary compression. The work done per stroke of piston

is practically proportional to the amount of compression, or,

in other words, to the volume of gas expended, all other things

being equal.

Equation (22) might enable us to find the work done by

an adiabatic expansion :

w^i^^-y-^-yy,

but as the external work produced is entirely due to the change

in the internal energy of the gas, it is easier to say that

and as the energy of a gas is a function of its temperature

alone, we have

(30) Wi=C(Tt -Tt ).

C is almost a constant, and equivalent to a + (Tt
— 1\)

for the mixture under consideration, a and b are given in the

tables at the end of this chapter. We find, therefore, that the

work done per unit weight of gas varies inversely with the tem-

perature of the expelled gas, and directly with the temperature

of the gas at the end of the explosion.

Unfortunately we cannot have exceedingly high tempera-

tures in practice, and, as already pointed out, we are even

obliged to cool the cylinder, so that the motor may be lubricated

and work well. Again, we cannot decrease the temperature of

the expelled gases below a certain limit (about half that of the

temperature at the end of explosion) without lowering f

this

temperature below that of the atmosphere. Even theoretically,
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then, the loss due to heat carried away by the gaseous mixture

amounts to half the total heat available.

From the preceding we can easily find the heat efficiency

of an Otto-cycle motor with preliminary adiabatic compression.

It is expressed as follows :

Useful heat — "Work of compression
Hc

Total heat

<
31

> ^=LJ r~bR S^ J

The expression a+ —- (T1+ T") represents the specific heat

of the mixture. Assuming that this specific heat does not

vary with the temperature, then equation (28) becomes :

(28) Pe ^ _ Tt)

This formula suffices in many cases for estimating the

efficiency which one may expect.

There is never any isothermal compression in Otto-cycle

motors. It requires a special compressor, so that the motor

then becomes a single-cycle motor.

In that case we find the work of compression from

TFc^o'tlog,- ,

''t

and this must be multiplied by— and the result deducted

from the useful heat in order to get at the efficiency.

Excepting that their mechanical efficiency is slightly less,

single-cycle motors are in every respect similar to Otto-cycle

motors. The former can compress gases to any required

extent, whereas this is difficult with the latter, in which the

compression generally takes place at the commencement of the

E 2
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return stroke of the piston. The single-cycle motor can also

give twice as many explosions as an Otto-cycle motor, speed

for speed, and will therefore be twice as powerful, volume for

volume, if the space taken up by the compressor be neglected.

In short, we have the same process as in the Otto-cycle

motor, with the exception that the gas is drawn in and com-

pressed in a separate cylinder. There is no need to recapitulate

the different stages, which we have already explained in detail.

The tables at the end of the chapter are drawn up for the

purpose of calculating the theoretical amount of work available

in any motor for different qualities of explosive mixture. The

calculations we have gone into can even be avoided in many
cases by using these tables.

To make matters quite clear, however, we will work out

a numerical example, and give a practical application of our

formulae.

Let us take a motor with a preliminary isothermal com-

pression of 3 kgs. per square centimetre, and suppose we require

10 horse-power of useful work with a velocity of 500 revolu-

tions per minute.

The power per revolution will be :

Wu = v * ' J
x 60 = 90 kilogrammetres.

DUv

We may estimate that the average consumption for this

type of motor per horse-power per hour is about 700 litres of

gas, having a heat of combustion of 573'7 calories per kilo-

gramme of mixture (1 volume of ordinary lighting gas with 6

volumes of air).

The total volume of explosive mixture is therefore

700 litres of gas + 4200 litres of air = 4900 litres,

and the weight is

4200 x 1-25*- + 700 x 0-13 = 5250 + 91 = 5341«'.

Therefore, for every stroke of the piston— that is, for every
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revolution—we must admit a volume of gas into the cylinder

equal to

4900xlOH.P. ,
fi ,

500x60
1-W

'

or, in weight,

5341x1-63 . „ a . . .—_—— = 1-78 gramme or mixture.

The heat evolved by T78 gramme of explosive mixture is

equivalent to :

573-7

1000
X 1-78 = 1-02 cal

. = 435 kgm.

The theoretical work available is, in round numbers, 435 kilo-

grammetres, and, as we cannot obtain more than 90 kilogram-

metres of useful work, we see at once that we only get about

20 per cent, of the total energy available, which is the estimate

we came to at the beginning of this chapter.

The volume occupied by l
-63 litre of explosive mixture

when compressed isothermally at 3 atmospheres will be

V =~ = 0-543ut = 0-000543m3
o

for

P3
= 30,000 kgs. per square metre.

Assuming the temperature of the compressed gas to be

273 + 15 = 288° absolute, equation (26) gives :

(T4
- 288) (0-172 + 0-0000492 T

4 )
= 573°

Tx
= 2298°

;

P
and, substituting the values of T

i and --3 given in equation
1 o

(28), we obtain

142 2298

148

In practice, however, we only consider half the heat of

explosion of the mixture to be available, on account, as we
have already said, of the cooling caused by the walls of the

P4
= 3 . ~ . ^^ = 22-86atm .
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cylinder and the fact that the explosion is not instantaneous,

so that we must assume in our calculations that PA has only-

half the above value ; so that

Pt
= 11 -5 = 11,500 kilogrammes per square metro.

In this case the total volume rt
of a cylinder full of gas

will be given by equation (29),

''° (.T&0>

.„ = 0-000543m3
,

(11-5) i-Va = 5 x 0-000543 about

r
t
= 0-00271

5

m3
-

Equation (25) enables us to calculate the temperature T5

of the gas at the end of expansion :

T,

0)'

V't

/'„ - 1 1 1 9 (
*-

) " = 1149 * = 500° about.

We have given Ti half its theoretical value to allow for

cooling due to the walls of the cylinder, which accounts for Th

being so small, although it is in strict accordance with practical

experience. Even lower temperatures than these often result

if a good circulation of cold water is kept up around the

cylinder. Of course this method of lowering the temperature

of the gas has no advantage whatever from the point of view

of heat efficiency. If less heat is carried away by the hot

gas, the reason is that it has already been absorbed by the

circulating water, and, moreover, the consequent lowering of

temperature reduces the amount of expansion possible.

We can find the work done by the expansion of 1 kilo-

gramme of gas by means of equation (30),

WA =C(T,-T5)

TFd = [« + ^(r4+ r5)](r4 -r6 )

Wd = |"0-16 +
"005>38

(2298+ 1000)"] (1149-500)= 154oal
.
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But as we only have l
-78 gramme of gas, the work done

will be

Wd=™ 1-78 = 0-278° = 117 kilogrammetres.

In conclusion, let us find the work done by compression Wc :

We = P 3. F log, .
!1*

"n

Wa = 10000 . 3 . 0-000543 . log, 3

Wa
= 18 -46 kilogrammetres.

By deducting the above from WA we get the amount

of work available, and if the latter be multiplied by the

mechanical efficiency of the motor in question we finally

obtain the useful work on the shaft

:

TTU = (117 - 18-5) K .

Assuming this mechanical efficiency to be 0"95, we arrive

exactly at the power which our motor had been designed to

supply :

TTU = 90 kilogrammetres.

This bears out our equations and our allowances for loss

of heat in a gas motor.

VALVE MOTION.

The supply and exhaust of gas can be effected by means of

valves in the same manner as with steam motors. Ordinary

valves are generally adopted, as they are almost air-tight.

The design of valve motion is extremely simple from a

kinematic point of view. There is no need, as with steam

motors, to employ Zeuner's diagram to find the point of cut-

off and the amount of lead required.

All we have to do is to so arrange matters that the admis-

sion valve shall be lifted at a certain point in the travel of the

piston, and shall drop upon its seat when explosion is about

to take place, and that another valve, which allows the gas to



56 AUTO-CARS.

pass out, shall remain open during the return stroke of the

piston.

These two operations are characteristic of a single-cycle

motor with compression in a special cylinder, and they are

effected by means of cams on the motor shaft. Fig. 20 shows

an arrangement for carrying this out. The rod a, working

the admission valve, is raised by the cam A during a short

interval of time represented by the angle a. The cam E is

arranged, as shown on sketch, to raise the rod e, which opens a

valve at the end of

the up stroke of the

piston, and to keep it

Fig. 20. Fio. 21.

so raised during the whole of the down stroke. The valves

are provided with springs to bring them back quickly on to

their seats.

A similar arrangement can be adopted for the valves of

Otto-cycle motors, but only the cam working the exhaust valve

can be used. The other valve works automatically ; when the

piston has driven out the burnt gases the suction of the piston

as it leaves the bottom of the cylinder is sufficiently strong to
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overcome the resistance of the spring which keeps the valve

on its seat and to draw in the necessary amount of gas for

the succeeding explosion. This admission valve closes auto-

matically on the return stroke, and the gas is compressed till

explosion takes place.

We shall have to return to the subject of valve motion,

and describe the systems adopted, when we speak of auto-cars.

Ignition.—Explosion may be produced in three different

ways :

—

1. By a flame.

2. By an incandescent tube of platinum.

3. By electricity.

The first system is the oldest, is fairly good for stationary

motors, but is little used for hauling motors.

The second method, by means of incandescent platinum,

is, on the contrary, very much adopted. A tube of platinum

is enclosed in an air-tight box, which forms part of the

cylinder body. This box can be made to communicate at the

moment of igniting with the inside of the cylinder by means

of a valve. The platinum tube, which is carried through the

sides of the box, is heated to red heat by means of a special

burner. This arrangement gives excellent results and

seldom fails. It, however, requires a special burner and an

additional valve, both of which are drawbacks. Neither can

it be used with the very high temperatures which, as we have

seen, are essential to rapid explosion.

The third system is far the best under this head. The

electric spark is itself at a very high temperature, and with

this method of ignition no additional valve is required.

Two cells, or two small accumulators, a Ruhmkorff coil, a

commutator fixed to the shaft, and a porcelain tube carrying

the two wires into the cylinder are all that is required to

produce a spark. This system of ignition is much preferred

to the other two on account of its simplicity, and it is always

adopted for small motors of less than 2 horse-power, where
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great simplicity is necessary. This system, however, requires

great care to keep clean, as tar and other impurities deposited

in the cylinder may cause the spark to fail by short circuiting

the wires. This is its only weak point, which, however, can

be minimised by using a powerful coil. We shall have occa-

sion to refer again to the details of this method of ignition.

ACCUMULATORS AND ELECTRIC MOTORS.

It is impossible, in the space allotted to us, to give even a

slight notion of the application of electricity to traction. We

Fig. 22.

shall therefore not attempt to do so, but merely give the

general principles upon which electric motors are built,

pointing out the advantages and disadvantages, so that the

reader shall not be led to expect more from electricity than

it can give. How many people does one meet who, seeing

that a car is being propelled by electricity, expect it to run
quickly and to be light and easy to work, and imagine that

only a few accumulators or batteries, a mere nothing, are

required to supply the necessary power.

Working of an electric motor.— A.n electric motor con-
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sists of two main parts, the armature and the carcase (Fig.

22). The armature is generally ring-shaped, and isolated

copper wires are rolled round it in spirals, as shown on figure.

The carcase is excited by a coil through which an electric

current is passed. This produces a magnetic field between

the poles N and S. On sending an electric current through

the wires which are rolled round the armature in the direction

shown on figure the armature would begin to revolve in the

Fig. 23.

direction shown by arrow, on account of the magnetic field

JS
TS acting on the current passing through the armature.

Fig. 23 shows the arrangement adopted so that the

current passing through the coils to the right and left of the

line JVS shall always have the same direction, notwithstanding

the rotation of the ring. Each spiral is connected with the

blade of a collector, K, and, by means of two brushes fitted to

it in the direction of the line NS, the current passing through
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these two brushes has always the same direction in both

halves of the armature. In practice the brushes are set

back at an angle a from the line JVS. The only thing now
required to obtain work is to fix the armature to a shaft and

to connect the brushes and ends of the wire wound round the

carcase to a generator of electricity.

The loss of energy in electric motors is chiefly due to :

first, the conversion of electric energy into heat in the wire

wound round the carcase and round the armature ; second,

loss caused by variation of magnetism in the armature. For

instance, a given section of the ring is subjected during each

revolution to magnetic action, equal but acting in opposite

directions, and this entails two kinds of losses—loss by

Foucault's current and loss by hysterisis. The first is occa-

sioned by infinitely minute electric currents, generated in the

wires and in the core of the armature, which are converted

into heat, and consequently absolutely lost ; loss by hysterisis

is due to the inertia of the iron to change its magnetism. A
third loss of energy is due to friction of shaft on its bearings.

The above losses, excepting that due to hysterisis, can be

reduced to any advisable extent.

The loss due to heating varies inversely with the diameter

of wire wound round the armature and carcase, so that, by

adopting a suitable section of wire, Foucault's currents may
be reduced. The core of the armature must also be of

suitable section to avoid the production of Foucault's

currents.

In short, by suitably increasing the size of the parts of an

electric motor, its efficiency can be increased even as much as

98 per cent.

It follows from this that the motor's efficiency will vary

directly with its weight. The only objection to a heavy motor

for stationary purposes is its prime cost, but when the motor

is applied for haulage purposes it is quite another matter, as

the work to be done is proportional to the weight hauled, and
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consequently the weight of the motor itself becomes an im-

portant factor.

The efficiency of the motors now used for haulage purposes

seldom exceeds 80 per cent, for ordinary working, and it is

considerably reduced when the motor is called upon, as often

happens, to give a higher power than its normal power.

The power per kilogramme, compared with the total weight,

may amount to 30 watts, so that the weight of a 1 horse-

power motor would be :

p = 1 x 736 x 10 = 2^3* = 306 k (673 lbg
}

30 x 0-8 0-8 B K '

a horse-power being equivalent to 736 watts.

The weight of an electric motor is therefore a considerable

item, and will often exceed that of a petroleum motor of the

same power.

When we calculate the weight of accumulators required

to work the motor, we shall find that it exceeds that of the

motor itself. For safety and facility in working, an electric

car is far preferable to all the other systems. An electric

motor'oan, when required, be made to give twice its ordinary

power for some time, so that very high power can be obtained

for starting purposes, which no gas or steam motor, with the

exception of the Serpollet, can do. The electric car is easily

controlled, shows no smoke, and emits no disagreeable smell of

burnt oil.

There is, however, one serious drawback to electric cars,

which is almost sufficient to condemn their use. We allude

to the accumulator.

A large number of appliances have been devised for storing

electricity since Plants discovered that after passing an

electric current through two lead plates immersed in a solu-

tion of water and sulphuric acid he could get back from the

plates part of the work done in the electrolysing process.

The principle has, however, remained unchanged, and we
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still employ lead plates as electrodes and very dilute sul-

phuric acid as electrolyte for our accumulators.

The electromotive force required to charge these accumu-

lators is always about 2 - 5 volts per element, but only 2 -10

volts can be got back on an average.

An accumulator can return about 90 per cent, of the

electricity stored, on condition that the current discharged

does not exceed a certain amount per unit of surface of

lead plate. If the strength of the current discharged be high,

the efficiency is not so good. The above 90 per cent, of

electricity, however, being returned at a lower potential than

the initial potential of charge, the efficiency from the point of

view of available energy rarely exceeds 75 or 80 per cent.

This loss of 20 per cent, is important, especially when one

considers that the efficiency of an electric motor rarely exceeds

80 per cent , so that not more than 60 per cent, of the power

expended by the dynamo in charging the accumulators is

returned by the latter.

Multiplying this 60 per cent, by the efficiency of the

dynamo, which we assume to be 90 per cent., we find that the

actual work done on the shaft only amounts to about 54 per

cent, of the work done by the gas or steam motor.

This, however, is not the main objection. In auto-cars,

where one can never expect to employ as economical a motor

as in stationary plant, the great drawback is the weight of

the accumulators, which, until now, has been the most serious

obstacle to adapting electric motors to haulage purposes. The
accumulator required for working two or three consecutive

hours at a speed of 12^ miles an hour without recharging

often exceeds in weight that of the car and passengers. Con-

sequently half the tractive power is expended in hauling the

dead weight of accumulator and motor. Even on well-kept

and fairly level tramway lines electric traction with accumu-

lators competes with difficulty with animal traction, and there

are some who maintain that it is more expensive. Is it not
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perfectly futile, under these circumstances, to try and obtain

an auto-car, based on these principles, which has to do more

irregular work, climb steeper inclines, and travel along worse

roads than in the case of tramway lines 1 Mr. Jeantaud has

succeeded in this, but at what a cost ! And who would be

wealthy enough to have an auto car whose accumulators

require recharging every day during a longer time than is

spent on the road, a process involving great expense, worry,

and the necessity of returning to the electric depdt, because

electricity cannot be found at other points along the road ?

Let us take an example, and suppose that we require to

find the weight of accumulators for working a car seating

four and having a speed of 12| miles an hour. "We shall

not be taking too high a margin if we estimate the horse-

power required for bad roads at 4 horse-power, so that the

accumulators, which have an efficiency of 80 per cent., will

be required to supply 5 horse-power.

Now, accumulators for haulage purposes weigh about 80

kgs. (176 lbs.) per horse-power per hour (including plates,

liquid, and ebony box).

The required weight for 5 horse-power and for three hours

will therefore be

P = 80 x 3 x 5 = 1 200 kgs. (2640 lbs.).

Even supposing that only two horse-power suffices for haul-

ing the car in question, we get a weight of 600 kgs. (1320 lbs.)

for the accumulators, which, added to the weight of motor and

starting rheostat, makes a total dead weight of 800 kgs. (1760

lbs.).

In the above figures we have assumed that the capacity of

the accumulators corresponded to the normal electricity re-

quired, but the above weight must no doubt be increased, on

account of the higher power required at special times for

starting the car and for climbing up steep banks. The Table

(p. 64) for tramway traction by accumulators—the trams

seating 52—shows that even in the most favourable case the
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CHAPTER IV

DESCRIPTION OF THE VAKIOUS SYSTEMS OP STEAM TRACTION

THE SERPOLLET GENERATOR.

It is to Mr. Serpollet, perhaps, that we owe the greatest pro-

gress in steam locomotion, for by means of his generator we
have been enabled to dispense with all boiler fittings, such as

water gauges, valves, air gauges, thermometers, etc., which

form part of an ordinary boiler. It is the only generator of

steam allowed for traffic in large cities in France.

Since it was first brought out this generator has been built

in various forms suitable for different purposes, but all these

forms are based upon the same principle, which is as follows :

A thin stream of water is forced by means of a pump between

the sides of flattened metal tubes, which have a very small

interval or water space between them, the tubes having been

heated to the required temperature.

The water as it passes through the slits in these hot tubes

is converted instantaneously into steam, which is used in the

ordinary manner either for working the engine or for any

other purpose.

The flattening, which is characteristic of the Serpollet

tube, has been resorted to in order to avoid the physical phe-

nomenon known as calefaction, which, as one knows, may
produce a sudden and dangerous pressure, and is nearly always

the cause of boiler explosions.

By laminating the water between the sides of the tube,

Mr. Serpollet has been enabled to prevent the deposit of water
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drops in the spheroidal state, so that the process of calefac-

tion, so to speak, is brought within safety limits.

We must also add that the steam which comes from these

tubes is superheated ; that is to say, is heated to a very much
higher temperature than the saturated steam, at which tempera-

ture it is employed. It follows, therefore, that during the

period of admission into the cylinder of the engine the steam

in contact with the cold parts of the motor will cool without

condensing on its sides. When saturated steam from ordinary

boilers is used this phenomenon always takes place, and, as

only a portion of the condensed water is revaporised during

the period of expansion, all the heat that had been expended

in the boiler to convert this revaporised water into steam is

entirely lost, from the point of view of work done in the cylinder.

This is one of the reasons why a pound of superheated steam

produces more work in a motor than a pound of ordinary

saturated steam. This superheating, which certain manufac-

turers obtain by means of special apparatus, is one of the

features of the Serpollet generator. The main parts of the

Serpollet generator consist of two feed pumps—one, a hand

pump, P, being used to start working by injecting the first

drops of water into the generator ; the other, an automatic pump,

P', worked by the engine itself, and used instead of the hand

pump after the first few revolutions of the engine.

The speed of the motor depends upon the amount of steam

produced ; that is to say, upon the amount of water injected.

This amount is easily regulated by means of a small cock,

called a regulator, E. It is placed between the generator and

the pumps, and enables the water pumped by the latter to pass

either into the generator alone, into the water tank alone, or

partly into the generator and partly into the tank.

In the first case, all the water supplied by the pump is

converted into steam, and the engine then works with its

maximum power.

In the second case, the generator is no longer supplied
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with water, and the water sent by the pump simply returns

to the tank ; the engine then does no more work.

In the third case, the injected water goes partly to the

generator and partly to the tank.

By varying the regulator between these two extremes one

obtains a range of work on the engine from zero to its maxi-

mum power.

The above description will easily be understood by looking

at Fig. 24, which shows the general arrangement of the steam

generator, the pumps, and the regulator.

In road motors, cars, tramways, &c, the driver regulates'

the work of his engine by means of his regulator.

When, however, the engine works at constant speed, as in

the case of stationary engines, instead of a regulator a valve is

lised, which, at a certain pressure, opens a pipe which leads

the water back to the tank, and thus limits the pressure of

injection,' and consequently that of the steam.

Description of the Serpollet Generator.—The Serpollet

tube Was first manufactured as follows :

—

A round steel or copper pipe 0"19 to -47 inch thick was

flattened out so as to leave a small slit of about -04 inch,

which was called the capillary space.

This tube was afterwards rolled into a long coil, and the

generator consisted of one or more spirals, suitably arranged in.

rows over the fire-box, and then connected together.

Unfortunately this spiral form was exceedingly difficult to

manufacture, and it often happened that the tube became

choked up when a vacuum had not been properly obtained

inside it.

The shape, also, was not suited to a generator with a large

heating surface, so that the power of this apparatus was

somewhat limited.

An attempt was next made to substitute straight tubes

with flat section arranged in parallel and in layers over the fire-

box. These tubes, however, did not offer sufficient resistance
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to the internal steam pressure. The sides were strained

in proportion to the leverage exerted by the width of the

tube, so that if, through the driver's inattention, the tubes

were overheated, the sides bulged out, however well stayed

they might be, and the generator was damaged in consequence.

Fig. 25.—Serpollefftube. Fig. 25a.—Joint detail.

To remedy this Mr. Serpollet altered the shape of his

tubes, and happily hit upon the idea of giving them a U or

gutter section, shown on Fig. 25.

These tubes were coupled in pairs, as shown on Fig. 25,

each pair being called a Serpollet element,
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This element is formed by a steel tube, originally cylin-

drical in section, solid drawn in its middle portion and at its

two extremities, and stamped by means of a special die in the

form of a U in its two intermediate parts. The middle part

is afterwards bent, as shown upon Fig. 25a, and the two ends

are threaded.

These elements are then placed in a fire-box and so

arranged that only the stamped section is exposed to the

action of the hot gases, the drawn portions being subjected to

a much lower temperature, whilst the threaded ends are

placed quite outside the fire-box shell. The elements are then

joined together by means of flexible pipes connected to the

threaded ends of the tubes by means of nuts.

It is very easy to see that the stamped sides of the new

Serpollet tube are no longer subjected to a bending strain, one

side being in tension and the other in compression. Theoreti-

cally, they may be considered as not liable to get out of shape

when cold
;

practically, they can take pressures of one

hundred atmospheres and over, even at very high tempera-

tures.

This has been proved by several official trials, one of which

may be given as an example :—One of the extremities of an

element was closed, and the other was connected to a test

pump. When the element had been heated in a forge fire to

a red heat—from 800° to 900° Cent.—water was injected

into it, and the pressure attained as much as 170 and even

200 atmospheres, and the tube showed no perceptible distor-

tion. In practice these elements are tested by the Contr61e

des Mines of France at 100 and registered at 94 atmo-

spheres. 1

Besides this advantage of not getting out of shape, the new

Serpollet tubes have another very important one : they can

be easily grouped together and arranged to suit circumstances

so as to give the best heating power. On the other hand, as

1 French Ministerial order of October 24, 1888.
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they can be manufactured in different sizes, and the number

employed may be varied, one can obtain a bundle of tubes

with a large heating surface capable of producing an abundant

supply of steam.

Thus Serpollet generators, which at first could only be used

for 2 and 3 horse-powermotors, are now used for 50 horse-power,

and even over, and, instead of only being able to work a small

tricycle of 660 lbs. (1888), they can haul tramway-trains

weighing over 2 tons.

The above description will show at once the advantages of'

the Serpollet generator for traction purposes.

Its construction is very simple,, and it requires, as we have

said, neither pressure gauge, valve, nor water gauges.

It is also extremely strong, and can give very high power

in emergency ; for instance, the generator can easily be made
to produce three or four times the ordinary working pressure

for a sufficient time to enable it to easily climb a very steep

'

bank or get out of a rut.

There is very little danger of incrustation in the tubes on

account of the rapidity with which the steam passes through"

them, but if this should happen, owing to much lime in the

water, they can easily and rapidly be taken to pieces and

'

cleaned.

It is true the generator is somewhat heavy, which- is a •

disadvantage for road locomotion. At first sight the thickness
'

of the tubes appears somewhat excessive, and one would be '

tempted to reduce it. This, however, would be a serious error,

as the total weight of the metal of the boiler is one of the

essential conditions of its good working.

If thin tubes were employed the pressure would fall con-

siderably each time water was injected, so that the generator

would work very irregularly.

The very high temperature of the steam is also a slight

disadvantage from the point of view of the life of the motor

This high temperature, which, however, has certain advantages
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as we have pointed out, unfortunately vaporises the lubricants

and causes a slight smell, which cannot easily be avoided, and

also causes the rubbing surfaces of the motor to -wear more

rapidly than they would if the saturated steam of ordinary

boilers were used instead.

A large number of self-propelled trams, built upon the

Serpollet system, are already in use in Paris. "We will describe

the ordinary type for fifty passengers which has been adopted

by the Gompagnie des Tramways de Paris et du departement

de la Seine. \

> Each motor car, or rather self-propelled tram, must be able

to haul another car, containing the same number of passengers,

on gradients of 1 in 20, and keep the time indicated in the

official time table.

The total load of these trains is about :

Motor Car 17,600 lbs.

Car hauled 7,700 „

103 passengers, including driver and conductors 17,380 „

General 220 „

42,900 lbs.

Minimum radius of .curves . . . . 49 ft.

Distance between axles . ;' . . . . C „ 2 in.

Diameter of wheels . .
:

. . . ,. 2 „ 7 „

Generator.—The arrangement shown on Figs. 26, 27,

and 28 has been adopted to obtain a sufficient heating surface

without having to make the generator too high.

The bundle of tubes consists of two parts : one a series of

horizontal tubes, A, heated direct by the fire ; the other a

series of vertical tubes, B, around which the flames or hot

gases of combustion pass on their way to the boiler as

they would pass through the tubular boiler of an ordinary

locomotive. In order to utilise the heat of the gases as much

as possible, the tubes have been arranged in quincunx, as shown

on Fig. 26.
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The front and sides of the generator are provided with

doors for the purpose of cleaning the soot which is deposited

on the tubes, of tightening the joints in case of steam leakage,

%M&<m^yMb*m iw,'<,<-imriL

O

a

or for stopping the draught of the fire by allowing atmo-

spheric air to cool the tubes.

The dimensions of the generator are as follows :

—

Height 3' 6|"

In^planP5'9' / x2'2|"
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The grate area is about 3-01 square feet, and the heating
surface is about 43 square feet.

The grate area is therefore large compared with the heating

surface (see Chapter III.). This device has been adopted in

order to be able to produce more steam, on an emergency,

than the boiler is meant to supply in ordinary working.

The generator weighs about 720 lbs., and works at 20 horse-

power with a pressure of five atmospheres. If required, it can

work for a certain time at fifteen atmospheres, and even over,

and can supply 60 horse-power to the motor if the latter has

been built in accordance with such a high power.

Fig. 27.— Serpollet Generator. (Cross Sect :on

As shown on Fig. 29, the engine has two cylinders, which

are placed between the wheels, so as to be easily examined.

The main shaft carries three steel toothed wheels, which,

by means of strong Gall chains, transmit the movement on the

one hand to the front axle, and on the other to the rear axle,

in the proportion of one revolution to every three revolutions

of the engine crank.

The inside diameter of the cylinders is 5-9 inches, and the

piston stroke 6*3 inches.

The engine has a reversing lever, and the lubrication is

automatic.
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In order to protect them from dust and mud the motors

are encased in two air-tight metal boxes, which are connected

with the fire-box by a pipe, and this arrangement avoids the

smell of burnt oil to some extent, as the air required for

combustion passes through this pipe so that the oil vapours

are drawn into the fire.

A pipe, branched to the exhaust pipe, runs the whole

Fig. 28.—Serpollet Generator. (Cross Section.)

length of the car, and is used for heating purposes in winter.

In summer it can be closed by a stopcock.

An eccentric is keyed to the front axle, and works the

automatic pump, P, by means of a rod, T, and a lever, L.
The hand pump, P', which is used for starting purposes, is

worked by a lever, N, well within reach of the driver. The
pumps P and P' are cast together, so that the same piping may
be used for both, and the mechanism is thereby simplified.
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Brakes.— Mr. Serpoliet's car has

two brakes—the ordinary Lemoine

brake employed on omnibuses and a

screw brake called a safety brake. The

first of these brakes is used for stopping

the car in ordinary working, the other

being only employed whilst descending

steep inclines, so as to avoid placing

the foot on the pedal which works the

brake cord all the time the car is

running down the incline. The screw

brake can also be used should the

ordinary brake fail.

Driving of the Car.—The driver

controls four apparatus placed in front

of him :

The hand pump,

The regulator,

The reversing lever.

The brake.

A few strokes of the hand pump

are sufficient to start working, and

from that moment the speed of the

car is controlled by the regulator

alone.

The car is stop-

ped by means of

the pedal brake,

and in most cases,

when the stops are

not long, the handle

of the reversing

lever need not even

be placed at the
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dead centre. During the stop the steam pressure increases, so

that when the driver releases the pedal the car starts of itself.

This easy method of working is very important for road

locomotion in Paris, and is much appreciated by the drivers of

Serpollet tramways, who in most cases are no other than old

tramway employe's.

If the stop is long the engine must be brought to its dead

centre- The driver fills the fire before starting, and need not

attend to it during a six miles run. In fact, the fire is

never attended to during a journey : it is only stoked at each

terminus.

The cost of working per car-mile can easily be found, as

about 6 lbs. of furnace coke are consumed per mile. Taking

the cost of coke in Prance at 16s. per ton, the cost per car-mile

comes out at about 0'51d. Even at double this sum the

Serpollet system of traction is still a very inexpensive one.

Of course, all types of cars of all dimensions can be built

on this principle. The description of a tramway with a Ser-

pollet motor will suffice to enable the reader to understand all

the possible applications of this system.

We will now pass on to a description of Mr. Maurice

Le Blant's tractor, which is one of the most successful applica-

tions of the Serpollet generator to road locomotion.

THE LE BLANT CAR AND TRACTOR.

Le Blant's is perhaps the best-designed steam car. This

engineer did not attempt very light pleasure cars, because he

foresaw that petroleum motors were much more applicable to

this purpose than steam motors, which could never compete

in weight with the former, on account of the considerable

storage of water and coal and comparatively heavy boiler

required. Again, petroleum motors are certainly cleaner than

steam motors. Le Blant saw that the only practical applica-

tion of steam motors was for heavy cars, omnibuses, and for
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vehicles carrying goods between towns and villages where
the question of appearance was a secondary one.

In the competition organised by the Petit Journal (July

22, 1894) Mr Le Blant's car obtained the third prize, and
made a very creditable run from Paris to Rouen.

Here are some figures relating to this car :

The oar weighed empty, without tools or brake 5,852 lbs.

Tools and brake 220 „

10 passengers, at 151 lbs. each . . . 1,540 „

Stoker 154 „

Water (132 gallons) 1,320 „

Coal 440 „

Total . . . 9,526 lbs.

During the journey from Paris to Rouen about 1056 lbs.

of coal were used per mile, which is a comparatively high

figure, but is due to the bad state of the grate. On a journey

of 24 miles the same car does not use over 8'8 lbs. of coal per

mile. One generally allows about 28 lbs. of water per mile,

so that, with the maximum supply stated above, a run of 47

miles could be effected without renewing the supply of water.

Taking the price of coal at 32s. a ton, 1 one gets an expen-

diture of 2d. per mile, or 0'2d. per passenger carried.

Mr. Le Blant has not altered his cars, essentially, since

1894, but he has reduced the size of his driving wheels, so as

to offer greater strength for the same weight. He employs

exceedingly powerful motors, so as to run up the steepest

inclines, and to avoid being stopped by bad or sodden roads.

As we have already seen, the Serpollet generator is extremely

well adapted to this purpose, as the working pressure can be

doubled or trebled on an emergency.

Fig. 30 shows one of the latest tractors manufactured by

Le Blant, to whom we are indebted for the figures concerning

the motor and boiler.

1 These are French prices.

G
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Boiler.—This generator is of the Serpollet type, but the

tubes are arranged differently, and are 7 -21 feet long, a size

not generally used in this type

of generator. The lower tubes,

which are subjected to the

greatest heat, are round, and

are placed crosswise, so that

their length is less than that

of tho upper tubes, which are

placed lengthwise. This ar-

rangement has been adopted

to prevent the lower tubes

from bending, due to expan-

sion under the extreme heat

to which they are subjected.

Fig. 31 shows a section of

these tubes, which have an

inner core kept in place by
studs. The upper tubes are

curved in the form of a (J,

like those Mr. Serpollet em-

ploys in his boilers (see p. 72).

The heating surface is 130

square feet, and the grate area

6 '5 square feet. The ratio

between the heating surface

and the grate area is there-

fore -jn, which is very high,

as usually this ratio does not

exceed -jv (see Chapter III.

p. 39). Mr. Le Blant has

increased the grate area in

order that the generator may
provide a large supply of steam when called upon to do

bo, which often happens.
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The exhaust, which is regulated at will, according to the

power required, takes place in the chimney, and serves to

increase the draught. The ash pan can be closed.

Water is supplied by injection, and several steam cocks

are fitted to the generator. Two feed pumps are provided, and

a hand pump for starting. A small donkey-engine with two

cylinders works the feed pumps. The return of water to the

tank is effected through a valve on the injectors, and is con-

trolled by a lever worked by foot. (See cuts relating to the

Serpollet boiler.)

Motor.—The motor has a maximum of 60 horse-power,

whereas the boiler just described can only supply steam for 40

horse-power in ordinary working. Wehavealreadyaccountedfor

this discrepancy. In ordinary working,

and on the level, the motor will, perhaps,

only work at a third of its normal power ;

but up a steep gradient the whole of the

60 horse-power that the motor can give

may be required, and we know that the

generator has a marvellous facility for

adapting itself to high pressures for a FwTTl.
comparatively short time, and that it can,

when called upon, considerably exceed the ordinary supply of

steam required for the motor to work at 60 horse-power.

The motor has two cylinders, working cranks, set at 90

decrees to one another in order to avoid the dead centre.

Each cylinder is 7-87 inches in diameter with an 8-66-inch

stroke. The admission of steam takes place by means of

balanced slide valves. The link motion is that known as

Walchart's system, which does away with the ordinary link

and yet enables the engine to work at different degrees of

expansion and to reverse easily.

For any further information on the Walchart system we

refer the reader to special works on the subject.

The motor gives 60 horse-power with 180 revolutions per

o2
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minute at a pressure of admission of 142 lbs. per square

inch. In ordinary working only 20 horse-power is required, and
the pressure of admission falls to about 15 per cent. The

4\K ^•'-;;f/---

u.;
;
[

pq
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parts and the framework of the motor are in cast steel, only

the body of the cylinders and piston rings being in cast iron.

The total weight of the motor is 1,980 lbs.
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Figs, 32 and 33 show the general arrangement adopted by

Mr. Le Blant.

The pitch chains work upon the rear wheels and exert a

pull of 4,400 lbs. They can, however, exert a pull of 1 1,000 lbs.

without breaking. The fore-carriage works upon a pivot, and

is steered by means of two toothed wheels and an ordinary

chain. This arrangement appears to give good results, and

enables the car to turn in its own circle. A rigid fore-carriage

could also have been used by employing the divided axle

system, which we will describe when dealing with other cars

using this system, but we think that, although applicable to

small cars, it would be dangerous to adapt it to heavy tractors

or hauling cars.

The following are some figures concerning Mr. Le plant's

60-horse-power cars :

—

Weight empty .

Maximum supply of water

„ „ coal

Weight empty
Maximum supply of water

Luggage ....
20 passengers . .

Total

lbs,

14,300

1,430

550

3,740-)

1,320

1,320

3,300 J

Tractor or

hauling car.

Car hauled.

25,960 lbs.

With the above figures and with the aid of the formulae

set out in Chapter I. we can easily arrive at an estimate of

the horse-power absorbed in propelling such a car and tractor

at any required speed.

Mr. Le Blant's auto-car for 20 passengers weighs about

15,400 lbs. when empty, and requires about 9 gallons of water
per mile.

We consider the above as among the best steam cars now
being manufactured. Their workmanship is good, and they

will be found useful to those who are bold enough to employ
mechanical traction instead of animal traction. Like the

Serpollet cars, they have enormous advantages over other steam
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cars, as they can run in towns without having to conform to

the severe regulations which control the working of ordinary

steam boilers. This is almost a question of life and death.

THE DE DION & BODTON STEAM TRACTORS.

Messrs. de Dion & Bouton have applied their boiler not to

auto-cars properly so called, but to tractors or cars for hauling

another vehicle. Their apparatus is really a horse—an iron

and steel horse—strong, never tiring, but very ugly to look at

when coupled to a light and handsome car. It is a hippo-

potamus drawing a canoe behind it, and in our opinion nothing

is so ugly as to see this steam monster puffing and blowing and

hauling a coupe or a landau.

We are not criticising the tractor itself, because it is an

extremely useful one, but we are criticising its application to

pleasure locomotion. It is excellent for the purposes of trans-

port between two places, for the carriage of heavy goods, and

for hauling heavy vans, although it cannot, like Mr. Le Blant's

tractor, give sudden pulls for the purpose of starting again in

difficult places on the road.

De Dion & Bouton Generator.—Messrs. de Dion &
Bouton's boiler is one of the main points of their motor, and,

although small in size, is capable of high steaming power.

Fig. 34 shows a section of this generator. Fuel is passed

through the tube G, closed by a cap, M, and falls upon the

grate, L, heating the water contained in the annular spaces

between the plates A, B, 6, and D. These two reservoirs are

connected by a series of tubes, C, so arranged as to impede the

gases and absorb their heat. A diaphragm, K, between G I>,

forces the steam to pass through the upper bundle of tubes,

thus drying it thoroughly. The steam is superheated before

passing into the cylinders by passing the steam pipe through

the fire box casing, so as to avoid condensation on the walls of

the motor, which, as we have already seen, would mean con-

siderable loss of heat.
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The gases of combustion are carried to the rear of the car

by means of the chimney, H H'

Owing to the arrangement adopted a fairly strong current

of water passes in

the tubes C, which

facilitates

and prevents

steaming

Fia. 34.—The De Dion and Bouton Boiler.

the

tubes from getting

foul too rapidly.

This circulation of

water is caused by

the difference of

temperature in the

lower and upper

tubes, and it will

easily be seen that

in G D the current

has an upward, and

in A B a downward,

direction.

The following

figures ' will show
at once the advantages of these boilers :

Heating surface 22-76 square feet

Grate area 1-86 square feet

Weight, empty 528 lbs.

This boiler is sufficient for an 18-horse-power motor, which
is remarkable for a boiler only weighing 528 lbs.

It steams about 6 lbs. of water per lb. of coke, and its

efficiency is therefore high, and from this point of view slightly

better than that of the Serpollet generators.

Motor.—This motor, shown on Figs. 35 and 36, is compound.
The large cylinder has a diameter of 7-08 inches, with a

stroke of 5-11 inches, whilst the diameter of the small cylinder

1 Locomotion automobile.
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is 4-72 inches. The volumes of the two cylinders have been

calculated so as to obtain the same amount of work from each,

which is the system adopted on all engines of this type.

Steam is admitted into the small cylinder during eight-

tenths of the stroke, the engine working at its normal speed

Differential

gearing

Pinion

Fig. 35.—De Dion Motor (elevation).

of 330 revolutions per minute. This enables the tractor to

travel at a speed of 12J miles an hour with 18 horse-power.

For starting and for running up gradients high-pressure

steam is let into the large cylinders by means of a cock.

Fio. 3C—De Dion Motor (plan).

A pinion on the main shaft works on a differential gearing,

which enables the speed of the wheels to be varied. To avoid

using pitch chains, Messrs. de Dion & Bouton have adopted a

Cardan joint, which connects the driving shaft to the shafts

working the driving wheels. The journal carrying the wheel
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is hollow, and the end of the shaft worked by the last Cardan

joint passes through the hollow of the journal to the outside

of the wheel boss.

The following is a brief description of the Cardan joint:

Two shafts, A and B (Fig. 37), are joined together by a collar.

Each shaft has two jour-

nals, a and b, c and d,

fitting, at right angles to

one another, into the

collar. The lubricant

passes through a groove,

and lubrication improves

with the speed of the

shaft, as the oil is driven

round the journals by
centrifugal force.

By arranging two of

these joints between two
shafts one of the latter

can shift freely with re-

gard to the other. The
discs of these joints de-

scribe a circle equal to

the relative displacement

of one disc to another.

By this arrangement the

tractor can move indepen-

dently of the motor with-

out using chains, which are
often a source of trouble.

In order to show the high tractive power of Messrs. de Dion
& Bouton's cars we may say that pattern No. 1 weighs
4,400 lbs., and can haul a load of 2,640 lbs. at 12£ miles°an
hour. The fuel consumption comes out at about 1-Qd. per
mile.

Fig. 37.— Cardan Joint.
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Pattern No. 2 weighs 8,800 lbs., and hauls 22,000 lbs. at a

speed of 4 -8 miles an hour. These powerful tractors may
render good service in hauling heavy leads, such as ammuni-

tion waggons, vans, &c, which at present require a large

number of horses difficult to manage. How much simpler it

would be to use a tractor similar to the above ! Not only

would it be more simple, but also much more economical, and

there would be advantages in adopting it in all respects, but

unfortunately routine and force of habit prevent our adopting

this new method in one day.

• We cannot, however, recommend this tractor for pleasure

auto-cars, for reasons already given.

THE BOLLEE CAR.

It was only in 1875 that Mr. A.mddee Bollee, of Mans,

took up seriously the study of road locomotion. We certainly

owe to him the first really practical steam cars, and the place

which his steam omnibus, La Nouvelle, built in 1880, took in

the Paris-Bordeaux race shows to what degree of perfection

on the subject this engineer had already arrived. In fact,

Mr. BolleVs son came ninth in the race with this ancient car,

notwithstanding the unfortunate accident which had almost

placed La Nouvelle ' hors de combat ' at the beginning of the

race. Although ninth, Mr. BolleVs car was the first to come

in of the steam cars taking part in the race.

Bollee Steering Gear.—Mr. Bolide first attempted to

improve the steering of four-wheeled cars. He noticed that

a movable fore-carriage swinging round a pin was not at all

a suitable arrangement, because if the wheels were turned at

an angle of 90 degrees around the pin the car had no more

stability than a three-wheeled car.

To avoid this Mr. Bolide adopted a fore carriage with two

pivots.

This arrangement consists in having a divided axle, the
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centre part being rigidly attached to the car frame and the

two steering wheels, m, being made to turn on two separate

pivots by means of two cams, e and e' (Fig. 38).

These two cams work the two pivots, p and p', by means
of chains and two small toothed wheels keyed to p and p'.

The cams and toothed wheels are so designed as to cause dif-

ferent displacement to the two wheels when steered : thus, if

by means of the steering bar the wheels are turned in the

direction shown on the figure, the wheel F will describe a

larger angle round its pivot than the wheel F, so that both

wheels tend to turn the vehisle round the same centre, 0. If

Fig. 38.- The Bollee Steering Gear.

this were not the case one of these wheels would be skidded,

which would have a detrimental effect not only on the pivots,

but on the whole car.

The car has, therefore, much more stability than one in

which the fore- carriage works round a pin, as it always bears

upon four supports.

Boiler.—Mr. Bolide uses Field boilers on his cars similar

to those employed for fire pumps. Figs. 39 and 40 show this

boiler.

E is the boiler proper, inside which is the firebox, F, and

the grate, 0. The chimney, C, is inside the cylindrical casing.
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The tubes t are arranged, as shown on the figure, to impede

the passage of the gases. The outer tube t is riveted to the

boiler shell, and contains a small tube V held in the centre

of t by the collar m, as shown on Fig. 39. The lower part

of these tubes being most exposed to the heat, the water

will circulate rapidly in the direction shown by the arrows, so

that the simultaneous heating of the whole of the contents of

the boiler will be much accelerated, the heating surface will

be utilised to its greatest extent, consequently giving the

boiler a high steaming efficiency.

This system steams 20'5 lbs. of water per square foot of

heating surface per hour. Getting up steam is so rapid that

these boilers have been employed
$/' — for fire pumps, and the wate

V

Fio. 30.—The Field Tube. Fig. 40.—The Field Boiler.

circulates so rapidly in the tubes that there is no in-

crustation in the boiler.

The outside diameter of the Field boiler used in La Nou-

velle is 30'31 inches, and it contains 118 tubes. Steam is got

up in twenty minutes ; the boiler is registered at 142 lbs.,

and supplies superheated steam at 300° Cent.

Motor.—The motor consists of two cylinders, set at 45 de-

grees to one another, fitted with a balanced rotary distributor

for expansion and reversing. The diameter of this cylinder is
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5-9 inches, and the stroke 6-29 inches. The motor has

15 horse-power ordinary working, but can give as much as

30 horse-power at full pressure.

The total weight in working order of this steam omnibus

is about 10,120 lbs., including stoker, driver, and eight pas-

sengers. It can easily travel at 17 miles an hour, and some-

times even at 27 miles an hour on the level.

Mr. Bolide has built a large number of other cars, which

are the same in principle, and only differ in shape and detail.

These cars are interesting, not for any new ideas in their

machinery, but for their excellent and practical workmanship.

In a word, they are the work of an old mechanic who knows

his business thoroughly, and attempts nothing which he cannot

accomplish. The result obtained in the Paris-Bordeaux race

with a fifteen-year-old car is alone sufficient testimony of its

value.

We hear that Mr. Bolide has just built a petroleum tri-

cycle, which is well spoken of.

THE FILTZ ROTARY STEAM MOTOR.

The Decauville Company lias lately been trying a new

rotary motor invented by Mr. Filtz. This apparatus has been

modified to such an extent that we hardly recognised the

original principle on which it was built, six years ago, except

that the new motor is still rotary.

Figs. 41 and 42 show a longitudinal and cross section of

this apparatus. It consists of a stationary cylinder, c, work-

ing a piston, P, shaped thus— frj. The ends of the cylinder

are screw-shaped, one with a right-hand thread and the other

with a left-hand thread. This is shown in dotted lines on

Fig. 41. The pins o and o' slide in a slot in the piston at the

two extremities of a common diameter of the piston. We see

at once from the form of the cylinder cover that the piston

will impart a reciprocating movement to the pins. At one

moment the pin o, for instance, will be pushed home to the
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left, and the piston will bear against the screw-shaped end of

the right-hand cover of the cylinder.

The above process is reversed when the piston has made a

half- turn.

The steam port a' is placed just beyond the point of contact

between piston and cylinder end.

The exhaust port e' is just before this point, and has a

longitudinal shape.

Let us examine what takes place, and assume the piston

Fia. 41.-Filtz Motor (longitudinal

section).

Fio. 42.^Filtz Motor

(cross section).

to be in the position shown in Fig. 42. The space to the right

of the centre line of the piston is divided into three chambers.

Steam is admitted into the first compartment, in the second it

is expanded, and in the third it communicates with the exhaust

port e'. It will easily be seen that steam will be admitted at

a1

till the pin d arrives at a 1

, when the pin o will be in the

lower part of the cylinder. Steam is therefore admitted during

a half-revolution. From this moment steam expands in the

second compartment owing to the larger area of the pin o'

compared with that of o, and will continue expanding till

both these areas are equal, which will take place when the two
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pins occupy a horizontal position. When the motor passes

this point steam will communicate with e', as in the third

compartment.

A similar process takes place on the other face of the piston.

Such is the very simple method of working of the Filtz

motor, which is a very practical apparatus.

The inventor has also endeavoured to make it work

economically by converting it into a compound motor.

This was easy to accomplish by simply coupling together

two similar engines of different sizes, and making the exbausj;

port of the small cylinder communicate with the admission

port of the large cylinder.

In applying this motor for haulage purposes it was

necessary, however, to have a reversing arrangement. The

motor has consequently been provided with a slide valve

which directs the steam into another set of passages so arranged

as to cause the motor to revolve in an opposite direction. We
should point out also that the motor will start in any position

except that in which the pin is exactly opposite the steam port.

The following Table ' gives some details concerning the

Filtz motor :

—

Single
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compound engine about 30 lbs., the latter corresponding to

20 lbs. of steam when working with condensation.

These are more than satisfactory results for a motor used

for road locomotion, and if it could be worked by petroleum

we should be disposed to think very highly of its possibilities.

THE ROWAN STEAM TRAMCARS.

The Rowan steam tramcar is simply the combination of a

boiler with an ordinary steam engine, so arranged that little,

if any, smoke or steam is visible.

As all the parts have been designed with such care, we

will give a complete description of this system, in order to

show how an ordinary steam-engine can be converted into

an exceedingly economical and comfortable self-propelled

car.

We will first give an account of the conditions of working

of the Tours-Vouvray line, on which this tramcar is employed,

and then follow it up with a description of the motor and

machinery taken from an article by Mr. Saintive, published

in the Revue Technique of September 9, 1894.

The Tours-Vouvray line is G miles long, nearly all on the

level, and with a single line of rails. There are, however,

some gradients of 1-2, 1-3, and 18 in 100, which are 410,

302, and 190 feet long respectively.

The cars stop for passengers at any point along the road,

the whole distance being covered in 45 minutes, which is

equivalent to 9 miles per hour, not counting the stops.

Each motor-car seats 50 passengers, and hauls another car

with roof seats (shown on Fig. 43) carrying 70 passengers.

A condenser, described farther on, is placed on the top of the

motor-car. The carriage body has three compartments, parcels

being carried in the fore compartment ; it is mounted on two

bogeys—a front bogey, which carries the motor, and a rear

bogey.
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The carriagebody

is carried on bogeys

by means of bearing

springs with slide

blocks, which work

intwo circular guides

on the framework of

the motor.

This arrangement

enables the car to go

round 65-foot curves

without any diffi-

culty.

The rear bogey

has a single axle,

fixed to a frame as

wide as the car. This

frame is connected

to the car body by a

centre pin, whichthus

allows the axle to

turn independently

of the car body.

Motor.—As we
have already said,

the motor is placed

quite in front of the

car, and its weight,

together with part of

the weight of the

car itself and pas-

sengers,' is sufficient

to give the necessary

adhesion, even on

gradients of 6 in

100.
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The boiler (shown on Figs. 44 and 45) is vertical, and is

fixed to the frame by a ring bolted to the under-frame plate

in front of the motor, and by a lower ring bolted to the sole-

bars of the under-frame.

The outer shell of the boiler consists of two cylindrical

plates bolted together. It can be taken off, thus disclosing

the inner shell, which is also cylindrical round the fire-box,

but rectangular in section at its upper part. The prism

thus formed has inclined tubes passing through it which

impede the passage of the gases and increase the heating sur-

face. The inclination of the tubes insures a good circulation

of water, and consequent uniform heating and prevention of

too rapid incrustation.

The heating surface is 95 square feet, and the grate area is

17 -43 square feet. The sides of the fire-box are 0'53 inch

thick, and the shell is 0'49 inch thick. The indicated boiler

pressure is 200 lbs.

Coke is burnt ; a thick layer may be built up before

starting, and it requires no attention on the road. If coal

were used this would not be possible, because it impedes the

passage of air to a greater extent.

The fire is raked at Vouvray, after a twelve-miles run.

Water is supplied to the boiler by a pump, which takes its

supply from a tank behind the motor. This tank is connected

with small reservoirs on the car, which collect the water of

condensation. A Kcerting injector is used for injecting water

during stops.

Machinery.—Outside horizontal cylinders are used, and

are placed on the boiler platform : they are 6-53 inches

in diameter with 13-38 inches stroke. The wheels are

24 -41 inches in diameter, and the maximum pull exerted

is 4,653 lbs.

The piston movement is transmitted to the connecting rod

by a lever so arranged as to increase the power of the motor

in the proportion of 3 to 2. This, however, entails some com-

h2
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Fia. 44.—The Eowan Boiler.
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plication in the parts, and it has a further drawback that an

accident to any part of the mechanism stops the engine com-

pletely. Such accidents, however, are extremely rare.

The working parts are easily lubricated and inspected on

the road, the driver being able to

do so without getting off the car.

This is a decided advantage over

boxed-in tramway motors, where the

driver cannot see that the parts

are heating or
L
becoming loose.

Reversing is done by means of a

lever placed at the right of the

driver and well within his reach.

The regulator is placed at his left.

This arrangement enables them to

be easily worked.

Once the car is started the

driver brings the reversing lever

to the third notch in the quadrant

—corresponding to an admission of

steam of about 30 per cent.—and

he leaves it in that notch, whatever

speed he may require : the pull

will depend upon the amount of

steam admitted by the regulator.

Working at 30 per cent, steam

admission is very economical, as

there is no wire-drawing of the

steam on entering the cylinders

;

and, on the other hand, as the

regulator is not generally full open,

the pressure of steam is lowered as it comes from the boiler,

which has the effect of revaporising the small amount of water

it contains, and of allowing it to arrive perfectly dry, and

even slightly superheated, in the cylinders.

Fig. 45.—Section of Rowan
Boiler.
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The fuel being well burnt, the motor is an extremely

economical one. The boiler is fed with pure hot water, and

consequently is always in a good condition • in fact, no leaks

have yet been found either in the fire-box or in the tubes on

any of the four engines now being worked on the line of Tours-

Vouvray.

Washing the boilers can be dispensed with, which is an

economy of time and labour. They need only be emptied

every ten days, and the upper shell has only to be taken oft

about once a year. The inner shell being then exposed, it can

be cleaned with the greatest ease. The deposits can be easily

scraped off, and when the operation is concluded the boiler

plates and the interior of the tubes are tarred, which thus

prevents the scale from sticking too hard to the sides.

The steam can leave the cylinders through an exhaust

pipe placed at the base of the chimney, or into an air con-

denser fixed to the car, the latter arrangement being most

generally adopted.

The condenser, which has about 1,714 square feet of cooling

surface, is made of very thin corrugated copper sheets, soldered

in couples. The cavities thus formed connect at one end to

a collector which receives the exhaust steam from the engine,

and at the other end to another collector which has inclined

pipes leading to tanks fixed under the car platform.

When well attended to this motor shows neither smoke

nor steam, and is therefore well adapted for street and town

traffic.

Three auto-cars and one reserve motor are used on the

Tours-Vouvray tramway line.

In summer two cars are used on week days, and all three

on Sundays.

In winter, however, as departures only take place every

two hours, one auto car is sufficient on week days and two on

Sundays.

The engines are repaired in rotation, so that by the spring
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they are in perfect condition and ready to cope with the

heavier traffic.

Three drivers are employed—one for each engine. In

summer each car is worked during two consecutive days

—

sixty miles on the first day and eighty-four on the second—and
is put into the repairing shed on the third day for careful

examination by the driver, who tightens up any parts that

are loose, sees to the piston and valve packings, lubricates

the valves and cocks, and regulates the brake-blocks, &c.

At the same time a man in the depot cleans the tubes by
means of a rod, so as to remove the soot and cinders that

have been drawn into them by the draught. This operation

requires to be done exceedingly carefully, and takes an hour

at least. The attendant then cleans the machinery and the

body of the car.

The total distance travelled per day by the cars is 144

miles on week days and 204 miles on Sundays, which gives

an average for each car of from 1,500 to 1,560 miles per

month.

"When required, the motors can be run for a longer period

than two consecutive days ; thus, on the Auteuil-Boulogne line,

they run from ten to twelve days consecutively, averaging 720

to 900 miles—which is equivalent to a railway locomotive.

It is, however, better to examine them in the shed after

running from 360 to 480 miles.

The average fuel consumption for Tours-Vouvray motor-

cars, hauling a car with 70 passengers (making a total of 1 20

passengers), is 11 lbs. of coke per mile, including lighting.

When the engines are well looked after the fuel consumption

can be reduced to 10 -31 lbs., and that of the oil to O'll lb.

The staff at the dep6t consists of only two shunters and a

fitter. The plant consists of :

1 8-horse-power stationary engine, supplied by the boiler

of the reserve motor.

1 lathe for turning the tyres.
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1 screw-cutting lathe.

1 forge.

1 drilling machine.

2 vices.

During summer the fitter prepares spare parts, such as

bearings, piston rings, &c, which he may require, these parts

being bought in the rough at iron or foundry works in

Tours.

From November 1 the engines go into the repairing shed

in turn, pistons are examined, and piston rings renewed if

required, and trunnions which have too much play are also

renewed. Complete renewal of parts is generally only required

at the end of every two years.

Slide valves are also renewed at the end of this period.

The rod and axle bearings are provided with an anti-

friction white metal made up of the following parts :

Tin 82 parts

Antimony 12 „

Red copper 6 „

The water tanks are examined yearly, and the condenser is

cleaned and repaired every other year.

The wheel tyres are only turned after having travelled

4,800 miles. They are again turned after 3,600 miles, and are

rejected after they have gone another 4,800 miles. They

have, therefore, an average mileage of 13,200 miles, but some

travel 14,400 and 15,000 miles. A small apparatus has been

designed for watering the rails and the road on the Tours-

Vouvray line. This arrangement diminishes the wear and

tear of the tyres and driving gear, and protects the passengers

from the dust.

It is estimated that this device increases the life of the

tyres and machinery of the engine by 25 to 30 per cent. 1

1 Bevue Technique.
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STEAM MOTORS WITHOUT FIRE-BOX OE WITH HOT WATER.

A hot-water engine was first tried in 1872 by Dr. Lamm,
of New Orleans.

Mr. Francq bought the patent rights and improved the

system so as to make it practical and economical.

The main object of this system is to do away with the

locomotive fire-box, and this is accomplished by utilising the

heat capacity of water, which latter is heated to a degree

sufficient to obtain the steam necessary for working the engine.

The way in which this is carried out in practice is to pass a

jet of steam, at high pressure, taken from a generator at a

dep6t, into a water tank on the engine ; as the steam mixes

with the water the latter takes up the heat.

In order to raise the water to the necessary temperature

two cocks are opened— one on the steam pipe, the other on

the steam reservoir. The high-pressure steam is then forced

into the latter, and, by means of small orifices specially

arranged in the inner pipe, it sets up a circulation of water

sufficient to distribute the heat uniformly.

When the pressures in the boiler and reservoir are equal

the cocks are closed, and the locomotive is then ready to start.

The heat contained in the water causes the latter to boil as

soon as the free space in the reservoir is connected with the

engine cylinders.

The motor can then do work on the pistons equivalent,

between certain practical limits, to the heat contained in the

water. These limits may vary to any extent ; in other words,

the initial temperature of the water can be raised as much as

possible, whilst the final temperature can be made as low as

possible.

In practice, the initial temperature may attain 200° C,

corresponding to an effective pressure of 213 lbs., and the final

temperature may be fixed at the minimum pressure required
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by the motor for starting on a gradient ; and, as the latter is

only a question of leverage, and depends upon the mechanism,

a temperature of 133° Cent., corresponding to an effective

pressure of 28 •4 lbs. per square inch, will suffice.

Under these conditions low-pressure steam with great

expansion may be used so as to obtain maximum efficiency.

A steam expander, fitted between the reservoir containing

superheated water and a smaller reservoir which supplies

steam at constant pressure to the pistons, enables the driver

to overcome any increased resistance on the road due to

gradients or other causes ; he obtains a greater pressure of

steam on the pistons by means of this steam expander.

Fig. 46 represents a longitudinal section, taken through

the axis of the tank, of a locomotive without fire-box.

Fig. 47 is a cross section through the axis of the

condenser.

The locomotive consists of a large steel plate reservoir A,

with a dome A' and driving gear similar to that on ordinary

locomotives. There are two cylinders B, working by connect-

ing rods C a crank axle D, which drives the two driving

wheels E. The latter are coupled by two outside rods C with

two other wheels E' on a straight axle D'.

The driving gear is placed between two sole-bars F. The

framework is covered by a plate F
Engines are now built with outside cylinders, which sim-

plifies construction and enables the driver to examine the

working parts.

The reservoir A can hold a large supply of water, which is

put in cold and then raised to a very high temperature before

the engine starts, by means, as we have already said, of a

stationary boiler which steams at a pressure of 213 lbs., and

has consequently a temperature of 200° Cent.

We see at once that when a sufficient quantity of steam

from the generator is passed into the reservoir A the tempera-

ture and pressure of the water in A and the pressure of the
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steam in the dome A' and in the free space of the reservoir

must all be in equilibrium.

Assuming that no heat is lost through the walls of the

Fig. 46.—The Francq Locomotive.

apparatus, no alteration in the existing state of things will

take place so long as steam is not taken away—in other words,

so long as the water in the reservoir, which is always ready to

be converted into steam as soon as the pressure upon it
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is reduced, remains at a temperature of 200° Cent, for

instance.

The tube b (Fig. 47) is placed inside the dome for conveying

Fig. 47.—The Francq Locomotive (cross section).

the steam into the cylinders. The upper end of this tube,

placed as high as possible, has longitudinal slots through which
the steam can pass. It is bent horizontally and connected
outside with the steam expander, which consists of a valve H
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and the expander proper, which only allows steam to pass

into the cylinders after attaining the required pressure.

The valve motion is the same as in other engines, with the

exception that the exhaust is not utilised for raising a draught,

which is not needed, as there is no fire-box. In order that

the exhaust shall show no steam and shall make no noise, an

air condenser, consist-

ing of a closed cylin-

der J containing a

large number of tubes

J' open at both ends

to allow the air to pass

freely through them,

has been adopted.

The steam from the

cylinder passes into

the box B', common

to both cylinders, and

then through a pipe £2

(Fig. 47), which is bent

round the reservoir

and passes into the

condenser.

The exhaust steam

can therefore fill the

space round the tubes

/', and then condense

on coming into contact

with them, the- water

of condensation thus formed being carried off by a small

pipe leading to a tank K placed under the platform. If,

however, condensation is incomplete, the vapour remaining

inside the condenser can escape into the atmosphere by a

pipe J' which leads to the inside of the cover J* of the

condenser.

4

Fig. 48.—Steam Expander.
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The steam expander alluded to above is an essential part

of the Francq engine. It is shown on Figs. 48 and 49.

Steam arrives from X and passes through the valves B
into the pipe Y. The valves only provide a small section for

the steam to pass through, so that steam is expanded.

The pressure of steam in Y is always from 42 lbs. to

56 lbs. per square inch, whatever it may be in X. To obtain

this result a piston D connected with the valves B by means of

a spindle C is put into communication with the expanded steam.

With steam at 42 lbs. the

piston is in equilibrium by

means of the levers //, S, B, T,

and the spring in K. When
the steam pressure decreases

the spring K raises the piston

D, which lifts the valves B, and

consequently diminishes the

amount of expansion. In this

way the steam is always main-

tained at constant pressure

in Y.

When a higher pressure is

required for starting, or on an

incline, or for any other reason,

the driver can vary the expan-

sion by means of the levers

W, U, M, which act on the

spring, aAd so increase the

steam pressure in Y by raising

the valves B.

The principle of the Francq locomotive is therefore the
storage of water under pressure at a high temperature, which
can supply steam when that pressure is diminished. The hot-

water engine is based on the principle of stored power, simi-

larly to the electric and compressed air cars which we shall

Fig. 49.—Section of Steam
Expander.
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have to deal with. In short, the hot-water reservoir is

nothing else than an accumulator of heat used to convert this

water into steam, which acts upon the piston and transforms

the stored energy into actual work on the shaft.

There are losses with this accumulator as with others due

to radiation and to the expansion of steam which takes place

without corresponding useful work. In fact, the steam expen-

diture in the stationary boilers required for re-heating the

water in the hot-water tanks amounts to about 55 lbs. per

horse-power per hour, involving a consumption of 7 '7 lbs. of

fuel.

The consumption of an ordinary locomotive would only be

about one-half of the above. This system is therefore not

an economical one compared with ordinary steam engines,

but when compared with other systems of traction with

electric or pneumatic accumulators we find that it is at least

as good, if not better.
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CHAPTER V

COMPRESSED AIR AUTO-CARS

THE POPP-CONTI TKAMWAY.

This system of mechanical traction has been adopted for the

towns of St.-Quentin, Angouleme, Lyons, &c, where the lines

have many gradients, and thus allows us to gauge the value of

this method of compressed air traction. The trains consist of

three cars at the most, and their total length does not

exceed 99 feet. The average speed in the towns is about *l\

miles an hour, and in the open country about 15, and even 18,

miles.

Messrs. Popp-Conti's system differs from Mr. Me"karski's,

already briefly alluded to, as much lower pressures are em-

ployed, which give a better efficiency, as the air does not

require to be expanded so much before passing into the motor

as when very high pressures are adopted. The weight of the

air reservoir on the car is also less for this reason, and con-

sequently the depot for storing the compressed air need not be

so large.

As the power stored is less than with M^karski's system, it

was found necessary to recharge the car every one or two miles

along the line. To do this the air has to be conveyed through

pipes all along the line, and arrangements made for automatic

delivery at the different parts of the line where the tramways

stop. This is one of the disadvantages of the Popp-Conti

system.

Description of the Car.—The cars have a double set of

springs. The truck frame is carried by laminated springs
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bearing on the axle boxes just above the axles. The car body

then rests upon an upper frame supported by other springs at

the ends of the truck frame.

This arrangement gives a

veryeasymotion to the car, and

enables the axles to be placed

very close together, even on

long cars, which is a great

advantage for passing round

sharp curves.

The two axles are con-

nected together by a coupling

rod, but only one of them is

worked directly by the com-

pressed air motor by means of

two toothed wheels cased in

a box filled with oil.

Figs. 50 and 51 show the

simplicity and strength of

this compressed air motor.

The motor is placed in the

centre of the car, so that there

is no side motion, as is the case

with somesteam or compressed

air cars.

The motor is compound

with variable expansion, and,

being made of cast steel, it

is consequently exceedingly

strong. It can easily be in-

spected from the inside of the

car and taken out for repairs,

so that in case of any accident the car can be immediately

provided with another motor, and does not require to remain

idle until the damaged motor has been repaired.



114 AUTO-CARS.

The compound motor can, if required, work at any point

along the road either with double expansion or with direct

admission into the two cylinders.

The car is easily driven from either end. The driver has a

small wheel and three small cocks in front of him, the latter

being used as follows :

Compressed Air Motor.

The first for reversing, the link motion being worked

directly by small compressed air pistons instead of through a

set of levers. The small cock therefore raises or lowers the

links. It will probably have been noticed that this arrange-

ment only enables the links to occupy two extreme positions.

There is no disadvantage accruing from this fact, as they are
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not required to regulate the expansion. The admission of

steam to the small cylinder is regulated by means of a Meyer
cut-off, -which is worked directly by the wheel in front of the

driver. The second small cock works the joint, and we will

describe its method of working farther on. The third cock is

used for the safety brake, and enables the pressure to be

admitted behind the pistons working the brakes.

There only remains now to describe the working of the

wheel, which produces different results for every revolution

which the driver causes it to make.

The first revolution enables him to graduate the pressure on

the brakes ; the more the driver turns the wheel round towards

the left the more he increases the pressure. By turning the

wheel towards the right the pressure of course decreases, so

that each position of the wheel corresponds to a different

pressure on the brakes. Supposing the wheel to be at the end

of its travel towards the left, then the brakes exert maximum
pressure. If the driver turns it once to the right the pressure

on the brakes will decrease progressively to zero : at that

moment the motor will be open to external air. If the driver

continues turning the wheel to the right he will cause air to

pass into the small cylinder till he has turned the wheel round

twice. The engine will then be working in a compound

manner, and the driver can regulate the speed of the train by

means of the wheel which works the Meyer cut-off.

The wheel can make three revolutions, and the third enables

him to treble the power of the motor for any emergency

purpose. In fact, if the driver continues turning his wheel

towards the right he leaves compound working and begins

working directly ; that is to say, he opens the exhaust of the

small cylinder to the external air, and causes air from the

reservoirs to pass directly into the large cylinder, so that at

a certain moment both cylinders will be at full pressure. By
turning the wheel to the left the above process is reversed

;

that is to say, on the first turn he goes back to compound

i 2
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working, on the second turn the motor is open to air, and at

the third turn the pressure on the brakes is maximum.

This has the advantage of preventing mistakes on the part

of the driver, as when he wishes to work the brakes he is

forced to open the motor to air, and vice versa.

By means, therefore, of the system we have just described,

the various combinations of admission of compressed air into

the motor cylinders, starting, regulation of power and speed,

stops, and working of the brakes all take place in a definite

order by simply turning a wheel within reach of the driver.

The cars are worked from both ends, so that no turn-

tables are required at the termini.

Automatic Air Charger.—Having decided only to employ

moderate pressures, it was necessary to devise some arrange-

ment for renewing the supply of air along the road.

This was the great difficulty. There could be no question

of having men on the line specially employed for connecting

the joints, working the cocks, and then disconnecting the

joints after recharging, as is done on tramways with air

accumulators at charging stations. These manoeuvres would

take about three or four minutes, and the consequent total

loss of time which it would involve would be inadmissible in a

tramway with mechanical traction which has to accomplish

its journeys in the short time specified in the regulations.

Messrs. Victor Popp and James Conti laid down the fol-

lowing problem : Given a certain number of compressed air

chargers placed, for instance, every one or two miles apart

along the tramway line, what device will enable the car to

renew its supply at these stopping places, automatically, in a

few seconds, without entailing any manoeuvre on the public

road, and without requiring that the driver shall leave his

car t

They solved this problem in a very simple manner, but the

method they adopted is one of the features of their system.

The apparatus which enables the cars to take in a supply
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of air along the road is called an automatic air charger. These

are placed near the stopping places of the car.

Before and after the car has passed, a small rectangular

cast-iron plate, placed between the two rails and flush with

the road, is the only perceptible sign of the air charger. The

automatic air charger may be said to consist of two parts—the

Fig. 52.—Distributor.

distributor, placed underneath the road at certain points along

the line, and the reservoir, carried by the car.

The distributor is a hollow lenticular blade connected to

the body of a pump, and is raised and lowered by means of

compressed air (Fig. 52). When down, this blade is inclosed

in a box, whose cover, which has the appearance of a grating,
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can be seen from the road. When raised, the blade opens

two small doors in the cover of the box, and stands about six

lllllllllllli

Fig. 53.—Distributor raised.

inches above the rail level (Fig. 53). It is ready in this position

to fit into the receiver.

The distributor blade is raised by means of a pedal con-

Fia. 54.—Pedal working the Distributor.

sisting of a lever placed between the rail and the guard rail,

and is actuated by the flange of the wheel tyres (Fig. 54).

This lever controls the admission of compressed air underneath

the distributor blade. "When the front wheel passes over the
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pedal the weight of the car, acting on the lever, raises the blade,

which remains in this position till the supply of air is con-

cluded. Of course, the pedal can only be jyorked by the flange

of the tramway wheel, because if any other car passes over

the rail its wheel, being larger than the groove between the

two rails, cannot touch the lever. Only a very light car would

have a sufficiently narrow wheel to touch the pedal, but in

that case its weight would not be enough to work it.

The receiver consists of a bronze box, closed at its lower

end by two coil-springs placed side by side. "When these

springs are under pressure they bear against one another and

form an air-tight joint. When, however, the pressure ceases,

they allow the distributor blade to pass between them. This

is the principle on which the supply of air takes place ; we
will describe the different stages through which this operation

When the car arrives at the charger a flange of the front

wheel of the car has already raised the distributor blade by

means of the pedal. The rear wheel then passes over the

pedal, and as the car travels on the blade comes between two

guides, which lead it to the coil-springs forming the joint. A
warning apparatus informs the driver that he has reached the

precise spot, and he stops the tram ; he has a margin of about

three feet for stopping. He then opens a small cock before

him. This operation has the following results :

1st. The pressure remaining in the reservoir passes between

the springs and causes an air-tight joint around the blade.

2nd. This same pressure passes inside the receiver down-

wards into the blade, and causes a differential valve inside the

latter to open and to establish connection between the main

pipe and the receiver.

The compressed air arrives in the receiver, opens a retain-

ing valve, and then passes into the car reservoir. "When

charging is finished the differential valve of the blade closes

automatically as the air pressures in the pipe and the reservoir
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are in equilibrium. The retaining valve in the reservoir then

closes.

The driver knows that the reservoir is fully charged,

firstly by the pointer of the air gauge, which becomes sta-

tionary, and secondly by an automatic whistle. He then

closes the cock he had previously opened, the joint is released,

and the blade falls.

The whole time taken by this operation does not exceed

15 seconds, and the car is then ready to start.

The efficiency of this system of traction is exceedingly

good, on account of the low pressure used in the air reservoirs.

Messrs. Popp-Conti's system is more economical than Mr.

M6karski's under this head, but we must remember that the

prime cost is probably greater in the former than in the latter

system, owing to the piping, which has to be laid under the

road, for the automatic supply of air. In short, in our opinion

the M^karski system is preferable for a short line with frequent

traffic, whilst for a long line we should be inclined to adopt

the Popp-Conti system.

In concluding this chapter on compressed air auto cars we

will give a brief comparison of the efficiencies of the Mekarski

and Popp-Conti systems of traction. We will not give the

prime cost of the plant, as it varies according to the surround-

ing conditions, which latter may determine which of the two

systems shall be adopted.

Efficiency of Compressed Air Systems.—By mechanical

efficiency we shall mean the ratio of the power supplied by the

steam motor at the central dep6t to the corresponding work

available on the wheels of the auto-car, and we will calculate

the amount of this efficiency for the Mekarski and Popp-

Conti systems.

Mr. Mekarski compresses air at 1,136 lbs. per square inch

(80 kgs. per sq. centimetre), whilst Messrs. Popp-Conti do so

at 355 lbs. (25 kgs. per sq. centimetre). We will assume that

the pressures follow Boyle's law.
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Let n represent the amount of compression ; then the work

done will be
Wc = p ava log' n.

Where p is equal to one atmosphere or 10,000 kilogrammes

per square metre ; and as, for the purpose of comparison, we

will assume we are dealing with a cubic metre of air, we shall

have :

Me'karski, work of compression W = 10,000 log'' 80.

Popp-Conti, „ „ W = 10,000 log' 25.

Me'karski Wc = 45,200 kilogrammetres.

Popp-Conti W = 32,270 kilogrammetres.

Supposing the efficiency of the compressors to be 0'75, the

work done by the steam engines to compress 1 cubic metre of

air will be :

Me'karski ' „ = 60,300 kilogrammetres.
0-75 °

Popp-Conti
3^° = 43,000

"With the Me'karski system there is hardly any loss of air

between the compressed air reservoir and the compressor,

whilst in the Popp-Conti system the air has to travel through

the whole of the pipe in order to arrive at the automatic air

charger. This loss, which we may estimate at 5 per cent., is

therefore proportional to the length of the pipe. So that

Popp-Conti W = ' = 45,300 kilogrammetres.

If the air were not re-heated before or during its ex-

pansion in the motor the temperature would fall considerably,

and this might freeze the water vapour contained in the air,

and also the lubricant. The efficiency would be very inferior,

so that from every point of view it is advisable to re-heat the

gases. Nearly all the heat given to the air before it passes

into the cylinder is converted into useful work, and it is this
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method of using up the heat which considerably raises the

efficiency of compressed air systems. Evidently all the work

expended to bring the air from the pressure of admission

into the cylinder (about 10 atmospheres) to the initial pressure,

--whieh,-may vary from 355 to 1,136 lbs. per square inch, iscom-

pJeteiyTost. The efficiency of this conversion would therefore

be extremely bad if the process of re-heating the air in

order to increase their expansion had not been resorted to. In

a word by utilising nearly all the heat destined for re-heating

the air, we can compensate for the poor efficiency of com-

pressed air systems. Messrs. Mekarski and Popp-Conti were

aware of the importance of re-heating the air, and they have

arranged hot water apparatus (about 250° Cent.) on their cars

for the purpose of re-heating the compressed air before sending

it into the motor.

This enables them to produce 22,000 kilogrammetres and

over at 1 kg. of compressed air, whereas without re-heafcing

they could not have obtained half this amount.

Supposing that the mechanical efficiency of the motor were

equivalent to 0-65 on the average, we could easily calculate the

useful work done per cubic metre of air.

Wu = 22,000 x l-23hK- x 065 = 17,600 kilogrammetres.

We shall therefore have :

Mekarski. Mechanical efficiency ^'^r = 0'29.J
60,300

PopP-Conti. „ „ » = °-39 -

The Popp-Conti system has a great advantage over the

Mekarski system in the amount of dead load to haul. The

frame, motor, and reservoir are much lighter in the former, so

that an auto-car for fifty passengers does not exceed 10 tons

in weight. On the other hand, a Mekarski car for the same

number of passengers would weigh 14 tons.

. Therefore, to convey the same number of passengers, the
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Popp-Conti system would require n horse-power-hours, and

the Me"karski would require 1 "4 n horse-power-hours.

Of course, these figures are not absolute, and will vary-

according to the distance that either of the cars under con-

sideration has to travel.

In conclusion we will say that, although not very eco-

nomical, traction by compressed air is to be recommended for

traffic in towns because it is clean and produces neither noise

nor smoke. The cars are easily managed, and can even be

confided to drivers who have but little experience.



124 AtJTO-CARS.

CHAPTER VI

PETROLEUM AUTO-CARS

THE DAIMLER MOTOR.

Messrs. Panhard &, Levassor, Peugeot, Gautier, and many

other manufacturers employ Daimler motors on their cars.

We may say that this motor is the king of motors for

petroleum auto-cars, and therefore we will give it as complete

a description as we can. Let us begin by a few words about

the inventor.

Gottleib Daimler was born in 1834 at Schorndorf, a small

village in "Wurtemberg. From his youth he showed remark-

able aptitude for everything mechanical, and even before

leaving school he had become a skilled mechanic. Having

terminated his apprenticeship, Daimler worked in the most

important manufacturing firms in Germany, and then came

to England for a few years, where he was employed at the

Whitworth Company's works. It is in these works that he

acquired in a large measure the accuracy and skill which

characterise the English mechanic.

After visiting various countries, Daimler, quite by chance,

associated himself with Dr. Otto in the construction of gas

motors. At that time Otto had not yet succeeded in con-

structing a practical motor, and it was only in 1872 that he

and Daimler started the Gas Motoren Fabrik at Deutz, the

necessary funds being provided by Privy Councillor Langen

of Cologne. It was only ten years after that this enterprise

became a profitable one.

Mr. Daimler was managing director of the works until



PETROLEUM AUTO-CARS. 125

1882, and, giving Messrs. Crossley Bros., of Manchester, the

benefit of his advice and experience, he assisted them in

achieving the construction of their now world-renowned

motor. He then left the Gas Moloren Fabrik and interested

himself in the construction of a petroleum motor for high

speeds and lighter than any which had hitherto been heard of.

He designed all the parts of the motor known as the ' Daimler

motor.' The preliminary compression and ignition by means

of an incandescent tube are due to him, and his motor is still

far and away the best of any in the market as regards weight,

simplicity of construction, and reliability of working.

Daimler applied his motor to a bicycle in 1886, and to an

auto-car in 1887. The results were exceedingly satisfactory,

and the creation of this industry and the new impulse that

has been given to road locomotion are entirely due to Daimler,

and we might, in fact, call him the inventor of petroleum

auto-cars and auto-cycles.

Fig. 55 shows a section of the latest pattern of Daimler

motor, which is a great improvement on all the others hitherto

built.

The motor has two cylinders, cast together, and working

simultaneously. Whilst the gases are being exploded in one

cylinder the other is drawing in the gaseous mixture which is

to be fired during the next stroke, so that for every revolu-

tion there is an explosion either in one cylinder or the other,

thus insuring regularity of speed without requiring a heavy

flywheel.

The disc F and the two rods B are inclosed in an air-

tight casing E to protect them from dirt, dust, &c.

The crank shaft A passes through stuffing boxes. The

shell E is partly filled with oil, so that the rods, disc F, and

crank shaft are always lubricated ; the oil projected by the

working parts insures the lubrication of the cylinder.

This motor, like all the Daimler motors, is an Otto-cycle

motor, and passes through the following phases during two
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revolutions : Drawing in of charge, compression of charge,

explosion and expulsion of burnt gas. We will now examine

how these operations take place.

The gas is drawn in by the action of the piston. As it de-

scends it creates a vacuum, and the valve m, which is kept on

its seating by a small spring, is opened by atmospheric pressure

Fig. 55.—The Daimler Motor.

and allows the gaseous mixture to pass through the tube q.

The out shows how the air and petroleum vapours are mixed.

The float chamber P is connected with a petroleum reservoir ;

a float/ regulating the supply of petroleum so that it may

never rise above a certain level in P. When the petroleum is

at the required level the float automatically closes the supply
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pipe a, and only opens it again when the level falls. The

petroleum is therefore always brought to the jet r at a con-

stant pressure, and is vaporised at that point by means of the

induced draught created by the motor. The air thus car-

buretted passes through the valve m into the cylinder till the

piston is at the end of its stroke. The pressure of the gas is

then lower than atmospheric pressure by a certain amount

proportional to the tension of the spring of the valve in.

It follows, therefore, that the amount of compression at

the end of the return stroke of the piston is not equivalent

to the ratio of the dead space to the total volume occupied by

the gas. The compression of the gas can therefore be varied

within certain limits, according to the tension of the spring.

Mr. Daimler usually adopts a pressure of from 42 lbs. to 56 lbs.

The explosion takes place after compression as the piston

is starting on its second forward stroke. The charge is fired

by means of a platinum tube heated to incandescence by a

burner b, which is brought into contact with the gaseous

mixture at the required moment by means of a slide valve. •

This additional valve is often dispensed with in small

motors, and the explosion is arranged to take place automati-

cally instead by making the platinum tube of such a length

that the burnt gas in the clearance space of the cylinder is

driven sufficiently far after compression to enable the explo-

sive mixture to come into contact with the heated portion of

the platinum tube. The length of the platinum tube, which

may be varied by pushing it in more or less, will regulate the

motor for different degrees of ccmpression.

This method of obtaining ignition at the required moment

is not to be recommended. For instance, if the degree of

compression should alter, owing to a leak or because the

""

tension of the spring of the admission valve is too great, the

explosive mixture would no longer be able to come into con-

tact with the incandescent tube, and ignition would therefore

not take place.
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On the return stroke the gas is expelled through the valve

n, which is lifted by a rod X raised by a cam c on a small

shaft.

This shaft revolves at naif the speed of the main shaft, so

that the cam c only raises the rod X every other revolution.

The latter is hinged to a set of levers, and can be displaced

from its normal position by a regulator -working by centrifugal

force if the speed of the motor exceeds a certain limit. The

cam c then no longer touches X, so that the valve remains on

its seat. The burnt gas will therefore be compressed and

then expanded during the following forward stroke, which is

the suction stroke, without a fresh supply of gas coming into

the cylinder. This does away with one explosion, and enables

the motor to return to its normal speed.

As we have said, the motor consists of two cylinders, cast

together, and working as we have already indicated. They

are slightly inclined to one another, but the piston connecting

rods work on the same disc A. This arrangement gives one

explosion per revolution.

The same regulator for the supply of petroleum is used for

both cylinders. Petroleum from the large reservoir on the

car is supplied by means of a small air pump, which is part of

the motor, and is worked by a small portion of the gas

coming from the exhaust. This pump is also used to send

petroleum into the burners b.

The two cylinders are cooled by circulation of water in the

jacket L which surrounds them. After passing through this

jacket the water goes into a hollow flywheel, which is re-

volved by the motor, the object being to cool it by assisting

evaporation. The cooled water from the hollow flywheel is

caught up by a collecting pipe and sent by centrifugal force

into the reservoir placed in the fore part of the car ; from

there it passes again into the jacket surrounding the

cylinders.

We will conclude our remarks on the Daimler motor by
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calling attention to the simplicity and strength of the parts.

No lubricators, only two valves, one explosion per revolution,

an automatic carburator, unfailing circulation of water, high

velocity of rotation (700 revolutions per minute) ; these are

the features of this motor.

To avoid vibration, Daimler suspends the motor on springs

fixed to the car body and works the shaft by means of four

belts. In normal working these belts are slack, but any one

of them can be tightened by a lever, so that four different

speeds can be obtained. The intermediate shaft works the

driving wheels by means of a pinion and a pitched wheel

fixed to one of the driving wheels.

Fig. 56.

The main objection which is found with the Daimler

motor is that it is not balanced. The two pistons and the two

rods fall at the same moment, so that the masses in movement

change from a downward velocity v to an upward velocity — v.

The total change for each complete stroke is therefore 2v,

which is sufficient to cause considerable pressure on the crank

pin.

Let us look at Fig. 56 to understand the disturbing effects

which this change in velocity may have, and let us find the

extent of pressure on the crank pin M caused by the moving

mass.

Let P equal the weight of the piston and crank, and let

p
us find the velocity and acceleration of the mass - at each

instant.
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For the sake of simplicity we will assume that the crank

revolves uniformly, and we will call v its circumferential

velocity at the point M ; we will also assume that the con-

necting rod is of infinite length.

The velocity of translation of the rod will be expressed

by

v' = —- = v cos ll = v sin a,
dt

'

so that acceleration,

But

whence

do' da v da
=: v cos a -— = _ cos ar —-

.

dt dt r dt

dn
v — r -

dt

1,2V- v r — x v' , >

y = — cos « = = - (r — x).
v r r r*

The pressure on M due to the moving mass will therefore

be

(A) p= - y = - .-Ar — x).

9 9 r

If we erect ordinates to represent the valves of p and

abscissae to represent the travel of the piston we shall obtain

the diagram shown on Fig. 57.

We find graphically that at the commencement of the

stroke the pressure at M is positive, and tends to impede the

working of the motor. This pressure changes direction at the

middle of the stroke, and at the end accelerates the velocity of

the point M.

At the beginning of the return stroke the reverse takes

place, and the pressure again tends to stop the motor. The
direction of the pressure on the crank pin has therefore

remained unaltered, but this, however, is not the case at the

beginning of the forward stroke, which produces explosion.
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The explosion will propel the mass forward and tend to

increase the velocity of the motor rather than diminish it.

Instead of stopping the motor the sudden change of direction

of stress will have the contrary effect, and if there is any play

in the head of the Connecting rod the parts will rattle. As
we have already seen, the stress alters in direction at the

middle of each stroke when no explosion takes place.

The simplest way to avoid the great pressure due to the

moving parts at the beginning and at the end of each stroke

is to set the two cylinders in opposition. The resulting

pressure due to the action of the

masses on the two pistons and the

two crank pins will be zero, as

shown on Fig. 57. The engine

will be balanced, and there will be

neither jarring nor vibration.

Mr. Daimler has, no doubt for

practical reasons, not thought it

advisable to adopt this arrange-

ment, so that his motor is some-

what noisy. The spring supporting

the motor deadens the vibration

to a great extent.

We cannot give the exact con-

sumption of this motor, but from

what we hear it is below 0-11 gallon of petroleum at 700°

per horse-power per hour.

THE PANHARD-LEVASSOB. PETROLEUM CAP.

Messrs. Panhard & Levassor have, during the last ten

years, been occupied in the construction of petroleum auto-

cars. They have adopted the Daimler motor for their carriages,

and the inventor himself came to their works to instruct

them regarding its manufacture, and they have acquired the

exclusive patent rights for France.

k2

Fig. 57.



132 AUTO-CARS.

After many years' experience, and assisted by the inventor,

Messrs. Panhard & Levassor have at length succeeded in

building a really strong and practical pattern of car. We
have only to refer the reader to the Paris-Bordeaux race which

took place last year in order to demonstrate the value of

Messrs. Panhard & Levassor's car. Mr. Levassor covered the

distance from Paris to Bordeaux, 744 miles, with his No. 5 car

for two passengers, in 48 hours and 47 minutes, averaging a

speed of about 15| miles per hour. What more do we require,

and where is the locomotive that could travel from Paris to

Bordeaux and back without stopping and without cooling its

working parts 1 There is probably none.

No doubt, however, the victory of No. 5 car, which arrived

about five hours before the others, was in great measure due

to its able and energetic driver, Mr. Levassor.

The latter drove with a daring which may have been

dangerous to himself, but which never affected his car. He
never overworked it so as to fatigue the working parts, and

he ran it below rather than above its normal power. He did

not confide the task of working his engine to others, but he

watched its every freak during the 48 hours he was on the

road.

Fig. 58 shows a general view of the motor employed, which,

as we have said before, is of the Daimler pattern.

There is an automatic feed, and the expulsion of the burnt

gas is mechanical, and controlled by a valve which, by the

arrangement already described, is only lifted when the speed

of the motor exceeds its normal speed. In that case no fresh

charge is admitted during the following stroke, there is no

explosion, and the motor slacks speed. The power is trans-

mitted to the driving wheels by means of pitched chains and

wheels.

Mr. Levassor would not give us any new information on

the motor itself, so that, as we have already described the

Daimler motor, we will not dwell upon the pattern which has
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Fio. 58.—The Phoenix Motor (Daimler system).
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been applied to these cars. We may say, however, that, as in

the Daimler motor, ignition takes place by means of an incan-

descent tube at the moment when the fresh gas has been com-

pressed sufficiently to come into contact with the tube, notwith-

standing the small quantity of burnt gas which has been

driven to the end of the cylinder. Explosion takes place

when the piston is at about one-eighth of its downward stroke.

BMP,
SSxwgSE':

sSsfe^Vsj©?

Fig. 59.—Car seating two, with hood.

Like the Daimler motor, this motor is not balanced, and conse-

quently gives rise to vibration.

Fig. 59 shows a general view of No. 5 car, which won the

Paris-Bordeaux race. The parts under control of the driver

consist of a steering lever—the front axle being of the divided

axle type—a reversing lever, the brake, and the regulator

which controls the supply of petroleum into the carburator.

These cars run very well, and those who have employed
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them state that they require little maintenance, and that a

little petroleum oil poured into the cylinders from time to

time is quite sufficient to clean them. They can run at a

speed of from 11 to 15^ miles on the level, and at an average

speed of 5 miles on banks.

THE PEUGEOT CAR.

The three cars which came in next after Mr. Levassor's

were all Peugeot cars. According to the regulations drawn

up for the race, the first prize could only be given to a car

Fig. 60.—Daimler Motor applied to the Peugeot Cars.

for four passengers, so that, although it arrived fourth, the

Peugeot car for four passengers took the first prize of £1,200.

Again we find the Daimler motor, built by the firm of

Panhard & Levassor, employed for driving these cars.

From Fig. 60 we see that the motor adopted is practically
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the same as the Daimler motor, The general arrangement

of the car presents some novel features. The arrangement

adopted by the firm of Peugeot is shown on Fig. 61.

The motor A and the carburator are fixed to the tubular

steel framing of the car. By means of the clutch G the motor

-Machinery of Peugeot Car.

may be caused to work an intermediate and movable shaft

which carries three steel pinions, //. This shaft is moved

forwards and backwards by means of the lever Q, which

throws the motor in or out of gear. The position of the lever

Q determines which of the three pinions will engage the
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toothed wheels /, which correspond to the different speeds of

the motor. The shaft carrying the wheels / transmits the

power by means of two bevel wheels to a third intermediate

shaft, which in its turn transmits the movement to the wheels

by means of two Gall chains eev This gearing is rigidly fixed

to the framework of the car, and the driving wheels are at-

tached to two elastic plate springs. The fore body is hung

upon a single spring, which is fixed in the centre to the frame

of the car by a trunnion, T, and is connected at the ends to

the fore axle by means of

two small cranks, a and b,

as shown on Fig. 62.

J^-ST.

The axle has therefore

two movements : it swings

around the trunnion and

has an oscillating motion

at a and b as the spring Fia. 62.

bends. These two move-

ments are generally synchronous, the axle being guided by two

slides, S. In this manner the seat is always horizontal, which-

ever of the wheels is lifted by the uneven road. The fore-

carriage is of the divided axle type, and steering is effected by

a lever which commands a toothed wheel, Q, connected to the

steering wheel by a chain.
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two pulleys, TV" and Nu fixed to the driving wheels, and on an

intermediate shaft, L. The foregoing small table gives the

dimensions and weights of the various patterns of cars built

by Messrs. Peugeot.

We may add, to complete this information, that the ex-

penditure of petroleum varies from 'Gid. to "80c?. per mile, and

that the consumption of oil is unimportant. The petroleum

tank holds from 4^ to 5^ gallons, according to the pattern of

car, and the amount of water required for cooling the cylinders

varies from b\ to 9 gallons.

The Peugeot cars are often fitted with ball bearings.

The spokes, similar to those used for bicycles, are of mild

steel, and have a resistance of 63 tons per square inch of sec-

tion. They are very serviceable, never break, and are easily re-

placed by means of a special key, which is provided with the car.

Wheel spokes have called into existence quite a special

industry derived from wire-drawing, which, however, we cannot

describe here. The first spokes employed were straight, but

now they are nearly always tangential, and are easier to repair

and replace, possessing at the same time great elasticity. These

spokes are made in different kinds of steel— soft, mild, or extra

hard steel.

Mr. Beaujouan, the well-known electrical engineer, has

written an interesting paper on cycle manufacture, published

in the ' Genie Civil ' of April 13, 1892, and in ' Cosmos,' August

11, 1894, in which he quotes as follows Mr. Jonte's views on

the resistance of spokes :

' The well-known expert, Mr. Jonte, engineer, E.C.P., late

manager in Paris of the Forges de Franche-Comte' and con-

sulting engineer to the Ministry of Commerce, carried out

experiments on wires for suspension bridges, for telegraphic

purposes, and for mining and marine cables, and found that

the strain on spokes never exceeded 13 tons per square inch of

section. Bicycle spokes stand 47 tons and over (the average

is 63 tons per square inch).'
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This interesting paper explodes the old idea of 126 and
even 157 tons per square inch, though of course it is not

wholly impossible.

In fact, the use of a very hard steel would render the

spokes brittle at their bent or threaded parts, and consequently

it would be impossible to have a screw thread on a spoke of

0'079 inch diameter which would resist a tension of 48 tons

per square inch.

No spoke has yet been found to break under normal work-

ing strain at any part except the threaded part.

Ball bearings being used so extensively, especially for

bicycles, Messrs. Peugeot, whose bicycles are so well known,

saw at once the advantage of adopting ball bearings for auto-

cars.

Rubber tyres were also found applicable to such light cars.

The tyre round the wheels consists of several layers -19

inch thick. Those employed by Messrs. Peugeot are made

by the firms of Torrilhon and Edeline.

Small cars need only have one row of balls ; but for cars

weighing 6 tons and over ball bearings with two or three rows

of balls should be used.

In building these cars Messrs. Peugeot have borrowed

many ideas from bicycle construction, and have happily assi-

milated them to the new vehicle.

The car frame is of steel tube drawn cold, and the joints

are of wrought or cast iron.

These cars have great resistance for small weight, and the

water for cooling the cylinders can be cooled by being passed

through the tubular framing of the car.

THE ROGEK CAE.

These petroleum cars are not yet very well known, although

they are first-class cars, strong, well built, and employ an ex-

ceedingly simple motor, which can easily be examined and

taken to pieces without the assistance of a skilled mechanic.
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Fig. 63 is a general view of the car ; its elegant appearance

leaves nothing to be desired. Fig. 64 shows the arrangement

of the machinery and reversing gear.

The chief features of this car which distinguish it from

others are the following :—A Benz motor is employed ; it is an

Otto -cycle motor with a single cylinder, A ; the valve motion

is reduced to a minimum, as we shall see later on ; the motor

works at 300 revolutions per minute only, and is fixed hori-

zontally, which avoids those up and down vibrations which are

the great drawback of the Daimler motor. It is placed at the

rear of the car within reach from the ground, and all its parts

are visible and accessible. Belting is used, which, spite of its

drawbacks, at least dispenses with wheel gearing and jolting on

uneven ground. The main disadvantage of belts is that they

require frequent adjustment, as they expand in damp weather.

The front wheels steer, and the fore-carriage is of the

divided axle type, and there is no lateral strain on the wheels.

The average speed of the car is thirteen miles an hour on

good roads.

We believe that a company has just been formed for

working Roger auto-cabs'. The machinery is so simple that

no doubt ordinary cabmen will be able to drive these auto-cars.

We think, however, that this attempt is somewhat premature,

and we should have preferred to wait for a newer and more

perfect car before taking this decisive step, which will decide

whether petroleum auto-cars are capable of fulfilling the re-

quirements of a cab service.

The Benz Motor.—The Benz motor applied to the Roger

car is an Otto-cycle motor with electric ignition. Before

describing it we will say a few words regarding the single-

cycle Benz motor, which has certain interesting points.

Figs. 65 and 66 are two sections of the motor. Owing to

the draughtsman's mistake, the piston is shown in two different

positions on these cuts. The valve gear consists of three

ordinary valves, a, b, and S, and a slide, E', which enables the
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following operations to take place :—Forward stroke : explosion

of gas mixture and compression of fresh air in a reservoir, E.

Fig. 63.—The Eoger Car.

gmmmr 44.

//
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annum

fflimiiion.ii

Fig. 64.—Machinery of the Eoger Car.
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Return stroke : expulsion of burnt gas, automatic exhaust,

and a compression of fresh gas mixture.

This is what takes place :—During the forward stroke the

Fig. 65.—The Benz Motor (section).

gas, compressed in the clearance space of the cylinder, is ignited

by an electric spark at a plug, c, by an arrangement described

below.

Fig. 66.—The Benz Motor (section).

On the other side of the piston the fresh air previously

in the cylinder is driven through a hole in the slide E into a

special reservoir, E. At the end of the stroke the slide E' cuts

off the reservoir E and allows the lower part of the cylinder

to communicate^with external air, so that during the return
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stroke a fresh supply of air is drawn into the cylinder ready

to be driven into the reservoir E during the next forward

stroke. During the return stroke the burnt gas is expelled

through the valve b into the atmosphere, and in order to clear

the cylinder thoroughly the valve a is open when the piston is

midway on its return stroke, so that all the air contained in

E sweeps the cylinder and rushes out at 6. The valves a and

b then close automatically, and the fresh air contained in the

cylinder is compressed till the end of the stroke. At the same

time a pump, A, injects petroleum vapour into the cylinder

through the valve S, which is opened automatically by a lever,

<7, and the explosive mixture thus made is then ready for

firing at the beginning of the next stroke.

We have no precise information regarding the carburator,

but probably the pump A' simply communicates with a slightly

heated reservoir of petroleum spirit, so that during the

forward stroke the pump would draw in petroleum vapour

through a small valve, which would close automatically whilst

the carburetted vapour was being drawn into the cylinder.

The igniter is placed at the side of the cylinder.

A small magneto-electric machine, formed by a coil and

permanent magnets, is worked by a small shaft and band,

producing an electric current. One pole of the coil is con-

nected to one of the wires in the plug c. The outside of the

plug is connected to the body of the motor, and the other pole

of the coil makes contact with the latter, when ignition has to

take place, by means of a cam and set of levers, which make

and break contact at the required moment.

This motor was not found suitable for the Eoger car on

account of its numerous and cumbersome parts, but we think it

might be simplified, and, as volume for volume of cylinder it

would give twice as much power as an Otto- cycle motor,

it is a pity it has not been adopted for cars. The motor

couple would also be much more constant, and suitable water-

jacketing would prevent any heating due to the great number
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of explosions. Its complication is its only drawback, in our

opinion.

The Otto-cycle Benz Motor.—This motor is practically

similar to the one just described. It is much simpler, how-

ever, as the cylinder has an open end and the gas is no longer

compressed before being passed into the motor. The slide

and valve gear can therefore be dispensed with, so that only

two tubes are required, for admission and exhaust. Although

horizontal, care must be taken that these valves close properly

on their seats.

THE GLADIATOR AUTO-CYCLES.

Not content with their reputation for cycle manufacture,

the Gladiator Company, whose technical expert is Mr. Darracq,

have lately designed three new types of auto-cars—a tricycle,

a quadricycle to seat two, and an elegant little, car which

everyone will have noticed at the last cycle exhibition in Paris.

Pigs. 67, 68, and 69 are cuts of these three cars.

The quadricycle and car motors are practically the same,

both being horizontal, whilst the tricycle has an upright

motor.

The latter is placed to the fore of the tricycle, and works

the rear wheel by means of two pitched chains and an inter-

mediate shaft, which carries cranks and pedals like an ordinary

tricycle. This arrangement enables the rider to assist the

motor on heavy ground or up steep banks, and also to start

it, which latter operation, on auto-carriages, requires a special

handle.

The front wheels steer, and are fitted to a divided axle
;

they are worked by the tricycle handle bar.

Exhaust takes place in the lower part of a box containing

the gasoline reservoir with the object of assisting vaporisa-

tion. The amount of carburetted vapour drawn with the

air into the motor is controlled by a regulator.

The motor described below makes 600 revolutions per
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minute ; it can develop § horse-power, sufficient for a speed

of 15^ miles an hour on good roads.

Fig. 67.—The Gladiator Tricycle.

Fig. G8.—The Gladiator Quadricycle.
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There is nothing special in the arrangement of the quadri-

cycle, Fig. 68. The front wheels are steered in the same way

as those of the tricycle. The rear wheels drive, and have a

differential gear. The motor works them by means of toothed

wheels, and, similarly to the tricycle, two pairs of pedals are

provided for assisting and starting the motor. The latter

cannot be thrown out of gear, bub when the car is pushed by

hand compression can be dispensed with ; the same applies

to the tricycle.

The quadricycle motor can supply 2 horse-power, is similar

Fig. G9.—A small Gladiator Car.

to the tricycle motor, and has also the drawback of not being-

balanced.

Pig. 69 shows an elegant and light little car to seat two.

It is steered on the divided axle principle, has a reversing

lever, and its regulator controls the admission of the petroleum

vapour.

The car weighs only 440 lbs. when loaded, that is to say,

with 4-8 gallons of water, 4-4 gallons of petroleum at a

density of 680° to 710°, and 0'66 gallon of pure mineral oil.
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This supply of petroleum suffices for a run of 15 hours at

15^ miles an hour over ordinary ground.

The motor weighs 110 lbs., and has an average speed of

500 revolutions per minute and nearly 4 effective horse-

power.

The car is arranged to travel at two different speeds, inter-

mediate speeds being obtained by controlling the supply of

petroleum.

We are indebted to Mr. Darracq for the working drawing

of the car motor which we have reproduced on Fig. 70.

Fig. 70.—Motor of Gladiator Caiv

It is horizontal, and has two parallel cylinders, only one

being shown on the cut. The motor consists of three cast-iron

parts, bolted together at n
i
n

l
and n,/n.

2 . The first casting

comprises the explosion box and the cylinder bottom, the

second the cylinder barrel, and_ the third the air-tight casing

in which the crank revolves immersed in oil.

The whole could have been cast in two parts, but for prac-

tical reasons it was found much easier not to do so, as the

advantages of a joint the less and greater simplicity would

have been neutralised by difficulties in casting and turning

the parts.
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The two cylinders, of which we shall only describe one,

work simultaneously, but explosion takes place in one cylinder

whilst the other is drawing in the gas, so that we have one

explosion per revolution, as in the Daimler motor.

It is an Otto-cycle motor, and is kept cool by a water-

jacket, E, surrounding the explosion chamber only. The pipe

m leads to an apparatus for cooling the water. A Longue-

marre burner at b is connected with a special reservoir of

mineral oil. To start the burner it is necessary to keep up a

certain pressure in the oil reservoir during a few moments

by means of a small pump ; but once the motor is started the

supply is automatic. The burner is used to raise to a white

heat a small tube of platinum, t, which ignites the gases.

Petroleum vapour is supplied through the pipe p, and air

through the pipe a. Mixture takes place in the chamber G,

and can be regulated by the key B,. Any kind of carburator

being suitable, no description is needed.

The charge is drawn automatically through the valve s,

which has a spring, r, closing it after each suction. The

valves and valve seatings are made of cement steel, and

thoroughly fitted to avoid friction and consequent wear, which

might cause leakage. The valve s' has a powerful spring, r',

and is worked by the lever I, which presses upon it so as to

open the valve every alternate revolution, this being accom-

plished by means of a cam, K', fitted to an intermediate shaft

revolving once to every two revolutions of the main shaft.

The toothed wheels, 1 and 2, shown in dotted lines, have a

ratio of 1 to 2, so as to obtain the required reduction of angular

velocity. The cam K" is keyed to the same shaft as the cam

K1 at an angle of 180 degrees to it ; it raises the lever belonging

to the other cylinder, so that exhaust takes place in the second

cylinder one revolution later than in the cylinder under con-

sideration, as the intermediate shaft only revolves half as

quickly as the main shaft.

The spring n keeps the lever I in contact with the cam A"'.



PETROLEUM AUTOCARS. 149

The exhaust gas passes through the pipe n
l

into the box

B, which is divided into two compartments full of steel filings,

which deaden the noise of the exhaust. The heavier filings

are placed near the air outlet, so that there is less resistance

to the passage of the gas as the outlet is approached, and the

gas can expand gradually before finally escaping.

The ratio of the total volume at the end of the forward

24
stroke to the volume swept by the piston is about — , so that

compression at the end of the stroke attains about 22 -72 lbs.

per square inch. This amount of compression is rather slight,

and probably after explosion the pressure does not greatly

exceed 142 lbs. or 170 lbs. per square inch. The length of

the tube t is such that the fresh gas only comes, into contact

with the incandescent portion at the end of compression, after

the burnt gas from the previous explosion has been driven

away.

The drawing on Fig. 70 is to scale.

The motor of the quadricycle differs slightly from the

above. It is horizontal, but the two cylinders are in opposi-

tion, and the two connecting rods of the pistons are attached

to the same crank pin. The motor consists of four castings :

the explosion boxes and bottoms of cylinders, the cylinders

and the casing made up of two parts bolted together.

There is no water jacket, but the cylinder has plain ribs

cast on to it, which enables the surrounding atmosphere to do

all the cooling that is required. The gas is ignited by an

electric spark at the end of a plug containing the wires.

The two valves in each cylinder are horizontal, which is

not a suitable arrangement. They are worked mechanically

by two cams fixed to an intermediate shaft revolving at half

the speed of the main shaft. This reduction in speed is ob-

tained by two toothed wheels having a ratio of 1 to 2.

As in the car motor, one of the cylinders is drawing in the

charge while the other is exploding it. The valves close on
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their seats by means of springs. The crank consists of two

discs keyed to the main shaft and connected together by the

crank pin ; they dip into the oil contained in the air-tight

casing, so that the machinery of the motor is well lubricated.

Each piston has a 3-inch stroke, and the amount of com-

pression is practically the same as in the car motor. The

motor has a speed of about 400 revolutions per minute, a

power of 2 effective horse-power, and consumes about O'll

gallon of petroleum per horse-power per hour.

The car motor supplies over 4 horse-power for the same

speed, as the stroke of the piston is double and the area of

each piston is greater than that of the one just described.

The electric spark is produced very economically, two

cells, a Ruhmkorff coil, and an igniting plug being all that is

required. Normally the current does not pass through the

coil, whose contact piece is kept off by a small grooved cam

;

when the groove of the cam comes into play the commutator

is freed, and oscillates several times before being kept off again

by the cam. Consequently, as the current only passes through

the coil at the precise moment it is required for producing the

spark which explodes the gas, this method is economical, as

there is no needless expenditure of electricity.

The Gladiator motors,are well designed, and although, like

the Daimler motors, they have the disadvantage of not being

balanced, we do not see that they are in any way inferior to

the latter.

Mr. Darracq tells us that he is designing a new motor

which is a great improvement on existing ones. We shall be

glad to see this carried out successfully, as gas motors for

auto-car purposes are still far from perfect ; they are too noisy

and difficult to manage.

THE DURYEA CAR.

A Duryea car was the first to arrive in the competition

organised by the 'Times Herald' in November 1895.
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The motor employed on the Duryea car is, like the Kane-

Pennington motor, an American invention. These motors

both mark an important step in advance over those which

have hitherto been in the market, and will excite the interest

of those who follow the question of self-propelled traffic.

The Duryea car, which came out victorious in the recent

contest, may therefore have a brilliant future before it, and it

would be unfair to ignore its good and practical qualities.

The following information is taken from the English

patents regarding this motor and its application to a car.

Fig. 71.—Plan of Duryea Car.

The Autocar of Coventry has already published a description

of the motor employed on this car.

The car (Figs. 71 and 72) has four wheels, the driving

wheels being at the rear. The motor is suspended to the car

frame, and by means of gearing and a pinion keyed to the

intermediate shaft / the power is transmitted to the differen-

tial D, which works the two driving wheels. This differential

shaft is mounted on two springs, B, which bear against the

frame.

The lever ilfand two rods t and t' are used for the steering,
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which is on the divided axle principle. This method of

steering, however, differs from similar systems in the mode of

suspension adopted, the fore-carriage being suspended to a

transverse spring, T, so that the front axle is enabled to turn

upon a trunnion, C.

It will be seen that this arrangement has the advantage of

enabling the front wheels to go over rough ground without

bringing any strain upon the framework of the car. We may
notice also that the wheels have pivots p inclined to the

vertical, and this arrangement not only assists steering, but

Fig. 72.—Section of Duryea Car.

also prevents the wheels from suddenly deviating from their

path on encountering any obstruction on the road.

The handle M has a catch which fits into notches and

varies the speed of the car. This is what takes place : By
raising or lowering this catch, a cord, shown in dotted lines on

the drawing, is pulled. This cord follows the tubeNand passes

on to the pulley/, being guided by rollers, g and g' . By moving

M we pull the cord, and thereby revolve the pulley f, which

works a shaft carrying four different cams, which, according

to the position of the shaft, stretch either of four belts con-

necting the driving shaft K with the intermediate shaft I.
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By working M we can therefore stretch either of the belts

b, b u b 2, or b 3l which correspond to different velocities of the

car compared to that of the motor ; reversing can also be

effected by these means.

The motor per se is quite different from those which have

hitherto been built.

Explosion does not take place in the cylinder itself but in

a special reservoir, 0, which in this case is equivalent to the

boiler of a steam-engine. The reservoir supplies gas under

pressure to the cylinder. The gasoline or other petroleum

spirit, which is stored in a receiver, S, passes through a pipe, T,

branched at its lower end, and into a large tube, C, where it

is evaporated by the action of heat.

The petroleum vapour then passes into a burner provided

with a tube discharging into a reservoir, 0. In passing through

this tube the gas carries away the necessary amount of air for

its combustion, which takes place in 0. Another pipe, Tv

starts from and leads to the upper part of the receiver, S, so

as to maintain a uniform pressure in the whole system S, T,

C lt
and T

x
.

Without this arrangement the pressure of gas in would,

by acting in G
x
and S, evidently prevent the gasoline from

falling and evaporating in Cv The tube T is provided with a

conical valve which, according to its position, regulates the

supply of petroleum. All things being equal, the pressure

will always be proportional to the quantity of hydro-carbon

which passes through per second, so that once the valve has

been regulated for a car it need never be touched. A second

valve, n, enables the pipe K to be completely closed when the

motor has to be stopped.

The lamp L is used to heat the vaporiser C
x
when starting

and to ignite the gas as it enters at 0.

"We have already said that the velocity of the gas as it

leaves the injector suffices to carry away the amount of air

necessary for its combustion. The general rule is to arrange
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that the volume of air thus carried away shall be ten times as

great as the volume of petroleum vapour. The more air

is taken away the lower will be the temperature of the

mixture resulting from combustion, so that the motor will not

need a water circulation to keep it cool.

The pressure in the chamber and in the pipe is about

120 lbs. per square inch.

The car is also provided with a starting lever for setting

the motor in motion.

The car which entered for the Chicago race weighed

704 lbs., and could travel 20 miles an hour on a good road.

The motor, similar to the one already described, had four

different speeds ; its power was i effective horse-power, and its

total weight 119 lbs. The reservoir S held 8 gallons of gasoline.

The Duryea car which ran over the Chicago course only

consumed about 3^ gallons of gasoline for a distance of 56

miles, covered in about 9 hours, in spite of the bad state of the

roads, which were thickly covered with snow.

The arrangement adopted on the Duryea car is, in our

opinion, one of the features and greatest novelties of last year.

This generator of compressed hot air is a decided step in a very

different direction to that which has hitherto been followed in

the construction of gas motors. The idea is absolutely new,

and has many practical advantages.

The first of these advantages, and not the least, is thatmotors

with double-acting cylinders, or engines with three cylinders

set at 60 degrees to one another, working simultaneously,

can be used. This enables the size and weight of a motor for

a given power to be considerably reduced, and the motor

couple will be much more constant than if Otto-cycle, or even

single-cycle, motors, such as are at present employed, were used.

Another advantage is that the pressure in the generator

can be varied according to the work to be done by opening

more or less the admission valve : the consumption of hydro-

carbon is therefore always proportional to the work done.
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We are given to understand that a Duryea car will take

part in the Paris-Marseilles race, and this -will enable us to

judge for ourselves of the value of this new auto-car, for in

the matter of invention we must never assert anything defi-

nitely before we have, seen and examined for ourselves. The
chief drawback to this American auto-car seems to be the

very high temperature of the hot-air reservoir.

THE KANE-PENNINGTON MOTOE. 1

Maxim has already employed a very light steam motor in

America in the course of his experiments in aerial navigation.

The motor weighed. 330 lbs. per 12 horse-power, but we must
add that the exact description of this motor has not yet

reached this side of the Atlantic.

Quite recently the technical press announced the inven-

tion of a petroleum motor which was a vast improvement

upon the above, the inventor having been able to reduce the

weight of his motor to 17"6 lbs. per horse-power. The motor

in question was the Pennington built by Messrs. Kane, of

Chicago, who give the following weights : 29-7 lbs. for a motor

of J-horse-power ; 39 -6 lbs. for the 2-horse-power motor

;

49 -5 lbs. for a 4-horse-power motor, or 12*37 lbs. per horse-

power. We do not accept the responsibility for the above

figures.

However, we must admit that the very simple construction

of the motor is characteristic of the American constructor.

All has been sacrificed for the sake of lightness : there is no

useless part ; the stationary parts are used for attachment

and the moving parts are used for driving and valve gear.

Petroleum spirit descends from the tank to the engine

through a pipe by gravity.

The motor is an Otto-cycle motor ; the piston first draws

in air with a certain amount of petroleum spirit during part

of its stroke. The petroleum vaporises and carburets the

1 Extract from La France automobile.
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air, and in so doing cools the cylinder, so that the water-

jacket used on similar motors is not needed here.

We shall see farther on that there is another reason for

the non-heating of the cylinder.

On its return stroke the piston compresses the mixture of

carburetted air at the end of the cylinder.

At the end of the stroke and before the piston starts

again an electric spark is pro-

duced by a primary battery,

and this fires the gas.

The piston is driven for-

ward again, this stroke being

the working stroke, and on

its return expels the burnt

gas.

The air and liquid admis-

sion valves are opened by the

sucking action of the piston :

the exhaust valve, on the con-

trary, is worked mechanically,

and this insures complete ex-

pulsion of the burnt gas.

When the piston is draw-

ing in the charge the liquid

falls upon a wire which is

placed in the upper part of the

cylinder. This wire, spiral-

shaped, is connected to the

primary battery, and assists

the complete vaporisation of the petroleum spirit by slightly

raising the temperature, No carburator, with its attendant

disadvantages, is therefore needed. The f-horse-power motors

have one cylinder, the 2-horse-power two cylinders, and the

4-horse-power four cylinders (Figs. 73, 74, and 75).

The cylinders are strongly made of cast steel. The steel

Fig. 73.—The Single-cylinder

Kane-Pennington Motor.
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bottom is screwed to an iron frame and then brazed, this

precaution being taken with all screwed parts.

The pistons have three rings. All the parts can be taken

to pieces by simply unscrewing a nut.

In addition to the two valves, the motor also has a

reducing gearing and a rod working the exhaust valve.

The flywheel is only

20 inches in diameter, and

all its weight is utilised

-at its periphery. The spokes

are similar to those used in

bicycles. The engine is

reversed by simply throw-

ing one of the toothed

wheels out of gear.

The diagrams Nos. 1,

2, 3, and 4, Tig. 76, have

been obtained with a motor

having a piston 2 '46 inches

in diameter with a 12-inch

stroke. The details and

dimensions of this piston

are given in millimetres on

Fig. 77.

A remarkable feature

about this motor is that

it works without heating,

though no precaution is

taken to keep the cylinder cool. Mr. Randol says that he

has seen this motor work for hours at speeds often exceeding

1,500 revolutions per minute without any excessive heating

of the cylinders, the motor being simply suspended by cords.

The diagrams on Fig. 76 show that the motor works exactly

as an ordinary Otto-cycle motor. "When the diagrams were

taken its average speed was 325 revolutions, but it must be

Fig. 74.—The Two-cylinder
Kane-Pennington Motor.
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added that these tests were carried out very roughly. The

diagrams enable the indicated power of the motor to be calcu-

lated, but the useful work cannot be measured, as the brake

used was merely a wooden plank pressed against the motor

flywheel.

Diagrams 1 and 2 are valueless, as a leak was afterwards

found on a joint of the pipe connecting the indicator to the

Fig. 75.—The Four-cylinder Kane-Pennington Motor.

cylinder. The only diagrams that can give any useful informa-

tion regarding the normal working of the motor are 3 and 4.

They show that it worked quite regularly, and the diagrams ap-

proximate very much to the theoretical cycle of maximum effi-

ciency which can be obtained with an Otto-cycle motor. At the

end of the stroke the compression is 64 lbs. per square inch,

and increases to 178 lbs. after the charge has been exploded.
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1

The diagrams show, moreover, that deflagration takes place

almost simultaneously with the end of the return stroke,

and that it is practically instan-

taneous. This, we know, is one

of the essential conditions of a

good efficiency. We also notice

that expansion is carried far

enough to cause the pressure of

the gas in the cylinders to fall as

nearly as possible to that of the

atmosphere.

Fig. 78 shows the arrange-

ment adopted for vaporising and

for firing the gas. This arrange-

ment enables the petroleum

spirit to be vaporised inside the

cylinder itself, and the non-

heating of the cylinder is mainly

attributed to this. One pole of

a battery is connected with the

body of the motor and the other

to an S spring ; the circuit is

completed by an isolated wire

which leads to the lower nut of

the plug shown on the cut. Mr.

Randol states that the contact

piece, attached to the piston,

catches the spring on the return

stroke of the piston, which

corresponds to compression, and

this completes the circuit, the

electric current passing through

the plug, the spring S, and the body of the motor,

the piston advances the spring S slides on W, and

Fig. 76.

But as

theas

spring is provided with isolators the current is made and
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broken alternately a great number of times during the period

of compression, which gives rise to a series of sparks which

assist vaporisation without firing. ' At the end of the return

stroke the contact piece leaves the spring, and the large

spark which results causes explosion.

To tell the truth, it is not easy to understand how this

series of small sparks assists the vaporisation of the gasoline

without causing explosion at the end of compression, yet the

^ees
'/tiS

Fig. 77.—Kane-Pennington Motor—
Details of Piston.

Fig. 78.—Carburator of

Kane-Pennington Motor.

diagrams, if they have been obtained .vith the motor in ques-

tion, show clearly that from this point of view the motor works

marvellously.

We cannot, however, attribute the non-heating of the

cylinders entirely to this method of carburetting the air. We
will examine farther on the cause which in our opinion explains

this peculiar property of the Pennington motor.

We will first state, however, that the diagrams 5, 6, and 7

have been taken from a Regan motor which had a water-jacket
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round the cylinder. These motors are arranged to work with

a carburator, and as the diagrams in question were obtained

by supplying the petroleum spirit direct to the motor they do

not give the real value of the motor. These tests were made

to determine what effect the Pennington arrangement had in

vaporising the petroleum. Diagram No. 5 was obtained on a

Regan motor fitted with the apparatus represented on Fig. 78.

This diagram is normal, and shows that the explosion was

almost instantaneous. This is not the case, however, when

the apparatus is done away with ; diagrams 6 and 7 show that

the temperature of the cylinder is not sufficiently high to

cause complete vaporisation, so that explosion takes place

during nearly the whole time of the forward stroke.

The series of small sparks in the Pennington motor is one

of the causes of the good carburation of the mixture before

explosion.

It now remains to be seen why the Pennington motor does

not get very heated. Here is one explanation. The motor is

built of very thin steel tubes, so that the mass of metal is

much less than that of any other existing motor.

Consequently during the first explosion the amount of

heat stored in the metal is very slight, and it can nearly all

be absorbed before the next explosion by the vaporisation of

the petroleum and by contact with the surrounding atmo-

sphere. If, on the contrary, we had a cast-iron motor, and con-

sequently a comparatively heavy one, the amount of heat stored

up by the metal would be considerable, and would be only very

slightly reduced by contact with air or by the vaporisation of

a little gasoline, and a time would come when the temperature

of the cylinders would be almost as high as that required to

cause explosion. This temperature would remain practically

constant during the whole cycle of the motor on account of

its heat capacity. Probably with the Pennington motor the

same temperature is obtained at the moment of explosion, but

it is not maintained, because all the beat stored by the sides

M
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of the motor radiates into the atmosphere or is taken up by

the vaporisation of the petroleum. The mean temperature

being low, the lubricants used will not vaporise, and the

motor will need no water circulation to cool it.

In short, the Kane-Pennington motor can work without

a water-jacket on account of the very thin sides of the

cylinders and its low heat capacity.
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CHAPTER VII

petroleum AUTO-CARS (continued)

THE LOYAL MOTOE.

The motor designed by Mr. Loyal is now being manufactured

and supplied to the trade for small works and agricultural

purposes. It has not yet been adapted to cars, but its

simplicity, its high efficiency, and the absence of a cooling

apparatus already show a great progress in motor design for

auto- locomotion.

No ignition, no special mechanism for the valves, and yet

a single-cycle motor ! Such is the surprising result arrived

at by Mr. Loyal. Fig. 79 shows the general arrangement.

The cylinder C oscillates on two trunnions, one of which

admits the gas through a valve, S. The exhaust valves at S'

are four in number, arranged on the periphery of the cylinder.

Some patterns of motors, however, have only one valve,

equivalent to these four.

The motor sold for light work is l|-horse-power and 300

revolutions per minute. The flywheel Y equalises the motion,

sind the supply of gas is controlled by a cock R connected to

a special carburator, described farther on.

Ignition by electric spark has been replaced by a method

which we might call 'pneumatic' ignition. By simply com-

pressing the gaseous mixture in a nickle tube the necessary

heat for firing is obtained, owing to the well-known principle

that for every sudden compression of a gas heat is evolved in

proportion to the work done. Before starting the nickle tube is

m2
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heated by a small Bunsen burner, but once the motor is started

the compression alone is sufficient to cause explosion.

We have already said that it is a single-cycle motor, which
at first sight seems incompatible with only one cylinder. But
here again principle, or rather a new idea confirmed by
experience, has been applied : i.e. ' a burnt gas does not mix
easily with a fresh gas.'

Of course, this principle was known, as ignition by in-

candescent tube is based precisely on the fact that the burnt
gas is driven into this tube, and only allows the fresh gas to

come into contact with the heated sides of the tube when a
certain degree of compression has been attained ; but no one

had thought of applying this

principle to obtain a single-

cycle motor with only one

cylinder.

The process in working is

as follows :

Suppose the motor to be

at the period of explosion and

the piston thrust forward ; the

gas expands during the first

part of the stroke till the

Fig. 79. -Arrangement of Loyal
Motor.

piston arrives at a certain point in its travel, when the pres-

sure of the gas inside the cylinder falls below atmospheric

pressure. From that moment a fresh supply of gas is drawn
through the valve S till the piston is at the end of its

stroke. On the return stroke the gas is compressed and

raises the exhaust valves S', which allow a certain amount of

burnt gas to escape. The fresh gas had not arrived so far

as »S'.

Compression will continue when the piston has passed the

exhaust valves, but the gas remaining in the cylinder can no

longer escape, and the degree of compression at the end of the

stroke will be sufficient to cause the explosion of the fresh gas
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in the upper part of the cylinder. The cycle is then repeated

in the above order.

We said that all the burnt gas was not expelled ; this is

perhaps one of the causes which prevents the motor from

heating, although nothing is done to cool it.

To make matters more clear, let Q be the heat evolved per

explosion, v
i
the volume of fresh gas, and r 2 that of burnt

gas. If the latter had been expelled the temperature of the

gas at the time of explosion would have risen to

T .. Q1 1 !

CJ'i

c being an experimental coefficient practically proportional to

the specific heat of the gaseous mixture.

In the case of a volume i' 2 of neutral gas the temperature

would become

T - Q
C (.'! + Vl )

and it is easy to see that T2 will vary inversely with r 2 .

T
Assume, for instance, v

x
= r 2 , we shall find that T2 = —I ; the

A

temperature would therefore be halved.

Of course, the pressure due to explosion also falls in the

same proportion, but the work that can be clone by the gas is

not affected, because expansion can be carried much farther,

owing to the great volume of gas. In point of fact, an

appreciable saving is realised, as all the available heat is

utilised to produce work instead of heating the circulating

water, as in ordinary motors. Mr. Loyal states that this

saving amounts to 30 per cent., so that, instead of consuming

O'll gallon of petroleum per horse-power per hour, not more

than -055 gallon is required. This statement agrees with

theory, as 50 per cent, of the total heat is absorbed by the

circulating water in ordinary motors. ,

Before concluding the description of this interesting motor
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we will say a few words concerning Mr. Loyal's new patent

automatic carburator, shown on Fig. 80. The apparatus consists

of a reservoir li divided into two compartments C and C", the

former of which holds the gasoline.

A spindle, t, provided with a spring at its lower end, passes

through the lower compartment C" and prevents the petroleum

from falling into it when it does not revolve. When, however,

the motor is drawing in the gas the wheel of the spindle revolves

and petroleum falls, drop by drop, at a rate which is always

proportional to the velocity

of rotation of this wheel,

which is revolved by the

suction of the motor itself,

as air is drawn through

0' and into C", causing the

screw H to revolve with

the spindle t. The petro-

leum then falls upon the

screw, and the combined

action of the air and screw

vaporise the petroleum

thoroughly, and thus car-

buret the air before it

passes through the pipe

T, which leads to the

explosion chamber of the

motor. The higher the speed of the motor the more air will

it draw in, mixed with an unvarying proportion of petroleum

vapour, as the supply of petroleum depends upon and is pro-

portional to the speed of rotation of t—that is, to the amount
of air drawn in.

Consequently the carburator is automatic in action and
supplies a constant charge of air and carburetted vapours
mixed in unvarying proportion. Heavier petroleum oils can be
employed with this motor than with others, and with motors for

Fig. 80.—The Loyal Carburator.
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agricultural purposes Mr. Loyal uses any mineral oils that can

be procured. These advantages of economy and simplicity are

a real progress in motor building.

This motor can also be adapted to pleasure launches.

THE DAWSON MOTOR.

Shown on Fig. 81, this

motor can be equally

applied for traffic along

roads, although primarily

designed for stationary

plant. This motor has

no valves, and explosion is

obtained by means of an

incandescent tube. A
barrel closed at its lower

end forms the piston P,

and is propelled by the

connecting rods B and C.

The rod C is connected to

the piston by a universal

joint, and at its other ex-

tremity is provided with a

worm wheel D, which en-

gages with a worm formed

on a disc keyed to the

crank. This arrangement

enables the rod C to rotate

the piston P. The latter

has two apertures, a, on

the same diameter, and

the cylinder has similar

Fig. 81.—The Dawson Motor.

openings for admission and exhaust of gas. The combined

movement of translation and rotation of the piston is so

arranged that gas is admitted through a during a part of the
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forward stroke of the piston. The holes a are closed on the

return stroke till the end of compression, at which moment
one of these holes a comes opposite an incandescent tube and

explosion takes place. As the piston again revolves upon itself

a comes opposite the hole forming the exhaust port of the gas.

Such is the principle of the Dawson motor, which, in our

opinion, leaves much to be desired. The holes in the cylinder

must be comparatively long and spiral-shaped to coincide

with the position of a in order that gas may be admitted and

expelled during the greater portion of the stroke. The piston,

in short, becomes a circular slide valve, and, as it is im-

possible to adjust when worn, we do not see how leaks can

be avoided between the cylinder and the exhaust. Besides,

the large area of the piston causes much friction, which must

affect the efficiency of the motor.

This motor, like most petroleum motors, is provided with

a water-jacket.

THE LEPAPE PETROLEUM TRACTOR.

Mr. Lepape's solution of the problem of road locomotion

is to employ a tractor for hauling any kind of car.

Pleasure locomotion, however, is hardly compatible with

such ugly, noisy, and heavy iron or steel horses. We have

already pointed out, when dealing with steam tractors, that

they were only suitable for industrial purposes such as goods

transport, rural buses, or haulage of heavy vans. Does, how-

ever, a petroleum tractor offer any advantages over a steam

one 1 We think not, as it necessarily works less regularly,

is much noisier, and the absence of boiler and resulting saving

in weight is not an advantage, but rather the reverse, as it

reduces the adhesion of the wheels, and thereby the weight

that can be hauled.

This motor and its machinery are, however, exceedingly

interesting, and might certainly be applied with success to

trams or buses.
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The motor has three cylinders, set at 120 degrees to one

another, so as to equalise the motor couple and reduce the

vibrations due to the reciprocating parts. We regret not being

able to describe the parts in detail, as Mr. Lepape was unwilling

to supply the necessary information. We may say, however,

that the charge is admitted and expelled through valves as

with most petroleum motors, and that ignition is obtained

electrically.

The arrangement of the three cylinders is well designed,

Fig. 82.—The Lepape Transmission Gear.

and is advantageous for traction. Mr. Lepape's system of

power transmission is also worthy of mention, and is shown

on Figs. 82 and 83.

The movement is transmitted from the motor to a differen-

tial shaft by means of two discs, P and V, which form a

friction coupling, and are employed for throwing in or out of

gear, for change of speed or for reversing, no other device

being required.

The disc V, which is of cast iron, is keyed to the motor

shaft, and acts as a flywheel as well. The disc P is set upon
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the differential shaft so that it can move up and down this

shaft and come into contact with Vwhen required. This enables

any speed from zero to maximum to be obtained by shifting the

disc P along the diameter of V. The maximum speed will be

attained as P engages with a point on the circumference of

V, and this speed will decrease as P approaches the centre of

V, a reverse motion being ob-

tained as P passes to the other

side of the centre of the disc V.

The differential shaft has

two pinions, which drive the

car wheels by means of the

Gall chains G. The differen-

tial arrangement enables these

pinions, and thereby the wheels,

to move independently when
passing round curves.

We may point out that the

tension on the chains increases

with the tractive power, so that

adhesion between the friction discs P and V is proportional

to the power required to be transmitted ; the driver need

only bring the two discs into contact, and the necessary pressure

will be obtained automatically.

The driver has two levers within reach—one at his right

for throwing the motor in or out of gear, the other for

steering the rear wheels, which are mounted on pivots.

THE TENTING CAR.

Fig. 84 is a general view of this car, and Fig. 85 a plan of

the gear.

A Tenting motor is used ; it is a horizontal Otto-cycle

motor, has two cylinders, a limited speed of 250 revolutions

per minute, and can provide 4 horse-power.

Valves control the admission and expulsion of the charge,

Fig. 83.—The Lepape
.Transmission Gear.
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and the general arrangement of the motor is similar to others

already described. The valves are placed horizontally, and

this seems to us a bad arrangement unless they are properly

guided. The motor revolves slowly, is fairly bulky, and is

not always easy to start. The lever G shown on the cut

steers the front wheels, which are pivoted, by means of two

Fig. 84.—The Tenting Car.

rods. The general view (Fig. 84) shows an alternate method

of steering, a chain being substituted for the lever G.

Although Mr. Tenting has gone back to ignition by

incandescent tube, after having tried electricity, we think his

electric apparatus cannot have been properly arranged, or it

would have given at least as good results as incandescent

firing. The cylinders are kept cool by a water-jacket.
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The arrangement for reversing and for varying the speed

is a great feature of Mr. Tenting's car. This is shown at D
and E, and somewhat resembles the method adopted in the

Lepape tractor already described. Friction is employed for

transmitting the power from the motor to the pinions which

revolve the driving wheels by a Gall chain. Unlike the

Lepape system, the discs E and D are constantly in contact

together under a constant pressure. At starting, the disc

E, which slides along a shaft, is at the centre of the discs

Fia. 85.—Machinery of the Tenting Car.

D, but once the motor has started the car can be run

forward or backward by simply shifting E to the right or left

of its midway position. The speed of the car, compared to

that of the motor, will be greater as the distance of E from

the centre of D increases.

Mr. Tenting's system is not bad theoretically, but it remains

to be seen how it works in practice. No attempt has been made

to dispense with the chain, and yet this is one of the very im-

provements that should be sought. At first sight there is nothing

to prevent the shaft E being made to work the drivers by dif-
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ferential gearing, and with suitable diameters for E and D the

required reduction of speed could be obtained. Mr. Grelet tells

us he intends to try this system of transmission. We think

the trial is worth the while, because, if successful, he will have

greatly improved and simplified the driving gear of auto-cars.

THE DELAHAYE CAR.

The Delahaye car, on view at the Champ de Mars exhibi-

tion, was completed too late to take part in the Paris-Bordeaux

race.

Fig. 86 shows the car in question, which is elegant in

Fig. 86.—The Delahaye Car.

appearance. The wheel base is large, that is to say, the

axles are far apart, and the forepart of the car is slender and

has less the appearance of an ordinary horse carriage adapted

to a novel use than is generally the case with auto-cars.

The car frame is of steel tubes ; consequently it is lighter

for the same resistance than an ordinary carriage. The car

body fits on to this framework, and can be converted from a
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brake with six seats into a phaeton with four seats, or vice

versd.

The car is steered, like the majority of those we have

described, on the divided-axle principle, and, owing to the

light weight on the fore-axle, steering should be gentle and

easy.

The motor used on the Delahaye car is its most interesting

feature. It has two balanced cylinders, that is, the pistons

work cranks set at 180 degrees to one another.

f
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Fig. 87.—Machinery of the Delahaye Car.

"Will this arrangement, however, prevent all vibration 1 We
have already dwelt upon the advantage of this arrangement,

and certainly if the parts of each piston are of equal weight

the pulsations of the motor when full working will hardly be

felt.

This will not be the case at moderate speeds, as part of the

jerks felt on an auto-car are not due to the reciprocating

motion, but to the shock produced by explosion. On firing

the gas the cylinder has a tendency to go in one direction and

the piston, crank, and shaft in another. The framework

supporting the motor is consequently subjected to a sudden

stress, which ceases almost immediately afterwards.
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These stresses, although short in duration, take place every

revolution, or every other revolution, and cause the annoying

vibration that we feel on petroleum auto- cars. These pulsations

become less as the motor revolves more quickly, and may
even cease altogether if the motor is provided with a flywheel

sufficiently powerful to store up the energy of each explosion.

The arrangement on Fig. 87 shows the machinery of this

car. Belts are used for the power transmission, and two

different speeds may be obtained. These belts work on a

differential shaft, B, which, by means of pinions C and two

Gall chains, transmit the power to the rubber-tyred driving

wheels. The brake is fitted to a pulley, G, keyed to the shaft

B, and a wheel D is used to start the motor.

The normal speed is 450 revolutions per minute, and it has

5 effective horse-power. Mr. Delahaye prefers electric firing,

as he is thus enabled to vary the ignition point of the charge.

A small centrifugal pump causes water to circulate around

the cylinders and in a set of tubes arranged in the forepart of

the car, so that the water may be cooled before passing back

into the water-jacket of the motor.

In conclusion, we may state that the Delahaye cars are

exceedingly well spoken of ; the motor employed is a French

invention and of French manufacture, and will probably com-

pete successfully with the Daimler motor which won the Paris-

Bordeaux race.

THE EOSSEL CAB.

We regret we are unable to give a complete description of

Mr. Rossel's car ; its careful workmanship and arrangement

entitle it to a foremost place amongst auto-cars.

The steering and starting levers are well within reach of

the driver, and their arrangement facilitates the driving.

The car can pass round sharp curves, and can run back-

wards ; it can be stopped rapidly by means of two powerful

brakes, one of which is sufficient to skid the wheels. Speeds



] 76 AUTO-CARS.

from 3 to 12 i miles an hour can be obtained, and banks of

I in 10 can be climbed.

The car frame is of steel tubes, and is carried by means of

very soft suspension springs on four metal wheels with tangent

spokes and rubber tyres.

The Daimler motor, the driving gear, and the car body are

all attached to this framework.

The car carries a supply of 6 -6 gallons of petroleum, which

is sufficient for a run of 124 to 155 miles, and a supply of

II gallons of water necessary for cooling the motor cylinders.

An additional supply of a few pints of water is required

every 30 miles.

The wheels and the main parts of the machinery all

work on ball bearings, which avoids lubrication along the

road.

THE PYGMEE MOTOR.

We think that the Pygme"e motor, which is a French in-

vention and built by a French firm, will become an exceedingly

dangerous rival to the famous Daimler motor.

As its name implies, it is small and not cumbersome, but

its slight bulk is entirely due to the arrangement of its parts,

and not to a reduction in size of the latter. The Pyginee

motor is strong and easy to manage, so that it will be much
appreciated by those who use it.

Fig. 88 shows a vertical 4-horse-power motor ; those

supplied to cars are horizontal, but otherwise similar in all

respects.

The Pygmee motors are all balanced ; that is, they have two

cylinders whose pistons work cranks set at 180 degrees.

We have already dwelt upon the advantage of this arrange-

ment, which avoids vibration due to the alternating motion of

the parts.

As usual, the admission valves are opened by the suction

of the motor, and the exhaust valves, inclosed in the box E,
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are worked by cams keyed to an intermediate shaft, /, which

revolves at half the speed of the main shaft.

Speed is regulated in quite a special manner, and any

speed may be obtained.

The rod t is connected to a regulator working centrifugally

and carried by the flywheel ; as the motor revolves the fly-

The Pygm£e Motor.

wheel tends to push the rod t from right to left. This action

is counterbalanced by a spring, r, whose tension can be varied

by means of a screw, b. If the motor revolves too quickly the

tension of the spring is overcome, and the rod is pushed

towards the left against the ridge K, which worked the exhaust

valve of the left cylinder.

N
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As exhaust cannot then take place at that moment, the

piston will not draw in a fresh charge of gas on the following

stroke, and explosion will not take place till the motor is

brought back to its regulation speed, which is determined by

the tension of the spring r.

If the motor, now working with one cylinder, were still to

revolve too quickly, the rod t would go still farther towards

the left, and would push K', thus preventing the second

cylinder from doing any work.

The motor can work either with petroleum or with spirit,

on account of its special carburator. The latter simply con-

sists of a spiral tube which surrounds the burners for igniting.

When the motor draws in the charge the petroleum or spirit,

by means of a jet of air, passes into the spiral tube, and

vaporises before entering the cylinders. The mixture thus

obtained is too rich to be inflammable. When petroleum is

used the spiral tube is inside the burner, whilst it is outside

when spirit is employed instead.

The air and carburetted vapour admission ports are

arranged so as to cause a whirl of gas before going into the

cylinder ; this gives a homogeneous mixture, and avoids failure

of firing on account of the mixture being either too rich or

too poor when it comes into contact with the incandescent

tube during compression.

In conclusion, we will add that, owing to a high compression

of 57 lbs., the consumption of spirit or petroleum does not

exceed 0-968 lbs. per horse-power per hour. When working

with gas the motor burns about 247 cubic feet per horse-power

per hour.

THE GNOME GAS AND PETEOLEUM MOTOE.

Amongst new motors we may call particular attention to

that built by Mr. Louis Seguin. The Gnome—such is the

name which Mr. Seek, the inventor, has given it—is strongly

built, and all its parts are so simple that it is an exceedingly
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practical apparatus, and can be confided to comparatively

inexperienced people. It works very regularly, and can there-

fore be applied to electric lighting, although it has only

one cylinder and its speed is always under 400 revolutions

per minute.

The Gnome will certainly have considerable success for

Fio. 89.—The Gnome Auto-Car.

industrial purposes, but if we describe it in this book it is

because it can also be applied to auto-cars and locomotives.

Fig. 89 shows the Gnome placed on a car for agricultural

purposes. It will be largely used in this direction, and' soon

supersede steam cars, which are so difficult to handle.

A petroleum locomotive designed for contractors and

farmers is shown on Pig. 90. "We think that petroleum loco-

n2
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motives are very suitable for unimportant and short runs
;

they are light, and do not require heavy or well-built perma-

nent way. The motor can also be used for any other purpose

if required. Fig. 91 shows a general view of the Gnome, and

Figs. 92 and 93 are two sections which show its construction.

The frame A, containing oil at the bottom, is joined to the

cylinder G and to the bearings. The latter are lubricated by

two rings carried by the shaft which dip into the oil.

Fig. 90.—The Gnome Locomotive.

The cylinder and moving parts are lubricated by the oil

being projected by the head of the connecting rod as it dips

into the oil.

The cylinders are cooled in the usual way by means of a

water-jacket.

The exhaust valve E is opened mechanically by a horizontal

slide valve worked to and fro by an eccentric X and an endless
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screw. This is the first time we have seen this arrangement

adopted, and it is much simpler than the ordinary method of

reducing gearing by means of two toothed wheels, one of which

is on an intermediate shaft revolving at half the speed of the

main shaft.

IP
i"
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Fig. 91.—The Gnome Motor.

The charge is admitted during the first forward stroke

through the valve M and pipe P.

Before arriving in the motor the petroleum passes

through a gasifier heated by a burner, G. When the motor is

drawing in the charge a small orifice, P, allows a certain

amount of air to pass in, which draws in petroleum : the

latter vaporises in the gasifier and forms, with the air drawn

in, a mixture which is too rich to be inflammable,
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The petroleum vapour then passes into the motor, where it

meets at right angles the air necessary for its combustion,

and this stirs the gas up thoroughly and produces a homo-

geneous mixture.

The composition of the explosive charge may be varied by

controlling the supply of petroleum vapour.

The petroleum is

sent from the main

reservoir b to a by

means of a small pump
worked by the eccen-

tric X. A constant

level is maintained in

b by means of an over-

flow. This is essential

if the motor is to work

well.

We may also call

attention tothe method

of regulation adopted,

which is different to

those previously de-

scribed.

In most motors the

exhaust valve is pre-

vented from opening

when the normal speed •

is exceeded. This

causes the burnt gas to be compressed and expanded again

before a fresh charge is introduced for explosion at the end of

compression. The same result can be obtained by preventing

the exhaust valve E from falling on its seat when the motor

revolves too quickly. In order to do this the centrifugal regu-

lator Z bears upon a catch K so as to bring it towards the

left and thus prevent the valve E from falling on its seat.

Fig. 92.—Section of the Gnome Motor.
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Consequently during the next stroke the motor draws in the

exhaust gas through the valve E, then drives it back, and

continues to do this until the motor has returned to its normal

speed, when the catch K
will no longer prevent

the valve from closing.

This method of regu-

lation has given such

good and practical re-

sults that it has been

applied to electric light-

ing, and we know that

in such an application

any variation of speed

exceeding 2 per cent,

would have rendered the

method impracticable.

In conclusion, we

may say that the Gnome
well deservesits budding

reputation, and offers the

best guarantee for re-

gular and economical

working. "We consider

it extremely applicable

Fig. 93.—Section of the Gnome Motor.

to small locomotives where a certain weight is necessary for

adhesion, but we do not think that it can be applied to

pleasure auto-cars unless Mr. Seguin can design a much lighter

pattern for this purpose.

We hear that Mr. Seguin is now building a special type of

conjugate motor for pleasure launches.
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CHAPTER VIII

ELECTRIC AUTO-CARS

THE JEANTAUD CAR

Mr. Jeantaud is the author of an exceedingly well-designed

electric car which entered for the Paris-Bordeaux race. The

car covered half the course, about 370 miles, but. at what a

sacrifice ! Notwithstanding relays about every fifteen miles

along the road, the car arrived far behind all the petroleum

cars.

We do not mean to infer by this that electric traction is

a utopia, but that it should only be resorted to in special

cases such as we have described in Chapter III.

The Paris-Bordeaux test therefore only proves one thing,

namely, that Mr. Jeantaud can build an electric car.

The car has a box seat in front seating two, and two seats

behind placed back to back (Fig. 94). The wheels are of

hickory wood, those in front being 3' 3" in diameter and the

rear ones 4' 7". The load is distributed on front and rear

wheels in proportion to their radii. The fore-carriage has

two pivots, so that steering is gentle and reliable ; it is

specially designed so that all its parts only work in tension.

Two straight springs joined together at the centre rest on

the cross-bearer near the pivots, and are placed across the

underside of the car-body which they support (Fig. 95).

This arrangement gives great flexibility to the car, and

diminishes the pull, as when one of the wheels rides over a

stone, for instance, it does not need to lift the whole car over

the obstacle, as the car-frame oscillates around the central
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point of attachment of the springs, and consequently no

sudden jolt is felt.

The car framework is made of weld steel. The journals of

the front axles are T77 inch in diameter, and those of the

rear axles 2*16 inches. On starting from Paris an accident

occurred, the rear axle being strained, and this involved stopping

Fig. 94.—The Jeantaud Car.

every hour to cool and oil the heated bearing. On arrival at

the winning post the journal was found to work so stiffly that

the delay of the electric car in reaching destination is attributed

to this cause.

The brake gear consists of an instantaneous brake, worked

by a pedal near the conductor, which breaks the circuit ; of

a graduating brake worked by two wheels placed at either
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end of the driver's box, and of an appliance which stops the

car if the chains should break on an incline.

The machinery consists of the shaft carrying the differential

gear and driving the wheels by means of two pitch chains.

The differential has two bevel wheels, which enable speeds

of 7|- and 15 miles to be obtained in excess of the normal

speed of the motor.

The motor was designed and built by Mr. Rechniewski,

Fig. 95.—Springs of the Jeantaud Oar.

engineer of the Postel-Vinay Co., and its efficiency sometimes

exceeds 90 per cent., as shown by the following table :
—

Power
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The motor was built to supply about 6 horse-power, the

power required for a speed of 15 miles an hour under ordinary

working, at a tension of 70 volts with 70 amperes of current.

Although its weight of 550 lbs. is comparatively low, this

motor can exert sudden pulls when required, and give twice

the power for which it has been designed.

The accumulators supplying the motor consist of 38

elements (type C 21, Fulmen Co.) arranged in twelve boxes

containing three and four compartments. Each element,

weighing 33 lbs., has a capacity of 300 ampere-hours for

10 hours at an ordinary discharge rate.

For a discharge of 70 amperes of current, corresponding

to about 2-27 amperes per lb. of plates, the battery still has

a minimum capacity of 210 ampere-hours, so that it can drive

the car at 15 miles an hour for 3 hours on a good and level

road. The supply of 70 amperes has often been exceeded, and

in some cases doubled. The accumulators have sometimes

supplied 200 amperes during an appreciable time without

lowering the electromotive force permanently.

Each battery, weighing 1,870 lbs., will run for about 25 miles

on a good road. In the Paris-Bordeaux race the accumulators

were charged at stations along the road, the process taking

about 10 minutes.

To sum up, we find that with 1,870 lbs. of accumulators,

570 lbs. of motor, and 220 lbs. of fittings, we arrive at a total

weight of 2,660 lbs. for conveying 924 lbs. of passengers a

distance of 25 or 30 miles. Comment is needless, and the

above figures demonstrate that it is impossible to get an econo-

mical electric car when over 20 miles has to be travelled at

one stretch, as the dead load carried greatly exceeds the

weight of passengers carried and weight of car.

MESSRS. MOEEIS & SALOM'S ELECTRIC AUTO-CAR.

Although it did not perform the whole distance in the

' Times Herald ' race at Chicago, an electric car, the ' Electro-
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bat,' belonging to Messrs. Morris & Salom, won the gold

medal.

This again shows that the first to arrive are not necessarily

prize winners, as, for instance, Messrs. de Dion and Bouton

in 1894, and Mr. Levassor in 1895, because they are dis-

qualified on the grounds of non-compliance with the con-

ditions drawn up for the race.

The Chicago jury, no doubt mainly consisting of electricians,

awarded the first prize to the No. 2 Electrobat, because the

car was clean and easy to drive, and there was neither noise,

smell, heat, nor vibration, and, in short, because it was an

exceptionally well-built car.

For this reason we think it will be interesting to give a

description, taken from a letter by the makers, of the car.

Messrs. Morris & Salom began their investigation of electric

traction as applied to auto-cars in June 1894. Their first car

was specially designed for traffic in the streets of Chicago, and

they endeavoured to build a car capable of daily working on

ordinary roads, and not one which would require an ideal

road. For this reason they sacrificed certain conditions of

weight, general arrangement, and size of motor which ordinary

auto-car builders consider so essential.

Their first car was ready by August 1894, and since that

date has been in daily working, excepting during the winter

months, without any serious hitch. They have never yet been

obliged to haul the car home by animal traction. The car

weighs 4,250 lbs. without passengers. The accumulators weigh

1,600 lbs. The car will run from 50 to 100 miles, according

to the profile of the road, without recharging ; the maximum
speed is 15 miles an hour. There are 60 accumulators, each

of 100 ampere-hours capacity.

The electrical capacity of the battery is 13 hours at

maximum discharge rate. The motor, built by the General

Electric Company, is a 3-normal-horse-power type, weighs

300 lbs., and can develop 9 horse-power during a short time.
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The driving shaft works, by means of a pinion, an inter-

mediate shaft, which drives the rear wheels by means of a

balance gear, and enables the wheels to move independently

when turning a corner.

No. 2 Electrobat, which took part in the ' Times Herald '

race, was built to carry four passengers, including the driver.

It weighs 1,650 lbs., and its elegant appearance is an excellent

model to follow in designing new cars. All the machinery

is hidden except the steering lever, so that it is not open to

the reproach of looking more like a locomotive than a pleasure

car. Two ' Lundell ' motors of 1\ horse-power each are used,

and are placed in the forepart of the car ; they work the

driving wheels by means of a pinion. The steering is effected

by means of the lever already mentioned, which acts on the

rear wheels.

Messrs. Morris & Salom encountered opposition from car-

builders on several points. The general opinion, for instance,

seemed to be that it was preferable to have a movable fore-

carriage and a fixed rear-carriage. Practical results have

demonstrated, however, that Messrs. Morris & Salom were

not far wrong, as the car steers very easily and can turn in a

circle of 20-feet diameter. Ordinary wooden wheels are used

with pneumatic tyres, which until now appear to have given

every satisfaction.

The battery was supplied by the ' Electric Storage Battery

Company ' of Philadelphia. It has four groups of twelve

accumulators, with a capacity of 50 ampere-hours per accu-

mulator. They are conveniently arranged in boxes, and

can be taken out and replaced in less than two minutes.

They are provided with automatic contacts, and will give three

different speeds and reverse. A maximum speed of 20 miles

an hour can be attained on good roads, and 25 to 30 miles can

be run without recharging.

Each 50 ampere-hour accumulator weighs about 13 lbs.

complete. Twelve arranged together represent a maximum
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discharge rate of 1 kilowatt-hour or 1-| horse power-hour. The

weight of such a battery is about 160 lbs., and it can therefore

be easily handled by two men.

We quote Messrs. Morris & Salom :

—

' We believe that the most practical application to which

these vehicles might be put at the present time is for service

in parks and delivery waggons. We do not consider it prac-

ticable at the present time to send out such vehicles broad-

cast over the country before any proper arrangements have

been made for their intelligent care and maintenance. We
think that the proper plan for their introduction is to

construct a sufficient number of vehicles of one kind as to

warrant the building of a charging station, where the batteries

can be charged and the vehicles kept when not in use. This

will enable a systematic and intelligent inspection of the

various parts of the machines, and will prevent all the

troubles that would naturally arise from inexperienced

persons handling and operating the same.

' While we have made no close estimate as to the cost of

manufacturing in quantity, we believe that ordinary delivery

waggons can be constructed for from $600 to $800 and pleasure

carriages from $1,200 to $1,500.

' The magnitude of the business and the possibilities which

it may assume in the future can be best considered by

comparing the work now done by horses with that which

could be accomplished by motor vehicles. At the present

time there are probably no less than 100,000 horses in

Philadelphia. It costs to keep these horses, on an average,

including feeding, shoeing, harness, and depreciation, or life of

the horse, not less than $1 per day, or, in round numbers,

about $30,000,000 a year. The work they do could be accom-

plished by motor vehicles at an expense not exceeding fifty

cents a day, or about $15,000,000 a year, thus making a net

saving for this city alone of 50 per cent, over animal traction.'

These figures appear somewhat exaggerated, and we do not
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see how a capacity of 50 ampere-hours can be obtained at

maximum discharge rate with a total weight of 13 lbs. Of

course it is possible to get accumulators to fulfil these condi-

tions, but would they be sufficiently strong to long resist the

hard and irregular work they are called upon to perform ?

The electric car has certainly more raison d'etre in the

United States than in Europe. On the old continent it

would often be impossible to re-charge the accumulators,

say every twenty miles, which is not the case in America.

Electric power is cheap there on account of its extensive use,

and there is nothing surprising in the statement that electric

traction would be cheaper than horses in Philadelphia, whereas

in France, for instance, counting the price at 10c/. per kilowatt-

hour, the reverse would probably be the case.

Electric traction by accumulators is expensive, chiefly on

account of their heavy weight. For instance, for a 25-

mile journey, No. 2 Electrobat has 634 lbs. of accumulators,

300 lbs. of motor, and about 144 lbs. of gearing and regulator

to haul, making a total dead load of about 1,100 lbs., which

is very heavy for a 1,650 lb. car for four passengers. Twice

as much pull is required, therefore, as would be necessary for

hauling the car and passengers without the electric parts.

The greater the distance travelled the more accumulators

will be required, thus increasing the dead load, and though

this method of traction may be cheap up to a certain distance,

it will entirely depend, as Mr. Salom has pointed out, upon

having central charging stations near at hand.

We think, therefore, that notwithstanding the success of

electricity in the ' Times Herald' race, it will have all its work

cut out to compete against petroleum.

THE BOGAED ELECTEIC CAE.

This car is shown on Fig. 96. This pattern of car is well

suited to traction by accumulators, because there is plenty of

space available for storing the latter. Mr. Bogard has not
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designed his car for high speeds; he has sought rather to

obtain a practical electric car for running in towns at a speed

of 7jr miles an hour for 10 hours at a stretch. This is the

most successful attempt that has yet been made in this

direction, and, if economy is not considered, we think Mr.

Bogard's car fulfils all the primary practical conditions. The
car can run for a whole day, and that is a great point for

Fia. 96.—The Bogard Car.

anyone who wishes to go a long distance. It is made to carry

five passengers, but six can be taken if required.

Dujardin accumulators are employed j they are stored in

the body of the-car, and consist of 51 elements (light pattern),

each made up of 3 positive and 4 negative plates, inclosed in

hardened guttapercha boxes, which are strengthened by a

metal plate embedded in the thickness of the rubber sides.

The three positive plates are connected together, so as to be

easily taken out for examination. Each of these elements

weighs 49-5 lbs., including cover and connections, and its
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capacity is 300 ampere-hours, so that the whole battery has a

total energy of 30 kilowatt-hours, which suffices for 10 hours'

working at average speed. This battery is divided into five

groups ; one of 7 elements for exciting the dynamo, and four

of 11 elements connected in tension, or in quantity, according

to the speeds required.

This arrangement enables the speed of the motor to be

altered by varying the electromotive force by connecting up

the four boxes of accumulators in either of the following

ways :
—

1st. Pour boxes in series, containing 11 elements per

series = 88 volts.

2nd. Pairs of boxes connected in quantity forming two

groups connected in series = 44 volts.

3rd. The four boxes connected in quantity = 22 volts.

If e represents the counter-electromotive force (see

Chap. III.), n the number of coils on the induction coil, N
the force generated by the exciting, and N the number of

revolutions per second, we have :

—

e = Kn.JVlQ8
.

And as n and iV are constant in the motor under con-

sideration, it follows that the number of revolutions will be

proportional to e and also to the electromotive force E in the

coil, as

E = e + i
Qr + losses.

If E is varied by connecting up the accumulators in dif-

ferent ways, we shall obtain different speeds varying with the

electromotive force, and the efficiency will remain practically

unaltered. We may point out that, whatever the speed, the

couple will remain constant for a certain intensity of current, as

it is proportional to the product of the latter into the flux of

force due to the exciting, so that for going up banks we shall

not have a more powerful couple at our service than on the

o
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level, which is a great drawback. It would be better to let

the motor revolve at a high speed and have reducing gear,

so as to utilise all available power and yet travel at a slow

pace.

Mr. Bogard, aware of this objection, intends to alter the

design of the power transmission on his car and provide it with

reducing gear, so that by acting on the latter he may be able

to vary the speed without altering the electromotive force as

before.

The method of varying the speed of the car by varying the

electromotive force simplifies the transmission to a great extent,

but cannot be recommended unless the car has only to travel

over fairly level ground, when decrease in speed always corre-

sponds to decrease in the power required.

The total weight of the car in working order is about

4,840 lbs., including accumulators and motor. As we have

said, the latter is excited separately. It is built by Mr.

Rechniewski, who has grooved the coil, according to his usual

practice, in order to protect the wires and decrease the mag-

netic resistance.

A current of 14 amperes at 13 or 15 volts is sent into the

electros. The coil at 90 volts can absorb as much as 60

amperes and supply 6^ horse-power on the shaft. The motor

weighs 480 lbs., and has a speed of 1,250 revolutions at 88

volts, of 600 revolutions at 44 volts, and of 300 revolutions

at 22 volts, and when fully charged gives 45 amperes and an

average of 5 or 6 horse-power.

The motor is reversed by reversing the current. It is

fixed to the car-frame and works an intermediate shaft by

means of a pinion and differential gearing. The intermediate

shaft has pinions at its extremities, and by means of pitch

chains works pitch wheels on the hubs of the rear wheels,

which drive the car.

Mr.- Bogard's car leaves nothing to be desired from a

coachbuilding point of view, and we feel sure that when he
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has modified his transmission so as to allow the electric motor

to go at constant speed his car will compare with any other

electric auto-car, even of American make. But Mr. Bogard

will never avoid, any more than other builders, the weight of

the accumulators, which limit the possibilities of electric trac-

tion. We will, however, not go back upon this point, which

has already been dealt with in Chapter III.

o2
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CHAPTER IX

REPORT ON THE AUTO-CARS WHICH ENTERED FOR THE RACE

ORGANISED BY THE ' TIMES HERALD ' OF CHICAGO

Messrs. J. Lundie and L. L. Summers, engineers, who carried

out the tests on the cars entered for this competition, have

handed in their report, which has been published in the ' Times

Herald ' of Chicago.

We are glad to be able to put this report before our readers,

for this document is undoubtedly the most important ever

drawn up on the subject, as it contains data valuable not

only for engineers and manufacturers, but also for all those

interested in self-propelled traffic.

The committee first endeavoured to choose a series of

experiments which would enable comparison to be made

between mechanical and animal traction. The main point

was to prove that auto-cars could do the same work as other

ordinary vehicles. Consequently the horse was chosen as the

unit for this comparison ; and in order to facilitate this it

was thought advisable to give a short account of the first

experiments which were made with the object of determining

the power exerted by a horse.

The Horse-Tower Unit.

When the steam engine first came into use it was found

necessary to compare the rate of work it could do with the

rate of work done by a horse, in order that the buyer might

specify the power he required by means of some known unit.
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James "Watt was the first to ascertain with some accuracy

the average power of ahorse. He found that a weight of 150

lbs. could be raised by a horse at the rate of 220 feet per minute,

which corresponds, consequently, to 33,000 foot-pounds per

minute as the power which a horse could exert. According

to Watt, the horse could exert this power during 8 hours a day.

Later experiments have shown that this estimate was ex-

aggerated, and that an average horse scarcely exerted more

than 22,000 foot-pounds per minute during 8 hours, though

this amount would evidently be greater if the horse worked

during a shorter period.

The following table, taken from Trautwine, and based upon

the above, gives some figures on this subject :
—

Speed of horse
in miles per hour
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The cost per hour for every horse-power exerted on the

rim of the driving wheels can then be deduced by measuring

the consumption of the motor during each test.

Where it has been possible to do so, the amount of power

lost between the motor and the rim of the driving wheels and

the effect of the different methods of regulation upon the fuel

consumption have been determined.

Fuel Consumption Tests.

These tests bore upon the consumption of the motor for

the various loads imposed by practice.

In order that all the motors should be tried under the

same conditions, gasoline, having a density of 0-658, at an

estimated cost of Id. per lb.,
1 was supplied to them from the

same tank.

The cost of a kilowatt-hour was calculated on the basis

of an average accumulator efficiency of 75 per cent.

Maximum Pull Exerted by Auto-Cars.

Tt was considered advisable to determine this in order to

be better able to compare the auto-car with, the horse. The

cars tried were all built to exert a comparatively light pull at

great speed, and not a heavy pull at low speed.

The maximum pull exerted was found by opposing a

resistance to the wheels till the motor stopped.

The Duryea car, for instance, only exerted a pull of

187 lbs., whereas we have seen that one horse could pull

400 lbs.

During none of the tests, however, could the driving

wheels be made to skid on the ground, so it is possible that

the tractive force could have been very much increased without

skidding by using reducing gearing.

When belting was employed on the test cars for trans-

mitting the power, it was found that the latter reached its

1 This is the estimate taken in the tables pp. 202-204.
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maximum value just before the belts slipped on the pulleys.

Mr. Macy's car could not be tested thoroughly on account of the

defective condition of the belting employed. The Lewis auto-

cycle broke its driving chain when the maximum pull was

being measured. As to the electric motors, the maximum pull

obtainable was limited only by the heating effects of the

strong current employed.

A great difference in the consumption of the several cars on

trial is shown in the tables (pp. 202 to 204). This is due solely

to the nature of motor employed. Nearly all the single-cycle

motors burn a great deal of fuel, caused generally by the

improper combustion of the gases. This is the case with the

Lewis and the Haynes cars. Whilst these cars were being

tested the exhaust gas was so charged with unconsumed

carbon that it was found necessary to have a special exhaust

pipe and fume blast to convey the fumes from the testing

room.

It must be acknowledged, however, that single-cycle

motors work much more regularly than the others.

It is a pity that the igniting apparatus on the Duryea

car should have got out of order, putting a stop to further

experiments. All those interested in the construction of gas

motors know that the cycle obtained is less economical than

that made by steam. The average efficiency is still lower

when the gas motors are used for traction, for the following

reasons :

1st. Because work is sacrificed in driving the machinery.

2nd. Because a 4-horse-power motor, for example, seldom

works at its normal speed and power, so that it cannot have

a high efficiency.

This is why the fuel consumption of auto-cars is compara-

tively high.

"With regard to the Benz motor, attempts were made to

simplify the transmission gear by having only two ranges of

speed.
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Speeds between these two extremes were obtained by

regulating the amount of carburetted mixture supplied, but a

glance at the tables (pp. 202 to 204) shows at once that this

ease of control and simplification of mechanism is more than

neutralised by the very large amount of fuel which the

motor consumes when it is not working at its normal speed.

Evidently the useful horse-power exerted on the rim of

the driving wheels when the motor is working under the best

conditions of speed and power costs about one-fourth of its

cost when working under the most unfavourable conditions.

In such cars as the Duryea car, where the speed of the

motor is always constant, the efficiency is in proportion to

the amount of work done, so that an auto-car may often climb

a bank at the same speed as on the level without consuming

more fuel, for the very reason that the extra power required

is compensated by a better efficiency.

The position of the motor on the car and the method of

transmission employed greatly influence the amount of vibra-

tion on the car.

When the motor is mounted at right angles to the driving

axle, as on the Benz car, the vibration is rather strong,

especially at starting. Messrs. Haynes <fc Apperson's car is

fitted with a motor having two cylinders arranged upon

opposite sides of the driving shaft, and this arrangement gives

less vibration.

Electric Gars.

The exact efficiency of an electric auto-car is somewhat

difficult to determine. The storage battery efficiency varies

with the discharge rate, which again depends upon the work

done. The cost of electric power varies from town to town,

and this fact must be taken into consideration when calcula*

ting the cost of electric traction.

The life of the accumulators also will depend upon the

kind of work which the car is made to do.
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Single and Double Motors.

Mr. Sturges and Messrs. Morris & Salom's two cars enabled

an interesting comparison to be made. Both cars employ

Lundell motors, but whilst Mr. Salom has two motors, one

for each driving wheel, Mr. Sturges only employs a single

3-horse-power motor working on a differential shaft.

The motor efficiency in these two cars is practically the

same, but of course the transmission gear is heavier with two

separate motors than with one.

We do not think the advantage of being able to couple up

the motors in series, or in parallel, quite justifies the employ-

ment of two motors, and the only real advantage of this

arrangement is to enable the driving wheels to run indepen-

dently of one another when turning round corners instead of

having to employ differential gearing to effect this.

(Signed) John Barrett,

Chairman of the Committee.

L. L. Summers ) & e w *
L Engineers of Tests.

John Lundie I
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CHAPTER X

LUBRICATION—TYRES—BEARINGS—SPRINGS—AXLES

—

CARBURATORS—IGNITION—STARTING—VIBRATION

STEAM CARS.

The lubrication of valves and cylinders is one of the essential

conditions of good working either in auto-cars or in steam

tramways. The old system of oil cups has been done away

with long ago for stationary engines, and we now use automatic

lubricators instead. These can be divided into two main

classes : those worked physically, and those worked mechani-

cally. We will examine these two types and their application

to auto-cars.

This is the problem we have to solve : to find a lubricator

which can be regulated at will, which will work continuously

despite the vibration of the engine and change in temperature,

which will lubricate with every stroke of the piston, and which

will start and cease working automatically when the car starts

and when it stops.

The first class of lubricators can again be divided into

sight-feed and non-sight-feed lubricators, which latter, how-

ever, need not be considered.

Sight-feed lubricators are either with descending or with

ascending oil drops. The former are simpler in construction,

being generally provided with valves which close under steam

pressure and open at exhaust to allow the oil to pass through.

This kind of lubricator, which is not over reliable for stationary

engines, gets out ©f order at once on auto-cars on account of

the speed and vibration of the car.
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There are other sight-feed lubricators with descending drops,

similar to those employed for plummer blocks, with this

difference, however, that the former have a small tube which

leads the steam to the upper part of the cup so as to balance

the pressure from the cylinder and enable the drops to pass

through the tube.

One sees at once that the variation of steam pressure

added to the jolting of the car have a disturbing effect inside

the oil cup, and that the steam condensed in the cup mixes

with the lubricant, and sometimes even takes its place.

The Consolin type of lubricator with descending drops

employs condensed steam.

An oil reservoir is connected to the boiler by a coiled tube

in which the steam condenses slowly. The water thus formed

accumulates at the lower part of the tube and forces the oil

up, which passes through a variable opening in the lower part

of a glass tube filled with water. Owing to its lighter weight

compared with water the oil rises in this tube and then passes

into a copper tube connected to the cylinder. This system

has drawbacks, as the oil is not supplied regularly, and the

glass tubes are liable to burst and force out the oil and steam.

The chief drawback of physically worked lubricators for

auto-cars is that the lubricator continues working when the

car has stopped, and if the cock is not closed the oil empties

itself into the cylinder, and the lubricator must be readjusted

before starting again.

"We think we have sufficiently proved that this class of

lubricator is not suitable for auto-cars, so that we must resort

to mechanical lubricators.

Mechanical lubricators can be divided into two classes :

Those with direct action, and those with reducing gear.

The first class includes all lubricators with small pump

worked by the engine. These might be suitable for a powerful

engine with slow speed, but not for an engine with high speed

requiring little oil.
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Amongst lubricators with reducing gear we find suction

apparatus and compression apparatus. The latter are vastly

superior. They invariably work well, as some lubricant is

supplied with each stroke of the piston.

Although the ' Mollerup ' lubricator gives exceedingly good

results, it is open to the following objections : the ratchet-

wheel and the pawl are noisy, and wear out rapidly. The

supply of oil by the lubricator is regulated by a numerical

progression, as the wheel cannot travel less than one tooth at

a time, so that, if 3^ ozs. of oil supplied during any given time

is insufficient, the next possible quantity is 7 ozs., which may

be more than is required. Again, if the apparatus which, for

instance, exhausts its supply in 6 hours with two teeth, is

required to work 7 hours without refilling, the only method

of regulation is to use one tooth instead of two, so that the

lubricator works for 12 hours, which is more than required,

and "may not supply sufficient lubricant during the time it is

at work.

Another objection sometimes made is that this lubricator

is too heavy for some private cars.

These disadvantages have been overcome in the ' Terminus'

lubricator, shown in elevation and in section on Figs. 97 and

98. A piston, D (Fig. 98), worked by a screw, E, works in the

pump barrel A. The screw E is actuated by a wheel G, driven

by an endless screw, connected to a wheel / and nipping lever

which takes the place of the ordinary ratchet-wheel and click,

and is worked by the engine itself.

To fill the Terminus lubricator, oil is poured into the

cup, and is drawn in by raising the plunger by means of the

wheel.

The oil is forced by the descending plunger through a

small copper tube with a retaining valve to the part to be

lubricated. This valve can only be raised by the pressure of

the oil, so that the tube cannot empty itself whilst the car is

not moving.
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The Serpollet, Scott, and other auto-tramcars employ the

Terminus lubricator, a pattern made to hold 10^ ounces of

lubricant being found suitable for their purpose. This

lubricator will work the whole day and travel 80 miles

without refilling, which represents a consumption of -13 oz.

per mile and a delivery of O001128 dram per stroke of piston.

Fig. 97.—The Terminus
Lubricator.

Fis. 98.—Section of the
Terminus Lubricator.

A lighter pattern of this lubricator is made, and is very

suitable for private auto-cars. It is made of aluminium, in

two sizes, to hold 1| and 3| ozs. of oil respectively.

PETEOLEUM MOTOES.

The cylinder is the most important part which requires

lubrication in petroleum motors.

We no longer work against a constant pressure, as in steam

cylinders, but the rise in temperature at the time of explosion

and the complete exhaust and consequent carrying away of

an appreciable quantity of the lubricant render this sort of

lubrication exceedingly difficult.
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"We will pass over lubricators worked on physical prin-

ciples for the same reasons we have given in our description

of cylinder lubrication, and we will give the preference to

lubricators worked on mechanical principles. Here the question

of weight, volume, and simplicity of parts and working is

even more important in petroleum than in steam cars.

The Drevdal 'Oleopump,' shown on Figs. 99 and 100,

combines all the requirements

for petroleum cars. It consists

Fio. 99.—Elevation of the

Drevdal Oleopump.
Fig. 100.—Section of the

Drevdal Oleopump.

of a pump barrel A containing a piston B worked by a double

cam G fixed to the spindle D. A pawl F, carried on the arm

/, drives the ratchet-wheel E, which works the spindle D.

The arm / is connected to the motor by a small rod, and

has a limited stroke. The oil is supplied by means of the

cone G, which has openings in it so arranged that the oil

reservoirs H and the delivery pipe leading to the part to be

lubricated communicate alternately with the barrel of the

pump A.

When the piston B is set free by the cam C it is raised by

a spring, and causes the oil to be drawn into the pump barrel.

As the shaft D revolves it brings the cam against the

piston B, which forces the oil to the delivery orifice.
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Suction therefore occurs instantaneously twice per revolu-

tion, and delivery is practically continuous.

This suction can.never fail, for the following reasons :

1st. The oil is always sucked in under pressure, as it is

taken from the chamber which communicates with the oil

reservoir H placed above it.

2nd. There are no valves.

3rd. The orifices are in direct communication at the time

of suction.

The lubricant used with petroleum cylinders is fluid,

and facilitates suction, which is not the case with steam

cylinders.

The delivery cannot fail any more than the fall of the

plunger upon which it depends.

In order to regulate the Oleopump the arm / is connected

to the motor so as to drive one tooth of the ratchet-wheel at a

time ; the delivery of oil is then regulated according to the

requirements of the motor by turning the wheel K, and setting

its pointer to any of the following positions : large, mean,

small delivery, which are marked upon the apparatus.

The glass reservoir It, which is filled with the oil, has

graduated divisions from 50 to 100 grammes, 1 so that the

quantity of oil consumed can be gauged.

The vibration 6f the car does not interfere with the

working of this oil pump, as suction takes place in the

chamber inclosing the working parts, which is always" full

of oil.

For motors requiring lubrication at several points, the

Oleopump can be made with two or three delivery pipes,

each leading to the part to be lubricated.

It is also made with an endless screw and pulley with belt

for rotary or high-speed engines. A nipping lever, as used in

the Terminus lubricator, can also be substituted for the

ratchet and pawl arrangement.

1 1-75 to 3-5 ozs.'



LUBRICATION—TYRES—SPRINGS—AXLES, ETC. 211

Messrs. Drevdal have also brought out an aluminium

Oleopump which is much lighter, only weighing 10 lbs.

The Oleopump has, amongst others, the following advan-

tages :

1st. The parts are strong, and work slowly, immersed in

oil, so that there is hardly any wear, and no other lubrication

is required.

2nd. The pump is easily taken to pieces for repairs.

Messrs. R. Henry, of Paris, have brought out an ' Oleopoly-

meter ' for the lubrication of petroleum cars, and this apparatus

gives excellent results. We regret not being able to give a

detailed description of it, as everything pertaining to lubrica-

tion is of the utmost importance to those interested in the

question of self-propelled traffic.

TYRES.

One of tho questions of the day is certainly that of tyres

for auto and other cars.

Iron tyres are more generally employed, although they are

inferior to rubber, and especially to pneumatic, tyres from

every point of view. In fact, there is hardly any need to

point out the advantages of the latter in reducing the pull as

well as the wear and tear of the car.

Again, everything considered, rubber tyres are really

cheaper in the long run than iron tyres, and if the latter

are still used to such a great extent we think it is chiefly

owing to the force of habit, which is always difficult to

overcome.

The Michelin Co., whose speciality is the manufacture of

pneumatic tyres for cars, carried out several experiments at

Clermont-Ferrand in France, and proved that the pneumatic

tyre unquestionably decreases the pull and wear and tear of

a car to a considerable extent.

The car runs more smoothly with pneumatic tyres ; there

is less jolting, and the wear and tear is reduced ; we will, how-

p2
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ever, not go into that question, but will deal rather with the

decrease in the pull required to haul the car.

Comparative tests were made with iron and pneumatic

tyres on different kinds of road, at different speeds, and with

different loads.

Experiments Carried Out in the Snow.
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AUTO-CAKS.

Metal Wheels.—The spokes are either straight or tangential,

the latter being preferred for the driving wheels.

Spokes, whether straight or tangential, are alwaysin tension,

the hub of the wheel being suspended, so that the spokes of

the half of the wheel that happens to be uppermost are always

in tension, whilst there is no strain whatever on the spokes of

the lower half.

With wooden wheels the spokes work in compression, so

that on running over a large stone, for instance, the jar is

transmitted to the hub, whilst with iron spokes it is distributed

over part of the circumference of the wheel, so that the jolt is

much reduced when it finally reaches the hub.
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It follows from this that of two wheels, one with wooden

and the other with iron spokes, equally loaded, of equal

diameter, with the same tyres, and working under the same

Fig. 102.

conditions, the wooden wheel will jump much more than the

other, and will consequently wear more rapidly.

The Michelin pneumatic tyre and its method of attachment

to wooden wheels and to steel spokes is shown in detail on

Figs. 101, 102, and 103.
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Many people hesitate to employ pneumatic tyres for fear

of punctures, but we think they are wrong, because those who
have used them find that the outer covering of the tyre is

Fig. 103.

sufficiently thick to protect it from nails, flint stones, and

broken glass which may be found along the road.

Indiarubber tyres are also of immense service. Mr. "Vinet,

who was the first to start- rubber-tyred cabs in Paris, in

1895, has devised an arrangement by which it is impossible
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for the tyres to slip off the wheel, which is a very important

point.

The firms of Edlineand Torrilhon have also gone into the

manufacture of indiarubber tyres.

SPRINGS—AXLES—BEARINGS.

Springs and axles are important parts of an auto-car on

account of the dangerous consequences their failure entails.

Car builders should only get these parts from the best makers,

as the material employed in their manufacture cannot be too

good.

The type of springs generally adopted is known as the

' C ' spring, and is well adapted to attachment to T- or U-

shaped underframes.

The rear springs are often fixed to a movable iron cross-

bearer, which can be adjusted by a regulating screw so as to

give the required tension to the pitch chains.

N ' Straight ' springs are generally preferred for heavy loads.

They are placed at the rear of the car, and are better

adapted for brakes which act on the tyres than the former kind

of spring.

' C ' springs are often used for light cars. They are elegant,

work gently, and absorb a good deal of the motor vibration.

The greatest care must be given to the question of elasticity

and deflection of the spring, whatever type be adopted.

In the bending test a tempered steel spring must show an

elongation of -5 per cent, without permanent set.

Messrs. Hannoyer, of Paris, who have made a speciality

of springs and axles, employ an exceedingly interesting machine

for testing the elongation and flexibility of springs.

Two kinds of axles may be employed for auto-cars :

—

1st. The ordinary axle, which is sufficiently well known, and

needs no description.

2nd. The axle with ball or roller bearings.

Bicycles have proved the value of ball bearings. It is
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evident that the rolling friction is much less than the sliding

friction which takes place with ordinary axles.

With heavy auto-cars it is necessary to have several rows

of balls to avoid crushing.

Messrs. Hannoyer fit their axles with balls inclosed in a

removable box. There are four, six, or eight rows of balls,

according to the length of the journal, which is proportional

to the load carried.

Front axles, as we know, are generally attached to upright

pivots, and here again it is most important to have good

material and good workmanship. The iron used should be

thoroughly tested, and should have an elongation of 28 to

78 per cent, tension, with a breaking strain of at least 22 tons

per square inch.

Roller Bearings.—One of the objections, however, to ball

bearings is that the balls only touch the races or ball paths at

one point, so that all the weight is carried by one or several

balls—according to the number of rows employed—at any

moment of time, and when heavy loads are carried the balls

either crush or indent th« races. This objection, of course,

does not hold with light weights such as are carried by cycles

or auto-cycles, but for auto-cars for several passengers it is

another matter, and we think that possibly roller bearings,

which do not meet with the above objections, might be found

very suitable.

Information regarding these bearings has been kindly

supplied to us by the secretary of the Roller Bearings Com-

pany of Westminster, and it may interest those concerned in

the manufacture of auto-cars.

The bearing consists of two sets of rollers, the inner ones

forming the bearing and the outer ones are spacers which

keep the main rollers from touching each other. The latter

drive the spacers, but are themselves driven by the axle. The

spacers, or subsidiary rollers, do not touch the casing, but are

prevented from moving inwards by the ' path ' and outwards
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by a ' live ring ' which embraces them, and which they drive

at their own speed ; lateral motion is also prevented by the

knobs on the subsidiary rollers, which are so constructed that

they engage the rollers and the path at their normal diameters,

so that there is nothing in the nature of a flange which

involves scrubbing, but the whole series of rollers truly

rolls.

It is claimed, therefore, that a roller bearing is one in

which there is no scrubbing of parts, and consequently does

not require lubrication ; that the rollers will bear the stresses

that ordinary boxes have to meet ; that the saving in start-

ing effort and in pull is very considerable.

To demonstrate the latter, experiments were carried out

at Lancaster with trucks weighing 2| tons on gradients of

1 in 44. Comparative tests were made between a truck fitted

with ordinary oil boxes and one fitted with roller bearings,

and it was found that the tractive effort was as 6 -32 to 1 in

favour of the latter, and that on the level the starting effort

required was 6 -53 lbs. per ton for the truck with roller bear-

ings as against 41 -68 lbs. per ton for the truck with oil

boxes.

We understand that these bearings have been running

successfully for some time on a train of six carriages belonging

to one of the principal English railways, and also on several

suburban tramways. In view of these successful results it

will be interesting to see the application of roller bearings to

auto-cars, and ascertain experimentally whether the same ad-

vantages will accrue to this new application as have apparently

already been effected on railway and tramway traction.

Joints.—Vulcanised fibre is used by almost all auto-car

builders. It is used for joints in petroleum motors and for

small gearing for power transmission. This material has ren-

dered good service in electricity, and will do so still more for

auto-car, car, and tramway purposes.
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CARBURATORS—IGNITION—STARTING—VIBRATION.

Carburators.— Sufficient importance is not given to car-

burators in descriptions of petroleum motors
;
yet this is one

of the main and most sensitive parts upon which the good

working of the car depends to a great extent. In our opinion,

manufacturers have not given enough attention to the matter,

and carburators are still open to much improvement.

They are all designed

on the principle of vapori-

sation of petroleum spirit

by means of an air current.

Consequently the lighter

portions of the oil are

first vaporised, so that its

density increases as the

reservoir is emptied till it

reaches a point -when car-

buration can no longer

take place under good con-

ditions, and the motor

stops working. The re-

servoir must then be

completely emptied, and

refilled with fresh gaso-

line.

The carburators em-

ployed by Mr. G. Daimler are open to this objection.

Figs. 104 and 105 show two types of carburator patented

by Mr. G. Daimler. The older pattern, on Fig. 104, consists

of a cylindrical reservoir, a float, a level gauge, a feed-tube

for the gasoline, apertures for the air to pass in and out before

and after carburation, a regulating cock, and a cylindrical

cap with holes.

These are all shown on the drawing. Petroleum is fed

Fig. 104.—Daimler Carburator.
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into the reservoir P, and the supply controlled by means of

the cock S. The float slides in a tube open at its upper end

and immersed in petroleum at its lower end. The air coming

from H bubbles through the petroleum and emerges at C after

passing through the cap M. A three-way cock controls the

mixing of air and carburetted air drawn into the motor, and

is so designed that the supply of air varies inversely with

the supply of carburetted air. Before passing into the carburet-

ting apparatus the air is reheated by a burner not shown on

the cut. This reheating is

not required in summer,

but in winter it greatly

assists the process of car-

buration.

This apparatus has the

following disadvantages :

1. The gasoline is not pro-

perly used up, as the denser

portion is not evaporated.

2. The liquid does not keep

a constant level in the

reservoir P, which should,

on the contrary, be fed

automatically.

The apparatus shown

on Fig. 105 has been de-

signed to overcome this drawback. Petroleum coming from N
passes through the groove 0, the valve C, and fills the reservoir

A. When the gasoline has reached the level of the top of the

tube / in the reservoir the float B closes the valve G and stops

the supply. The reservoir A communicates with the pipe I,

so that the air from the chamber F passes up this tube,

vaporises the gasoline surrounding the top of the tube, and

then goes into the cylinder of the motor. The proportion of

air in the explosive mixture can be varied at will by means

Fig. 105.—Daimler Carburator.
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of the special key L, which allows more or less air to enter.

The petroleum is maintained at a constant level by the float

B, so that no overflow can take place at /.

This carburator works well, and its construction is very

simple, but, as in the carburator previously described, the

lighter portion of the gasoline is first vaporised, and the

denser portion may in time cause the motor to stop. Again,

the carburation of the air depends upon the surrounding

temperature, so that to obtain a constant proportion in the

mixture the key L must be regulated according to whether

the motor works in the sun or in the shade, in the morning

or in the evening, in summer or in winter. This regulation

is very delicate to effect, and it is often very diflicult to

obtain the proper quantity of air required for good working.

The Loyal carburator described in Chapter IX. overcomes

some of these disadvantages. Petroleum is supplied into the

lower part of the reservoir, so that the heavier portion of the

liquid is first carburetted, and all the petroleum can be used.

The quantity of liquid drawn in for each stroke of the piston

depends upon its level in the reservoir C (see Fig. 80), for the

following reasons : 1 . Because the valve will be raised off its

seat more easily as the pressure increases, so that it will be-

come a function of the height of the liquid in C". 2. Because

the amount of petroleum which passes through the valve will

also be proportional to this height.

"We think there ought to be no difficulty in designing a

carburator which would supply a constant mixture indepen-

dently of the surrounding temperature. An arrangement

similar to that shown on Fig. 106 might possibly meet the case.

In short, what do we require so that a constant amount of

petroleum vapour shall be supplied to the cylinder, through

an orifice of constant section, for every stroke of the piston 1

Two conditions must be complied with :

1 . The pressure controlling the admission of carburetted

vapour must be constant.
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2. The density of the vapour must be constant.

Let us examine Fig. 106. Petroleum, under a pressure P,

due to the height of the reservoir, passes from A into the

receiver R, which is heated by a burner B.

As it falls into the heated receiver it vaporises and gives

rise to a pressure which increases till it is equal to the

pressure P ; the pressure in the reservoir is therefore constant.

The vapour density for a given pressure will therefore

depend upon the temperature, and consequently will not vary

if the latter be constant. The temperature is shown by a

thermometer T immersed in the carburetted vapour, and the

Fig. 106.

burner could easily be controlled to give the required tempera-

ture, in accordance with which the cock r has been regulated.

The air supply pipe must have a retaining valve s' to prevent

the petroleum vapour from passing into the atmosphere.

At first sight one would think that the vapour would

condense immediately on leaving the heated reservoir E, but

this is not the case, because when it emerges from the cock r

it expands and mixes with a large volume of air before passing

into the cylinder. It might, however, be advisable to place

the air pipe near the burner B, so as to heat it.
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We must not count upon the heat of the exhaust gas for

heating the reservoir E, because this sort of heat is not

constant, and does not exist when the engine is started. The

above arrangement appears to us simple, effective, and exempt

from the drawbacks of the other apparatus which have

hitherto been designed.

Ignition.—This used generally to be done by means of a

flame. There are three ways of proceeding.

1. By suction of the flame used in non-compression

motors.

2. By transport of flame.

3. By propagation of flame.

These last two methods are applicable to single or Otto-cycle

motors with preliminary compression, but they need not be

described, as they are not at all applicable for road locomotion

purposes, because their parts are so sensitive, and because the

flame is easily extinguished by draughts.

This method of ignition by flame has therefore been

practically abandoned, even for stationary engines ; and the

incandescent tube, already described, has been used instead

with success.

Ignition is arranged to take place automatically at the

end of compression for small motors not exceeding 4 or 5

horse power.

The tube is so placed in the explosion chamber that

when the gases have been exhausted a certain amount of

burnt gas still remains at the end of the cylinder and in the

tube. When fresh gas has been admitted and compressed

it only mixes slightly with the burnt gas in the incandescent

tube, and only when compression is at its maximum can the

explosive mixture, after forcing the inert gas to the end of the

tube, cause the explosion by coming into contact with the

heated sides of the tube. We have already mentioned that

leakage or an unequal supply of gas may alter the amount of

compression, and consequently the ignition point ; because it
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compression is insufficient ignition will fail, and if too great

explosion will take place before the end of the return stroke,

so that the motor will tend to revolve in an opposite direction.

However, in well-built motors this method of ignition is

found very satisfactory. Any kind of burner may be used

for heating the tube so long as it keeps the latter at a uniform

temperature as far as possible. Longuemarre burners are

much employed, and give good results.

For large motors we prefer a separate igniter, worked

mechanically by the motor, which connects an incandescent

platinum wire with the gas at the moment explosion is

required.

In some cases, where a tube is used, the burner can be

dispensed with, the compression and explosion of the gas

being sufficient to keep the tube at the required temperature

.

The motor is started by heating the tube with a small portable

lamp, which is the method adopted in the Loyal motor,

described in Chapter IX.

Ignition by an electric spark is another method much

employed.

As one knows, the temperature of an electric spark is

very high, and therefore causes instantaneous explosion,

which is a great advantage. Three conditions are essential

to good working :

—

1. The spark must occur at the exact moment it is

required.

2. It must be applied to that part of the gas richest in

hydrocarbons.

3. It must have a high temperature.

Theoretically, these conditions are easily complied with

but not so practically.

The spark must be hot ; consequently, unless a very large

coil is used, a low E.M.F. must be employed.

The points producing the spark must be close together
;

any dirt deposit, therefore, may cause the spark to fail. To

Q
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avoid this the igniting plug must be placed as close as pos-

, —— -qj -^ sible to the gas admis-

-' \ sion port, so that on

' \ entering the gas may

if \ clean the end of the

/ \ Plug-

/
t

The portion of the

^ -5lL gas in that part of the

. cylinder is also rich-

/ est in hydrocarbons,

/ so that the average

/ temperature is suffi-

,' cient to prevent tar

or grease deposits on

the plug.

The admission valve never gets

foul, but only the exhaust valve,

when the hydrocarbon vapour con-

denses.

In short, ignition by electric

sparks gives excellent results.

Objection is often raised that

this system requires an induction

coil and an awkward generator

—

namely, a cell. It would perhaps

be better to dispense with this cell,

and use an accumulator instead,

which would take up less room ; but

then, again, there is the bother of

charging this accumulator.

There is a way out of the diffi-

culty which we do not think has yet

been tried. Would it not be possible

to have a box, working on a slide,

containing an accumulator, a coil, and

P^
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a small dynamo whose driving shaft is fitted with a small

pulley outside the box 1

When the car is running the box could be pushed along

the slide by means of a lever till the pulley of the dynamo
was brought against a disc on the motor driving shaft, which

would cause it to revolve. All the parts could be held in a

box 12 inches by 8 inches, and no attention need be paid

to charging the accumulator.

The motor could also be started by means of this apparatus

by allowing the pulley to turn the motor when out of gear by

sending the current from the accumulators into the dynamo,

and if the accumulators were sufficiently powerful they could

be used for lighting the car as well as for starting the motor.

Vibration.—Car vibration is entirely caused by the pulsa-

tions of the motor whilst working.

Suppose for one moment the motor to be going at its

normal speed without explosion being required to keep up

that speed, then jerks will be felt if the motor has only one

cylinder, or, in other words, if it is not balanced.

Let (Fig. 107) P + Q equal the weights of the piston and

connecting rod and N the number of revolutions per minute.

"We shall have
x = Ac = mn = r (I — cos a),

whence the velocity of translation will be

dx da
v = -=- = r sm a -j-

,

dt dt

and the acceleration

fdaY
J = rC0S

"(dt) '

or
(Ny

^
= rcoSt

*UoJ-

The pressure due to the vis viva of the moving parts will be

P + Q fNy

Q2
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from which
Fx = K' cos a,

K1 being a constant which depends upon the velocity of rota-

tion and the weight of the moving parts. The pressure FK

will disappear when o = 90,

and will be maximum at the

beginning and end of each

stroke, as shown on the diagram

Fig. 108.

Following a similar method

of calculation for the path

travelled by the connecting rod

along oy—assuming, to avoid

complication, that half the weight of the rod describes a circle

of radius om, and that the force of inertia is applied at the

centre- we shall obtain, successively,
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and centripetal to the rotary motion of the head of the

connecting rod, we get :

tangential component of Fx = Tx = Fx sin n
;

tangential component of Fy
= Ty

= Fy cos »
;

normal component of Fx = Nx = Fx cos «
;

normal component of Fy
= Ny

= Fy sin a.

Substituting their values for Fx and Fy, we have

T
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This will cause jarring and jolting if there is the slightest

play between any parts of the motor. To prevent, as far as

possible, the variations in the normal force N, it is necessary

to employ engines with two cylinders, and to set the crank pins

at 180 degrees to one another, so that the strains are always

opposed in direction, and consequently always in equilibrium.

The stress at the beginning of each stroke, due to the

motion of translation and represented by half the major axis

of the ellipse in Fig. 110, does not necessarily entail a change

in the direction of the pressure acting on the crank pin.

Another factor must be taken into consideration—the

pressure of the gas on the piston.

V

Fig. 110.

Take Fig. Ill, and on the abcissa AB set up ordinates

proportional in length to the pressure of gas on the piston.

For an Otto-cyle motor we have the diagram shown by the

curve 1, 2, 3, 4, 5, 6. During exhaust and admission of gas

the line of pressures 5 4 and 4 5 will necessarily intersect

the curve 1 7, which represents the variations of pressure due

to the moving masses. Consequently, as this mass cannot be

reduced to zero, the pressure on the crank pin will alter in

direction.

It is better, however, to calculate the weight of the moving

parts, so as to prevent the change of direction of the force
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from taking place during the periods of explosion, expansion,

and compression. The figure shows that to effect this the com-

pression must be sufficient to exert a pressure at least equal

to that of the moving masses at the end of the return stroke.

Fig. 112 is the diagram of a single-cycle engine. The

force always changes direction during expulsion of gas, and

admission of the latter must take place under a pressure at

least equal to that due to the moving masses.

A tr

Effect of the reciprocating motion.

Fig. 111.

From what we have just seen regarding parts with re-

ciprocating motion, it follows :

1st. That the motor must be balanced ; that is, must

consist of two cylinders whose connecting rods are connected

to crank pins set at 180 degrees to one another, so as to avoid

excessive pressure on the bearings.

2nd. That the reciprocating parts must be as light as

possible.

3rd. That compression must be at least equal to the

maximum reaction of the moving parts. This can be found

with the aid of the formulse we have already given.
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These conditions reduce, as far as possible, the change of

direction of the force acting on the crank pin. As regards

vibration transmitted to the car, the sudden increase of

pressure due to the explosion of the gas is of much greater

importance. It occurs, as we know, at the beginning of the

stroke, and tends to strain the framework supporting the

motor and to jolt the car. This framework, being elastic,

will resume its normal shape, but the same stress will occur

every other revolution. This kind of shock cannot be avoided

Effect of the reciprocating motion.

Fia. 112.

unless the pressure is considerably decreased at the time of

explosion. This could be arrived at by increasing the length

of the cylinder to prolong expansion, and by leaving a large

quantity of inert gas in the latter at the time of explosion.

Mr. Loyal has applied this principle to his motor described in

Chapter IX.

Another method is to obtain a kind of boiler of hot gases

under pressure similar to that described in connection with

the Duryea car.

The motor must have a fairly large flywheel, so that the
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work available during explosion and expansion shall not jerk

the car. If the line MM1

(Fig. Ill) represent the mean
ordinate proportional to the average work done by the motor,

then the area (M2K — M'K3), representing the excess work

done during expansion, must be stored up by the flywheel

without increasing the speed very much.

This storage of excess work is accomplished, therefore, by

the heavy flywheel keyed to the shaft, assisted by the kinetic

energy of the moving car.

Let v be the velocity of translation of the car, M its mass,

«' the circumferential velocity of the flywheel, and M' its

mass, the total kinetic energy will be expressed by
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We will now close the examination of these rather

theoretical conditions, which we have but merely sketched out.

We have, in fact, entirely neglected the action of the springs

of the car and that of its tyres. This action will regulate and

deaden the jerks of the motor.

The small compass of this book will not allow us to enter

into the theory of these phenomena, which even then would

not throw any very precise light upon the subject.
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APPENDICES.

i.

SIR DAVID SALOMONS' LETTER TO THE PRESS.

We think it may be interesting to reproduce the following letter,

sent to the English Press by Sir David Salomons, President of the

Self-Propelled Traffic Association, on the passing of the new
' Locomotives on Highways Bill.'

'After a long period of labour the " Locomotives on Highways
Bill, 1896," has become an Act, and probably at no period in the

history of the English Legislature has so liberal a measure been

passed. Indeed, the President of the Local Government Board
cannot be charged with a want of faith in humanity, believing, as

he must do, that no abuses will follow the help he has so freely

extended to the new movement. My object in requesting the

publication of this letter is, on the one hand, to express the gratitude

of all those I represent in this movement to the Government, to

the permanent officials of the departments concerned, and to all

others by whose labours and influence success has been obtained ;

and, on the other, to appeal to everyone interested in the movement,

whether as manufacturers or users of motors, to do nothing on their

part to abuse the freedom which has now been extended to them.

It behoves everyone concerned to act with prudence and considera-

tion ; to avoid injury to the roads ; to use every possible care not

to frighten horses ; to store no dangerous liquids thoughtlessly,

which might endanger life or property ; and to act generally with

such discretion that it shall not be said in a year or two hence another

Act must be passed to control those who have shown their in-

ability to control themselves, or misused their privileges. There

cannot be the slightest doubt in the mind of any reasonable man
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that this Act will be productive of great changes, and that if all

those who have an interest in modern progress will strive to improve

self-propelled traffic, and those who avail themselves of its benefits

will act fairly towards others having no direct interest in the move-

ment, it will be giving the English nation an advantage which can

hardly be overrated, and without entailing, as I hope and believe, a

vestige of discomfort or annoyance on any individual.'

II.

THE AUTO-CAB BILL.

The Locomotives on Highways Bill, 1896.

As amended by the Standing Committee on Law, and entitled

' An Act to amend the Law with respect to the Use of Locomotives

on Highways,' this Act now reads as follows

:

Be it enacted by the Queen's most Excellent Majesty, by and

with the advice and consent of the Lords Spiritual and Temporal,

and Commons, in this present Parliament assembled, and by the

authority of the same, as follows :

1. (1) The enactments mentioned in the schedule to this Act,

and any other enactment restricting the use of locomotives on

highways, and contained in any public, general, or local and personal

Act in force at the passing of this Act, shall not apply to any vehicle

propelled by mechanical power if it is under three tons in weight

unladen, and is not used for the purpose of drawing more than one

vehicle (such vehicle with its locomotive not to exceed in weight

unladen four tons), and is so constructed that no smoke or visible

vapour is emitted therefrom except from any temporary or acci-

dental cause; and vehicles so exempted, whether locomotives or

drawn by locomotives, are in this Act referred to as light loco-

motives.

Provided that

—

(a) A county authority shall have power to make byelaws

preventing or restricting the use of such locomotives

upon any bridge where such authority are satisfied that

such use would be attended with damage to the public,

subject to an appeal to the Local Government Board by

any person aggrieved by the exercise of the power.
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(6) A light locomotive shall be deemed to be a carriage

within the meaning of any Act of Parliament, whether

public, general, or local, and of any rule, regulation, or

byelaw made under any Act of Parliament, and, if used

as a carriage of any particular class, shall be deemed to

be a carriage of that class, and the law relating to

carriages of that class shall apply accordingly.

(2) In calculating for the purposes of this Act the weight of a

vehicle unladen, the weight of any water, fuel, or accumulators

used for the purpose of propulsion shall not be included.

2. The keeping and use of petroleum or any other inflammable

liquid or fuel for the purpose of light locomotives shall be subject

to regulations made by a Secretary of State, and regulations so

made shall have effect notwithstanding anything in the Petroleum

Acts, 1871 to 1881, and breach of any such regulation may, on

summary conviction, be punished by a fine not exceeding ten pounds.

3. (1) The Local Government Board may make regulations

with respect to the use of light locomotives on highways, and their

construction and other conditions under which they may be used,

and a breach of any such regulations may be thereby made punish-

able by a fine not exceeding ten pounds, recoverable on summary
conviction.

(2) Regulations under this section may, if the Local Govern-

ment Board deem it necessary, be of a local nature, and limited in

their application to a particular area.

4. The requirements of sub-section four of section twenty-eight

of the Highways and Locomotives Amendment Act, 1878, may be

from time to time varied by order of the Local Government Board.

5. In the application of this Act to Scotland a reference to the

Secretary for Scotland shall be substituted for a reference to the

Local Government Board.

6. In the application of this Act to Ireland a reference to the

Local Government Board for Ireland shall be substituted for a

reference to the Local Government Board.

7. This Act may be cited as the Locomotives on Highways

Act, 1896.

Enactments which are not to apply to Light Locomotives.

The Locomotives Act, 1861 (24 and 25 Vict. c. 70), except so

much of section one as relates to tolls on locomotives, and sections

seven and thirteen.
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Section forty-one of the Thames Embankment Act, 1862

(25 and 26 Vict. c. 93).

The Locomotives Act, 1865 (28 and 29 Vict. c. 83).

The Locomotives Amendment (Scotland) Act, 1878 (41 and 42

Vict. c. 58).

Part II. of the Highways and Locomotives (Amendment) Act,

1878 (41 and 42 Vict. c. 77).

Section six of the Public Health (Ireland) Amendment Act,

1879 (42 and 43 Vict. c. 57).

III.

THE PABIS-MABSEILLES BACE, SEPTEMBEB, 1896. 1

This race was organised by the Automobile Club of France, and had
been originally fixed to take place in June, but as many makers
would not have been ready in time it was decided to postpone the

race until September 24, 1896.

The total distance covered—Paris to Marseilles and back—was
about 1,070 miles. The conditions of the race were different to

those enforced in the Paris-Bordeaux race of 1895. No night

travelling was allowed, the cars having to stop every evening at a

settled halting-place, where a fresh start could be made the follow-

ing morning. The road was divided into ten stages, as follows :

—

1. Paris to Auxerre 110 miles.

2. Auxerre to Dijon 94 „

3. Dijon to Lyons 123 „

4. Lyons to Avignon 141 „

5. Avignon to Marseilles 66 „

6. Marseilles to Avignon 06 „

7. Avignon to Lyons 141 „

8. Lyons to Dijon 123 „

9. Dijon to Auxerre 94 „

10. Auxerre to Paris 110 „

Each stage corresponding to a day's journey. The hour of de-

parture and arrival of each car was carefully noted every day, and

the times employed on the stages were added together to decide the

winner.

Over 3,0002. was subscribed for distribution as prize money.

The cars were divided into three classes for competition :—Class

^ Summarised extract from the Autocar.
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A, for cars with two, three, and four seats ; Class A%, for cars with

over four seats ; and Class B, for auto-cycles.

Fifty-two cars were originally entered for the race, but only

thirty-two started. Of these, twenty-four were propelled by petro-

leum and only three by steam, the remaining five being petroleum

tricycles.

The start took place at the Place d'Armes at Versailles in the

presence of thousands of spectators.

The different parts of the carriages were sealed to prevent being

changed along the route, and then the cars were sent off at inter-

vals of a minute. The following are the names and order of start-

ing of the competitors :

—

So.

32
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A Bollee oar and a Tenting car for four passengers were timed

having started, although they had not reached Versailles, through

some delay occurring.

The first stage of the journey was accomplished in excellent

weather, and the first to arrive at Auxerre was a Bollee vehicle,

which covered the distance at an average rate of about 20 miles

an hour. The total number who completed the first stage were
twenty-seven, five having given up owiDg to various causes.

The second stage was run under very trying conditions of

weather, and only fifteen vehicles reached Dijon, the first four

arrivals being all Panhard-Levassor cars. During the third stage

rain fell heavily, and the roads were in a terrible condition. No.

Panhard-Levassor car arrived first at Lyons, and altogether fourteen

reached destination. The fourth stage was run in better weather,

and No. 46 Peugeot car arrived first at Avignon, followed by twelve

other competitors. These thirteen competitors all reached Mar-
seilles the following day, an exceedingly fast run on this stage

being accomplished by No. 6 Panhard-Levassor car.

The start on the return journey was made on September 29 at

midday. Some of the competitors having arrived overnight, sixteen

were able to start, of whom fifteen arrived at Avignon, sixth stage.

The seventh stage was run in wind and rain, No. 6 Panhard-

Levassor arriving first at Lyons. This car again came in first at

Dijon, the end of the eighth stage, the run being accomplished

against a strong head wind, and it was also first at the end of the

ninth stage, and finally won the race, having accomplished the

journey to Marseilles and back in slightly under 68 hours,

representing roughly an average speed of sixteen miles an

hour.

No. 6 Panhard-Levassor car was therefore awarded the first

prize in Class A, the prize in Class A2 being won by No. 46 Peu-

geot car, and that in Class B (auto-cycle) by No. 13 Dion tricycle.

The inevitable accidents that occurred along the route were

mainly due to outside causes, and not to any inherent defects in

the cars themselves. Some of the cars were upset by dogs, and

others by fallen trees blown across the road by the gale. One was
charged by a bull, which evidently objected to self-propelled traffic.

The cars, however, that returned to Paris were all in good condition,

considering the distance travelled, and the race was deemed a very

successful one, having fulfilled all expectations.
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IV.

TABLE OF FBENCH AND ENGLISH EQUIVALENTS.

(Note by Translator.)

In converting the dimensions of the metric system, used in the French

original, into English dimensions, the following equivalents have been

adopted

:

1 kilometre = 0-62 mile.

1 metre = 3-28 feet.

1 centimetre = 0-394 inch.

1 millimetre = 0039 inch.

1 square metre = 10-764 square feet.

1 French ton (1,000 kgs ) = 1 English ton (2,240 lbs.).
1

1 kilogramme = 2-2 lbs.

1 „ per sq. metre = 0-205 lb. per sq. ft.

1 „ ,, centimetre = 14-22 lbs. per sq. in.

1 „ „ millimetre = 0-635 ton per sq. in.

1 „ per kilometre = 3-5 lbs. per mile.

1 gramme = 0-564 dram (avoirdupois).

1 atmosphere = 1 kilogramme per sq. cm. = 14-22 lbs. per sq. in.

1 French horse-power (75 kilo-
) _ ( 1 English horse-power '

grammetres per second) • '(33,000 ft.-lbs. per minute).

,0-22 gallon.

1 litre =
1 61-027 cab. ins.

Centigrade = (Fahrenheit - 32) 5

Fahrenheit = Centigrade x 9 + g2
5

Increment of increase of original volume of gas per degree of tem-

perature Centigrade = jfj.

Increment of increase of original volume of gas per degree of tem-

perature Fahrenheit = jjj.

Absolute zero temperature = — 273° Centigrade.

„ „ = - 461° Fahrenheit.

A calorie, or thermal unit, is the amount of heat required to raise the

temperature of 1 gramme of water from 0° C. to 1° C. The British

thermal unit or Joule's mechanical equivalent of heat is equivalent to

772 foot-pounds, required to raise 1 lb. of water from 60° F. to 61° F.

1 These are not quite exact, but sufficiently correct for our purpose.
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Absolute temperature, 2
Absolute zero, 3
Accumulator, ignition by, 225-227
Accumulators, and electric motors,

58-67 ; for the Jeantaud car,

187 ; Dujardin, 192
Adhesion, coefficient of, 17
Adiabatic expansion, work done

during an, 8-10 ; equation of,

10 .

Adiabatic line, 4

Air, carbureited, 40 ; compressed,
auto-cars, 112 ; Popp-Conti
motor, 113, 114

Air condenser for the Francq
locomotive, 109

Aluminium oleopump, 211
Andraud, inventor, 23
Armature of an electric motor, 59
Auteuil-Boulogne line, 103
Autocar, the, cited, 151
Auto-cycles, the gladiator, 144-

150
Automatic air charger for com-

pressed air auto-cars, 116-120
Axle, divided, 91
Axles, 217, 218

Back pressure, 12
Ball-bearings, 217, 218
Barrett, Mr. John, 201
Bearings, ball and roller, 217-219
Beau de Rochas, inventor, 22
Beaujouan, Mr., 138
Benz car, 200

Benz motor, the, 140-144, 199
Bicycle spokes, strain on, 138
Bogard, Mr., 191
Bogard electric car, the, 191-195
Boiler, Lancashire, 38 ; the Rowan,

100 ; Field, 92, 93
Boilers, strength of, 38
Bollee car, the, 91 ; the steering

gear, fore-carriage with two
pivots and divided-axle system,

91 ; boiler, 92 ; motor, 93, 94
Bouton. See De Dion and Bouton
Boyle's law, 1, 2

Brakes for Serpollet cars, 79
Briot, Charles, 12
Brush for electric motor, 59
Burner, Longuemarre, 225

C speings, 217
Calculation of volume of large

cylinder, 32 ; of small cylinder,

32-34 ; of pressure on crank pin

of Daimler motor, 129-131 ; the

path travelled by connecting rod,

228; of pressure on crank pin,

230 ; of mass of flywheel, 232
Calefaction, 68
Calorie, definition of, 241
Capillary space, 70
Car, pull of, 15-19 ; weight of Ser-

pollet, 75 ; the Le Blant, 80-87

;

the Bollee, 91-94; the Bowan,
97-104; the Popp-Conti, 112-
116 ; the Panhard-Levassor, 134,

135 ; the Peugeot, 135-139 ; the
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Roger, 139-144 ; the Gladiator,

146, 147 ; the Duma, 150-155
;

the Tenting, 170-173 ; the Dela-
haye, 173-175 ; the Eossel, 175,

176; the Gnome, 179; the
Jeantaud, 184-187 ; the Electro-

bat, 187-191 ; the Bogard elec-

tric, 191-195
Carbonic acid, liquid, as a tractive

force, 26
Carburator of Kane-Pennington

motor, 160 ; for a Loyal motor,
166

Carburators, 220-224
Carburetted air, 40
Cardan joint, 90
Carnot's cycle, 10-12, 41
Carnot's principle, 11

Car, weight of Serpollet, 75
Clearance, meaning of, 13

Clement, Mr., 23
Coefficient of expansion of a gas,

2; of resistance, 16; of ad-

hesion, 17

Companies: Decauville,94; Postel-

Vinay, 186; Fulmen, 187;
Michelin, 211, 215 ; Roller Bear-

ings, 218
Compound engines, 31

Compressed air auto-cars, 112-123
Condenser, air, for " the Eraneq

locomotive, 109
Consolin lubricator, 206
Cosmos, extract from, 138
Courbevoie-l'Etoile line, 24

Crossley Bros., Messrs., 125
Cugnot, inventor, 20
Current, electric, 60; Foucault's,

60
Cycle, Carnot's, 10-12 ; efficiency

of a, 12 ; of a steam engine, 12-
15 ; of gas motor, 40

Cycles, auto-, Gladiator, 144-150

Daimlee, Mr., 23
Daimler carburator, 220-222
Daimler motor, the, 124-131 ; cal-

culation of pressure on crank
pin, 129-13J

Darracq, Mr., 144, 147, 150
Dawson motor, the, 167, 168
Decauville Company and the Filtz

rotary steam motor, 94
De Dion & Bouton, Messrs., 21,

22, 39, 188
De Dion & Bouton steam tractors,

87-91
Degree, Centigrade, English equi-

valent of, 241
Delahaye, Mr., 175
Delahaye car, the, 173-175 ; its

machinery, 174
De Zuylen de Nyevelt's, Baron,

letter, v, vi

Diagrams : of isothermal lines, 4
;

of isentropic lines cutting iso-

thermals, 6 ; of adiabatic curve, 8

;

of cycle of a steam engine, 13 ;

of work done by single-cylinder

expansion engine, 27 ; of work
done by compound engine, 31 ;

of Zeuner, 37 ; of work done by
gas engine, 45 ; series of dia-

grams taken with Kane-Penning-
ton motors, 159

Distributor for compressed air

auto-cars, 117-119
Divided-axle system, 91
Double-acting engine, 27
Drevdal ' Oleopump,' 209-211
Driving of Serpollet car, 79
Dujardin accumulators, 192
Duryea car, the, 150-155, 198-

200

Edline tyre, 217
Effect of reciprocating motion, 231
Efficiency, of a cycle, 12 ; mecha-

nical, 42 ; of motor, 43 ; of com-
pressed-air systems, 120-123

Electric auto-cars, 184-195
Electric cars, 200
Electric currents, 60
Electric motors, accumulators and,

58 ; working of an electric

motor, 58-67 ; weight of 10
horse-power, 61 ; cost, per car«

mile, 64, 65.
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Electricity, ignition by, 57, 225
' Electrobat ' auto-car, the, 187-

191
Energy, potential, 4 ; of a gas, 6 ;

internal energy, 10 ; kinetic,

233
Engines, double and single acting,

27 ; compound, 31

Entropy, 4
Equation of adiabatic expansion,

10
Equivalent, mechanical, of heat, 8

Exhaust port, 35
Expander, steam, for the Francq

locomotive, 106, 109
Expansion of a gas, coefficient

of, 2 ; adiabatic, equation of,

10
External work done by an isother-

mal transformation, 6-8

Extracts from Locomotion Auto-

mobile, 88 ; Bevue Industriellc,

96 ; Bevue Technique, 104 ;

Cosmos, 138 ; Genie Civil, 138
;

Autocar, 151 ; La France Auto-

mobile, 155

Field boilers, 92, 93
Field tube, 93
Filtz rotary steam motor, 94-97
Flame, ignition by, 57, 224

Force, of a gas, 5 ; tractive, 16

Fore-carriage with two pivots, 91

Foucault's current, 60
Four-cylinder Kane-Pennington

motor, 158
Francq locomotive, 105-111

Fuel consumption tests, 198
Fulmen Co., 187

Fundamental equation between

volume, pressure, and tempera-

ture of a gas, 4

Gas, volume of a, 2
;
pressure of a,

2 ; temperature of a, 2 ; co-

efficient of 'expansion of a, 2 ;

fundamental equation between

volume, pressure, and tempera-

ture of a, 4 ; force of a, 5 ; energy
of a, 6 ; specific heat of a, with
constant volume and at constant
pressure, 9 ; internal energy of

a, 10 ; temperature of, at end of

compression, 46
Gas and petroleum motor : the

Gnome, 178-183
Gas motors, the working of,

40-44 ; heat study of, 44-55

;

valve motion, 55-58 ; Vermand's
tables for, 66, 67

Gases, the laws governing, 1

Gautier and the Daimler motor,

124
Gay-Lussac's law, 1-6

Gear, valve, 35 ; Bollee steering,

91, 92 ; Lepape transmission,

169, 170
Generators : steam, 38, 39 j the

Serpollet, 68-80 ; De Dion and
Bouton, 87, 88

Ginie Civil, extract from, 138
Giffard, Mr. Pierre, 23
Gladiator auto-cycles, 144-150
Gnome auto-car, 179
Gnome gas and petroleum motor,

the, 178-183
Gnome locomotive, 180
Grelet, Mr., 173
Guedon, M. Yves, 23

Halske. See Siemens and Halske
Hannoyer, Messrs., their springs

and axles, 217, 218
Haynes,Mr.,199
Haynes and Upperson's car, 200
Heat, mechanical equivalent of, 8

;

specific, of a gas with constant

volume, and at constant pressure,

9 ; evolved by explosion in gas

engine, 41 ; efficiency of motor,

43 ; study of gas and petroleum
motors, 44-55

Henry, Messrs. B., 211
Horse-power unit, 196-198; Eng-

lish equivalent of French h.p.,

241
Hysterisis, 60
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Ignition, various methods of, 57,

58, 163, 224-227
Incandescent platinum tube, ig-

nition by, 57, 225
India-rubber tyres, 211-213, 216
Inertia of iron to change of mag-

netism, 60
Internal energy of a gas, 10
Iron tyres, 211-213
Isentropic line, 4, 5
Isothermal line, 4
Isothermal transformation, ex-

ternal work done by an, 6-8

Jeantaud, Mr., 25, 63, 184
Jeantaud car, the, 184-187
Joint, Cardan, 90
Joints, 219
Jonte, Mr., 138
Joule's equation, 7; mechanical

equivalent of heat, definition of,

241
Journal, sectional area of a, 15

Kane-Pennington motor, the, 151,

155-162 ; single-cylinder, 156
;

two-cylinder, 157 ; four-cylinder,

158 ; piston, 160 ; carburator, 160
Kilogramme, English equivalent

of, 241
Kilogrammetre, English equiva-
'

lent of, 241
Kilometre, English equivalent of,

241
Kinetic energy, 233

La France Automobile, quoted,

155
La Nouvelle omnibus, 91
Lamm, Dr., 105
Lancashire boiler, 38
Lap, 36
Law, Boyle's, Gay-Lussac's, and

Marriotte's, 1-6

Le Blant car and tractor, 80-87
Lenoir, inventor, 22
Lepape, Mr., 168

Lepape petroleum tractor, the?

168-170 ; its transmission gear,

169, 170
Letter from Baron de Zuylen de

Nyevelt, v, vi ; from Sir David
Salomons, 235, 236

Levassor, Mr., 180. See also Pan-
hard & Levassor

Lewis, Mr., 199
Line, Courbevoie-l'Etoile, 24

;

Madeleine-Saint-Denis, 67

;

Tours-Vouvray, 102 ; Auteuil-
Boulogne, 103

Line, isothermal and adiabatic or

isentropic, 4,5
Link motion, Walchart's, 83
Liquid carbonic acid as a tractive

force, 26
Litre, English equivalent of, 241
Locomotion Automobile, extract

from, 88
Locomotive, the Gnome, 180
Locomotives onHighways Bill, 236-

238
Longuemarre burner, 225
Loyal, Mr., 163
Loyal carburator, 222
Loyal motor, the, 163-167
Lubrication of motors, 205-211
Lundell motor, 189, 201
Lundie, Mr. J., report on auto-

cars, 196-201

Machinery for the Bowan steam
tramcar, 99

Macy, Mr., 199
Madeleine-Saint-Denis line, 67

Magnetic field of an electric motor,

59
Marriotte's law, 2

Maximum pull exerted by auto-

cars, 198-200
Measures: table of French and
English equivalents, 241

Mechanical efficiency, 42
Mechanical equivalent of heat, 8

Mechanical lubricators, 206, 207
Mekarski, Mr., 23-25
Mekarski compressed-air system
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and the Popp-Conti compared,

112, 120-123
Metre, English equivalent of, 241

Meyer cutoff, 115
Michelin Co., their tyres, 211, 215
' Mollerup ' lubricator, 207
Morris & Salom, Messrs., 187-

191,201
Morris & Salom's electric auto-

cars, 187
Motor, efficiency of, 43 ; weight of

10 horse-power electric, 61 ; for

Le Blant car and tractor, 83-86

;

De Dion and Bouton, 88-90; for

the Bollee car, 93, 94 ; the KHz
rotary steam, 94-97 ; for the

Rowan steam tramcar, 98 ; the

Popp-Conti, 113, 114 ; the Daim-
ler, 124-131 ; the Phoenix, 132,

133; the Benz, 140-144; the

Otto-cycle Benz, 144 ; of Gladia-

tor car, 147 ; the Kane-Penning-

ton, 151, 155-162; Began, 160;

the Loyal, 163-167; the Dawson,
167, 168 ; the Ten.ting, 170 ; the

Pygmee, 176-178 ; the Gnome,
178-183 ; Lundell, 189

Motors, steam, 27-39, 105-111;

lubrication of, 205-208 ; electric,

58-67 ;
gas, 40-58, 66, 67 ;

petro-

leum, lubrication of, 208-211

;

single and double, 201

Newcomen, inventor, 20

Oil-cup for lubricating, 205

Oleopolymetre, 211

Oleopump, Drevdal, 209-211

Omnibus, La Nouvellc, 91

Otto, Dr., 124

Otto-cycle Benz motor, the, 144

Otto-cycle motors, 41 ; heat study

of, 44-55

Panhabd & Levassob, Messrs., 23

Panhard-Levassor, petroleum car,

adoption of the Daimler motor
on, 124, 131-135

Papin, Denis, inventor, 20
Paris-Marseilles race, 238
Petroleum autocars, 124-183
Petroleum motor, 22, 23
Petroleum motors, heat study of,

44-55; the Gnome, 178-183;
lubrication of, 208-211

Petroleum tractor, Lepape, 168-170
Peugeot, Messrs., 23, 124
Peugeot car, the, 135-139
Phoenix motor, the, 132, 133
Physical lubricators, 205, 206
Piston, Kane-Pennington, 160
Pivots, fore-carriage with two, 91
Plante and the storage of electricity,

61
Platinum, ignition by an incan-

descent tube of, 57, 225
Pneumatic ignition, 163
Pneumatic tyres, 211-213, 215,

216
Popp-Conti tramway, 112 ; the

car, 112-116 ; automatic air

charger, 116-120
Port, steam, 35 ; exhaust, 35
Postel-Vinay Co., 186
Potential energy, 4

Pressure, of a gas, 2 ; back, 12

Pull of car, 15-19
Pygmee motor, the, 176-178

Quadricycle, the Gladiator, 145

Randol, Mr., 157
Eechniewski, Mr., 186, 191
Beckenzaun, Mr., 16

Began motor, 160
Besistance, on road and rail, 1G

;

coefficient of, 16 ; wind, 17, 18
Revue Industrielle, extracts from,

96
Revue Technique, extract from, 104
' Rocket,' the, 21
Roger car, the, 139-144 ; motor

for, 140-144
Roller bearings, 218, 219
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Boiler Bearings Co., 218
Bossel, Mr., 175
Eossel ear, the, 175, 176
Bowan steam tramoar, 97-104

;

motor, 98, 99 ; machinery, 99-
104

Saintive, Mr., 97
Salom, Mr., 201
Salom. See Morris & Salom
Salomons, Sir David, his letter to

the press, 235, 236
Sarcia, Mr., 67

Seott tramears, 208
Seek, Mr., 178
Sectional area of a journal, 15
Seguin, Mr. Louis, 178, 183
Self-propelled Traffic Association,

235
Serpollet, Mr., 22, 39

Serpollet system of steam traction :

the tube, generator, and cars,

68-80, 208 ; brakes for car, 79 ;

driving of the car, 79, 80

Siemens and Halske, Messrs., 25

Sight-feed lubricators, 205, 206
Single-acting engine, 27

Single-cycle motors, 40
Single-cylinder Kane-Pennington

motor, 156
Slide valve, 35
Specific heat of a gas with con-

stant volume, and at constant

pressure, 9

Springs, 217
Steam cars, lubrication of, 205-

208
Steam engine, cycle of a, 12-15

Steam expander, for the Francq
locomotive, 106, 109

Steam generators, 38, 39

Steam motors : single and double

acting engines, 27 ; first, second,

and third stages of a cycle, 28-

31 ; compound engine, 31, 32

;

calcul ation of volume of large and
small cylinders, 32-34 ; valve

gear, 35-38
;
generators, 38, 39

;

the Filtz rotary, 94-97 ; without

fire-box or with hot water, 105-
111 ; lubrication of, 205-208

Steam port, 35
Steam tractors : the Serpollet,

68-80; Le Blant, 80-87; De
Dion and Bouton, 87-91

Steam tramcar, the Bowan, 97-104
Steering gear, Bollee, 91, 92
Stephenson, Eobert, 21
Straight springs, 217
Strain on bicycle spokes, 138
Strength of boilers, 38
Sturges, Mr., 201
Summers, Mr. L. L., report on

auto-cars, 196-201

Tables : of wind pressure, 18

;

for condensing and non-con-
densing engines, 29 ; of cost of

tramway traction per car-mile,

64 ; Vermand's, for gas motors,

66, 67 ; concerning Filtz motor,
96 ; of efficiency of Bechniewski
motor, 186 ; from Trautwine,
197 ; of power and duty tests of

auto-cars, 202-204 ; of experi-

ments with different kinds of

tyres, 212, 213 ; of French and
English equivalents, 241

Temperature, absolute, 2 ; of a
gas, 2 ; of gas at end of com-
pression, 46

Tenting, Mr., 172
Tenting ear, 170-173 ; the motor,

170 ; machinery, 172
' Terminus ' lubricator, 207, 208
Tessier du Motay, inventor, 23
Thermal weight, 5
' Times Herald ' (Chicago) race,

196
Ton (French), English equivalent

of, 241
Torrilhon tyre, 217
Tours-Youvray line, 102
Tractive force, 16
Tractors : steam, 68-80 ; Le Blant,

80-87; De Dion and Bouton
t

87-91 ; the Lepape petroleum,'

168-170
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Tramcar, the Rowan steam, 97-
104

Trautwine on horse-power, 197
Trevithick, inventor, 21

Tricycle, the Gladiator, 145

Tube, Serpollet, 68-75 ; Field,

93
Two-cylinder Kane - Pennington

motor, 157
Tyres, 211-217

Unit, horse-power, 196-198
Useful efficiency of motor, 43

Valve, slide, 35
Valve gear, 35
Valve motion, 55
Valve seat, 35
Vermand's tables for gas motors,

66,67
Vibration, car, 227
Vinet, Mr., his tyres, 216

Volume of a gas, 2

Vulcanised fibre for joints, 219

Walchabt's link motion, 83

Watt, James, inventor, 20 ; on
horse-power, 196, 197

Weight, thermal, 5 ; of 10 horse-

power electric motor, 61 ; of

Serpollet car, 75 ; of Le Blant

car and tractor, 81-86
Wheels, wooden and metal com-

pared, 213-215
Wind pressures, table of, 18

Witz, Mr. A., on contraction of

gas after combustion, 48
Worcester, inventor, 20

Work, external, done by an iso-

thermal transformation, 6-8

;

done during an adiabatic expan-

sion, 8-10
Working of an electric motor, 58-

67

Zero, absolute, 3

Zeuner's diagram, 36-38, 55
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'A capital practical handbook.'

—

Mechanical World.
' The best work on the subject.'—English Mechanic.

Vol. 1 1.-APPARATUS. —1. Engines— 2. Dynamos and Motors— 3. Instru-
ments — 4. Governors— s- Switches and
Switch Boards—6. Fuses, Cut-outs, Con-
nectors, and Minor Apparatus—7. Arc
Lamps—8. Practical Applications. With
305 Illustrations, js. 6d.

Vol. III. — APPLICATION. With
32 Illustrations. 340 pp. 5*.

Contents : — Precautions — Con-
ductors—Testing—Methods of Working
—Alternate Currents—Estimates, Index,
&c.

( The book in its present form is more
useful than any of the earlier editions, and
contains much more information.'--£«iW««r.

( A seventh edition reviews itself. It says,
((

I am wanted, and therefore I am here."
'

Electrical Engineer.
'The great characteristic of Sir David

Salomons' writings is their exceedingly
practical common sense.'

—

Indian Engineer.

By Oscar Guttmann, Assoc.
M.Inst.CE., F.I.C., Member of the
Societies of Civil Engineers and
Architects of Vienna and Budapest,
Corresponding Member of the Im.
Roy. Geological Inst, of Austria, &c.

EXPLOSIVES: The Manufacture of. A Theoretical
and Practical Treatise on the History, the Physical and Chemical Pro-
perties, and the Manufacture of Explosives. With 328 Illustrations. In
two Vols. Medium 8vo. 2/. 2s.

*
#* The work contains the most recent information on Gunpowder, Gun-

cotton, Dynamite, Smokeless Powders, Fulminates, &c.
'An extremely able book.'

—

Aihenaum.
' The author has been fortunate in finding a cWr field for a fall and compre-

hensive work giving the details of the most modern systems of manufacture.
This has been so well done in the volumes before us, that we regret
that the space at command prevents us from giving more than a brief indication of
their contents.'

—

Engineer.
'A work of such magnitude and importance, that it will undoubtedly

take a leading place in the literature on the subject.'

—

Arms and Explosives.
' Mr. Guttmann's important book.'

—

Times.
A standard work.'

—

Chemical Trades' Journal.
The two volumes are of deep and of almost fascinating interest.'

—

Marine Engineer*
An admirable addition to technical literature.'—Scientific American. , .

Diagram of Photometer, from Salomons'
' Electric Light Installations. ' 3 vols.
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THE SPECIALISTS' SEKIES (Continued).

'Practically the only trustworthy wort on the manufacture |of
modern explosives In the English language.'—Nature.

' A most learned and exhaustive work.'—Colliery Guardian.
'This admirable work.'—Railway Engineer.
'This work commends itselfmost strongly to all manufacturers and users of

explosives, and not less to experts.'

—

Chemical News.
'He who wants to know all about everything in the way of cordite and

its rival " ites," will find whatever he can possibly desire to know in Mr. Guttmann's
volumes. —Daily Chronicle.

1 Well conceived, well arranged, well executed.'

—

Scotsman,
• The work is full of valuable information.'

—

Manchester Guardian.

Specimen ofIllustrations from Guttmann's ' Explosives.



Whittaker's Technological and Scientific List.

THE SPECIALISTS' SERIES (Continued).

By G. R. Bodmer, A.M.Inst.C.E.

HYDRAULIC MOTORS : Turbines and Pressure
Engines. With 204 Illustrations. Tables and Index. Second
Edition, thoroughly Revised and Enlarged. 14*.

' A distinct acquisition to our technical literature.'—Engineering.
1 The best text-book we have seen on a little-known subject.'

—

Marine Engineer.

'A well-known and deservedly successful work.'—Electrician.

'An excellent treatise.'—Nature.

'This standard work has been now considerably enlarged The best
book that exists on the subject.'—Electrical Review.

Specimen of Illustrationsfrom Bodmer's 'Hydraulics.'

By W. Fletcher, Mechanical Engineer, Author of ' Steam Locomotion
on Common Roads.'

THE STEAM JACKET: Practically Considered.
Second Edition, Revised and Enlarged. With 63 Illus-

trations. Crown 8vo. "js. (id.

Contents : — History of the Steam Jacket—Cylinder Condensation

—

Means proposed for Preventing Cylinder Condensation—The Abuse of the
Steam Jacket—Practical Proofs of the Efficacy of the Steam Jacket, &c, &c.

1 It ought to be read not only by engineers, but by steam users.'
Textile Recorder

.

An excellent little book.'—Electrical Review.
A most excellent work on the subject.'

—

Steamship.
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TSE SPECIALISTS' SERIES (Continued).

By Oliver J. Lodge, F.R.S., LL.D., D.Sc, M.I.E.E.
Professor of Experimental Physics in the University College, Liverpool.

LIGHTNING CONDUCTORS
GUARDS. A Treatise on the

Protection of Buildings, of

Telegraph Instruments and
Submarine Cables, and of

Electric Installations generally,

from Damage by Atmospheric
Discharges.

In one volume, with numer-
ous Illustrations. Crown 8vo. 1

5

s.

' How they are essential, and in what
manner they may be made most effective,

is elaborately shown in the Professor's

comprehensive and most instruc-
tive treatise, which is the work of one
of our best authorities on modem theories

of electricity and their practical appli-

cation. — Times.

' There is probably no one who knows
more about lightning conductors than Dr.
Lodge.'

—

Industries. "

AND LIGHTNING

Single Pattern Form
of Guard for Cables.

(Specimen of
Illustrations.)

By Thomas H. Blakesley, M.A., M.Inst.C.E., Hon. Sec. of the

Physical Society.

ALTERNATING CURRENTS OF ELECTRICITY.
Third Edition, enlarged. ss-

CONTENTS :-Self Induction-Mutual Ip^on-Condensers^^denser

in Circuit-Several Condensers-Combination of Condensers wthSeK Indue-

tion-Condenser Transformer- Distributed Condenser- Telephony-The

Transmission of Power-Upon the Use of the Two-coil Dynamometer mth

ahernSmg Currents-Silence in a Telephone-On Magnetic Lag-Further

Contributions to Dynamometry.

>i, i« written with ereat clearness and compactness of statement,

and weU Sins The character of the series of books with winch * u> now

associated.'

—

Electrician.

By Stuart A. Russell, Assoc.M.Inst.C.E., M.I.E.E.

ELECTRIC -LIGHT CABLES, AND THE DIS-

TRIBUTION OF ELECTRICITY. With 107 Illustrations. 7s. bd.

The various systems of main distribution, heating losses, ^jgftf* *̂S*5
tion, testing, safety devices, See., are dealt with A DOOK OI very grea!

value.'

—

Electrical Review. ,_ , _, . . .

A more thorough took could not have been wrIttan.'-Jfatoa..
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THE SPECIALISTS' SERIES (Continued).

By William Anderson, F.R.S., D.C.L., Member of the Council of the

Institution of Civil Engineers, M.I.M.E., and Director-General of

Ordnance Factories, Royal Arsenal, Woolwich.

ON THE CONVERSION OF HEAT INTO WORK.
A Practical Handbook on Heat-Engines. With 62 Illustrations. Third
Edition. 6s.

'We have no hesitation in saying there are young engineers—and a good many old
engineers, too—who can read this book, not only with profit, but pleasure, and this is

more than can be said of most works on heat.'

—

The Engineer.
' The volume briBtles from beginning to end with practical ex-

amples culled from every department of technology. In these days of
rapid book-making it is quite refreshing to read through a work like this, having
originality of treatment stamped on every page.'

—

Electrical Review.

By G. W. Sutcliffe, M.Inst.CE. (Whitworth Scholar).

STEAM POWER AND MILL WORK: Modern
Practice in. With numerous Tables, Illustrations, &c. Crown 8vo. 21s.

Contents :— Heat and Work—Fuel and Combustion—Calorimeters

—

Storage and Manipulation of Coal—Coal Washing for the Removal of Solid

Waste—Connexion, Circulation, Evaporation, and Priming in Boilers —Forced
Draft—Gas Firing—Use of Liquid Fuel—Analysis of Gasses produced in

Combustion—Water for Use in Boilers—Boilers—Boiler Houses and Boiler

Setting—Chimneys—Economisers—Crossheads and Connecting Rods—Crank
Shafts, Gearing, &c, &c.

' A peculiarly useful and well-written book.'—Daily Chronicle.
1 One of the most useful treatises of the kind. To students it will be found

a most excellent text-book.'

—

English Mechanic.

'The book will well repay careful study.'—Engineer.
'The work is one which is to be commended to the notice of naval architects and

marine engineers.'

—

Steamship.

By 'A Foreman Pattern Maker.'

HELICAL GEARS ; A Practical Treatise. By the
Author of ' Practical Ironfounding,' ' Metal Turning,' ' The Principles

of Pattern Making,' ' The Principles of Fitting.' With 100 Illustrations

and Frontispiece. Js. 6d.

' To pattern makers, ironfounders, and eng neers generally, we can recommend the
perusal of the book.'

—

Marine Etigineer.

'The author has contributed a useful book to machinists.'

—

Builder.

By D. W. Taylor, Naval Constructor, United States Navy.

RESISTANCE OF SHIPS AND SCREW PRO-
PULSION. With Seventy-three Figures and numerous Diagrams.
Medium 8vo. cloth, 15;.

' The book will well repay careful study.'

—

Engineer.

"A valuable and useful contribution to the literature of the subject.'

Marine Engineer.
' Mr. Taylor's excellent book.'

—

Engineering.
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1SE SPECIALISTS' SERIES (Continued).

By Gustav May.

BALLOONING : A Concise Sketch of its History
and Principles. From the best sources, Continental and English. Witt
Illustrations. 2s. (id.

'Mr. May gives a clear idea of all the experiments and improvements in aero-
navigation from its beginning, and the various useful purposes to which it has been,
applied.'

—

Contemporary Review.

By George Lunge, Ph.D., Professor of Technical Chemistry, Zurich, and.

Ferdinand Hurter, Ph.D., Consulting Chemist to the United Alkali

Co., Limited.

THE ALKALI MAKERS' HANDBOOK. Tables
and Analytical Methods for Manufacturers of Sulphuric Acid, Nitric Acid,

Soda, Potash, and Ammonia. Second Edition, Enlarged and
thoroughly Revised . In crown 8vo., with Illustrations, icw. 6d. ;

strongly bound in half leather, I2j.

' The present edition gives abundant evidence that care is being taken to make the:

book a faithful record of the condition of contemporary quantitative analysis.'

Professor T. E. Thorpe in Nature.
* That excellent book.'—The late Professor W. Dittmar.

' It Is an excellent book, and ought to be In the hands of ever

y

chemist.'

—

Professor J- J. Hummel.

By Professor Roberts Beaumont, Director of the Textile Industries

Department, The Yorkshire College.

COLOUR IN WOVEN DESIGN. With thirty-two
Coloured Plates and 203 Illustrations. 21*.

Contents :—Theories of Colouring—Attributes of Colours—Contrast and

Harmony—Mixtures— Elements of Textile Colouring— Stripes — Check

Patterns—Simple Colourings—Compound Colourings—Fancy Shades applied

to Special Designs—Colouring of Combination Designs—Spotted Effects

—

Colouring of Double Weaves and Reversibles—Figured Textiles Coloured in

the Warp—Weft-coloured Figured Fabrics—Curl Textures.

' An excellent work on the application of colour to woven design.'

Textile Manufacturer.

* The illustrations are the finest of the kind we have yet come across, and the

publishers are to be congratulated on the general excellence of
the work.'

—

Textile Mercury.
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THE SPECIALIST'S SERIES (Continued).

By A. B. Griffiths, Ph.D., F.R.S. (Edin.), F.C.S.

A TREATISE ON MANURES; or, the Philosophy
of Manuring. With Illustrations and Index. A Practical Handbook for

the Agriculturist, Manufacturer, and Student. Second Edition,
revised and enlarged. Crown 8vo. 7s. 6d.

' The book is very fall of matter, and may be recommended.'—Engineer.

The book is brimful of highly useful information.'—Live Stock Journal.

' We gladly welcome its appearance as supplying a want long felt

in agricultural literature, and recommend every farmer and agricultural student

to possess himself of a copy without delay.'

—

Farm and Home.
1 We consider this work a very valuable addition to the farm library.'

Saturday Review.

By J. W. Slater, F.E.S., Editor of Journal of Science.

SEWAGE TREATMENT, PURIFICATION, AND
UTILISATION. A Practical Manual for the Use of Corporations,

Local Boards, Medical Officers of Health, Inspectors of Nuisances,

Chemists, Manufacturers, Riparian Owners, Engineers, and Ratepayers,

With Illustrations. 6s.

' The writer, in addition to a calm and dispassionate view of the situation, gives

two chapters on "Legislation" and "Sewage Patents.'"

—

Spectator.

By W. Lee Beardmore, Assoc. M. Inst. C.E., Member of Council and
Hon. Sec. of the Civil and Mechanical Engineers' Society, Author of
' House Drainage Scientifically and Practically Considered,' and ' Com-
pulsory Registration of Certain Buildings as to their Sanitary Efficiency.'

THE DRAINAGE of HABITABLE BUILDINGS.
Illustrated. $s.

1 A useful little volume.'

—

Scotsman.
' "Automatic Flushing" and the notes on the bath are particularly well done.'

National Observer.

'Gives in a small compass a large amount of useful information.'

—

Industries.

By Captain M. P. Nadieine.

A new treatise on

SANITARY DRAINAGE and the Treatment of

Sewage Matter. Demy 8vo. is.
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By C. C. Wakefield, F.R.G.S., Member of London Chamber of Commerce.

FUTURE TRADE IN THE FAR EAST. With 16
Full Page Views, Sketch Maps, Trade Routes, &c, and a New Map of the

Trans-Siberian Railway. Crown 8vo. cloth, gilt, 7*. 6d.

Contents :—The Trans-Siberian Railway, Yokohama, Tokio, Subsidised

Japanese Steamer Lines, Kob6-Hiogo, Osaka, Nagasaki Niigata, Hokkaido
iYeso), Formosa, Shanghai, Sooehow, Hangchow, Ningpo, Foochow, Amoy,
Swatow, Hong Kong, Carlon, Chinkiang, Wuhu, Kiukiang, Hankow, Shashih,

Ichang. Chungking, Caravan Routes in Western China, Tienkin, Pekin, Rail-

ways in China proper, Fusan, Chemulpo, Seoul (Hanyang), Gensan (Port

Lazareff), Hanoi and Haiphong, Saigon, Bangkok, Manila, Labuan, Sarawak,
British North Borneo, Java, Singapore, Penang, Perak, Selangor, Malacca,

Sumatra, Rongoon, Bombay, Calcutta, Madras, Colombo, Customs' Tariffs,

Patent Laws of the East, Conclusion, Appendix, Banks, Cable Rates, &c.

' A work which every British merchant should peruse with care.'

—

Irish Times.

' Mr. Wakefield has based this most interesting work of the Trade of the

Far East upon recent personal observations.'

—

British Trade Journal.

' It could not appear more opportunely.'

—

Review qfRevienvs.

' At the present time the publication of a book of handy reference is a happy
thought.7—Manchester Guardian.

By C. J. Bowen Cooke, Assistant, London and North-Western Locomotive

Department.

BRITISH LOCOMOTIVES. Their History, Con-
struction, and Modern Development. With 150 Illustrations. Second
Edition, Revised. Crown 8vo. ?s. 6d.

Contents :—I. Early History—II. The Rainhill Contest, and subsequent

Development—III. Action of Steam in the Cylinder—IV. Valve Motion—V.
The Boiler—VI. Boiler Fittings—VII. Cylinders, Pistons, and Connecting-

rods—VIII. General Details—IX. How an Engine is put together in the

Erecting Shop—X. How the Slide Valves are set—XI. Classification of

Engines—XII. Tenders—XIII. Brakes—XIV. Modern Locomotives—XV.
Modern Locomotives (continued)—XVI. Compound Locomotives—XVII.

Lubrication and Packing—XVIII. Combustion and Consumption of Fuel—
XIX. Engine-Drivers and their Duties—XX. Duties of Drivers and Firemen

when Working a Train—Concluding Remarks—Index.

'We congratulate the author on producing a book which will be deservedly
successful!'

—

Railway Engineer.

'This new work constitutes undoubtedly a moBt valuable addition to railway

literature.'

—

Railway Herald.
'A very attractive and Instructive little work.'—Times.
• A most interesting book.'—Nature.
' Interesting and valuable.'—Sun.
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LIBRARY OF GREAT INDUSTRIES {Continued).

By the late Sir George Findiay, Assoc. Inst. C.E., General Manager of the

London and North-Western Railway.

AN ENGLISH RAILWAY, THE WORKING AND
MANAGEMENT OF. Fifth Edition, thoroughly Revised
and Enlarged, -with a short Biography of Sir George
Findlay, and Portrait, Appendix, and numerous Illus-

trations. Crown 8vo. cloth, Js. td.

Contents :—Management—The Staff—The Permanent Way—Signals

and Interlocking—Telegraphs —Rolling Stock—Working of Trains—Shunting

and Marshalling of Goods Trains—Working of Goods Station—Rates and
Fares—Division of Traffic—The Railway Clearing House—The State and
Railways—On the State Purchase of Railways—Passenger Traffic—On the

Law as between English Railway Companies and the Public—On the Railway

as a means of Defence—Index.
' This is a delightful book.'

—

Engineer.
' Sir George Findlay's book displays so much knowledge and ability that it well

deserves to rank as a standard work on the subject.'—Nature.
'A very interesting work throughout.'—Railway Engineer.
' Sir George Findlay's book will take a high position in the library of

practical science.'

—

Athenceum.

By J. Alexander.MODEL ENGINE CONSTRUCTION. With Practical

Instructions to Artificers and Amateurs. With 59 Illustrations and 21

Sheets of Working Drawings by C. E. Jones. 324 pp. Crown 8vo. \os.t>d.

Contents :—Part I. Boiler and Engine Details ^. B. .^. *
with Tools.—Part II. Different Types of Engines

:

( jffl III 1 j!tA
Stationary, Locomotive, Marine.

XyXptifi&lcnMzZve/

^SSSSSV? sS"***"*
Specimen of Illustrations *rom ' Model Engine Construction.'

1 Excell ent drawings and ample instructive matter.'—Daily CAronicZ*
' An instructive book, which we do not hesitate in recommending to our apprentices
amateurs.*—Railway Herald.
In this book Mr. Alexander, aided by the drawing of Mr. C. E. Jones, has made

things considerably easier for the model maker.'

—

Engineei.
' This book, besides affording an efficient and comprehensive guide to the

construction of model engines of several kinds, is of considerable educational value.'

. «... . Morning Post.
1 Will be cordially welcomed by all who revel in the fascinating

pursuit of model engine-making:.*

,.

p">f- W. J. Lineham, in the Technical WorlA
'A useful little book. —Saturday Review.
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LIBRARY OF GREAT INDUSTRIES (Continued).

By R. Nelson Boyd, M.Inst.GE.

COAL PITS AND PITMEN. A Short History of the
Development of the Coal Trade, and the legislation affecting it. Second
Edition, Revised and Enlarged, with Illustrations. Crown
8vo. 7s. 6d.

' The story of the development of the great coal ndustry o the United Kingdom
is told in these pages in an interesting manner.'

—

Engineering.
'Mr. BoycVs well-written and eminently practical book.'
' It cannot fail to prove interesting.'

—

Speaker. Daily Chronicle.
* Not only a well-written and fascinating work, but also a valuable history of

the legislation and changes which have taken place in the coal industry.'

—

Industries.

By A. J. Maginnis, M.Inst.N. A., recently Assistant Superintendent ofthe White Star Line.

THE ATLANTIC FERRY. With Eighty Illustrations,

many of them from scarce prints in the Author's possession. Complete
Edition. Crown 8vo. cloth, 7.5. 6d.

A Popular Edition, with about 50 Illustrations, 2s. 6d.
' Will furnish passengers with a compendious and authentic history of the develop-

ment, construction, and organization of the great floating palaces which now conduct
the service of the ferry across the Atlantic'— Times.

'Mr. Maginnis' handsome volume has had a well-deserved success.'

' The work is one of great merit.'

—

Engineering. Engineer.
1 No one who is interested in steam navigation should be without

a copy.'- -Marine Engineer.

By James Dredge. Partly Reprintedfrom ' Engineering.'

A RECORD OF THE TRANSPORTATION EX-
HIBITS AT THE WORLD'S COLUMBIAN EXPOSITION OF
1893. With about 190 Plates, and 800 pp. Text and Illustrations. Imp.

4to. handsomely bound in Half Morocco. 3/. 3s. [Engineering.

Reprintedfrom ' Engineering.'

THE NEW CUNARDERS, 'CAMPANIA AND
'LUCANIA,' and the WORLD'S COLUMBIAN EXPOSITION of

1893. Illustrated by Nine two-paged and Four single-page Plates, and

nearly 300 Figures. Royal 4to. 1 34 Pages, gilt lettered. 6s. [Engineering.

By A. A. Blair, Chief Chemist U.S. Board appointed to Test Iron, Steel,

and other Metals, &c.

THE CHEMICAL ANALYSIS OF IRON. A com-
plete account of all the best-known methods for the Analysis of Iron,

Steel, Pig Iron, Iron Ore, Limestone, Slag, Clay, Sand, Coal, Coke, and

Furnace and Producer Gases. Third Edition, revised. Half-

leather, cloth sides, i6j.

By James Dredge, Dr. M. F. O'Reilly, and H. Vivarez.

Reprintedfrom 'Engineering.'

ELECTRIC ILLUMINATION. Vol. II. Edited by

James Dredge. With 900 Pages and about 1500 Figures. Demy 4to.

cloth. 3CW. Vol. I. is out of print. [Engineering.
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By William H. Maw. Partly Reprintedfrom ' Engineering.'

RECENT PRACTICE IN MARINE ENGINEER-
ING. Illustrated by 176 Plates and 295 Engravings. Imp. 4to. Two-
Volumes, Half Morocco. 3/. [Engineering.

By Thos. Egleston, LL.D., Professor in School of Mines, Columbia
College, New York. Reprintedfrom Engineering.'

THE METALLURGY OF SILVER, GOLD, AND
MERCURY IN THE UNITED STATES. Vol. I. Silver. Vol. II.

Gold and Mercury. Profusely Illustrated. Royal 8vo. Two Vols,,
cloth. ll. lis. 6d. each. {Engineering.

By J. R. C. Nicholls, Executive Engineer, Indian P.W.D.
Reprintedfrom ' Engineering.'

AGRICULTURAL ENGINEERING IN INDIA-
IRRIGATION. Profusely Illustrated. Cr. 4to. 3*. 6d. [Engineering.

By G. M. Born. Reprintedfrom ' Engineering.'

METRIC MEASURES AND THEIR ENGLISH
EQUIVALENT. Cloth. 3.?. [Engineering.

By H. M. Martin, Wh. Sc.

STATICALLY INDETERMINATE STRUC-
TURES, AND THE PRINCIPLE OF LEAST WORK. 4*.

By James Dredge.

THAMES BRIDGES, FROM THE TOWER TO
THE SOURCE. Parts I. and II. With numerous Plates. To be com-
pleted in Seven Parts. Demy 4to. Price 5-y. each. [Engineering.

By C. C. P. Fitzgerald.

SOME REMARKS ON MODERN NAVAL TAC-
TICS. Now Ready. 48 Pages. Crown 410. Price is. [Engineering.

By Philip Dawson, C.E.

ELECTRIC RAILWAYS AND TRAMWAYS,
THEIR CONSTRUCTION AND OPERATION. A practical Hand-
book, setting forth at length the modern application of Electricity as a

Motive Power for Railways and Tramways ; containing Complete Finan-

cial and Engineering Data as to Design, Construction, Equipment, and

Working ; fully Illustrating all Modern and Accepted Types of Machinery
and Apparatus, and describing in detail the principal Installations of

Europe and America. About 400 Pages, handsomely Illustrated, and

containing many Tables, Diagrams, and Working Drawings. Revised,

Enlarged, and brought up to date from Engineering. Demy 410. Price

30J-. [Engineering.
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Reprintedfrom ' Engineering.'

THE STORY OF THE BATTLE OF PORT SAID :

A Chapter in the History of the Future. Illustrated. Demy 8vo. is.

[Engineering.

By Wm. H. Wiley and Sara King Wiley. Reprintedfrom ' Engineering.'

THE YOSEMITE, ALASKA, AND THE YELLOW-
STONE. A Record of a Journey of 10,000 Miles from New York to
the Shores of Alaska and back. Illustrated. Demy 4to. cloth. 15^.

[Engineering.

By James Dredge. Reprintedfrom ' Engineering.'

MODERN FRENCH ARTILLERY. (The St. dia-
mond, De Bange, Canet and Hotchkiss Systems.) With Illustrations of
French Warships. 500 Pages of Text, Tables and Plates, and over
700 Illustrations. The Work is provided with a carefully prepared and
copious Index. Imp. 4to. handsomely bound in Half Morocco. 2/. ior.

[Engineering.

By J. E. Tuit, M.Inst.C.E., Engineer to Sir William Arrol & Co.

THE TOWER BRIDGE : its History and Construc-
tion from the Date of the Earliest Project to the Present Time. Profusely
Illustrated by C. W. Wyllie and others. Demy 4to. cloth, gilt lettered, 5s.

By W. Westhofen. Reprintedfrom 'Engineering.'

THE FORTH BRIDGE. Royal 4to. Seventy-two Pages,
cloth, gilt lettered. 5 s. Illustrated by Nineteen Plates and 157 Figures.

[Engineering.

Reprintedfrom ' Engineering.'

THE MANCHESTER SHIP CANAL. Illustrated

with Four Two-page Plates and numerous Figures in the Text. Royal
410. 46 pp. Cloth, gilt lettered. 3*. 6d. [Engineering.

By J. Bucknall Smith, C.E. Reprintedfrom 'Engineering.'

A TREATISE UPON CABLE OR ROPE TRAC-
TION as applied to the Working of Street and other Railways. With
numerous Plates and other Illustrations. Crown 4to. cloth. 5^.

[Engineering.

By J. Bucknall Smith, Author of 'Cable Traction,' ' Rope Haulag
Mines,' &c. Reprintedfrom 'Engineering.'

WIRE: ITS MANUFACTURE AND USES. Pro
fusely Illustrated. Crown 4to. cloth. "Js. 6d. [Engineering.

By Lieut. -Colonel Bucknill, R.E. Reprintedfrom 'Engineering.'

SUBMARINE MINING. With numerous Illustrations.

Royal 8vo. cloth. 12s. 6d. [Engineering.
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By James Dredge. Reprintedfrom ' Engineering.'

THE PENNSYLVANIA RAILROAD. Its Organiza-
tion, Construction and Management ; with Folding Map, 82 Plates,

100 Engravings in Text, and 125 Tables. Large Imp. 4to. 2/. 12s. 6d.

[Engineering.

By 'Guns.' Reprintedfrom 'Engineering.'

THE AUTOBIOGRAPHY OF A WHITEHEAD
TORPEDO. Cr. 4to. 2s. Illustrated. Weight 14 oz. [Engineering.

By S. R. Bottone, Author of ' Electrical Instrument Making,' ' Electro-

Motors,' 'Electric Bells,' ' The Dynamo,' &c.

A GUIDE TO ELECTRIC LIGHTING. For
Householders and Amateurs. Fifteenth Thousand. Third
Edition. With many Illustrations. Pictorial cover, is.

A popular guide by a well-known writer, giving in clear and easily under-
stood language the information necessary to those about to introduce the
electric light into their dwellings.

' Accurate, lucid, and suitable for the purpose.'—Electrician.
1 The chapter on accumulators is perhaps one of the best in the book.'

Electrical Review,
' A shilling spent on this book will be well repaid.'

—

Engineer's Gazette.
' Will be found very useful to those desiring elementary knowledge on the subject.'

Iron.

By A. D. Southam.
ELECTRICAL ENGINEERING AS A PROFES-

SION, AND HOW TO ENTER IT. Second Ed. Illus. Cr. 8vo. ^.6d.
' It gives much valuable information.'

—

Engineering.

By A. R. Bennett, M.I.E.E.

THE TELEPHONING OF GREAT CITIES AND
THE ELECTRICAL PARCEL EXCHANGE SYSTEM. Two
Papers read before the British Association. Demy 8vo. Sewed, is.

By O. Gregory, late Professor of Mathematics in the R.M.A,, &c.

BUTTON'S MATHEMATICAL TABLES, con-
taining the Common, Hyperbolic, and Logistic LOGARITHMS ; also

Sines, Tangents, Secants, and Versed Sines, both Natural and Logarithmic.

Together with several other Tables useful in Mathematical Calcula
tions ; also the Complete Design and Use of the Tables. With Seven

additional Tables of Trigonometrical Formulae.} \ New Edition,

Med. 8vo. cloth, lis.

By Dr. Fredk. Bedell and Dr. Albert C. Crehore, of Cornell University.

ALTERNATING CURRENTS. An Analytical and
Graphical Treatment for Students and Engineers. 325 pages. With

112 Illustrations. Second Edition. Medium 8vo. cloth, 10s. 6d.

By Frank B. Cox, B.S.

CONTINUOUS-CURRENT DYNAMOS and MO-
TORS : Their Theory, Design and Testing. With Sections on Indicator

Diagrams, Properties of Saturated Steam, Belting Calculations, &c. An
Elementary Treatise for Students. Cloth. 271pp. 83 Illustrations. Js.6d,
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By O. T. Crosby and Dr. Louis Bell.

THE ELECTRIC RAILWAY IN THEORY AND
PRACTICE. 400 Octavo Pages, 179 Illustrations. Third Edition,
Revised and EnlaTged. \os. 6d.

Few technical books have met with so wide an appreciation as 'The Eleclric
Railway,' which has had the distinction of being accepted throughout the world as the
standard authority on the subject of which it treats.

By Carl Hering.

ELECTRIC RAILWAYS, RECENT PROGRESS
IN. About 400 pages, and 120 Illustrations. Price $s.

By Lieut. C. D. Parkhurst, Assoc. Mem. Am. Inst. E.E.

DYNAMO AND MOTOR BUILDING FOR AMA-
TEURS. With Working Drawings. With 22 Illustrations. 4*. 6d.

By Wm. Maver, Jun , and Minor M. Davis.

THE QUADRUPLEX. With Chapters on the Dynamo-
Electric Machine in Relation to the Quadruplex, the Practical Working
of the Quadruplex, Telegraph Repeaters and the Wheatstone Automatic
Telegraph by W. Maver, jun. Large 8vo. cloth. Wiih 63 Illus. 6s. 6d.

By H. A. FoSTtR, Mem. Am. Inst. E.E.

CENTRAL STATION BOOK-KEEPING AND
SUGGESTED FORMS. With an Appendix for Street Railways and
numerous Diagrams. loj. 6d.

By Gisbert Kapp.

ALTERNATING CURRENTS of ELECTRICITY,
their Generation, Measurement, Distribution, and Application. With 37
Illustrations and 2 Plates, 4-r. 6d.

By Philip Atkinson, A.M., Ph.D.

ELEMENTS OF STATIC ELECTRICITY. With
full description of the Holtz and Tbpler Machines, and their Mode of

Operating. Second Edition, Revised. With 64 Illustrations. 6s. 6d.

By E. J. Houston, Ph.D.

ELECTRICITY ONE HUNDRED YEARS AGO
AND TO-DAY. With Notes, &c. 4s. 6d.

By E. J. Houston, A.M., Professor of Natural Philosophy in the Central

High School, Philadelphia ; Professor of Physics in the Franklin Institute

of Philadelphia ; Electrician of the International Electrical Exhibition.

DICTIONARY OF ELECTRICAL WORDS,
TERMS, AND PHRASES. Third Edition. With an Appendix.

667 Pages, 582 Illustrations. Price 21s.
1
Fills a very large gap that previously existed in electrical literature.'

A. E. Kennelly (Edison Laboratory).
' The name of the author is a sufficient guarantee of the excellence of the work.'

Electrical Review.
' A book of this kind is absolutely necessary to the general reader who wishes i o

understand any modem article on applied electricity.'

—

New York Herald.

B
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By Nikola Tesla.

EXPERIMENTS WITH ALTERNATE CUR-
RENTS of HIGH POTENTIAL and HIGH FREQUENCY. With
a Portrait and 35 Illustrations, and Biographical Sketch of theAuthor. $s.6d.

By T. D. Lockwood, Electrician, American Bell Telephone Company.

PRACTICAL INFORMATION FOR TELE-
PHONISTS. 192 pages. 4s. 6d.

By E. A. Merrill.

Complete Rules for the Safe Installation of Electrical Plant.

ELECTRIC LIGHTING SPECIFICATIONS. For
the use of Engineers and Architects. With the Phoenix Fire Rules.

Second Edition, Revised. Price 6s.

By R. W. Weekes, Whit.Sch., A.M.I.C.E.

ALTERNATE CURRENT TRANSFORMER
DESIGN. 2s.

By N. Scott Russell, M.Inst.C.E.

TOWN COUNCILLORS' HANDBOOK TO ELEC-
TRIC LIGHTING. Illustrated. Price is.

' Seems to have accomplished the object in view.'

—

Nature.
' Has done yeoman service in preparing this little book.'

—

Electrical Engineer.
' A useful shilling handbook that every town councillor should read.'

Building News.

By J. T. Niblett.

SECONDARY BATTERIES. Illustrated. Second
Edition. 5-r.

By Prof. G. Forbes, M.A., F.R.S., M.Inst.C.E.

ELECTRIC CURRENTS, ALTERNATING AND
INTERRUPTED. Illustrated, zs. 6d.

Part I.—By Martin Hamilton Kilgour. Part II.—By H. Swan
and C. H. W. Biggs.

ELECTRICAL DISTRIBUTION: ITS THEORY
AND PRACTICE. Illustrated. 10s. 6d.

'Mr. Kilgour's treatment of his subjects will commend itself to all who are interested

in them.'

—

Engineer.
' An excellent compendium on the subject.'—Electrical Engineer.
' Of high interest and usefulness.'

—

Nature.

By Dr. G. Gore, F.R.S.

THEORY AND PRACTICE OF ELECTRO-DEPO-
SITION, including every known mode of depositing metals, preparing

metals for immersion, taking moulds and rendering them conducting.

Illustrated. Crown 8vo. is. 6d.

By J. T. Niblett.

PORTATIVE ELECTRICITY. Illustrated. 2s. 6d.
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By various Authors, including Gisbert Kapp, M.Inst.C.E., A. Reckenzaun,
M.I.E.E., C. Capito, M.I.E.E., and Hamilton Kilgour.

PRACTICAL ELECTRICAL ENGINEERING.
Being a complete treatise on the Construction and Management of
Electrical Apparatus as used in Electric Lighting and the Electric Trans-
mission of Power. With many Hundreds of Illustrations. 2 Vols.
Imperial 4to. 2.1. 2s. net.

By H. J. Skelton.

ECONOMICS OF IRON AND STEEL. Illustrated.

Crown 8vo. Price 5-r.

By Arthur F. Guy, A.M.Inst.C.E.

ELECTRIC LIGHT AND POWER. Giving the Re-
suits of Practical Experience in Central Station Work. Illus. Cr. 8vo. $s.

' There are many similar works in the market, but we do not know of one better
suited to give the manipulator of electric dynamos an intelligent knowledge of the
forces with which he has to deal.'

—

Nature.

By Alex. Black, C.E.

FIRST PRINCIPLES OF BUILDING. Illustrated.

Crown 8vo. 3.5. 6d.

By John Imray and C. H. W. Biggs.

FIRST PRINCIPLES OF MECHANICAL EN-
GINEERING. Illustrated. Crown 8vo. 3*. 6d.

' The book will be found useful to learners.'

—

Engineer.

By C. H. W. Biggs.

FIRST PRINCIPLES OF ELECTRICAL EN-
GINEERING. Illustrated. Second Edition. Crown 8vo. 2s. 6d.

' The first principles of the dynamo are clearly and accurately given.'

—

Nature.
' We commend the book to the perusal of students.'

—

Electricity.

By Capt. Ironside Bax, General Manager of the Westminster
Electric Supply Co.

POPULAR ELECTRIC LIGHTING. Illustrated.

Crown 8vo. 2s.

By A. Reckenzaun.

ELECTRIC TRACTION, MORE ESPECIALLY
AS APPLIED TO TRAMWAYS. Illustrated. 10s. 6d.

'His book is certainly interesting and instructive.'—Electrical Review.
' The most useful to English readers.'

—

Engineer.
* Invaluable to electrical engineers commencing traction work.'

Electrical Engineer.

By M. Reynolds.

FIRST PRINCIPLES OF THE LOCOMOTIVE.
45 Illustrations. Crown 8vo. 2s. 6d.

' Those who would like to know all about the locomotive will find it in this little

book.'

—

Essex Herald.
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By Gisbert Kapp, M.Inst. C.E., M.I.E.E.

DYNAMOS, ALTERNATORS, AND TRANS-
FORMERS. Crown 8vo. 10s. 6d.

' Invaluable to the advanced student and dynamo designer.'

—

Electrician.
1 We can heartily recommend it.'

—

Electrical Engineer.
' A valuable contribution to electrical literature.'

—

Electrical World.
' The reader will find valuable information concerning dynamo design.'

—

Nature.

By Charles Jones, M.Inst.C.E.

REFUSE DESTRUCTORS : WITH RESULTS
UP TO THE PRESENT TIME. A Handbook for Municipal Officers,

Town Councillors, and others. With numerous Diagrams. Cr. 8vo. ijs.

By H. P. Boulnois, M.Inst.C.E., Past-President of Municipal and
County Engineers ; City Engineer, Liverpool.

CONSTRUCTION OF CARRIAGEWAYS AND
FOOTWAYS, y.

By E. B. Savage, A. M.Inst.C.E.

SEWERAGE AND SEWAGE DISPOSAL of a
Small Town. Illustrated. $s.

By E. Parnell Hooley, A.M.Inst.C.E., County Surveyor of Nottingham.

MANAGEMENT OF HIGHWAYS, is.

By E. P. Silcock, A.M.Inst.C.E., Borough Surveyor, King's Lynn.

HIGHWAY BRIDGES. {Nearly Ready.

By R. Godfrey, A.M.Inst.C.E., Surveyor to the Rural Sanitary Authority,

King's Norton.

WATER SUPPLY IN RURAL DISTRICTS.
[Nearly Ready.

By C. Mason, M.Inst.C.E., Surveyor, St. Martin's-in-the-Fields,

London, W.C.

STREET and TOWN SANITATION. [Nearly Ready.

By A. E. Kennelly and H. D. Wilkinson, M.I.E.E.

PRACTICAL NOTES FOR ELECTRICAL
STUDENTS. LAWS, UNITS, AND SIMPLE MEASURING
INSTRUMENTS. 320 pages, 155 Illustrations. 6s. 6d.

By Magnus Maclean, M.A., D.Sc, F.R.S.E.

PHYSICAL UNITS. Illustrated. Crown 8vo. ss. 6d.

By Professor J. A. Fleming, M.A., D.Sc, F.R.S., M.R.I., Professor of

Electrical Engineering in University College, London.

ELECTRIC LAMPS and ELECTRIC LIGHTING.
Being a Course of Four Lectures delivered at the Royal Institution, April

—May, 1894. Fully Illustrated. 8vo. cloth, "]s. 6d.
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By J. A. Fleming, M.A., D.Sc, F.R.S., M.R.I., &c, Professor of Electrical

Engineering in University College, London.

THE ALTERNATE CURRENT TRANSFORMER
IN THEORY AND PRACTICE. In two vols, demy 8vo.

Vol. I.—THE INDUCTION OF ELECTRIC CURRENTS. 6oopages,

212 Illustrations. New Edition, revised and enlarged, \zs. 6d.

Contents :—Introductory—Electro-Magnetic Induction—The Theory of

Simple Periodic Currents—Mutual and Self Induction—Dynamical Theory
of Current Induction.

Vol. II.—THE APPLICATIONS OF INDUCED CURRENTS.
600 pages, 300 Illustrations. 12s. 6d.

Contents :—Chapter I. The Historical Development of the Induction

Coil and Transformer—Chapter II. Distribution of Electrical Energy by
Transformers—Chapter III. Alternate-Current Electric Stations—Chapter IV.

The Construction and Action of Transformers—Chapter V. Further Practical

Applications of Transformers.

Arranged by J. A. Fleming, M.A., D.Sc, F.R.S-, Professor of Electrical

Engineering in University College, London.

ELECTRICAL, LABORATORY NOTES AND
FORMS : Elementary and Advanced. Fcap. folio, cloth, izs. 6d. net.

By F. Martin Weymouth.

DRUM ARMATURES AND COMMUTATORS
(Theory and Practice). A complete treatise on the the theory and con-

struction of Drum Winding, and of Commutators for Closed Coil Arma-
tures, together with a full resume of some of the principal points in their

design ; and an exposition of Armature Re-actions and Sparking. With
162 Illustrations. Demy 8vo. Js. 6d.

By H. F. Parshall and H. M. Hobart.

ARMATURE WINDINGS OF ELECTRIC MA-
CHINES. 370 pages. 140 Full-page Illustrations ; 65 Full-page Tables

Large 4*0. 30J.

Edited by W. W. Beaumont, M.I.C.E., M.I.M.E., &c.

THE STEAM-ENGINE INDICATOR AND INDI-
CATOR DIAGRAMS. 3-r. 6d.

A Practical Treatise on the Steam Engine Indicator and Indicator Dia-

grams, with Notes on Steam" Engine Performances, Expansion of Steam,

Behaviour of Steam in Steam Engine Cylinders, and on Gas Engine Diagrams.

By Dr. George Gore, LL.D., F.R.S.

ELECTRO-CHEMISTR

Y

. Second Edition. 2*

.

By Dr. George Gore, LL.D., F.R.S.

THE ART OF ELECTROLYTIC SEPARATION
OF METALS (Theoretical and Practical). Fully Illustrated. iqj. 6d.



22 Whittaker 's Technological and Scientific List.

By J. A. Ewing, M.A., B.Sc, Professor of Mechanism and Applied

Mechanics in the University of Cambridge.

MAGNETIC INDUCTION in IRON and OTHER
METALS. 370 pages, 159 Illustrations. Second issue, iar. 6d.

By Oliver Heavyside.

ELECTRO-MAGNETIC THEORY. Containing Intro-

duction—Outline of the Electro-magnetic Connexions—The Elements of

Vectorial Algebra and Analysis— Theory of Plane Electro-magnetic

Waves, &c. Vol. I. \2s. 6d.

By Professor Oliver Lodge, F.R.S.

THE WORK OF HERTZ AND SOME OF HIS
SUCCESSORS. With Appendices, 31 Illustrations, and Portrait.

Crown 8vo. 2s. 6d. net.

By W. Geipel and H. Kilgour.

ELECTRICAL ENGINEERING FORMULA, &c.
This Pocket-Book is a departure from previous attempts to provide for

Electrical Engineers and Electricians varied information for every-day use.

The book will be invaluable to Electrical Engineers, a very large space

being devoted to heavy engineering details, formulae, &c. ys. 6d. net.

By W. S. BOULT.

WIRE TABLE, THE INTERNATIONAL COM-
PREHENSIVE. Cloth, 5^.

In Two Vols, stout paper covers, 2s. ; strong cloth, 2s. 6d. each volume ;

Single Primers, 3</.

PRIMERS OF ELECTRICITY. Fully Illustrated. A
Series of Helpful Primers on Electrical Subjects.

Table of Contents:—Volume I.

—

Theory. — Primer No.: 1. The
Effects of an Electric Current— 2. Conductors and Insulators— 3. Ohm's
Law—4. Primary Batteries—5. Arrangements of Batteries—6. Electrolysis

—

7. Secondary Batteries— S. Lines of Force—9. Magnets—to. Electrical Units

— n. The Galvanometer— 12. Electrical Measuring Instruments—13. The
Wheatstone Bridge— 14. The Electrometer— 15. The Induction Coil— 16.

Alternating Currents — 17. The Leyden Jar — 18. Influence Machines—
19. Lightning Protectors—20. Thermopiles.

Volume II.— Practice. — Primer No. : 21. The Electric Telegraph —
22. Automatic and Duplex Telegraphy— 23. The Laying and Repair of

Submarine Cables— 24. Testing Submarine Cables— 25." The Telephone

—

26. Dynamos—27. Motors—28. Transformers—29. The Arc Lamp—30. The
Incandescent Lamp — 31. Underground Mains— 32. Electric Meters— 33.
Electric Light Safety Devices— 34. Systems of Electric Distribution— 35,
Electric Transmission of Energy— 36. Electric Traction—37. Electio-Depo-
sition—38. Electric Welding.
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By Mining Experts.

HANDBOOKS FOR MINING STUDENTS AND
COLLIERY MANAGERS. Being a series of carefully prepared Ques-
tions and Answers, dealing with every branch of Mining operations. Each
part complete in itself. Price, 6d. each part ; or, bound in cloth, Is.

Part 1.—Dealing with Geology, Surveying, Lighting of Mines, The Coal
Mines Regulation Act.

,, 2.—Dealing with Boilers and Engines, Heat and Steam, Steam and
other Engines.

,, 3.—Dealing with the Furnace, and other Methods and Problems of

Ventilation, Ventilation by Machinery, the Anemometer,
Barometer, Thermometer, Water-gauge.

,, 4.—Dealing with Boring and Sinking, Methods of Coal Working,
Blasting in Mines.

{Other Parts tofollow.)

' We have conceived a high opinion of these little handbooks.'

—

Colliery Guardian.

By Wm. Tate.

MINING ARITHMETIC. Contains Questions and
Answers on Units of Work, Pumping, Winding and Balancing Engines,

Specific Gravities, Weights of Coal, Theory of Mine Ventilation, Strength

of Materials, Horse-power of Steam-Engines, &c. Fifth Edition. 6d.

By Wm. Tate.

EXAMPLES FOR MINING STUDENTS. Includes

Questions and Answers on Geology, Mine Chemistry, Practice of Mine
Ventilation, Sinking and Boring, Modes of Working Coal, Pumping and

Draining, Winding and Hauling, Coal-cutting Machines, Transit of Coals

in the Mine, &c. Second Edition. 6d.

By Wm. Tate.

THE THEORY AND PRACTICE OF MINE
VENTILATION. Includes Questions and Answers en Meteorological

Instruments, the Theory of Mine Ventilation, Rubbing Surface, Second

Law of Mine Ventilation, Splitting of Air-Currents, Pressure Producing

Ventilation, Third Law of Mine Ventilation, Useful Work done by Venti-

lating Fans, Extraction of the Cube Root. Second Edition. 6d.

By Henry Davies, A.M. Fed. Inst. M.E.

A GUIDE TO MINING EXAMINATIONS, WITH
ANSWERS TO EXAMINATION QUESTIONS. Each part com-

plete in itself, is. 6d. each.

Part \.—Mathematics.—Contains information on the Preparation for Ex-

aminations, Proceedings of the Board for Examinations, Forms of Qualifica-

tion, Mathematical Questions and Answers, &c.

Part 2.— Economic Geology and Prospecting.—Contains information on

the Department of Science and Art, the Examinations, University College of

South Walds and Monmouthshire, County of Glamorgan Scholarships, &c.

Also a large number of Questions and Answers are given on Economic

Geology, Prospecting, Sinking, Explosives, Mining Tools.
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By Wm. Lloyd.

MINE MANAGER. Includes example Questions and
Answers on Ventilation, Fire-damp, and Dust, Explosions, Fan, Furnace,
Water-gauge, Horse-power of Engines, Barometer, Thermometer, Special

Rules, Duties of Machinery Inspector, Salety Lamps, Shot Firing, Ambu-
lance, Rules for Sinkers, General Instructions, is. 6d.

By A. Dury Mitton.

THE MANAGEMENT OF FIERY MINES. Being
a description of the Duties assigned to each Department in the Manage-
ment of Fiery Mines, including Safety Lamp, Coal-getting, Off-handed,

Engineering, Banking or Surface, and Office Departments. Also
Managers' and Under-Managers' Duties. Second Edition, is.

By Wm. Walker.
PRACTICAL BOOK ON COAL MINING, UP-TO-

DATE, 1892. The subjects dealt with include Geology, Prospecting,

Methods of Working Coal, Timbering, Walling and Arching, Blasting,

I iaulage and Winding, Drainage and Lighting of Mines, Gases met with
in Mines, Coal-dust, Ventilation, Condensed Act of Parliament. 2s. 6d.

By H. W. Halbaum.
THE NATURAL PHILOSOPHY OF A VENTI-

LATING REGULATOR. Deals with the Re-distribution of Pressure

by a Regulator, its Effect on the Regulated Split, at the Junction of the

Splits, and on the total Ventilating Arrangements ; Laws Governing the

Flow of Air, Combination and Reduction of Formulze, the Use of

Formuloe. Illustrated, is.

By J. A. Kingdom, B.A., formerly Math. Schol., Pemb. Coll., Oxon.

APPLIED MAGNETISM: An Introduction to the
Design of Electro- Magnetic Apparatus. 75 Illustrations, many original j

J Tables, js. 6d.

By E. Hospitalier.

POLYPHASED ALTERNATING CURRENTS.
Illustrated. y. 6d.

By Rankin Kennedy.

PHOTOGRAPHIC AND OPTICAL ELECTRIC
LAMPS. A Treatise for Photographers, Photo-Electric Printers' Etchers
and Engravers, and including Apparatus for Copying Purposes for

Engineers and Architects. The only work in existence treating on this

special subject. 59 Illustrations. 2s. 6d.

By Emile Andreoli.

OZONE : Its Commercial Production, and its Appli-
cations. 35 Illustrations. 2s 6d.

By Ed. C. De Segundo, A.M.I.C.E.

DOMESTIC ELECTRIC LIGHTING, Treated from
the Consumer's Point of View. is.
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By T. E. Gatehouse.

THE STRANGE HISTORY OF A DYNAMO.
Popularly Written and Fully Illustrated. Should be read by all interested

in the Production of Electricity. An excellent gift for schoolboys, is.

By F. B. Badt.

BELL -HANGERS' HANDBOOK. 97 Illustrations.

Cloth, 4s. 6d.

By F. B. Badt.

INCANDESCENT WIRING HANDBOOK. Forty-
two Illustrations and Five Tables. Fourth Edition. Tenth thousand.

Cloth, 4J. 6rf.

By F. B. Badt.

ELECTRIC TRANSMISSION HANDBOOK. With
Twenty-two Illustration? and Twenty-seven Tables. Cloth, 4s. 6d.

By F. B. Badt.

NEW DYNAMO TENDER'S HANDBOOK. 140
Illustrations. Cloth, 4s. dd.

By Herbert Laws Webb, Mem.Am.Inst.E.E., M.I.E.

THE TELEPHONE HANDBOOK. 128 Illustrations.

Cloth, 4*. 6d.

By Augustus Noll, E.E.

HOW TO WIRE BUILDINGS : A Manual of the
Art of Interior Wiring, for Wiremen, Contractors Constructing En-
gineers, and Architects. Cloth, 8vo. Illustrated. 162 pages. 6s.

By H. D. Wilkinson, M.I.E.E., &c, &c.

SUBMARINE CABLE-LAYING and REPAIRING.
Contents :—The Cable Ship on Repairs—Types of Cable Ships

—

The Localisation of Faults—The Laying of Submarine Cables, &c. , &c.

With 22i Illustrations, demy 8vo. 12s. 6d.

By Albion T. Snell, A.M. Inst. C. E., M.Inst.E.E.

ELECTRIC MOTIVE POWER. The Transmission and
Distribution of Electric Power by Continuous and Alternate Currents,

with a Section on the Application of Electricity to Mining Work. 8vo.

cloth, ioj. 6rf.

By Gilbert S. Ram.

THE INCANDESCENT LAMP AND ITS MANU-
FACTURE. 7s. 6d.

By W. D. Cruickshank, M.I.M.E., &c, Chief Engineer Surveyor,

N.S.W. Government.

BOILER CONSTRUCTION AND USEFUL IN-
FORMATION FOR PRACTICAL MEN. With many Drawings.

8vo. cloth, ys. 6d.
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By Charles N. Pickworth, Wh.Sc.

THE SLIDE RULE. A Practical Manual of Instruction
for all users of the Modern Type of Slide Rule, containing Succinct Ex-
planations of the Principle of Slide Rule Computation, and numerous.
Rules and Practical Illustrations, exhibiting the Application of this,

valuable device to the everyday work of the Engineer—Civil, Mechanical,

and Electrical. Second Edition, Revised. Flexible cloth, 2s.

By Alfred H. Gibbings, A.I.E.E., Electrical Engineer to the

Corporation of Bradford.

DYNAMO ATTENDANTS and their DYNAMOS.
A Practical Book for Practical Men. Second Edition, Revised. Crowa
8vo. cloth. Illustrated, is.

1 Should be useful to those attending to dynamos, both in private installations andi
in central station.-,

'

—

Electrical Engineer.
'A handy little book, containing many useful hints and suggestions.'

Mechanical World..

By Jas. Bell, A.I.E.E., Certificated Teacher City and Guilds of London
Institute.

TELEGRAPHIST'S GUIDE TO THE NEW EX-
AMINATIONS IN TECHNICAL TELEGRAPHY. With between,
seventy and eighty Diagrams. Second Edition, Revised. Crown 8vo..

cloth. Illustrated. Price Is. 6d.

Will be found helpful to those preparing for the City and Guilds of London,
Institute Examinations in Telegraphy.

By Jas. Bell, A.I.E.E., and S. Wilson.

SUBMARINE TELEGRAPHY. A Work dealing with
the subject in a thoroughly practical manner and replete with Original

Drawings. Crown 8vo. Illustrated, is. 6d.

THE MANUFACTURE OF ELECTRIC LIGHT
CARBONS. A Practical Guide to the Establishment of a Carbon Manu-
factory. Fully Illustrated, is. 6d.

THE WOODHOUSE AND RAWSON WIRING*
TABLES. In neat cloth case for pocket, 2s. 6d.

MAY'S POPULAR INSTRUCTOR FOR THE
MANAGEMENT OF ELECTRIC LIGHTING PLANT. Pocket
size, 2.S. 6d.

MAY'S BELTING TABLE. For the pocket, mounted!
on linen, in strong case, 2s. 6d.

WOOD'S IMPROVED DISCOUNT TABLES.
Fourth Edition. Cloth, is.
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By Frederick Walker, Member of the Society of Civil and Mechanical
Engineers.

PRACTICAL DYNAMO-BUILDING for Amateurs.
How to Wind for any Output. Second Edition, revised. Fully Illus-

trated. Cloth gilt. 2J.

By the same Author.

TABLES AND MEMORANDA FOR ELEC-
TRICAL ENGINEERS, zs.

By W. R. P. Hobbs, Head Schoolmaster of the Naval Torpedo School,

Portsmouth.

THE ARITHMETIC OF ELECTRICAL MEA-
SUREMENTS. With numerous Examples fully worked. Revised
Edition, is.

By G. Plante.

THE STORAGE OF ELECTRICAL ENERGY, and
Researches in the Effects created by Currents combining Quantity with

High Tension. Translated from the French by Paul-Bedford Elwell.
With Portrait and 89 Illustrations. 8vo. pp. vii.-268, cloth, 12s.

By B. H. Thwaite, C.E., F.C.S.

GASEOUS FUEL : INCLUDING WATER GAS.
Its Production and Application, is. 6d.

By M. Powis Bale, A.M.I. C.E., Author of 'A Handbook for Steam Users.*

MODERN SHAFTING AND GEARING AND
THE ECONOMICAL TRANSMISSION OF POWER. 112 pp.
Illustrated. 2s. 6d.

'A useful little work, inasmuch as it touches on data regarding things which are too
new to be found in the standard works on engineering. It contains only about 100.

pages—and as far as it goes is excellent.'

—

Electrical Review.
' A very useful guide to users of shafting, gearing, pulleys, belts, and other

appliances for transmitting power.'

—

Iron and Steel Trades Journal.

By A. J. Wallis-Tayler, A.M.Inst.C.E.

SUGAR MACHINERY. A Descriptive Treatise on
Machinery and Apparatus used in Manufacture of Cane and Beet Sugars.

With 51 Illustrations and Appendix. 5.5.

By Sydney F. Walker, M.I.E.E., Assoc. M. Inst. C.E.

COLLIERY LIGHTING BY ELECTRICITY. Cloth,
fcap. 4to. 2s. 6d.

Edited by J. Lukin, B.A.

SCREWS and SCREW-MAKING. With a Chapter
on Milling. Crown 8vo. 3-r.

By J. Lukin, B.A.

TURNING LATHES. A Guide to Turning, Screw
Cutting, Metal Spinning, &c. Tliird Edition, 3*.

' This is by far the best treatise ever published.'—Engineer.
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By George Bousfield.

TIMBER MERCHANT and BUILDER'S VADE
MECUM, The. Fifth Edition, Revised and Enlarged. 120 pp. 4s.

Comprising forty-six different Tables, relating to all the varied Systems of

Measurement and value of Timber, Deals, Flooring, &c. , &c.—Thirty-five

valuable Rules and Examples for working every conceivable Method of Timber
Calculation, &c.—Sixty-three useful Problems, embracing all the points of

difficult computation experienced in the Trade—Treatise on Patent Slide Rule,

with full directions and examples for working it—Treatise on Timber, em-
bracing every description of Foreign and Home-grown in ordinary use, and
how to detect inferiority of quality, &c. , &c.—Treatise on Roofs, Stairs, Doors,
and Frames, and all classes of Mouldings and Dressed Wood—Specimens of
Mouldings and the technical terms for ditto—Table of Technical Terms and
Definitions, besides a host of other useful and miscellaneous information
peculiarly adapted to the requirements of the Trade.

Translated from the French of the Count des Cars by C. S. Sargent,
Professor of Arboriculture in Harvard College, U. S. A.

TREE PRUNING: a Treatise on Pruning Forest
and Ornamental Trees. 64 pp. 54 Illustrations. 2s. dd.

' It cannot fail to be useful to all who are interested in the care and growth of
woods and plantations.'— Glasgow Merald.

' A very useful handbook, freely illustrated, translated from the work of one
of the highest French authorities.'

—

Agricultural Gazette.

By A. D. Webster, Wood Manager to the Duke of Bedford
on the Woburn and other Estates.

PRACTICAL FORESTRY. 120 pp. 3s. (yd.

1 Mr. Webster has done a good service by the publication of his excellent manual,
1 ' Practical Forestry." '—Journal of Horticulture.

'"Practical Forestry" is condensed and practical, is written by a forester who
knows what he is talking about, and who is fairly abreast of the times on his subject.'

The Garden.

HOLTZAPFFEL'S TURNING and MECHANICAL
MANIPULATION.
Volume I.—Materials, their Differences, Choice, and Prepar-

ation ; Various Modes of Working them, Generally Without
Cutting Tools. 300 Woodcuts, price 15J. net.

Volume II.

—

The Principles of Construction, Action, and Appli-
cation, of Cutting Tools used by Hand ; and also of Machines
Derived from the Hand Tools. 700 Woodcuts, price 20s. net.

Volume III.

—

Abrasive and Miscellaneous Processes, which can-
not be Accomplished with Cutting Tools. 430 Woodcuts, price 22s. net.

Volume IV.

—

The Principles and Practice of Hand or Simple
Turning. 750 Woodcuts, price 22s. net.

Volume V.

—

The Principles and Practice of Ornamental or
Complex Turning. With numerous Practical Examples. 590 Woodcuts,
Autotype and other Plates, price 30J. net.

The above work is recommended to Students preparing for Examination in

Mechanical subjects. Every volume is a complete treatise, and may be had
separately.
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By W. Stevenson.

TREES OF COMMERCE. A Practical Manual,
giving within reasonable limits, and in a popular form, an account of the

trees that yield the staple of the British timber trade. 226 pp. 3.1. 6d.
1 Gives within reasonable limits and in a popular style an account of the trees that

yield the staple of that important branch of British commerce, the trade in home-grown
and imported timber.'

—

Contract Journal.
1 Gives a simply written, comprehensive, and instructive account of its subject, and

will prove useful to young foresters and to men preparing themselves for the timber
trade.'

—

Scotsman.

By T. Eustace Smith, Barrister-at-law.

HOW TO PATENT AN INVENTION Without
the Intervention of an Agent. Third Edition, revised and
enlarged. 2s. 6d. net.

'This is an excellent little book.'

—

Builder.

FODEN'S MECHANICAL TABLES. New Edition.
Crown 8vo. cloth, is. 6d.

By Philip Crellin, Chartered Accountant.

BOOKKEEPING. For Commercial, Civil Service,
and Evening Classes. With numerous Examples and Questions, and a

Glossary of Terms appended. Crown 8vo. cloth, is. (id. A Key, 2s. net.

'An excellent little work.'

—

Morning Post.
• This is undoubtedly a good book. A valuable feature is the glossary of com-

mercial terms.'

—

Schoolmaster.

PONCE DE LEON. SPANISH TECHNOLOGI-
CAL DICTIONARY. Containing Terms employed in the Applied
Sciences, Industrial Arts, Mechanics, Fine Arts, Metallurgy, Machinery,

Commerce, Shipbuilding and Navigation, Civil and Military Engineer-

ing, Agriculture, Railway Construction, Electro-technics, &c. 8vo.

Vol. I.—English-Spanish. 1/. ids.

Vol. II.—Spanish-English. ll. I2J.

WERSHOVEN (F. J.), TECHNOLOGICAL DIC-
TIONARY of the PHYSICAL, MECHANICAL, and CHEMICAL
SCIENCES. English, German, and Ger.-Eng. 2 vols, cloth. 2s. 6d.

each.

By Charles Scholl.

PHRASEOLOGICAL DICTIONARY OF COM-
MERCIAL CORRESPONDENCE IN THE ENGLISH, GERMAN,
FRENCH, AND SPANISH LANGUAGES. With an Appendix,
containing Lists of Commercial Abbreviations, Geographical Names, the

Principal Articles of Commerce, &c. Second Edition. In One
Volume, Bound in Half Morocco, 1/. is.

English-French, English-German, English-Spanish, Bound separately in

cloth. Price, 8s. each.
' The book is likely to prove of service to others than business men, the phraseology

is so varied and full.'

—

The Times.
' There is a true business ring in the idiomatic phrases, which constitute so important

a feature of the work. It will be a boon to correspondence clerks of all nationalities

and in all parts of the world.'

—

The Daily Chronicle.
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By R. Nelson Boyd, M.Inst. C.E., &c.

PETROLEUM : Its Development and Uses. Crown
8vo. cloth, 2s.

' If this little volume had a wide circulation, petroleum accidents would be few and
far between.'

—

Daily Chronicle.
' Should be of much interest to all engaged in the petroleum and lamp trade.'

British Trade Journal.
' We have here a most useful manual of the origin, composition, properties, and

and uses of mineral oils.'

—

Chemical News.

Library Edition, 5/. 5-r. net.

ARMORIAL FAMILIES. Compiled and Edited by
Arthur Charles Fox-Davibs. With Engraved Plates of Armorial
Bearings amounting to 600. Full prospectus and subscription forms on
application.

' Mr. Fox-Davies, we need scarcely say, is an authority on heraldry, and the
sumptuous work which he has just published on "Armorial Families," is of a kind, not

merely to sustain, but to extend his reputation.'

—

Standard.
' A perfect treasure-house of art. —Liverpool Mercury.

Edited by W. E. Henley and T. F. Henderson.

THE CENTENARY BURNS. In Four Vols, demy 8vo.
printed on superfine paper, and containing an Etched Portrait and from
twenty to twenty-four Original Etchings by W. Hole, R.S.A. Js. 6d. per

vol. net.

Illustrated Edition, price iar. 6d. the vol. net.

Of this Edition there will be a limited impression of ninety numbered
Large Paper copies on Arnold's hand-made paper, with etchings, printed on
Japanese vellum as proofs before letters. Price 1/. lis. 6d. the vol. net.

( The magnificent edition of Burns.'

—

A thenteum.
' From cover to cover this ["the nrst volume'] yields testimony of the care and the

thought, the taste and the cost bestowed upon its production. . . . Of the_ scholarship

and literary acumen displayed in the Notes, it is also not easy to speak in adequate
terms of praise.'

—

The Scotsman.
£ Seems certain, if the other volumes maintain the high standard of the volume

before us, to become the standard edition/

—

Saturday Review.
' It is a rare satisfaction to be able to say that we possess at last the definitive,

final edition of Bnrns.'- Pall Mall Gazette.

A Work for Artificers in Gold, Silver, and other Metals,
Leather, Wood, &c. An entirely New Edition.

FAIRBAIRN'S BOOK OF CRESTS OF THE
FAMILIES OF GREAT BRITAIN AND IRELAND. Edited by
Arthur Charles Fox-Davies. 2 vols, large 4to.

Half morocco, 4/. 4^.

Artificers' Edition, specially bound in pigskin, 3/. 13^. 6d. net.

Buckram Edition, 3/. 3^. net.

Full prospectus post free on application.
' As heraldry is really a most interesting and valuable handmaid to history and to

a variety of archaeological pursuits, we welcome this book in its revised form.'

Athenaum.

Edited, with Notes and Historical Introduction, by S. Baring Gould, MA.
ENGLISH MINSTRELSIE : a National Monument

of English Song. With Airs in both Notations. Eight volumes, 10s.

each. Sold in Sets only (Vols. I. to V. now ready).
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Edited and Arranged by John Greig, Mus.Doc.

SCOTS MINSTRELSIE : a National Monument
of Scottish Song. With Airs in both Notations. Six Volumes. Cloth
gilt, red edges, $is.

Edited by Joseph Parry, Mus.Doc.
CAMBRIAN MINSTRELSIE : a National Monu-

ment of Welsh Songs. With Airs in both Notations. Cloth gilt, red

edges, 5U.
3/. 3-r. net. Strongly Half-bound, 3/. 10s.

THE BOOK OF PUBLIC ARMS ; A Cyclopaedia of
the Armorial Bearings, Heraldic Devices, and Seals, as Authorised and
as Used, of the Counties, Cities, Towns, and Universities of the United
Kingdom. Derived from the Official Records. Edited by A. C. Fox-
Davies, Editor of ' Fairbairn's Book of Crests,'*&c, and M. E. B.

Crookes.
' Such a work can hardly fail to be of the greatest local interest, as well as of per-

manent national value.'

—

Daily Telegraph.

Stubents' TEeyt Books,
By J. T. Hewitt, M.A., D.Sc, Ph.D., F.C.S., Professor of Chemistry, and

F. G. Pope, Assistant Lecturer and Demonstrator in the People's Palace
Technical Schools.

ELEMENTARY PRACTICAL CHEMISTRY, In-
organic and Organic. Revised and brought down to most recent require-

ments of the Science and Art Department. Limp cloth, <jd. net.
' This little book will certainly rank amongst thebest in the market.'

—

Teachers' Aids.
' Excellently arranged.'

—

Board Teacher.
' The arrangement is clear, and the typical analyses are an excellent feature of the

work.'

—

Educational Times.
' Will certainly become popular in practical chemistry circles.'

—

Practical Teacher.

By Matthew Wyatt, F.R.G.S., F.I.I., Author of ' A Treatise on
Linear Perspective,' &c.

DIFFERENTIAL and INTEGRAL CALCULUS:
An Introduction to the. For the use of Students reading without the aid

of a Tutor. Crown 8vo. 3-r. 6d.
' Mr. Wyatt explains the fundamental principles in such a simple manner, any one

with a little trouble could, in a short time, learn sufficient from his book for most
practical purposes.'

—

Builder.
1 That at first the Calculus does present to the mind of the ordinary student great

difficulties will, we think, be generally admitted, and the way in which Mr. Wyatt
smoothes these over is indeed a work of ait.'

—

Railway Engineer,

By Henry Adams, M.Inst.C.E., M.Inst.M.E., F.S.I., Professor of

Engineering at the City of London College.

PRACTICAL TRIGONOMETRY. For the Use of En-
gineers, Architects, and Surveyors, is. 6d. net.

Contents:—Angular Measurements— Principles of Trigonometry—
Construction and Use of Logarithms—Trigonometrical Formulae—Practical

Examples.
' This is likely to prove a useful book, especially to young surveyors.'

—

Engineer.
1 His exposition of the subject is clear and simple.'

—

Builder.
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By the Same Author.

JOINTS IN WOODWORK. A Paper read before the
Civil and Mechanical Engineers' Society, containing information upon
the Varieties, Properties, Market Sizes, &c, of Timber, the Principles of
Designing Joints, the Form and Arrangement of Joints and Fastenings,
Proportions of Bolts, Strength of Fastenings, &c Third Edition Sixth
Thousand. Demy 8vo. 44 pp. with Large Plate of 80 Joints, is.

' This unpretentious little pamphlet is an excellent treatise on a subject rarely dealt
with in so small a compass.'

—

Technical World.
' Replete with solid information in a compart form.'

—

Cabinet Maker's Qttide.
1 The paper may be read with advantage by all students of wood or timber

construction.'

—

Building News.

TOjittalur's 3Utop
OF

arts, Sciences, manufactures, ano 3[ntiustrtes.

Illustrated. In Square Crown 8vo. Cloth.

1 Messrs. Whittaker's valuable series of practical manuals.'
Electrical Review,

THE PRINCIPLES OF PATTERN MAKING.
Written specially for Apprentices, and for Students in Technical Schools.

By J. Horner, M.I.M.E.. Author of 'Principles of Fitting,' 'Practical

Ironfounding, ' 'Metal Turning,' &c. Illustrated with 101 Engravings,
and containing a Glossary of the Common Terms employed in Pattern

Making and Moulding. 3-r. 6d.
' The book is well illustrated and for its size will be found one of the best of

its kind.'

—

Industries.
' This is one of those works which have a more than ordinary value.'

Steamship.

Striking up a Loam Pattern. \— 1

Specimen of Illustrations to ' Pattern Making.'
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WhittaJcer's Library of Arts, Sciences, &c. (Continued).

By W, Pbrren Maycock, M.I.E.E.

FIRST BOOK OF ELECTRICITY AND MAG-
NETISM. Second Edition, Revised and Enlarged, with 107 Illustra-

tions. 2s. 6d.
' Students who purchase a copy, and carefully

study it, will obtain an excellent groundwork of

the science.'

—

Electrical Review.

' As a first book for such students as have to

pass examinations, it is admirable.'
Electrical Engineer.

' This is a capital book to place in the hands
of beginners in the study of electricity and mag-
netism.'—Electricity.

' An admirable work.'—Board Teacher.

By the Same Author.

ELECTRIC LIGHTING AND
POWER DISTRIBUTION. An Ele-

mentary Manual for Students preparing

for the Preliminary and Ordinary Grade
Examination of the City and Guilds of

London Institute. Written in accordance

with the new Syllabus. Third edition,

thoroughly revised and enlarged, in 2

Volumes. Vol. I. ready, with 231 Illus-

trations, 6s. (Copies of the Second
Edition in 1 Vol. may still be had,

price 6s.

)

' A vast improvement on the last edition. The
work will no doubt become a standard
text-book for schools and classes on this
subject ; as such it has few equals.'

Electrical Review.

' One of the best and most up-to-date
educational electrical engineering manuals now

Specimen of Illustrations to ' Electric before the public.'—Electricity.

Lighting and Power Distribution.'

METAL TURNING. By J.
Horner, M.I.M.E. With

81 Illustrations. Second Edition. 4*.

CONTENTS -—The Lathe—Tools and Tool Angles—Chucks— Chucking

—General Remarks on Turning—Hand Turning—Slide Rest Turning-

Boring—Screw Cutting, &c.

' A handy little -watt.?—Ironmonger.
• An exceedingly useful publication to have at hand."—Machinery.

'The book does well what it professes to do, its aim being to explain and

illustrate the practice of plain hand turning and slide-rest turning as performed in

engineers' workshops.'

—

Industries.
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Whitta/cer's Library of Arts, Sciences, <£c. (Continued).

FITTING, THE PRINCIPLES OF. For Engineer
Students. By J. Horner,
M.I.M.E., Author of 'The
Principles of Pattern Making,'
' Practical Ironfounding,' and
' Metal Turning.' Illustrated

with about 250 Engravings,
and containing an Appendix
of Useful Shop Notes and
Memoranda. $s.

' A practical manual for prac-
tical people.'

—

English Mechanic.
' Calculated to aid and en-

courage the most useful set of
handicraftsmen we have amongst
us.'

—

Daily Chronicle.

Specimen of Illustrations in ' Principles of Fitting.'

PRACTICAL IRONFOUNDING. By J. Horner,
M.I.M.E., 'a Foreman Pattern Maker.' Illustrated with over 100 En-
gravings. Second Edition. 4s.

' Every pupil and apprentice would find it, we think, an assistance to obtaining a
thorough knowledge of his work. The book, however, is not intended merely for the
student, but contains much useful information for practical men/

Industries.

By G. E. BONNEY.

ELECTRICAL EXPERIMENTS. With 144 Illus. 2s. 6d.
' This is an excellent book for boys.'—ElectricalReview.

By G. E. Bonney.
With a new Chapter on Radiography for those wishing to experimen with

Rontgen's X Rays.

INDUCTION COILS. A Practical Manual for

Amateur Coil - makers.

With 101 Illustrations.

' In Mr. Bonney 's

useful book every part

of the coil is described

minutely in detail, and.the

methods and materials re-

quired in insulating and

winding the wire are fully

considered.' — Electrical

Review.

Sectional Diagram of Coil Winder (Specimen of Illustrations).



Whittaker's Technological and Scientific List. 35

Whittaker's IAbrary of Arts, Sciences, &c. {Continued).

By G. E. Bonney.

THE ELECTRO - PLATERS' HANDBOOK. A
Practical Manual for Amateurs and Young Students in Electro Metal-

lurgy. With Full Index and 61 Illustrations. Second Edition, Revised
and Enlarged, with an Appendix on ELECTROTYPING. 3-r.

Contents :—I. Electro-Deposition of Metal—II. Electro-Deposition by
Current from Batteries—III. Dynamo-Electric Plating Machines—IV. Electro-

, Platers' Materials—V. Preparing the Work—VI. Electro-Plating with Silver
— VII. Gold— VIII. Nickel — IX. Copper— X. Alloys — XI. Zinc, Tin,

Iron, &c.
1 An amateur could not wish for a better exposition of the elements

of the subject The work has an excellent index and 61 illustrations, and
will form a useful addition to Messrs. Whittaker's valuable series of practical

manuals.'

—

Electrical Review.
1 The work is of evident utility, and has before it a future.'

—

Chemical News.
' It contains a large amount of sound information.'

—

Nature.

By H. Orford.

LENS WORK FOR AMATEURS. With numerous
Illustrations. Small crown 8vo. 3^.

( The book is a trustworthy guide to the manufacturer of lenses, suitable alike for

the amateur and the young workman. '

—

Nature.
' The author is both a sound practical optician and is able to convey his knowledge

to others in a clear manner.'

—

British Journal of Photography.

By the same Author.

MODERN OPTICAL INSTRUMENTS. With 88
Illustrations. 2s. 6d.

Contents :—The Eye as an Optical Instrument—Properties and Aberra-
tions of Lenses—Aberrations of the Eye—Examination of the Eye—The
Ophthalmoscope—Ophthalmoscopes and their Uses—The Morton Ophthal-
moscope—Various Forms of Ophthalmoscopes—Retinoscopy—Spectacles and
their Selection—Various Forms of Spectacles Illustrated and Described

—

Stereoscopic Projection—Anderton's System—Principles of the Optical Lantern
—The Stereoscope—The Spectroscope.

1 To those of our readers who wish to inquire into the elements of optical instrument
construction and the principles involved therein, we can cordially recommend the little

book.'— Photographic News.
' Clearly and concisely written.'

—

British Journal of Photography.

By J. Traill Taylor, late Editor of ' The British Journal of Photography.'

THE OPTICS OF PHOTOGRAPHY AND PHO-
TOGRAPHIC LENSES. With 68 Illustrations. 3*. 6d.

' An excellent guide, of great practical use.'—Nature.

' Personally we look upon this book as a most valuable labour-saving invention, for

no questions are so frequent, or take so long to answer, as those about lenses.'

Practical Photographer.
' Written so plainly and clearly that we do not think the merest tyro will have any

•difficulty in mastering its contents.'

—

Amateur Photographer.
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WhAttaker's Library of Arts, Sciences, &c. {Continued).

By Joseph Poole, A.I.E.E. (Wh. Sc. 1875), Chief Electrician to the
New Telephone Company, Manchester.

THE PRACTICAL TELEPHONE HAND-BOOK.
With 228 Illus. Second Ed. Revised and considerably Enlarged. 5s.

The gratifying reception accorded this book now enables the author to
issue a new edition in a considerably enlarged form. New chapters on
Metallic - Circuit Working and on Electrical

Measurements have been added, the former
in order to keep pace with the rapid
advance which has been made in that direction

during late years, and the latter in order to

make the book more complete.
Fro?n the Preface.

'This essentially practical book is pub-
lished at an opportune moment.'

—

Electrician.

* It contains readable accounts of all the best-

known and most widely used instruments, together
with a considerable amount of information not
hitherto published in book form.'

—

Electrician.

' Will be found both useful and interesting to

persons who use the telephone, as Mr. Poole's ex-

position of telephonic apparatus is both Clear and
comprehensive.'

—

Saturday Review.
The Hunnings Transmitter.
(Specimen of Illustrations).

ENGINEER DRAUGHTSMEN'S WORK. By a
Practical Draughtsman. With 80 Illustrations, is. 6d.

'Will be found of practical value to the beginner in the drawing
office.'

—

Engineer.
' Students in technical schools will find in this book a number of valuable hints

on the use of mathematical instruments and the work of drawing offices.'

Nature.
' A more efficient and instructive help than this little book it is

impossible to conceive.'

—

Railway Engineer.

By D. Denning.
THE ART AND CRAFT OF CABINET MAKING.

A Practical Handbook
to the Construction ot

Cabinet Furniture, the

Use of Tools, Forma-
tion of Joints, Hints on
Designing and Setting

Out Work, Veneering,
&c. With 219 Illustra-

tions. 5-r.

'We heartily com-
mend it.'— CabinetMaker.

'Well planned, and writ-

ten in a pleasing and simple
style.'

—

Nature.
' A carefully - con-

sidered and well-writ-
ten book.'—Work.

Plain Dov;tail. Ditto with badly-loimed pins.

{Specimens of Illustrations.)
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Whittalcer's Library ofArts, Sciences, &c. (Continued).

By Sydney F. Walker, M.I.E.E., A.M.Inst.C.E.

ELECTRICITY IN OUR HOMES AND WORK-
SHOPS. A Practical Treatise on Auxiliary Electrical Apparatus. Third
Edition. Revised and Enlarged. With 143 Illustrations. 6s.

1
It would be difficult to find a more painstaking writer when he is describing

the conditions of practical success in a field which he has himself thoroughly explored.
Electrician.

1 Mr. Walker's book is evidently the work of a practical man who has had much
experience. . . . The practical hints are likely to be of solid value.'

Saturday Review.
'The work is a valuable contribution to the literature of electrical science in its

more practical forms.'

—

Iron and Coal Trades Review.

By F. C. Allsop, Author of ' The Telephones and their Construction.'

PRACTICAL ELECTRIC -LIGHT FITTING. A
Treatise on the Wiring and Fitting up of Buildings deriving current from
Central Station Mains, and the Laying down of Private Installations,

including the latest edition of the Phoenix Fire Office Rules. With 224
Illustrations. Second Edition, Revised. Si.

'A book we have every confidence in recommending.'

—

Daily Chronicle.
'A highly practical and useful book.'

—

Lightning.
' The book is certainly very complete.'

—

Electrical Review.

D.Sc, F.R.S.

ORIGINAL PAPERS
By J. Hopkinson,

DYNAMO MACHINERY,
ON. With 98 Illustrations, e,s.

c Must prove ofgreat value to the student and youngengineer.'

—

ElectricalRcview
'A most valuable worln.'—English Mechanic.

By S. R. Bottone.

ELECTRICAL INSTRUMENT-MAKING FOR
AMATEURS. A Practical Handbook. With 78 Illustrations. Sixth
Edition, revised and enlarged. 3*.

' To those about to study electricity and its application this hook
will form a very useful companion.'

—

Mechanical World.

(Specimen of Illustrations.
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Whittaher's Library of Arts, Sciences, <&c. (Continued).

By S. R. Bottonb.

ELECTRO -MOTORS, How
Made and How Used. A
Handbook for Amateurs and Practical

Men. With 70 Illustrations.

Third Edition, revised and
enlarged. 3s -

' Mr. Bottone has the faculty of
'writing: so as to be under stood by
amateurs.*—Industries.

' The explanations are very clear and
readily understood.'—Marine Engineer.

' We are certain that the knowledge gained
in constructing machines such as described in

this book will be of great value to the worker."
Electrical Engineer.

Armature of Alternating Current Motor {Specimen of Illustrations).

By S. R. Bottone.

ELECTRIC BELLS, AND ALL ABOUT THEM.
A Practical Book for Practical Men. With more than 100 Illustrations.

Fifth Edition, revised and enlarged. 3*.

' Any one desirous of undertaking the practical work of electric bell-fitting will

find everything, or nearly everything, he wants to know.'

—

Electrician.

' No bell-fitter should be without it.'

—

Building News.

By S. R. Bottone.

THE DYNAMO: How Made and How Used.
Ninth Edition, with additional matter and illustrations. 2s. 6d.

HOW TO MANAGE A DYNAMO. By the same
Author. Illustrated. Second Edition, Revised and Enlarged. Pott 8vo.

cloth. Pocket size. is.

' This little book will be very useful.'

—

Electrical Engineer.
'The book should prove extremely useful."

—

Electrical Review.
1 We heartily commend it to the notice of our readers.'

—

Electricity.

By Edwin J. Houston, A.M., Professor of Natural Philosophy and Physical

Geography in the Central High School of Philadelphia, Professor of

Physics in the Franklin Institute of Pennsylvania, &c.

ADVANCED PRIMERS OF ELECTRICITY.
Vol. I. —ELECTRICITY AND MAGNETISM. 3-r. 6d.

Vol. II.—ELECTRICAL TRANSMISSION OF INTELLIGENCE. Jr.

Vol. III.—ELECTRICAL MEASUREMENTS. $s.
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Whittaker's IAbrary of Arts, Sciences, &c. [Continued).

By Sir David Salomons, Bart., M.A., Vice-President of the Institution

of Electrical Engineers, &c.

ELECTRIC-LIGHT INSTALLATIONS, AND THE
MANAGEMENT OF ACCUMULATORS. A practical handbook.
Sixth Edition, revised and enlarged, with numerous Illustra-

tions. 6s.

'We advise every man who has to do with installation work to
study this work.'—Electrical Engineer.

1 To say that this book is the best of its kind would be a poor compliment, as it is

practically the only work on accumulators that has been written.'
Electrical Review.

'Will be found very valuable to those owning or having charge of installations.'

Industries.

By J. Gray, B.Sc.

ELECTRICAL INFLUENCE MACHINES: Con-
taining a Full Account of their Historical Development, their Modern
Forms, and their Practical Construction. 4*. 6d.

'This excellent book.'

—

Electrical Engineer.
' We recommend the book strongly to all electricians.'

Electrical Plant.

Wbtttaker'0 Xibran? of popular Science.

Square crown 8vo. cloth, 2s. 6d. per vol.

A Series of easy introductions to the Physical Sciences, suitable for general use.

ELECTRICITY and MAGNETISM. By S. Bottone. With
103 Illustrations. 2s. 6d.

GEOLOGY. By A. J. Jukes Browne, F.G.S. With 95 Illus-

trations. 2s. 6d.

'An excellent guide to the rudiments of the science.'— A thenceum.
' The book is a good one.'

—

Nature.

PICTORIAL ASTRONOMY. By G. F. Chambers, F.R.AS.
With 134 Illustrations. Second Edition, revised. 2s. 6d.

' One of the most interesting popular treatises that we have had in our
hands for a long time.'

—

Daily Chronicle.
' An elegantly printed and profusely illustrated work, which is worthy of the

author's reputation.*—A thena'um.

LIGHT. By Sir H. Trueman Wood. With 85 Illustrations.

2s. 6d.
' We have here a popular and interesting re'sume' of many of the facts relat-

ing to the nature and properties of light.'

—

Nature.

THE PLANT WORLD ; Its Past, Present, and Future. By
G. Massee. Wilh 56 Illustrations. Second Edition, Revised. 2s. 6d.

' Its easy style, intelligible language, good arrangement, and many illustra-

tions, give it a high rank among books of its kind.'—Scotsman.
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Whittaker's Library of Popvlar Science (Continued).

MINERALOGY : The Characters of Minerals, their Classification

and Description. By F. H. Hatch, Ph.D. With 115 Illustrations.

2x. 6d.
' Dr. Hatch has admirably united brevity and clearness in his treatment of

the crystallographical and physical characters of minerals.'

—

Nature.
' We cordially recommend this little book of Dr. Hatch's as

oae of the beat that students could purchase.'—Science Gossip.

PUBLISHED FIRST DAY OF EACH MONTH.
Price 2s. 6d. net.

PHILOSOPHICAL MAGAZINE, and JOURNAL
OF SCIENCE, THE LONDON, EDINBURGH, AND DUBLIN.
A Journal devoted to Physics, Astronomy, Mechanics, Chemistry,
Mineralogy, and Applied Sciences. Conducted by Lord Kelvin, LL.D..
F.R.S.; G. F. Fitzgerald, M.A., Sc.D., F.R.S.; and W. Francis,
Ph.D., F.S.S.

flfcebtcal Works,

By C. J. S. Thompson.

THE CHEMIST'S COMPENDIUM AND DIARY.
A Pocket-book of Reference for Pharmacists, Assistants, and Students.
Blue cloth. 238 pp. 2s. 6d. net.

'A veritable mine of useful information,'

—

The Lancet.
' It will undoubtedly be extremely useful to the pharmacist.'

British MedicalJournal
' It is long since we have come across such a handy manual. Every chemist shoul

have this manual.'

—

Glasgow Herald.
' A novel and invaluable book.'

—

Manchester Guardian.

A New and Revised [Twelfth) Edition. Post 8vo. 10s. 6d.

HOBLYN'S DICTIONARY OF TERMS USED
IN MEDICINE AND THE COLLATERAL SCIENCES. Re-
vised and Enlarged by J. A. P. Price, B.A., M.D. Oxon., Assistant-

Surgeon to the Royal Berkshire Hospital ; late Physician to the Royal
Hospital for Children and Women.

1 This well-known work.'

—

Lancet.
'As a handy reference volume for the physician, surgeon, and pharmacist, it will

prove invaluable.'

—

PharmaceuticalJournal.
1 From considerable experience of Hoblyn's Dictionary, we are able to say that it

has the rare merit of supplying in almost every case what you have a right to expect
iu consulting it.'

—

Glasgow MedicalJournal.



WAittaker's' Technological and Scientific List. 41

Tenth Edition. Price 12s. (id.

HOOPER'S PHYSICIANS' VADE - MECUM : a
Manual of the Principles and Practice of Physic, with an Outline of
General Pathology, Therapeutics, and Hygiene. Tenth Edition, with
Wood Engravings. Revised by William Augustus Guy, M.B. Cantab.,
F.R.S., F.R.C.P. ; and John Harley, M.D. Lond., F.L.S., F.R.C.P.,
Physician to St. Thomas's Hospital.

A WORK FOR MEDICAL STUDENTS AND PRACTITIONERS.

By C. Gordon Brodie, F.R.C.S., late Senior Demonstrator ofAnatomy, Mid-
dlesex Hospital Medical School ; Assistant Surgeon, North-West Eon. Hospital.

DISSECTIONS ILLUSTRATED: A Graphic Hand-
book for Students of Human Anatomy. With 73 Coloured Plates (mostly

two-thirds natural size) Drawn and Lithographed by Percy Highley,
and many diagrams. In 1 Vol. imperial 8vo. strongly bound in half

buckram, flexible back, plates mounted on tape, 2/. 2s.

In Four Parts :

—

Part I. THE UPPER LIMB. 17 Coloured Plates. 8s. 6d.

„ II. THE LOWER LIMB. 20 Coloured Plates. 10s.

„ III. HEAD, NECK, AND THORAX. 20 Coloured Plates. iw.
„ IV. ABDOMEN. 16 Coloured Plates. 10s.

' A book which will certainly make its influence felt in the teaching of
anatomy in this country.'

—

British Medical Journal.
' The plates are exceedingly well drawn and placed on the stone. . . . The-

explanatory letterpress is clear and concise.'— The Lancet.
' This work meets a distinct want/

—

Edinburgk MedicalJournal.
'The scheme is admirably carried out and the plates most reliable.'
' This very useful anatomical atlas.'

—

Hospital. > Guy's Hospital Gazette.
' The student will be in possession of an excellent atlas of anatomy.'

Medical Press.
' Students will find this an invaluable hand-book. The plates are drawn so

clearly, and they are so large that the muscles, vessels, and nerves of each dissection

can be found without any difficulty.'

—

Nature.
1 They will furnish to many professional men a, very valuable work of

reference.'

—

Glasgow Medical Journal.
' No hospital library should be considered complete unless it contains at least one

copy of this valuable work.'

—

Nursing- Record.

Super Royal 4to. cloth. Price i6j. net.

ATLAS of THE HUMAN BRAIN and DESCRIP-
TION OF THE COURSE OF THE NERVE-FIBRES. By Dr. E.

Flatau, with Preface by Professor Mendel, of Berlin. Translated by
Wm. Nathan, M.D., and John H. Carslaw, M.D.

By L. Klindworth.

STUTTERING, AND HOW TO CURE IT : A
Practical and Systematical Hand-book for Self-Instruction ; containing

an Improved Method of Respiration and the Gymnastic of Voice and
Speech. 333 pages text, demy 8vo. With 72 Woodcuts, and several

thousand Diagrams. Cloth, 12s. 6d. net.

By August Dittmar.

PROF. RONTGEN'S X RAYS, and their Application
in the New Photography, yd. net.

' It is a fair and correct review of the history of the subject.'

—

Lancet.
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Books for Gecbnoloaical ano fIDanual

draining Classes.

'THE ENGLISH SLOYD.'
MANUAL INSTRUCTION—WOODWORK. By

S. BARTER, Organizer and Instructor of Manual Training in Woodwork
to the London School Board and Organizing Instructor to the Joint

Committee on Manual Training in Woodwork of the School Board for

London, the City and Guilds of London Technical Institute, and the

Worshipful Company of Drapers. With a Preface by George Ricks,
B.Sc. Lond. Illustrated by 303 Drawings and Photo-Engravings. New
Edition. Fcap. 4to. cloth, js. 6d.

Contents :— Introduction— Drawing— Timber— Tools— Bench-work—
Work-room and its Fittings— List of Tools Required, &c.

The above Work covers the Requirements of the Examinations of the City and
Guilds of London Institute and the Science and Art Department in the subject.

Sir Philip Magnus says :
—

' Mr. Barter, in his book on " Woodwork," has
succeeded in showing, what is most important, the educational value of manual
training in school instruction, and has thus rendered a great service to those seeking
a trustworthy guide in the practical study of the subject.'

J. H. Reynolds, Esq., Director and Secretary Municipal Technical Schools,
Manchester, says:—' One of the best, if not the best book, that has hitherto
been published on this subject, whether English or American/

Professor W. Ripper, of Sheffield Technical School, says :
—

' Mr. Barter, by his
ability, experience, and success as an instructor of manual training classes, is the right
man to write a book on woodwork, and the book he has produced is a most
valuable addition to our literature on manual training—in fact, so far
as I am aware, it is the most complete and satisfactory work, as a course of instruction
for schools, yet published in this country.'

By S. Barter, Author of ' Manual Instruction—Woodwork.'

MANUAL INSTRUCTION— DRAWING. Showing
the application of Geometrical Drawing to Manual Instruction in Wood
and Metal. To cover the requirements of the City and Guilds of London
Examination. 32 plates with 98 subjects, cloth. Foolscap 4to, y. 6d.

'The examples and illustrations are admirable, and the work is a worthy
companion of the author's treatise on Woodwork.'

—

School Board Chronicle.

By CHARLES G. LELAND, M.A.

DRAWING AND DESIGNING. In a Series of 29
Lessons. With 42 Illustrations. Second Edition. Fcap. 4to.

sewed, 1 s. ; cloth, is. 6d.

' It has a good equipment of plates, and the text is full of valuable practical
directions for beginners.'—Scotsman.

'Mr. Leland upholds the principle that drawing and designing
Should go together, and maintains that inventive powers are cramped by the
system of teaching which requires a high standard of manipulative skill before tie
student is instructed in design. In this we entirely agree with him.'

—

Literary World.
' The book deserves the widest success.'

—

Scottish Leader.
' The system is simplicity itself.'—Liverpool Daily Post.
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WIMtalcer's JBoo7cs for Manual Training (Continued).

By the Same Author.

WOOD-CARVING
Third Edition.
Fcap. 4to. 5j.

'An excellent manual.'
Morning Post.

'An admirable little book.'
Builder.

' Such patient, explicit,

step-by-step teaching as Mr.
Leland's is indeed the only
road to excellence.'

Saturday Review,
Avery useful book.'

—Mr. W. H. Howard, Sec-
retary to the Institute of
British Wood Carvers, and
Instructor at King's College,
London.

'A splendid help for
Amateurs and those
beginning: the trade.
Without exception it is
the best book I have
read at present.'—Mr. T.
J. Pekrin, Society of Arts
Medallist, Instructor in Wood-
carving at the People's Palace.

' I consider it the best
manual I have seen.'

—

Miss Hodgson, Instructor in

Wood-carving at Manchester
Technical School.

With numerous Illustrations.

Initial Letter (Specimen of illustrations).

A Companion Volume to 'Wood-Carving,' by the Same Author.

LEATHER-WORK. Stamped, Moulded, and Cut.
Cuir-Bouilli, Sewn, &c. A Practical Manual for Learners. With
numerous Illustrations. 5^.

'A delightful addition to the series of practical manuals.'

—

Times.

By the Same Author.

METAL WORK. Including Repousse^ Bent or Strip Work,
Cut Sheet Metal Work, Nail or Knob, Wire, Easy Silver Ornament and
Chasing Work. An Elementary Manual for Learners. With numerous
Illustrations. $s.

By the Same Author.

PRACTICAL EDUCATION. A Work on Preparing
the Memory, Developing Quickness of Perception, and Training the

Constructive Faculties. Fourth Edition. Crown 8vo. cloth, 6s.
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Whittaker's Books for Manual Training {Continued).

By John Southward, Author of 'Practical Printing,' 'The Principle andl

Progress of Printing Machinery,' 'A Treatise on Modern Typography ' in

Encyclopedia Britannica, &c.

MODERN PRINTING. A Treatise on the Science and
Practice of Typography. I vol. 8vo. cloth, ioj. ;

Quarterly Sections,

2s. 6d. each ; Monthly Parts, is. each.

A Large-paper Edition, limited to 500 Copies, crown 4to. 21s.

[In the Press.

By C. T. Jacob 1.

THE PRINTER'S HANDBOOK OF TRADE
RECIPES. With many useful Tables and an Index. Second Edition,

Enlarged and Classified. Price 5^.

QUESTIONS IN TYPOGRAPHY, Set from 1890 to

1895 inclusive at the Examinations of the City and Guilds of London
Institute for all Grades. Paper cover, 8vo. 6d.

By Florence B. Jack, Head Teacher of Laundry Work, Edinburgh
School of Domestic Economy.

LAUNDRY WORK, The Art of; Practically De-
monstrated for use in Homes and Schools. With many Illustrations.

Post 8vo. 2s.

COOKING FOR INVALIDS, The Art of; In the
Home and the Hospital. By the same Author. Post 8vo. 2s.

By Mrs. Charles Marshall, Author of ' Gas Cookery.'

GRANDMAMA'S CAKES : A Book of Recipes.
Fcap. 8vo. paper cover, is.

' All the recipes in f Grandmama's Cakes ' are genuine old-fashioned ones, and were
originally collected in manuscript form by my grandmother, who was famous for the
good things at her table.'

—

From Preface.

THE MANUAL TRAINING SCHOOL: ITS AIMS,
METHODS, AND RESULTS, with Figured Drawings of Shop
Exercises in Wood and Metals. By C. M. Woodward, Director

ofthe Manual Training School, Washington University. 8vo. cloth, $5. net.

INDUSTRIAL INSTRUCTION. A Pedagogic and Social

Necessity. By R. Seidel, Mollis, Switzerland. Crown 8vo. cloth, 2s.6d.

THE DURHAM UNIVERSITY CALENDAR and
ALMANAC. Published annually in January. Cr. 8vo. cloth, Is. 6d. net.

PROGRAMME OF TECHNOLOGICAL EXAMI-
NATIONS OF THE CITY AND GUILDS OF LONDON INSTI-
TUTE. Including Regulations for the Registration and Inspection of

Classes in Technology and Manual Training, Syllabus of Instruction and
Lists of Works of Reference in each Subject, this year's Examination
Questions, Names of Teachers of Registered Classes, &c. Published
annually in August. 10rf.net; post free, is. 3d.

London: Whittaker & Co., Paternoster Square, E.C.
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PAGE

ACCUMULATORS, Salomons', 5*.

and 6s. 4
Plants, 12s

Adams' Joints in Woodwork, is.— Prac. Trigonometry
,_
zs. 6d. net . .

.

Agricultural Engineering in India, 3s. 6d.

Alexander's Mode! Steam Eng., ios. 6d.

Alkali Makers' Handbook, ios. 6d.

Allsop's Electric Light Fitting, 5s.

Alternating Currents, Blakesley, $s. ...

Bedell and Crehore, ios. 6d.

Experiments, Tesla, 4s. 6d....

Fleming, 2 vols. 25$
Hospitalier, 3s. 6rf.—

—

Kapp, 4s. 6d. ... _

Alternate Current Transf. Design, 2s—
Analysis, Iron, Blair, 16*.

Steel Works, Arnold, ios. 6d.

Anatomy, Brodie, 4 parts, or 1 vol.

Anderson's Heat, 6s

Andreoli's Ozone, as. 6d.

Arithmetic, Electrical, is.

Armature Windings, Parshall, 30$.

Drum, Weymouth, 7,?. 6d.

Armorial Families $1. $s. _

Arnold's Steel Works, Analysis, 109. 6d.

Artillery, Modern French, 50s 15
Astronomy, Chambers, 2s. 6d. .. ... 39
Atkinson's Static Electricity, 6s. 6d. ... 17
Atlantic Ferry, 7$. 6d, and 2s. 6d. ... 13

B/

30

JALLOONING, May, 2s. 6d.

Badt's Electrical Works ... _

Bale's Mod. Shafting and Gearing, 2s. 6d.

Barter's Drawing
Woodwork, 7s. 6d.

Battle of Port Said, is

Bax's Electric Lighting, 2s
Beardmore's Drainage, §s.

Beaumont's Woven Design, 21s.- Steam Engine Indicator, 3s 6d. ...

Bedell and Crehore's Alternating Cur-
rents, ios. 6d.

Bell's Submarine Telegraphy, is. 6d. ...

Telegraphist's Guide, is. 6d.
Bennett's Telephoning, is
Bigg's Electrical Engineering, 2s. 6d. ...

Black's First Prin. of Building, 3$. 6d.
Blair's Analysis of Iron, 16s.

Blakesley's Alternating Currents, 5*. ...

Bodmer's Hydraulics, 14s.
•—— Railway Material Inspection
Boiler Construction, Cruikshank, 7s. 6d.
Bonney's Electrical Experiments, 2s. 6d.—— Electro-platers' Hand-book, 3s. ...~— Induction Coils, 3s
Bookkeeping, Crellin, is. 6d. Key, 2s.

Book of Crests, 3/. 3s
Public Arms, 3/. 3s. net

Bom's Metric Mesures, 3s

Botany, Massee, as. 6d. ...

Bottone's Elecl. Instrument Making, 3s.

Electric Bells, 3s.

*—7 Electro-Motors, 3s

Bottone's Electricity, 2s. 6d.— Electric Light Guide, is

•t— How to Manage a Dynamo, is. ...

-^7- The Dynamo, 2s. 6d.

Boulnois' Carriageways, &c. 5$.

Boult's Wire Table, 5s

Bousfield^ Timber Merchants' V.M. 4s.

PAGE
Boyd's Coal Pits, 7s. 6d. 13
Boyd's Petroleum, 2s ... 30
Brain, Flatau's Atlas of, 16s. net ... 41
British Locomotives, Cooke, 7s. 6d. ... it

Brodie's Dissections, 2/. 2s 41
Browne's (Jukes) Geology, 2s. 6d. ... 39
Bucknill's Submarine Mining, 12s. 6d. 15
Building, Black, 3s. 6d. 19

c(ABINET Making, 5s 36
Cakes, Marshall, is. 44
Calculus, Diff. and Intg., 3s. 6d. ... 31
Cambrian Minstrelsie, 2I. us 31
Carriage and Footways Construction, 5s. 20
Central Station Bookkeeping, ios. 6d.... 17
Chambers' Astronomy, 2s. 6d. 39
Chemistry, Elementary Practical, c-^.net 31
Chemist's Compendium, 2s. 6d. net ... 40
City and Guilds Examin. Programme,

lod. net; is. 3^. post free ... ... 44
Coal Mining, Walker, 2s. 6d. ... ... 24
Coal Pits, Boyd, 7s. 6d. 13
Colliery Lighting, 2s. 6d. 27
Colour in Woven Design, 21s 9
Cooke's Locomotives, 7s. 6d. 11

Cooking, Jack, 2s 44
Cox's Cont. Current Dynamos, 7s. 6d. 16

Crehore and Bedell's Alternating Cur-
rents of Electricity, ios. 6d. 16

Crellin's Bookkpg., is. 6d.\ Key, 2s. net 29
Crests, Fairbairn, 3/. 3s 30
Crosby and Bell's The Electric Railway,

ios. 6d. _ 17

Cruikshank's Boiler Construction, 7s. 6d. 35
Cunarders (New), 6s 13

DAVIES' Guide to Mining Exams.
2 parts, is. 6d. each 23

Dawson's Electric Railways, 30s. ... 14
Denning's Cabinet Making, 5s 36
Designing, Leland, is. _ 42
Dictionaries, Technological 2g
Dictionary of Medical Terms, ios.6d..„ 40
Discount Tables, is. ... ... 26

Dissections Illustrated, Brodie
1 Vol. 2/. 2s., or

Part I., 8s. 6d. Part II„ ios.

Part III,, 10s. Part IV., ios.

Dittmar's Rbntgen Rays, gd. net
Drainage, Beardmore, 5s. 10

Nadieine, is 10

Draughtsmen's Work, is. 6d. 36
Drawing and Designing, is 42

Barter ... . _ .. 42
Dredge's Chicago Exhibition, 3/. 3s. ... 13

Electric Illumination. Vol. II., 30s. 13
Modern French Artillery, 50s. ... 15
Pennsylvania Railway, 52s. 6d. ... 16

Drum Armatures, 7s. 6d. 21

Durham University Calendar, is. 6d. net 44
Dynamo, Bottone, 2s. 6d. 38

Building, Walker, 2s. 27
Parkhurst, 4s. 6d. 17

Gibbings, is. ... 26—— Hawkins and Wallis, ios. 6d. ... 2

How to Manage, Bottone, is. ... 38
Machinery, Hopkinson, 5s. ... 37
Strange History, is. 24
Tenders, H. B. Badt, 4s. 6d. ... 25
&c. f Kappj ios. 6d. 20

Dynamos, Continuous Current, 7s. 6d. 16
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.Education, Practical, 6*

Egleston's Metallurgy, 2 \o\%\,i\s.td. ea.

Electric Bell Hangers, H. B., 45.6a. ...

Bells, Bottone, 3s. ..

Illumination, by Dredge and
others, 30s., ...

Influence Machines, 4s. 6d.

Lamps, Fleming, 7.?. 6d. ..

Lamps, R. Kennedy, 2s. 6d.

Lamps, Ram, 7s. 6d.

Light Cables, Russell, js. 6d.

Light Carbons, is. 6d.

Light Fitting. Allsop, 5s. ...

Light Installation, Salomons', 3
vols. Vol. I., Accumulators, 5$. Vol.

II., Apparatus, 7s. 6d. Vol. III., Ap-
plication, $s.

Light Installations, Salomons', 1

vol., 6s. ... ...

Light and Power, Guy, 5$.

Lighting, Bax, 2s.

Lighting of Colliery, 2s. 6d.

Lighting, Guide to, is

Lighting Specifications, 6s.

Lighting, Majcock, 6s.

Lighting, Segundo, is.

Lighting, T. C.'s Handbook, is. ...

Motive Power, Snell, 10s. 6d.
Railways, Crosby and Bell, 10s. 6d.
Railways, Hering, 5.J.

Railways and Tramways, Dawson,
30s. ... _

Traction, Reckenzaun, 10s. 6d. ...

Transformers, Kapp, 6s. ,

Transformers, Weekes, 2^. ...

Transmission, Badt ...

Transn. of Energy, Kapp, icw. 6d.

Wiring, Badt, 4s. 6d.

Wiring, Noll, 6s
Wiring Tables, zs. 6d.

Electrical Engineering, 4s. 6d. ..

Engineering, Biggs, 2s. 6d.
Engineering Formulas, ys. 6d.
Engineering, Kapp and others, 42s.
Energy, Kapp, 10s. 6d.
Energy, Plante, 12s.

Engineers' Tables, &c, 2s.

Experiments, Bonney, 2s. 6d.
Distribution, Kilgour, 10s. 6d. ...

Instrument Making, 3s.

Lab. Notes, Fleming, i?s. 6d. net
Measurements, Arithmetic of, is,

Notes, Kennelly, 6s. 6d.
Terms, Houston, 21s.

Electricity, Alternating Currents of,

Bedell and Crehore, 10s. 6d. ...

Alterng. Currents of, Blakesley, 5s.

Fleming, 2 vols., 25s.
—— K.app, 4s. 6d. ...—— Experiments, Tesla, 4s. 6d. ..

Forbes, zs. 6d....

100 years ago, 4s. 6d.
Portative, Niblett, 2s. 6d.
Houston, 3 vols. 13s. 6d. ...

and Magnetism, Bottone, 2s. 6d,
and Magnetism, Maycock. 2s, 6d.
in our Homes, Walker, 6s....

Primers, 3d. each ..

Static, Atkinson, 6s. 6d.
Electro-chemistry, Gore, zs
Electro-deposition, Gore, is. 6d.

Electro - magnet Ic Theory, Heaviside,
Vol. I., 12s. 6d. ... ... ... 22

Electro-motors, Bottone, 3s 38
Electro-platers' H.B., Bonney, 3s. ... 35
Electrolytic Separation, Gore, 10s. 6d. 21
Engineer Draughtsmen's Work, is. 6d. 36

Fitting, ss ... 34
English Minstrelsie, 4/. 3a
Ewing^s Induction, 10s. 6d. 22-

Explosives, Guttmann, 2 vols., 2I. 2s. ... 4

TAIRBURN'S Crests, 2 vols., 4I. 4s. 30.

Findlay's English Railway, 7^. 6d. ... 12
Fitting, Horner, 5^. ... ... ... 34,

Electric Light, Allsop, 5,? 37-

Fitzgerald's Nav. Tactics, is.^ 14.

Flatau's Atlas of Human Brain, 16s. 1 et 41
Fleming's Transformers. Vol. I., 12s. 6d.

Vol II., 12s. 6d. ... ... ... 21

Electric Lamps, ys. 6d. .. ... 20.

Electric Lab. Notes, 12s. 6d. net 21
Fletcher's Steam-jacket, 7$. 6d. ... 6
Foden's Mechanical Tables, is. 6d. ... 29
Forbes' Electric Currents, 2s. 6d. ... t&
Forestry, Webster, 3s. 6d. 28
Formulae for Electrical Engineers, 7s. 6d, 22
Forth Bridge, $s. ... ... ... ... 15
Foster's Central Station Bkpg., 10s. 6d. 17
Fox-Davies' Book of Crests, 4I. 4s. ... 3a

Armorial Families, 5/. 5$ 3a

VJASEOUS Fuel, is. 6d.

Gatehouse's Dynamo, is

Gearing, Helical, js. 6d. ...

Geipel and Kilgour's El. Formulae, ys.6d.

Geology, Jukes-Browne, 2s. 6d
German Technological Dictionary, 5s....

Gibbings' Dynamo Attendants, is.

Godfrey's Water Supply ...

Gore's Electro-Chemistry, 2s.

Electro-deposition, is. 6d.

Metals, ioj. 6d.

Gray's Influence Machines, 4^. 6d.

Griffith's Manures, ys. 6d.

Guttmann's Explosives, 2 vols., 2/. 2s....

Guy's Electric Light and Power, 5s. ...

PL

27

a
22

3£
29,

26

.ATCH'S Mineralogy, 2s. 6d.

Haulbaum's Ventilation, is.

Hawkins' and Wallis's Dynamo, ior. 6d.

Heat Engines, Anderson, 6s
Heaviside's Electro - magnetic Theory.

Vol. I. 12s. 6d.
Helical Gears, js. 6d.
Hering, Electric Railways, 5$
Hertz' Work, Lodge, 2s. 6d. net.

Hewitt and Pope's Elem. Chem., gd.
net

Highways Management, Hooley, is. ...

Bridges, Silcock
Hobbs' Electrical Arithmetic, is.

Hoblyn's Medical Dictionary, ioj. 6d.
HoltzaprTel's Turning, 5 vols, 5/. gs. ...

Hooley's Highways, is. ... ... 2a
Hooper's Physician'sVade M.ec\im

}
i2s.6d. 41

Hopkinson's Dynamo Machinery, 5s. ... 37
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Inventions, How to Patent, as. 6d. net
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JACK'S Cooking, 2s—— Laundry Work, as

Jacobi's Printer's Handbook, 5^.

Jones' Refuse Destructors, 5$. ..

Jukes-Browne's Geology, 2s. 6d.

44
44
44

K,LAPP'S Alternating Currents, 4s. 6d. 17
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Laundry Work, jack, 2j. ... 44
Leather Work, Leland's, 5s 43
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Maw's Marine Engineering, 3/...

May's Ballooning, zs. 6d.
Belting Table, 21. 6d. ... ..'.

Electric Light Plant, 2s. 6d.
Maycock's Electr. and Magnet., 2s. 6d.

Electric Lighting, 6s.

Mechanical Tables, is. 6d
Eng., Imray and Biggs, 3s. 6d. ...
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Work, Leland, 5s. ...
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,

Noll's Wiring, 6s

Or'PTICAL Instruments, Orford ...

Optics of Photography, 3s. 6d
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Photographic Lenses, Taylor, 3s. 6d. ...
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Physical Units, Maclean, 2s. 6d.

Pickworth's Slide Rule, 2s

Plant World, Massee, 2s. 6d.

Plante's Electric Storage, 12s. ...

Ponce de Leon's Spanish Tech. Diet.

Vol. I., 36s. Vol. II., 32s

Poole's Telephone Handbook, ss.

Practical Education, 6s

Preece's Telephony. 15s. ...

Price's Hoblyn's Dictionary, ios. 6d. ...

Primers of Electricity, 3d. each

Printer's Handbook, Jacobi, ss.

Printing, Southward, ios.
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RAILWAY Management, Findlay,
7^. 6d. 12

• Material Inspection, Bodmer ... i

Pennsylvania, 52.?. 6d. ... ... 16
Ram's Incandescent Lamp, ys. 6d. ... 25
Reckenzaun's Electric Traction, 10s. 6d. 19
Refuse Destructors, Jones, 5s 19
Repouss£, Leland, 5^. 43
Reynolds' Locomotive, 2s. 6d. ... . 20
Rontgen's X Rays, gd. net ... ... 41
Russell's Electric Cables, 7s. 6d. ... 7

T. C's Hndbk. Elec. Lighting, is. 18

SALOMONS' Electric Light Installa-

tion, 6s. 36
• Electric Light. Vol. I., Accumu-

lators, 5s. Vol. II. , Apparatus, ys. 6d.
Vol. III., Applications, $s 4

Sanitary Drainage... ... ... ... 10
Sanitation, Mason .. ... 20
Savage's Sewage Disposal, 5s 20
Scholl's Phraseological Dictionary,Eng.,

Ger., Fr., and Span., 21s 29
Scots Minstrelsie, 2/. us. ... ... 31
Screws and Screw Making, 3s 27
Screw Propulsion, 15$ 8

Segundo's Dom. Elec. Lighting, is, ... 24
Seidel's Industrial Instruction, 2s. 6d.... 44
Sewage Disposal, Savage, 5s. 20

Treatment, 6s. ... ... ... 10
Shafting and Gearing, Bale, 2s. 6d. ... 27
Ships' Resistance, 15s 8

Silcock's Highway Bridges 20
Skelton's Iron and Steel, $s 19
Slater's Sewage Treatment, 6s 10
Slide Rule, Pickworth, 2s. 26
Sloyd, English, ys. 6d. 42
Smith's Cable Traction, 5$ 15

How to Patent, 2.?. 6d. net 29
Wire, ys. 6d. ... ... ... .,, 15

Snell's Electric Motive Power, 10s. 6d. 25
Southam's Elect. Engineering, 4s. 6d.... 16
Southward's Mod. Printing, 10s. ... 44
Spanish Techn. Diet., 2 vols., 68s. ... 29
Specialists' Series .. ... 1

Steam Engine Indicator, 3s. 6d. ... 21
Jacket, Fletcher, 7s. 6d. 6
Locomotives, Cooke, ys. 6d. ... u
Model, Alexander, 10s. 6d. ... 12
Power and Mill Work, SutcIhTe,

21s. ... 8
Steamships, Atlantic, ys. 6d. and 2s. 6d. 13
Steel Works Analysis, Arnold, 10s. 6d. 2
Stevenson's Trees of Commerce, 35-. 6d. 29
Structures, Martin, 4$ I4
Stubbs'_ Telephony, 15s 1

Stuttering, Klindworth, izs. 6d. ... 41
Submarine Cable Laying, 12s. 6d. ... 25

Mining, 12s. 6d. 15
Telegraphy, Bell, is. 6d. 26

Sugar Machinery, 5s ... 27
Surveying, Middleton, 4^. 6d. 2
Sutcliffe's Steam Power and Mill Work,

2If 8

J. ATE'S Mining Books 23
Taylor's Optics of Photography, 3s. 6d. 35

Taylor's Resistance of Ships, 15J.

Technological Dictionaries
Telegraphist's Guide, Bell, is. 6d.
Telephone Handbook, Poole, 5s.

Webb, 4s. 6d.

Telephoning, Bennett, 15.

Lockwood, 4$. 6d.
Telephony, Preece, 15^-

Tesla's Experiments, 4$. 6d.
Thames Bridges, 7 parts, ss. each
'I'k, -,,-.-, ,-..-. .,-,'. f\-..-. r .-. .,-*',-(~\ -.^, r.A .-.-, —., C

26
36
25
16

Thompson'sChemist'sCompdm.2j.6rf.net 40
Thwaite's Gaseous Fuel, is. 6d. ... 27
Timber Merchant's Vade Mecum, 4s. ... 28
Torpedo, Autobiography of a, 2s. ... 16
Tower Bridge, Tuit, $s. .. 15
Traction, Cable or Rope, 5$. ... .., 15

Electric, 10s. 6d. ... ... ... 19
Trade in Far East, Wakefield's, ys. 6d. 11
Transformers, Kapp 1

Tree Pruning, Des Cars, 2s. 6d. .., 28
Trees of Commerce, Stevenson, 3^. 6d. 29
Trigonometry (Prac), Adams, 2s. 6d. net 31
Tuit, Tower Bridge, $s. .. 15
Turbines and Pressure Engines, 14s. ... 6
Turning, &c, Holtzapfifel, 5 vols. 5/. gs. 28
Turning Lathes, Lukin, 3s 27

Metal, 4-r. 33
Typography Questions, 6d. 44

see Jacobi and Southward.

WAKEFIELD'S Trade in Far East
ys. 6d. n

Walker's Coal Mining, 2s. 6d. 24
Colliery Lighting, 2s. 6d. 27
Dynamo Building, 2s 27
Electricity, 6s. ... ... ... 37
Electric Engineer's Tables, 2s. ... 27

Wallis's Dynamo, iay. 6d. 2

Wallis-Tayler's Sugar Machine, 5.S. ... 27
Water Supply, Godfrey 20
Webb's Telephone Handbook, 4s. 6d. ... 25
Webster's Practical Forestry, 3s. 6d. ... 28
Weekes* Transformer Design, 2s. ... 18
Wershoven's German Technological Dic-

tionary, 5j. 29
Westhofen's Forth Bridge, 5s. 15
Weymouth Drum Armatures, ys. 6d. ... 21
Wbittaker's Library of Popular Science,

6 vols. 2s. 6d. each 39
Library of Arts, &c 32—— Specialists' Series 1

Wiley's Yosemite, 155 15
Wilkinson's Electrical Notes, 6s. 6d. ... 20

Cable Laying, 12s. 6d. ... ... 25
Wire, by Bucknall Smith, 7.?. 6d. ... 15

Table, Boult, 5s „ ... 22
Wiring Tables, 2J. 6d. 26
Wood's Discount Tables, is 26

Light, 2s. 6d.... ... ... ... 39Wood Carving, Leland, 5J. 43
Woodward's Manual Training, 5$. ... 44
Woodwork, Barter, 7$. 6d. 42

Joints^ Adams, is 32
Woven Design, Beaumont, 21s g
Wyatt's Diff. and Integ. Calculus, 3J.6V. 31

YOSEMITE, Alaska, &c. , Wiley, i5j. 15
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