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PREFACE.

HE extraordinary restrictions against travelling
by mechanical means over the roads of this
country, which have existed for so long a time,

have now been partly removed by the passing of
the Locomotives on Highways Act of 1896. Those
restrictions have doubtless been the means of inflict-
ing very great injury upon the trade of the country.
This, indeed, must be only too evident, when it is
considered that not merely have large and struggling
classes of the community been debarred for years
from the advantages they would have derived from
this method of transport, but English engineers,
unable to carry out even the needful experiments,
have been forced to stand idly by, instead of occupy-
ing themselves in developing and perfecting the
power-propelled road carriage, and so establishing a
great industry.

At the present moment, it seems to the author that
a satisfactory power-propelled carriage for common
roads has yet to be designed. All that past experi-
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ments in this country, and the more recent experi-
ments abroad, have succeeded in producing are
vehicles which serve to show the practicability of
devising carriages which may be driven by mecha-
nical power, even with great facility, upon common
roads.

Although, however, the motor carriage of the future
is not with us yet, the present would seem to be an
opportune time to place before the public a concise
account of the various systems of propulsion which
have been adopted for the vehicles now commonly
designated motor cars or horseless carriages, and of
the principal types of such vehicles which have been
constructed to the present date. In the execution of
this task the author has sedulously avoided entering
discursively upon the theories of the various motors,
subjects with which engineers should be already fully
conversant, and with which other persons are not
greatly concerned, and which, moreover, are already
amply dealt with in many able treatises.

The author begs to acknowledge his indebtedness
to the columns of 7ke Engineer and of Engineering
for much of the information which appears in a con-
densed form in the following pages, as also for some
of the illustrations by which the text is elucidated.
The full descriptions that have been given in these
journals, especially during the past year, of motor
cars possessing features worthy of consideration, must
have rendered their perusal a task of pleasure and
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profit to the engineer, and one peculiarly pleasing to
those interested in the new industry now being deve-
loped ; whilst the wholesome warnings against the
inflated schemes of the company-monger —who is
always to the fore on such occasions as the present—
have doubtless already saved, and should hereafter
save, the pockets of many. Work such as that ranks
as a public service.

It should be added that much useful information
upon the subject of this volume may also be derived
from the pages of. other technical journals, and
especially those entirely devoted to the subject of
motor cars, some of which latter are in every way
admirably conducted.

A. J. WALLIS-TAYLER.

323 HIGH HOLBORN,
LoNDON, W.C., April 1897.
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MOTOR CARS;

OR,

POWER-CARRIAGES FOR COMMON ROADS.

CHAPTER I
INTRODUCTION.

HE embargo under which motor cars or horseless
carriages have so long rested in this country
having been at length partially raised, we may reason-
ably expect in the near future to possess really practical
and serviceable machines.

At present, however, it must be acknowledged that
the successes attained with the few motor cars designed
in this country in the past, and the numerous ones
more recently constructed abroad, have been only
sufficient to show the feasibility of this kind of loco-
motion, and to encourage further attempts at their
perfection, as all the cars that have been as yet built,

A
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and are now on the market, are more or less unsatis-
factory in various particulars.

Under such circumstances, it might be asked whether
an account of the comparatively imperfect motor cars
that have been designed up to date would be of any
great utility, and whether books upon the subject are
not at this stage of the art premature. The author
thinks not, for the following reasons:—Firstly, that
the evolution of a perfect machine must of necessity
be a somewhat slow and gradual process, taking many
years, and meantime information upon what has been
already effected, condensed, and presented to the reader
in a handy form, will be not unuseful ; and secondly,
that in the future the existing comparatively crude
examples will be of interest as forming an important
link in the history of what will no doubt have then
become an important industry.

As soon as a demand for motor cars arises, we may
expect to find the large and old-established firms of
engineers, gradually but surely developing, from the
more or less imperfect machines now extant, power-
propelled vehicles of all descriptions that will meet in
a satisfactory manner the requirements for different
duties. But it is to these large firms, and to the
eminent engineers connected with them, that we must
look for such improvements, and not to the charlatans
who will doubtless utilise the occasion to the utmost,
and succeed in fleecing not a few of the unwary.

In connection with motor cars or road locomotives
there exist no master patents—in fact, very few patents
at all that are worth the paper they are printed upon;
and it would be well for those who feel tempted to
invest in any of the plausible schemes that will be put




INTRODUCTION. 3

before them to bear this in mind, as also the fact that,
even under the most favourable circumstances possible,
the general introduction of these vehicles, and the
supersession of the horse, could only be the result of
many years. Remember it took a long lifetime to
establish the railway.

In Engineering for the 2g9th of May of this year (1896)
there appeared an article upon “ Company Promotion
and Horseless Carriages,” every line of which is preg-
nant with meaning, and teeming with words of advice
to those who are likely to fall an easy prey to the
human vultures who thrive exceedingly in this country
during the present state of the law relating to com-
pany promotion. Space does not admit of here
reproducing the article above referred to in" extenso,
but the following extract, which contains the pith of
that warning, the author would fain give, and that
not merely expressed in language stronger and clearer
than that in which he might possibly be able to put
it, but also bearing the weight which should attach
itself to the opinion of one of the leading technical
journals of the country :—

“The horseless carriage boom is going to afford a rich
field for the operations of the professional company pro-
moter—a veritable Tom Tiddler’s ground for those ingenious
but not over-scrupulous persons who exist and grow rich
mostly by virtue of the credulity and greed of small
speculators.

“ These booms, rushes, speculations, and fevers are the
curses of honest industry. The haste to get rich kills useful
work. Perhaps no industry suffers more from this than the
engineering industry—inventor, capitalist, and workman
alike being constantly made victims. Indeed, the whole
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country is poorer for every over-blown scheme floated, and
which, in the inevitable course of events, collapses, if only
from the fact that honest, sober ventures are thereby dis-
credited, and enterprise is thus checked.

“We are believers in the further extension of mechanical
traction, but it will not come with the rush that many
anticipate. Changes of this kind are of necessity gradual.
The ¢passing of the horse,’ of which we hear so much, is
an absurdity. Those who are now trying to tempt the
sanguine small investor point to the railway and the bicycle
as examples of what will take place in regard to horseless
carriages, forgetting, or hoping those they address will
forget, that it took the best years of George Stephenson’s
life to establish the railway. There was a wide gap even
between Stockton and Darlington and Liverpool and Man-
chester; whilst to carry the history of steam locomotion to
a period when many of the great lines were paying reason-
able interest on the capital expended brings us well within
the memory of men who would scorn to describe themselves
as ‘elderly.’ That is a point intending plungers on horse-
less carriage speculations would do well to remember. As
for the cycle business, it took twenty years to establish it on
anything like an important basis; and even now, with the
woman’s mania—which will go out like a snuff when fashion
changes—in full swing, the establishments which are paying
big dividends are those which have grown up bit by bit
from small beginnings. It is by accretion that prosperous
businesses are made, not by prospectuses.

“The credulity of the investing public seems inexhaust-
ible. No bait is too coarse, no lure too ill concealed, to
attract victims. Often a simple addition sum would show
the futility of the expectations set forth. A little investiga-
tion would reveal how certain is the gain of the promoters,
how improbable that of the investor. We turn to the
columns of the press and occasionally find whole sheets
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occupied by mammoth advertisements of the formation of
a company. They are numerous and costly enough to be
a serious handicap of any legitimate business likely to be
done, and are penned in the worst possible taste, with a
coarse attempt to glorify an individual taking a prominent
part in the business. One would think their tone would be
sufficient to alarm any educated person ; but presumably it
is not so, and doubtless the experienced individuals who
have the conduct of such affairs know best how to appeal to
their public. Perhaps it is that parsons, country doctors,
naval and military officers, and the widows of all these,
who form the bulk of the company-monger’s clients, think
that vulgar self-assertion and business shrewdness must
always go hand in hand.”

In treating of motor cars or power-propelled
carriages in the following pages, it is not proposed
to devote any special attention to the design pure
and simple of the vehicles, which latter will, of course,
be largely governed both by individual tastes and
also by the special requirements of different districts
and countries. The subject, therefore, which will be
as fully treated as the very limited space at com-
mand in a little book of this description, which must
necessarily be of a somewhat elementary character,
will admit of, will be the various kinds of motive
power employed for propulsion, and the mode of
application to the vehicles to be driven. With this
object in view, the mechanically propelled vehicles
will be classified and successively treated of in the
following pages in accordance with the type of motor
employed under the following headings :—Steam-
carriages ; petroleum and other internal combustion
engine carriages ; electric motor driven carriages ; com-
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pressed air engine driven carriages; and carriages
driven by power stored in compressed carbonic acid
or carbon dioxide, compressed springs, &c.

Moreover, it is not purposed to more than touch
upon the theoretical side of the subject, and indeed
it is obvious that were this aspect to be gone into
with any degree of completeness,—and it would be
otherwise idle to attempt it,—it would demand in com-
bination with that under consideration an extended
discussion of the sciences of thermo-dynamics, chem-
istry, and electricity, not to mention that of the
mechanical questions which would especially apply
to the several sources of energy in use. Those readers,
therefore, who are not conversant with the above,
and who are desirous of entering into the theoretical
part of the question, we must refer for information
to the many able treatises that have been written
upon the above sciences.

Before proceeding to deal with the subject in the
manner intimated, it will be both interesting and
instructive to give, first, a copy of the report made
by L. L. Summers and J. Lundie, two well-known
American engineers, who undertook a series of tests
on behalf of the Zimes Herald of Chicago with the
object of ascertaining, in view of the race organised
by that paper, how far motor cars or power-propelled
vehicles were capable of performing the work of
those moved by animal traction; and, second, to
offer a few remarks upon wheels, and to give the
main results of some interesting experiments lately
carried out by Professor H. S. Hele-Shaw, M.I.C.E.,
on the resistance of steel, solid rubber, and pneumatic
tyres.
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As regards the first mentioned, the report was as
follows :—

“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. - Conse-
quently 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-Power 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.

“James Watt was the first to ascertain with some
accuracy the average power of a horse. 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 eight
hours a day.

“Later experiments have shown that this estimate
was exaggerated, and that an average horse scarcely
exerted more than 22,000 foot-pounds per minute
during eight hours, though this amount would evidently
be greater if the horse worked during a shorter period.
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“The following Table, taken from Trautwine, and
based upon the above, gives some figures on the
subject :—

S Mes per” | Traction in Tbs. || b Mites por - | Traction in Ibs

Hour. Hour.

0.75 ‘ 3333 2.2§ 1111
1.00 250 2.50 100

1.2§ 200 2.75 90.9
1.50 166.6 3.00 83.3
1.7% 142.8 3.50 71.4
2.00 125 4.00 62.5

“It is evident that not only can a horse exert a
considerable tractive effort for starting purposes, but
he can also vary his power considerably on the road,
so that he is very suitable for general traction. The
maximum power of a horse has not yet been abso-
lutely determined, but it certainly varies considerably
with his weight, with the length of his stride, and
with the nature of the ground he travels over. We
do not believe that a horse can ever exert a greater
pull than 400 lbs. To compare an auto-car with a
carriage drawn by a horse, then, it is necessary to
calculate the power exerted by the motor on the rim
of the driving wheels, and also the circumferential
velocity of the latter. The mechanical horse-power
of the auto-car in question will be found by dividing
the product of these two factors by 33,000 foot-pounds.
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“The cost per hour for every horse-power exerted
on the rim of the driving wheels can then be reduced
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 1d. per lb., 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.

“ It 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 these tests, however,
could the driving wheels be made to skid on the
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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
transmitting the power, it was found that the latter
reached its maximum value just before the belts
slipped on the pulleys. Mr Macy’s car could not be
tested thoroughly on account of the defective condi-
tion 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 maxi-
mum pull obtainable was limited only by the heating
effect of the strong current employed.

“A great difference in the consumption of the several
cars on trial is shown in the Tables.®* 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

#* See Tables on pages 14, 15, and 16,
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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 :—

“ 1. Because work is sacrificed in driving the ma-
chinery.

“2. 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
comparatively high.

“ With regard to the Benz motor, attempts were
made to simplify the transmission gear by having
only two ranges of speed. Speeds between these two
extremes were obtained by regulating the amount of
carburetted mixture supplied, but a glance at the
Tables* 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 com-

# See Tables on pages 14, 15, and 16.
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pensated by a better efficiency. The position of the
motor on the car and the method of transmission
employed greatly influence the amount of vibration
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
& 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 Cars.

“The exact efficiency of an electric auto-car is some-
what 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 calculatmg 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.

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 prac-
tically the same, but of course the transmission gear
is heavier with two separate motors than with one.
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We do not think the advantage of being able to
couple up the motors in series or in parallel quite
justifies the employment of two motors, and the only
real advantage of this arrangement is to enable the
driving wheels to run independently of one another
when turning round corners, instead of having to
employ differential gearing to effect this.”

There can be no doubt but that the practical suc-
cess or otherwise of motor cars or power-propelled
- vehicles will depend to a great extent upon the wheels,
which latter will have to be so constructed as to be
capable of withstanding the very heavy strains to which
they will naturally be subjected, especially on the in-
ferior roads so common in this country. This portion
of their anatomy will be to some extent gone into
when dealing with the different types of cars. As,
however, it is not unlikely that pneumatic tyres may
play as important a part in connection with motor-car
wheels as they have already done in the case of those
of cycles, the result of the before-mentioned recent
experiments of Professor H. S. Hele-Shaw * will be
of interest, and that the more so as they confirm those
already obtained by others.

Three similar vehicles—whose exact weight was
not known—were employed for the purpose in ques-
tion. The tests were made in the show-room of
Messrs Lawton & Co.’s works, Hardman Street, and
in each case the pull required to start the vehicle
\75 measured by a spring balance. The mean effort

\/ * Lecture on “Pneumatic Tyres for Motor Carriages,” by
Professor H. S. Hele-Shaw, before the Liverpool Branch of the
Self-Propelled Traffic Association.
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required was estimated by the average reading of the
balance, whilst the vehicle was pulled at a uniform
speed over a track about 6 feet long. The results
were as follows :—

The first track was across the floor, the second with
obstructions 1 inch apart, the third with an interval
of 2 inches, and the fourth with 3 inches between the
blocks.

SteeL TYRE. Sou‘i_:vl::nn Pn%l::nc
TrACK.

Starting | Mean | Starting | Mean | Starting | Mean

Effort. | Pull. | Effort. | Pull | Effort. | Pull
Floor . .| 312 [214 | 24 17 30.25 | 22
Second. .| 374 |22 27.4 187 | 29 22.25
Third . .| 438 |21.2 | 368 |198 | 3075 | 23.25
Fourth . . ? 21 368 | 202 | 40.5 | 25.5

The results obtained by these experiments came
out, it will be seen, exactly as theory would lead to
expect, and it is of course obvious, and has never
been disputed, that if the only resistance to be en-
countered was rolling, a hard-tyred wheel would give
better results than a soft one. The advantages gained
by the use of pneumatic or air tyres are due to the
fact that upon a wheel fitted with the latter encoun-
tering a small obstacle, such as a stone or the like, the
latter sinks into it, and the wheel is not forced to rise
to the same extent as would be the case with a hard
tyre, and consequently the loss of energy will not be

B
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so great. This benefit possessed by soft yielding
tyres is, moreover, only apparent when rolling at a
certain degree of speed, and the greater the accelera-
tion of speed the greater will be the advantage deriv-
able from the fitting of soft tyres to the wheels of a
vehicle. Indeed, at very slow speeds the resistance to
soft tyres has been found to be actually greater than
that to hard tyres.

The results of Professor Hele-Shaw’s tests, which
confirm those lately carried out by M. Michilin, must
agree with the practical experience of all those who
have carefully studied the behaviour of pneumatic
tyres on cycles, upon which class of vehicle, especially
the bicycle or dicycle, the benefit of soft tyres is of
course more readily apparent, inasmuch as they are
ordinarily propelled at a considerable velocity. In
addition, there are of course the following well-known
and not inconsiderable advantages derived from the
employment of soft tyres, viz, practical immunity
from jolting and vibration, and consequently from the
injury to the parts of the vehicle therefrom, steadi-
ness of motion, noiselessness, non-injury to the surface
passed over, and last, but by no means least, ease to
the rider, upon whom the jolting experienced in pass-
ing over rough roads or pavements with hard tyres has
a very exhausting effect.

The matter is briefly summed up by Professor
Hele-Shaw as follows :—Soft tyres do involve more
friction than hard ones, but the loss of power on an
ordinary hard road is due in a much greater degree
to the loss from concussion than to actual friction,
and that the order in which the loss of power takes
place in the cases respectively of the pneumatic, rubber,
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and iron tyres, is directly in the order of the hardness
of the tyre.

A series of somewhat crude experiments recently
carried out with cycles by the author, which he hopes
to find time shortly to supplement by ones more ex-
tended and carefully conducted, gave the following
results :—Single tube pneumatic tyres (Boothroyd and
National) inflated to about 30 lbs. per square inch,
carrying a load of 200 lbs., and pulled at an uniform
speed of 44 feet per minute on a level surface, de-
veloped .08 per cent. more rolling friction than solid
indiarubber tyres similarly loaded and moved at a
like speed. Upon increasing the speed, however, to
440 feet per minute, the rolling friction was practi-
cally the same in both cases, and upon interposing
obstructions, consisting of pieces of wood about the
size of ordinary wooden penholder handles secured at
regular intervals of 4 inches apart, the rolling friction
of the pneumatic tyres was found to be reduced to .1
per cent. below that of the solid.

It is not improbable that leather shod wheels may
be found to give good results, at least for some types
of motor cars, as this substance forms, especially when
subjected to powerful compression, a very lasting tyre
which has sufficient elasticity to absorb the bulk of the
vibration due to the shocks occasioned by passing over
obstructions and uneven surfaces.

Segmental blocks of wood have been hkewnse em-
ployed, and are said to form both a durable and
efficient tread.



CHAPTER 11,
EARLY EXAMPLES OF STEAM ROAD CARRIAGES.

THE three principal sources of energy at present in
use for the propulsion of vehicles upon common roads
are steam, oil, and electricity, and of these there is
no question, at least in the author’s mind, as to the
superiority of the first for general purposes.

There can indeed be little doubt but that the vast
majority of people would prefer a smooth-running
reliable steam-engine for use as the propelling medium
of a pleasure or light business carriage to the evil-smell-
ing, dangerous, wasteful, and at best uncertain and
unreliable oil motors heretofore chiefly employed for
that purpose in motor cars of recent construction.
Therefore until such time as a completely odourless,
(waste) vapourless oil engine has been produced, and
until the erratic starting of these motors has been
cured, and the necessity for maintaining the said
motors constantly running, even whilst the vehicles
are stationary, has been eliminated, the oil motor
cannot claim to be suitable for the purpose of pleasure
and other light vehicles, or for any in crowded
thoroughfares.

On the other hand, turning to the true and legiti-
mate field of mechanical locomotion on the public
roads, which is obviously that of the conveyance of
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comparatively heavy loads of passengers and goods,
and probable successful competition with light rail-
ways for opening up remote districts, oil motors and
electricity are evidently entirely out of the question,
and the steam-engine is undoubtedly the only prac-
tical source of energy at present available.

It is not proposed in this little work to follow step
by step the experiments that have been made in the
application of steam power to the propulsion of car-
riages upon common roads since its first inception
over a hundred years ago. The space at disposal is,
as has been already mentioned, extremely limited,
and consequently any lengthy descriptions of the
principal of these earlier attempts, or indeed any
mention at all of many of them, would only result
in the crowding out of far more interesting matter of
more recent date. This portion of the description
will therefore have to be confined to a very brief sketch
of the more important early types of steam motor
carriages adapted for use on common roads.

The first power used for propelling carriages was
naturally the steam-engine, and although oil engines
have seemingly produced more satisfactory results as
the motive power on light carriages of recent construc-
tion, there can be but little doubt in the mind of any
thinking engineer that the first named will yet prove
itself to be equal if not superior to any other form
for all classes of power-propelled vehicles.

Authorities differ as to whom the honour is due
of having first suggested the use of a steam-engine
for the purpose of propelling carriages on common
roads, Savery is said to have sufficiently indicated
that he considered such a use possible ; but, however

Ll S
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that may be, in a patent taken out by Watt in 1784,
a description of the application of a steam-engine
to the propulsion of road carriages is to be found,
an idea which was doubtless the outcome of a sugges-
tion made to him by Dr Robinson, who likewise
first directed his attention to the steam-engine. This
is probably the first authentic record—at least in this
country—of a power-propelled road carriage, and it
was speedily followed by the construction in 1786 by
Murdoch, Watt's assistant, of a steam-carriage which
was run upon the high-road near Redruth, Cornwall.
In this same year also a working model of a steam-
carriage was constructed by William Symington, the
reputed inventor of the steamboat, to whom the idea
most probably first occurred about the same time as
to Watt; and Oliver Evans, an American inventor,
likewise constructed a working model of such a
vehicle about this time. Some years later (1802)
further experiments with a steam-carriage were made
by Trevethick and Vivian, but the wretched state in
which the so-called main roads were then kept in this
country, the opposition of the turnpike managers,
and most probably still more the attraction of all
enterprise and capital to the improvement of rail-
ways, the introduction of which had then commenced,
seemed to have stopped further attempts in this direc-
tion at that period. Trevethick and Vivian’s patent,
dated in 1802, comprised a high-pressure steam-
engine, to be used to propel a carriage or waggon,
which engine was of particularly ingenious comstruc-
tion, and although of so early a date possessed details
which, somewhat modified, were to be found inl high-
pressure steam-engines of comparatively recent 'times.

i
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From this attempt for a period of about thirty years
the subject was left in abeyance, no further experiments,
or at least none worth recording, having been made,
until those of Griffiths, Brunel, Gurney, and Hancock,
when steam-carriages constructed by these inventors
were run for some time in different parts of England
and Scotland with considerable success as far as the
mechanism was concerned, but failed to prove profit-
able as commercial undertakings, chiefly, no doubt,
owing to the heavy tolls which were levied upon them,
and to the obstructions that were everywhere thrown
in their way, their very success as practical mechanical
contrivances having raised up a host of enemies against
them.

Gurney’s Steam Road Carriage.

One of Gurney’s engines, which weighed only 2 tons,
is said to have drawn with ease a load of 11 tons upon
a good hard country road. It had tyres 3} inches
in width on the driving wheels. Gurney in his steam-
coaches drove direct on to a cranked axle carrying
the driving wheels, which were the rear ones, and he
placed his cylinders horizontally.

For raisirg the requisite supply of steam he em-
ployed a ge erator comsisting of two horizontal drums
connected by a serigs of tubes bent into a horse-shoe
shape, and so placed that the lower arms formed the
fire-bars and supported the fire. A third larger drum,
placed vertically above the other two constituted the
steam space-

The steering was effected by means of a fifth wheel
through which the fore carriage was controlled, this
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being a practically similar arrangement to that subse-
quently used on traction engines.

A fatal defect in Gurney’s steam-coach was that the
portion forming the coach appears to have been the
only part supported upon springs, consequently the
machinery would become rapidly shaken to pieces by
the jars and vibration occasioned by passing over
rough roads or pavement. Gurney’s coaches are said,
however, to have run for several months on the roads
between Gloucester and Cheltenham.

Hancock’s Steam Road Carriages.

Following on the experiments of Goldsworth Gurney
came those of Walter Hancock, who built a steam-
coach to carry sixteen passengers, which plied for hire
in 1831. Other steam-carriages constructed by the
same inventor, all or most of which were of the double-
body coach type, are said to have run for a consider-
able period between Paddington and the Bank, and
likewise to have made frequent trips to Windsor,
Brighton, and other places. Internal dissensions and
disputes occurring amongst the members of the com-
pany that had been formed to work these steam-
carriages resulted, however, in the stop yage of the
undertaking.

One form of Hancock’s steam-carria ge weighed,
when carrying supplies of water and fuel} but without
passengers, 34 tons. The engine was jocated at the
rear of the carriage, and the two hind whc'sels were the
drivers. A separate crank shaft was en 1ployed and
was coupled to the wheel axle by means ‘of a driving
chain and suitably grooved and toothed follers. One
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of the driving wheels could, and generally was discon-
nected from the engine, except when climbing a hill.

A special feature of Hancock’s steam-coach was the
form of steam generator employed. This boiler con-
sisted of a number of iron chambers or compartments
placed side by side, with a small intervening space or
clearance between each of them, the said compart-
ments being clamped or fixed in position by bolts
passing through connecting tubes placed at the top
and bottom of the compartments, and forming steam
and water communication between them. These com-
partments were placed above the fire-box within a fire-
clay lined casing, so that the flames from the fire could
pass up into the above-mentioned spaces or clearances
left between them. The fire was blown up by a rotat-
ing fan worked from the engine, no chimney being
visible, and the forced draught producing very perfect
combustion. To prevent any loss of time owing to
the fire-grate becoming choked by clinkers and neces-
sitating clearing, he devised an arrangement of fire-
bars with a rack on the under side, so that they could
be withdrawn by means of a pinion which could be
operated through a suitable handle, whilst at the same
time a fresh set was inserted in position. Upon cool-
ing the clinkering of the withdrawn bars could, of
course, be easily effected, and they were ready for
reinsertion at the proper time.

The entire construction was mounted upon springs,
and the steering was effected by means of a fifth
wheel and chain gearing, from a large drum to a small
one fixed upon the lower end of the steering pillar.

Further information respecting Hancock’s inven-
tions and many useful particulars may be obtained,
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by those interested, from his work upon the subject,
published in 1838, entitled “ Narrative of Twelve
Years’ Experiment of Steam Carriages on Common
Roads.”

Further Early Types of Steam Road
. Carriages.

Contemporaneous with the above were Summers &
Ogle, Church, Dance, Macerone, James, Hill, and a
number of other experimenters in this field, but as
they did not succeed in producing anything in advance
of those mentioned, their steam-carriages may be
passed over without notice. Indeed the success of
railways, which about this time had become assured,
and the difficulties attending the running of loco-
motives on ordinary roads, owing both to the almost
universal poor condition in which the latter were still
kept, and to the venomous opposition with which the
steam-carriages were again met on every hand, caused
practically a total cessation of the attempts to produce
more perfect machines; in fact, so far as road loco-
motives are concerned, it may be said that little or
nothing was done from the date of Hancock and
Gurney’s steam-coaches until the subject was revived
about 1856 with the view of adapting such engines to
agricultural purposes. Of these several varieties have
been constructed which more or less successfully fulfil
the duties for which they are intended, but as they
are designed solely for the haulage of comparatively
heavy loads at slow speeds, whilst the object of the
present book is to treat of motor cars or carriages
adapted for the transport of passengers or goods at



EARLY STEAM ROAD CARRIAGES. 27

comparatively high speeds, it would be idle to here
enter into any description of that type of road loco-
motive now universally known as traction engines.

Steam-carriages of lighter construction for passenger
traffic were also built about this time by Garrett,
Boulton, Tangye, Ricketts, and others, all of which,
however, appeared to have been also unsatisfactory,
and apparently inferior to those that had been designed
many years before by Hancock and Gurney.

Later and more successful of these early attempts
were made by Yarrow & Hilditch, Rhodes, Holt,
Knight, Catley & Ayres, Todd, Randolph, Grenville,
Mackenzie, Blackburn, and Thompson. The efforts of
these inventors may be said to have completed the
experimental stage so far as steam-carriages are con-
cerned, and to bring the latter up to the present time.

Yarrow & Hilditch's Steam Road Carriage.

The earliest of these vehicles, or that of Yarrow &
Hilditch, was built in 1862.* It was capable of carry-
ing eleven passengers, besides a steersman and stoker.
The driving wheels were 3 feet diameter, and outside
cranks were used. The cylinders were each § inches
in diameter by 9 inches stroke, and the necessary
steam was supplied by an ordinary vertical tubular
boiler having an outer shell of steel. It was 2 feet
in diameter by 3 feet 9 inches in height, and had 40
square feet of heating surface, the fire-grate being
21 inches in diameter. To reduce the chance of
priming, a perforated steam pipe was fitted round the

* For full description of this steam-carriage, see “ Proceed-
ings,” Society of Engineers, 1862.
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top. The boiler was mounted at the rear of the car,
and a suitable tender or platform was secured at the
same end for the stoker. When fully loaded the
weight of the car was about 2} tons, about 2 tons
of which load was carried upon the rear wheels, and
half a ton upon the front ones.

Rhodes’ Steam Road Carriage.

Another steam-carriage was also built about a year
later than the above (1863) by S. G. Rhodes. In

F1G. 1.—Rhodes’ Steam Road Carriage (1863).

this arrangement, which is shown in side elevation in
Fig. 1, the two cylinders, which were 3} inches bore
by 9 inches stroke, were connected to one crank shaft,
the cranks being at right angles, and a chain pinion
was provided at each end to drive the road wheels,
the gearing being § to 1. Primarily both wheels were
equally driven, and consequently there was no pro-
vision for turning corners or running round curves,
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but subsequently the crank shaft was divided, so that
each engine ran independently.

Between the axle of the two rear driving wheels
and the frame were powerful leaf springs, connected
by radius rods to the crank shaft of the engine. A
single front steering wheel was used, which was
mounted in a fork fitted with sliding bearings resting
upon spiral springs, and coupled to the steering handle
by means of links.

The boiler for supplying steam to the engines was
2 feet in diameter by 3 feet 6 inches in height. It
was fitted with seventeen Field tubes and thirty-six
flue tubes into smoke-box, and the working pressure
was 150 lbs. per square inch.

HSSSN
N8B Nk By
F16. 2.—Rhodes’ Feed Pump.

The feed pump, which was of special construction,
is shown in the sectional view (Fig. 2). It is said to
have lifted water in a state of ebullition a height of
3 feet, and to have easily forced it into the boiler.
Referring to the illustration, A is the plunger, which
is fitted with rings on its end; B is .an annular
casing or cage, situated round the barrel C of the
pump, and over the slots therein, and to which
cage is connected the water inlet pipe D; E is the
plunger stuffing box and gland, upon which, however,
no pressure is thrown during work; and F is a ball
delivery valve. The ringed plunger 4, it will be seen,
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would bare the slots in the pump barrel at the termi-
nation of each stroke, at which point it would be
moving slowly, and coming to a stop. This pump
was worked from one of the crossheads of the engine.

A portion of the exhaust steam was passed into the
feed-water tank or reservoir, and the remainder dis-
charged into the chimney, a double cone blast nozzle
being employed to render it noiseless. The whole of
the machinery was completely enclosed by a suitable
casing, and this steam-carriage is stated to have been
capable of running at a speed of 14 miles an hour
on the level with ease, and is also said to have been
perfectly successful, and to have remained in use for
many years.

Holt's Steam Road Carriage.

A steam-carriage somewhat resembling the above
was constructed by H. Percy Holt, A M.I.C.E, in
1866. In this case, however, a pair of engines, con-
sisting of four cylinders, each 3 inches in diameter by
6 inches stroke, were employed as motive power. The
pistons of these engines were connected through suit-
able connecting rods and link motion with two sepa-
rate crank shafts, the cylinders being set at an angle,
as shown in Fig. 3, which is a diagramatical view,
representing the carriage in side elevation. On the
outer end of each of the crank shafts was keyed a
chain or sprocket wheel, connected by a suitable pitch
chain with another chain or sprocket wheel upon the
axle of the rear or driving wheels, the relative pro-
portions of the said chain or sprocket wheels being
3 to 1. Two boiler-feed pumps were used, driven
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direct off the crossheads, and the whole of the
machinery was boxed or cased in.

The exhaust steam was discharged into the chimney,
and to prevent any objectionable noise being caused
thereby, it was first passed into a silencer, consisting
of a cast-iron box, forming a baffle plate at the bottom
of the uptake just above the fire, and therein super-
heated, after which it was discharged in five continuous
jets up the chimney. When required, however, a por-
tion of the said exhaust could be utilised for heating
the feed-water,

~ . -~
Dl ~————

F16. 3.—Holt’s Steam Road Carriage (1866).

The steam for driving the engines was generated
in a “Field” boiler, 2 feet in diameter by 4 feet in
height, having about 5o feet of heating surface and
3 square feet of grate surface, and working at a pres-
sure of 250 Ibs. per square inch. This boiler was hung
at the rear of the carriage frame, which latter was
formed of, light angle-iron 3 inches by 3 inches, and
was fitted with a 2-inch safety valve of the Naylor type.

The fore part of the carriage was carried upon a
single steering wheel 2 feet 6 inches in diameter, the
rear or driving wheels being 4 feet 6 inches in
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diameter. A vertical shaft or steering pillar and
crossbar was provided for operating the steering, the
said steering pillar being connected at its lower ex-
tremity to a turntable supporting the steering wheel
bearings by a beam and a pair of rods. The rear
portion of the carriage was carried upon strong leaf
springs.

The levers for reversing the two pairs of engines
were so placed that they could be grasped either inde-
pendently or both at the same time, and the link
motions were of the ordinary type, operating valves
in a steam chest between the two cylinders. The
use of the independent engines admitted of corners
or curves being smoothly rounded, and enabled the
use of any form of compensating gear to be dispensed
with. Either of the said engines could be used with
the reversing gear as a brake, and when running upon
a good level road one engine only could be used, and
the other either entirely cut off, or so linked up that
very little steam was used.

This carriage complete, ready for work, weighed
about 30 cwts, and it was capable of carryintg eight
persons, including the steersman and engineman. It
is said to have been found capable of ascending
gradients of 1 in 14 at a speed of about 7 miles per hour,
and to have attained on ordinary roads a speed of from
15 to 20 miles per hour with ease. The consumption of
fuel was about 5 lbs. per mile, and the bunkers, which
were located on either side of the boiler, were capable
of containing a sufficient supply for a 4o0-mile jour-
ney. The water tanks, which were placed on each
side of the steering wheel, contained encugh feed-
water for about a 20-mile run.
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Knight's Steam Road Oarriage.

Passing on a couple of years, we come to another
example of steam-carriages in that built in 1868 by
J. H. Knight. As primarily constructed, this carriage
had but one steam cylinder, and was fitted with a fly-
wheel, the ratio of the gearing being 1 to 6. Owing,
however, to very considerable difficulty being expe-
rienced in starting when ascending inclines, a second
cylinder was subsequently added, and the ratio of the
gearing altered to 1 to 4. The frame of the vehicle
was composed of two angle irons, and the steam
cylinders, which were § inches diameter by 7 inches
stroke, were located between them, a link motion re-
versing gear being provided, the reversing ,quadrant
and steam lever of which were upon the steersman’s
right,

The boiler was of the well-known “ Field” type,
and had about 26 square feet of heating surface,
which boiler was substituted for one of the multi-
tubular pattern at first used. A feed pump and a
donkey pump were fitted for boiler-feeding purposes.
The boiler and engines were located in the rear of the
carriage, a platform or footboard being provided for
the attendant, and a tank being located beneath the
engines of sufficient dimensions to carry 40 gallons
of water, which supply would be about enough for a
7 miles run.  Storage room for coal for from 14 to 18
miles was also provided.

The rear portion of the carriage was supported upon
two 4-feet wheels placed 4 feet 2 inches apart, one of
which formed the driving wheel ; and the fore carriage
was supported through a strong plate or leaf spring

C
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upon two other wheels of 2 feet 8 inches in diameter,
and placed only 2 feet apart, which were the steering
wheels, and could be operated by a tiller with a cross
‘handle moving through an arc twice the radius of the
said wheels, and thus ensuring the requisite power.

The weight of this carriage in running order was
about 33 cwts. Three people could be accommodated
sitting side by side on the transverse seat, which was
situated at the front end of the vehicle.

o 4

F1G. 4.—Catley & Ayres’ Steam Road Carriage (1869).

QOatley & Ayres’ Steam Road Carriage.

Catley & Ayres’ steam-carriage, which is shown in
side elevation in Fig. 4, was constructed in 1869.
This vehicle, which possesses many points of interest,
was exhibited at the Yorkshire Agricultural Society’s
Meeting in 1871, and a brief description of it will be
found in Fletcher’s “ History and Development of
Steam I.ocomotion on Common Roads.”

The propulsion was effected by a double-cylinder
horizontal engine, each of the cylinders being 2§ inches
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in diameter by 5% inches stroke, driving a short crank
shaft having a crank at each end placed at right angles
to each other. The pistons of the engine were forged
with the piston rods, and had grooves cut in them for
two steel piston rings each 2 inch in width by } inch in
thickness. The slide bars and crossheads were made
of wrought iron for the sake of lightness, and the
wearing surfaces case-hardened. The slide valves
were operated from eccentrics keyed upon the crank
shaft, one on each side of a toothed driving pinion,
and suitable bearings between the latter and the
cranks were carried upon side plates between which
a wrought-iron flange plate was riveted. The above-
mentioned toothed pinion geared or meshed with a
toothed wheel on the rear or driving axle, the
diameter of the latter being three times that of the
former. One of the rear wheels only was keyed
upon the axle and formed the driving wheel, the
other was rotatably mounted thereon, so as to facilitate
rounding curves and corners.

The front wheel was supported in a fork, the
spindle of which was mounted in a double wrought-
iron guide riveted to the fore part of the frame. On
each side of the steering fork were four arms secured
to a ring or turntable arrangement encircling the
wheel, which ring was fitted to turn in four cast-iron
guides mounted on spiral springs and held in position
by the front end of the frame. The weight of the
front part of the vehicle was carried upon these spiral
springs, that of the rear portion was carried upon long
plate springs connected through sliding axle blocks
. with the rear axle. The crank shaft and rear or
driving axle being in line horizontally, the vertical
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movements of the latter were not found to interfere
with the working of the toothed wheels to any appre-
ciable extent, so long, however, that is, as the surface
of the ground was not too rough, and that the said
movements did not in consequence become too violent.
The rear or driving wheels were 3 feet 6 inches each
in diameter by 2 inches on face, and the front or
steering wheel was 2 feet in diameter ; the former were
fitted with lever hand brakes. The length of the
entire carriage was only 8} feet, and the total weight
of the apparatus when the boiler, tanks, and bunkers
were fully ready for a journey, was only 19 cwts.

Steam was supplicd by means of a boiler of the
vertical fire-tube type, built of Lowmoor iron plates.
It was 3 feet in height by 174 inches in diameter,
the shell plates being % inch, and the tube plates %
inch thick. In the smoke-box was fitted a spiral
tube superheater of 1}-inch piping, through which the
steam passed on its way to the cylinders. A polished
copper casing was fitted over the iron smoke-box
and chimney, and the boiler was lagged with non-
conducting material and a mahogany casing, thereby
imparting a handsome and finished appearance to the
carriage. It was tested by hydraulic power up to 400
Ibs. per square inch, and the working pressure was 150
Ibs. per square inch.

It is said to have been found in practice that good
coal gave off very little smoke. Coke, however, was
of course preferable as fuel. A speed of about 20
miles an hour could be made on a level road;
hardly any noise is stated to have been made by the
carriage when travelling, and there was practically
no vibration,
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Todd’s Steam Road Carriage.

A three-wheeled steam-carriage constructed two
years later still, viz,, in 1870, by L. J. Todd, was fitted
with an engine having two cylinders placed vertically.
They were 2} inches in diameter by 4 inches stroke,
and were each located in a box in front of a coal-
bunker on either side, so as to be completely protected.
Each of these engines was arranged to drive one of
the rear wheels through cones and a gut band or belt;
the said rear or driving wheels were 4 feet 6 inches in
diameter.

The boiler was 16 inches in diameter by 3 feet 9
inches in height, and was fitted with a considerable
number of Field tubes 1 inch in diameter ; the heating
surface was 16 feet, and the grate surface .75 feet.

The front wheel which formed the steering wheel
was 2 feet in diameter, and was controlled by means
of a worm upon one end of a horizontal shaft gearing
with a toothed quadrant upon the fork carrying the
said wheel, the other end of the said shaft having a
suitable handle for operating the same.

The carriage was 8 feet 6 inches in length by 4 feet
6 inches in width, and carried two persons. It is
stated to have been found to be a practical success.

Randolph’s Steam Road Carriage.

A steam coach was built about the year 1872 by
Charles Randolph, one of the partners in the cele-
brated firm of Randolph & Elder, of Glasgow. This
vehicle was successfully run during several trips, when
its use in the streets was said to have been prohibited,
and it was laid up until 1878, at which time it again
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appeared before the public at the Paris Exhibition.
Subsequently it was presented as a gift to the Patent
Commissioners, who did not want it, but kept it under
protest, having many times, however threatened to
break it up if not removed by the owner. This year
(1896) it took a prominent place as an object of interest
amongst the exhibits at the Crystal Palace.

It is a most ingenious vehicle, and contains much
that might be imitated with advantage. The me-
chanism and other parts are very well made, but
owing to the manner in which it has been stored and
treated by the Patent authorities, the whole is most
unfortunately in a deplorable state of dilapidation. A
fair description of this steam-coach appeared in the
Glasgow Herald of 13th November 1872, which was
reproduced 7n exfenso in the Engineer of 6th May
1896. The following are, however, the most essential
features of its construction, as abridged from the
above :(—

The carriage is 1§ feet in length, and comprises
three compartments, that for the passengers being
situated centrally, that containing the boiler and
engine at the rear, and that for the steersman, which
is set on a higher level, in front, and which latter com-
partment is also arranged for the accommodation of
two passengers. The engines are vertical, two pairs
being provided, one on each side of the carriage, the
cylinders being 3 inches in diameter. They are quite
apart from each other, so that when a curve is being
passed round the engine and wheels on one side of the
carriage can accommodate themselves to the situation
by acquiring increased velocity in proportion to the
extent of the curve which is being described.
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The boiler is of the vertical type, and is fitted with
Field’s patent tubes. It was tested at the time of
construction to 250 lbs. per square inch by hydraulic
pressure, and the working pressure was fixed at 120
1bs. per square inch. The feed-water for the boiler is
carried in a reservoir capable of containing an eight
hours’ supply, which reservoir being interposed between
the boiler and the central compartment, also serves to
keep the latter cool. The boiler is fed by two of
Freidman’s patent injectors. The waste steam from
the safety-valves, as also the eduction from the engines,
passes into a single pipe, by which it is conveyed into
a chamber which surrounds the funnel on the top of
the boiler. This chamber is so large in proportion to
the amount of escaping steam that pulsation is entirely
avoided, and the pressure is reduced to equability.
The steam is discharged from the chamber into the
funnel in a thin annular stream, which surrounds the
effluent gases rising from the fire beneath, thus acting
as a blast, and obviating the sudden screech and snort
that would be otherwise produced. No steam is per-
mitted to escape into the boiler-and engine compart-
ment, and the emissions from the funnel when working
are said to have been almost nil.

The body of the carriage is mounted upon springs
of special construction, by which all jolting was said
to have been proved on trial to have been eliminated.
The front wheels, which are 3 feet 4 inches in diameter
and 2} inches in breadth, are placed only 2 feet apart,
and completely below the fore part of the body, for
convenience of steering; the rear wheels are 4 feet
6 inches in diameter by 4 inches in breadth, and are
placed s feet 4 inches apart, which is the gauge of an
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ordinary omnibus. The latter, which are also the
driving wheels, are each provided with a spur wheel
bolted on the side next the carriage, and are driven
by a pinion upon the crank shaft of each pair of
engines.

In the front compartment a suitable seat is provided
for the steersman, who also acts as engine-driver, a
lever depending from the roof at each side of him
enabling him to control both the brake power to
both the sets of engines driving the hind wheels, by
operating that on the right, or to reverse the direction
of motion by operating that on the left, and so acting
upon the ordinary link motions. The steering pillar
rises through the centre of the compartment, and is
surmounted by a horizontal steering wheel. This
steering apparatus is directly connected with the
wheels, an ingenious piece of mechanism preventing
its being affected by the jolting of the latter. A
pointer indicates at all times the position of the
steering wheels to the steersman. In the front com-
partment are also located a steam gauge, so that the
steersman may at any moment ascertain the exact
pressure in the boiler; a mercury gauge, exhibiting
the precise acclivity or declivity of the ground that is
being passed over; and a mirror in front, showing
the condition of the road, or the traffic that may be
coming on behind. Both the steersman and stoker
or fireman can communicate with each other by means
of bells, and the latter assistant is provided with a seat
in the rear compartment or engine-room, and takes
the requisite fuel from a bunk close at hand.

The central compartment is sufficiently high to
admit of an average man standing therein with his



EARLY STEAM ROAD CARRIAGES. 41

hat on. Beneath the fore compartment is a boot,
either for luggage or for a further store of fuel for
long journeys.

This steam-coach is, notwithstanding its large dimen-
sions, very light, only weighing 2} tons when empty.
When, however, supplied with fuel, water, &c., for a
long journey, and filled with passengers, its total
weight would be about 44 tons.

Grenville'’s Steam Road OCarriage.

Another steam-carriage, which is yet in existence,
was designed by and constructed for R. Neville
Grenville in 1875. As in the case of Knight’s steam-
carriage, a single cylinder was first employed, but
this arrangement being found unsatisfactory, two were
afterwards substituted, and placed horizontally instead
of vertically, as was the case with the single cylinder.
The two cylinders are each § inches diameter by 6
inches stroke, and the ratio of the crank shaft to the
driving wheels is 4 to 1.

The boiler is of the cross-tube steam fire-engine
type, by Shand & Mason, and has a fire-box heating
surface of 13 feet and tubes of 16 feet, or 29 square
feet altogether. The fire-grate area is 2§ square feet.

The second motion shaft is connected to the driving
axle at the right-hand end, and springs are provided
so as to cause jt to rise and fall with it. At the other
or left-hand end is a ball and socket bearing, the gear
teeth being thus thrown slightly across each other,
but in the same plane, thereby preventing any injury or
unevenness of wear resulting therefrom. In the latest
arrangement of the mechanism an exhaust tank and
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feed heater is provided, but formerly the exhaust was
turned into the feed-water tank when required ; the
water from the condensed steam is run back into the
feed-water tank, which latter is capable of holding 55
gallons. An injector and a pump are provided for
feeding the boiler.

The wheels are of the disc pattern, and of teak with
iron rims, the rear or driving wheels being 4 feet in
diameter by 3 inches in width; the single steering
wheel is 2 feet 6 inches in diameter and the same
width.

The weight of this steam-carriage, with supplies of
coal and water for a run, is 45 cwt. There are two
seats in front, placed crossways and one behind the
oth~r, and suitable accommodation for the engine and
boiler attendant is provided at the rear.

Although of only three years more recent date than
that just described, owing to its having been treated
with reasonable care, this carriage is still in perfect
working order, and has just lately made several
successful runs.

Mackenzie’s Steam Road Carriage.

A close steam-carriage built in the same year as the
above, by H. A. O. Mackenzie, was mounted upon
three wheels, and had an engine with two cylinders of
the vertical type, the diameters of which were 3% inches,
and which had 4} inches stroke, an ordinary link re-
versing gear being provided. Two toothed wheels of
different diameters were so arranged that either of them
could be caused to engage or mesh with one or other of
two spur or toothed wheels upon a second  motion shaft
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having at its centre a compensating gear, and at each
end suitable chain or sprocket wheels, whereon, and
upon toothed rings upon the road wheels, ran two
pitch or driving chains, the speed of the engine as
compared with that of the road wheels being either as
6 to 1 or as 13 to I, in accordance with the wheels in
gear at the time. The higher degree of speed enabled
the carriage to travel at the rate of from 10 to 12
miles an hour. Intermediate speeds were obtained by
the regulation of the engine, and steam was provided
for working the latter from a boiler of the Field type,
4 feet high by 2 feet in diameter, and having about
34 square feet of heating surface and 1.76 feet of grate
surface, working at a pressure of 135 lbs. per square
inch, and which boiler was fed by an injector from a
water-tank fitted with a suitable strainer. A cast-iron
receptacle was provided at the bottom of the chimney
into which the exhaust steam was delivered, and from
the centre of which it issued up the said chimney, and
a blast valve was also used, and was, when the road
surface was such as not to require a powerful blast,
kept only slightly open. This valve acted as a variable
blast, admitting of the back pressure in the cylinders
being reduced when required. _

The chain wheels were fitted with teeth which
admitted of adjustments being made for wear, and
radius rods connected to the chain pinion bearings
and to the axle were provided for maintaining the
proper distance between the said chain wheels.

One of the axles, viz., that carrying the two wheels,
was bent to take in the boiler. The wheels were the
ordinary type of wooden carriage wheels with the
usual iron tyres, the drivers being 4 feet in diameter
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and fitted with lever brakes, and the single steering
wheel 2 feet 6 inches, and connected by means of
suitable rods with a steering pillar surmounted by a
hand wheel.

Blackburn's Steam Road Carriage.

Blackburn’s steam dog-cart, for which a patent was
granted in 1877, was fitted with a torpedo engine.

Steam was supplied by a boiler composed of coils
of tubes, petroleum fuel being employed, and the fire
blown up by a blast from a fan or blower worked by
the engine. The exhaust steam was condensed in an
air condenser, wherein it was delivered into a large
number of tubes located round the circumference of a
fan or blower in such a manner as to be constantly
subjected to the cooling action of a powerful current
of air.

Thompson’s Road Steamer.

Thompson, of Aberdeen, designed a type of traction
engine known as a road steamer, several of which were
run for many years on a number of the trunk roads of
Northern India, working regular services of trains for
both goods and passengers.

The provision of narrow gauge railways, however,
rendered this method of transporting goods and pas-
sengers unnecessary, and their use was consequently
discontinued.

Thompson was the first to apply indiarubber tyres
to the wheels of road locomotives.



CHAPTER IIIL
RECENT EXAMPLES OF STEAM ROAD CARRIAGES.

COMING now to steam-carriages of more recent date,
we may take as fair examples of what has been done
in this direction, those of Serpollet, Le Blant, De
Dion & Bouton, Hartley, Thornycroft, Simonds, and
Sautenard, the two latter of which are of the steam
velocipede class.

The advantages of the steam-engine have been
already alluded to, and will be easily understood
when it is remembered that it affords a very large
capacity of regulation of power, is capable of being
readily fitted with reversing gear, is easily managed,
and can be stopped or started on the instant, and
without the slightest difficulty ; and as water and fuel
are practically everywhere obtainable, is therefore
adapted for universal use. As against these obvious
advantages must be placed the objection that the
working medium, Ze., steam, has to be produced on
the road, thereby necessitating the use of a heavy,
cumbrous, and more or less bulky boiler or generator.
It is in this generator indeed that the great obstacle
to the satisfactory use of steam lies. The steam-
engine itself can be readily made extremely light, and
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yet be thoroughly efficient, but the construction of a
boiler or steam generator of the requisite power and
of sufficient lightness is a problem the solution of
which is beset with much difficulty. The flashing
boiler, with its instantaneous generation, ceases to
make steam on the stoppage of the engine and feed
pump, is very safe, and possesses many other advan-
tages for the purpose in question; but on the other
hand, the reserve of thermal energy is very small, and
is soon exhausted when drawn upon, thus making
but little provision for emergencies. The tubes and
their casing also are very heavy, and the said tubes,
moreover, are rapidly destroyed by the great heat to
which they are naturally exposed. On the other
hand, again, the high pressure boiler, whether of the
water-tube or other type, whilst affording great power,
continues to make steam during a temporary stoppage,
and consequently gives rise to blowing off and waste,
a defect which, however, could be considerably modi-
fied by the provision of some arrangement for arresting
the combustion or radiant heat upon the stoppage of
the carriage.

Serpollet’s Steam Road Carriage.

The first of the more recent types of steam road
carriages, to be noticed in point of efficiency, is that
fitted with the Serpollet generator and motor, the
former of which has proved itself faitly adapted for the
purpose in question, enabling as it does a pressure of
from 15 to 20 atmospheres to be easily maintained
by the simple injection into the series of tubes of
which it is composed of a continuous stream of water,
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the said pressure being capable of being temporarily
raised still higher, upon any emergency arising, by
simply increasing the amount of the said feed.

Messrs Serpollet have been for a considerable time
past experimenting in steam-carriages, and have pro-
duced some very efficient machines, one of their latest
types being illustrated in the longitudinal sectional
diagramatical view (Fig. 5). In this view, M indi-
cates the motor, which is located forward beneath

F1G. 5.—Serpollet’s Steam Road Carriage.

the floor of the carriage, where it is enclosed so as to
completely protect it from dirt and injury; G is the
boiler or generator, which is situated at the rear, and
is supplied with feed-water from the feed-water tank
E, placed, as shown in the illustration, beneath the
main seat of the carriage; R is one of the rear or
driving wheels, which is connected to the motor shaft
through chain or sprocket wheels and pitch chain C,
and toothed gearing, as described later; B is the foot
lever for operating the brake mechanism; L is the
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starting and stopping lever; and D is the steering
gear.

The motor M has two cylinders, and a Stevenson
link reversing gear is provided. The steam is admitted
during 70 per cent. of the stroke. The connecting
rods are coupled to a cranked shaft carrying a pinion,
which latter gears or meshes with a second toothed
wheel or pinion mounted upon another shaft, at the
ends of which are fixed the chain or sprocket wheels,
which communicate motion to the driving wheels
through the pitch chains C, and other chain or sprocket
wheels of larger diameters formed on the wheel hubs.

The motor also drives the feed pump, which has a
cylinder .98 inch in diameter and .79 inch stroke.
The lubrication of the engine is provided for by a
very efficient automatic arrangement, which renders
the necessity for any frequent examination and lubri-
cation of the working parts thereof when travelling
unnecessary.

The generator, which is placed at the rear, and
enclosed in a suitable casing, as shown in Fig. s, is,
however, the most important part of the machinery,
and it is by the particular form and disposition of
tubes used in this generator that the Serpollet carriage
has succeeded in producing such favourable results.
The principle upon which it operates, which is that of
flashing the feed-water into steam, is not new, and is
identical with that of boilers designed by Payne (Brit.
Pat. No. 555, of 1736), Howard, Parks, and others many
years ago, and with that of the well-known little engine
and generator, known as the Tyson Vase engine, which
has been in use for many years in the United States and
elsewhere by dentists and others requiring small power.
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The main novel feature of the Serpollet generator
is the peculiar form of the tubes in transverse section,
which, as also their arrangement in the boiler, will be
apparent from the transverse and longitudinal sections
(Figs. 6 and 7), which represent a generator of the
latest type. The tubes, it will be seen, are not circu-

F1G. 6.—Serpollet Steam Generator (Transverse Section).

lar, but are so formed as to have one concave side,
which, however, does not extend quite to their ends,
these latter being left circular for convenience of
attachment thereto of the return bends or heads. The
tubes are of thick steel, solid drawn and weldless, and
are stamped after drawing, so as to produce the desired
concavity. In the boiler illustrated the tubes are of
D



50 MOTOR CARS.

the smallest section made, viz., 2.48 inches, and the
second row from the bottom one is placed at a dis-
tance therefrom of .98 inch, this clearance being
gradually reduced until that between the last but
one from the top tube and the latter is only .71
inch. The set of tubes weighs about 3} cwts. The

F1G. 7.—Serpollet Steam Generator (Longitudiaal Section).

height of the boiler is 37.40 inches, and its largest
diameter is 31.50 inches. The grate-bars are 14.57
inches in diameter, and the total heatng surface is
26.9 square feet. The fuel reservoir or bunker is
located in front of the generator, and the fuel is fed
therefrom to the grate automatically.

Inside the boiler casing is placed a ining of fire-
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bricks or other refractory material, and to still further
prevent the radiation, and the loss of heat resultant
therefrom, there is also a layer of silicate cotton or
slag wool. This latter material is also employed to
jacket the chimney for a certain portion of its length.
A fire-door is provided, as also another door or man-
hole, through which the outside of the tubes can be
cleaned.

Water is injected into the boiler at the base near
the fire-grate, where it is practically instantly con-
verted or flashed into steam, the latter becoming
superheated as it passes through the upper rows of
tubes, and being finally removed by the steam pipe
leading to the motor.

The boiler shown in the illustrations is, as already
mentioned, fitted with the smallest sizes of these tubes
made, which are 2.48 inches external diameter and .39
inch in thickness, weighing 8.9 lbs., and containing
1.3 oz. of water per foot run. This great disparity
between the weight of the tubes and the water they
contain admits of sufficient heat becoming accumu-
lated in the metal to allow for certain temporary
variations taking place in the temperature of the fire,
without any marked falling off of efficiency in action,
a most valuable property for the duty in question.

The gases generated by combustion are very fully
utilised, and the boiler is tolerably economical in fuel
consumption. It has been found by repeated experi-
ment that any traces of incrustation that may become
deposited in the tubes can be easily got rid of by
blowing the boiler off suddenly when under full steam.

These steel tubes, which really form the generator,
are tested to 200 atmospheres, and the working pres-
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sure is 350 lbs. It will be seen, therefore, that the
boiler is practically inexplosive.

In the most recent arrangements petroleum is em-
ployed as fuel instead of coke. The ordinary lamp
petroleum is used, and the burner is of the Longuemarre
type, a brief description and an illustration of one form
of which will be found on page 88. The petroleum is
admitted at the bottom of the burner, from whence it
is forced up through a spiral tube, wherein it becomes
volatilised under the action of the heat of the flames,
and passing down to the bottom of the burner is
cleared of any impurities by a metallic filter. The
vapour next passes into a chamber, from which it is
transferred through small apertures into a second
chamber, wherein are located eight jets, from which
the said vapour issues and burns with an intense
flame, which spreads out so as to cover the entire area
of the funnel constituted by the spiral tubes and the
space above it, in which is the generator. The burner
is started in the usual manner with a little methylated
spirit.

The machinery can be started in from eight to
twelve minutes from the time of lighting the burner.

The method of steering used in the Serpollet
carriage is that which has been lately devised by M.
Jeantaud, and which consists essentially. in the em-
ployment of a fixed fore axle placed parallel to the
rear or driving axle, and terminating at each end in a
fork. In each of these forks is placed a T-piece con-
structed with bearings, and having an extension or
journal to carry the wheel, as shown in Figs. 8 and 9.
Consequently this arrangement admits of the wheels
moving freely in a horizontal direction. The long
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arm of each of these T-pieces forms a lever, and a
connecting rod maintains these levers constantly at a
fixed distance apart, and therefore the wheels parallel
to one another. Any movements transmitted to this
connecting rod will be transferred to the wheels
through the levers, which latter will, however, pass
through different angles when shifted. This steer-
ing gear enables the carriage to be turned very easily,
and with a short radius. On the other hand, however,
it is open to the objection that the steersman would
apparently be liable to sustain violent shocks when
passing over rough or uneven surfaces.

Fic. 8. Jeu(xt;l:g).Stmg Gear Fic. (g’;ujgi::‘t:%es:;enng |

The carriage illustrated in Fig. 7 weighs about 13
cwt. 3 qrs. when empty, and about 17 cwt. 3 qrs. when
loaded. The speed attainable with four passengers is
from 9 to 15 miles or even 22 miles per hour on a
moderate grade. The consumption of coke is about
3.5 Ibs. per mile, and the cost of lubricating oil from
3 to 1 centime, the above figures being deduced from
_ observations made on trial runs of about 200 miles.

Le Blant's Steam Road Oarriage.

Figs. 10 and 11 are diagrams representing respec-
tively in plan and side elevation a Le Blant steam-
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carriage, suitable for the delivery of goods from exten-
sive establishments, and adapted to meet the require-
ments of French customers, who demand a strong and

Fi1G. 10.—Le Blant’s Steam Road Carriage (Plan).

easily managed vehicle, capable of passing through
the narrowest streets and up the steepest inclines to
be met with, having a closed compartment of| at the

T
1

| - » |

FIG. 11.—Le Blant’s Steam Road Carriage (Side Elevation).

very least, 65 cubic feet capacity, and able to carry a

minimum load of 14 ton.
Mr Le Blant is one of those who has taken what is

in all probability the right view of the value of motor
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cars, viz., that their chief mission will be found to be
for comparatively heavy work such as omnibuses, and
diligences for passengers, and goods waggons for use
in town and country. Therefore whilst having de-
voted some attention to the construction of brakes
and other pleasure carriages, his main object has been
to produce an efficient vehicle of the type shown in
the illustrations, and also of large motor cars capable
of drawing heavy trailing cars.

The vehicle shown in the sketches is built of iron,
except the wheels, which are of wood.
The frame is of channel irons stiffened
with cross-bracings, the latter also of
channel sections and 4 inches deep,
with a flange 2 inches in width.

The wheels, which are as above
mentioned of wood, have crossed
spokes, as shown in Fig. 12, and are
mounted to revolve upon the bearings
of a fixed axle. In some later built P
carriages, however, owing to the l‘l;lhcl-n'vz\};eif
trouble experienced with wheels con-
structed of wood, the inventor has substituted ones
made of iron and steel.

The engine, which has three cylinders, each 3.94
inches in diameter, is secured to a frame of channel
and angle irons, the crosshead guides being made of
a special quality of cast-iron having a considerable
degree of elasticity. Steam is admitted during four-
fifths of the stroke, which latter is of 4.32 inches in
length, and the engine can be run at any speed up to
one of 700 revolutions per minute, one of 250 revolu-
tions corresponding to a rate of 11 miles an hour,

—imm
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The cranks are placed at an angle of 120 degrees,
and a pinion on the crank shaft gears with the crown
wheel of a differential motion fitted on an intermediate
shaft. Power is transmitted to the driving wheels by
chain or sprocket wheels and pitch chains.

The steam generator employed is one of the Ser-
pollet type, which has already been described.

The disposition of the mechanism will be apparent
from the drawings, wherein it will be seen that in
order to ensure as much adhesion as possible, the
engine and boiler, as also the fuel and water compart-
ments, are located over the rear or driving axle. The
compartment for the goods, which has a capacity of 141
cubic feet, is separated from the boiler by the feed-water
reservoir, and any overheating of the said compartment
owing to its propinquity to the boiler is thus avoided.

Within easy reach of the conductor or driver, who
sits in front, are the injection pump lever, which acts
as a speed regulator, the steering wheel, the operating
wheel of a screw brake, and two pedals, the one con-
trolling the amount of feed, and the other a strap brake
passing round a drum on the axle. A pressure gauge,
placed in front enables the said driver to ascertain at
a glance the steam pressure available. The stoker or
fireman, who is located in the rear, looks after the
stoking of the boiler, the variable exhaust, and a hand
oil-pump for lubricating the slide valves.

The steering mechanism consists of an ordinary fore
carriage, the turning ring of which carries a circular
rack with which gears or meshes a pinion upon the
lower extremity of the steering wheel spindle or pillar.
The teeth of this rack and pinion are of a special form,
which has been patented,
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De Dion & Bouton's Steam Road Carriage.

The latest type of the De Dion & Bouton motor car
is in reality a small road locomotive, which is intended
to be coupled to and draw a trailing vehicle, and in
fact to take the place of a horse. It is somewhat
inaptly styled by the inventors a steam bogie. Owing
to the purpose for which it is intended, this motor car,
when viewed by itself, gives the impression of being
unnecessarily heavy and unwieldy in construction,
which, however, is not really the case considering the
duty it is required to perform.

A motor of the De Dion & Bouton type performed

-3

—J hd
F16. 13.—De Dion & Bouton F1G. 14.—De Dion & Bouton Steam
Steam Road Car (Plan). Road Car (Side Elevation).

good work coupled to a four-seated victoria, in the
Petit Journal competition of 1894. This machine has
a horizontal frame formed of bars V-shaped in trans-
verse section and 2 inches in depth, which frame is
supported on the axles through coach springs, and
carries the boiler, feed-water tank, fuel store, and
engine.

The disposition of the various parts is shown in the
diagrams Figs. 13 and 14, which represent respectively
a plan and a side elevation of the vehicle. The fucl
store, it will be seen, almost entirely surrounds the
boiler, and the chimney dips downwards and is carried
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back beneath the car, discharging to the rear, as shown
in Fig. 14:

The frame is mounted upon four wheels, the rear
pair, which are considerably smaller, being used for
steering, and controlled by an arrangement of cranks,
on the Jeantaud principle, as shown in Fig. 13.

The engine, which is placed on the carriage below
the platform, is of the compound type, the small or
high pressure cylinder being 4.72 inches in diameter,
and the large or low pressure cylinder 7.08 inches,
the stroke of both pistons being 5.11 inches. An

R

Fi1G. 15.—De Dion & Bouton Transmission Gear (Sectional Elevation).

intermediate receiver is provided between the two
cylinders, and continuous lubrication is ensured by
the provision of an automatic oiling device. When
desired the full steam pressure can be admitted to
both cylinders, and the engine worked as a double
cylinder high pressure one. This engine, which is
calculated to develop 20 horse-power, is coupled to
an intermediate shaft, which shaft carries a pinion
gearing or meshing with a toothed wheel on the
driving axle or shaft, which latter is connected with
the wheels in a special manner, the ratio of gearing
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being 2.81, and the running speed, to drive the car at
a rate of 12.5 miles an hour, being 300 revolutions per
minute.

A special feature in this motor is the manner in
which the power is transmitted to the rims of the
driving wheels, as shown in Figs. 15, 16, and 17. The
object of this arrangement is to avoid the strain that
is ordinarily exerted on the spokes, and thereby to
prolong their lives. As will be seen from the above-
mentioned illustrations, which are drawn to a much
larger scale than Figs. 13 and 14, the axle, or what

FiG. 17. Fic. 16.

De Dion & Bouton Transmission Gear (Side View and Vertical
Section through Wheel).

may rather be more accurately called a supplementary
axle, is bent and carries an axle-box at each extremity,
on the top of which boxes are placed the springs
supporting the frame of the vehicle. Each of these
boxes supports one end of a sleeve carrying a wheel
on the other end, which sleeve is traversed by a por-
tion of the motion or driving shaft, which is articulated
as shown, and which forms the real axle of the wheels.
On each end of this articulated shaft, which projects a
suitable distance beyond the nave or boss of the wheel,
is secured a block or piece having four arms jointed
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or connected to the rim or felloe of the said wheel.
This arrangement is said to greatly reduce the wear
on the wheels, and also, by reason of the elasticity of
the driving arms, to obviate or greatly reduce the
shocks otherwise experienced when passing over rough
uneven surfaces.

The boiler or steam generator for supplying steam
for working the engine is one of a special type,
which is claimed to possess very great steam-making
capacity for comparatively small weight and dimen-

F16. 18.—De Dion & Bouton Steam Generator (Sectional View).

sions, thereby being rendered very suitable for the
purpose in question.

A recent type of this boiler is clearly shown in
Fig. 18, from which it will be seen that it consists of
two rings or annular casings placed concentrically,
and connected together by large numbers of inclined
radiating tubes, that shown having some 816 in all,
divided into twenty-one rows, twenty of which rows
have forty tubes each. Those portions of the rings
situated above the water-level form the steam space of
the boiler, the steam being taken from the upper end
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of the internal ring, and a circular diaphragm or baffle
being used to prevent any water passing over with it.
The upper and lower ends of the two concentric rings
are closed by means of circular plates held firmly
together by bolts passing through the steam and
water spaces ; these plates can be thus easily removed,
and access had to the said interior spaces for cleansing
purposes. The grate is, it will be seen, situated at
about a level with the bottom of the outermost con-
centric tube or annular casing, with the ash-pit below
it. A light casing surrounds the portion of the inner
ring projecting above the outer one, from the top of
which casing the chimney is taken and dips downward
as shown, a soot door being provided for cleaning
purposes. The fuel is introduced at the middle of
the central ring or annular casing, the aperture being
normally closed by a sheet-iron cover.

It will be seen that the hot gases from the furnace
play upon the surfaces of the concentric rings or
annular casings and round the inclined radiating
tubes, which afford a very large heating surface,
finally passing away through the chimney, which, as
shown in Fig. 14, is so bent as to discharge beneath
and at the rear of the vehicle. A re-heater is provided
at the side of the fire-box, consisting of a flattened and
bent steel tube, protected from direct contact with the
flames by a cast-iron shield.

The boiler shown in Fig. 18 has a fire-grate 13.4
inches in diame€ter, and the diameter of the inner
ring is only 6 inches; the tubes are copper, .39 inch
internal diameter, .12 inch in thickness, and 4.40
inches in length; the heating surface of the boiler is
24 square feet, the grate surface 2 square feet, and the
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total weight 530 Ibs. The ordinary working pressure
is one of g9 atmospheres.

Boilers of this type are guaranteed by the inventor
to evaporate from 4.5 to 6 lbs. of dry steam per
square foot of heating surface, and from 7 to 8 lbs.
per pound of coal, with natural draught.

Trials recently conducted by a French firm of high
repute (Sautter, Harlé, et Cie.) with a De Dion boiler
having a heating surface of 64.5 square feet, a grate
surface of under 3 square feet, and weighing 1,430 lbs.
when empty, gave a production of 550 lbs. of steam
for a consumption of 88 Ibs. of coal per hour.

Although undoubtedly a very efficient steam gene-
rator, the De Dion boiler is open to some objection,
by reason of its great delicacy of construction. To
ensure safety it would require careful handling by a
skilled attendant, and most decidedly is not a boiler
to be entrusted to the charge of an inexperienced
person.

The weight of the De Dion & Bouton road loco-
motive, shown in Figs. 13 and 14, in working order is
2 tons, and it is stated to be capable of drawing a
load of 2} tons at a rate of 20 miles an hour on a
level surface. It carries a supply of coke sufficient for
a run of 60 miles, and water for 25 miles, the storage
tanks for the latter being located beneath the seat.

Hartley's Steam Road Carriage.

The Hartley steam-carriage is fitted with a two-
cylinder rotary steam-engine, the engine valve gear
being operated by an eccentric.  Fhewsteam is gene-
rated in a boiler 16 inches in diameter i y 20 inches in
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height, mounted on the fore part of the carriage.
The carriage is mounted upon 36-inch front and 44-
inch rear wheels fitted with pneumatic tyres, and
running on ball bearings.

The weight of this carriage complete, with engine,
boiler, and machinery, is about 6% cwt.

Thornycroft’s Steam Road Carriage or Van.

The Thornycroft steam-carriage, which is shown in
Fig. 19, is of the four-wheeled van type adapted for
the transportation of goods, having an available floor
space for the latter of about 25 square feet, and capable
of carrying a load of 1 ton. The vehicle measures 11
feet over all, and of this 4 feet 6 inches are devoted
to the boiler and machinery, and when in full working
order, including fuel, and sufficient water for a 20-mile
run, as also the driver, weighs 1 ton 15 cwt. Unladen,
its weight is about ‘1 ton 10 cwt., of which about 1
ton 2 cwt. is supported on the driving wheels.

Motive power is supplied by a double compound
condensing engine, the cylinders being 2 inches and
4 inches diameter respectively, by 3 inches stroke for
both, and they are so arranged that live steam can
also be admitted to the low pressure cylinder for hill
climbing. The engine is geared through chain or
sprocket wheels and pitch chains in the ratio of 9 to 1
to the road driving wheels, which in this case are the
front pair. A large sized skew-toothed pinion meshes
with the corresponding teeth of the rim of a wheel
carrying the compensating gear, which wheel is carried
by the two inner ends of the second motion shafts,
which carry at their outer ends the chain wheels com-
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municating motion to the driving wheels. The chain
or sprocket wheels are fixed as shown to the backs of
the naves of the driving or road wheels. The bear-
ings carrying the intermediate shaft are connected by
radius bars to the main axle, so as to maintain the
proper distance between the two sets of chain wheels,
and at the same time allow free play of the springs by
which the van is carried.

F16. 19.—Thornycroft’s Steam Van.

The rear pair of wheels are of smaller diameter
and form the steering wheels, their manipulation
being effected by a hand wheel on a vertical spindle,
carrying at its lower end a worm gearing with a wheel
8 inches in diameter to which is connected a chain
wheel. A horizontal turning wheel on the locking
shaft steering wheels is connected by an ordinary link
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chain to the chain wheel upon the lower end of the
steering pillar.

The boiler used for the generation of steam is one
of the well-known Thornycroft water-tube launch
type, having 50 square feet of heating surface, and
2} square feet of grate, and hollow fire-bars through
which a circulation of water is maintained, and in
which steam can be raised in about fifteen minutes,
coke being used as fuel.

The condenser is located as shown in the roof of
the van, and has a surface of about 130 feet, the tubes
being of thin copper and of a diameter of half an inch,
and connected in groups to short lengths of 1}-inch
tubes secured together by long bolts. This con-
denser affords a cooling capacity sufficient for the
condensation of all the steam that would be used
by the engine at ordinary rates of working.

When fully loaded this steam van is said to be
capable of ascending a gradient of 1 in 10. The
ordinary rate of speed is intended to be from 6 to 7
miles an hour, but the vehicle can easily be caused,
if desired, to travel at 9 miles an hour on level roads.

This steam-carriage is said to have given very
favourable results during a recent series of very
severe trials. On a late occasion the van, with a load
of over 10 cwt.,, was run from Chiswick to Windsor
Castle, a distance of 20 miles, and back again, no
stoppage either way being found necessary for adjust-
ment or other purpose, and the castle hill being sur-
mounted with ease. The time occupied in the single
journey one way was 2§ hours, and 9o Ibs. of coal and
coke mixed in equal bulk was consumed in making
the run.

E
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Simonds’ Steam-Carriage.

The steam-carriage designed and built a couple of
years ago by C. L. Simonds is of the velocipede or
cycle type, being a quadricycle or tetracycle with
bicycle wheels and light body or frame.

The engine employed to propel it has two cylinders,
the driving cranks being set at 9o°, and the rear axle
driven by a sprocket wheel and chain.

Steam for the engine is supplied by a porcupine
boiler having 28 square feet of heating surface, and
adapted to work at a pressure of 100 lbs. per square
inch. Naphtha is used as fuel, provision being made
for carrying a sufficient supply for a run of 100 miles.
Five burners are provided beneath the boiler, one or
more of which can be used as may be desired, and an
air pump driven by the engine blows a blast of air
through the naphtha. The exhaust steam is first
passed through a feed-water heater, and is subse-
quently delivered to the naphtha flame, where it acts
to deaden the noise of the latter. A boiler feed-pump
is also worked by the engine.

The total weight of the machine is about 4 cwt,
and it is adapted to carry two passengers, with which
complement it is said to be able to surmount reason-
ably steep ascending gradients with ease, and to be
capable of sustaining a speed of 10 miles an hour on
the level.

Sautenard’s Steam Road Carriage.
The Sautenard steam road carriage is likewise a
vehicle of the cycle or velocipede type, and is a still
lighter machine than the steam tricycle just described.

— -
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It is driven by a small tandem engine, so arranged
that steam can be admitted to either one or both
cylinders according to the state of the road surface
being passed over, gradient to be surmounted, &c.
The driving wheels are driven by chain gearing, and
three different speeds are provided.

The boiler for raising steam, which is located at the
front part of the machine, is of a tubular type, which,
it is claimed by the makers, is practically inexplosible.
It has a heating surface of about 10 square feet, and
is fired by two petroleum blasts. Sufficient storage
capacity is provided to enable a supply of oil or petro-
leum essence for a journey of a duration of four hours,
and of feed-water for covering a distance of about 22
miles, to be carried.

The vehicle is fitted with a steam brake, and the
wheels have pneumatic tyres. The carriage and
machinery weighs when in working trim considerably
under 3 cwt, and is capable of carrying two pas-
sengers. The speed attainable varies from § to 12
miles per hour, according to the state of the road
surface, gradient, &c.



CHAPTER IV,

INTERNAL COMBUSTION OR EXPLOSIVE ENGINE
CARRIAGES.

ALTHOUGH it cannot be denied that at certain recent
trials, motor carriages, fitted with oil engines as motive
power, attained the best results, it must not therefore
be supposed that finality has been approached, much
less reached, or that the present horseless carriages
any more represent those of the future than the
“Rocket ” of 1829 did one of the express locomotives
of the present day.

It is quite true, of course, that the road locomotive
is not a thing of yesterday, but one now venerable by
its antiquity, and older than the railway locomotive, but
various combinations of circumstances have hitherto
prevented the development and perfection of those
types suitable for effecting a comparatively rapid
transit of goods and passengers.

To return to the subject of oil motors, the author,
from a careful investigation, and after considering the
matter from every point of view, cannot but think that
those who look upon them as the ideal sov'rce of energy
for motor carriages will find themselves greatly mis-
taken. The objections to the use of motors of this type
have been already lightly touched upon. .Any engineer

l
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who has ever had anything to do with internal com-
bustion or explosive engines knows what uncertain
machines they are to deal with, and how, even when
in the hands of skilful men thoroughly accustomed to
all their peculiarities, they will occasionally refuse to
start, and that for no detectable or even assignable
reason. Half an hour, or perhaps more, now and then
spent in the not interesting or profitable occupation
of turning the fly-wheel of such an engine when used
for stationary driving purposes creates undoubtedly
much annoyance, and also occasions, if often repeated,
a considerable loss; but it has come to be looked
upon as one of the inseparable inconveniences and
drawbacks of this and of all other types of gas motors
or explosive engines, and to be accordingly duly taken
into account when making an estimate of their value.
In the case of a road vehicle, however, this uncer-
tainty of starting, even in the hands of the most skilful,
assumes much more grave importance, for what is here
wanted is obviously an engine that can, when once
ready, be practically instantly, and whenever desired,
stopped or started, or reversed. Another most objec-
tionable feature in oil or other explosive enginesis the
liability of the various passages to become choked up
with deposit to the extent of causing frequent failure
in action, and giving rise to much inconvenience. For
this reason, all pipes, passages, or ways should be
made of ample area.

Explosive engines, moreover, are subject to the
well-known conditions that the speed must be nearly
constant, whilst a motor for vehicular propulsion
should be capable of fine graduations of speed from
practically nothing up to its full rate of travel, and
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not be entirely, or almost entirely, dependent upon a
set of more or less complicated change wheels and
gear for effecting one or two alterations of speed.

Moreover, lastly, but not by any means least, the
waste products of internal combustion or explosive
engines are more offensive than those emanating from
a steam generator wherein proper arrangements are
made for combustion, and where no escape of steam
from engine or boiler need be allowed into the atmo-
sphere. All the present combustion or explosive
engines that have been seen by the writer throw off a
foul, evil-smelling, and poisonous, smoky vapour (car-
bonic oxide), which would render their presence in
any considerable numbers in the streets of a town an
intolerable nuisance, and one too in every case con-
stant, for the oil motor must be kept running in the
streets, no matter whether the vehicle to which it is
applied be moving or stationary. The spirit engines
using light oils, petroleum spirit, benzol, &c., are, of
course, far less offensive in this respect than the motors
employing the heavy oils, but are still a very long way
from being immaculate, and, moreover, the present
state of the law in this country precludes the use of
the former.

In support of the above statement, attention may
here be especially drawn to that part of the report
of the engineers in charge of the tests carried out in
connection with the Chicago trials of motor cars, in
which they say: “Nearly all the single jcycle motors
burn a great deal of fuel, caused gene-rally by the
improper combustion of the gases. T is is the case
with the Lewis and the Haynes cars. Whllst these
cars were being tested the exhaust gas WL.S so charged

\
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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.”

Something might be done certainly to prevent the
occurrence of this nuisance in an aggravated form, by
treating the waste gases in a condenser. All things
considered, however, it seems very doubtful that oil
engines, though they undoubtedly have their mission,
will be largely used as a source of energy in the
coming motor cars, but rather that the proper pro-
vince of petroleum will be found to be as fuel for the
generation of steam.

As examples of internal combustion or explosive
engines and motor carriages in the market, the fol-
lowing may be taken as fairly representative of the
most successful types, viz.:—Those of De La Vergne,
Lewis, Panhard-Levassor, Daimler, Peugeot, Arnold,
Benz, Lutzmann, Petter, Hill & Boll, Roger, Hertel,
Haynes, Sintz, Mueller, the Duryea, Bollee, Penning-
ton, Kane-Pennington, Roots, Roots-Venable, and
the Britannia Company (Gibbon’s patent). Whilst
amonyst the very numerous other types of combus-
tion or explosive engines and motor carriages, which
space does not admit of going into any lengthened
description of, some mention may be made of the fol-
lowing :—The Pygmee, the Gnome (Seck’s), Lepape’s,
Tenting’s, Loyal’s, the Gladiator (Darracq’s), Dawson’s,
Maxim’s, and Riotte’s.

De La Vergne's Oil Engine Road Carriages.

The De La Vergne motor carriages (built by the
De La Vergne Refrigerating Company) are made in
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various sizes and of different types. Taking as an
example a four-wheeled vehicle to seat two persons,
it is fitted with a 4 horse-power gasoline engine, the
cylinder and jacket of which is cast in one piece, and
which is set to run at a speed of from 350 to 400
revolutions per minute. The exhaust is delivered
into a muffler or exhaust box, by which the noise-that
would be otherwise made by it in escaping is more or
less stifled or deadened. The unconsumed gas, more-
over, passes into a condenser, whereby it is claimed to
be disposed of without giving rise to unpleasant odours.

Electric ignition of the explosive mixture is em-
ployed. The tank and exploding or ignition battery
are located beneath the front seat, and the tank is
capable of containing a sufficient supply of gasoline
to last for three days.

The engine and gearing are mounted on an iron
frame, and are completely self-contained, so tkat the
labour of fitting them in place in the carriage is con-
siderably simplified. The total weight of the machi-
nery is approximately 2 cwt. 3 qrs. About 3 Ibs. of
water are required per hour for cooling purposes in the
cylinder jacket.

The power is communicated from the motor shaft
to the driving wheel axle by means of sprocket wheels
and pitch chains. The total weight of this carriage,
including the above machinery, is about 9 cwt.

Lewis’ Oil Engine Road Oarriage.

The Lewis motor carriage is a single-seated four-
wheeled vehicle, adapted to carry two persons. It is
fitted with a 2 horse-power gasoline engine of a type
invented by G. W. Lewis, which engine is exten-
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sively used on launches and for other purposes. The
motor consists of a single cylinder arranged vertically
in a casing situated at the rear of the seat, electric
ignition of the charges is used, and the electric current
necessary for generating the igniting spark are pro-
vided by a small generator and battery. The gasoline
tank and the reservoir for the cooling water are placed
at the front of the frame, taking the place of the usual
dash-board, the former holding sufficient for a run of
100 miles, and the latter 6 gallons.

The intermediate or sprocket wheel shaft is driven
from the engine shaft by friction gear of raw hide, and
is therefore perfectly noiseless in operation, both slow
and high speed being provided, and the said speed
being capable of being altered without interfering with
the speed of the engine, which latter runs at from 300
to 500 revolutions per minute, Motion is transmitted
from the intermediate or sprocket wheel shaft to the
driving wheels by means of pitch chains, the proper
distance between the said intermediate sprocket wheel
shaft and the rear wheel axle being maintained by
means of braces, which latter are adjustable as to
length, thereby admitting of the tension of the driving
chains being regulated.

The rear or driving wheels are 3 feet 8 inches in
diameter, and the front steering wheels 2 feet 8 inches
in diameter, and they are all constructed of wood with
iron inner tyres and heavy solid rubber outer tyres or
treads. The wheels are mounted in roller bearings of
a special design, the fore or steering whecls having
pivoted hubs, from which rods lead to a central ver-
tical steering post or pillar, having a tiller or lever
handle.
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The weight of the above carriage is about 11 cwt,,
and the cost of fuel is stated to be about 4d. per horse-
power per hour.

A double-seated carriage with the seats placed back
to back, and capable of accommodating four passen-
gers, has also been built by the same maker. This
larger vehicle weighs about 13 cwt. 3 grs.,, and is fitted
with a 4 horse-power double cylinder engine, weighing
about 4 cwt., and developing 6-brake horse-power.

F1G. 20.—Panhard-Levassor Road Motor Car (Side Elevation).

Panhard-Levassor's (Daimler) Oil Engine Road
Carriages.

As having divided the first prize in the Paris-Rouen
competition with the Peugeot motor carriage, the
Panhard-Levassor, and also the former, are worthy of
very considerable attention, as being about the most
successful carriages of this type that have been con-
structed up to the present time.
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The running gear and body of the Panhard-Levassor
carriage is illustrated in side elevation in Fig. 20, and
Fig. 21 is a plan with the said body removed, from
which it will be seen to consist of a frame mounted
through suitable springs upon four wheels (shown in
chain lines in the drawing), and supporting the motor
mechanism, the said frame comprising both iron and
wood members. The body of the carriage is, as shown
in Fig. 19, arranged to seat four passengers, and is so
secured, by means of four bolts, to the frame as to be
both easily removable therefrom and to admit of

FI1G. 21.—Panhard-Levassor Road Motor Car (Plan).

ready access being had to the mechanism for cleaning
or repairs. The wheels provided upon this vehicle
are usually of wood with flat iron tyres, but those of
some of the carriages are fitted with iron tyres pro-
tected or cushioned with treads of indiarubber.

The engine employed for the production of the
required horse-power is a Daimler benzoline motor of
3.7 horse-power. It has two cylinders, each 2.95 inches
in diameter by 4.72 inches stroke, having their axes in
the same plane, but converging so as to form between
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them an angle of 15°. The downward stroke of one
of the pistons corresponds to the upward stroke of
the other, only one crank being provided on the shaft,
which crank is formed of two discs which also act as
a fly-wheel, and is enclosed in a box or casing and
lubricated by the superfluous cylinder lubrication.
The principle upon which the Daimler oil motor
works presents no novel features, the drawing in of
the explosive mixture, the compression thereof, and
the expulsion of the waste gases, being all carried out
in a manner absolutely identical with that of the
well-known “Otto cycle.” The details of construc-
tion, however, especially the automatic arrangement
for supplying the charge of oil required to- form, in
combination with the proper proportion of air, the
explosive mixture, are very simple and effective, and
the engine on the whole is undoubtedly one of the
best of its class that has been designed up to the
present time. The main features of construction are
as follows :—The two cylinders are cast together, and
the oil is conveyed to a suitable jet at a constant
pressure, and vaporised at that point by the induced
draught due to the suction action of the piston. The
carburetted air passes into the cylinder freely through
the admission valve until the piston reaches the ter-
mination of its stroke. On the return stroke of the
piston the compression to which the gas is subjected
is regulated by means of the strength of spring em-
ployed, and is generally between 42 and 56 lbs. The
explosion takes place directly after compression has
been effected, and as the piston is starting on its
forward stroke. On the return or inward stroke of
the piston, a discharge valve located opposite and
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below the gas inlet valve in a trunk at right angles to
each of the cylinders is opened by a rod operated by
a cam upon a small shaft rotating at half the speed of
the main shaft, and therefore lifting the said valve at
every other revolution. The cylinders, as also the
trunks fitted with the inlet and outlet or exhaust valves,
are cooled by a water circulation, and the connecting
rods and crank discs are, as above mentioned, enclosed
in an air-tight casing, by which they are effectively pro-
tected from the access of dust and dirt or other foreign
bodies. The shell or casing, moreover, being partly
filled with the superfluous oil from the cylinders, ensures
the perfect lubrication of the crank shaft, &c., and
enables the high working speed of 700 revolutions per
minute to be kept up without difficulty.

The explosive mixture is fired or ignited by means
of platinum tubes, which are maintained in a state of in-
candescence by burners located beneath, which burners
are supplied with spirit from the main reservoir when
the latter is charged, and the contact is automatically
effected by a reciprocating part of the engine.

The carburator for supplying explosive mixture to
the cylinders was primarily constructed with a float
arrangement for cutting off a determined constant
supply from the main body of the gasoline. The air
which is drawn in by the motor passes through this
body of spirit, and passes to the cylinder through a
three-way cock, by which the proportion of air added
to the carburated mixture can be regulated. A fine
wire gauze screen is also provided to arrest any liquid
particles that otherwise might be carried over with the
gases.

The cooling water for the cylinder jackets is stored
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in a tank containing about 8 gallons, and the circula-
tion is maintained by means of a centrifugal pump
driven by a friction disc upon the driving shaft, a
condenser being provided beneath the carriage for
cooling purposes.

The engine runs normally, as already mentioned,
at a speed of 700 revolutions per minute, but can be
regulated by checking the exhaust so as to reduce
the above within certain limits. A lever within easy
reach of the driver admits of the shifting of the slide
valve so as to modify the exhaust passage and slow
down the engine.

The motor is located in the fore part of the carriage,
which would appear to be an objectionable arrange-
ment, for two reasons, viz., first, that the advantage of
having the weight of the mechanism over the driving
wheels is thus lost ; and, secondly, that the disagree-
able odours inseparable from the use of motors of this
type would be far more apparent to the passengers
than where the said motor is placed at the rear. So
far, however, as efficiency is concerned, this position of
the engine, which the designers consider to be the
most advantageous possible, does not seem to be in
any way detrimental.

Rotary motion is transmitted from the crank shaft
of the engine to a second or intermediate shaft placed
in line therewith, through a friction clutch, thereby
admitting of the motor being started without at the
same time putting the shaft carrying the driving gear
in motion, and thus allowing of the power being trans-
ferred thereto slowly and without shock. This clutch
consists of two parts, each comprising two cones
mounted on the same axis, the outer one being at a
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sharp angle and the inner one at an angle of 45°, and
resting through springs on the support of the outer
cone.

The driving gear admits of three different approxi-
mate rates of speed being obtained, viz., 4, 8, and 12
miles per hour. This is effected by means of a sleeve
mounted upon the transmission shaft, and whilst free
to move laterally thereon, forced to rotate therewith
by a key or feather, and which sleeve, moreover,
carries three toothed or spur wheels gearing or
meshing with one or other of a set of different
toothed or spur wheels mounted upon another shaft
placed parallel with the said transmission shaft.
A lever (the central one of the three shown in
the drawing) allows of the manipulation of the
sliding sleeve by the driver, the mechanism being
so arranged that no change from one rate of speed to
another can be effected until the toothed wheels are
thrown entirely out of gear, and the driving and
intermediate shafts disconnected.

The rotary motion of the driving shaft is transferred
to the driving wheels by means of a bevel pinion
gearing into bevel wheels mounted loosely upon a
transverse intermediate or transmission motion shaft
with an intermediate sleeve clutch, by moving which
either to the right or to the left, by means of a suitable
lever, the one or other of the bevel wheels can be
caused to gear with the pinion, and the driving wheels
be consequently moved to propel the vehicle in the
one or other direction, through pitch chains which
pass over grooved chain wheels on the rear axle, and
over drums fixed on the extremities of the transverse
shaft, the differential movement necessary to secure
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independent action of the driving wheels being on the
rear axle.

The rear axle in this carriage is fitted to revolve,
being connected to the springs through axle boxes.
The steering is on the Jeantaud divided axle system,
which has been already described with reference to
the Serpollet steam-carriage.®

The lever for operating the three-way cock, and
regulating the admission and density of the carburated
air to the cylinders of the engine, is placed conveni-
ently opposite the driver. The reversing lever is on
his right, and next to it is situated the speed regulating
lever, the brake lever being located, also on the right,
immediately beside his seat. A strap brake, which
can be operated by a pedal lever, is also provided, and
an arrangement whereby upon either brake being
thrown into action the driving gear will be at the
same time automatically thrown out of action by the
disconnection of the clutch.

The weight of a carriage of the type shown in the
illustrations, which is adapted to carry four passengers,
is, when in working order, about 13 cwt. 3 qrs. A
smaller carriage for two passengers only, but other-
wise of the same type, weighs under similar conditions
about 9 cwt. 3 grs.

The management of the carriage, when everythi}ng
is in order, is simplicity itself, all that should ; be
required for starting being to light the burners 4ind
rotate the motor a few times through a crank provigded
in front of the carriage. The admission of carburatecl air

e

* See pages 52, 53 for description and illustration of f the
Jeantaud steering gear.
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having been then regulated, the machine will be ready
to start in five minutes.

A stoppage will have to be made after every three
or four hours run to inspect the mechanism, which,
however, can be easily done, as it is enclosed in a box
fitted with movable shutters admitting of easy access
being had thereto on all sides ; and also to renew the
water for cooling the cylinders.

When stopping for any length of time the supply
of carburated air must be cut off and the burners
extinguished, and a small amount of petroleum should
be inserted into each cylinder to prevent them from
fouling. '

The cost of working has been variously given. The
consumption at the trials made in 1894 was estimated
to be under a quart of spirit for every 7 miles travelled,
and the cooling water used at about 2 gallons per
hour. The makers state that the cost of running an
average vehicle is not above one penny per mile.

In the later types of Panhard-Levassor carriages,
similar to the one which made the best time in the
race from Paris to Bordeaux and back, certain modifi-
cations have been introduced.

The improved two-seated carriage weighs about 12
cwt. I gr., and is fitted with a 3 horse-power nominal
motor. The driving gear gives speeds of 4%, 10, and
154 miles per hour.

The four-seated carriage has also a 3 horse-power
nominal engine, but this carriage is only adapted to
travel at speeds of 3%, 73, and 15 miles per hour.

The cylinders are, in both these later types of
engines, placed parallel to each other, and the length
of the strokes is increased to 5.51 inches. The engines

F
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run at the high speed of 800 revolutions per minute,
and they are each capable of developing 4 horse-power
actual, and only weigh 1 cwt. 2} grs.

Important modifications have been likewise made
in the carburator,®* which is fitted with an automatic
regulator., Two chambers are now provided, in the
first of which the spirit is maintained at a uniform
level, and the other one of which forms an air chamber
and is connected up with the motor. From the bottom
of the first or spirit chamber a pipe is led to the second
or air chamber, and terminates at its vertically project-
ing end in a finely perforated nozzle, through which a
thin jet of spirit is drawn into the air chamber at each
stroke of the pistons, and the carburated air is then
heated and delivered to the cylinders. By the regula-
tion of the above-mentioned jet the degree of carbura-
tion to which the air is subjected can be readily and
effectively adjusted.

The third longitudinal shaft is, moreover, now ex-
tended and carries at its extremity a bevel pinion
capable of engaging with one or other of two bevel
pinions, which latter are capable of being moved end-
ways through the reversing lever. A deferential gear,
shown in the plan view, Fig. 21, is also fitted to the
latest types of carriages, the hind axle being fixed
and rotary motion being transferred from the motor
by a countershaft, at the extremities of which are
sprocket or chain wheels connected through pitch
chains with larger diametered sprocket or chain
wheels bolted to the spokes of the driving wheels.
The gearing is completely enclosed in and protected

* See also pages 84-88.
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from dust, &c.,, by a casing not shown in the illus-
tration.

The wheels are still constructed of wood, and are
both fitted with iron tyres, and sometimes with iron
tyres having outer indiarubber ones or treads.

The cooling water tank is located at the rear of the
vehicle, and immediately below it is a waste-water
tank.

F1.. 22.—Peugeot Road Motor Carriage (Side Elevation).

A crutch, shown in the side elevation, Fig. 19, is
hinged under the frame, and can be dropped, as in the
drawing, to skid the vehicle when stopped upon a
steep gradient.

Peugeot's (Daimler) Oil Engine Road Carriage.

The Peugeot road motor car, as having proved itself
about equal in efficiency to the type just described,
may next be appropriately mentioned.
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Fig. 22 shows in side elevation a standard type of
Peugeot carriage. The entire mechanism is mounted
upon a frame supported upon the axles through plate
springs having sufficient play to admit of their assum-
ing a horizontal position.

A special feature of this frame is that it is con-
structed completely of cold drawn weldless steel tubes,
the largest being 2.01 inches, and the smallest 1.61
inch in diameter, and the thickness of metal being
.12 inch. The various members composing the frame
are connected together by stamped or cast steel pieces
and brazed joints, and the principal parts of the said
frame are further strengthened by bracings of smaller
tubes, or of bars of a V-shape in transverse section.

The wheels are of the cycle type, the spokes being
of steel wire of from .20 inch to .24 inch in diameter,
and so arranged that they can be easily tightened up
when necessary or replaced in case of accident. The
outside rims or fclloes are grooved and fitted with
strong solid vulcanised indiarubber tyres, and the
bearings are of the ball variety.

As in the case of the Panhard-Levassor camage the
Daimler type of motor has been hitherto employed
to supply motive power for the Peugeot carriage, but
it is said that in the later vehicles it is about to be
replaced by a new gasoline motor that has been
recently designed by M. Peugeot himself.

As has been already intimated, the most important
part of the Daimler motor is the carburator, several
forms of which are in use, and two of which are illus-
trated in vertical central section in Figs. 23 and 24.
That shown in Fig. 23 is one of the earlier patterns,
and comprises a receiving cylinder, a float, an indi-
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cator or gauge for showing the level of the oil, a
central oil supply pipe, suitable apertures for the
admission of air and the discharge of the carburated
mixture, a regulating cock or valve, and a wire gauze
filter or strainer, all of which parts are very clearly
indicated upon the drawing.

A rubber pipe connected from the main supply tank
to the supply pipe of the carburator enables both the

F1G. 23.—Daimler Carburator.

carburating chamber and the lamp reservoir to be
filled, the overflow from the latter passing on to the
former.

The manipulation of - the driving mechanism, which
is in this, as in that, previously described, extremely
simple, will be very; readtly understood by referring
to the drawing. The motor, as has been already men-
tioned with regard to the Panhard-Leva sor carriage,
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is first turned by hand, through a suitable crank
handle placed at the rear of the smaller cars and in
front of the larger vehicles, and the suction action of
the motor draws a supply of air, usually warmed by
burners placed beneath the pipe, into the upper part
. of the carburator, which air, passing through the wire-
gauze strainer, descends the central pipe and dis-
charges through the perforations provided at its lower
extremity. The carburised or carburated air then
rises and is delivered into the bottom of the upper
portion of the carburator, from whence it is conducted
through a suitable pipe to the distributing chamber of
the motor, a three-way valve upon this pipe regulating
the admission of non-carburised air, in such a manner
that the amount of carburised air passed in will be
increased when that of non-carburated air is dimin-
ished, and the reverse. The path taken by the air is
clearly indicated on the drawing by the arrows. The
regulating valve is under the control of the driver
through suitable levers, and micrometric screw gear.

One objection to the above-described form of car-
burator is, that the oil level therein is constantly
varying, and no means are provided for its automatic
renewal. As the gasoline in the reservoir, moreover,
will not be completely consumed, the density of the
residues would after a short time rise to such a height
as to prevent the proper working of the engine, were
not frequent recharging, and likewise withdrawal of
the oil remaining in the bottom of the carburator
resorted to.

The other type or carburator illustrated in Fig. 24
is preferably used in the Peugeot carriages. In this
form the gasoline from the main reservoir enters the
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carburator chamber or receiver from the bottom,
.passing first through a wire-gauze strainer and then
through a small aperture, and filling the said chamber
so as to cause the float shown therein to rise, and
through the levers located in the upper part of the
said chamber, and a conical-ended spindle, close the
admission aperture and cut off the supply, at such
time as the level of the oil is slightly above the top of
the discharge nozzle in the carburating chamber. No

F16. 24. —Daimler Carburator (Later Type).

discharge of oil will thus take place into the said
carburating chamber until the motor has been started
by hand as before, when the gasoline will be pro-
jected in a thin stream against a conical-shaped baffle,
become vaporised by the current of heated air, and
after being mixed with a sufficient supply of non-
carburated air, conducted to the motor. The mixture
can be regulated by the valve shown at the upper end
of the carburating chamber ; atstarting the supply of
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cold air is entirely stopped, and should the first explo-
sion fail to take place, the carburating chamber should
be heated by means of an asbestos torch steeped in
gasoline.

This latter arrangement of carburator has, it is
stated, given very satisfactory results in practice, and
provided reasonable care be taken to maintain the
parts clean, is said to be most reliable.

The explosions of the mixture in the motor are
effected by a series of platinum points maintained
constantly in a state of incandescence
by means of burners, one form of which
consists simply of a Bunsen burner,
having a cotton, asbestos, or wire-gauze
wick. The spirit rising by capillary
attraction from a small aperture in the
top of a central tube becomes mixed
with a sufficiency of air before reaching
the burner. The burner requires a pre-
liminary heating before starting in order
to secure volatilisation and prevent
smoke, which latter would impede the
Gamlb e Burner. Proper heating of the ignition tube from

being effected.

Fig. 25 shows a type of burner known as the
Longuemarre burner, tc which the gasoline is delivered
under pressure, thereby obtaining additional efficiency
and economy, at the ¢xpense, however, of a certain
amount of increase in danger.

The motor employed in the carriage under consider-
ation is of 2} horse-power, and its movements are trans-
mitted to the wheels by an arrangement of gearing
that will be readily understood by reference to Fig. 22.
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It may be here remarked that originally the de-
signers of this carriage employed both belt and friction
gear, thinking not unnaturally that gearing of one of
these types would present a feasible means of securing
more control over the alteration of speeds, and would
also admit of starting and stopping being effected
more gradually. A short trial, however, sufficed to
show them that owing to the very rapid wear of the
working parts from unavoidable heating, and by reason
of the great loss of power ex-
perienced in these methods of
transmission, their use was in-
admissible, and consequently re-
course was had to toothed
gearing.

The connection between the
motor shaft and the transmission
or intermediate shaft is effected,
as in the case of the previous
carriage, by means of a cone
friction clutch, the pattern em-
ployed in the carriage under .
consideration being shown in oo 2o Teugeot
vertical central section in Fig.

26, from which view its construction will be seen
without further explanation.

This clutch when in gear communicates rotary
motion to a square shaft placed in line with the
engine shaft, and upon which four toothed wheels or
pinions are mounted in regular order according to
their size, so as to be forced to rotate with the said
shaft, whilst free to move laterally thereon, the said
latter movement being effected by means of a forked
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lever, which can be conveniently operated by the driver.
Another series of toothed or spur wheels is mounted
upon a second transmission shaft, one or other set
of those laterally movable being caused to mesh or
engage with the latter, according to the speed desired.
This second transmission shaft is connected to the in-
termediate driving shaft by bevel gearing, and the said
shaft is provided with differential gear, and at either
extremity with a chain or sprocket wheel coupled to

F1G. 27.—Amold’s (Benz) Oil Engine Road Carriage (Part Plan).

another chain or sprocket wheel upon the correspond-
ing end of the driving axle by a suitable pitch or
driving chain.

Arnold’s (Beng) Oil Engine Road Carriage.

A carriage fitted with a Benz gasoline motor is that
designed by Arnold, the rear axle and wheels of which,
with the driving mechanism, are shown in Fig. 27.
This vehicle is one adapted for two passengers, power
being transmitted, as shown, from the motor shaft by
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means of belt gearing to a second or intermediate
motion or transmission shaft, from which latter rotary
motion is communicated to the driving wheels in the
usual manner through chain or sprocket wheels and
pitch chains.

The Benz motor shown in Fig. 27 is in use upon
several other cars, some of which will be subsequently
briefly described. The single cycle Benz motor com-
presses the gas in the clearaiice at oneend of the cylinder
during the forward stroke of the piston, and ignition
takes places by an electric spark located at the side of
the said cylinder. On the other side of the piston the
air that has filled that end of the cylinder is forced
through a suitable aperture in a slide piece into a
reservoir, the aperture or passage to the latter being
closed up at the end of the stroke by the said slide,
and the cylinder end opened to the atmosphere so
as to admit of a fresh supply of air being sucked in
during the obverse stroke of the piston. During this
stroke, moreover, an exhaust opens and admits of the
escape of the burnt gas, and at about half-stroke the
opening of another valve allows the charge of air
previously compressed in the reservoir to escape into
the cylinder, so as to rush through the same, and out
at the exhaust aperture,and thus to completely sweep
out all the said gas. The above-mentioned valves
then close, the fresh air still remaining in the cylin-
der is compressed, and petroleum vapour is injected
through a valve automatically operated by a suitable
lever, the explosive mixture thus formed being ex-
ploded at the beginning of the next stroke.

This is a very constant and powerful motor of its
class, relatively to the size of the cylinder, but is
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rendered very complicated and heavy by the number
of parts required to work the above-mentioned
valves.

The Otto-cycle Benz motor is much simpler in con-
struction, the cylinder being open at the one end, and
the slide and valve gear being rendered unnecessary,
and only two tubes being required, viz.,, those for
admission and exhaust.

Lutzmann’s (Benz) Oil Engine Road Oarriage.

Another carriage worked by means of a Benz gaso-
line motor * is that designed by F. Lutzmann. The
engine shaft in this arrangement is connected to the
second motor shaft by crossed belts, and power is
transmitted from the latter to the driving axle by
chain gearing.

The motor employed is of about 3 horse-power,
and runs at about 500 revolutions per minute. The
mechanism is enclosed in a box at the rear of the
carriage, the water coolers being located at each side.
The oil tanks are rectangular, and the exhaust stifle-
box or silencer consists of a cylindrical-shaped box or
casing. ’

The front wheels, which are used for steering, are
of smaller diameter than the rear or driving wheels,
and are mounted in forks, connected togethe- by
cranks and a connecting rod. The steering is effected
from a vertical steering pillar, surmounted by a hand-
wheel, through chain gearing. y

Fig. 28 shows a motor van, also from the designs: of

* For description of this motor, see Arnold’s carriage. |
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Mr Lutzman, which vehicle has been imported into
this country by Messrs Julius Harvey & Co., a firm who
have made motor cars one of their chief specialties.

Fi1G. 28.-—Lutzmann Motor Van.

Petter, Hill, & Boll's Oil Engine Road
Carriage.

The mechanism of Petter, Hill, & Boll’s oil motor
carriage is illustrated in Figs. 29 and 30. This carriage
which is intended for two or four passengers, according
to the gradients to be surmounted, is supported upon
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four wheels, the rear or driving wheels being of com-
paratively large diameter, and the front wheels con-
siderably smaller, and arranged for steering.

The motive power is supplied by an oil engine
having a cast-iron cylinder 3} inches in diameter by
6 inches stroke, and fitted with a light steel cooling
water jacket. This cylinder is bolted to two steel
bars placed parallel to each other, and also supporting

F1G. 29.—Petter, Hill, & Boll’s Oil Motor Carriage (Plan).

the main bearings, the weight of the engine fly-wheel
and side bars being about 1 cwt. 8 lbs. The crank
shaft is balanced and is recessed for oil. Rotary
motion is transmitted from the crank shaft to a first
or intermediate motion or transmission shaft by chain
gearing and a friction clutch operated by a lever,
which locks, when desired, the chain or sprocket wheel
upon the said first motion or interinediate shaft.
Motion is communicated from the latter shaft to the
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driving axle by two sets of chain wheels and chains
for different speeds, that for the slow speed being
fitted with aratchet box. Another lever admits of the
operation of the change of speed being effected, and
when the higher speed is in use the slow speed will,
owing to the above-mentioned ratchet box, be enabled
to overrun. The reverse movement of the starting
lever, besides throwing the clutch out of gear and dis-
engaging the first motion shaft from the engine, also
applies the brake, which is more
clearly shown in Fig. 30. The
arrangement of the above-men-
tioned parts, as also that of the -—
steering, which latter is effected
by means of a toothed quadrant
and pinion, will be readily under-
stood from the illustrations. The \
water and oil tanks are both located
at the rear beneath the back seat.

The weight of the carriage in
running order, with supplies of
water and oil, is about 9 cwt. FiG.30.—Petter, Hill,
With two passengers on board a %WB:&SB:?:W
speed of 10 miles an hour on
level roads is said to be attainable, and any reason-
ably steep gradients to be easily surmountable. On
level roads and slight gradients the carriage will readily
carry four passengers.

Roger’s ;Benz) Oil Engine Road Oarriages.
The Roger carriage is a four-wheeled vehicle of the
park phaeton type, which is also fitted with a Benz
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gasoline motor.* It has wire wheels, and is adapted
to accommodate two passengers.

A goods delivery waggon has also been designed
by Roger, which is likewise fitted with a Benz motor,
and is intended chiefly for city work. The engine
used in the latter vehicle weighs about 5 cwt. 2 grs.,
the waggon itself about 1 ton 2 grs, and it has a
carrying capacity of about 11 cwt. 2§ qrs. It has
sufficient storage capacity to contain a supply of
rectified petroleum for a run of 75 miles.

Hertel’s Oil Engine Road Carriage.

The Hertel carriage is a somewhat peculiar-looking
vehicle, with a single seat adapted to accommodate
two persons. It has atubular frame, and is supported
upon four cycle pattern wheels, running on ball bear-
ings and having pneumatic tyres, the front wheels
being 28 inches and the hind wheels 34 inches in
diameter. The front wheels are each mounted in a
fork, one of which latter is pivoted at either side of the
fore part of the carriage, and the steering is effected
by suitable levers connected with the said forks.

This carriage is propelled by a two-cylinder gasoline
engine, and is very light, weighing only about 2 cwt.
when in running order. There are, however, no special
features in the oil motor employed calling for particular
notice.

Haynes’ (Sintz) Oil Engine Road Carriage.
The Haynes carriage is also a single-seated one for
two passengers, It is mounted upon four 28-inch

* See pages 91, 92 for description of this motor.
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cycle pattern wheels, fitted with 1}-inch solid india-
rubber tyres. .

Propulsion is effected by means of a 2 horse-power
gasoline engine of the type made by the Sintz Gas
Engine Company. The special features of this engine
are as follows :—The gas and air are mixed in the
lower or one end of the cylinder, which latter opens
into a chamber containing the crank sweep, and the
said explosive mixture of gas and air next passes to the
closed upper or other end of the said cylinder by way
of a port, which is opened as soon as the piston, which
is of the plunger type, reaches the bottom of the
stroke. The mixture is compressed during the upward
or inward stroke of the piston into the clearance space
above the latter, being exploded by an electric spark
at the moment that the said piston reaches the termi-
nation of the said upward or inward stroke, and is
about to descend. The gas generator or carburator
contains about 1 pint of gasoline, the feed being regu-
lated by an automatic needle valve. Motive power is
transmitted from the engine crank shaft to an inter-
mediate transmission or motor shaft by means of
sprocket or chain wheels and pitch chains, and from
this intermediate transmission shaft to ,the rear or
driving wheels by other sprocket or chain wheels and
pitch chains.

The weight of this carriage in running order is
about 9 cwt. 1} qr., and the highest speed attainable
is stated to be about 10 miles an hour. One charge
of gasoline (1 pint) will enable about 50 miles to be
run at ordinary speed.

A larger carriage of the same type, adapted to seat
four persons, has 36-inch cycle pattern wheels, having

G
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2-inch pneumatic tyres, and is fitted with a gasoline
engine of 4 horse-power of the double-acting balanced
pattern, constructed by Haynes & Apperson. The
rotary motion of this engine is transmitted to the
driving wheels in a similar manner to that above
described. This carriage weighs in running order
considerably more than the single-seated vehicle for
two passengers.

Mueller's (Benz) Oil Engine Road Carriage.

The Mueller gasoline carriage was the one which
made the best time at the Chicago competition in
18935, next to the Duryea motor carriage, which latter
will be next described. The carriage under con-
sideration was a four-wheeled one of the wis-g-vis
type, the front wheels being the smallest, and used
for steering purposes, and the mechanism being en-
closed in a box or casing located directly over the
rear wheels, which are of larger diameter, and em-
ployed for driving purposes. The motive power is,
as in the case of the Roger carriage, a Benz gasoline
motor.*

Duryea Oil Engine Road Oarriage.

The Duryea gasoline carriage is likewise one of
American design, and comprises several novel and
interesting arrangements of parts, especially with
relation to the motor employed.

The vehicle used in the Chicago race weighed about
6 cwt. 1 qr., had an engine giving a motive power of
4 horse-power, whilst weighing only a few pounds over

* For description of this motor, see pages 91, 92.
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I cwt,, and possessed storage capacity for 8 gallons of
gasoline. It is said to be capable of attaining a speed
of 20 miles an hour on good roads.

The chief parts of the Duryea car, however, which
are worthy of special notice, are the motor and car-
burator. Instead of taking place, as is most usual in
engines of this type, in the cylinder itself, the explo-
sions are effected in a separate chamber or compart-
ment, which forms a reservoir, from which gas under
pressure is supplied to the working cylinder.

The action is briefly as follows :—The gasoline is
stored in a suitable tank or receptacle, from which it
is delivered to, and passes through a pipe, having a
branch at its lower end, into a large tube or cylinder,
wherein it is vaporised by the action of heat. From
this vaporiser the gas or vapour is conducted by a
suitable tube to a burner having a tube discharging
into a reservoir, and drawing in by induction sufficient
air during its passage through this tube to admit of
combustion. Equilibrium in the system, and the
proper flow of the gasoline from the storage tank, is
ensured by connecting the upper part of the last-
named tank with the reservoir for receiving the mixed
" air and gas or vapour. This connecting pipe is fitted
with a conical valve, the position of which can be
regulated so as to control the supply of gasoline. A
second valve allows of the pipe being entirely closed
when the motor is stopped. The preliminary heating
of the vaporiser is effected by means of a lamp,
which likewise causes the ignition of the mixture as it
enters the reservoir. The proportion of air mixed
with the gasoline vapour is regulated so as to be about
ten times as much in bulk as that of the said vapour;
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and it may here be noted that the greater the volume
of air taken over, the lower will be the temperature of
the mixture resulting from combustion, and the less
necessity will there exist for the maintenance of a
circulation of cooling water round the cylinder. The
pressure of gas obtained in the reservoir and in the
pipe is about 120 lbs. per square inch. The engine is
set in motion by means of a starting lever, and it is
hung or suspended from the frame of the vehicle.

Motion is transmitted to the two rear or driving
wheels by means of spur or toothed wheels, and a
pinion, keyed upon an intermediate shaft, working
the differential gearing, the shaft of which latter is
mounted upon two springs bearing upon the frame of
the vehicle.

The steering of the car is effected by a very simple
arrangement, comprising a lever and two rods, the
wheels being mounted upon the divided axle principle.
The fore carriage is hung on a transverse spring,
thereby enabling it to turn on a trunnion, and ad-
mitting of the front wheels traversing or passing over
very rough surfaces without straining the frame of the
carriage. The pivots of the wheels also are placed at
an inclination to the vertical, which is found both to
facilitate the steering, and to prevent the said wheels
from being suddenly jerked out of their course by
obstructions. A

The car is fitted with four different speeds. The
change from one speed to another is effected by
means of a catch fitting into notches on the steering
handle, which catch is connected through a cord pass-
ing down the steering column, and over suitable guide
wheels, to a pulley mounted upon a shaft carrying
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four cams. According as this pulley is rotated through
a greater or less angle by the above-mentioned cord
and catch, one or other of these cams will be caused
to stretch, and render operative, one or other of four
belts or bands connecting the driving shaft with the
intermediate shaft, and giving different speeds thereto.
Reversing is likewise effected by the same means.

Bollee's Oil Engine Road Carriage.
Figs. 31, 32, 33, 34, and 35 illustrate the motor car-
riage designed by Léon Bollée, a French inventor.

FiG. 31.—Bollée Road Motor Car (Side Elevation).

Mr Bollée’s improvements relate to the following
parts, viz, the frame, the motor, the transmission
gear, the mechanism for engaging and disengaging the
motor, for changing the speed, and to the brake and
the mechanism for actuating the latter.

As regards the frame. This consists of a ladder-
like structure, comprising two longitudinal tubes con-
nected by three cross pieces. At the two extremities
of the front cross-bar are arranged two vertical sleeves,
which serve to support the pivots of two steering



102 MOTOR CARS.

wheels, each of which is capable of turning round its
pivot point sufficiently to enable its axis to cross the
rear axle in the well-known manner. On the upper
end of the right-hand sleeve is a horizontal tube sup-
porting the steering hand wheel. On the lower end
of each pivot is a steel bracket, to which is hinged the
bracket of the axle of the corresponding wheel, the
free ends of the latter bracket being connected by
means of two connected springs to the end of the

F1G. 32.—Bollée Road Motor Car (Plan).

former bracket. The same arrangement is applied to
the other steering wheel, and enables springs to be
employed without necessitating the use of an oscillat-
ing axle, with the springs placed transversely to the
vehicle.

The rear axle is secured beneath a horizontal sup-
port made out of a U-shaped piece of steel tube,
which is hinged by the ends of its parallel sides on to
the longitudinal tubes of the frame. At its opposite
extremity is a cross piece connected to the frame by
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means of two combined springs, which tend to maintain
the said U-shaped support and the vehicle frame at a
desired normal distance apart. The rear axle is sup-
ported at each end in spring hangers hinged or jointed
to the tubes of the frame. This arrangement ensures
the movements of the axle, under the action of shocks
to the vehicle from passing over uneven surfaces and
obstructions, being parallel to itself.

The seats, which are of the char-a-banc type, are

Fi1G. 33.—Bollée Admission and Exhaust Valve for Internal
Combustion Engines.

arranged the one behind the other on a small box
made preferably of sheet-iron, which box is extended
in a forward direction to form a footboard or support
for the feet of the front passenger, suitable feet sup-
ports being provided at each side of the box for the
rear passenger.

The motor has a cylinder fitted with wings or gills
for cooling purposes, but a water circulation is some-
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times used instead. At its rear end is a cylindrical
casing, shown more clearly in the enlarged sectional
view, Fig. 33, in which work the admission and
exhaust valve, the seats for which are secured in
place by means of screws, or bolts and nuts, thus
enabling the valves to be readily removed for cleaning
purposes without having to take off the tubes corre-
sponding to the admission and exhaust apertures in
the wall of the cylinder. The ignition of the charge

FIG. 34.—Bollée Governin Fi16. 35.—Bollée Govemh:f

Arrangement for Inte Arrangement for Intern:
Combustion Engines(Front Combustion Engines (Side
View). View).

of gas in the cylinder is effected either by an electric
ignition plug or by incandescence. The exhaust valve
is actuated by a spindle, the length of which can be
adjusted, and which spindle is so connected through
levers and links, shown in Figs. 34 and 35, which
represent respectively a front and side view of the said
mechanism drawn to the same scale as Fig. 33, with a
governor combined with the fly-wheel, that the motor
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will be precluded thereby from exceeding a certain
predetermined speed. When the governor opens, it
moves this rod into the position shown in Fig. 34,
and the mechanism is such that the exhaust valve
will remain at rest. On the closing of the governor,
however, the said rod is withdrawn, and the deposition
of the parts will then be such as to admit of the
operation of the exhaust valve being effected.

The main features of the transmission mechanism
consist in the arrangement of intermediate gears,
movable laterally, in combination with a pulley rot-
able with the former, but not free to move in a lateral
direction. Transmission of power to a large pulley
fixed on one of these driving wheels which is made
by belt gearings ; and of engaging and disengaging
mechanism, produced by the alternate stretching or
the slackening of a belt due to the forward or back-
ward movement of one of two parallel shafts, viz., the
rear axle.

The steering hand-wheel is supported by the sleeve
of the pivot of one of the wheels, to which pivot it is
directly connected by a chain gear.

The brakes consist of a shoe fixed to a cross-bar on
the frame,and a drum keyed to the boss of one of the
wheels, and which drum is encircled by a leather-lined
steel band, the two ends of which are attached to the
frame. Upon the axle being moved in the one direc-
tion, the tyre »f the wheel will rub against the said shoe,
and the strap be likewise tightened upon the drum.

To render the driving of the car as easy as possible,
a single lever is arranged to operate all the move-
ments of throwing in and out of gear, changing the
speed, and applying the brake.
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Pennington’s Oil Engine Road Carriage.
Figs. 36, 37, and 38 illustrate the improved internal
. combustion or explosive engine designed by E. J.
Pennington, an American inventor, which forms the
main feature of his motor carriage.

The most important points of novelty claimed to be
possessed by this engine are—first, the provision of
means whereby the initial charge of oil admitted to
the cylinder at the starting of the engine will be

FI1G. 36.—Pennington’s Internal Combustion Engine for Heavy
Oils (Longitudinal Section).

volatilised on entrance into the said cylinder, thus
admitting of the use of charges of heavy oil, and the
instantaneous starting of the engine even when the
cylinder is in a very cold condition ; second, an im-
proved means for igniting the charges admitted to the
cylinder of the engine by an electrically heated body.

Referring to Figs. 36 and 37, which 'llustrate in
longitudinal and transverse section an a.rrangement
adapted for heating charges of heavy {onls, A is
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. the cylinder; B the piston; C an inlet valve through
which the explosive charges enter the cyiinder;
D an exhaust valve through which the products
of combustion escape from the cylinder; and E a
movable electric ignition device carried by the piston,
and operating in conjunction with a fixed electric
contact E! carried by the cylinder A, and insulated
therefrom. The exhaust valve D may be operated by
any suitable device actuated by some moving part of -
the engine,

FIG, 37.—Pennington’s Internal Combustion Engine for Heavy
Qils (Transverse Section).

F is a body of pumice, lava, or other suitable mate-
rial thar is a poor conductor of electricity. This
body is preferably made in the form of a plate or
disc having an aperture f therein. The said body is
located within the cylinder A in proximity to the inlet
valve C,so that the oil charges that are admitted to
the cyhnder come directly in contact with the said
plate d: disc. G and H(Fig. 37) are two insulated ter-
minaly which are carried by screw sockets g passing
through the walls of the cylinder A. The aforesaid
terminals G, H, communicate at their inner ends with
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the plate or disc F within the cylinder, and their outer
ends are provided with binding screws g, 4! for enabling
electric conductors g%, 4% to be electrically connected
thereto. These conductors lead from any convenient
source of electric supply. The interiors of the said
sockets g are provided with asbestos, or other suitable
material, as indicated at g3, /4? for insulating the ter-
minals G and H from the cylinder.

When an electric current is allowed to pass between
the terminals G, H, the plate or disc F becomes incan-
descent, or sufficiently heated, to immediately volatilise
the charge of oil as it enters the cylinder, and enables
the said charge to be exploded by the electric ignition
device E E.

After the cylinder has become heated by the suc-
cessive explosions of the charges, the passage of the
electric current between the terminals G, H may be
stopped, and the engine then goes on working in the
ordinary manner by the action of the electric ignition
device alone. If desired, however, the body ¥ may
itself be used for ignition purposes.

This arrangement admits of the engine étartmg
working immediately the charges of heavy oxl‘eare ad-
mitted thereto, without the assistance of any lexternal
means such as are generally employed for this pur-
pose, and without the preliminary injection of lighter
oil into the cylinder, as the heated plate or disc F
effectually volatilises the oil admitted into the cylinder
and ensures the immediate explosion thereof. -

Instead of employing the two insulated terminals
G, H, both of which extend through the walls of the
cylinder A, one insulated terminal only may be; used,
the other terminal being connected to the cy.‘linder

\
\

|
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without extending to the outside thereof. In this
case one of the electric conductors would be in electric
connection with the outside of the cylinder, and only
one aperture would then have to be formed in the
cylinder for the reception of the other terminal.

Another arrangement, shown in Fig. 38, serves both
for volatilising the oil and for ignition purposes. If
charges of vapours or gases are used instead of oil for
working the engine, this arrangement is then employed
for ignition purposes only.

Arrangement for the Volatilisation of the Oil and for Ignition
Purposes.

1is a rod, pencil, or other suitably shaped body of
pumice, lava, or other appropriate material which
extends through the cylinder cover, and preferably
projects into the cylinder a sufficient distance to bring
its inner end below the inlet valve c. This rod or
pencil 1 is insulated from the cylinder cover by a screw
socket, having a lining of asbestos or other insulat-
ing material interposed between the rod or pencil 1 and
the said socket. 12, 13 are binding screws connected to
the outer end of the rod or pencil for receiving and
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power is chain geared, with two reductions, first to an
intermediate shaft, then to a variable speed shaft, and
last, from the variable speed shaft back to the drivers,
each wheel being independently driven, as there is no
through shaft for either the rear or front wheels, the
Victoria design being on strictly bicycle construction
lines. The reduction from the engines to the driving
wheels is 4 to 1 for the slow speed, and 2 to 1 for the
quick speed. An upright hand lever has three posi-
tions: standing upright, the engines are disconnected
from the driving wheels ; hand lever to the right gives
4 to 1 reduction to drivers; hand lever to left gives
the quick drive, which is a 2 to 1 reduction from the
motors to the drivers.

“The Victoria engines have a fly-wheel, and the
right-hand crank wrist is prolonged to form a handle;
the intermediate shaft sprocket wheel is loose, and
may be clutched to the shaft by moving the upright
lever. When not clutched to the shaft, the engines
run without moving the vehicle. To start the engines,
one complete turn to the engine shaft is made by
hand, and it then continues to run from the action of
the engines until either the oil or the spark-producing
current is shut off. After the one revoluticn by hand,
the riders mount the seat, and a movement of the
vertical lever clutches the sprocket to the variable
speed intermediate shaft, and the Victo-ia at once
begins to move.

“The consumption of common kerosene oil per
hour per horse-power indicated is about one-tenth of
1 gallon, or about 2 quarts per hour for 4% horse-
power. Pennington’s 2 horse-power motor weighs
17} lbs, and his entire Victoria weighs less than 400
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Ibs., of which perhaps 140 or 150 lbs. belong to the
motive power of reducing gear. It will easily trans-
port a load of 800 lbs, making a total weight of
1,200 lbs.

“It will be observed that the cylinder proportions
of the engine are not at all those common to gas-
engines—2}-inch cylinder diameter by 6-inch stroke
forms the standard unit. But a much greater digres-
sion is shown in an engine now under test, having a
2}-inch diameter with 12-inch stroke single cylinder,
in which the terminal pressure is reduced almost to
atmosphere, with a fuel gain of about 45 per cent.
over the 2}-inch by 6-inch cylinder dimensions.

“ Referring to Figs. 39 and 40, there is next to
nothing in the way of description or explanation to
give. The oil admission is simply a screw-controlled
needle valve, which is very simple, and gives no hint
of its two-current refrigerating powers. The cylinders
are made of steel tubes, ground inside in a primitive
engine lathe, and steady rest rig, dry, and almost
certainly not a very close approximation to a cylin-
drical form. The pistons, I was told, were drop
forgings. They would be more easily made in grey
iron. The piston rings are grey iron, less than 44 inch
thick, with halved joining. The pistons and open
cylinders appeared to be wholly free from any deposit,
and were bright and clean. The trunk pistons are a
very slack fit in the cylinders, perhaps g% inch small.
The workmanship generally was fair, and the design-
ing was specialised with a very high degree of in-
genuity, as I need not say when it is remembered that
a 58-1b. locomotive-motor bicycle made a mile in
fifty-eight seconds on a street pavement.

H
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“The passenger on the bicycle feels the impulse of
each stroke of the engines, just the same as on a little
stern-wheel steamer. Abourd the Victoria the heavy
fly-wheel equalises the motion, and the individual
piston impulses are not distinguishable. The kerosene
is carried in a long tube on the top of the dashboard,
and passes through the tubular framing of the body
to the motors. The motors themselves are of the
four-stroke cycle variety, and make one outboard work-
ing stroke and one inboard, idle, cylinder-clearing
stroke, then an outboard charging stroke and an in-
board charge-compressing stroke in sequence; the
valve operating crank is driven by a pinion and spur
2 to I reducing gear on one side, with a cross lever
transfer to the other cylinder. With the 6-inch stroke
cylinder the exhaust is very audible, though not dis-
agreeably so. With the 12-inch stroke cylinder the
noise of the exhaust is not noticeable. There is no
visible discharge' of vapour, and no evident odour
except in case of an over admission of oil; and an
over admission of oil leads to an immediate loss of
efficiency, which makes its continuance an impos-
sibility.

“The one great mystery is the coolness, of the naked
cylinders, which should be red-hot at thle end of the
first twenty strokes or so of a run. hemists are
familiar with the establishment of low | temperature
pressures, but pressures established by e}xplosion are
not cold, as a rule, and the gas-engime} has always
been hot.

“ The Kane-Pennington shops are majking or have
made general trials of the water-jackefted cylinder.
The 2}-inch by 12-inch expansion engishe is jacketed
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and piped with top and bottom natural circulation
pipes to a small water tank, which a run of some
length did not seem to heat very much. The cylinders
run perfectly well naked, with no cooling element
more than their inevitable exposure to the atmo-
sphere. There is evidently some heat-absorbing, or
diverting, or abstracting element or operation in the
Kane-Pennington engine not commonly present in
the gas-engine, and it is difficult to see what this can
be, if it is not the truth that the heat of the cylinder
walls is absorbed by the incoming charge previous to
the moment of the ignition, or else transformed into
work on the piston, as it seems impossible that the
gases after ignition should be otherwise than very hot
indeed.”

Roots’ Oil Engine Road Carriage.

The main feature of Roots’ motor carriage is like-
wise, as in the preceding case, in the form of engine
employed, and as some interesting improvements in
internal combustion or explosive engines have been
made by Mr J. Roots, a gentleman who has devoted
considerable attention to this subject, we purpose going
rather fully into the matter.

In Figs. 41 to 44 are shown an oil engine, the
arrangement of which exhibits the following special
features :—

The crank is entirely enclosed in a box or casing
attached to and forming part of, or fitting air-tight
upon, the cylinder. When the explosion takes place
on the working side of the piston, driving it forward,
the other side of the piston compresses air into the
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crank box, from which it is forced through the air-
heater, which is closed to retain the pressure, and
which has vertical or annular channels ; is then mixed
with oil and passed through the vaporiser, and thence
admitted by the admission valve to the cylinder on
the working side of the piston, where it is ignited by

lgc. l41. —Roots’ lzeEtlroleum or F !g. a.—RooEls’ Petroleum or
xplosive Engine (Elevation). xplosive Engine (Vertical
Central Section).

a hot tube. The air is sometimes passed through a
channel in the cover to heat it, and a part of the air
supply unheated is caused to enter the admission
valve first, to prevent premature ignition.

The power of the motor is transmitted to the axle
or spindle of the driving wheel by means of speed-
reducing gear wheels. The water from the cylinder
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jacket is passed through a number of tubes or through
the tubular frame of the machine to cool it.

Another improvement is that the governor operates
an oscillating lever fitted on a lengthened spindle,
and a projecting part of the same lever, or a second
lever attached to the same spindle, is thus thrust in
the way of the oil feeder, so preventing the delivery
of oil, and at the same time another or the same lever
on the spindle is brought in front of a boss on the
exhaust spindle, and prevents its closing, so that
when the oil is cut off, exhaust products are drawn
into the cylinder instead of air, and the cylinder thus
loses less heat.

By the combination with the above of a second
explosion chamber not only is an increased economy,
but also a rapid and sudden increase of compression
during the last small portion of the compression stroke
obtained. In the case of small engines, this second
chamber is cast like a pocket in the cylinder wall, and
the charge is not drawn through it.

In the illustrations, A is the crank, B the crank
chamber, C the crank pit, D an extension upon the
cylinder, E the piston, F the cylinder, G the air inlet
pipe, H the air heater, I the vaporiser or carbura-
tor, L a pipe and M! a channel conducting the air to
the former, j the discharge valve from the vaporiser,
K the exhaust port from the cylinder.

The air as it passes from the chamber B is forced
up the pipe L, and becomes heated by its passage
through the channel M* (Fig. 42) around the combus-
tion chamber M on its way to and down a pipe N to
the lower part of the air heater H, which is vertically
divided into four or more channels p, P, P%, P® (Fig.
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44). The webs Q, Q!, Q? are cut out alternately at the
top and bottom of same to admit of the air as it issues
from the inlet pipe N traversing all the channels suc-
cessively; that is to say, up the channel P, over the web
Q, down channel P!, under channel Q!, the orifice of
which latter is shown at R in Fig. 43 ; thence up the

Fi1G. 43.—Roots’ Air Heater for Petroleum or Explosive Engine.

channel P2, over the web Q2 down the channel P3, from
which in its now highly heated condition it is conducted
through the oil feeder T by the pipe T! to sweep off
the oil from the groove or grooves of the spindle U,
and carry same into the vaporiser I for further heat-
ing and mixing before passing into the cylinder F
through a suitable pipe and inlet valve: j, where, upon
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the return stroke of the piston E, it is compressed into
the auxiliary chamber X and the combustion chamber M
to be ignited by the hot tube Y, which is maintained
at a sufficient heat by a lamp flame through the
orifice z, the same flame serving also to heat the air
channel P, P, P2, P® and vaporiser for the purpose
before described.

The oil feeder is operated by the eccentric @ and
rocking lever 4, the oil as it is used being supplied
from the tank ¢ by the pipe 4, and shut off cock e
(Fig. 41).

In applying this engine to
a vehicle such as the tricycle
shown in Figs. 45 and 46,
the tubular members f, g
of the machine framing are
arranged to serve as flow
and return pipes respectively
between the water tank 4
and jacket 7 of the engine Fic.44.—Viewshowing Hori-
cylinder, the engine itself ;‘}'g'fn‘:;“"m on line 1-2,
being also supported from
the cross frame ;s by the arms £, 4, attached to the
crank chamber and brackets /, / (Fig. 45) of the said
cross frame J.

The power of the engine is transmitted to the
driving axle of the vehicle by means of reducing gear
consisting of a bevel pinion #z, and a larger bevel
wheel n, which latter is so arranged upon the driving
axle with the friction clutch £ (Fig. 46) that it may
run loose upon it, when it is desired to stop the
machine, or when going down hill, without necessarily
stopping the engine; but when the power of the
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engine is to be communicated to the driving axle,
said bevel wheel #n transfers its motion by means of
the friction clutch 2 through the balance gear to the
said driving axle of the machine, and is under the

FiG. 45.:R_c)ols’ Pet;oleum Motor Tricycle (Elevation).

control of the driver by the lever p. The usual chain
and treadle motion may be added when desired, so as
to admit of the machine being propelled either solely

FIG. 46.—Roots’ Petroleum Motor Tricycle (Plan).

by foot-power, or the latter being used as an auxi-
liary to the motor for hill climbing or on bad roads.
An improved governor for controlling the speed of
the engine consists, as shown in Fig. 47, of ap oscillat-
\

<
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ing lever ¢, fitted on the lengthened spindle #, under
the direct control of the governor w, in such a manner
that when the maximum speed for which the governor
is adjusted is attained, a projecting part s of the said
lever ¢ will be interposed behind a boss ¢ on the exhaust

R ettt

sl

F1G. 47.—Roots’ Governor for Petroleum or Explosive Engines.

valve spindle, having a hardened edge, and so prevent
it from closing. The said boss #on the exhaust valve
spindle also being in the way of the oil lever feeder #,
will prevent the delivery of oil by arresting the outward
motion of the groove on the oil feeder spindle toward
the air passage.
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From the above it will be seen that as the oil feed
motion is simultaneous with the closing of the exhaust
valve, the prevention of the latter from closing also
prevents the action of the oil feed spindle, and as the
exhaust valve is kept open during the suction stroke
of the piston, the hot products of the previous explo-
sion are drawn into the cylinder instead of air, whereby,
as before mentioned, the cylinder will lose less heat.

In Figs. 48 and 49 the intercepting oscillating lever
g consists of a bent strip of metal, pivoted upon the

F1G. 48. —Modified Form of Roots’ Governor for Petroleum or
Explosive Engines (Front View).
exhaust valve box, and which is directly controlled by
the sleeve v of the governor w for the purpose above
described.

In a subsequent arrangement of the motor, the piston,
although preferably in one casting, is made of two
diameters, the smaller one being connected to the con-
necting rod and reciprocating in the guide portion or
smaller diameter of the cylinder, which is unjacketed,
and is bolted on to the front of the larger portion, form-
ing its front cover. The air is drawn into the annular
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space on the cylinder front surrounding the smaller
diameter of piston, through a port in the cylinder
wall, a portion of this air is displaced or ejected
through the same port on the return stroke, the rest
is compressed and a portion of this is forced through
a port to the other side of the cylinder through the
admission valve, without any fuel, either gas or oil
vapour, being mixed with it, then the larger part of
the air so compressed is mixed with gas or oil vapour,
and flows through the same valve or port to the com-
bustion side of the piston and working end of the

F16. 49.—Modified Form of Roots’ Governor for Petroleum
or Explosive Engines (End View).

cylinder, where it is ignited by a hot tube after com-
pression. The piston performs the working stroke,
and the exhaust valve is opened just before the work-
ing stroke ends, when the pressure has fallen to nearly
that of the atmosphere, the exhaust products are then
displaced during the return or inward stroke of the
piston for about half the stroke, the exhaust valve
closes, and the remaining contents of the cylinder and
combustion chamber are compressed and fired.

This arrangement admits of an impulse being ob-
tained at every revolution, and also a much greater
expansion, without, the inventor says, a wasteful back
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pressure on the piston existing through so large a
portion of the stroke, whilst at the same time the
likelihood of the charge firing on entering is reduced
to a minimum, as air only enters first.

The feed of oil is effected and measured by a
spindle rotated or partially rotated by the engine.
Upon the spindle a deep thread is cut for a portion
of its length. This spindle rotates in a casting drilled
to fit it, containing an oil channel in connection with
the oil tank, also an air channel; and the screw during
rotation conveys oil from the oil channel to the air
channel, where it is swept off by the heated air. The
size of the screw groove and the number of rotations
determine the feed of oil. The governor is connected
to the spindle, so that at excess speeds the screw-
threaded portion will be pulled out of the oil, or
cease to rotate, leaving in the oil a plain or uncut
part of the spindle, and the feed will consequently be
arrested. This arrangement may be modified by mak-
ing the spindle slightly conical, and cutting pockets in
it,one for each cylinder, if more than one, the oil space
or channel is then placed at an opposite point to the
air channel, so that on the spindle rotating, each
pocket will be brought opposite the air channel, which
will be so placed that the heated air will sweep
directly into the oil pocket, and clear out its contents.

For petroleum, the burner used consists of a small
coil of pipe enclosed in a casing, which may be
lined with non-conductive material. One end of the
pipe that is connected to the burner coil is also con-
nected to the oil feeder and to a blower or bellows of
any known type, and the other end of the coil is bent
round so as to direct the issuing stream of oil and air
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straight through the coil in which the oil is mixed
with the air, and both are heated together on their
passage through the coil burner, and produce a blue
or atmospheric flame.

Figs. 50 to 54 show an improved vaporiser, oil
feeder, and burner.

Referring to Fig. 50, z is the air and oil heating
casing, and Y the oil feeder. The spindle of the air
inlet valve is placed horizontally, and the air pipe E!
is divided into two parts, the one for conveying air to

Fi1G. 50.—Roots’ Vaporiser and Oil Feeder for Petroleum or
xplosive Engines.

the air and oil heating casing Z, and the other for con-
veying the said air directly to the admission valve box.

In Fig. 51, W is the oil cock, W! is the oil space,
X the screw thread which conveys oil from the oil
space W! to the air space Y!, whence it is conveyed by
the pipe W2 to the air channel v! (Fig. 50), which
connects the vaporiser channel v with the air heating
channels V& The oil feed casing Y may be cast in
one with the air channel v}, as shown in the modified
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arrangement illustrated in Figs. 52 and §3. Also
if a very heavy oil be used, the pipe W2 may feed its
oil into the top of the channel V2 in order to pass the
oil and air together through a greater length of the
said channel.

mc// % u. A
m- H

Fic. §1.—Roots’ Oil Feeder for Petroleum or Explosive
Engines (Longitudinal Section).
The spindle X, with its screw thread or spiral groove
X}, is rotated by means of the toothed wheel X2 on the
projecting end thereof, which gears into the toothed

F1G. 52. FiG. §3.
Modified Form of Roots’ Oil Modified Form of Roots’ Oil
Feeder (Elevation). Feeder (Vertical Section).

rack X3 (Fig. 50), which is operated from the admis-
sion valve G by means of a lever connected to its
spindle.

In Figs. 52 and 53 the spindle X is made shorter,
and tapered like a plug, and, moreover, has cut in it a
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pocket x!, which, on the spindle being given a to-and-
fro movement or partial rotation by means of the arm
X%, becomes filled with oil and is presented to the
heated moving air which sweeps out the pocket.

The burner, Fig. 54, is formed of a coil of piping U,
surrounded by a tubular casing T, which may be lined
with asbestos. To start the engine the burner is
heated and supplied with oil by means of an ordinary
syphon wick from the oil tank, through the two-way
cock shown, and with air by means of an ordinary
hand pump or fan. When the ignition tube and
vaporiser are sufficiently heated by the flame from the
burner playing through the hole z? in the casing z

(@@
F16. 54.—Roots’ Improved Burner.

(Fig. 50), the two-way cock is turned, and the burner is
supplied with air and oil by means of the pipe T on
the oil feeder Y (Fig. 51), which is connected to the
said two-way cock. The air and oil are heated and
mixed by passing through the coil U so that they
form a complete gas, the said mixture issuing from
the end of the bend U?, and being injected into and
mixed with further air in the tube casing.

Figs. 55, 56, and 57 show an improved valve opening
mechanism by which the engine is made reversible.

To permit of the engine being started and working
equally readily in either direction, a portion of one of
the toothed wheels is cut away on its inner or bearing
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surface, so that in whichever direction the fly-wheel
may be turned to start the engine, the toothed wheel
will slip round on the shaft or pin until stopped by
the key. The stop position at each end of the seg-
mental slot is the valve opening position. For the

FiG. 55.—Roots’ Reversible Valve-opening Mechanism
for Petroleum or Explosive Engines.

same purpose, a slot might be cut and a set screw
fitted ; or the cut-out piece or slot might be made in
intermediate mechanism between the valve and the
gearing, so as to operate it once in two revolutions.

A is the worm of the screw gear fitted on the shaft

F16. 56.—Slightly Modified Form of Roots’ Reversible Valve-
opening Mechanism (Side View).

B, and gearing into the pinion C, which is fitted on
the pin D, and rotates at half the speed of the worm A.
In Fig. 55, E, E, are the bearings of the reciprocating
side shaft F. G is a spring which keeps the worm
and worm-wheel in gear. Zz is a portion of the valve
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spindle which is operated to open the valve by the
reciprocation of the rod F. In Figs. 56 and 57 the pin
D forms part of the lever F, the eccentricity of which
in the pinion C when the wheel rotates oscillates the
lever F! on the fulcrum E! and opens the exhaust valve
through the spindle z. The cam H is screwed or
otherwise fixed on the pinion C, and in rotating with
it operates the lever F? by means of the antifriction
roller H! and opens the admission valve through the
spindle Y.

In Fig. 55 a portion of the inner wearing surface of
the worm A is cut away at J to admit of its making the
necessary free movement on the shaft to open the
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Fi6. 57.—Slightly Modified Form of Roots’ Reversible Valve-
opening Mechanism (End View).

valve at the right time every other revolution, when
the engine is going in the opposite direction. When
the key is in position at one end of this cut-away
portion J, the parts are so adjusted that the valve will
be opened in going one way, and the other end of the
said space is the position for the opposite direction
of rotation.

Figs. 58 and 59 is an improved ignition device and
arrangement of spray nozzle for that class of oil engines
usually known as those of the internal vaporiser type,
that is to say, wherein the oil is sprayed into the
working or combustion cylinder without external
vaporisation,

I
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It has been demonstrated by experiment that when
oil is sprayed into a working cylinder the essential
thing is ignition, as the oil has not time to be, and is
not, vaporised, but is fired as oil spray, and that once
the ignition is commenced, the flame passes almost as
rapidly through the particles of oil as oil spray, as
through a completely vaporised and mixed charge of
oil. The inventor’s object, therefore, is to so construct
the device as to get the ignition tube in line with the
issuing spray, and so to ensure the immediate ignition
thereof. The spray nozzle, fed by a pump driven by
the side or valve shaft of the engine in the usual
manner, is fixed on the side of the cylinder cover. A
casting is bolted on the inside of the cover and over
a port or hole in the cover wall. The casting is a
flanged cylinder closed at the inner end by a dome-
shaped end. It is of elongated U or basin section,
and has screwed across it, at right angles with its axis,
the ignition tube, so that the inner surface of the U
casting and the outer surface of the tube are open to
the outer air. The ignition tube is placed in direct
line with the spray nozzle so that the issuing spray
enters the tube, and this part catching fire, the whole
spray is ignited and explodes. The flame of a lamp
is directed upon the tube to heat it.

Although other tubes may be used, a porcelain one
is found preferable, and this, together with the egg-
ended cylindrical or U casting, is afterwards kept hot
by the combustion of the successive charges, and the
tube being thin, is kept at a sufficient temperature to
continue the ignition of the said charges.

The ignition tube shown in Fig. 58 is fixed at one
end onlyin the cylindrical casting, and closed at the
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other. That shown in Fig. 59 passes through both
walls of the said casting, and is open to the com-
bustion space at both ends.

The spraying oil nozzle used is of the ordinary con-
struction, and is so arranged that it projects in a line
with the ignition tube and that the oil spray enters it.
A rib or flange is formed on the cylinder for the two-
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F16. 58.—Roots’ Improved Ignition Device.

fold purpose of strengthening it, the whole being
preferably made of thin metal or of porcelain, and
also to offer an increased surface to receive and store
heat from the combustion after starting. This flange
may be perforated.

When the tube is red hot, and the engine is running,

7 5
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F10. 59.—Modified Form of Roots’ Improved Iguition Device.

the lamp flame used to heat it can be removed or
extinguished, in which case the port or opening should
be closed by a plug to retain the heat of the tube and
the cylinder.

It is stated that in the case of small engines the
cylindrical or U tube itself can be used for ignition,
especially if made of porcelain, and the cover be so
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constructed that the U tube projects inwards over the
port into the combustion space, and that the spray
nozzle be fixed in such a position as to throw the
spray upon it.

In another arrangement of motor shown in Figs. 60
to 62, the four-stroke or Otto-cycle of operations are
carried out on both sides of the same piston, on the one
side by the usual process of charging with explosive
mixture, compressing, igniting and expanding, and ex-
hausting, and on the other side by charging with air
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Fi6. 60.—Modified Form of Roots’ Explosive Engine
(Horizontal Section).

only, compressing the said air, heating it up by exhaust
gases admitted at higher pressure and temperature
from the other side of the piston, and expanding the
hot mixed gases so produced to give a power stroke
simultaneously with the exhausting stroke on the
combustion side of the piston.

A is the cylinder enclosing the water jacket, B the
liner or working barrel, C the cover, D the combustion
and exhaust valve, E the admission valve for the admix-
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ture of fuel and air, E? (Fig. 61) the port through which
the mixture enters to the valve E, F the second ex-
pansion exhaust valve, G the admission valve for air to
the second expansion end of cylinder, D! the lever for
opening the exhaust valve D, E! the lever for opening the
admission valve E,E3(Fig.61) the eccentric for operating
the lever for opening the valve E, D? the eccentric for
operating the lever D!. The other levers and eccen-
trics are omitted from Fig. 61 for the sake of clearness.
G! and F! (Fig. 60) are the levers for opening the valves
G and F respectively. It must be understood that the
fork ended levers and eccentrics are only an alter-

F16. 61.—Modified Form of Roots’ Explosive Engine (End View).

native method of opening the valves, as the usual
arrangement of cams and levers may be employed.

H is the piston, H! the piston rod, I the usual rotating
side shaft, J the expansion end cover, J' the piston rod
stuffing box, K, K, the communicating piston valves or
ports opened by the piston at the end of its stroke,
L the port leading from the second expansion end J of
cylinder to the exhaust valve F, M the port for ad-
mitting air to the same end through the valve G.

Fig. 62 shows an improvement in the oil feed. N is
the oil space fed from the oil tank, 0 is the air space
through which the heated air passes on its way to the
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cylinder, P the oil feed spindle, Q the oil feeding
groove to supply oil to the air in the channel O, R
the oil feeding groove to supply oil to the burner, s
the air supply pipe from the pump, T the end or socket
into which the pipe leading to the burner is screwed.
The oil vapour is supplied in any known or usual
manner through the port E. Ignition is effected in
the usual manner by a hot tube in the combustion end
C. The exhausts D and F are connected in a manner
not shown in the drawing to one exhaust pipe. The
four strokes completing the cycle in the combustion
end C, viz,, suction, compression, explosion, and ex-
haust, are effected in the usual manner, but when the

F16. 62.—Roots Improv«(a;i’ e()lmleﬁeeszcu:;go Ill';.evu.:e for Explosive Engines
piston uncovers the ports or valves K, K, the hot gases
rush through them into the air that has been com-
pressed on the other side of the piston. This alr
drawn through the valve G is compressed to about 20
Ibs. by the return stroke of the piston, when the portt
K, K, are uncovered by the piston; but the pressur

may vary in different engines. The pressure of 20 1b
or thereabout is raised to 35 or 40 lbs. by the co
bined effects of the increase in the quantity of th
gases on this side of the piston, and by the rise in thi
temperature of the whole quantity of gases on the exj-
pansion side of the piston. Simultaneously with th
closing of the port valves K, by the return of the pistoify
H, the exhaust valve D is opened by its eccentric o!r
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cam and lever, and the combustion end ¢ of the
cylinder is exhausted in the usual way. A working
stroke takes place, on the expansion or non-combustion
end J, and just at the end of this stroke, the exhaust
valve F is opened, and the mixed products and air are
exhausted by the return of the piston.

It will be observed that the air is heated at the com-

F16. 63.—Roots’ Smf: Cy}i_nder Carriage Oil Motor
test Type).

mencement of each stroke, and that a similar series of
operations take place at both ends of the cylinder, but
in the end C ignition and combustion take place, while
in the end J the air is heated by the waste heat of the
combustion in C. A certain quantity of mixed air
and gases also flows into the combustion end C, through
the valves K from the non-combustion end J, at the end
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of the suction stroke on the combustion side of the
piston, thereby increasing the compression and the
mean pressure on that side.

Fig. 63 illustrates in vertical central section one of
the most modern types of Roots’ petroleum engines.
The improvements, which are chiefly in minor details
of construction, will be very readily understood from
the drawing. It will be seen that the oil feed spindle
is of the usual kind used in Roots’ engines, as likewise
the casing with the air heater and vaporiser, and nickel
silver ignition tube. The valve motion is fitted with
a rocking weight governor, and a handy arrangement
of tapers on shaft and brasses enables the slack to be
taken up when necessary. The motor is reversible,
being capable of being started in the opposite
direction. '

It is claimed by the inventor that the smell common
to engines of this type is very considerably reduced
in this instance, owing to the form of the piston em-
ployed, which catches and condenses the esci';ping
vapour. The consumption of oil is said to be about
1 pint per brake horse-power per hour, and the dost of
running is therefore about one halfpenny per liorse-
power per hour. Oil of a specific gravity of ;8 and
upwards may be used as fuel.

Roots & Venables' Oil Engine Road
Carriage.
A double cylinder engine of this type is employed
as the source of energy upon the Roots & Venables’

petroleum road carriage, which is known as the
“ petrocar.”
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This carriage is adapted to accommodate two
passengers, and has a steel framework carrying the
oil engine, cooling water tank, exhaust box, and
cooling coil, and is mounted upon three wheels fitted
with solid indiarubber tyres. The front or steering
wheel is spring mounted in a fork, and is operated by
a lever with a handle bar, in a somewhat like manner
to that of a Bath chair. An ordinary cycle plunger
brake is fitted to this front wheel, and a powerful
band or strap brake is also fitted to a drum keyed on
the axle of the rear or driving wheels. Four sliding
blocks, having ball bearings and fitted with springs,
are arranged in guides of an inverted U shape in con-
nection with the main axle. A balance gear is fitted
to a sleeve upon the said main axle, and a two speed
gear, composed of toothed or spur wheelsand a clutch,
is likewise fitted to gear down or reduce the speed
of the motor, to enable the rate of speed to be changed
for hill climbing, &c. The transmission gear consists
of chain or sprocket wheels and pitch chains, the
smaller sprocket wheel being fitted loosely upon the
crank shaft, and its connection with the latter being
operated through a friction disc keyed upon the former.
The cooling water tank is bolted to the frame beneath
the feet of the passengers, and the exhaust box is
located at the rear end of the said frame.

The engine employed on this vehicle is one of 24-
brake horse-power, and it is said that Russian and
American petroleum oils can be used of any specific
gravities between .8 and .835, and with a flash-point
by the Government test up to 130° F. The total
weight of the vehicle and motor, &c., is about 9 cwt.
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The Britannia Company’s Oil Engine for Road
Oarriages (Gibbon’s Patent).

A type of petroleum motor applicable for the pro-
pulsion of motor cars is that known as the “ Facile,”
which is made by the Britannia Company under
Gibbon’s patent, and which would seem to possess
several features rendering it specially qualified for
use in the propulsion of motor cars. Amongst the

F1G. 64.—Britannia Company’s (Gib- F1G. 65.—Britannia Com-

bon’s Patent) Horizontal Petroleum ny's (Gibbon’s Patent)
Carriage Motor (Elevation). ertical Petroleum Car-
riage Motor (Elevation).

advantages claimed for this engine are the following:
—Extreme simplicity of construction, one valve only
being employed ; an impulse is effected at every re-
volution ; no vaporiser is required; after a short
preliminary heating the ignition is automatic; the
cylinder does not become overheated, owing to the
provision of a separate explosion chamber ; and the
waste heat is utilised to heat the ingoing charge, thus
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ensuring economy, and reducing the quantity of water
required to maintain the engine cool.

This engine is made in both horizontal and vertical
patterns, the external appearance of which are clearly
shown in the illustrations (Figs. 64 and 65), the
former of which represents the horizontal and the
latter the vertical type of engine. The principle upon
which these engines are built is practically similar, and
they differ only in the necessary details of construction
to enable the parts to operate in the different positions.

Fm 66.—Britannia Company’s (Gibbon’s Patent) Petroleum
Carriage Motor (Plan).

The internal and working arrangement of both will
therefore be readily understood from the detail views
of the engine shown in Figs. 66, 67, 68, 69, and 70,
and the following description relating thereto which
appeared some time back in the Engimeer :* —

“ a is the framing of the engine, and 4 is the power
cylinder, which is provided with a water-jacket ¢ in
the usual manner. dJ is the combustion chamber,
wh:ch is connected to the cylinder & by a short neck

* The Engineer, sth July 1895, vol. Ixxiii., p. 539
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or passage ¢, and which is preferably of much smaller
diameter than the cylinder, and placed parallel thereto,
as shown in Fig. 67. fis the jacket surrounding the
combustion chamber, g is the valve-box, and 4 is the
valve working therein, and serving both as an air

)

S

F16. 67.—Britannia Company’s (Gibbon’s Patent) Petroleum
Carriage Motor (Section on line 2-2, Fig. 66).

inlet valve and an exhaust valve, the space ¢ above
the valve communicating by the passage s, seen at
the bottom of the vaporiser #! in Fig. 67, dire‘ctly
with the interior of the combustion chamber d, wlpilst
the space beneath the valve is in communica'tion
through the ports 7, 7, and the pipe # with the jacket
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/, and by the ports /, / with the atmosphere according
to the position of the valve 4., = are holes formed
in the jacket f for admitting air thereinto for the for-
mation of the explosive charges. The valve #—which

F1G. 68.—Britannia Company’s (Gibbon’s Patent) Petroleum
Carriage Motor (Enlarged Section through Valve).

as shown in Fig. 68, is a mitre valve—is provided on
its .under side with a hollow cylindical extension
which fits within the valve-box g, and is provided
with a series of circumferential apertures or openings
n, 5, n?, n®, »*, communicating with the ports 7, 7, /, Z
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“ During the compression and combustion stroke of
the piston, the valve £ is in the position shown in Fig.
68. When the exhaust stroke of the piston com-
comences, the cam g? lifts the valve % from its seat,
and places the apertures 78 »* opposite to the ports
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4, /, so that the gases from the cylinder 4 can pass
under the valve /% into its cylindical extension,.and
thence escape through the apertures #% #* and the
ports /, / to the atmosphere. During the time that
the ports /, / are open, the air inlet ports 7, 7 are closed
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by the rings 0, 0. On the completion of the exhaust
stroke, the lift p* of the cam raises the valve still
further, the ports /, / are closed, the apertures n!, n®
brought opposite the ports 7, 7, and on the outgoing
stroke of the piston air is drawn through the holes
m, m into the jacket £, and thence through the pipe £
and the ports j, 7 into the valve-box, whence it passes
into the cylinder 4 through the aperture s

“In Figs. 67 and 69, # is the vaporising chamber
and igniter, which is arranged partly within the com-
bustion chamber d, and partly outside it, the part
outside being, as shown in the drawings, provided with
internal ribs 4!, %!, and being heated for starting the
engine by the flame of a lamp. After the engine has
been running for a short time, the part of the chamber
% within the combustion chamber 4 will, it is said, be
sufficiently heated to serve as the igniter.

“A shield v is placed around the portion of the
vaporising chamber and igniter ¥ within the com-
bustion chamber 4, but with an intervening annular
space, for the purpose of preventing the air entering
the combustion chamber from impinging against the
walls of the chamber # and cooling it. The shield v
is placed at a slight distance from the chamber % in
order to afford a space into which the gases can
penetrate.

“In Figs. 69 and 70, w, 2! are the barrel and plunger
of the oil pump for injecting the oil into the vaporising
chamber ». The pump is constructed as shown in
Fig. 69. In the end of the plunger is formed, for a
short distance, a passage x, which terminates in a cross
passage 2%, as shown most clearly in Fig. 70. Around
the barrel w of the pump is formed a chamber y, and



144 MOTOR CARS.

around a portion of the plunger of the pump is formed
a space #!, which communicates with the chamber y
through a passage 32, the space being kept constantly
filled with oil under a slight head or pressure. When
the plunger is full out, the cross passage 2 is in the
space 3!, so that the oil can flow from the latter into
the passage z, and fill the space above the plunger ; im-
mediately the upward movement of the plunger com-
mences, the passage 2! is moved into the part of the
pump barrel which the plunger fits, so that the return
of oil through the passage 2! is prevented—the result
being that the oil in front of the plunger is injected

F16. 70.—Britannia Company’s
(Gibbon’s Patent) Petroleum
Carriage Motor  (further
Enlarged Portion of Fig.

69)-

w!

into the vaporiser . The engine is well mounted on
a strong wrought-iron frame, and is fitted with a
water-cooler.”

It will be seen that the motor has but one valve,
which is similar to a large safety-valve having a series of
pistons in place of wings, and which valve acts bothasa
main air valve and an exhaust valve, and is kept cool by
the air during its passage into the cylinder. The motor
is of what is known as the internal vaporiser type—
that is to say, that class of engine wherein the said
vaporiser likewise forms the ignition tube, and the
said igniter is contained in a casing attached to an
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extension of the cylinder cover wherein is located a
way or passage communicating with the said casing,
the combustion space being thus placed at the side
instead of at the rear of the cylinder. The supply of air
passes through the above-mentioned compound valve
and round this casing to the cylinder, and the fuel or
oil is injected into the bulbous end of the vaporiser by
a rod working in an oil box, and having a longer or
shorter stroke imparted to it, and therefore injecting
more or less oil in accordance with the controlling
action of the governor. The governor acts on a cam,
so as to allow to a trip finger a longer or shorter time
to remain in contact with a rod which it operates or
pushes. The engine, it will be remarked from the
above, combines the features of some other engines
already known.

The Britannia Oompany’s Oil Motor Road
Carriages.

The above-described combustion engine forms, as
may be supposed, the main feature of the Britannia
Company’s motor carriages, of which they make several
patterns, viz., a three-wheeled carriage fitted with a
1 horse-power engine adapted for one passenger, or
two on an emergency, and estimated to be capable of
travelling at a speed of from 2 to 10 miles an hour on
level roads ; a three-wheeled carriage fitted with a 2
horse-power engine adapted to carry two passengers
seated side by side, and calculated to develop a speed
of from 2 to 14 miles per hour on level roads; and a
four-wheeled carriage of the vis-a-vss style, fitted with
a 4 horse-power engine, and having an estimated
speed of from 2 to 15 miles per hour on the level.

K
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The “Facile” carriage motor is, however, alsy
applied to omnibuses, tram-cars, goods delivery vans
tricycles, and many other classes of vehicles.

Noticeable features in the driving or running me-
chanism or gear of the Britannia motor cars are the
following:—Their patent improved speed variationgear,
by means of which the carriage can be made to travel
either fast or slow, whilst the engine, of course, runs
at its ordinary or normal speed; the improved seli-
acting governor, by which the speed of the engine is
automatically adjusted on ascending or descending
hills, thus saving one handle; and the dispensation
of a number of more or less complicated parts common
to many other engines, which admits of the mechanism
being controlled by means of only two handles and
one foot lever. It is also claimed for the motor that

cleansing of the parts can be very easily performed,
the double purpose or compound valve being capable
of being removed, cleaned, and replaced in position in
about ten minutes. The carriage, it is stated, can be
started when all is in proper order in about six
minutes, and ordinary petroleum lamp oil of ja specific
gravity of .8 upwards may be employed, (which is
obtainable almost everywhere. The cost @f running
is placed by the makers at about a half§jpenny per
brake horse-power per hour, the consump¥ion of oil

being at the rate of about one pint per hougl} per brake
horse-power.

Other Types of Oil Engines and §FRoad
Oarriages.
Amongst the numerous other patternsf of internal
combustion engines and motor cars to whicH 1, as already

"F
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mentioned, space will only admit of a brief allusion
being made, may be mentioned the following :—The
Pygmée, the Seck, the Lepape, the Tenting, the
Loyal, the Gladiator, the Dawson, the Maxim, and
the Riotte.

Pygmee Oil Engine for Road Oarriages.

The first of those above mentioned, or the Pygmée
motor, is one which, in point of efficiency, equals if not
surpasses the Daimler motor. The arrangement of
the various parts is such as to ensure the compactness
of the engine without in any way curtailing their
dimensions, and the motor can also be managed with
remarkable facility. These motors are built in both
vertical and horizontal types, the latter, however, being
usually employed for motor cars.

The engine is balanced, having two cylinders with
pistons working cranks placed at 180°, thereby to a
very great extent obviating the intense vibration
otherwise set up by the alternating motion of the
parts. The admission valves are opened in the usual
manner by the suction action of the pistons, and the
exhaust valves are arranged in boxes and are operated
by cams upon an intermediate shaft.

The ‘speed regulating device is ingenious, and
deserves some notice. It consists essentially of a
rod carried by the fly-wheel and connected with a
centrifugal regulator. The revolution of the fly-wheel
will tend to force this rod from right to left against a
spring, the tension of which can be adjusted by means
of a thumb-screw. Upon the engine attaining what
is considered to be an excessive speed, the pull of this
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spring will be overcome, and the rod will be moved so
as to operate the exhaust valves, thereby preventing
the burnt gases from escaping, and consequently the
piston will draw a fresh charge into the cylinder on
the next stroke, and in this manner bring back the
engine to the normal speed as regulated by the
spring. Should, however, the stoppage of the action
of one cylinder be insufficient to reduce the speed,
the said rod will travel still further to the left, and in
like manner stifle the exhaust of the second cylinder.

The carburator consists of a spiral tube or coil
surrounding the ignition burners, and either spirit or
petroleum can be used; in the latter case, however,
thc above-mentioned spiral tube is arranged within
the burner instead of outside as before. A special
arrangement of the air and vapour admission ports
causes the gas to whirl and become thoroughly mixed
before entering the cylinder, and thereby minimises
the chances of failure to explode.

The compression used in this engme is high,
amounting to 57 lbs,, and the consumptlon! of spirit
or petroleum is thereby rendered very low} not ex-
ceeding, it is stated, .g68 lb. per horse-power jof motor
per hour.

Seck's (‘““Gnome”) Oil Engine for
Oarriages.

Seck’s oil engine, which is known as the “| Gnome,”
and is built by L. Séguin, is also a very sin} \ple and
efficient type, possessing the advantage of*f being
capable of being satlsfactorlly handled by | persons
with but little experience ; as at present consli'tructed,
however, it is much too heavy for motor caars, and
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is more suitable for use as a portable oil engine for
agricultural purposes or for light locomotives.

It is a single-cylinder engine, cooled in the ordinary
manner by a water jacket, and the charge is admitted
during the first forward stroke, the petroleum passing
through a vaporiser heated by a burner, and a suitable
amount of air being allowed to gain admission through
a small aperture. The vapour on entering the cylinder
is met at right angles by, and thorotighly mixed with,
a sufficient supply of air to admit of combustion taking

lace.

d The petroleum is fed from a main reservoir to the
vaporiser by a small pump, an overflow maintaining a
constant level in the former. The method employed
for operating the exhaust valve comprises a horizontal
slide valve to which reciprocating motion is imparted
by an eccentric and endless screw. The regulation of
the speed of the motor is effected by preventing the
exhaust valve, through suitable mechanism, from fall-
ing upon its seat when the speed is increased above
the normal, thereby producing, though in a different
manner, a like result to that effected by the usual
plan of preventing the exhaust valve from opening
on the occurrence of any abnormal or excess speed.

Lepae’s Oil Engine for Road Oarriages.
The Lipape is a three-cylinder engine, the charge
being admitted and expelled through valves in the
usual mauner, and electric ignition of the charge being
employed. The cylinders are placed at an angle of
120° to one another, with a view presumably of equalis-
ing the strains and reducing vibration to the lowest
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possible point. There is nothing further, however, in
this motor specially worth describing.

Tenting Oil Engine for Motor Oarriages.

The Tenting oil motor is a double-cylinder, water-
jacketed, Otto-cycle engine running at the compara-
tively low speed of 250 revolutions per minute. The
valves controlling the admission and exhaust are
arranged horizontally. The engine is light and well
made, but no special novel features apparently are
included in its design.

Loyal's Oil Engine for Road Carriages.

The Loyal motor is of the single-cycle type, and
has an oscillating unjacketed cylinder mounted on
trunnions, through one_of which the gas or vapour is
admitted to the explosion chamber.

The special feature of this engine is the ignition
device, which consists simply of a nickel tube in which
the gas mixture is compressed to a sufficient extent
to produce the necessary heat for firing, the ignition
tube requiring, however, a short preliminary heating
when starting.

A special form of carburator has also been{ designed
by Mr Loyal. This apparatus comprises a { reservoir
divided into two compartments by a conic{il-shaped
partition, in the uppermost of which is lo¢:ated the
gasoline. The feed of gasoline into the lowe :r or car-
burating chamber is automatically regulat.ed by a
spindle extending vertically into and thr¢ ough the
lower compartment, and havmg a conical valy ' ve which,
when the engine is at rest, is held by the ac"tion of a
spiral spring against a seating in an orificCe, in the
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apex of the conical partition, and thus prevents the
passage of any gasoline therethrough. Below the said
conical valve is a small fan or screw which, when the
spindle is revolved by the suction action caused by
the motor itself, and the oil is permitted to drop upon
the said screw from the reservoir, is also revolved, and
this action in combination with that of the air acts to
vaporise the petroleum and carburate the said air,
which latter is then removed to the explosion chamber
through a pipe passing upwards through the upper
or petroleum compartment of the carburator.

Darracq's (Gladiator) Oil Engine for Road
Carriages.

The Gladiator oil motor, which is from the designs
of Mr Darracq, is of the Otto-cycle type, and is pro-
vided with a water-cooled jacket at the explosion end
of the cylinder only. The ignition tube is heated to
a white heat by a Longuemarre burner* fed from a
special oil reservoir, a slight pressure in which latter
must be maintained by means of a small force-pump
at starting.

The valves are governed by springs, that for admit-
ting the charge, which is sucked in automatically,
closing the valve after each inspiration, and that con-
trolling the exhaust being held by a powerful spring,
and raised every alternate revolution by means of a
lever and operating cam carried upon an intermediate
shaft.

The exhaust is passed into an exhaust box or silencer

* See pages 52, 88 for further description and illustration of
this burner,
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which is divided into two compartments, the first of
which is filled with fine steel filings, and the second,
or the one on the outlet side, with coarser ones. By
this means all noise is said to be completely deadened
or silenced.

Dawson's Oil Engine for Road Oarriages.

The Dawson motor has a single water-jacketed,
valveless cylinder, wherein the explosions are effected
by means of an incandescent tube. The piston is of
the barrel pattern, and means—comprising a worm
wheel engaging with a worm on the crank—are pro-
vided for rotating it upon its axis in the cylinder,
during its to-and-fro working therein; the connection
of the rod upon its axis to the piston is made by a
ball and socket joint to admit of this action.

Two holes or ways placed in the same horizontal
plane are provided in the piston, and two similar ways
are formed in the cylinder for the admission of the
explosive mixture thereto, and for the exhaust of the
burnt gases therefrom. The admission of the charge
is effected during a portion of the outward stroke of
the piston, and on the return or inward stroke thereof
the charge is compressed, and the ignition tube being.
uncovered, explosion takes place ; the exhaust passage
being next uncovered and the burnt gases removed.
These various actions are effected by the combined
longitudinal and rotary movements of the piston.

Maxim’s Oil Engine Road Carriage.

The Maxim oil engine is a three-cylinder one of the
Otto-cycle type, one-sixth of a revolution being only
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left without impulse. The cylinders are constructed
of cold-drawn seamless steel tubing, {% inch in thick-
ness, and the ignition is effected by an electric spark,
the current being supplied by a battery having nine
chloride cells. This motor, which is said to develop
1} horse-power, only weighs about 32 lbs.

An engine of this type was fitted to a tricycle, which
was one of those shown, but not run, at Chicago, in
connection with the competition trials of motor cars
held there.

Riotte’s Oil Engine Road Carriage.

The Riotte engine was fitted to a bicycle which was
exhibited at Chicago under like conditions to the onc
previously mentioned.

The motor has an oscillating cylinder, and its piston
rod is connected to a crank disc on the axle of the
rear wheel, the explosions being effected by an electric
ignition device. There are no marked features in its
construction calling for any special mention, but it is
characterised as a whole by extreme lightness, the
weight of the motor, oil supply for a 75 miles’ run,
and electric battery for the ignition device, being only
9 lbs,

It is stated to be capable of attaining a speed of
20 miles an hour on a good level road, and to be able
to surmount up-grades of 4 per cent. at a fair rate of

speed.

Triouleyre’s Oil Engine Road Oarriage.

M. Triouleyre’s motor carriage, which is built by the
Compagnie Générale des Automobiles (Paris), is one
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which is said to have performed some first-class
running. Two vehicles of this type were entered for
the Paris-Marseilles race.

This car is driven by a benzoline motor, which
drives a second motion shaft by means of leather belt
gearing, and from which second motion shaft power is
transmitted to the driving wheels by chain or sprocket
wheels and pitch chains. The most noticeable feature,
however, in the arrangement is the provision of a set
of tubes and an air-blast for cooling the water from
the cylinder jacket.



CHAPTER V.
ELECTRIC MOTOR CARRIAGES.

AT the present time there does not seem to be much
chance that electricity will be able to compete with
either steam or internal combustion engines in economy
of working, and that even in the United States where
the wider use of electricity has cheapened its produc-
tioy, and it is therefore more favourably placed with
respect to these motive powers.

An electric motor varies in efficiency in direct
accordance with its weight. This gives rise to a very
grave objection when applied for purposes of propul-
sion, where increase of the dead weight becomes
obviously a matter of very considerable importance.
The efficiency of the electric motors at present in use
is at most about 80 per cent. when developing average
power, and this percentage is greatly reduced every
time they are called upon to give out additional power
upon any emergency.

The great drawback, however, to the use of electric
motors for haulage purposes lies in the question of
the difficulty of obtaining the requisite supply of elec-
tric current. But two methods of doing this are avail-
able, viz, by generating the said current upon the
vehicle itself, which can be done either by means
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of primary batteries, or by a dynamo electric machine
worked by an oil, steam, or other engine; and by
laying by in storage batteries or accumulators a
sufficient supply of electricity to perform the journey
or a certain portion of it. The use of primary
batteries is impracticable by reason of the cost of
producing a powerful current by that means, and
the employment of a dynamo and oil or other
motor would be also both expensive and heavy, con-
sequently the latter or storage batteries, as presenting
obviously the most feasible method in practice, is the
plan that is usually adopted ; but even this method
of supplying the current gives rise to several very
serious objections, foremost amongst which is that of
weight. .

As is well known, the accumulators or storage
batteries in use at the present day do not differ in
principle from those primarily devised by Planté, and
lead plates are still employed as electrodes, and highly
diluted sulphuric acid as the electrolyte. The result
of this is that the weight of the accumulators is exces-
sive, being at the rate of about 1§ cwt. per horse-
power per hour. From this it will be seen that the
weight of an accumulator that would keep the vehicle
running for say about a couple ot hours on average
roads at a speed of about 12 miles per hour, without
being recharged, would exceed the combined weight of
both the carriage and passengers.

Besides this, however, there is the loss experienced
between the power expended by the dynamo in
charging the accumulators and the return of the
latter, the efficiency of which rarely reaches above 75
per cent,, the loss experienced in the working of the



ELECTRIC MOTOR CARRIAGES. 157

electric motor, the efficiency of which is seldom more
than 80 per cent, and the loss in the dynamo, the
efficiency of which may be taken at most to be about
9o per cent. There is therefore a total loss of the
work done by the steam, gas, or other motor in
driving the dynamo of over 50 per cent. This enor-
mous loss easily accounts for the reason why electric
traction even upon comparatively level tram lines is
dearer than that of animal traction, where accumu-
lators are employed for storing the necessary supply
of electricity. Overhead wires delivering the current
to the motor on the car through a collecting trolly
is a far more economical system, but is of course
inapplicable to motor cars for common roads.

Still further objections to accumulator electric motor
cars are that the accumulators require recharging or
replacing by ones already charged, after a comparatively
short time, thus rendering them "in .many cases abso-
lutely useless, and being at all times most inconvenient
and troublesome ; and moreover there is the loss due
to the depreciation of the accumulators themselves,

This recharging can, of course, be easily effected
in large towns and cities, but in the country, except
in the case of large houses possessing their own elec-
tric lighting plants which could be utilised, a special
and expensive plant would have to be provided for
charging the batteries. Where an electric light plant,
worked by water power, happened to be available for
charging purposes, there would be a very considerable
saving in power, but these cases are rare.

It is quite true that the electric car possesses certain
advantages over oil, steam, or indeed any other engines
or motors for the purpose under consideration. For
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example, it can be controlled with greater facility ; it is
practically safe and free from any chance of dangerous
explosions and other accidents; and last, but by no
means least, it does not discharge occasional volumes
of smoke, as in the case of the steam-engine, or per-
petually give off more or less evil-smelling and
poisonous vapours, as in the case of the oil or gas
engine.

It is to be feared, however, that the disadvantages
of electric traction or propulsion so greatly exceed the
advantages derivable from its use, thatexcept in certain
very exceptional cases or where expense is of no
importance, and perhaps to a very limited extent in
some large towns and cities, this system must be
considered impracticable. This fact is fully recog-
nised and acknowledged by many electricians of note
both in this country and abroad.

The following are examples of some of the most
successful electrical road carriages that have been
constructed up to the present time, from the designs
of the American Electric Vehicle Company, Holtzer,
Morris & Salom, Sturge, Bersey, Jeantaud, and Bogard.

American Electric Vehicle Company’s Electric
Road Carriage. ’

-An electric storage battery carriage, congtructed by
the American Electric Vehicle Company, has beenunder
trial for upwards of three months, and is said to have
been found so successful that they are about to build
a number of others of various patterns. T hat under
consideration is a carriage of the mail phae&ton type,
weighing complete slightly under 18 cwt., af.nd fitted
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with a front scat, having a folding hood and an open
rear seat.

The running gear of this carriage is clearly illus-
trated in Figs. 71 and 72. It is mounted upon four
wheels, having ball bearings and solid indiarubber
tyres, the front or steering wheels being 34 inches in
diameter, the rear or driving wheels 44 inches in dia-
meter, and the width of the wheel base being 4 feet 6
inches. The body of the vehicle contains storage

F1G. 71.—American Electric Vehicle Company’s Electric Road
Carriage (Plan of Mechanism).

room for a battery of thirty-two cells, having a capacity
sufficient to develop 3} horse-power for six hours,
and so arranged that they need not be removed for
charging. The carriage is capable of making 50 to
65 mile§ on one charge, in accordance with the state
of the goads and the strength and direction of the
wind. here are two motors, each of 1,200 watts or
1} horsg-power, and independently connected to the
rear or |driving wheels by sprocket or chain wheels

|

f

|
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and pitch chains, so as to admit of their running at
different speeds when turning corners or rounding
curves. Four different rates of speed are provided,
viz, 1§, 3%, 7, and 14 miles per hour. A braking
device is provided, whereby the brake can be applied
directly to the motors, and this application will at the
same time both cut off the electrical current from the
said motors, and also automatically adjust the con-
troller back to the starting-point.

R N
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¥16. 72.—American Electric Vehicle Company’s Electric Road
Carriage (Side Elevation of Mechanism).

Holtzer’s Electric Road Oarriages.

The Holtzer electric storage battery carriage con-
sists of a heavy drag, which weighs about 2 tons g
cwt. 2 grs,, and is adapted to carry six or seven pas-
sengers. It is mounted upon four wheels having
bearings of the ball variety. The storage batteries
are located in the body of the vehicle and beneath the
front seat, and that part of the body carrying the two
rear seats is so hinged as to be capable of being lifted
up, and thus exposing the cells and connections.
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The batteries consist of 44 chloride cells of 250
ampére-hours, with a discharge rate of 25 ampéres
nominal, and arranged in four groups of eleven cells
in each. These cells are connected to the motor
through a parallel series controller, by which the
groups are placed in multiple series and multiple
gear respectively, so that three speeds can be ob-
tained, viz.,, 5, 8, and 15 miles per hour. A lever
placed near the steering pillar admits of these being
operated and locked in either position by means of

F1G. 73. —Holtzer's Electric Motorand ~ FIG. 74.—Holtzer’s
Gear (Plan). Electric Motor and
Gear (End View).

a toothed sector and spring catch or pawl, and no
rheostat is required in this arrangement.

The electric motor is a 4-pole series-wound one,
of 7} horse-power capacity, weighing about 4 cwt,
running at a full load at 250 revolutions per minute,
and showing an efficiency, according to the makers,
of 89 per cent.

The general arrangement of this motor is shown in
plan and end view in Figs. 73 and 74. An armature
pinion formed of phosphor bronze meshes with an
accurate inturmediate gear mounted upon a divided

L
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shaft connected through a differential gearing, so as
to admit of the wheels running at different speeds
when rounding corners or running in curves. The
rear wheels are driven from the intermediate shaft
direct by chain gearing placed at each end, and to
allow of reversing the direction of motion a reversing
switch is mounted on the sector of the controller,
and is interlocked therewith, thereby preventing the
motor from being reversed until the controller lever
has been placed at off.

The steering gear consists of a steering pillar
coupled by strong levers to the movable hubs of the
front axle. A toothed segment having a spring catch
or pawl is also so arranged that by a slight pressureof
the foot of the rider the front or steering wheels may
be locked at any angle.

The motor and gearing are enclosed by a light
leather casing, and the body of the carriage is water-
proofed and painted with acid-proof paint to resist
the action of acids should one of the \,ells become
accndentally broken or slop over.

The carriage is provided with electric 1amps of 10
candle-power each, and it was built by &he Holtzer-
Cabot Electric Company:. '

Morris & Salom’s Electric Road ° Carriage.

The Morris & Salom storage battery cza Yrriage, which
has been given by the designers the s
traordinary name of the “ Electrobat,”
two Lundell electric motors of 1} horse—
nal each. The driving is effected by

the armature shafts operating the drivi
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tached to the front axle. The rear wheels are used
for steering, and the steering pillar is arranged to shift
the rear axle.

The supply of electricity is stored in four sets of
twelve chloride cells, having a capacity of 50 ampére-
hours per cell. The act of pushing into place makes
connection automatically with the controller, which
latter is operated by a hand wheel in front of the seat,
four different speeds of travel being attainable by
different groupings of the batteries with the motors.
The capacity of this battery is said to be sufficient for
a run of twenty hours, and a speed of 20 miles per hour
to be attainable on good roads.

This carriage, which is adapted for the accommo-
dation of two passengers, is mounted upon wooden
wheels, the front or driving ones being 40 inches and
the rear or steering ones 28 inches in diameter, and
its weight is about 14 cwt. 1 qr. A lighter carriage
of the same type of driving gear, but having a frame
composed of steel tubes and cycle pattern wheels, and
only weighing about 10 cwt. 3 qrs,, is-also made by
the same builders.

Sturge’s Electric Road Carriage.

The Sturge accumulator or storage battery electric
carriage is of the three-seated sulky pattern, adapted
to accommodate six passengers. It is mounted upon
four wheels, the front ones being 42 inches and the
rear ones 48 inches in diameter.

The motor is one of 3 horse-power, single reduction
gear being employed for transmitting the power to
the axle.
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The body of the vehicle is capable of accommodat-
ing 36 storage battery cells, having a capacity of 250
ampére-hours, the power stored up therein being
equal to 23 electrical horse-power. When, however,
it is required to carry more batteries, so as to adapt
the carriage for a lengthy run, the rearmost seat can
be removed, thereby affording more storage capacity.

In running order this carriage weighs about 1 ton
4 cwt. 2 grs. On good roads it is calculated to be
capable of attaining a speed of 10 miles per hour,
and to be able to cover a distance of 70 miles without
requiring recharging.

Bersey's Electric Road Carriage.

Figs. 75 and 76 illustrate an improved electrically
propelled road vehicle or omnibus, designed by W. C.
Bersey.

The improvements consist essentially in the inter-
position, between the vehicle body and the axles, of an
under frame supported on springs on the fore carriage

“and the rear wheel axle, upon which under frame the
accumulators, motors, driving and steering gear, brakes,
and all the other appliances necessary for the electric
propulsion of the vehicle are carried, so that it forms
in itself a vehicle complete in every respect save the
body. The body is seated directly on this under
frame, which is especially adapted to receive it, and .
is merely dropped into position and fixed in place
by means of bolts.

A is the horizontal under frame, which is supported
through springs B on the axle C of the hind wheels D,
and upon a swivelling fore carriage E. The omnibus
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body is merely seated, as shown, on the frame 4, its
sills resting on and being bolted to the side members,
and its floor or bottom upon the cross members of the
frame A.

F is a downwardly projecting box or well carried
by the frame 4, in which well the motors G and ac-
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Fi1Gs. 75 and 76.—Bersey’s Electric Omnibus (Sectional Side Elevation
and Sectional Half Plan).

cumulators H are carried, the former being arranged
in advance, and the latter in rear, of the hind wheel
axle C, and the well having a door at the rear (shown
open in the sectional elevation) through which the
accumulators can be introduced.
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The two motors G are carried upon the same base
plate 1, which is suspended by brackets I' at one end
from the hind wheel axle C, the other end resting,
through a roller 7, on the floor of the well F. Upon
the same base is mounted an intermediate stationary
spindle L on which rotate sleeves K, through which the
motors are geared to the respective driving wheels D,
by a pinion g on the motor spindle, gearing with a
wheel £ on the said sleeve K. . The stationary spindle
L is fixed in brackets /, /on the base plate I; each
end of the spindle, and the sleeve mounted thereon,
passing out through the side walls of the well F, and
the sleeve being provided with a sprocket pinion
gearing through a pitch chain M with a chain rim M?!
fixed to the wheel D. If a two-speed gear is required,
two sets of wheels and pinions g, £, having different
ratios, would be provided, the two wheels £ being in
that case mounted loosely on a live shaft with which
one or other of said wheels is connected by an inter-
mediate clutch.

The fore carriage E is unaltered from the ordinary
pattern, except that its swivelling connection with the
frame A is preferably made by means of a ball-bearing
turning plate and centre bolt, the swivelling under
carriage being provided with a toothed ring N with
which gears a pinion 7 on the lower end of a vertical
shaft 0, passing up through a tubular stand4rd fixed on
the forward end of the frame A, and risinJ in front of
the vehicle body to a convenient height to bring the
hand wheel P and worm gear, through whilch the shaft
0 is operated, within easy reach from the driver's seat.
The toothed ring N and pinion # are shoyvn in dotted
lines in the drawing.
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Jeantaud’s Electric Road Oarriage.

A type of carriage propelled by an electric motor,
which took part in the Paris-Bordeaux race, and by
the aid of numerous relays succeeded in getting over
half the course, although making far worse time than
any of the petroleum cars, is that known as the
Jeantaud car.

This vehicle is admirably designed for travelling,
and had it not been so heavily handicapped by the
source from which the energy was obtained, would
doubtless have given veryfavourable results. Theframe
is constructed of weld steel, a box seat for two persons
is placed in front, and two other seats placed back to
back are located at the rear. It is mounted upon
four wheels, the rear ones being 4 feet 7 inches in
diameter and the front ones 3 feet 3 inches in diameter,
and the load is proportionately distributed on both
sets of wheels. Two straight springs connected to-
gether at their centres are supported upon the cross
bearers close to their pivots, being placed on the
under side transversely to the body which they sup-
port—an arrangement affording both great flexibility
to the vehicle, and lessening the amount of force re-
quired for propulsion, inasmuch as when one of the
wheels is raised over an obstacle, the entire weight of
the said vehicle has not to be also raised.

An instantaneous brake, which can be operated by
a pedal placed in a position convenient to the con-
ductor and breaks the electrical circuit, is provided,
as also a graduating brake which can be operated by
two hand wheels, one of which is located at each side
of the driver’s box. A safety device is also fitted
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which automatically acts to stop the car should the
pitch or driving chains happen to brecak upon a
gradient, a not altogether unlikely accident, by the
way, and one which should be adequately provided
against in all motor cars wherein the transmission of
power is effected by chain gearing.

The intermediate shaft carries a differential gear
comprising two bevel wheels admitting of speeds of
7% and 15 miles, above the regular ones, being attained
when desired. The intermediate shaft drives the
wheels through chain or sprocket wheels and pitch
chains.

The motor employed is from the designs of, and
built by, Mr Rechniewski, having his usual grooved
coil to afford protection to the wires and diminish the
magnetic resistance, and it is intended to supply about
6 horse-power, which power, it is estimated, would be
necessary to attain a speed of 15 miles an hour under
normal conditions, with a tension of 70 volts with 70
amperes of current. The weight of the motor is about
5 cwt., and it is stated that upon special occasions it
is capable of exerting sudden pulls and developing
about double its stated power.

The electric current is supplied by accumulators
consisting of 38 Fulmen elements placed in 12 boxes
" containing three and four compartments each. For a
discharge of 70 amperes of current, the battery having
a minimum capacity of 210 ampére-hours would be
capable of working the vehicle for three hours at a
speed of 15 miles per hour on a level road in first-rate
condition. Each element has a 300 ampére-hour
capacity for ten hours at a normal rate of discharge.
The car may be taken under ordinary conditions to
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be capable of running 25 miles on high-class roads,
with no steep gradients, in favourable weather. As
regards weight, each element weighs 33 lbs., the entire
battery about 16§ cwt., and the weight of the motor
and fittings is about 7 cwt. About ten minutes would
be consumed in recharging the storage battery.

Bogard’s Electric Road Carriage.

In the Bogard electric car the motor is fixed to the
framework,and operates an intermediate shaft, carrying
chain or sprocket wheels at its extremities, through
a pinion and differential gearing. Power is trans-
mitted from this intermediate shaft to the rear or
driving wheels, by means of pitch chains gearing with
the above-mentioned sprocket wheels, and others fixed
on the hubs of the said wheels.

The motor is also of the type made by Mr Rech-
niewski, with a grooved coil, to afford, as has
been before mentioned, protection to the wires and
diminish the magnetic resistance. A current of 14
amperes at 13 or 15 volts is delivered to the electros,
and the coil at 9o volts is capable of absorbing up to
60 amperes, and will give out 6} horse-power. At 88
volts the motor has a speed of 1,250 revolutions, at 44
volts one of 600 revolutions, and at 22 volts one of
300 revolutions. Fully charged, it gives 45 ampéres,
and an average of from 5 to 6 horse-power. The
motor can be reversed when desired, and weighs a
trifle over 43 cwt.

The accumulators employed are of the Dujardin
type, and are placed in the body of the car, which is
especially designed to afford ample accommodation
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for their storage. The battery comprises 51 elements
(each of three positive and four negative plates), each
of which weighs with connections about 50 lbs. The
total energy of this battery is 30 kilowatt-hours, which,
it.is estimated, would be sufficient to drive the car for
ten hours at ordinary speed. It is divided into five
groups, viz., a 7-element one for the excitation of the
motor, and four of 11 elements in each, which can be
connected in tension or in quantity in accordance
with the speeds required. This latter arrangement
enables the speed to be varied by altering the electro-
motive force through connecting up ‘the above four
groups in different manners.

This method of altering the rate of travel of the
carriage, whilst greatly reducing the complication of
the transmission mechanism, is obviously only suitable
for use in cases where the vehicle is required to travel
upon surfaces which are level or nearly so. The total
weight of the car in working order is about 2 tons 3
cwt.



CHAPTER VL

MISCELLANEOUS MOTOR CARS OR POWER-
CARRIAGES.

AMONGST the miscellaneous sources of energy that
might be utilised for the propulsion of motor cars
may be mentioned hot and compressed air, carbonic
acid, and springs. The first two of these are the only
ones capable of anything like practical application.

Carbonic Acid Engines.

Carbonic acid gas, it is true, when compressed to a
liquid contains a large store of energy, which can be
regained when allowed to re-expand to a gaseous
form. According to Sir Henry E. Roscoe, F.R.S,, the
vapour tension of carbon dioxide or carbonic acid
(CO,) at a temperature of 32° F. is 35.5 atmospheres,
and at a temperature of 86° F. is 73.5 atmospheres.
The great difficulties experienced, however, in applying
the power that can be thus stored up to the piston of
an engine are such as to render its successful practical
application almost if not quite impossible. The
poisonous nature, moreover, of carbonic acid or carbon
dioxifle gas (CQy), although not so great as that of
carbo‘h monoxide or carbonic oxide gas (CO), the in-

—~ —————
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halation of a minute quantity of which is sufficient to
produce death, is still sufficiently dangerous, the pre-
sence of 0.10 per cent. (I part per 1,000) being enough
to render air unfit for continued respiration.

Spring Motors.

The last method mentioned, or the storing up of
force in springs, a source of energy acting so admir-
ably for supplying the requisite motive power for
watches, clocks, and other small mechanisms, is ill
adapted for use where the development of any con-
siderable amount of power is required. This results
from two causes—first, the difficulty of obtaining
suitable springs for the purpose; and secondly, the
still greater objection occasioned by the large power
that has to be expended to compress such springs,
and so store up sufficient energy for any lengthened
effort due to their reaction.

Compressed Air Engines.

Under the above circumstances, and in view of the
absence of any practical motors of the two latter
descriptions, it would seem idle to go further into the
matter, nor indeed is the second source of energy
mentioned or compressed air much more suitable for
use in the case of motor cars or power carriages for
common roads, although it may be used with some
measure of success for working cars on lines of rail
where means for the supply of air under suitable
pressure are located at terminal stations, and, else-
where where necessary, at proper points alonb the
lines. !

\
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The originator of the use of compressed air as a
means of transmitting power is generally acknow-
ledged to be that most ingenious Frenchman, Dr
Papin, whose name is so familiar in connection with
the steam-engine. His experiments, however, which
dated about 1700, were abortive, owing to the inferior
appliances then available.

Compressed air is utilised to drive a compressed air
engine, that is, an engine the piston whereof is driven
by the elastic force of the said compressed air, and’
the construction of such an engine does not differ ma-
terially from that of a steam-engine wherein steam
under pressure is used for a like purpose. In apply-
ing this system to a motor car two methods may be
adopted, viz., first, the storage in a suitable reservoir
of a sufficient supply of air under high tension to
drive the compressed air engine, and therefore the car,
for a specified distance under normal conditions, after
which the said reservoir will require recharging ; and
second, the compression of the air upon the car itself
by means of an internal combustion engine and small
air pump or compressor.

Locomotives have long been constructed which are
adapted to be driven by means of air compressed into
reservoirs. That of Bompas of 1828 had two tanks
which were charged with air under pressure by sta-
tionary engines at the depots and way stations. The
engine employed was practically similar to that of a
steam-engine, the air being admitted from each of
the reservoirs alternately to the opposite sides of the
pistons working in the cylinders to which the said
reservoirs were respectively connected.

'An engine practically identical in construction to

/ -’
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the above was built by Baron von Rathlen in 1848
and was successfully run from Putney to Wands-
worth, attaining a speed of from 10 to 12-miles an
hour.

A year previously also (1847) a locomotive engine
of this type was designed by Parsey, which comprised
a reservoir wherein the air was compressed to as high
a tension as could be done with safety, and from
which it was gradually and automatically discharged
into a second reservoir or chamber wherein it was
permitted to expand to the predetermined working
pressure, and from which it was withdrawn for use in "
the cylinder of the compressed air engine in the usual
manner.

Compressed air has been, and is, used' with some
success for the propulsion of street cars. Notably in
this direction mention may be made of the Popp-
Conti and Méharski systems, descriptions of which,
however, we are unable to give, as the scope of this
little work is confined to such power-propelled car-
riages as are adapted to travel upon the surfaces of
common roads, and does not therefore extend to
tram-cars.

The compression of the air upon the car itself, which
plan has been suggested for use on motor cars for
running upon common roads, would of course neces-
sitate the provision of an oil motor or other inte:nal
combustion engine, or of some other source of energy
to compress the said air. In the case of an internal
combustion engine an advantage would be derived in
the possibility of reversing the compressed air eng ‘e
with ease at will, and likewise in the greater faci} -
and range of regulation of speed that could

1
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effected. Another advantage would also be gained
from the fact that the running of the said combustion
engine, during any temporary stoppages of the car,
could be utilised to get up a store of compressed air
in a reservoir, and would not be so much wasted
energy, as is the case at present. Were a steam-
engine, however, to be employed to compress the air,
there would be no such compensating features to place
against the obvious losses that would be experienced
in both cases by reason of increased friction, leakage,
additional complication of parts, and added weight of
mechanism. Possibly a hot-air or caloric engine might
be successfully combined with an air compressor and
compressed air engine for working light motor cars.
The compressing of the air necessary to work a
compressed air engine directly upon the motor car
itself would not only do away with the necessity of
carrying a cumbersome and weighty reservoir, but
would, which is perhaps more important, also render
the vehicle independent of extraneous aid for a renewal
of the supply. For a like reason it has, as already men-
tioned, been proposed to do away with the heavystorage
battery required to supply the necessary current of
electricity to drive the electric motor, and to employ
upon the motor car itself an internal combustion
engine and dynamo to generate such current. The
advantages derivable in this case would include the
facility of stopping, starting, and reversal of the electric
motor, great reduction of dead load, and if a small
storage battery or accumulator was also provided, the

. utilisation of ‘the running of the combustion engine

during temporary stoppages of the car to store up
a supply of electricity for emergencies. The same



176 MOTOR CARS.

objections, however, could also be urged against this
plan as those mentioned with regard to the former one.

Hot-Air or Caloric Engines.

Hot-air engines possess many advantages for the
purpose of propelling vehicles on common roads,
inasmuch as they combine some of the good qualities
of both steam, oil, and electricity.

Hot-air or caloric engines, which are driven by the
heating of a body of air admitted to the cylinder, may
be broadly divided into two principal or main_classes,
viz., those taking their supply direct from the atmo-
sphere, and discharging the same again into the
atmosphere after use; and those wherein the same
air is continually employed in a closed cycle, being
alternately heated and cooled but not allowed to
escape. The first class is exemplified in the well-
known Ericsson engine, and the second in that of
Parkinson & Crossley.

This type of motor, z.e, the caloric or hot-air engine,
may, however, be conveniently further subdivided as
follows : —

First. Those engines which compress the air into a
reservoir, from which it is discharged in graduated
amounts, heated, used to drive a piston, and subse-
quently discharged. This forms a very numerous class,
and two systems of working are used, one in which
the air is passed through the furnace, and the other in
which the air is merely heated without passing it into -
or through the furnace.

Second. Those engines in which the same air is
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brought again and again to the heater, its temperature
raised to a suitable point, and expanded.

Third. Those engines wherein two reservoirs or
chambers are employed, one of which is in communi-
cation with each end of the cylinder, and therefore
with opposite sides of the piston, and the air in which
reservoirs or chambers is alternately heated and cooled
and utilised without being expended or allowed to
escape into the atmosphere.

Fourth. Those engines wherein the air is moistened
by means of water or steam, so as to lubricate the
rubbing surfaces, which class are commonly known as
aéro-steam-engines. And

Fifth. Those engines in which a body of water is
interposed between the power derived, to prevent
burning of the working parts, and also to facilitate
the maintenance of tight joints.

This burning of the working parts and necessity
for the excessive consumption of lubricants, and the
difficulty of maintaining air-tight joints, form indeed
the chief difficulties to be overcome with regard to the
successful working of caloric engines.

A caloric engine especially suitable for motor-car
work has yet to be designed, and it seems to the
author that inventors would find this a paying field in
which to utilise their inventive genius.
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SUMMARY OF PROVISIONS OF ACTS OF
PARLIAMENT.

LocoMoTives oN PuBrLic HicHwAys.

LocoMot1ves, propelled by steam, passing along public
highways, must (unless they come within the provisions of
the Act of 1896 : see next heading) be worked according to
the subjoined rules (24 & 25 Vict. ¢. 70 ; 28 & 29 Vict. c. 83 ;
41 & 42 Vict. c. 77) i—

1. At least three persons must be employed to drive or
conduct such locomotive : and if more than two waggons
are attached, then an additional person.

2. One of such persons, while the locomotive is in motion,
shall precede, by at least 20 yards, the locomotive on foot,
and shall in case of need assist horses and carriages drawn
by horses passing the same.

3. The drivers of such locomotives must give as much
space as possible for the passing of other traffic.

4. The whistle of the locomotive must not be sounded
for any purpose whatever; nor the cylinder taps opened
within sight of any person riding, driving, or leading a horse
upon the road ; nor shall the steam be allowed to blow
off upon the road.
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5. The locomotive must be instantly stopped on signal
being given, either by the attendant in front, or by any
person with a horse, or with a carriage drawn by a horse.

6. The locomotive must be provided with two efficient
front lights when passing along the road at night, between
one hour after sunset and one hour before sunrise.

The speed on the roads is not to exceed 4 miles an hour,
or when passing through towns and villages 2 miles.

Penalty on infringement of rules, 410 on summary con-
viction, to be recovered of the owner, who may recover
back the amount from the attendant in default. The name
and residence of the owner must be conspicuously affixed
to the locomotive. Maximum.penalty £2 for default.

A locomotive used on highways must be constructed so as
to consume its own smoke. Fine, in default, £5 per day.

LicHT L.ocoMOTIVES (AuTo-CARS OR MOTOR-CARS)
Acr, 1896.

The Act of 1896, which came into operation on 14th
November 1896, provides that existing enactments restricting
the use of locomotives on highways (including the enact-
ments cited above) shall not apply to any vehicle propelled
by mechanical power if it is under 3 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 4 tons), and is so constructed that
no smoke or visible vapour is emitted therefrom except
from any temporary or accidental cause; and vehicles so
exempted, whether locomotives, or drawn by locomotives,
are classed as “light locomotives” (sec. 1).

The council of any county or county borough may make
bye-laws preventing or restricting the use of such locomotives
upon bridges within their area; and a ‘“light locomotive ”
is to be deemed to be a carriage within the meaning of
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existing Acts or bye-laws, and, if used as a carriage of any
particular class, is to be deemed a carriage of that class
(sec. 1).

In calculating the weight of a vehicle unladen, the weight
of water, fuel, or accumulators used for the purpose of
propulsion shall not be included (sec. ).

During the period between one hour after sunset and one
hour before sunrise, the person in charge of a light locomotive
shall carry attached thereto a lamp so constructed and placed
as to exhibit a light in accordance with regulations of the
Local Government Board; every light locomotive shall
carry a bell or other instrument capable of giving audible
and sufficient warning of the approach or position of the
carriage ; and no light locomotive shall travel along a public
highway at a greater speed than 14 miles an hour or any
less speed prescribed by regulations of the Local Govern-
ment Board (secs. 2, 3, 4).

The keeping and use of petroleum, or of any other inflam-
mable liquid or fuel for the purpose of light locomotives,
shall be subject to regulations made by a Secretary of State
(sec. 5).

The regulations to be made by the Local Government
Board may cover the use of light locomotives on highways,
their construction, and the conditions under which they may
be used, and any breach of a bye-law or regulation under the
Act, or of any provision of the Act, may, on summary con-
viction, be punished by a fine not exceeding £ 10 (secs. 6, 7).
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LOCAL GOVERNMENT BOARD
REGULATIONS.

UNDER the provisions of the Act of 1896 (referred to in
Appendix A.), the Local Government Board have issued the
following. regulations, taking effect as from 14th November
1896 :—

ArrTICLE L

In this Order :—

The expression “carriage” includes a waggon, cart, or
other vehicle.

The expression ‘“horse” includes a mule or other beast
of draught or burden, and the expression *cattle ” includes
sheep.

The expression “light locomotive ” means a vehicle pro-
pelled by mechanical power which is under 3 tons in weight
unladen, and is not used for the purpose of drawing more
than one vehicle (such vehicle with its locomotive not exceed-
ing in weight unladen 4 tons), and is so constructed that no
smoke or visible vapour is emitted therefrom, except from
any temporary or accidental cause.

In calculating for the purposes of this Order the weight
of a vehicle unladen, the weight of any water, fuel, or
accumulators used for the purpose of propulsion shall not
be included.

ArticLE IL

No person shall cause or permit a locomotive to be used
on any highway, or shall drive or have charge of a light
locomotive when so used, unless the conditions hereinafter
set forth shall be satisfied, namely :—

1. The light locomotive, if it exceeds in weight unladen
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s cwt, shall be capable of being so worked that it may
travel either forwards or backwards.

2. The light locomotive shall not exceed 6% feet in
width, such width to be measured between its extreme pro-
jecting points.

3. The tyre of each wheel of the light locomotive shall
be smooth, and shall, where the same touches the ground,
be flat and of the width following, namely:—(e) If the
weight of the light locomotive unladen exceeds 15 cwt. but
does not exceed 1 ton, not less than 24 inches; (4) if such
weight exceeds 1 ton but does not exceed 2 tons, not less
than 3 inches; (¢) if such weight exceeds 2 tons, not less
than 4 inches.

Provided that where a pneumatic tyre, or other tyre of a
soft and elastic material is used, the tyre may be round or
curved, and there may be upon the same projections or
bosses rising above the surface of the tyre, if such pro-
jections or bosses are of the same material as that of the
tyre itself, or of some other soft and elastic material. The
width of the tyre shall, for the purpose of this proviso, mean
the extreme width of the soft and elastic material on the rim
of the wheel when not subject to pressure.

4. The light locomotive shall have two independent
brakes in good working order, and of such efficiency that
the application of either to such locomotive shall cause two
of its wheels on the same axle to be so held that the wheels
shall be effectually prevented from revolving, or shall have
the same effect in stopping the light locomotive as if such
wheels were so held. Provided that, in the case of a bicycle,
this regulation shall apply as if, instead of two wl}eels on the
same axle, one wheel was therein referred to.

5. The light locomotive shall be so constrycted as to
admit of its being at all times under such contrlol as not to
cause undue interference with passenger or othe’r traffic on
any highway. ’
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6. In the case of a light locomotive drawing or con-
structed to draw another vehicle or constructed or used for
the carriage of goods, the name of the owner and the place
of his abode or business, and in every such case and in the
case of every light locomotive weighing unladen 1} ton or
upwards, the weight of the light locomotive unladen shall be
painted in one or more straight lines upon some conspicuous
part of the right or off side of the light locomotive in large
legible letters in white upon black or black upon white, not
less than 1 inch in height.

7. The light locomotive and all the fittings thereof shall
be in such a condition as not to cause, or to be likely to
cause, danger to any person on the light lccomotive or on
any highway.

8. There shall be in charge of the light locomotive when
used on any highway a person competent to control and
direct its use and movement.

9. The lamp to be carried attached to the light loco-
motive in pursuance of section 2 of the Act shall be so
constructed and placed as to exhibit, during the period
between one hour after sunset and one hour before sunrise,
a white light visible within a reasonable distance in the
direction towards which the light locomotive is proceeding
or is intended to proceed, and to exhibit a red light so
visible in the reverse direction. The lamp shall be placed
on the extreme right or off side of the light locomotive in
such a position as to be free from all obstruction to the
light.

Provided that this Regulation shall not extend to any
bicycle, tricycle, or other machine to which section 85 of
the Local Government Act, 1888, applies.

ArTICLE III.

No person shall cause or permit a light locomotive to be
used on any highway for the purpose of drawing any vehicle,
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or shall drive or have charge of a light locomotive when
used for such purpose, unless the conditions hereinafter set
forth shall be satisfied, namely :—

1. Regulations 2, 3, 5, and 7 of Article II. of this
Order shall apply as if the vehicle drawn by the light loco-
motive was therein referred to, instead of the light locomotive
itself, and Regulation 6 of the Article shall apply as if such
vehicle was a light locomotive constructed for the carriage of
goods.

2. The vehicle drawn by the light locomotive, except
where the light locomotive travels at a rate not exceeding 4
miles an hour, shall have a brake in good working order of
such efficiency that its application to the vehicle shall cause
two of the wheels of the vehicle on the same axle to be so
held that the wheels shall be effectually prevented from
revolving, or shall have the same effect in stopping the
vehicle as if such wheels were so held.

3. The vehicle drawn by the light locomotive shall, when
under the last preceding Regulation a brake is required to be
attached thereto, carry upon the vehicle a person competent
to apply efficiently the brake: Provided that it shall not be
necessary to comply with this Regulation if the brakes upon
the light locomotive by which the vehicle is drawn are so
constructed and arranged that neither of such brakes can be
used without bringing into action simultaneously the brake
attached to the vehicle drawn, or if the brake of the vehicle
drawn can be applied from the light locomotive indepen-
dently of the brakes of the latter.

ARTICLE IV,

Every person driving or in charge of a light locomotive
when used on any highway shall comply with the Regula-
tions hereinafter set forth, namely :—

1. He shall not drive the light locomotive at any speed
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greater than is reasonable and proper, having regard to the
traffic on the highway, or so as to endanger the life or limb
of any person, or to the common danger of passengers.

2. He shall not under any circumstances drive the light
locomotive at a greater speed than 12 miles an hour. If the
weight unladen of the light locomotive is 1} ton and does
not exceed 2 tons, he shall not drive the same at a greater
speed than 8 miles an hour, or if such weight exceeds 2 tons,
at a greater speed than § miles an hour.

Provided that whatever may be the weight of the light
locomotive, if it is used on any highway to draw any vehicle,
he shall not, under any circumstances, drive it at a greater
speed than 6 miles an hour.

Provided also that this Regulation shall only have effect
during six months from the date of this Order, and thereafter
until we otherwise direct.

3. He shall not cause the light locomotive to travel
backwards for a greater distance or time than may be
requisite for purposes of safety.

4. He shall not negligently or wilfully cause any hurt or
damage to any person, carriage, horse, or cattle, or to any
goods conveyed in any carriage on any highway, or, when
on the light locomotive, be in such a position that he cannot
have control over the same, or quit the light locomotive
without having taken due precautions against its being
started in his absence, or allow the light locomotive or
vehicle drawn thereby to stand on such highway so as to
cause any unnecessary obstruction thereof.

5. He shall, when meeting any carriage, horse, or cattle
keep the light locomotive on the left or near side of the
road,’ and when passing any carriage, horse, or cattle pro-
ceeding in the same direction keep the light locomotive on
the right or off side of the same.

6. .cde shall not negligently or wilfully prevent, hinder,
or interrupt the free passage of any person, carriage, horse,

|
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or cattle on any highway, and shall keep the light locomotive
and any vehicle drawn thereby on the left or near side of the
road for the purpose of allowing such passage.

7. He shall, whenever necessary, by sounding the bell
or other instrument required by section 3 of the Act, give
audible and sufficient warning of the approach or position of
the light locomotive.

8. He shall, on the request of any police constable, or of
any person having charge of a restive horse, or on any such
constable or person putting up his hand as a signal for that
purpose, cause the light locomotive to stop and to remain
stationary so long as may be reasonably necessary.

ARTICLE V.

If the light locomotive is one to which Regulation 6 of
Article 1I. applies, and the particulars required by that
Regulation are not duly painted thereon, or if the light
locomotive is one to which that Regulation does not apply,
the person driving or in charge thereof shall, on the request
of any constable, or on the reasonable request of any other
person, truly state his name and place of abode, and the
name of the owner, and the place of his abode or business.



APPENDIX C.

THE CARRIAGE OF PETROLEUM.

IN promulgating the following regulations relating to the
keeping, conveyance, and use of petroleum in connection
with light locomotives, the Secretary of State for the Home
Department desires to call public attention to the dangers
that may arise from the careless use of those more volatile
descriptions of petroleum to which these rules apply, being
petroleum to which the Petroleum Act, 1871 applies, and
commonly known as ‘“mineral spirit.”

Not only is the vapour therefrom, which is given off at
ordinary temperature, capable of being easily ignited, but
also, when mixed with air, of forming an explosive mixture.
Hence the necessity for strict precautions in dealing with and
handling the same, and for the employment of thoroughly
sound and properly closed vessels to contain the same, the
importance of avoiding the use of naked lights in dangerous
proximity to the same or to any place where such petroleum
may be kept, and generally of taking precautions to prevent
contact of the highly inflammable vapour of this very volatile
liquid with any form of artificial light.

REGULATIONS.

1. Petroleum shall not be kept, used, or conveyed, except
in tanks or cases of metal so made and closed that no
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leakage, whether of liquid or vapour, can take place there-
from, and so substantially constructed as not to be liable,
except under circumstances of gross negligence or extraor-
dinary accident, to be broken or become defective or insecure
in course of conveyance or use; and every air-inlet in any
such tank or case shall be at all times, except when the
valve, if any, is required to be removed for immediate use
or repair, protected by securely affixed wire gauze, the open-
ings in which shall not be less in number than 400 to the
square inch.

2. Every such tank or case shall be clearly stamped or
securely labelled with a legible metallic or enamelled label
with the words “ mineral spirit, highly inflammable, for use
with light locomotives.”

3. The amount of petroleum to be in any one such tank
or case at one time shall not exceed zo gallons.

4. There shall not be at the same time on or in any one
light locomotive, more than two of such tanks as aforesaid.

5. Before repairs are done to any such tank or case, that
tank or case shall, as far as practicable, be cleaned by the
removal of all petroleum and of all dangerous vapours
derived from the same.

6. When petroleum for use in, or in connection with any
light locomotive is not being so used, it shall be kept either
in accordance with the provisions of the Petroleum Acts, or
in such tanks or cases as aforesaid ; provided that the amount
of petroleum which may be so kept in tanks or cases as
aforesaid shall not exceed the amount of petroleum which
may be kept on or in any one light locomotive at the same
time, and that the tanks or cases shall be kept in the open
air, or in some suitably ventilated place.

7. The filling or replenishing of a tank with petroleum
shall not be carried on, nor shall the contents of any such
tank be exposed by artificial light, except a light of such
construction, position, or character as not to be liable to
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cause danger, and no artificial light shall be brought within
dangerous proximity of the place where any tank containing
petroleum is being kept.

8. In the case of all petroleum kept or conveyed for the
purpose of or in connection with any light locomotive (&) all
due precautions shall be taken for the prevention of accidents
by fire or explosion, and for the prevention of unauthorised
persons having access to any petroleum kept or conveyed,
and to the vessels containing or intended to contain, or
having actually contained the same; and (5) every person
managing or employed on or in connection with any light
locomotive shall abstain from every act whatever which tends
to cause fire or explosion, and which is not reasonably
necessary, and shall prevent any other person from com-
mitting such act.

9. These regulations shall come into operation on the
14tk day of November 1896, and be in force until further
notjce.

/
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APPENDIX D.

TAXES ON MOTOR CARRIAGES.

RULES COMING INTO FORCE ON IST JANUARY 1897.

ALL motor cars or power-propelled vehicles weighing less
than 1 ton, £1 1s. or 1§s. a year, in accordance to whether
they are used for private purposes or as public conveyances.
Motor cars above 3 tons in weight will be subject to' the
same tax. With four or more wheels, weighing between 1
and 2 tons, £4 4s. a year if used for private purposes ; i for
" hackney carriages or omnibuses, £2 17s. Over z and urder
3 tons, £5 5s. and £3 18s. respectively. Cars of this
class, with less than four wheels, between 1 and 2 tons,
A2 17s., whether used as private or public conveyances ;
and if weighing over 2 and under 3 tons, £3 18s.

In case of a car not being used for the first time until
1st October in any year, a reduction of 471 1s. if for private,
and of 7s. 6d. if for public, use will be made.
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CCOUNT of motor cars, desira-
bility of descriptive, 2
Accumulators or storage batteries,

159, 161, 163, 164, 168, 169, 170
or storage batteries, life of, 12,
157 )
or storage batteries, objections
to use of, 156, 157
Acid, carbonic, engines, 171, 172
Agricultural road locomotives, 26,
27
Air, compression of, upon car itself,
174, 175
condenser, 44, 65, 72, 154
engines, compressed, 172-176
heater, 118
American Electric Vehicle Com-
pany’s electric road carriage, 158-
160
American Machinist on Pennington
motor, I10-115
Appendix A, 178-180
B, 181-186
C, 187-189
D, 190
Apperson. Sez Haynes’ Oil Engine
Road Carriage
Arnold’s oil engine road carriage,
90-92

Auto-car Bill, 178-180
Auto-cars, maximum pull exerted
by, 9-12
tables of results of power and
duty tests of, 14, 15
Ayres. See Catley & Ayres’ Steam
Road Carriage

ELT gear, objections to use of,
on motor cars, 89
Benz oil motor, 91-92
oil motor, testing of, 11
Benzoline motors. See Internal
Combustion Engine Carriages
Bersey’s electric road carriage, 164-
166
Bicycles, motor, 113, 114, 153
Bill, The Auto-car, 178-180
Blackburn’s steam road carriage, 27,
44
steam generator, 44
Blocks of wood, wheel treads formed
of, 19
Bogard’s electric road carriage, 169,
170
Bogie, steam, 57-62
Boilers. See Steam Boilers or
Generators
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Bollée’s brake, 105
oil engine road carriage, 101-
105

Boll. See Petter, Hill, & Boll’s Oil
Engine Road Carriage

Bompas, compressed air engine loco-
motive, 173

Boothroyd tyres, tests with, 19

Boulton’s steam road carriage, 27

Bouton. See De Dion & Bouton’s
Steam Road Carriage

Brakes, 67, 80, 95, 105, 137, 160,
167, 168

Britannia Company’s oil engine,
138-145

Company’s oil motor road
carriages, 145-146

Brunel’s steam road carriage, 23

Bunsen burner, 88

Burners, 52, 88, 124, 125, 127, 151

ABOT. See Holtzer - Cabot
Electric Company
Caloric engines, 176, 177
engines, use of, for compressing
air, 175
Carbonic acid engines, 171, 172
dioxide. See Carbonic Acid
Carburators, 77, 82, 84-88, 97, 99,
106, 109, 117, 125, 126, 143-145,
148, 149, 150, I§I
Car, motor, regulations, 181-186
Carriage of petroleum, regulations,
187-189
Carriages, motor, taxes on, 190
See Steam Road Carriages;
Internal Combustion or Ex-
plosive Engine Carriages;
Electric Motor Carriages ;
Miscellaneous Motor Cars or
Power-Carriages

INDEX.

Catley & Ayres’ steam road carriage,
27, 34-36

Church’s steam road carriage, 26

Close steam road carriage, 42-44

Clutch transmission, 78, 79, 89, 105
112, 119, I20.

Coach, steam, 37-41

Compagnie Générale des Auto-
mobiles.  See Triouleyre’s Oil
Engine Road Carriage

Company promotion and horseless
carriages, 3-§

Compressed air engines, 172-176

leather tyres for wheels, 19
Compression ignition device, 150
of air upon car itself, 174, 175

Condenser, air, 44, 65, 72, 154

Cost per hour for horse-power, to
ascertain, 9

Consumption of fuel tests, 9

Conti. See Popp-Conti System of
Compressed Air Street Cars

AIMLER benzoline motor, 75-
78
carburator, 77, 82, 84-88
Dance’s steam road carriage, 26
Darracg’s oil engine, 151, 152
Dawson’s oil engine, 152
De Dion & Bouton boiler or steam
generator, 60-62
motor, 58, 60
steam road carriage, 45, 57-62
De La Vergne’s oil engine road
carriage, 71y 72
Dicycle. See Bicycle
Dioxide carbonic, 171, 172
Disc wheels, 42
Disengaging mechanism. See Clutch
Transmission
Dogcart, steam, 44
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Double motors, 12, 13
Dujardin accumulators or storage
batteries, 169, 170
Duryea car, maximum pull exerted
by’ 9, 10
oil engine road carriage, 98-101

ARLY examples of steam road
carriages, 20-44
Electricity, generation of, upon car
itself, 175
Electric cars, consumption tests, 9
cars, determining efficiency of,
9-12
cars, power and duty tests, table
giving results of, 14
motor, advantages of, 157, 158,
175
motor carriages, 155-170
motor, drawbacks to use of,
155-157, 176
motor, efficiency of, 12, 155-
158
Electrobat. See Morris & Salom’s
Electric Road Carriage
Embargo on motor cars, partial
removal of, 1
Enactments mentioned in Auto-car
Bill which do not apply to light
locomotives, 180
Engaging mechanism. Ses Clutch
Transmission
Engincering on company promotion,
35
Engineer, The, description of Brit-
annia Co. oil engine, 139-144
Engines. See Steam Engines; Petro-
leum Engines; Internal Combus-
tion Engine Carriages; Motor, &c.
Evans, Oliver, model steam carriage,
23
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Exhaust silencers, 31, 39, 43, 72,
92, 151, 152

Explosive engine.  Sec Internal
Combustion Engine Carriages

ACILE oil motor, 138-146
Feasibility of mechanical pro-

pulsion, 1

Feeder, oil, 118, 119, 124, 125, 126,
127, 133

Feed-pump, Rhodes’, 29, 30

Firms, old-established, development
of motor cars by, 2

Flashing or instantaneous genera-
tion boiler, 46, 48-52

Friction gear, objections to use of,
on motor cars, 89

Fuel consumption tests, 9

Fulmen elements, 168

Further early types of steam road

carriages, 26-44

ARRETT’S steam road car-
riage, 27
Gas motors, economy of cycle of, as
compared to steam, 10-11
Gasoline burners, 52, 88, 125, 127
motors. See Internal Com-
bustion Engine Carriages
Gear. See Transmission Gear;
Steering Gear, &c.
Generation of electricity upon the
car itself, 175
Generator, steam, Blackburn’s, 44
Catley & Ayres’, 36
De Dion & Bouton’s, 60-62
Field’s, 31, 33, 37, 39, 43
flashing or instantaneous, 46,
48-52
Gurney’s, 23
Hancock’s, 25
Hartley’s, 62, 63
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Generator, steam, high pressure, 46,
48-52, 60-62, 65, 66, 67

Howard’s, 48
Parks’, 48
Payne’s, 48
Porcupine, 66
Randolph’s, 39
Rhodes’, 29, 30
Sautenard’s, 67
Serpollet’s, 48-52
Shand & Mason’s, 41, 42
Simond’s, 66
Thornycroft’s, 65
Todd’s, 37
Tyson vase, 48
‘Water-tube, 46, 65
Yarrow & Hilditch’s, 27

Gibbon. See Britannia Company’s
Oil Engine.

Gills or wings for cooling cylinder,
103

Gladiator oil motor. See Darracq’s
Oil Engine

Glasgow Herald, description in, of
Randolph’ssteam road carriage, 38

Gnome oil engine. See Seck’s Oil
Engine for Road Carriages

Governors, 31, 104, 105, 117, 120,
121, 122, 136, 145, 146, 147, 148,
149, 161, 168, 170

Grenville’s steam road carriage, 27,
41, 42

Griffiths, steam road carriage, 23

Gurney’s steam road carriage, 23, 24

ANCOCK’S steam road car-
riage, 23, 24-26
Hartley’s steam road carriage, 45,
62, 63
Harvey, J., & Co., motor van, 92,
93

INDEX.

Haynes & Apperson’s oil engine
road carriage, 97, 98
Haynes car, testing of, for maxi-
mum pull, 10
oil engine road carriage, 96-98
Hele-Shaw, Professor H. S., on
resistance of tyres, 6, 13, 17, 18
Hertel’s oil engine road carriage, 96
High-pressure boilers, 46, 48-52,
60-62, 65, 66, 67
Hilditch. See Yarrow & Hilditch’s
Steam Road Carriage, 27, 28
Hill’s steam road carriage, 26
See also Petter, Hill, & Boll’s
Oil Engine Road Carriage.
Holt’s steam road carriage, 27, 30-

32
Holtzer-Cabot Electric Company,
162
Holtzer electric road carriage, 160-
162
Horseless carriages and company
promotion, 3-5
Horse-power unit, what is, 7-9
Hot-air or caloric engines, 176, 177
use of for compressing air, 175
Howard instantaneous steam gene-
rator, 48

GNITION devices, 72, 73, 77,
88, 91, 97, 104, 106, 107, 108,
109-111, 129-132, 134, 143, 149,
150, 151, 152, 153
Instantaneous generation, or flash-
ing steam generators, 46, 48-52
Internal combustion engine car-
riages, 69-154
objections to, 68-71
Internal vaporiser engines, ignition
device for, 107-110, 129-132, 144,
145
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Introduction, 1-19
Investing public, credulity of, 4, §

AMES’ steam road carriage, 26
Jeantaud’s electric road car-
riage, 167-169
steering gear, §2, 53

ANE - PENNINGTON.  See
Pennington’s Oil Engine Road
Carriage
Knight’s steam road carriage, 27,
33, 34

ATER early types of steam road
carriages, 27-44
Lawton & Co.’s works, tyre tests
at, 13, 17
Leather shod wheels for motor cars,
19
Le Blant’s engine or motor, §5, 56
steam road carriage, 45, 53-56
steering gear, 56
wheel, 55
Lepape’s oil engine, 149, 150
Lewis auto-cycle, testing of, for
maximum pull, 10
oil engine road carriage, 72-74
Light locomotives, enactments which
do not apply to, 180
Locomotive, compressed air, 173,
174
Longuemarre gasoline burner, 52,
88, 151
Loyal’s oil engine, 150, 151
Lundell’s electric motor, 12, 162
Lundie, J., report by, on motor cars,
6-13, 14-16
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Lutzmann’s oil engine motor van, 93
oil engine road carriage, 92, 93

ACERONE'S steam road car-
riage, 26
Macey car, testing of, for maximum
pull, 10
Mackenzie’s steam road carriage,
27, 42-44.
Master patents, none in connection
with motor cars, 2, 3
Maxim’s oil engine road carriage,
152, 153
Maximum pull exerted by auto-
cars, 9-12
Méharski compressed air system of
street cars, 174
Michilin, experiments by, with pneu-
matic tyres, 18
Miscellaneous motor cars or power-
carriages, 171-177
Modern type of Roots’ petroleum
engine, 136
Morris & Salom’s electric road car-
riage, 12, 162, 163
Motor, American Electric Vehicle
Company, 159, 160
Benz, 91, 92
Bollée, 103-105
Britannia Company (Gibbon’s
Patent), 138-146
car regulations, 181-186
carriages, taxes on, 190
Daimler, 75-78
Darracq (Gladiator), 151, 152
Dawson, 152
De Dion & Bouton, 58, 60
De La Vergne, 72
Duryea, 99, 100
Facile, 138-146
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Motor, Gibbon, 138-146
Gladiator, 151, 152
Gnome, 148, 149
Hertel, 96
Holtzer, 161
Le Blant, 55, 56
Lewis, 72, 73
Lepape, 149, 150
Loyal, 150, 151
Lundell, 162, 163
Maxim, 152, 153
Pennington, 106-115
Petter, Hill, & Boll, 94
Pygmée, 147, 148
Rechniéwski, 168, 169
Riotte, 153
Roots, 114-137
Sautenard, 67
Seck (Gnome), 148, 149
Serpollet, 48
Simonds, 66
Sintz, 97
Sturge, 163
Tenting, 150
Thornycroft, 63
Triouleyre, 153, 154

Motors, details and dimensions,

table of, 16
single and double, relative ad-
vantages of, 12, 13
Mueller’s oil engine road carriage,

98
Mufflers. See Exhaust Silencers
Murdoch’s steam road carriage, 22

N ATIONAL tyres, tests with, 19

OGLE. See Summers & Ogle’s
Steam Road Carriage.

INDEX.

Oil engines or motors. See Internal
Combustion Engine Carriages,
Motor, &c. .

feeders, 118, 119, 124, 125,
126, 127, 133, 134

Old-established firms, development
of motor car by, 2

Opposition, venomous, to motor
cars, 26

Oscillating oil engines, use of, on
road carriages, 150, 153

ANHARD-LEVASSOR’S oil
engine road carriage, 74-83
transmission clutch, 78, 79
Papin, Dr, invention of compressed
air engine by, 173
Park phaeton type of motor car,
95, 96
Parks’ flashing or instantaneous
generation boiler, 48
Parsey compressed air engine loco-
motive, 174
Patents, no master, in connection
with motor cars, 2, 3
Payne flashing or instantaneous
generation boiler, 48
Pennington’s oil engine road car-
riage, 106-115
Petrocar. See Roots & Venables’
Oil Engine Road Carriage
Petroleum, carriage of, regulations,
187-189
cars, table giving results of
power and duty tests of, 15
engines or motors. See Internal
Combustion Engine Car-
riages, Motor, &c.
Petter, Hill, & Boll’s oil engine road
carriage, 93-95
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Peugeot’s oil engine road carriage,
83-90
transmission clutch, 89
Pneumatic tyres, experiments with,
13, 17-19
Popp-Conti system of compressed
air driven street cars, 174
Porcupine boiler, use of, on motor
car, 66
Power and duty tests of electric cars,
table giving results of, 14
duty tests of internal combus-
tion engine cars, table giving
results of, 15
Propulsion, mechanical, feasibility
of, 1
Pull, maximum, exerted by auto-
cars, 9-12
Pygmée oil engine, 147, 148

AILWAYS, success of, effect
of, on motor car experiments,
26.
Randol on Pennington motor,
110-11§
Randolph’s steam road carriage, 27,
37-41
Rathlen, Baron von, compressed air
engine locomotive, 173, 174
Recent steam road carriages, 45-67
Rechniewski’s electric motor, 168,
169
Regan gas engine, application of
two spark mechanism to, 111
Regulations on carriage of petro-
leum, 187-189
motor car, 181-186
Report on motor cars by L. L.
Summers and J. Lundie, 6-13,
14-16
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Reversing arrangement for oil
engine, 127-129

Rhodes’ steam road carriage, 27,

- 28-30

Ricketts’ steam road carriage, 27

Riotte’s oil engine road carriage, 153

Road locomotives, first application
of rubber tyres to, 44

Roads, poor condition of, 26

Road steamer, 44

Robinson, Dr, suggested use of
steam-engine in motor cars by, 22

Roger’s oil engine carriage, 95, 96

Roots’ oil engine road carriage,
115-136

Roots and Venables’ oil engine
road carriage, 136, 137

Roscoe, Sir Henry E., on tension of
carbonic acid, 171

Rotary steam-engine, application of,
to road carriage, 62

AFETY device, 167, 168
Salom. See Morris & Salom’s
Electric Road Carriage
Sautenard’s steam velocipede, 45,
66, 67
Sautter, Harlé, et Cie., trials by, of
De Dion & Bouton generator, 62
Savery, use of steam-engine in
motor cars by, 21
Seck’s oil engine, 148, 149
Segmental blocks of wood, wheel
treads composed of, 19
Seguin, L. Sez Seck’s Oil Engine
Serpollet’s steam generator, 48-52
steam road carriage, 45, 46-53
Shand & Mason’s steam boiler or
generator, 41
Shaw. See Hele-Shaw, Prof. H. S.
Silencer, exhaust, 31, 39, 43, 72,
151, 152
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Simonds’ steam velocipede,
66
Single motors, comparative value
of, 12, 13
Sintz gasoline engine, 97
Slack on engine shaft and brasses,
arrangement for taking up, 136
Society of Engineers’ description of
Yarrow & Hilditch’s steam car-
riage, 27
Speed - regulating devices.
Governors.
Spring motors, 172
Steam bogie, 57-62
brake on road carriage, 67
Steam boiler or generator—
Blackburn, 44
Catley & Ayres, 36
De Dion & Bouton, 60-62
Field, 31, 33, 37, 39, 43

45,

See

flashing or instantaneous
generation, 46, 48-52
Gurney, 23

Hancock, 25

Hartley, 62, 63

High pressure, 46, 48-52,

60-62, 65, 66, 67

Howard, 48

Parks’, 48

Payne, 48

Porcupine, 66

Randolph, 39

Rhodes, 29, 30

Sautenard, 67

Serpollet, 48-52

Shand & Masor, 41, 42

Simonds, 66

Thornycroft, 65

Todd, 37

Tyson vase, 48

Yarrow & Hilditch, 27
Steam coach, Gurney, 23, 24

INDEX.

Steam engine, advantages of, for the
propulsion of road carriages,
20, 21, 45
engine, disadvantages of, for
the propulsion of road car-
riages, 45, 46
road carriages, early examples
of, 20-44
road carriages, recent examples
Of) 45'67
vans, 45, 63-65
Steering gear—
Bersey, 166
Bollée, 101, 102, 105
Catley & Ayres, 35
De Dion & Bouton, 58
Duryea, 100
Grenville, 42
Gurney, 23, 24
Hancock, 25
Hertel, 96
Holt, 31, 32
Holtzer, 162
Jeantaud, 52, 53
Knight, 34
Le Blant, 56
Lewis, 73
Lutzmann, 92
Mackenzie, 44
Morris & Salom, 163
Mueller, 98
Petter, Hill, & Boll, 95
Randolph, 40
Rhodes, 29
Roots & Venables, 137
Thornycroft, 64, 65
Todd, 37
Stifle box. See Exhaust Silencer
Storage batteries. See Accumu-
lators
Street cais, use of compressed air
for propulsion of, 174
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Sturge’s electric car or road car-
riage, 12, 163, 164

Subject, method of treating, 5, 6

Success of motor cars, 1

Summers & Ogle’s steam road car-
riage, 26

Summers, L. L., report on motor
cars by, 6-13, 14-16

Symington’s, William, model steam
carriage, 22

ABLE of details and dimen-
sions of motors, 16
of horse-power, 8
of power and duty tests of
electric cars, 14
of power and duty tests of
petroleum cars, 15
of results of experiments with
various tyres, 17
Tandem engine, use of, on steam
carriage, 65
Tangye’s steam carriage, 27
Taxes on motor carriages, 190
Tenting oil engine, 150
Tests, fuel consumption, 9
Theory, avoidance of, 6
Thompson’s steam road carriage,
27, 44
Thornycroft’s steam van, 45, 63-65
Three-cylinder engine, use of, on
motor cars, 149, 150, 152, 153
Times Herald, motor-car race or-
ganised by, 6
Todd’s steam road carriage, 27, 37
Tolls on steam carriages, heavy, 23
Torpedo engine, use of, on motor
( r, 44
Transmission gear—
American Electric Vehicle
Company, 159, 160
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Transmission gear—continued.
Arnold, go, 91
Benz, 11
Bersey, 166
Bogard, 169
Bollée, 105
Britannia Co., 146
Catley & Ayres, 35
De Dion & Bouton, 58, 59,
60
De La Vergne, 72
Duryea, 100, 101
Grenville, 41, 42
Hancock, 24, 25
Haynes, 97
Holt, 30
Holtzer, 161, 162
Jeantaud, 168
Le Blant, 56
Lewis, 73
Lutzmann, 92
Mackenzie, 43
Morris & Salom, 162, 163
Panhard - Levassor, 78 - 8o,
82
Pennington, 112
Petter, Hill, & Boll, 94, 95
Peugeot, 89, 9o
Rhodes, 28
Roots, 116, 119-120
Roots & Venables, 137
Serpollet, 47, 48
Sturge, 163
Thornycroft, 63
- Todd, 37
Triouleyre, 154
Trautwine, table on horse-power, 8
Trevethick & Vivian’s steam road
carriage, 22
Tricycle, motor, 119, 120, 153
Triouleyre’s il engine road carriage,
153, 154
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Tyres, various, experiments with,
13, 17-19

Tyson vase, instantaneous generator,
48.

NCONSUMED carbon voided
by petroleum cars, 10
Unit, horse-power, 7-9

ALVE opening mechanisms.
See Internal Combustion En-
gines
Van, oil motor, 92, 93, 96
steam, 63-65
VaPOl'isel's» 77, 82, 84, 88) 97, 99
106, 109, 17, 125, 126, 143, 145,
148s 149, 150, 151
Vaporiser, internal type of engine,
ignition device for, 129, 132,
144-145
Vase, Tyson, engine and generator,

48
Venables. Sez Roots & Venables
. Vibration in motor cars, 12
motor bicycle, 114

INDEX.

Victoria with Pennington motor,
111-114
Vivian. See Trevethick & Vivian

AGGON. Sec Van, Oil
Motor ; Van, Steam
Water-tube boiler, 46, 65
Watt, James, ascertaining of horse-
power by, 7
use of steam-engine in motor
car by, 22
Wheels, Le Blant’s, 55
of motor cars, importance of,
13
Peugeot’s, 84
shod with compressed leather,
19
with wood block treads, 19
Wings or gills for cooling cylinder,
103

ARROW & HILDITCH’S
steam carriage, 27, 28
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GLOUCESTER RALWAY CARRIGE ANI]
WAGON CO. LT,

GLOUCESTER.
LoNDON OFFICE—I10 CANNON STREET, E.C.

CARRIAGES, OMNIBUSES, VANS, and
TROLLIES of every description con-
structed to suit all kinds of MOTORS.

Gloucester Railway Carriage and Wagon Co. Ltd.

Established 18680.
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THE “IDEAL” TYRE.

PATE N '.I.‘E D.

PERFECTION RUBBER TYRE.
FOR LIGHT AND HEAVY VEHICLES.
GUARANTEED NOT TO ROLL OUT.

Over
This is no :

36,000 PAIRS

Experiment, . .

in use in

see )

. the United
opposite,
States.

We compress the Rubber, so that if it is cut, it
- closes up, and no material injury is mfhcted,
and consequently wears smooth.

AN EXAMINATION OF THE PRINCIPLE OF OUR TYRE CONVINCES YOU
OF ITS SUPERIORITY OVER ALL OTHERS.

Sole Manufacturers for the United Kingdom—

J. W. & T. CONNOLLY,
85 and 67 WHARFDALE ROAD,
And ALBION WORKS, KING'S CROSS, LONDOY, X,



"LES.
ACCUMULATORS

ARE

UNAPPROACHED

FOR

TRACTION WORK.

CAPACITY & DURA BILITY
GUARANTEED.

Apply for Full Particulars to

THE L.ES. AGCUMULATOR c0. LD,
78 & 79 PALACE CHAMBERS, BRIDGE ST,

WESTMINSTER, LONDON, S.W,



iv ADVERTISEMENTS,

A J. WALLIS-TAYLER, G.E, AMIGE

17 Yictoria Road, Kilburn, and 333 High Holborn,
LONDON.

Machinery Inspections, Boiler Inspections, Reports and Surveys.
Assistance afforded to Inventors in Working out and Patenting
their Inventions. Working and other Drawings. Technical
Transactions from or into French. Expert Evidence. &c. &c.

AUTHOR OF

Modern Cycles. A Practical Handbook on their Construc-
tion and Repair. Crown 8vo, 356 pages, with 304 illus-
trations. Cloth, 10s. 6d., post free.
¢ A most oomgtehensive and up-to-date treatise.”— 7Ae Cycl.

‘“ A very useful book, quite entitled to rank as a standard work for
students of cycle construction.”— Wheeling.

Refrigerating and Ice-Making Machinery. Crown 8vo,
300 pages, 87 illustrations. Cloth gilt, 7s. 6d.
¢“ One of the best compilations on the subject. The description of the

different refrigerating machines, and the principles on which they act, are

described with an intelligent appreciation of the means and the end.”—

The Engincer.

LONDON: CROSBY LOCKWOOD & SON.

Sugar Machinery. Crown 8vo, 314 pages, 52 illustrations.
Cloth gilt, ss.

‘A thoroughly useful work, giving detailed descriptions of the machines
used in the various processes, and many practical hints which will be of great
value to those in charge of them.”—Sowth American Journal.

Bearings and Lubrications. Crown 8vo, 220 pages,
78 illustrations. Cloth gilt, 3s. 6d.

¢“May be studied with advantage and profit by both the machinery
owner and the attendant. . . The hints it gives may be the means of saving
a good deal of time and trouble with machinery.”—Zke Machinery Market.

LONDON: RIDER & SON LIMITED.

The Sanitary Arrangement of Dwelling Houses.
Crown 8vo, 206 pages, 133 illustrations. Cloth, 2s. 6d.
¢ This book will no doubt be largely read, and will, we venture to think,
be of considerable service to the public.”— 7%e Lancet.

LONDON: CROSBY LOCKWOOD & SON,




CrosBy Lockwoobp & Son's

LIST OF WORKS

ON

CIVIL, MECHANICAL,
MARINE anxo ELECTRICAL
ENGINEERING.

A Complete Catalogue of NEW and STANDARD
WORKS oa MINING and COLLIERY WORK-
ING; ARCHITECTURE and BUILDING; The
INDUSTRIAL ARTS, TRADES and MANU.
FACTURES, CHEMISTRY and CHEMICAL
MANUFACTURES; AGRICULTURE, FARM.
ING, GARDENING, AUCTIONEERING, LAND.
AGENCY, &c. Post Free on Application.,

LONDON:
7, STATIONERS' HALL COURT, LUDGATE HILL, E.C.,
AND
12la, Victoria Street, Westminster, S.W,
1911,



Messrs, CROSBY LOCKWOOD & SON beg
to announce that they have been appointed
Agents for the sale of the series of “ BOOKS
FOR HOME STUDY,” issued under the
American School of Correspondence, Chicago.
These books are both practical and scientific,
written by experts whose experience and stand-
ing make them authorities on the subjects
which they treat. A full descriptive list will
be sent post free on application,




LIST OF WORKS

ON

CIVIL, MECHANICAL, ELECTRICAL
anp MARINE ENGINEERING.

ACETYLENE, LIGHTING BY. Generators, Burners, and

Electric Furnaces. By WiLLiam ‘E. Gies, M.E. With 66 Illustrations.
Crown8vo,cloth . . . . . . .+ .+ . < . 7/6

AERIAL NAVIGATION. A Practical Handbook on the Con-
struction of Dirigible Ball A& , Aéropl , and Airships. By
FREDERICK WALKER, C.E., Associate Member of the Aéronautic Institute.
Second Edition, thoroughly revised and enlarged. 176 pages, with 128 Illus-
trations. Crown 8vo. cloth . . . « [Just Publisked. Net B|O

THE LAWS OF FLIGHT—AYROSTATICS ~AEBRO DYNAMICS—AY ROPLANES IN PRACTICE

—MOTIVE POWER—SCREW PROPULSION FOR AHROPLANES AND AIRSHIPS—AIRSHIPS

AND DIRIGIBLR ABROSTATS—CONSTRUCTION—AEROPLANES AND AIRSHIPS IN USE—

ANTOINETTE MONOPLANE—SANTOS DUMONT MONOPLANE—WRIGHT BIPLANE—FARMAN

BIPLANE—MO )RE-BRABAZON BIPLANE -DE DION MULTIPLANE—SALMSON AUTOPLANE

~VUTTON-HUBER HELICOPTERE.

AERIAL OR WIRE ROPE-WAYS. Their Construction and
Management. By A. J. Watruis-TAvLER, A.M.Inst.C.E. 250 piges with
155 Illustrations. Demy 8vo, cloth . . [Just Published. Net 7/l
¢ This is probab'y the only complete treatise nn the subject,”—=Crvil Engineering,
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Describing the Britannia and Conway Tubular Bridges. With a Sketch of
Iron Bridges, &c. By G. D. Dempsey, C.E. Crown 8vo,cloth ., 2/0

CALCULATOR (NUMBER. WEIGHT, AND FRACTIONAL).
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CRUSHING AND GRINDING MACHINERY PRACTICE.
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quur ATxiNsoN, A.M., Ph.D. Cm'n Bvo, cloc.b, 4:7 pp., with 180
Illustrations . 10/8

DYNAMO BUILDING. I'IOW T0 MAKE A DYNAMO.
ncdal Treatise for Anumn. A.l.nn Crorrs. Crcwn

IO
DYNAMO EI.ECT RIC MACHINERY. Its Construcuon,
Design E&m\mn In Two Volumes (sold separately).

Vol. 1.—DIR. T MACHINES. B SAHUIL SHELDON, A.M.,
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Crown 8vo, cloth . . . . . . . e . e
EARTHWORK TABLES, HANDY GENERAL. Giving the
Contents in Cubic Yards of Centre and Slopes of Cuttings and Embankments
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Electrical Engineers. By J. W. URQUHART. Crown 8vo, cloth . . 8/0
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ELECTRIC LIGHTING. By Aran A, CAMPBELL SWINTON,
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ELECTRIC LIGHTING AND HEATING POCKET BOOK.
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ELECTRIC MOTORS: THEIR ACTION, CONTROL, AND
APPLICATION. By Francis B. Crocker, E.M., Ph.D., Professor of
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ELECTRIC POWER CONDUCTORS. By Ww. A. DEL Mar,
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336 pages, with numerous Illustrations . . . . . . Net9/O
MATERIALS AND GAUGES—TESTING WIRE AND CARLE—ELECTRICAL PROPER.
TIES—INSTALLATION—INSULATION AND INSULATED CONDUCTORS—DEPRECIATION AND
DETERIORATION—DETERMINATION OF SIZ& FOR GIVEN VOLTAGE—DROP AND POWER
LOSS—=THIRD RAIL CIRCUITS—DETERMINATION OF SIZE FOR GIVEN STRESS IN SPANS
— RAIL BONDS — SPECIFICATIONS — TABLES OF INDUCTANCE, REACTANCE, AND
CAPACITY, &C.
ELECTRIC SHIP-LIGHTING. A Handbook on the Practical
Fitting and Running of Ships' Electrical Plant. By J. W. URQUHART.
Fourth edition, revised and enlarged. Crown 8vo, clotb. [/us? published 7/8

ELECTRIC-WIRING, DIAGRAMS & SWITCH-BOARDS.
.’??' NewToN HaRrrisoN, E.E., Instructor of Electrical Engineering in the
ewark Technical School. Crown 8vo, cloth . . . . Net §/0
THE BEGINNING OF WIRING—CALCULATING THE SIZE OF WIRE—A SIMPLE
ELECTRIC LIGHT CIRCUIT CALCULATED—ESTIMATING THE MAINS, FEEDERS, AND
BRANCHES — USING THE BRIDGE FOR TESTING— THE INSULATION RESISTANCE—
WIRING FOR MOTORS—WIRING WITH CLEATS, MOULDING AND CONDUIT—LAYING-OUT
A CONDUIT SYSTEM—POWER REQUIRED FOR LAMPS— LIGHTING OF A ROOM—
SWITCHBOARDS AND_THEIR PURPOSE—SWITCHBOARDS DESIGNED FOR SHUNT AND
COMPOUND-WOUND DYNAMOS—PANEL SWITCHBOARDS, STREET RAILWAY SWITCH
BOARDS, LIGHTNING ARRESTERS—THE GROUND DETECTOR—LOCATING GROUNDS—
ALTERNATING CURRENT CIRCUITS—THE POWER FACTOR IN CIRCUITS—CALCULATIQN
QF SIZES OF WIRE FOR SINGLE, TWO AND THREE-PHASE CIRCUITS.
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ELECTRICAL AND MAGNETIC CALCULATIONS. For
the Use of Electrical Engineers and Artisans, Teachers, Students, and all
others interested in the Theory and Application of Elzcmcuf and Magnetism,
By A. A. ATxiNsoN, M.S., Professor of Physics and Eecmcny n Ohio
University, Athens, Ohio. Crown 8vo, cloth PN . Net 9©/0

ELECTRICAL CALCULATIONS (ELEMENTARY) A
Manual of Simple Engineering Mathematics, covering the whole field of
Direct Current Calculations, the Basis of Alternating Current Mathematics,
Networks and Typical Cases of Cnrcuus, wnh Aﬁpendlccs on Specnai
Subjects. By T. O’CoNor SLoank, A.M., E.M., Ph.D., author of *The
Standard Electrical Dnclwnary o314 pages, 43 Illust.rauons. Crown 8vo,
cloth ee e . . . Net9/0

ELECTRICAL DICTIONARY. A Po ular Encyclopzdia of
Words and Terms Used in the Practice of Electrical Engineering. By T.
O'CoNor SLOANE, A.M., E.M., Ph.D., &c. Fourth Edition, with Appendix.

690 pages and nearly 4oo Tllustrations. Large crown 8vo, cloth . et 7/8

ELECTRICAL ENGINEERING. A First-Year's Course for
Students. By Tyson SEweLL, A.L.E.E., Lecturer and Demonstrator in
Electrical Engineering at the Polytechmc, Regent Street, London. Fourth
Edition, Revised, with additions. Large crown 8vo, clol.h. 466 ﬁp" wnth
277 Illustrations L

OHM'S LAW—UNITS EMPLOYED IN ELECTRICAL Encmnnmuc-snmns AND

PARALLEL CIRCUITS — CURRENT DENSITY AND POTENTIAL DROP IN THE CIRCUIT-—=~

THE HEATING EFFECT OF THE ELECTRIC CURRENT—THE MAGNETIC EFFECT OF AN

ELECTRIC CURRENT—THE MAGNETISATION OF IRON—ELECTRO-CHEMISTRY—PRIMARY

BATTERIES— ACCUMULATORS—INDICATING INSTRUMEBNTS—AMMETERS, VOLTMBTERS,

OHMMETERS—ELECTRICITY SUPPLY METERS—MEASURING INSTRUMENTS, AND THR

MEASUREMENT OF ELECTRICAL RESISTANCE — MEASUREMENT OF POTENTIAL Dir.

FERENCE, CAPACITY, CURRENT STRENGTH, AND PERMEABILITY—ARC LAMPS—INCAN.

DESCENT LAMPS — MANUFACTURE AND INSTALLATION —PHOTOMETRY — THE CON.

TINUOUS CURRENT DYNAMO—DIRECT CURRENT MOTORS—ALTERNATING CURRENTS

~TRANSFORMERS, ALTERNATORS, SYNCHRONOUS MOTORS—POLYPHASE WORKING—

APPENDIX 1., THE THREE-WIRE SYSTEM—APPENDIX 1I., QUESTIONS AND ANSWERS,

ELECTRICAL ENGINEERING (ELEMENTARY). In
Theory and Practice. A Class Book for Junior and Senior Students and
Working Electricians. By J. H. ALEXANDER. With nearly 200 Illusirations.
Crown 8&vo, cloth . . . [ ' . . . . Net 3/68

FUNDAMENTAL PRINCIPLES—ELECTRICAL CURRENTS—SOLENOID COILS, GALVANO.

METERS — VOLTMETERS —MEASURING INSTRUMENTS — ALTERNATING CURRENTS—

DYNAMO ELECTRIC MACHINES—CONTINUOUS CURRENT DYNAMOS—INDUCTION, STATIC

TRANSFORMERS, CONVERTERS—MOTORS—PRIMARY AND STORAGE CBLLS—ARC LAMPS

~—INCANDESCENT LAMPS—SWITCHES, FUSES, &C.—CONDUCTORS AND CABLES— ELEC.

TRICAL ENERGY METERS—SPECIFICATIONS —GENERATION AND TRANSMISSION OF

ELECTRICAL ENERGY—GENERATING STATIONS.

ELECTRICAL ENGINEERING, GENERAL LECTURES
By C. ProTEUS STEINMETZ, A.M., Ph.D. Third edition, compiled

and edn‘.ed by J. LERoy HAYDEN, 284 pp., with Diagrams. Medium 8vo, cloth.
Net 8/6

ELECTRICAL TRANSMISSION OF ENERGY. A Manual
for the Design of Electrical Circuits. By ARTHUR VAUGHAN ABBOTT, C.E.,
Member American Institute of Electrical Engineers, Member Amemxn
Institute of Mining Engineers, Member American Society of Civil Engineers,
Member American Society ot' Mechanical Engineers, &c. Fourth ition,

entirely Re-written and Enl d, with Tables, »6 Plates, and
n]early 400 other lllustrations, Royal Bvo, 700 pages. St.rongly boung /3
cloth . . . . . . . . .

INTRODUCTION=THE PROPERTIES OF WlKF-THE LUN:FRUCTION OF AERIAL
CIRCUITS—GENERAL LINE WORK—ELECTRIC RAILWAY CIRCUITS—PROTBCTION—THR
CONSTRUCTION OF UNDERGROUND CIRCUIT3—CONDUITS—=CABLES AND CONDUIT CONs
DUCTORS—SPECIAL RAILWAY CIRCUIT—THE INTERURBAN TRANSMISSION LINE—THE
THIRD RAIL—THE URBAN CONDUIT—ELECTRICAL INSTRUMENTS—METHODS OF ELECs
TRICAL MEASUREMENT — CONTINUOUS-CURRENT COUNDUCTORS — THE HEATING OF
CONDUCTORS—CONDUCTORS FOR ALTBRNATING CURRENTS—SERIES DISTRIBUTION—
PARALLEL DISTRIBUTION—~MISCELLANEOUS METHODS—POLYPHASE TRANSMIS3ION-=
THR COST OF PRODUCTION AND DISTRIBUTION,

.
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ELECTRICAL TRANSMISSION OF ENERGY—THREE-=-
PHASE TRANSMISSION. A Practical Treatise on the Economic
Conditions Governing the Transmission of Elecmc Ener; Egy by Und und
and Overhead Conductors. By WiLLiam Brew, M.LLE. late Chle xpert
Assistant, Dublin Corporation Electricity Supply 186 with 83
illustrations. Demy 8vo, cloth . . (Just publis, d. Net 7/6

E.H.P. TRUNK MAINS OF EXTENSIVE SCHEMES—ELECTRICAL, FINANCIAL, AND
LEGAL CONSIDERATIONS—SPECIAL FEATURES OF OVERHEAD TRANSMISSION, TRANS-
MISSION LOSSHS: COPPER, DIELECTRIC, AND SHEATH LOSSES UNDER WORKING
CONDITIONS—INFLUENCE OF BOARD OF TRADE REGULATIONS. WORKING PRESSURR :
LIMITING VALUES WITH UNDERGROUND MAINS—BREAKDOWN STRENGTH OF PAPER
INSULATED CABLES—VARIATION OF DIELECTRIC STRENGTH WITH TEMPERATURE—
RELATION OF WORKING PRESSURE TO DIELECTRIC LOsS. THE CONTROL OF E.H.P.
TRUNK MAINS; SWITCHBOARD CONSTRUCTION — TIME ELEMENT RELAYS AND
AUTOMATIC OIL SWITCHBS—PRECAUTIONS NECESSARY WITH TIME ELEMENT SWITCHES,
IMPEDANCE, HARMONICS, &C.: IMPEDANCE AND CAPACITY OF THREE AND FOUR
CORE CABLES—PRESSUFE RISE FROM RESONANCE—POWER SURGES—REFLECTED
‘WAVES. EARTHING: RESONANCE PHENOMENA IN EARTH WIRE—ELECTROSTATIC
METHODS OF TESTING INSULATION ON E.H.P. SYSTEMS. LINE APPLIANCES. REGULA-
TIONS REGARDING OVERHEAD LINES—NUMERICAL CALCULATIONS BY SYMBOLIC
METHOD—MISCELLANEOUS FORMULA, &C., &C.

““ The work is one of considerable value to the student because it treats of phenomena not
usually well handled in text-books.”= Electricity.

ELECTRICITY AS APPLIED TO MINING. By ArnoLD
LorroN, M.Inst.C.E., M.I.Mech.E., M.IL E.E., late Professor of Coal
Mining at the Yorkshire College, Victoria University, Mlmn Engineer
and Colliery Manager ; G. D. AspiNaLL Parr, M.LE.E., A M. .Mech E.,
Associate of the Central Technical College, City and Gmlds of Lond
of the Electrical Engineering Department, Yorkshire College, Vlctona
University ; and HERBERT PERKIN, M. M.E., Certlﬁwed Colliery Manager,
Assistant_Lecturer in_the Mining Department of the Yorkshire College,
Victoria Universit; z Second Edition, Revised and Enlarged. Medium 8vo,
cloth, 300 pp., with about x70 Illustrations . . . . . Net 12/0

INTRODUCTORY—DYNAMIC ELECTRICITY—DRIVING OF THE DYNAMO—THE STEAM

TURBINE—DISTRIBUTION OF ELECTRICAL ENERGY—STARTING AND STOPPING ELEC-

TRICAL GENERATORS AND MOTORS—ELECTRIC CABLES—CENTRAL ELECTRICAL PLANTS

—ELECTRICITY APPLIED TO PUMPING AND HAULING—ELECTRICITY APPLIED TO COAL

CUTTING—TYPICAL ELECTRIC PLANTS RECENTLY ERECTED—ELECTRIC LIGHTING BY

ARC AND GLOW LAMPS—MISCELLANEOUS APPLICATIONS OF ELECTRICITY—ELECTRICITY

'?i lgmnun WITH OTHER MODES OF TRANSMITTING POWER—DANGERS OF ELEC-

*The book is a good attempt to meet a gro want, and is well worthy of a place in
mining engineer's library " 7he Blectrician, © wing want, ¥ of a place in the

ELECTRICITY IN FACTORIES AND WORKSHOPS : ITS
COST AND CONVENIENCE. A Handbook for Power Producers and
Power Users. ByA. P. HasLaM, M.LE,E. 328 pp., with numerous Illustra-
tions, Largecrown8vo,cloth . ., ., . . .+ . Net7/8

THE ELECTRIC MOTUR AND ITS ACCESSORIES—THE DIRECT CURRENT MOTOR—

THE ALTERNATING CURRENT MOTOR—THE STARTING AND_ SPEED REGULATION OF

ELECTRIC MOTORS—THE RATING AND EFFICIENCY OF ELECTRIC MOTORS—THR

PROVISION OF ELECTRIC ENERGY—THE COST OF ENERGY AS AFFECTED BY CONDITIONS

OF WORKING—THE QUESTION FOR THE SMALL POWER USER—INDEPENDENT GENERAT-

ING PLANTS—OIL AND GAS ENGINE PLANTS—INDEPENDENT GENERATING PLANTS—STEAM

PLANTS~POWER STATION TARIFFS—THE _APPLICATIONS OF ELECTRIC POWER—THE

USE OF ELECTRIC POWER IN TEXTILE FACTORIES—ELECTRIC POWER IN PRINTING

‘WORKS—THE USE OF ELECTRIC POWER IN ENGINEERING WORKSHOPS—MISCELLANEOUS

APPLICATIONS OF ELECTRIC POWER—THE INSTALLATION OF ELECTRIC MOTORS—THE

LIGHTING OF INDUSTRIAL ESTABLISHMENTS.

* The author has done his work well, and produced a book which will rank among the best of
its kind.”— Electricity.
‘* Altogether the book is one which should do good service to the electrical industry,”—
Electrical Industries,

ELECTR'CITY. A STUDENT’S TEXT-BOOK. By H.
Noap, F.R.S. 650 pp.. with 470 Illustrations. Crown8vo . . 9/0

ELECTRICITY, POWER TRANSMITTED BY, AND
APPLIED BY THE ELECTRIC MOTOR, including Electnc Railway
Construction. By PHILIP ATKINSON, A.M., Ph.D., author of * Elements of
Static Electricity.” Fourth Edition, Enlarged, Crown 8vo. cloth, 224 Py
withovergoIllustrations . o+ & & ¢ o o 5
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ELECTRO =IPLATING AND ELECTRO - REFINING OF
ALS. Being a new edition of Alexander Watt's * Electro-D:

Revued and Largely Re-written by ArNoLp PuiLip, Assoc. R.S. M., B.Sc.,
A.LE.E,, F.I.C, Principal Assistant to the Admiralty Chemist, formuly
Chief Chemist to the Engineering Departments of the India Office, and some-
time Assistant Professor of Electrical Engineering and Apphed Physlu at t.lu
Heriot-Watt College, Edinburgh. Second edition, revised
numerous lllustrations. Large crown 8vo, cloth, (/xs? Mluhni tyz 12/3

ENGINEERING DRAWING. A WORKMAN’S MANUAL.
By Jonn Maxton, Instructor in Engineering Drawing, Royal Naval
College, Greenwich. Eighth Edition. 300 Platesand Diagrams. rownsvg.

coth . . . + « . . . 0 0 0. .

“ A copy of it should be kept for reference in every drawing office.”—Engincering.
BNGINBBRING ESTIMATES, COS'I‘.S. AND ACCOUNTS

A Guide to Commercial Engin
demoll(dlwnchtWork.llmll }L‘ i Stcan' ines and
Steam Boilers; and a Section on the Preparation of Costs Accounts. By
A GenzzaL Mawager. Third B.dmon. Revised and Corrected. 2!
8vo, cloth. [Just pudlis hed. :H/Q

“Tlulnfomuhnllgimhaphh.m!gh snd bears
of the of the author with luuo(ccmmucm -
-lhthankcllg'orld. ever P M

BNGINEERING PROGRESS (l863-6) By Wu. HUMBER,
nst.C.E. Complete in Four Vols. Containing 148 Double Plates,
‘mh Pom;:nu and Copw2112)u.‘c|iptlve Lett 3 }‘Ilnp. “oi.lh";
; or each Volume sold separal
£38 8s. per Volume Descriptive List of Coutul: on application. v

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

Me “A dessrvedly populer work. It should be in the ‘drawee’ of every mechanic.”—English

ENGINBBR’S I'IANDBOOI(. A Practicsa(.I TrutiseA:dn Modern
Engines and e, and ing
.wwm?nm.’wmumm;’ t Practice
in Designing and Constructing all kinds of es‘Botkn.lndothu

i The whole constituting a compr ve Key to the Board
ol ndendoth«knmimiouluC«tiﬁutudCompetencymHed«n
lgﬁua WaLter S. Hutroxn, Civil and Mechanical
Sne- Andwtof “ ‘orks' Manager's Handbook for Engineers,” &c.
490 11l Seventh Edmon, Revised and Enln.rs%
Medium 8vo, 576 pp.. stronglybound . . . ([Jast dublished. 1
" tnforma down In simple language, and be emil

peredic e e, 0 ey & ety £ St et e ey S

zntmmnnm of reforence. " manﬂm e

- F:nauummwuhmdnmmuddmum

ENGINEER’'S, MECHANIC’S, ARCHITECT’S
BUILDER'S, &c., TABLES AND MEMORANDA. Selected and
Arranged by Francis Smit.  Seventh Edition, inclodi
Enlxnlmm TasLzs, FormMuLE, and Nuoumu. an-pocku sise,

p . e e
L] best the dimen
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ENGINEER’S YEAR-BOOK FOR 1911, Comprising

Formulz, Rules, Tables, Data and Memoranda. Forming a Compendium
of the Modern Practice of Civil, Mechancial, Electrical, Marine, Gas, and Mine
Engineering. By H. R. Kempg, M.Inst.C.E,, M.I.E.E., Electrician to the
Post Office, Formerly Principal Staff Engineer, Engineer-in-Chief's Office,
General Pos' Office, London, Author of ** A Handbook of Electrical Testing.”
With the Collaboration of Eminent Specialists. 1,200 pp., with 1,000
Illustrations, specially engraved for the work. Crown 8vo, leather.

[Just Published. 10/6

LIST OF CONTRIBUTORS

Among the many Engineers and others who have furnished valuable informa-
tion, or assisted in the revision of the present or former issues, the following call for
special recognition :—Wwn. H. Boor#, C.E. (Cotton Mills, Cranes. Fuels, Gas, Oil,
and Air Engines, Pumps, Steam Engines and Boilers, Steam Turbines, &c-); Prof.
C. A. Carus-WiLsoNn, M A.,, M.LLE.E, (Electrical Engineering); BRrvsson
CunNINGHAM, B.E., AAM.I.C.E. (Harbours and Docks); E. HENrRy Davigs,
F.G.S. (Gold-Mining); ALex. DrRew, M.I.Mech.E. (Reinforced Concrete); Prof.
T. CLaxToN FIDLER, M.Inst.C.E. (Girders and Bridges) ; PERcY A. HILLHOUSE,
B.Sc.,, M.I.LN.A. (Naval Architecture and Marine Engineering); W. HoWARD-
SmitH, A.M.Inst.C.E. (Electrical Engineering, Tramways, Railways); GEORGE
HugHes, M.I.Mech.E. (Locomotives); G. H. LancHesTER (Motor Cars); H.
O'ConNoR, F.R.S.E., A.M.I.C.E. (Gas and Gas Works); C. SEymour, C.E.
(Railways, Piles, Dams, Caissons) ; E. J. SiLcock, M.Inst.C.E., F.G.S. (Sanitary
Engineering); HERBERT STONE (Timber); OswaLp STorT (Ventilation) ; J. VEITCH
WiLson (Lubrication); The ENGINEERS of the principal British Railway Companies
(Locomotives, Rolling Stock, and Permanent-Way Plant).

ENGINEMAN’S POCKET COMPANI?!:I, and Practical Edu-
an

cator for E Boiler Attend < By MicuAEL
RevnoLps. With 45 Illustrations and numerous Diagrams. Fifth Edition.
Royal 18mo, strongly bound for pocket wear . . . . . .

EXCAVATION (EARTH AND ROCK). A Practical Treatise

by CHARLEs Prerini, C.E. 365 pp., with Tables, many Diagrams and
Engravings. Royal 8vo, cloth ~ . P « +« « .+ Net 18/0

FACTORY ACCOUNTS: their PRINCIPLES & PRACTICE.
A Handbook for A and Manufacturers, with appendices on the
nomenclature of machine details ; the Income Tax Acts; the Rating of Fac-
tories; Fire and Boiler Insurar.ce, &c. Including also a glossary of terms and
a large number of specimen rulings. By E. GARCKE and J. M. FeLLs. Sixth

Edition, Revised and considerably extended. 314 pages. Demy 8vo, cloth.
[Just published. Net G-

FOUNDATIONS AND CONCRETE WORKS. With Practical
Remarks on Footings, Planking, Sand and Concrete, Béton, Pile-driving,
Caissons, and Cofferdams. By E. Dosson. Crown8vo . ' . 1/8

FUEL, ITS COMBUSTION AND ECONOMY. Consisting
of an Abridgment of “A Treatise on the Combustion of Coal and the
Prevention of Smoke.” By C. W. WirLL1aums, A.Inst.C.E. With extensive
Additions by D. KINNEAR CLARK, M.Inst.C.E.  Fourth Edition. Crown
8vo,cloth . . . . . . 38/86

FUELS: SOLID, LIQUID, AND GASEQUS. Their Analysis
and Valuation. For the use of Chemistsand Engineers. By H. J. PuiLLIPS,
F.C.S,, formerly Analytical and Consulting Chemist to the Great Eastern
Railway, Fourth Edition. Crown 8vo,cloth . . o . 2/0

GAS AND OIL ENGINE MANAGEMENT. A Practical
Guide for Users and Attendants, being Notes on Selection, Construction, and
Management. By M. Powis BaLg, M.Inst.C.E., M.I.Mech.E. Author of
* Woodworking Machinery,” &c. Third Edition, Enlarged, with an additional
Chapter on Gas Producers. Crown 8vo, eloth [ Just published. Net 3|8

SELECTING AND FIXING A GAS ENGINE— PRINCIPLES OF WORKING, &C.—FAILURES

AND DEFECTS—VALVES, IGNITION, PISTON RINGS, &C.—0IL ENGINES—GAS PRODUCERS

—RULES, TABLES, &C,
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GAS ENGINE, A HANDBOOK ON THE. A Practical
Treatise on the Design, Construction and Running of Internal Combustion
Engines. By HErRMAN HaEDER, Civil Engineer, Wiesbaden. Translated
from the German, with the addition of numerous useful tables and other
matter by WirLiam M. Huskisson, A M.ILE.E. About 350 pages, with
500 Illustrations and Tables. Small 4to. [/% preparation. Price about Net 15/Q

GAS ENGINEER’S POCKET-BOOK. Comprising Tables,
Notes and Memoranda relating to the Manufacture, sttnbutlon, and Use of
Coal Gas and the Construction of Gas Works. By H.O" CONNOR, A.M.Inst.
C.E. Third Edition, Revised. Crown 8vo, leather . . Net 10/8

GAS ENGINEERING. See PropuceR GAs PRACTICE AND
INDUSTRIAL GAS ENGINEERING.

GAS-ENGINE HANDBOOK. A Manual of Useful Infor-

mation for the Designer and the Engmeer. By E. W. Rosnk‘rs, M.E.
With Forty Full-page Engravings. Small F'cap. 8vo, leather, . ¢ 8/68

GAS ENGINES, With Appendix describing a Recent Engine
with Tube Igniter. By T. M. GoopevE, M.A. Crown 8vo,cloth . 2/8

GAS ENGINES. See also INTERNAL CoMBUSTION ENGINES.

GAS-ENGINES AND PRODUCER-GAS PLANTS. A
Treatise setting forth the Principles of Gas Engines and Producer Design,
the Selection and Installation of an Engine, the Care of Gas Engines and
Producer-Gas Plants, with a Chapter on Volatile Hydrocarbon and Oil
Engines. By R. E. MaTHoT, M.E. Translated from the French., With a
Preface by DucAaLp CLERK, M.Inst.C.E., F.C.S. Medium 8vo, cloth.
310 pages, with about 150 Illustrations . . 12/0
MOTIVE POWER_AND COST OF INSTALLATION—SELECTION OF AN ENGINE—-

INSTALLATION OF AN ENGINE—FOUNDATION AND EXHAUST—WATER CIRCULATION—

LUBRICATION—CONDITIONS OF PERFECT OPERATION—HOW TO START AN ENGINE—PRE-

CAUTIONS—PERTURBATIONS IN THE OPERATION OF ENGINES—PRODUCER-GAS ENGINES

—PRODUCER-GAS—PRESSURE GAS-PRODUCERS—SUCTION GAS-PRODUCERS—OIL AND

VOLATILE HYDROCARBON BNGINES—THE SELECTION OF AN ENGINE,

GAS MANUFACTURE, CHEMISTRY OF. A Practical
Manual for the Use of Gas Engineers, Gas Managers and Students. By
HaroLp M. Rovig, F.C.S., Chief Chemical Assistant at the Beckton Gas
Works. Demy 8vo, cloth. 340 pages, with numerous Illustrations and

Coloured Plate . . . Net 12/6

PREPARATION OF STANDARD SOLUTIONS—ANALYSIS OF COALS—DESCRIPTION OF
VARIOUS TYPES OF FURNACES—PRODUCTS OF CARBONISATION AT VARIOUS TEMPERA-
TURES—ANALYSIS OF CRUDE GAS—ANALYSIS OF LIME—ANALYSIS OF AMMONIACAL
LIQUOR—ANALYTICAL VALUATION OF OXIDE OF IRON—ESTIMATION OF NAPTHALIN—
ANALYSIS OF FIRE-BRICKS AND FIRE-CLAY—ART OF PHOTOMETRY—CARBURETTED
WATER GAS—APPENDIX CONTAINING STATUTORY AND OFFICIAL REGULATIONS FOR
TESTING GAS, VALUABLE EXCERPTS FROM VARIOUS IMPORTANT PAPERS ON GAS
CHEMISTRY, USEFUL TABLES, MEMORANDA, &C

GAS WORKS. Their Construction and Arrangement, and the
Manufacture and Distribution of Coal Gas. By S. HuGHEes, C.E. Ninth
Edition. Revised, with Notices of Recent Improvements by HENRY
O'CONNOR, A.M.Inst.C.E. Crown 8vo, cloth ., . . . . 6/0

GEBOMETRY. For the Architect, Engineer, and Mechanic. By
E. W. TArN, M.A., Architect. 8vo, cloth . 9

- 9/0
GEOMETRY FOR TECHNICAL STUDENTS. By E.

H. SPRAGUE, A.M.Inst.C.E. Crown 8vo, cloth . . . Net1/0
GEOMETRY OF COMPASSES. By OLIVER ByraE. Coloured
Plates. Crown 8vo, cloth . « s+« +« .« . . 88

GUNNERY. See RecoiL oF GUNS.
HEAT, EXPANSION OF STRUCTURES BY. By Joun

KeiLy, C.E. Crown 8vo, cloth . . 3/8
HOISTING MACHINERY. Includmg the Elements of Crane

Construction and Descnpuom of the Various Types of Cranes in Use. By
Josepn HoRNER, A.M.LLM.E. Crown 8vo, cloth, with 215 lllustrauons,
including Folding Plates +  «  «  « v 4 o ., Net7
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HYDRAULIC MANUAL. Consisting of Working Tables and
y Text. 1 ded as & Guide in Hydraulic Calculations uad Field

Opentlons. By Lowis D'A. jAcxson. Fourth Edmon, Enlarged Large
crown 8vo, clof . . 18/0

HYDRAULIC POWER ENGINEERING. A Pra.ctlca.l Manual
on the Concentration and Transmission of Power by Hydraulic Machinery.
By G. CrovDON MaRrks, A.M.Inst.C.E. Second Edition, Fnlarged, with
about 240 Illustrations. 8vo, cloth . . t 10/6
SUMMARY OF CONTENTS :— PRINCIPLES OF HYDRAULICS—THE FLOW op WATBR—
HYDRAULIC PRESSURES—MATERIAL—TEST LOAD~PACKING FOR SLIDING SURFACES
—PIPE JOINTS—CONTROLLING VALVES—PLATFORM LIFTS—WORKSHOP AND FOUNDRY
CRANES—WAREHOUSE AND DOCK CRANES—HYDRAULIC ACCUMULATORS—PRESSES
FOR BALING AND OTHER PURPOSES—SHEET METAL WORKING AND FORGING MACHINERY
—HYDRAULIC RIVETERS—HAND AND POWER PUMPS—STBAM PUMPS—TURBINES—
IMPULSE TURBINES—REACTION TURBINES—DESIGN OF TURBINES IN DETAIL—WATER
wunan—HgDmuuc ENGINES—RECENT ACHIBVEMENTS—PRESSURE OF WATER—
ACTION OF PUM
HYDRAULIC TABLES, CO-EFFICIENTS, & FORMULZE.
For Fmdlaﬁ the Discharge of Water from Orifices, Notches, Weirs, Pipes, and
Rivers. ith New Formule, Tables, and General Information on Rain-fall,
Calchmem Basins, Drainage, Sewerage Water Supply for Towns and Mill
Power. N‘OHN NeviLrg, C.E., M. k. Third Edmon, revtsed with
additions. umerous Illustrations. Crown 8vo, cloth . . 14/0

INTERNAL COMBUSTION ENGINES. Thelr Theory, Con-
struction, and Operation. By RorLrA C. CARPENTER, M.M.E., LL.D,, and
H. Diepericus, M.E., Professors of Experimental Englneerlng. Sibley
Colleﬁe, hComelf University. 610 pages, with 373 Illustrations. Medium
8vo, clot| . .

INTR:)DLCTION, DEFINITIONS AND CLASSIFICATIONS, INDICATED AND BRA{g
HORSE-POWER—THERMODYNAMICS OF THE GAS ENGINE—THEORETICAL COMPARISON
OF VARIOUS TYPES OF INTERNAL COMBUSTION ENGINES—THE VARIOUS EVERTS OF THE
CONSTANT VOLUME_AND CONSTANT-PRESSURE CYCLE AS MODIFIED BY PRACTICAL
CONDITIONS—THE TEMPERATURE ENTROPY DIAGRAM APPLIED TO THE GAS ENGINE—
COMBUSTION—GAS ENGINE FUELS, THE SOLID FUELS, GAS PRODUCERS—THE GAS-
ENGINE FUELS, LIQUID FUELS, CARBURETERS AND VAPORISERS—GAS ENGINE FUELS,
THE GAS FUELS, Ti:B FUEL MIXTUKE EXPLOSIBILITY, PRESSURE, AND TEMPERATURE
—THE HISTORY OF THE GAS ENGINE—MODERN TYPES OF INTERNAL COMBUSTION
ENGINBS—GAS ENGINE AUXILIARIES, IGNITION, MUFFLERS, AND STARTING APPARATUS
—REGULATION OF INTERNAL COMBUSTION ENGINES—THE ESTIMATION OF POWER OF
GAS ENGINES—METHODS OF TESTING INTERNAL COMBUSTION ENGINES—THE PER-
SORMANCF. OF GAS ENGINES AND GAS PRODUCERS—COST OF INSTALLATION AND OF

PERATION.
IRON AND METAL TRADES' COMPANION. For Ex-
Eedmously Ascertaining the Value of any Goods bought or sold by Weight,
om 1S. per Cwt. to II25. per CWt., and from one farthing per pound to one
shnllmg per pound. By ThHomas Downie. Strongly bound in luthe:,

IRON AND STEEL. A Work for the Forge, Foundry, Factory,

Office. Containing ready, useful, and trustworthy Information for Iron-

masters and their Stock-takers; Msnagers of Bar, Rail, Plate, and Sheet

Rolling Mills; Iron and Metal Founders; Iron Ship and Bndge Bullders,
Mechanical, Mmmg, and Consulting Engmeers, Architects,

Builders, &c. By CHARLES Hozms. Author of *‘ The Slide Rule, &c. Nmt.h

Edition. 32mo, leather . . . 86/0

IRON AND STEEL CONSTRUCTIONAL WORK, as applied
to Public, Private, and Domestic Buildlngs. By Francis Caumrin, C.E,
Crown 8vo, cloth . . /6

IRON & STEEL GIRDERS. A Gra.phlc Table for facﬂltatmg
the Computation of the Weights of Wrought iron and Steel Girders, &c..
for Parliamentary and other Estimates. B} J. H WaTson Bucx. M.Inst.C.E.
Ona Sheet. . 16

IRON-PLATE WEIGHT TABLES. For Iron Shipbuilders,
Engineers, and Iron the Calculated Weights of
upwards of 150,000 dlﬁerem sizes of lron Plates from 1 foot by 6 in. by } in.
to 10 feet by 5 feet by 2 in. Worked out on the Basis of 40 Ibs. to the square
foot of Iron of 1 inch in thickness. By H. BURLINSON and W. H., SiMPSON,
4to, halfbound . . . . . . . . ., £1 bs,
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IRRIGATION (PIONEER). A Manual of Information for
Farmers in the Colonies. By E. O. MawsoN, M.Inst.C.E., Executive
Engineer, Public Works Department, Bombay. With Chapters on Light
Railways by E. R. CaLTHrop, M.Inst.C.E., M.L.M.E. ith Plates and
Diagrams. ~Demy 8vo, cloth « « « +« « + . Net10/8

VALUE OF IRRIGATION, AND SOURCES OF WATER SUPPLY—DAMS AND WEIRS—

CANALS—UNDERGROUND WATER—METHODS OF IRRIGATION—SEWAGE IRRIGATION—

IMPERIAL AUTOMATIC SLUICE GATES—THE CULTIVATION OF IRRIGATED CROPS, VEGE-

TABLES, AND FRUIT TREES—LIGHT RAILWAYS FOR HEAVY TRAFFIC—USEFUL

MEMORANDA AND DATA.

LATHE PRACTICE. A Complete and Practical Work on the
Modern American Lathe. By Oscar E. PerriGo, M.E., Author of
‘' Modern Machine Shop Construction, Equip and 8! " &c.
Medium 8vo, ¢24 pp., 3715 Illustrations. Cloth . + + Ne12/0
HISTORY OF THE LATHE UP TO THE INTRODUCTION OF SCREW THREADS—ITS
DEVELOPMENT SINCE THE INTRODUCTION OF SCREW THREADS—CLASSIFICATION OF
LATHES—LATHE DESIGN: THE BED AND ITS SUPPORTS—THE HEAD-STOCK CASTING,
THE SPINDLE, AND SPINDLE-CONE—THE SPINDLE BEARINGS, THE BACK GEARS, AND THE
TRIPLE-GEAR MECHANISM—THE TAIL STOCK, THE CARRIAGE, THE APRON, &C.=
TURNING RESTS, SUPPORTING RESTS, SHAFT STRAIGHTENERS, &C.—~LATHE ATTACH-
MENTS—RAPID CHANGE GEAR MECHANISM—LATHE TOOLS, HIGH-SPEED STEEL, SPEEDS
AND FEEDS, POWER FOR CUTTING TOOLS, &C.—TESTING A LATHE—LATHE WORK—
ENGINE LATHES—HEAVY LATHES—HIGH-SPEED LATHES—SPECIAL LATHES—REGULAR
TURRET LATHES—SPECIAL TURRET LATHES—ELECTRICALLY-DRIVEN LATHES,

LATHE-WORK. A Practical Treatise on the Tools, Appliances,
and Processes employed in the Art of Turning. By Paur N. HasLuck.
Eighth Edition. Crown 8vo, cloth . .. . N . . 8/0

‘*We canm safely recommend the work to young engineers. To the amateur it will simply be
invaluable,”—Enginecer,

LAW FOR ENGINEERS AND MANUFACTURERS.
See EvEry MaN's OwN LAwyer. A Handybook of the Principles of Law
and Equity. By a Barrister.  Forty-ei ht{ (1g11) Edition, Revised and
Enlarged, including Abstracts of the Legislation of 1910 of especial interest to
Engineering Firms and Manufacturers, Large crown 8vo, cloth, 838 pages.

[Just published, Net /8
* No Englishman ought to be without this book.”—Engineer.
“Qught to be in every business establishment and all libraries.”—Skegie/d Post,

"It is a complete code of English Law written in plain , which all car understand,
« + . Should be in the hands of every business man, and all who to abolish lawyers’ bills,”—
Weekly Times,

“ A useful and concise epitome of the law, compiled with considerabl "—Law

LEVELLING, PRINCIPLES AND PRACTICE OF. Show-
ing its Application to Purposes of Railway and Civil Engineering in
the Construction of Roads; with Mr. TELFORD's Rules for the same. By
FrEDERICK W. Stmms, M.Inst.C.E. Ninth Edition, with LAw’s Practical
Examples for Setting-out Railway Curves, and TRAUTWINE's Field Practice
:l Laying-out Circular Curves. With 7 Plates and numerous Woodcéx/t;
VO ¢+ v e e e e e e e e

*The publish have dered a service to the profession, especially to the
younges members, by bringing out the present edition of Mr. Simms's useful work.”—Engincering.

LIGHTNING CONDUCTORS, MODERN. An Illustrated
Supplement to the Report of the Lightning Research Committee of 1g0s, also
the Pheenix Fire Office 1910 Rules, with Notes as to the Methods of Pro-
tection, and Specifications. By KiLLiNGworTH HEepGEs, M.Inst.C.E.,
M.1I.E.E., Honorary Secretary to the Lightning Research Committee. Second
edition, with additions. 132 pages with Illustrations. Medium 8vo, cloth.

Net 6/8

* The work now app with some addi that bly eah: its value,"—Scotsman,

“The mast impertant innovation is the Pheenix Co.’s Rules.” There are several new illustra.

tions, including 1 remarkable picture of the interior of Barham Church, which was struck with
lightning on February 8, 1906."—/ronusmonger.

** Some 77 illustrations are included, many of which are of a particularly interesting nature,

especially those showing the effect of lightning strokes on p d and unp d buildi *

—Hardware Trade Fournal,
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LOCOMOTIVE ENGINE. The Autobiog phl of an old Loco:
motive Engine. By RoszxtT WEaTHERBURN, M.1.M With Illustrations
and Portraits of GEORGE and ROBERT STRPHENSON. MNa 2/8

LOCOMOTIVE ENGINE DEVELOPMENT. A Popular
Treatise on the Gradual Improvements made in Rail Engites between
1803 and 1905. By CrLEmzNT C. S'rnrron, C.E Edition, Revised
and Enlarged. Crown 8vo, cloth . + Nt 4/8

LOCOMOTIVE ENGINE DRIVING. A Practlcal Manual for
Engineers in Charge of Locomotive Engines. By Micuarr ReynoLDS,
M.S.E. Twelfth Edition. Crown 8vo, cloth, 8/@; cloth boards /8

LOCOMOTIVE ENGINES. A Rudimentary Treatise on. By
G. D. Dempsey, C.E. With large Additions treating of the Modern Loco-
motive, by D. K. CLArk, M.Inst.C.E. With Illustrations. Crown 8vo, cloth

LOCOMOTIVE (MODEL) ENGINEBR. Fireman and Engine
Comprising a Historical Notice of the Pionecr Locomotive Engine
:llz ‘hdmr invemon. By Mlcnun Rmouu. Crown 8vo, doth IG

LOCOMOTIVES, THE APPLICATION OF HIGHLY
SUPERHEATED STEAM TO. See STEAM.

MACHINERY, DETAILS OF. Comprising Instructions for
the Execution of various Works in Iron in the Fitting Sho, Foundry.
Boiler Yard. By Francis Caupin, C.E. Crown 8vo, clotK

MACHINE SHOP TOOLS. A Practical Treatise dw:nbmg
in e detail the Construction, Operation and tion of both Hand
and v;drzchlne Tools ; being a work of Pncnal lns.trnuqztnll:n in all Classes of
Modem Machine Shop P includ: on Filing, Fitting and

Surfaces ; on Drills, Reamers, Taps and Dies; the Lathe and its

Tools laners, Shapers and theerools Milling Mu:hmenndCuttm Gear

Cuttets and dear mng Drrilling Mu:hms and Drill Work; Gnndmg

Machines and their Work; Hardening and Tempering, Gunn Belting,

and Transmission Machnmy, Useful Data and Tables. By W. H. Van

DxrvoorT, M.E. lllustrated by 673 Engravings. Medium sv;' 21/0
(13

MAGNETOS FOR AUTOMOBILISTS : How Made and How
Used. A Handbook of Practical Instruction in the Manufacture and Ada ta-
tion of the Magneto to the needs of the Motorist. By S. R. BoTToNE,
of the Colleglo del Carmine, Turin ; Author of *‘ The Dynamo,” ¢ Ignmon
Devices,” &c. Second l'.dluon, l-.nlarged 118 pages. th 52 lllustrauom
Crown 8vo, cloth . Net 2/0

MARINE ENGINEERING. An Elementary Manual for Young

Marine Engi s and Appr . By J.S. BREWER. Crown 8vo, cloth.

MARINE ENGINEER’S GUIDE to Board of Trade Exam-
inations for Certificates of Comp all Latest Questions to
Due, wnh Sim Jle. Clear, and Correct Soluti ;302 E y Qu

Answers, and Vetb-l Ouuuons and Answers ; complete Set
of l: g gs with S { C. Wuum,CB Consult.
ing Englreer,lnd x W. 1. WanNAN, M.I.M.E., Certificated First Class

Marine Kng With Eagravings. i-‘onnh Edition, En ed.

s00 pages. Luge crown8vo,cloth . . . . . . Ne10/8

MARINE ENGINEER'S POCKET-BOOK. Containing latest
rade Rules and Data for Marine Engineers. By A. C. Wamnnax.

Flﬁh Bdmon 186 pages, Illusu‘nled Square 18no. with thumb Index,
leather . . .+ .+ [P . e Net 4/8.
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MARINE ENGINES AND BOILERS. Their Design and
Construction. A Handbook for the Use of Students, Engineers, and Naval
Constructors, Based on the Work * Berechnung und Konstruktion der

hiffsmaschinen und Kessel,” by Dr. G. BAuEr, Engineer-in-Chief of the
Vulcan Shipbuilding Yard, Stettin, Translated from the Second German
Edition by E. M. DonkiIN, and S. BryaNn Donkin, A.M.L.C.E. Edited
by LESLIE S. ROBERTSON, Secretary to the Engineering Standards Com.
mittee, M.I.C.E., M.LM.E., M.LLN.A,, &c. With numerous Illustrations
and Tables. Medium 8vo, cloth . . . . . . . Net 28/0
SUMMARY OF CONTENTS :—PART L.—MAIN ENGINES—DETERRMINATION OF CYLIN-

DBR DIMENSIONS—THR UTILISATION OF STEAM IN THE ENGINE—STROKE OF PISTON

~NUMBER OF REVOLUTIONS—TURNING MOMENT—BALANCING OF THE MOVING PARTS

~—ARRANGEMENT OF MAIN ENGINES—DETAILS OF MAIN ENGINES—THE CYLINDER—

VALVES—VARIOUS KINDS OF VALVE GEAR—PISTON RODS—PISTONS—CONNECTING

ROD AND CROSSHEAD — VALVE GEAR RODS — BED PLATES — ENGINE COLUMNS —

REVERSING AND TURNING GEAR. PART IL—PUMPS—AIR, CIRCULATING FEED, AND

AUXILIARY PUMPS, PART III.—SHAFTING, RESISTANCE OF SHIPS, PROPELLERS

—THRUST SHAFT AND THRUST BLOCK—TUNNEL SHAFTS AND PLUMMER BLOCKS—

SHAFT COUPLINGS—STERN TUBE—THE SCREW PROPELLER—CONSTRUCTION OF THR

SCREW. PART 1V.—PIPES AND CONNECTIONS—GENERAL REMARKS, FLANGBES,

VALVES, &C.—UNDER WATER FITTINGS—MAIN STEAM, AUXILIARY STEAM, AND

EXHAUST PIPING—FEED WATER, BILGE, BALLAST AND CIRCULATING PIPES. PART V.—

STEAM BOILERS—FIRING AND THE GENERATION OF STEAM—~CYLINDRICAL BOILERS.

— LOCOMOTIVE BOILERS — WATER-TUBR BOILERS— SMALL TUBE WATER - TUBRE

BOILERS—SMOKE BOX—FUNNEL AND BOILER LAGGING—FORCED DRAUGHT—BOILER

FITTINGS AND MOUNTINGS. PART VL—MEASURING INSTRUMENTS, PART VIL—

VARIOUS DETAILS—BOLTS, NUTS, SCREW THREADS, &C.—PLATFORMS, GRATINGS,

LADDERS — FOUNDATIONS — SEATINGS — LUBRICATION — VENTILATION OF ENGINE

ROOMS—RULES FOR SPARE GEAR. PART VIIL—ADDITIONAL TABLES,

MARINE ENGINES AND STEAM VESSELS. By R.
Murray, C.E. Eighth Edition, thoroughly Revised, with Additions by
the Author and by GEorGE CArLISLE, C.E. Crown 8vo, cloth . . 4/8

MARINE STEAM TURBINE. A practical Description of the
Parsons Marine Turbine as presently constructed, fitted, and run, intended for
the use of Students, Marine Engineers, Superintendent Engineers, Draughts-
men, Works' Managers, Foremen Engineers, and others. By J. W. SOTHERN,
Member Institute of Engineers and Shipbuilders in Scotland ; Hon. Member,
West of Scotland Foremen Engineers' and Draughtsmen’s Association;
Principal, Sothern’s Marine Engineering College, Glasgow ; Member,
Association of Engineering Teachers. Previous editions translated into the
French, German, Spanish, and Dutch languages. Illustrated by over 180
Diagrams, Photographs, and Detail Drawings. Third edition, Re-written and
greatly enlarged. Lfedium 8vo,cloth . . . . Net 1

MARINE STEAM TURBINES. A Handbook for the use of
Students, Engineers, and Naval Constructors. Based on the work
‘¢ Schiffsturbinen.” By Dr. G. BAuEr, Engineer-in-Chief of the Vulcan
Shl]ibuilding Yard, Stettin, and O. LascHE, Engineer-in-Chief of the Steam
Turbine Works of the A.E.G., Berlin. Translated from the Gerinan by
M. G. S. SwaLrow. With 104 Illustrations and Tables  [In preparation.

MASONRY DAMS FroM INCEPTION To COMPLETION.

Including numerous Formule, Forms of Specification and Tender, Pocket
Di of Forces, &c. For the use of dlvil and Mining Engineers. By
C. F. CourTNEY, M.Inst.C.E. 8vo,cloth . . . . . . 9/0

MASTING, MAST-MAKING, AND RIGGING OF SHIPS.

Also Tables of Spars, Rigging, Blocks; Chain, Wire,and Hemp Ropes, &c.,
relative to every class of vessels. By R. KippING. Crown 8vo,cloth 2/0

MATERIALS AND CONSTRUCTION. A Theoretical and
Practical Treatise on the Strains, Designing, and Erection of Works of Con-
struction. By F. CaMpIN, Crown 8vo, cloth P f . [o]
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MATERIALS, A TREATISE ON THE STRENGTH OF.
By P. BarLow, F.R.S., P. W. BarLow, F.R.S., and W. H. Barrow, F.R.S.
Edited by Wn. HumBer, A.M.Inst.C.E. 8vo,cloth. . . . 18

* The standard treatise on that 4 subject.”—ZEng .

MATHEMATICAL TABLES. For Trigonometrical, Astrono-
mical, and Nautical Calculations; to which is prefixed a Treatise on
Logarithms, by H. Law, C.E. With Tables for Navigation and Nautical
Astronomy. By Prof. J. R. Young. Crown8vo,cloth ., . . 4/0

MEASURES: BRITISH AND AMERICAN CUSTOMARY
AND METRIC LEGAL MEASURES. For Commercial and Technical
Purposes, forming the Measure Section of Part I. of “The Mechanical
Engineer’s Reference Book.,” By NELsoN FoLey, M.I.N.A. Folio, cloth. e

Net T/

MEASURES : LEGAL STANDARDS — [.LINEAL — SQUARE —CUBIC AND CAPACITY—
WEIGHT—-COMPOUND UNITS-~VELOCITY AND SPEED—~MEASURES OF GRAVITY—MASS—
FORCE — WORK —POWER — ELECTRICAL — HEAT — MOMENTS — ENERGY—MOMENTUM —
CENTRIFUGAL FORCE—ANGLES—EQUIVALENTS : CUSTOMARY MEASURES TO METRIC,
AND vice versa—LINEAL—SQUARE—CUBIC AND CAPACITY—~WEIGHTS—MONEY (ENGLISH,
AMERICAN, AND FRENCH),

MECHANICAL ENGINEERING. Comprising Metallurgy,
Moulding, Casting, Forging, Tools, Workshop Machinery, Mechanical
Manipulation, Manufacture of the Steam Engine, &c. =By Francis
CampiN, C.E. Third Edition. Crown 8vo,cloth . , , . (1

MECHANICAL ENGINEERING TERMS. (Lockwood’s
Dictionary). Embracin% terms current in the Drawing Office, Pattern
Shop, Foundry, Fitting, mninﬁhSmitbs', and Boiler Shops, &c. Comprising
upwards of 6,000 Definitions. Kdited by J. G. HORNER, A.M.I.M.E. ~Third
Edition, Revised, with Additions. Crown 8vo, cloth . . . Net 7/6

ME%HANICAL ENGINEER’S COMPANION.  Areas,

ircuamferences, Decimal Equivalents, in inches and feet, millimetres,
uares, cubes, roots, &c.; Strength of Bolts, Weight of Iron, &c.; Weights,
easures, and other Data. Also Practical Rules for Engine Proportions. By
R. Epwarps, M.Inst.C.E. F'cap. 8vo, cloth .« .« . . 8/8

MECHANICAL ENGINEER’S POCKET-BOOK. Comprising
Tables, Formule, Rules, and Data: A Handy Book of Reference for
Daily ,Use. in Engineering Practice. By D. KiNNEAR CLARK, M.Inst.C.E.,
Sixth Edition, thoroughllg Revised and Enlarged. By H. H. P. PowLEs,
A.M.Inst.C.E.,, M.LM.E, Small 8vo, 700 pp., Leather . . Net 8/0

MATHEMATICAL TABLES — MEASUREMENT OF SURFACES AND SOLIDS — ENG-

LISH WEIGHTS AND MEASURES — FRENCH METRIC WEIGHTS AND MEASURES—

FOREIGN WEIGHTS AND MEASURES—MONRYS — SPECIFIC GRAVITY, WEIGHT, AND

VOLUME — MANUFACTURED METALS — STEEL PIPBS — BOLTS AND NUTS — SUNDRY

RTICLES IN WROUGHT AND CAST IRON, COPPER, BRASS, LEAD, TIN, ZINC—

TRENGTH OF MATERIALS — STRENGTH OF TIMBER—STRENGTH OF CAST IRON —

STRENGTH OF WROUGHT IRON—STRENGTH OF STEEL—TENSILE STRENGTH OF COPPER,

LEAD, &c.—RESISTANCE OF STONES AND OTHER BUILDING MATERIALS—RIVETED JOINTS

IN BOILER PLATES—BOILER SHELLS—WIRE ROPES AND HEMP ROPES — CHAINS AND

CHAIN CABLBS—FRAMING—HARDNESS OF METALS, ALLOYS, AND STONES—LABOUR OF

ANIMALS—MECHANICAL PRINCIPLES—GRAVITY AND FALL OF BODIES—ACCELERATING

AND RETARDING FORCES—MILL GEARING, SHAFTING, &c.—TRANSMISSION OF MOTIVE

POWER — HEAT—COMBUSTION: FUELS—WARMING, VENTILATION, COOKING STOVES—

STEAM—STEAM ENGINES AND BOILERS—RAILWAYS—TRAMWAYS — STEAM SHIPS —

PUMPING STEAM ENGINES AND PUMPS—COAL GAS—GAS ENGINES, &c.—AIR IN MOTION

—~COMPRESSED AIR—HOT AIR ENGINES—~WATER POWER—SPEED OF CUTTING TOOLS

~COLOURS—ELECTRICAL ENGINEERING.

**It would be found difficult to compress more matter within a similar compass, o¢ produce a
book of 700 3 which should be more compact or conver.iant for pocket reference. , . Will
d hahical of all classes.”—Practical Engincer,
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MECHANICAL HANDLING OF MATERIAL. A

Treatise on the Handling of Material such as Coal, Ore, Timber, &c.,
by Automatic or Semi-Automatic Machinery, together with the Various
Accessories used in the Manipulation of such Plant, and Dealing fully with
the Handling, Storing, and Warehousing of Grain. By G. F. ZIMMER,
A.M.Inst.C.E. 528 pages Royal 8vo, cloth, with 550 Illustratlons (including
Folding Plates) specially prepared for the Work . Net 28/0
‘It is an essentially practical work written by a practical man, who 'is not only thoroughly
acquainted with his subject theoreucally. but who Jalso has the knowledge that can only
obtained by actual experi in and i for the handling
of raw material."—7he Times.
MECHANICS. Being a concise Exposition of the General
Principles of Mechanical Science and their Applicanons. By C. TOMLINSON,
F.R.S. Crown 8vo, cloth . . . . . 1/8

MECHANICS: CONDENSED. A Selectlon of Formulae Rules,
Tables, and Data for the Use of Engineering Students, &c. By W G. C.
HugHes, A M.1.C.E. Crown 8vo, cloth . . . . (-]

MECHANICS OF AIR MACHINERY. By Dr. J. WiesBacu
and Pror. G. HERRMANN. Authorized Translation with an Appendix on
American Practice by A, TRowBRIDGE, Ph.B., Adjunct Professor of Mechanical
Engineering, Columbia University. Royal 8vo. cloth . . Net 18/0

MECHANICS’ WORKSHOP COMPANION. Comprising a
great variety of the most useful Rules and Formule in Mechanical Science,
with numerous Tables of Pr: | Data and Calculated Results for Facilita-
tmg Mechamcal Operations. By WiLLiam TEMPLETON, Author of ‘‘ The

wms Practical Assistant,” &c., &c. Nineteenth Edition, Revised
S. HurroNn, C.E., Author of “The Works' Manager's Handbook,"”
&c. with an Electrical Section by A. P. HasLam. F’ cnp. 8vo, nearly 500 pp.,

with 8 Plates and 2?5 lllusu-auons. leather . . . Net 'O
*This well-known and rzely- fon, b up to date, of the
sort so useful to the foreman and drat mmn, So much fresh ion has been i d as

to constitute it practically a new book.”— Mechanicgl World.

MECHANISM AND MACHINE TOOLS. By T. BAKER,
C.E. With Remarks on Tools and Machinery by J. NasmytH, C.E.
Crown 8vo, cloth . . . . . . . . 2/6

MENSURATION AND MEASURING. With the Mensuration

and Levelling of Land for the Epurposes of Modern Engineering. By T.
Baker, C.E. New Edition by E. NugenT, C.E. Crown 8vo,cloth, 1/8

METAL-TURNING. A Practical Handbook for Engineers,
Technical Students, and Amateurs, By JosepH HoRNER, A.M.I.Mech.E.,
Author of * Pattern Making,” &c. Large crown 8vo, cloth, with 488 Illus-
trations . . et 9/0

SUMMARY OF CONTENTS :—INTRODUCTION—RELATIONS OF TURNERY AND MACHINE

SHOP—SEC. I. THE LATHE, 1TS WORK, AND TOOLS—FORMS AND FUNCTIONS OF TOOLS—

REMARKS ON TURNING IN GENERAL.—SEC. 1. TURNING BETWEEN CENTRES—CENTRING

AND DRIVING—USE OF STEADIES—EXAMPLES OF TURNING INVOLVING LINING-OUT

FOR CENTRES—MANDREL WORK.—SEC. 1II.  WORK SUPPORTED AT ONE END—FACE

PLATE TURNING—ANGLE PLATE TURNING—INDEPENDENT JAW CHUCKS—CONCENTRIC,

UNIVERSAL, TOGGL¥, AND APPLIED CHUCKS.—SEC., IV. INTERNAL WORK—DRILLING,

Bonmc. AND ALLIED OPERATIONS.—SEC. V. SCREW CUTTINGS AND TURRET WORK.

—SEC. VI. MISCELLANROUS — SPECIAL WORK — MEASUREMENT, GRINDING — TOOL

HOLDBRS—SPBBD AND FEEDS, TOOL STEELS—STEEL MAKERS' INSTRUCTIONS,

METRIC TABLES. In which the British Standard Measures
and Weights are compared with those of the Metric System at present in Use
on the Continent. By C. H. DowLING, C.E. 8vo, cloth . . . 10/8

MILLING MACHINES ; their Design, Construction, and Work-
ing. A Handbook for Pnctxul Men and Engineering Students. By Josepu
HorNER, A.M.L.Mech.E,, Author ef * Paturn Making,” &c. ith 2
Illustrations. Medium 8vo, cloth . . Net 12/

LEADING ELEMENTS OF MILLING MACHINE DESIGN AND C UCTION—PLAIN

AND UNIVERSAL MACHINBS — ATTACHMENTS AND BRACINGS — VERTICAL SPXNDLBS

MACHINES—PLANO-MILLERS OR SLABRING MACHINBS—-SPECIAL MACHINE6—CUTTERS—~

MILLING OPERATIONS—{NDBKING, SPIRAL WORK, AND WORM, SPUR AND BEVEL GEARS

&C.—SPUR AND BEVEL GEARS~FEBD AND SPREDS.
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MOTOR CAR, THE. A Practical Manual for the use of Students
and Motor Car Owners, with Notes on the Internal Combustion Engine and
its Fuel. By RoBerT W. A. BREWER, A.M.Inst.C.E., M.1.M.E., M.I.A.E.
250 pp. With numerous Illustrations. Demy 8vo, cloth . . Net 5/0

HISTORY OF THE INTERNAL COMBUSTION ENGINE—TWO-CYCLE ENGINES—LARGE

ENGINES—SCAVENGING—MECHANICAL DETAILS OF CONSTRUCTION—DETAILS OF THE

MOVING PARTS—STRATIFICATION—THERMAL EFFICIENCY—CAUSE AND EXTENT OF

HEAT LOSSES—TESTING OF GAS ENGINES AND CALCULATIONS OF RESULTS—GAS

PRODUCERS—OIL ENGINES—THE PETROL ENGINE AS EMPLOYED IN THE MOTOR CAR—

POWER AND WEIGHT OF PETROL ENGINES—FRICTION AND LUBRICATION OF ENGINES—

CLUTCHES AND CHANGE-SPEED GEARS—TRANSMISSION GEAR—LIVE AXLES AND CHAIN

DRIVE — BRAKES — THE DIFFERENTIAL GEAR — FRAMES — SUSPENSION — STEERING —

RADIATION—IGNITION MECHANISM—CARBURATION—LIQUID FUEL—BENZOL—FUEL

MIXTURES—ALCOHOL—CARBURETTERS AND THE FLOW OF FUEL—MODERNISING A

MOTOR CAR—THE CARE OF THE CAR.

MOTOR CAR (THE MODERN): Its Management, Mechan-
ism and Maintenance. A Practical Handbook for the Use of Owners and
Drivers. By W. GarLoway Duncan, M.I.M.E., Lecturer on Heat Engines
and Electrical Engineering in the Bedford Grammar School. Late Principal
of the H.M. Government School of Engineering Dacca, India, &c. 124 pp.,
with Illustrations. Crown 8vo, cloth . . [Just Published. Net 5/6

ELECTRICAL IGNITION—THE ENGINE—THE ENGINE ACCESSORIES AND DRIV-

ING GEAR—THE PETROL, WATER, AND LUBRICATING SYSTEMS—TOOLS AND SPARES,

LAMPS, DRIVING, TOURING, THE MOTOR HOUSE—TECHNICAL TERMS AND FORMUL.E,

MOTOR CAR ACT, INDEX MARKS, &C., &C.

MOTOR CAR CATECHISM. Containing about 320 Questions
and Answers Explaining the Construction and Working of a Modern Motor
Car. For the Use of Owners, Drivers, and Students. By Joun HENRY
KNIGHT. Second edition, revised and enlarged, with an additional chapter on
Motor Cycles. Crown 8vo, with Illustrations. P . . Net 1/8

THE PETROL ENGINE—TRANSMISSION AND THE CHASSIS=TYRES—DUTIES OF A
CAR DRIVER—MOTOR CYCLES—LAWS AND REGULATIONS.

MOTOR CARS FOR COMMON ROADS. By A.]J. WaLLls-
I;MLL“’ A.M.Inst.C.E. 212 pp., with 76 Illustrations. Crown svg
cloth . . . . . . . . .

MOTOR VEHICLES FOR BUSINESS PURPOSES. A

Practical Handbook for those interested in the Transport of Passengers
and Goods. By A.J. WALLIS-TAYLER, A.M.Inst.C.E. With 134 Illustra-
tions, Demy 8vo, cloth . . . .. . . Net 9/0

NAVAL ARCHITECT'S AND SHIPBUILDER'S POCKET
BOOK. Of Formuiz, Rules, and Tables, and Marine Engineer’s and
Surveyor’s Handy Book of Reference. By CLEMENT Mackrow, M.L.N.A.
Tenth Edition, F'cap, leather . . . . . . . Net 12/8

SIGNS AND SYMBOLS, DECIMAL FRACTIONS—TRIGONOMETRY-—PRACTICAL GEO-

METRY — MENSURATION — CENTRES AND MOMENTS OF FIGURES — MOMENTS OF

INERTIA AND RADII GYRATION — ALGEBRAICAL EXPRESSIONS FOR SIMPSON'S

RULES—MECHANICAL PRINCIPLES — CENTRE OF GRAVITY — LAWS OF MOTION—

DISPLACEMENT, CENTRE OF BUOYANCY—-CENTRE OF GRAVITY OF SHIP'S HULL

~STABILITY CURVES AND METACENTRES—SEA AND SHALLOW-WATER _ WAVES

—ROLLING OF SHIPS—PROPULSION AND RESISTANCE OF VESSELS—SPEED TRIALS—

SAILING, CENTRE OF EFFORT—DISTANCES DOWN RIVERS, COAST LLINES—STEERING AND

RUDDERS OF VESSELS—LAUNCHING CALCULATIONS AND VELOCITIBS—WRIGHT OF

MATERIAL AND GEAR —GUN PARTICULARS AND WRIGHT —STANDARD GAUGES —

RIVETED JOINTS AND RIVETING—STRENGTH AND TESTS OF MATERIALS—BINDING

AND SHEARING STRESSES — STRENGTH OF SHAFTING, PILLARS, WHEELS, &c.—

HYDRAULIC DATA, &c.— CONIC SECTIONS, CATENARIAN CURVES — MECHANICAL

POWERS, WORK—BOARD OF TRADE REGULATIONS FOR BOILERS AND ENGINES—BOARD

OF TRADE REGULATIONS FOR SHIPS—LLOYD'S RULES FOR BOILERS—LLOYD'S WEIGHT

OF CHAINS—LLOYD'S SCANTLINGS FOR SHIPS — DATA OF ENGINES AND VESSELS —

SHIPS' FITTINGS AND TESTS—SEASONING PRESERVING TIMBER ~ MEASUREMENT OF

TIMBER—ALLOYS, PAINTS, VARNISHES—DATA FOR STOWAGE--ADMIRALTY TRANS-

PORT REGULATIONS —RULES FOR HORSE-POWER, SCREW PROPELLERS, &c.— PER.

CENTAGES FOR BUTT STRAPS—PARTICULARS OF YACHTS—MASTING AND RIGGING

= DISTANCES OF FOREIGN PORTS—TONNAGE TABLES—VOCABULARY OF FRENCH AND

ENGLISH TERMS—ENGLISH WEIGHTS AND MERASURES—FOREIGN WEIGHTS AND MEA-

SURES—DECIMAL EQUIVALENTS—USEFUL NUMBERS—CIRCULAR MEASURES—AREAS

OF AND CIRCUMFERENCES OF CIRCLES—AREAS OF SEGMENTS OF CIRCLES — TABLES

OF SQUARES AND CUBES AND ROOTS OF NUMBERS—TABLES OF LOGARITHMS OF NUM-

BERS—TABLES OF HYPERBOLIC LOGARITHMS—TABLES OF NATURAL SINES, TANGENTS

«TABLES OF LOGARITHMIC SINES, TANGBNTS, &¢.

. . .
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NAVAL ARCHITECTURE. An ExFosmon of the Elementary
Principles. By J. Peake. Crown 8vo, cloth . . . 3/8

NAVIGATION AND NAUTICAL ASTRONOMY. In Theo;’z

and Practice. By Prof.].R. YounGg. Crown 8vo, cloth . . .

NAVIGATION, PRACTICAL. Consisting of the Sailor's Sea
Book, by J. szzuwoon and W. H. Rosser; together with Mathematical
and Nautical Tables for the Working of the Problems, by H. Law, C.E.,
and Prof. J. R. Young . . . . . . . 7/0

PATTERN MAKING. Embracmg the Mam Types of Engmeer-
ing Construction, and including Gemng Engme Work, Sheaves and Pull
Pipes and Columns, Screws, Machine Pumps and Cocks, th
ing of Patterns in Loam and Greensand, Welght of Castings, &c. ByJ G
. HorNEr, A M.I.M.E. Third Edmon, Enlarged. With 486 Illustrations.
Crown 8vo, cloth . . . . . . . « Net 7/

PATTERN MAKING. A Practlcal Work on the Art of Making
Patterns for Enlgmee.rmg and Foundry Work, including (amon, other matter,
Materials and Tools, Wood Patterns, Metal Panems Pattern Mathema-
tics, Cost, Care, &c., of Patterns. By F. W. BARROWS. Fully ll ustrated by
Engravings made from Special Drawings by the Author. Crown 8vo, cloth.

(i3
PATTERN MAKERS AND PATTERN MAKING—MATERIALS AND TOOLS—EXAMPLES OF
PATTERN WORK—METAL PATTERNS—PATTERN SHOP MATHEMATICS—COST, CARE, AND
INVENTORY OF PATTERNS—MARKING AND RECORD OF PATTERNS—PATTERN ACCOUNTS.

PETROL AIR GAS. A Practical Hand-book on the Installation
and Working of Air Gas Lighting Systems for Country Houses. By HENRY
O'CONNOR, F.R.S.E., A.M.Inst.C.E., &c., Author of “ The Gas Engineer’s
Pocket-Book.” 8o Pages with Illustrations. Crown 8vo, cloth. Net 1/6

PETROLEUM MINING AND OIL-FIELD DEVELOP-
MENT. A Guide to the Exploration of Petroleum Lands, and a Study of

the Engineering Problems connected with the Winning of Petroleum, includ-

ing Statistical Data of Important Oil-fields, Notes on the Origin and Distribu

tion of Petroleum, and a Description of the Methods of Utllmng QOil and Gas

Fuel. By A. BEery THOMPSON, A.M.1.Mech E., F.G.S., Author of * The
Oil-fields of Russia.” 384 pages, 114 Illustratlons, mcludmg 22 full-page

Plates. Demy 8vo, cloth . . 5/0
** It is an admirable text-book by a competent authonty on an ing subject. " .‘.’
Magazine,

**The present effort is likely to receive a warm welcome in engineering circles, and it can be
cordlally cominended for perusal. It will doubtless have that large sale to which its merits entitle
it.” —Mmmg‘ World,

* The general aspects of the Petroleum Industry are fully and ably laid out.”—Engineer,

PIONEER ENGINEERING. A Treatise on the Engineering
Operations connected with the Settlement of Waste Lands in New
Cloulllunes. By E. DoBson, M.Inst.C.E. Second Edition. Crown ng
cloth . . . . .+ . . .« ...

PNEUMATICS. Including Acoustics and the Phenomena of
Wind Currents, for the use of Begmners. By Ca.uu,xs Toux.mson,
F.R.S. Crown 8vo. cloth . . 1/8

PORTLAND CEMENT, THE MODERN MANUFACTURE
OF. A Handbook for Manufacturers, Users, and all ;ntereslgd in Portland
Cement. Percy C. H. WEsT, Fellow of the Chemical Society and of the
Society of hemical Industry. Vol. I.—Machinery and Kilns. 280 pages,
with 159 Illustrations and numerous Tables. Royal 8vo, cloth.

[ Just Published. Net 12/6
WASH-MILLS =WET EDGE-RUNNERS AND STONE-MILLS ~WET TUBE-MILLS ~OTHER

WET MILLS AND ACCRSSORY PLANT—WET PROCESS — CRUSHERS DRIERS — MILL-

STONES, EDGE-RUNNERS, DISINTEGRATORS, &C.—BALL-MILLS—CENTRIFUGAL ROLL-

MILLS ~-TUBB-MILLS CONVEYORS AND ELEVATORS—DUST COLLECTORS -WEIGHING

MACHINES  SEPARATORS AND AUTOMATIC FEEDERS — PRESSING AND DKYING

BRIQUETTES—SHAFT AND OTHER STATIONARY KILNS—ROTARY KILNS-COAL DRYING

AND GRINDING—STORING AND GRINDING THE CLINKER—WAREHOQUSING AND PACKING

THE CEMENT—DESCRIPTIONS OF SOME MODERN CEMENT PLANTS,
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PRODUCER GAS PRACTICE (AMERICAN) AND IN-
DUSTRIAL GAS ENGINEERING. By NisBet LATTA, M.Amer.Soc.
M.E., M.Amer. Gas Inst. 558 pages, with 247 Illustrations. Demy 4to,
cloth ., [Just published, Net 25/0

PRODUCER OPERATION—CLEANING THE GAS—WORKS DETAILS—PRODUCER TYPES

—MOVING GASES—SOLID FUELS—PHYSICAL PROPERTIES OF GASES—CHEMICAL

PROPERTIES OF GASES— GAS ANALYSIS—GAS POWER -GAS ENGINES—INDUSTRIAL GAS

APPLICATIONS—FURNACES AND KILNS—BURNING LIME AND CEMENT—PRE-HEATING

AIR — DOHERTY COMBUSTION ECONOMIZER — COMBUSTION IN FURNACES — HEAT -

TEMPERATURE, RADIATION AND CONDUCTION—HEAT MEASUREMENTS: PYROMETRY

AND CALORIMETRY—PIPES, FLUES AND CHIMNEYS—MATERIALS : FIRECLAY, MASONRY,

WEIGHTS AND ROPE~USEFUL TABLES ~OIL FUEL PRODUCER GAS.

PRODUCER GAS. See also Gas ENGINES AND PRODUCER
GAs PLANTS.

PUMPS AND PUMPING. A Handbook for Pump Users.
Being Notes on Selection, Construction, and Management. By M. Powis
BaLE, M.Inst.C.E., M.I.Mech.E. Fifth Edition. %rown 8vo, cloth . 3/6

PUNCHES, DIES, AND TOOLS FOR MANUFACTURING
IN PRESSES. By Joseru V. WooDworTH, Medium 8vo, cloth. 482
pages, with 700 Illustrations . Net

SIMPLE BENDING AND FORMING DIES, THEIR CONSTRUCTION, USE AND OPERATION

—INTRICATE COMBINATION, BENDING AND FORMING DIES, FOR ACCURATE AND RAPID

PRODUCTION—AUTOMATIC FORMING, BENDING AND TWISTING DIES AND PUNCHES, FOR

DIFFICULT AND NOVEL SHAPING—CUT, CARRY, AND FOLLOW DIES, TOGETHER WITH

TOOL COMBINATIONS FOR PROGRESSIVE SHEET METAL WORKING—NOTCHING PERFO-

RATING AND PIERCING PUNCHES, DIES AND TOOLS—COMPOSITE, SECTIONAL, COMPOUND

AND ARMATURE DISK AND SEGMENT PUNCHES AND DIES—PROCESSES AND TOOLS FOR

MAKING RIFLE CARTRIDGES, CARTRIDGE CASES OF QUICK-FIRING GUNS, AND NICKEL

BULLET JACKETS—THE MANUFACTURE AND USE OF DIES FOR DRAWING WIRE AND

BAR STEEL—PENS, PINS, AND NEEDLES, THEIR EVOLUTION AND MANUFACTURE—

PUNCHES, DIES, AND PROCESSES FOR MAKING HYDRAULIC PACKING LEATHERS,

TOGETHER WITH TOOLS FOR PAINT AND CHEMICAL TABLETS—DRAWING, RE-DRAWING,

REDUCING, FLANGING, FORMING, REVERSING, AND CUPPING PROCESSES, PUNCHES AND

DIES FOR CIRCULAR AND RECTANGULAR AND SHEET-METAL ARTICLES—BEADING,

WIRING, CURLING AND SEAMING PUNCHES AND DIES FOR CLOSING AND ASSEMBLING OF

METAL PARTS—JEWELLERY DIE-MAKING, EYE GLASS, LENS AND MEDAL DIES, AND

CONSTRUCTION OF SPOON AND FORK-MAKING TOOLS— DESIGN, CONSTRUCTION AND USE

OF SUB-PRESSES AND SUB-PRESS DIES FOR WATCH AND CLOCK WORK AND ACCURATE

PIERCING AND PUNCHING—DROP FORGING AND DIE SINKING, TOGETHER WITH MAKING

OF DROP DIES, STEAM-HAMMER DIES, NUMBER-PLATE TOOLS AND DIES FOR BOLT

MACHINES—METHODS, DESIGNS, WAYS, KINKS, FORMULAS AND TOOLS FOR SPECIAL

WORK, TOGETHER WITH MISCELLANEOUS INFORMATION OF VALUE TO TOOL AND DIE

MAKERS AND SHEET-METAL GOODS MANUFACTURERS—SPECIAL AND NOVEL PROCESSES,

PRESSES AND FEEDS FOR WORKING SHEET METAL IN DIES,

RECLAMATION OF LAND FROM TIDAL WATERS.
A Handbook for Enzmeers. Landed Proprietors, and others interested in Works
of Reclamation. By A. BeazerLev, M.Inst.C.E. 8vo, cloth. Nez 10/8
“ The work contains agre:tide‘a;ofpmuw an‘iuusdulln(orngonw ic cannotfaﬂto

of service to
to reclaim land?mm the sea."—The Engineer.

RECOIL OF GUNS WITH RECOIL CYLINDERS, THE
THEORY OF. By Professor F. RAUSENBERGER. Specially printed from
¢ Artilleristische Monatshefte.” Translated by ALFRED SLATER. xoo pages,
wnh E3 Plates. Demy 8vo, cloth . Net 10/68

XTERNAL FORCES ON A RECOILING GUN-MOUNTING WHICH COME INTO
. ACTloN ON FIRING—DETERMINATION OF THE BRAKE PRESSURE AND THE LENGTH

OF RECOIL—THE RUNNING-FORWARD DEVICE—RECOIL BRAKES—THE RUNNING-

FORWARD BRAKE—NOTATION USED,

REFRIGERATION AND ICE-MAKING POCKET BOOK.
By A.]J. WALLIS-TAVLER, A.M.Inst.C.E. Author of ** Refrigerating and Ice-
making Machinery,"” &c. Fifth Edition, Revised. Crown 8vo, cloth.

[Just published. Net 8/6

REFRIGERATION, COLD STORAGE, & ICE-MAKING:
Practical Treatise on the Art and Science of Refrigeration. By A. J.
Wu.us-TuLn, A.M.Inst.C.E. Contammg the Third Edition of * ‘Refnger-

ating and Ice-Making Machinery.” Second Edition. 600 pp., with 360
Illustrations. Medium 8vo, cloth . . . . ct 10/6

** The author has to be on the and ]por
tant work and it cannot fail to have a body of readers, Ior it l:lvn out nothlnz that would in

arge
any way be of v@lue to those interested in the subject.”—Szea:sks
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RIVER BARS. The Causes of their Formation, and their
Treument by ** Induced Tidal Scour”; with a Description of the Successful
by this Method of the Bar at Dublin. By I. J. MANN, Assist.
Eng to the ublm Port llld Doch Boar Royal 8vo, cloth . . T/8
“We d an dinh ks—and, indeed, those concemed in the
of rivers g lly—to read Mr. Muuu interesting work,"—Enugineer,
ROADS AND -STREETS. By H. Law, C.E., and D. K. CLARK,
C.E. Revised, with Additional Chapters by A. J. WALL[S-TAYLBR,
A M.Inst.C.E. Seventh Edition. Crown 8vo, cloth . 8/0
. ** A book which every borough surveyor and engineer must possess, lnd whlch will be of
service to and property owners ews.
ROOFS OF WOOD AND IRON. Deduced chiefly from the
Works of Robison, Tredgold, and Humber. By E. W. TarN, M.A.,
Architect. Fifth Edition. Crown 8vo, cloth . . . . . 1/6

SAFE RAILWAY WORKING. A Treatise on Railway Acci-
em.sé their Cause and Prevention ; with a Description of Modern lfphmm

ystems. By Cunnrr E. S'rnrrron, C.E. Third Edmon, nlarged.

Crown 8vo, cloth . "g
SAFE USE OF STEAM. Contalnmg Rules for Unprofes-
sional Steam Users. By an EnNGINEER. Eighth Edition. Sewed . @p.

‘“If steam-users would but learn this little book by heart, boller explosions would become
sensations by their rarity,”=English Mechanic.

SAILMAKING. By SamueL B. SADLER, Practical Sailmaker
late in the emplogn ent of Messrs. Ratsey and Lapthorne, of Cowes and
Gosport.  Second Edition. Revised and Enlarged. Plates. 4to, ck;tli 2/6

Ne

SAILOR’S SEA BOOK. A Rudimentary Treatise on Naviga-
tion. By JamMes GREgNwooDp, B.A, With numerous Woodcuts and
Coloured Plates. New and Enlarged Edition. By W. H. RoSSER.
Crown 8vo, cloth . . . . 2/8

SAILS AND SAIL-MAKING. Wlth Dra.ughtmg, and the
Centre of Effort of the Sails, Weights and Sizes of Ropes; Masting,
Rigging, and Sails of Steam Vessels, &c. By R. KIPPING, N.A. Crown
8vo, cloth . v . 2/8

SCREW-THRBADS, and Methods of Producmg Them. With
numerous _ Tables nnd complete Directions for using Screw-Cuttin,
thu. %{ PavrL N HASI.UCK, Author of ‘‘ Lathe-Work,” &c. Sixt
it e mm?“mum, e ) practical seiticlem, T ‘and screwtng us

. of an N y tool

[enenllymlllnnrlud and their action descril '—Mechanical 1Wor, p?d“'

SEA TERMS, PHRASES, AND WORDS ; Technical Dic-
tionary (French-English, English-French), used in the English ard French
Lenguages. For the Use of Seamen, Engineers, Pilots thpbmlders, Ship-
owners, and thpbrokets. Compiled by W. Pmnl, late of the African
Steamship Company. F'cap. 8vo,cloth . . . . 8/0

SEWERAGE SYSTEMS. Their Design and Construction, A
Practical Treatise upon the Principles of the Design, Construcuon, and
Mamtenance of Town Sewerage Systems, with Examples of Existing Works.
By HucH S. WaTsoN, A.M.Inst.C.E. With Legal Notes on the Prin-
cipal Acts of Parliament and the Legal Procedure relating to the Provision
of Works of Sewerage by ELIDVR B. HERBERT, Barrister-at-Law. 330 pages,
illustrated by 350 Diagrams and Working Drawings. Royal 8vo, cloth

[/ust Published. Net 10/6

“*This volume is very comprehensive and up-to-date and should be useful to all engineers,

but particularly to students and young engmeers as a text-book, and, above all, to resident
engineers, clerks of works and contractors.”—Surveyor.

SHIPBUILDING INDUSTRY OF GERMANY. Compiled
ll:ld Edlted by G. LmMANN-Fstxowsxl Wnth Coloured Prints, Art

, and s Il ions throug the text, Super.royal
4to. “cloth . . e e e s s e 4 . Ne106
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SHIPS AND BOATS. By W. BrLanp. With numerous Illus-
trations and Models. Tenth Edition. Crown 8vo, cloth . 1/6

SHIPS FOR OCEAN AND RIVER SERVICE. Principles
of the Construction of. By H. A, SOMMERFELDT. Crown 8vo . 1/6
ATLAS OF ENGRAVINGS to illustrate the above. Twelve large foldin
Plates. Royal 4to,cloth. . . . . . . e . g

SMITHY AND FORGE. Including the Farrier’s Art and
Coach Smithing. By W. J. E. CrRane., Crown8vo,cloth . . 2/6

STATICS, GRAPHIC AND ANALYTIC. In their Practical
Application to t.he Treument of Sueuu in R Solid Girders, Lattice,
Bowstring, and S d Iron and Piers, and other
Frameworks, By R. Hupson Cum\u, C.E. Containing Diagrams and
Plates to Scale. With numerous Examples, many taken from existing
Structures, Specially arranged for Class-work in Colleges and Universities.
Second Edition, Revised and Enlarged. 8vo, cloth . . + .« 16/0

STATIONARY ENGINE DRIVING. A Practical Manual for
Engineers in Charge of Stationary Enﬁines. By MicxaerL RevNoLDS,
M.S.E. Elghth Edition. Crown 8vo, cloth, 3/6@; cloth boards . 4/6

STATIONARY ENGINES. A Practical Handbook of their
Care and Management for Men-in-charge. By C. HursT. Crown 8vo. N& 1/0

STEAM: THE APPLICATION OF HIGHLY SUPER-
HEATED STEAM TO LOCOMOTIVES. Being a reprint from a Series
of Articles appearing in the £mgineer. By RoBERT GARBE, Privy Councillor,
Prussian State Railways. Translated from the German. Ed .:J by LEsSLIE
S. ROBERTSON, Secretary of the Engineering Standards Committee,

M.Inst.C.E., M.I.Mech.E., M.Inst.N.A., &c. Medium 8vo, cloth 7/6

STEAM AND THE STEAM ENGINE. Stationary and
Portable. Belng an Extension of the Treatise on the Steam Engine of
Mr. J. SeEweLL, By D. K. CLARK. CE. Founh Edition. Crown 8vo,

cloth . . . . . . . . 3/68
STEAM AND MACHINERY MANAGEMENT. A Guide
to the Arr and M of Machinery, with

Hints on Construction md Selecuon By M Powis BaLe, M.Inst.M.E.
Crown 8vo,cloth ., . . e e e

STEAM ENGINE. A Practlcal Handbook compiled with
especial Reference to Small and Medium-sized Engines. For the Use of

En ne Makers, Mechanical Draughtsmen, Engmeenng Students, and users

team Power. By Hexman Hamper, C.E. Translated from the German

wuh additions and alterations, by H. H. P. Powrss, A M.I.C.E., M.I.M. K.
Third Edmon, Revised. With nwly x,loo Illustrations.  Crown 8vo,

cloth . . . Net 7/6

* This is an excsllult book.lndshwld b‘ lntholnndsol dl'ho are interested in the con-
struction and design of Y A careful study of its contents ana
amngemm(ofthesacdmhadstolha lusi dunhenls bly no other book lke it
hthhmnuy The nmeahmu;hovingthomnud and it inl,
may clalm a complete achievement ot this idea."—Naswre,

STEAM ENGINE, A Treatise on the Mathematical Theory of,
with Rules and Examples for Practical Men By T. Baxkker, C.E. Crown
8vo, cloth . . . . .. . .1 /9
* Teemws with scieatific i fon with ref > tothe st gine."—Design and Wor,

STEAM ENGINE. ,{& Text-Book on the Steam Engine, with a

and Paxt Il. on Heat EnGinms. By T.

(}oonlvn. M A Barrister-at-Law, Professor of Mechanics at the K
College of Sc.le.nce, London s+ Author of “ The Principles of Mechanics,” ‘‘ The
"&c. F h Edition. Crown 8vo,cloth . 6/0
“ Guod has treatise sam eagine parison
with n;thhg ':mn bey'ziuxltg':ll“:x.vnl. M:t&: award &t no higher w'a‘ll;t.b’—’le:m

“ Mr, Goodun’nmbooklllmkolvuchmmmwd possess himeelf, "
w=Mining Fournal,
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STEAM ENGINE. For the Use of Beginners. By Dr. LARDNER.
- 18

Crown 8vo, cloth . . . . . . .

. .

STEAM ENGINE (PORTABLE). A Practical Manual on
its Construction and Management. For the use of Owners and Users of
Steam Engines generally. By WiLLiAM DysoN WaNsBROUGH. Crown
8vo,cloth . . . . . . . . . . . . . 86

*This is a work of value to those who use steam machinery. . . . Should be read by every
one who has a steam engine, on a farm or elsewhere."—Mark Lane Express,

STEAM ENGINEERING IN THEORY AND PRACTICE.
By GArDNER D. Hiscox, M.E. With Chapters on Electrical Engineering.
By NewToN Harrison, E.E., Author of * Electric Wiring, Dla%;-ams, and
Switchboards.” 450 pages. Over 400 Detailed Engravings. et 12/6
HISTORICAL—~STEAM AND ITS PROPERTIES—APPLIANCES FOR THE GENERATION
OF STEAM~—TYPES OF BOILERS—CHIMNEY AND ITS WORK—HEAT ECONOMY OF THE
FEED WATER—STEAM PUMPS AND THEIR WORK—INCRUSTATION AND ITS WORK—
STEAM ABOVE ATMOSPHERIC PRESSURE—FLOW OF STEAM FROM NOZZLES—SUPER-
HEATED STEAM AND ITS WORK—ADIABATIC EXPANSION OF STEAM—INDICATOR AND
ITS WORK—STEAM ENGINE PROPORTIONS—~SLIDE VALVE ENGINES AND VALVE MOTION
—CORLISS ENGINE AND ITS VALVE GEAR—COMPOUND ENGINE AND ITS THEORY—
TRIPLE AND MULTIPLE EXPANSION ENGINE—STEAM TURBINE — REFRIGERATION—
ELEVATORS AND THEIR MANAGEMENT—COST OF POWER—STEAM ENGINE TROUBLES
—~ELECTRIC POWER AND ELECTRIC PLANTS.

vSTEAM TURBINES. See MARINE STEAM TURBINE,

STONE BLASTING AND QUARRYING. For Building and
other Purposes. With Remarks on the Blowing up of Bridges. By Gen.
Sir J. BurcoynEg, K.C.B. Crown 8vo, cloth . . . . . . 1/8

STONE-WORKING MACHINERY. A Manual dealing with
the Rapid and Economical Conversion of Stone. With Hints on the Arrange-
ment and Management of Stone Works. By M. Powis BaLe, M.Inst.C.E.
Crown 8vo, cloth . . .. . e e e o . (o]

** Should be in the hands of every mason or student of stonework.”—Col/iery Guardian,

STRAINS, HANDY BOOK FOR THE CALCULATION OF.
In Girders and Similar Str and their Strength. Consisting of Formule
and Conespondin% Diagrams, with numerous details for Practical Applica-
tion, &c. By WiLLiam Humeer, A. M.Inst.C.E., &c. Sixth Edition.
Crown 8vo, with nearly 100 Woodcuts and 3 Plates, cloth . . . 7/8

" We heartily commend this really kandy book to our engineer and architect readess.”—
English Mechansc,

STRAINS ON STRUCTURES OF IRONWORK. With
:’vr:cgm Remarks on Iron Construction. By F. W. SHEILDS, M.lnst.C.];.‘S

SUBMARINE TELEGRAPHS. Their History, Construction,
and Working. Together with an appendix on ‘‘ Wireless” Telegraphy,
Compiled from Authoritative and |Exclusive Sources. By CHARLES
Brigur, F.R.S.E., M.Inst.C.E.,, M.I.Mech.E., M.ILE.E. "Super royal
8vo, nearly 8oo pages, fully Illustrated, including a large number of Maps
and Folding Plates, strongly bound in cloth . . . Net £8 8s.

**Mr. Bright’s interestingly written and admirably illustrated book will meet with a welcome

reception from Gable men."—ZEZectrician.
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SURVEYING AS PRACTISED BY CIVIL ENGINEERS
AND SURVEYORS. Including the Setting-out of Works for Construc-
tion and Surveys Abroad, with many Examples taken from Actual Practice.

‘A Handbook for use in the Field and the Office, intended also as a Text-book
for Students. By JoHN WHITELAW, Jun., A.M.Inst.C.E. With about 260
Illustrations. Second Edition. Demy 8vo,cloth . . . Net 10/8

SURVEYING WITH THE CHAIN ONLY—SURVEYING WITH THE AID OF ANGULAR

INSTRUMENTS—LEVELLING ~ADJUSTMENT OF INSTRUMENTS —RAILWAY (INCLUDING

ROAD) SURVEYS AND SETTING OUT— TACHEOMETRY OR STADIA SURVEYING—TUNNEL

ALIGNMENT AND SHTTING OUT—SURVEYS FOR WATER SUPPLY WORK35—HYDROGRA-

PHICAL OR MARINE SURVBYING —ASTRONOUMICAL OBSERVATIONS USED IN SURVEYING

—EXPLANATIONS OF ASTRONOMICAL TERMS—SURVEYS ABROAD IN JUNGLE, DENSE

FORBST, AND UNMAPPED OPEN COUNTRY~TRIGON JMETRICAL OR GEODETIC SURVRYS,

*This work ‘l’s written with admirable lucidity, and will certainly be found of distinct value
to stud a practi .

both and to those d in actual "'—The Buslder.

SURVEYING SHEETS FOR PROFESSIONAL AND
EDUCATIONAL USE. A Series of 26 blank ruled forms for use in the field.

By a Puactical Teacher. Oblong Royal 8vo, paper wrapper with stiff back.
[Just Published. Net 1|6

SURVEYING, LAND AND ENGINEERING. For Students
and Practical Use. By T. Baker, C.E. Twentieth Edition, by F. E.
Dixon, A.M.Inst.C.E, {'Nlth Plates and Diagrams. Crown 8vo, clothzlo

SURVEYING, LAND AND MARINE. In Reference to the
Preparation of Plans for Roads and Railways ; Canals, Rivers, Towns, Water
Supplies; Docks and Harbours. With ption and Use of Surveyin,
Instruments. By W. Davis Hasxorr, C.E. Second Edition, Revised wi
Additions. Large crown 8vo, cloth . . . . . . 9/0

* This book must prove of value to the student. We have no hesitation in recom.
mending it, feeling assured that it more than repay a careful study.”—Meckanical World.

SURVEYING, PRACTICAL. A Text-book for Students Pre-

Wriﬁg for Examinations or for Survey Work in the Colonies. By GEOrRGE
. Usi
b

LL, A.M.Inst.C.E.  Tenth Edition, thoroughly Revised and Enlarged
ALsx. Beazerev, M.Inst.C.E. With 4 Lithographic Plates and 360
Ilustrations. Large crown 8vo, 7/@ cl.th; or, on thin paper, leather, gilt
edges, rounded corners, for pocket use. 12/86 . «  [Just Published.
ORDINARY SURVEYING—SURVEYING INSTRUMENTS—TRIGONOMETRY REQUIRED IN
SURVEYING — CHAIN SURVEYING — THEODOLITR SURVEBYING — TRAVERSING — TOWN-
SURVBYING — LEVELLING — CONTOURING — SETTING OUT CURVEBS=-OFFICE WORK—
LAND QUANTITIBS — COLONIAL LICENSING REGULATIONS—HYPSOMETER TABLES —
INTRODUCTION TO TABLES OF NATURAL SINBS, &C.—NATURAL SINBS AND CO-SINBS
—NATURAL TANGENTS AND CO-TANGENTS—NATURAL SECANTS AND CO-SECANTS.

**The first book which should be put in the handsof a pupil of civil engineering,”—Architect.

SURVEYING, TRIGONOMETRICAL. An outline of the
Method of Conducting a Trigonometrical Survey., For the Formation of
Geographical and Topographical Maps aud Plaus, Military Reconnaissance,
Levelling, &c., with Useful Pro%lems, Formule, and Tables. By
Lieut.-General ﬂ‘loul, R.E. Fourth Edition, Revised and partly Re-written
by Major-General Sir CHARLES WARREN, G.C.M.G., R.E. With 19 Plates
and 115 Woodcuts, royal 8vo, cloth f . PN . . . 18/0

SURVEYING WITH THE TACHEOMETER. A Practical
Manual for the use of Civil and Military Engineersand Surveyors, including
two series of Tables specially computed for the Reduction of Readings
in Sexag 1 and in C I Degrees. By NEIL KENNEDY, M.Inst.C.E.
With Diagrams and Plates. Second Edition. "Demy 8vo, cloth Nez 10/68

*The work Is clearly written, and should remove all diffi in
desirous of MAKIng use of ths wiof) and DI mcrament Vanire. - | 0 Y oty surveyor
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SURVEY PRACTICE. For Reference in Surveying, Levelling,
and Setun;-ont and o Route Surveys of Travellers by Land and Sea. With
Tables, 1 and R y L. D'A. ]Acxson, A.M lnst C.E.
Second Edition. 8vo, cloth . . . . e . 12/8

SURVEYOR’S FIELD BOOK FOR ENGINEERS AND
MININO SURVEYORS. Consisting of a Series of Tables, with Rul
, and use of Theodolite for Traverse Surveyms
lomng the worl: with minate accuracy by means of Straight Edge and Set
ggune only ; Levelling with the Theodollte, Setting-out Curves with and
without the Theodolite, Earthwork Tables, &. By W. Davis HaskoLrr,
So%h With numerous Woodcuts. Fifth Edition, Enlnmed. Ctown1 ;vlg

. . . . . . . . . . .

TECHNICAL TERMS, ENGLISH-FRENCH, FRENCH-
ENGLISH: A Pocket Glossary; with Tables suitable for the Architec-

tural Engineering, Manufacturing, and Nautical Professions. By Jonn
! AMES Fl.rrcunn. Fourth Edmon, 200 pp Wustcou pocket size, l1"73

. . . . . . .

TECHNICAL TERMS, ENGLISH-GERMAN. GERMAN-
ENGLISH. A Pocket Glossary suitable for lhe Engineering, Manufactunng,
and Mining Industries. Compiled by J. G. HorRNER, A.M.I.Mech E., in
collaboration with ALFRED ScuLoMANN, Editor of Illustrated Technical
Dictionaries in Six Languages.” Waistcoat-pocket size.

[ In preparation. Price about 2/@ net.

TECHNICAL TERMS, ENGLISH-SPANISH, SPANISH-
ENGLISH : A Pocket Glossary suitable for the Engmeen Manufac-
turing and Mmmg Industries. "By R. D. MONTEVERDE, B.ﬁ. ( adrid).
316 pp. Waistcoat-pocket size, limp leather . . . Net 2/6

TELEPHONES: THEIR CONSTRUCTION, INSTALLATION,
WIRING, OPERATION AND MAINTENANC A Practical
Reference Book and Guide for Electricians, W:remen, Engineers,
Contractors, Architects, and others interested in Standard Telephone Practice.

Y . H. Rapcrirre and H. C. CusHING, JR. 180 pages. With 125

Illustrations. F’ cap 8vo, cloth . . e e . e Net 4/6

TELEPHONES: FIELD TELEPHONES FOR ARMY USE,
INCLUDING AN ELEMENTARY COURSE IN ELECTRICITY
AND MAGNETISM. By Lieut. E 1] Stevens, D.O,, R.A,,AM.LE.E,,
Instructor in Electricity, Ordnanoe Col lege, Woolwich. = Crown 8vo, cloth.
With Illustrations . . . . . . Net 2/0

BATTERIES — ELECTRICAL CIRCUITS — MAGNETISM — INDUCTION — MICROPHONES

AND RECEIVERS—PORTABLE AND FIELD TELEPHONR SETS—SELF-INDUCTION, INDUCTIVE
CAPACITY, &C.

TELEPHONY. See WirRgLEss TELEPHONY and WIRELESS

TELEGRAPHY.

THREE-PHASE TRANSMISSION. See ELEcTRICAL TRANS-

MISSION OF ENERGY.

TOOLS FOR ENGINEERS AND WOODWORKERS. In

cluding Modern Instr of By JosepH HORNER,
A.M.Inst. M.E., Author of “Pattern Making,”" &c. Demy Svo, w:th 456
Illustrations . . et 9/0

GENERAL SURVEY OF T00|.s TOOL ANGLES CHISEL GROUP—CHISEIS AND
APPLIED FORMS FOR WOODWORKERS—P LANES — HAND CHISELS AND APPLIED FORMS
FOR METAL WORKING—CHISEL-LIKE TOOLS FOR METAL TURNING, PLANING, &c.—SHEAR-
ING ACTION AND SHEARING TOOLS. EXAMPLES OF SCRAPING TOOLS. TOOLS—RELATING
TO CHISELS AND SCRAPES—SAWS—FILES—MILLING CUTTERS—BORING TOOLS FOR WOOD
AND METAL — TAPS AND DIES. PERCUSSIVE AND MOULDING TOOLS — PUNCHES,
_ir'lsgll)‘;ﬂgzs AND CAULKING TOOLS=—MOULDING AND MODELLING TOOLS—MISCERLLANEOUS

3



28 CROSBY LOCKWOOD & SON'S CATALOGUE.

TOOTHED GEARING. A Practical Handbook for Offices
and Workshops. By J. HorneRr, AAM.I.LM.E. Second Edition, with a New
Chapter on Recent Practice. With 184 Illustrations. Crown 8vo, cloth 6/0

TRAMWAYS: THEIR CONSTRUCTION AND WORKING.
Embracing a Comprehensive History of the System; with an exhaustive
Analysis of the Various Modes of Tracnon, including Horse Power, Steam
Cable Traction, Electric Traction, &c.; a Description of the Varieties of
Rolling Stock; and ample Details of Cost and Working Expenses, New
Edition, Thoroughly Revised, md Including the Progress recently made in
Tramway Construction, &c. y D. KINNEAR CLARK, M.Inst.C.E. With
400 Illustrations. 8vo, 780 pp., bucluam . . . 28/

.

TRUSSES OF WOOD AND IRON. Practical Applications
of Science in Determining the Stresses, Brelkmg Weights, Safe Loads,
Scantlings, and Details of Construction. With Complete orkmg Drawmgs.

By W. ern‘rus, Surveyor. Oblong 8vo, cloth . . .
“This handy little book enters so mlnutely into every detall ccn.nected with the
truction of roof trusses that no student need be of these Enzmw.

TUNNELLINO. A Practical Treatise. By CHARLEs PRELINI,

C.E. With additions by CHARLEs S. qu., C.E. With 150 Dlagrams and
Illustrations. Royal 8vo, cloth . . . - . Net 16/0

TUNNELLING, PRACTICAL. Explaining in detail the Setting-
out the Works, Shaft-sinking, and Headin -dnvmg, Rangmg the Lines and
Levelling nnderground, Sub-Excavating, Timbering and the Construction of
the Brickwork of Tunnels. By F. W. lMMS, M.Inst.C.E. Fourth Edition,
Revised and Further Extended, including the most recent (1895) Examples of
Sub-aqueous and other Tunnels, by D. KlNNEAR Cuuuc, M.Inst.C.E. With
34 Folding Plates. lmperial 8vo, cloth . . . £2 2s.

TUNNEL SHAFTS. A Practical and Theoretical Essay on the
construction of large Tunnel Shafts. By J. H. WaTsoN Buck, M.Inst.C.E.,
Resident Engineer, ®. and N. W. R. With Folding Plates, 8vo, cloth 12/0

*“ Will be regarded by civil engineers as of the utmost value and calculated to save much
time and obviate many mistakes.”—Colliery Guardiarn.

WAGES TABLES. At 54, 52, 50, and 48 Hours per Week,
Showing the Amounts of Wages from One quarter of an hour to Sixty-four
hours, in each case at Rates of Wages advancing by One Shilling from 4s.
to 555. per week. By THos. GARBUTT, Accountant. Square crown 8vo,
half-bound . . . . . . . . . . 8/0

WATER ENOINEERING. A Practical Treatise on the
, and Utilization of Water for the Supply
of Towns, for Mill Power, and for other Purposes. By CHARLES SLAGG,
A.M.Inst.C.E. Second Edition. Crown8vo,cloth . .~ . . . 7/6

WATER, FLOW OF. A New Theory of the Motion of Water
under Pressure and in Open Conduits and its Practical Application. By
Lours ScHMEER, Civil and Irrigation Engineer. 234 pages, with Illustra.
tions. Medium 8vo, cloth ., . . e e . « o+ Net12/8

WATER, POWER OF. As Applied to Drive Flour Mills and

to give motion to Turbines and other Hydrostatic Engines. By Joskpu
GLYNN, F.R.S,, &. New Edition. Illustrated. Crown 8vo, cloth 2/0
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WATER SUPPLY OF CITIES AND TOWNS., By Wit-
LiaM Humser, A.M.Inst.C.E., and M.Inst.M.E., Author of *Cast and

Wrought Iron Bridge Construction,” &c., &c. Illustrated with Double
Plates, 1 Single Plate, Coloured Frontispiece, and upwards of 250 §Noodcms,
and containing 4oo pp. of Text. lmp. 4to, elegantly and substantully
half-bound in morocco . . . e e e e t £6 Bs.

LIST OF CONTENTS :—1. HISTORICAL SK!TCI'I OF SOME OF THE MBANS THAT HAVE
BEEN ADOPTED FOR THE SUPPLY OF WATER TO CITIES AND TOWNS.—II. WATER AND
THE FOREIGN MATTER USUALLY ASSOCIATED WITH IT.—IIl. RAINFALL AND EVAPORA-
TION.—~IV, SPRINGS AND THE WATER-BEARING FORMATIONS OF VARIOUS DISTRICTS.
=V, MEASUREMENT AND ESTIMATION OF THE FLOW OF WATER.—VI. ON THE SELECTION
OF THE SOURCE OF SUPPLY.—VII. WELLS.—VIII. RESERVOIRS.—IX. THE PURIFICATION
OF WATER.—X. PUMPS.—XI. PUMPING MACHINERY.—XII. CONDUITS.—XIII. DISTRIBU-
TION OF WATER.—XIV. METERS, SERVICE PIPES, AND HOUSE FITTINGS.—XV. THE LAW
AND ECONOMY OF WATER-WORKS.—XVI. CONSTANT AND INTERMITTENT SUPPLY.=
XVI1I. DBESCRIPTION OF PLATES.—APPENDICES, GIVING TABLES OF RATES OF SUPPLY,
VELOCITIES, &c., &c.,, TOGETHER WITH SPECIFICATIONS OF SEVERAL WORKS ILLUS-
‘TRATED, AMONG WHICH WILL BE FOUND: ABERDEEN, BIDEFORD, CANTERBURY,
DUNDER, HALIFAX, LAMBETH, ROTHERHAM, DUBLIN, AND OTHERS,

“ The most systematic a.nd valuable work upon water mpply hltheno pmducod in English, or
in any other Imn Mr. Humbers work is
exhaustiveness mmedhdncdnomechde«mnthmoangﬂshmhnEﬂmM'

WATER SUPPLY OF TOWNS AND THE CONSTRUC-
TION OF WATER-WORKS. A Practical Treatise for the Use of
Engineers and Students of Engiaeering. By W. K. BurTon, A, M.Inst.C.E.,
Consulting Engineer to the Tokyo Water-works. ~Third Edition, Revised.
Edited by ALrLaN GREENWELL, F.G.S., A.M.Inst.C.E., with numerous
Plates and Illustrations. Super-royal 8vo, buckr . . . . 25/0

1. INTRODUCTORY, — II. DIFFERENT QUALITIES OF WATER. — III. QUANTITY OF
WATER TO BE PROVIDED.—[V. ON ASCERTAINING WHETHER A PROPOSED SOURCE OF
SUPPLY IS SUFFICIENT.—V. ON ESTIMATING THE STORAGE CAPACITY REQUIRED
TO BB PROVIDED,—VI. CLASSIFICATION OF WATER-WORKS.—VII. IMPOUNDING RESER-
VOIRS.—VIII. EARTHWORK DAMS.—IX. MASONRY DAMS.—X. THE PURIFICATION OF
WATER.—XI. SETTLING RESERVOIRS.—XIl. SAND FILTRATION.—XIII. PURIFICATION
OF WATER BY ACTION OF IRON, SOFTENING OF WATER BY ACTION OF LIME, NATURAL
FILTRATION.—XIV. SERVICE OR CLEAN WATER RESERVOIRS—WATER TOWERS—STAND
PIPES.—XV. THE CONNECTION OF SETTLING RESERVOIRS, FILTER BEDS AND SERVICE
RESERVOIRS,—XVI. PUMPING MACHINERY.—XVII. FLOW OF WATER IN CONDUITS—
PIPES AND OPEN CHANNELS.—XVIIl. DISTRIBUTION SYSTBMS.—XIX. SPECIAL PRO-
VISIONS FOR THE EXTINCTION OF FIRES.—XX. PIPBS FOR WATER-WORKS.—XXI. PRE-
VENTION OF WASTE OF WATER.—XXIl. VARIOUS APPLIANCES USED IN CONNECTION
WITH WATER-WORKS.

APPENDIX I. By PROF. JOHN MILNE, F.R.S.—~CONSIDERATIONS CONCBRNING THE
PROBABLE EFFECTS OF EARTHQUAKES ON WATER-WORKS, AND THE SPECIAL PRB-
CAUTIONS TO BE TAKEN IN EARTHQUAKE COUNTRIES,

APPENDIX 1I. By JOHN DE RIJKE, C.E.—ON SAND DUNES AND DUNE SANDS AS
A SOURCE OF WATER SUPPLY.

“ We congratulate the author u the pﬂcucal commonsense shm in the patation of
this rk....'l‘heplaesmd?on y been prep wm:xg:zun.and
cannot fail to be of great to the stud

WATER SUPPLY, RURAL. A Practical Handbook on the
Supply of Water and Construction of Water uorks for small Country Districts.

y ALLAN GREENWELL, A M.Inst.C.E., and W. T. Curry, A.M.Inst.C.E.,

F G.S. With Illustrations. Second Edmon, Revised. Crown 8vo, cloth §/0

* The volume luable infc ‘ponlll d wlth vmto supply,
lthfullofdcnlhonpdnts'hlchmmdnmﬂybe re wates-works engineers.” —.

WELLS AND WELL-SINKING. By J. G. SwiNDELL,
Al.lfl.I[.B.A., and G. R. BurneLL, C.E. Revised Edition. Crown %\}8
cloth . . . « « .+ ¢« & . . 0
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WIRELESS TELEGRAPHY: ITS THEORY AND PRAC-

TICE. A Handbook for the use of Electrical Engineers, Students, and

Operators. By James ErskiNe-Murrav, D.Sc., i‘ellow of the Royal

Society of Edinburgh, Member of the Institution of Elecmm] Engineus
d Edition, Revised and Enlarged 4oo es, with 190

Illustrations. Demy 8vo, cloth . Just pu&lulud.“’;ct 10/6

ADAPTATIONS OF THE ELECTRIC CURRENT TO TELEGRAPHY—EARLIER ATTEMPTS
AT WIRELBSS TELEGRAPHY—APPARATUS USED IN THE PRODUCTION OF HIGH FRE-
QUENCY CURRENTS—DETECTION OF SHORT-I.LIVED CURRENTS OF HIGH FREQUENCY BY
MBANS OF IMPERFECT ELECTRICAL CONTACTS—DETECTION OF OSCILLATORY CURRENTS
OF HIGH FREQUENCY BY THEIR EFFECTS ON MAGNETISED IRON—-THERMOMETRIC DE-
TECTORS OF OSCILLATORY CURRENTS OF HIGH FREQUENCY—ELECTROLYTIC DETRCTORS
~THE MARCON! SYSTEM—THE LODGE-MUIRHBAD SYSTEM—THR FESSENDEN SYSTEM—
THE HOZIER-BROWN SYSTEM—WIRELESS TELEGRAPHY IN ALASKA—THE DE FOREST
SYSTEM—THB POULSBN SYSTEM—THE TELEFUNKEN SYSTEM—DIRECTED SYSTEMS—
SOME POINTS IN THR THEORY OF JIGS AND JIGGERS—ON THEORIES OF TRANSMISSION—
WORLD-WAVE TELEGRAPHY—ADJUSTMENTS, ELECTRICAL MEASUREMENTS AND FAULT
‘TBSTING—ON THE CALCULATION OF A SYNTONIC WIRELESS TELEGRAPH STATION—
TABLES AND NOTES—RADIOTELEGRAPHIC CONVENTION SBRVICB INSTRUCTIONS.

., A serious and meritori it to the i on this subject. The
Author brings to bear notonlg tical k led, nedb in the

of wireless telegraph stations, but also a very sound know’cdge of the pnnci les and phenumtna of

ph science, His work is in its nws much originality
v.hmuhout. and merits the close attention of all students of the subject,"—Engincering.

WIRELESS TELEPHONES, AND HOW THEY WORK.
By James ErskiNg Murray, D.Sc., F.R.S.E,, M.I.LE.E,, Lecturer on
Wireless Telegraph{] and Telephony at the Northampton Institute,
London ; Fellow of the Physical Society of London; Author of Wireless
Telegraphy and Translator of Herr RUHMER'S * Wireless Telephony.
Second Edition, Revised. 76 pages, with Illustrations and two Plates.
Crown 8vo, coth . . L o .. (Just published. Net 1/6

HoW WE HEAR—HISTORICAL—THE CONVEKSION OF SOUND INTO ELECTRIC WAVES
—=WIRELESS TRANSMISSION—THE PRODUCTION OF ALTERNATING CURRENTS OF HIGH
FREQUENCY—HOW THE ELECTRIC WAVES ARE RADIATED AND RECEIVED—THRE RECBIV-
ING INSTRUMENTS—DETECTORS==ACHIEVEMENTS AND EXPECTATIONS—GLOSSARY OF
TECHNICAL WORDS—INDEX.

WIRELESS TELEPHONY IN THEORY AND PRACTICE.
By ErNsT RuuMER. Translated from the German by J. ERSKINE-MURRAY,
D.Sc.,, M.I.LE.E., &. Author of ‘A Handbook of Wireless Telegraphy."”
With an Appendlx on Recent Advances by the Translator, and numerous
Illustrations. Demy 8vo, cloth . . e e . + o« Ne10/8

A very full d of the 1l work which ha.s been carried out on

Wireless Telc hony is to be found in Professor Ruhmers book, ‘The volume is profusely

i and and should prove a useful reference Work for

those dlrccl();' or md(rectly hnemted in the sfﬂ)jec( "—Nature.

“The e: Jlnnaﬁons and discussions arc all clear and simple, and the whole volume is a very
dable reco: and i ork."—Engineering,

WORKSHOP PRACTICE. As apg lied to Marine, Land, and
Locomotive Engines, Floating Docks, Dredging Machines, Brldges. Ship
blullglng.&c. By J. G. WinTon. Fourth Edition, Illustrated. Crown gv%.
cloth « . « « « ¢ « o ¢ « ¢ o e 3

WORKS' MANAGER’S HANDBOOK, Comprising Modern
Rules, Tables, and Data. For Engineers, Mlllwﬂght? and Boiler Makers ;
Tool Mak akers, Machinists, and Metal Workers ; Iron and Brass Founders, &c.
By W. S. Hurrou. le and Mechunul Engmea. Author of * The Practical
Engineer's Hi Edmon, y Revised, and Enlarged.
Medium 8vo, strongly bound . . . . . . . /0

STATIONARY AND LOCOMOTIVE STBAN-ENGINB&. GAS PRODUCERS, GAS-ENGINES,
OIL-ENGINES, &C.— HYDRAULIC MEMORANDA: PIPES, PUMPS, WATER-POWER, &C.—
MILLWORK : SHAFTING, GEARING, PULLEYS, &C.—STEAM BOILERS, SAFETY VALVES,
FACTORY CHIMNEYS, &C.—HEAT, WARMING, AND VENTILATION—MELTING, CUTTING,
AND FINISHING METALS—ALLOYS AND CASTING—WHEBL-CUTTING, SCREW-CUTTING
&C.—STRENGTH AND WEIGHT OF MATERIALS—WORKSHOP DATA, &C.
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PUBLICATIONS OF THE ENGINEERING
STANDARDS COMMITTEE.

ESSRS. CROSBY LOCKWOOD and SON, having been appointed

M OFFICIAL PUBLISHERS to the ENGINEERING STANDARDS

COMMITTEE, beg to invite attention to the List given below of

the Publications already issued by the Committee, and will be prepared to
supply copies thereof and of all Subsequent Publications as issued.

THE ENGINEERING STANDARDS COMMITTEE is the outcome of a
Committee appointed by the Institution of Civil Engineers at the instance
of Sir John Wolfe Barry, K.C.B., to inquire into the advisability of
Standardising Rolled Iron and Steel Sections.

The Committee as now constituted is supported by the Institution of
Civil Engineers, the Institution of Mechanical Engineers, the Institution
of Naval Architects, the Iron and Steel Institute, and the Institution of
Electrical Engineers; and the value and importance of its labours—not
only to the Engineering profession, but to the country at large—has been
emphatically recognised by His Majesty’s Government, who have made a
liberal grant from the Pubhc Funds by way of contribution to the financial
resources of the Committee,

The Reports are Fcap Folzo, Sewed, except where otherwise stated,
orts already Published
IEITISH STANDARD SECTIONS (9 lists), (included in

No. 6)—ANGLES, EQUAL AND UnEQuUAL—BuLB ANGLES, TEES ANnD
PLATES—Z AND T BARS—CHANNELS—BEAMS d 1/0

2. TRAMWAY RAILS AND FISH-PLATES. ¢ 21/0
3. REPORT ON THE |NFLUENCB OF GAUOE LENGTH
Professor W. C. Unw! Net 5/0
+ PROPERTIES OF S"I'ANDARD BEAMS.
_lglmluded in No. 6.) Demy 8vo, sew
S ANDARD LOCOMOTlVES FOR INDIAN RAI‘.‘o

ded.
6. PROPERTIES OF BRITISH STANDARD SECTIoR:
glé:tg;aai 2‘:;{]1 Definitions, Tables and Formul® (British Standard)

I,

- Net
v. TABLES OF COPPER CONDUCTORS. Net g;g
8. TUBULAR TRAMWAY POLES. Vet B/0
9. BULL-HEADED RAILWAY RAILS. Net 21/0
10. TABLES OF PIPE FLANGES. Net 2/6
11. FLAT-BOTTOMED RAILWAY RAILS. Net 21/0

12. SPECIFICATION FOR PORTLAND CEMENT. w»¢ 5/0
13. STRUCTURAL STEEL FOR SHIPBUILDING. #e 5/0
14. STRUCTURAL STEEL FOR MARINE BOILERS- Net 5/8
15. STRUCTURAL ?J(F%%NSTEOR BRIDGE

16. SPECIFICATIONS AND TABLES FOR TELEGRAPH

17. INTERIM REPORT ON ELECTRICAL MACHINERY.

a’ed

19. REPORT ON TEMPERATURE EXPERIMEN{S
COILS OF ELECTRICAL MACHINES. Net 10/6
20, BRITISH STANDARD SCREW THREADS Nu 2/6
21, BRITISH STANDARD PIPE THREADS.
22. REPORT ON EFFECT OF TEMPERATURE ON

INSULATING MATE

23. STANDARDS FOR TROLLEY GROOVE AND WIRE.

Net 1/0
[p.T.0.
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PUBLICATIONS OF THE ENGINEERING
STANDARDS COMMITTEE—(continucd).

24. MATERIAL USED IN THE CONSTRUCTION OF

RAILWAY ROLLING STOCK Net 21 /0

25. ERRORS IN WORKMANSHIP Based on Measurements
carried out for the Committee by the National Physical Laboratory

26. SECOND REPORT ON STANDARD LocomoTIVES
RFOR INDIAN RAILWA ﬂter:edrd

27. STANDARD _ SrZSTEMS OF LIMIT GAUGES FOR
28. NUTS, BOLT-HEADS, AND SPANNERS. N g;g
29 INGOT STEEL FORGINGS FOR MARINE PUR-
30. INOOT 'STEEL CASTINGS FOR MARINE BULS
31. STEEL. CONDUITS FOR ELECTRICAL W|5|N5<'f.’
¢ 5/0

32. STEEL BARS (for usein Automatic Machines). N.g 2/3

33. CARBON FILAMENT GLOW LAMPS.

35. COPPER ALLOY BARS (for use in Automatic Ma.chme;)

/6
36. BRVll’EL'SNH STANDARDS FOR ELECTRICA/L
A

37. CONSUMERS’ ELECTRIC SUPPLY METERS (Motoer
Ty, e for Continuous and Single-Phase Circuits).

38. BRI STANDARD SYSTEMS FOR LIMIT
GAUOBS FOR SCRE et §/0

39. COMBINED REPORTS ON SCREW THREADS (con-
taining Reports Nos. 20, 28

40. CAEI;I""II_&%NPSPIGOT AND SOCKET LOW PRESSURE

41. CAST IRON SPIGOT AND SOCKET FLUE OR
SMOKE PIPES t 2/6

42. RETCRI'IERI(‘)%ﬁI'I,NG STEAM ENGINES FOR ELEC-

A
43. CHARCOAL IRON LAPWELDED BOILER TUBI;/SG.
44. CAST IRON PIPES FOR HYDRAULIC POWER

45. STANDARD DIMENSIONS FOR THE THREADS OF
.SPARKING PLUGS (FOR INTERNAL COMBUSTION
ENGINES) Net 2/6

46. KEYS AND KEYWAYS.

47. STEEL FISHPLATES FOR BULL-HEAD AND FLAT-
BOTTOM RAILWAY RAIL. 10/6

48. WROUGHT IRON OF SMITHING QUALITY FOR
SHIPBUILDING (Grade D.) Net

49. AMMETERS AND VOLTMETERS. Net 5/0

50. THIRD REPORT ON STANDARD LOCOMOTIVES

FOR INDIAN RAILWAYS, Incorporating Reports Nos. 5§ and 26

51, WROUGHT IRON FOR USE IN RAILWAY ROLLING

o

TOCK. ¢ Best Yorkshire,” and Grades A., B. and C. Net 10/6
52. BAYONET SOCKET LAMP HOLDERS AND CAI:;SC.’

53. COLD DRAWN WELDLESS STEEL TUBES FOR
LOCOMOTIVE BOILE

54. THREADS, NUTS AND BOLT HEADS FOR USE lN
AUTOMOBILE CONSTRUCTION Net 218

London : Crosby Lockwood & Son,
7» STATIONERS' HALL COURT, E.C., and 121a, Victoria Street, S. W,
BRADBURY, AGNEW, & CO. LD., PRINTERS, LONDQN AND TONBRIDGE. (135, 2-5-11.)




WEALE'S SCIENTIFIC & TECHNICAL SERIES.

MATHEMATICS, ARITHMETIC, &c.

Geometry, Descriptive. J. F. HEATHER . . . 2/~
Practical Plane Geometry. J. F. HEATHER. co.o2/-
Analytical Geometry. J. Han~ & J. R. Youne., . 2/-

Geometry. Part I. (Euclid, Bks. I.—III.) H. Law 1/6
Part II.  (Euclid, BooksIV., V., VI, XI.,

XIL), H.Law . . . . 1/6

Geometry, in 1 vol. (Euclid’s Elements) . . . . 2/6
Plane Trigonometry. J. HANN . . . . 1/6
Spherical Trigonometry. J. HANN . . S
The above 2 vols., bound together e« . . 206
Differential Calculus. W. 8. B. WooLHoUSE .. 1/6
Integral Calculus. H. Cox .. . .. 1/6
Algebra. J.Hapbbox . . . . . . . 2/-
Key to ditto . . . . . . . 1/6
Book-keeping. J. HADDON . . . . . 1/6
Arithmetic. J. R. You~ne . . I 1)
Key to ditto. . e 1
Equational Arlthmetlc. W.Hipstey . . . . 1/6
Arithmetic. J . Hapbon . . . . . ., 1/6

Mathematical Instruments. HEATHER & WALMISLEY 2/-
Drawing & Measuring Instruments. J. F. HEaTHER 1/6

Optical Instruments. J. F. HeataEr . . . 1/6
Surveying & Astronomical Instruments. J. F.
HEATHER . . . . . 16
The above 3 vols bound together . . . . 4/6
Mensuration and Measurmg. T. BAKER . . . 16
Slide Rule, & How to Use it. C. Hoare . 2/6

Measures, Weights, & Moneys. W. 8. B. Woomonsn 2/[6
Logarithms, Treatise on, with Tables. H. Law. 3/-
Compound Interest and Annuities. F. THOMAN ., 4/-
Compendious Calculator. D. O’GormMaN .. 206

Mathematics. F. CampIN . . . .. 3/-
Astronomy. R. MAaIN& W. T. LYNN . . . 2/
Statics and Dynamics. T. BAKERr . . . . 1/6

Superficial Measurement. J. Hawxkincs .. 3/6

CROSBY LOCKWOOD & SON, 7, Stationers' Hall Court, E.C.
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WEALE'S SCIENTIFIC & TECHNICAL SERIES
BUILDING & ARCHITECTURE—contd.
Architecture, Orders. W. H. LEeps . . . . 1/6
Architecture, Styles. T.T. Bury . . . . 2f-
The above 2 vols., bound together . . . . 3/6
Architecture, Deslgn. E. L. GARBETT . . . 2/[6
The above 3 vols., bound together . . . . 6/~
Architectural Modellmg. T. A. RICHARDSON . . 1/6
Vitruvius' Architecture. J. GwiLT . . ..o~
Grecian Architecture. Lord ABERDEEN . . R
The above 2 vols., bound together . . . . 6/-
FINE ARTS.
Dictionary of Painters. P. DAryr . .. 2/6
Painting, Fine Art. T.J. GULLICK & J. Tmns . 5/~
Grammar of Colouring. G. F1eELp & E. A. DavIDsoN 3/-
Perspective. G. PYNE . . . . 2/~
Glass Staining & Painting on G|ass . .. 26
Music. C. C. SPENCER . . . .. 2/6
Pianoforte Instruction. C. C. Srmwnn . .. If6

INDUSTRIAL & USEFUL ARTS.

Cements, Pastes, Glues, & Gums. H. C. STANDAGE
Clocks, Watches, and Bells. Lord GRIMTHORPE
Goldsmith’s Handbook. G. E. GEE
Silversmith’s Handbook. G. E. GEe ,
Goldsmith’s & Silversmith’s Handbook.
Hall-Marking of Jewellery. G. E. GEE
Cabinet-Maker’'s Guide. R. BirMean
Practical Organ Building. W. E.

Coach Building. J. W. BurcEss

Brass Founder's Manual. W.

French Polishing and Ena

House Decoration. J. W.

Letter-Painting Made E
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