THE ELECTRIC RAILWAY OF TO-DAY.
By Joseph Wetzler, M.E.

T has been remarked
truthfully that the civ-
ilization of a country
- may be gauged by its
> methods and means
of communication,
and the transition
T * from the stage-coach

of old to the lightning express of to-
day marks as great an advance in the
methods of passenger transportation,
probably, as does that of the telegram
over the post message. But while these
improvements in methods of highway
transportation have been going on stead-
ily for over fifty years, with the brill-
iant results well known to all, there is
one class of traffic which, even up to
within a short time, has remained per-
fectly stationary since its inception;
and that is, the street-car or tramway
trafficc. Beginning with the horse as
the motive power, over fifty years have
passed without an essential change in
the method of propulsion, and it has re-
mained for that subtile and vigorous
agent, electricity, to solve the problem
which has taxed the capacity of engin-
eers for half a century. Attempts, it is
true, have been made to displace the
horse by mechanical power, applied in
the shape of the steam and compressed-
air locomotives, and again by the more
recent cable ; but the objections to their
employment in the crowded streets,
together with the now acknowledged
superiority of the electric railway, allow
of the assertion being safely made that,
except in very rare cases, the former
must now be considered methods of the
ast, and that the long serfdom of the
orse will be brought to an end by the
electric motor applied to the street-car.
As brilliant an achievement as the
electric railway of to-day undoubtedly
is, it has had its period of development,
like every other modern industrial ap-
plication of importance; and the period
from its inception to final consumma-
tion was indeed by no means a short
one. The reasons for this are, however,

traceable to the same causes which se
long retarded the introduction of the
electric light, and which were very clearly
pointed out by Professor Morton in the
August, 1889, number of this MagaziNg ;
the long delay being due to the absence
of a sufficiently powerful and economical
generator of electricity. To the student,
the tracing of the history of this devel-
opment presents a most interesting line
of study and research, but the limits of
the present article forbid our entering
upon it except to briefly mention the
early workers in this field.

As far back as 1835, Stratingh and
Becker, of Groeningen, and Botto, of
Turin, in 1836, constructed crude elec-
tric carriages. They were shortly fol-
lowed by Davidson, a Scotchman, who
in 1838-39, built an electric car weigh-
ing five tons, with which he obtained a
speed of four miles an hour. These
were contemporaneous with others in
the United States, where Thomas Daven- -
port, a blacksmith of Brandon, Vt., built
a small circular railway at Springfield,
Mass., in 1835, which he operated by
means of electricity. It is also worthy
of note here that to Davenport, proba-
bly, belongs the honor of having first
printed a newspaper by electricity, one
called The Electro-Magnet and Mechanics’
Intelligencer, in 1840. Foremost in the
ranks of American pioneers in this
field, however, was Professor Page, of
the Smithsonian Institution, some ac-
count of whose works is given in a pre-
vious issue of the MagazINg. *

The railroad experiments of this scien-
tist consisted in the operation of an
electric locomotive between Washing-
ton and Baltimore, in the course of
which he obtained on one occasion a
speed of nineteen miles an hour; but
the difficulties experienced with the
Grove primary batteries on the car
were such as to force him to abandon
the scheme. The work, in this field, of

* 8ee *The Electric Motor and ite Applications,” by
Franllxlulllssl‘f(ma.rd Pope, in SORIBNER'S GAZINE for



426

Professor Moses . Farmer, in 1847,
and of Thomas Hall, who exhibited a
model electric locomotive at the Chari-
table Mechanics’ Fair in Boston, in 1851,
can only be mentioned.

All these experiments, however, in-
teresting as they were from a scientific
stand-point, were destined to practical
failure on account of the enforced em-
ployment of batteries as the source of
electrical ener, and it was not until
the invention of the continuous.current
dynamo-electric machine that the actual
solution of the problem became possible.
Soon after the invention of the dynamo,
Siemens and Halske, of Berlin, made
some attempts to apply electricity to
railroad purposes; but the imperfec-
tions of the early machines led to the
abandonment of the project.

But the advances which had been
made in the art of dynamo-building, and
the discovery of the reversibility of the
dynamo, so that it could be employed
as a motor, led to renewed attempts,
and at the Berlin sition of 1879,
this same firm operated a small electric
railway, which was perhaps the first com-
mercial electric railway in the world
opened for regular traffic. American
inventors, however, had by no means
been idle, since almost at the same time
Stephen D. Field, the nephew of Cyrus
W. Field, of Atlantic cable fame, and
Thomas A. Edison, had conceived the
idea of the modern method of operating
electric railways; and it is interesting
to recall these attempts, as showing the
lines on which these early experiments
were carried out. This isillustrated by
the locomotive constructed by Mr. Edi-
son at Menlo Park, in 1880, shown on
page 433, in a drawing taken from a
photograph preserved in Mr. Edison’s
library.

These experiments encouraged other
inventors in this country, among whom
may be mentioned Leo Daft, who, in
1883, operated the Saratoga and Mount
McGregor Railroad by electricity. Ed-
ward M. Bentley and Walter H. Knight
also deserve mention for their pioneer
work, which tended mainly in the direc-
tion of supplying a practical system for
operating railways by means of the con-
duit system ; and finally C. J. Van De-
poele, to whom the progress which the
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electric railway has made in this coun-
try is largely indebted.

With this brief review of the efforts
which have led up to the electric rail-
way of to - day, I shall pass to the con-
sideration of the subject as it presents
itself in its latest aspect.

Broadly speaking, the electric car is a
self-propelling vehicle, in which the pro-
pelling force is furnished by a motor
actuated by an electric current. For the
purposes of convenience, electric rail-
ways may be divided into three classes,
depending upon the manner in which
the current is supplied to the electric
motor upon the car. These are:

1. The “overhead system,” as it is
called, in which the current is led from
the generating machine at the station to
the car through a wire placed above the
ground.

2. The “ underground system,” or that
in which the supply conductors are
placed below the ground.

3. The ¢ storage-battery system,” in
which the current is furnished by stor-
age batteries carried on the car, which
have been previously charged with the
required current.

Though differing in name, these vari-
ous systems are alike in principle, and,
indeed, have much in common ; but this
artificial distinction may be conducive to
a better understanding of the subject.

As the previous articles in this series
have already given the reader a suffi-
ciently good idea of the theory and ac-
tion of the electric motor and the dy-
namo,* they need not be again described,
and a view of the plan upon which the
first of the systems of modern electric
railways above mentioned is operated
can be at once presented. The sketch
[on p. 427] shows in outline the prin-
cipal elements of this system. These
consist, broadly speaking, of the gen-
erating statlon, the line, the car, the
motor, and the return circuit. At the
generating station there are an engine
and boiler which furnish power to drive
the dynamo, D. The current generated
by this machine is conducted by & wire to
the line L, which is strung on posts and

* See ** Electricity in the Service of Mnn ” ln Scm
NER's MaeaziNe for June, 1889, p * Elec-
tricity in Lighting,” August, 1889, pp. 1s1-1é4,
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Plan showing Principles of Operating the Overhead System of Electric Railways.

runs el with the track. The car,
in order to obtain the current, makes
continual contact with the line L by
means of a trolley, the current passing
down by wires to the motor M, con-
nected with the axles of the car. After
passing through the motor, the current
passes into the wheels of the car, and
thence into the track ; the latter, it will
be seen, i8 connected to the other pole
of the dynamo D, and a complete cir-
cuit is thus formed. It will be noted
that in addition to the track connection
as a return for the current, the earth is
also called into play, acting as a con-
ductor in the same manner as it is em-
ployed in tele'%ﬁghy, and with the same
advantages. is is effected by connect-
ing the track at intervals with large
plates buried in the wet ground, and the
integrity of the circuit is additionally
enforced by connecting the rails elec-
trically by means of copper wire, indi-
cated at J, as the ordinary fish-plates
joining the rails cannot be relied upon
to give a continuous electric circuit such
as required.

Some of the more important details,
upon the success of which the operation
of the electric railroad largely depends,
should be next considered.

As recently remarked, with much
truth, by a writer in referring to the
electric street-car : “ The truck is the
car ;” hence, as this element is common
to the three systems above mentioned,
it seems first in order to claim attention.
The truck being the support of the car-
body in which the passengers are carried,
18 necessarily limited to certain dimen-
sions, and the problem of concentrating

motors of sufficient power to propel the
car, into the limited space available, af-
forded a good field for inventive genius.
Again, the manner in which the power
generated by the motor was to be trans-
mitted to the wheels and axles, though
apparently simple, was found to be by
no means easy of solution ; and even at
the present time differences of opinion
exist on this point. Economy in weight
as well as in power requires that motors
shall be run at high speed, and, as the
car-wheel, as a rule, runs at compara-
tively low speed, it is evident that some
method of reducing the speed of the
motor to that of the car-wheel must be
employed. Among the various methods
which have been proposed and tried are
friction gearing, connection by means
of belts, the sprocket and chain, the
worm and wheel, the direct crank action,
and finally the gear and pinion. Of all
these, the last may be said to be prac-
tically the only one which has thus far
come into any extensive use, at least 8o
far as this country is concerned ; and,
as the number of our railways in opera-
tion far exceeds that of all the rest of
the world put together, it is safe, for
the present at least, to designate this
method as the typical one in use to-day.

In order that the reader may there-
fore clearly understand the construction
of the ordinary electric railway truck, a
view is shown on page 428 of the form
designed by Frank J. Sprague, one of
the most successful of the new school of
electrical engineers. As the space be-
tween the bottom of the car and the
ground is necessarily confined, it has
been found expedient in practice to di-
vide the motive power into two units by



428

the application of two motors, one to
each axle, as it i8 evident that one motor
sufficiently powerful to do the work
would, as a rule, be very difficult to
place under the car without interfering
with its present construction. The
manner in which the power of the mo-
tor is transmitted to the wheels is very
clearly shown. The only moving part,
the armature, has at one end of its
shaft a small gear-wheel which meshes
with a pinion placed upon a counter-
shaft which passes through the legs of
the magnet ; and the other end car-
ries a similar pinion, gearing with a
toothed wheel connected to the axle of
the car. Hence the armature of the
motor, which runs at high speed, trans-
mits its power to the axle at a lower
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these wheels will always bear the same re-
lation to each other and to the axle upon
which they are mounted—a most essen-
tial point for their proper operation.
Provision must also be made for the
easy starting of the car, and to prevent
disagreeable shocks from the sudden
starting of the motor when the current
is switched on. This is accomplished by
suspending the free end of the motor
between a pair of springs, which are
shown supported by cross-bars stretch-
ing from side to side of the truck.
Thus the motor is given free vertical
play for a short distance, and the shocks
which would be caused by a rigid ar-
rangement are taken up by the springs,
and the car started with a gradual move-
ment. It may be said that the advent

e

speed by means of this gearing. The
successful operation of this gearing,
however, requires that all these wheels
shall remain in a constant fixed relation
to each other, and in order to accom-
plish this the very ingenious expedient
has been applied of centring the motor
itself upon the axle of the car ; thus, no
matter how much the vehicle may be
jarred during its passage over the track,

Sprague Electric Motor attached to a Street-car
Truck,

of the electric railroad has entailed an
entire remodelling of the street-car truck
formerly employed, and has indeed con-
stituted an almost distinct, new field of
invention.

It is upon a truck of the nature above
described that the car-body is mounted,
and the result of the construction adopt-
ed is that the working mechanism is en-
tirely removed from view.
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A small but very important detail,
which has added much to the successful
operation of the motor and the car, con-
sists in the substitution of a carbon
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to inclose the motor entirely within the
car-wheel, and thus to relieve the axles
of all strain due to the weight of the
motors.

Overhead Wires for Double-track Road, suspended on a Single Line of Ornamental Poles.—Thomson-Houston Railway,
Washington, D. C.

brush bearing against the commutator,
in place of the copper brush which had
until very recently been employed.
Small as this detail may appear, it is
almost safe to say that it constitutes
one of the most distinct advances in the
electric railway motor that has been
effected since its practical application.
Another very interesting method that
has been proposed for transmitting the
power of the revolving armature to the
axles and wheels consists in mounting
the armature directly upon the axle of
the car, so that no intermittent gearing
whatever is required, the armature shaft
and the axle being identical. The very
latest idea in this department is em-
bodied in the design of Mr. William
Baxter, Jr., of Baltimore, who proposes
VoL. VII.—46

The consideration of the various meth-
ods by which the current is led from
the generating source to the motor on the
car, by means of the overhead wire, can
now be entered upon. This, evidently,
is most important, as upon the effective-
ness and integrity of the ‘“line ” depends
the successful operation of the road,
just as in telegraphy the line wire re-
quires to be maintained perfect in order
to effect communication.

Looking back to the early electric
railways operated by Siemens at Berlin,
it is found that the same arrangement,
long practised in telegraphy (which is
depicted on p. 427), was there adopted ;
but the conductor, instead of being over-
head, consisted of a central rail placed
between the other two, but insulated
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System of Overhead Wires, suspended from Poles on Opposite Sides of the Street.

The above a curve on the

Sprague Railway at Wilkesbarre, Pa,

from the ground. The current from the
dynamo first passed through this central
rail, then into the motor through the
wheels, and then into the two outer rails
and the ground, which carried it back to
the other pole of the generating dynamo.

This construction was also adopted in
his early work by Leo Daft, in this coun-
try; but it is evident that, except in
special situations, it is not suitable on
account of the danger of shock which it
involves to persons and animals crossing
the tracks, by coming in contact with the
conductor. The two rails themselves
have also been employed exclusively as
conductors, the one rail being the posi-
tive side of the system, and the other
the negative.

The overhead line of to-day, in con-
nection with electric railways, is going
through the process of evolution simi-
lar to that of the other elements of the
system. The first attempts in this direc-
tion consisted in fixing upon posts a tube
having a slot running along its entire
length, and facing downward. Within
this tube there was placed a slider,
which was connected to the motor on
the car, and which served to maintain a
continuous contact between the moving

car and overhead conductor. The opera-
tion upon this method, though still con-
tinued in one or two instances abroad,
was soon abandoned, however, and its
place taken by the plain cylindrical wire
upon which a trolley-wheel was main-
tained, which moved in connection with
the car, and served ta make the neces-
sary contact between the motor and the
overhead conductor. This trolley had
therefore necessarily to be supported by
the wire, and consequently demanded a
wire of suitable strength to stand the
strain of the travelling wheels. Hence,
to avoid this difficulty the very ingenious
idea was adopted of supporting the con-
tact-wheel at the end of an arm resting
on the top of the car, and pressing it in
contact with the lower side of the wire ;
as a result of this it is evident that the
wheel, instead of being a load upon the
wire, actually serves to support the wire
in its course ; and, consequently, a much
lighter construction can be adopted in
this case than in that previously men-
tioned. ~

The manner in which the conductor
carrying the current is maintained in
position overhead is subject, naturally,
to the conditions both of the traflic and
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the nature of the road through which
the tracks pass. Therefore there are
various types of overhead constructions.
In ordinary cases, in cities where two
tracks are placed side by side in a street,
there are two general modes of suspend-
ing the overhead wire. A very admir-
able example of the manner in which this
can be accomplished, without obstruct-
ing the street or in any way marring
its beauty, is that which is illustrated
in the engraving on page 429 which
represents the Thomson-Houston elec-
tric railway, operating in Washington.
Here ornamental iron poles are placed
at suitable intervals, and carry cross-
arms, from the ends of.which the wire is
suspended Ly means of an insulator.
This simple construction permits

also the illumination of the street

—for it may be noted that every

second pole is surmounted by a

cluster of incandescent lamps which

light up the roadway both for the

cars and for the traffic which may

be passing on the streets. These

lights may be run from the same

current which supplies the motors

on the cars, but where this is
not considered desirable,
a separate con-
ductor can be
strung for that
purpose; in
either case the
posts themselves
afford a ready

means for the o - =

suspension of
the lamp.
Where the
streets are not -
wide enough to -
permit of the 'Y =
adoption of a = &
system of poles .
running along
the centre, an-
other method T
is frequently
adopted, which
consists in plac-
ing the posts at the curb line on either
side of the street, and suspending the
conductors by means of wires stretched
from opposite poles across the street.
This method of construction is shown
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in the engraving (p. 430), which repre-
sents the operation of the Sprague elec-
tric railway at Wilkesbarre, Pa.

Electric railways in many instances
connect cities with their suburbs, with
tracks frequently running for consider-
able lengths. The method of overhead
construction in such cases consists in
using a line of poles having single arms
extending from one side, a general type
of which is well illustrated in the en-
graving below, which shows a section of
the Thomson-Houston electric railway at
Rochester, N. Y.

In the outline sketch (p. 427), the
main conductor is represented by a sin-
gle wire. It is evident, however, that
any break in the overhead -circuit, as

e

Poles with Single Arms for Suburban Roads. The Ontario Beach Railway, Rochester, N, Y.

there shown, would cause an interrup-
tion to the traffic. Hence at the present
time there are, in fact, two systems of
conductors emploved ; one of these,
called the main conductor, is run out
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from the dynamo-generating station to
various parts of the road, and connects
with the working conductor, as it is
called, to which the trolley-wheel makes
contact. The working conductor being
thus fed into at a dozen places, a break
in any one part of the circuit will not
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upon which the contact-wheel is mount-
ed is pivoted flexibly to the top of the
car, a series of springs serving constant-
ly to push the arm upward. It is at the
same time sufficiently yielding to allow
it to overcome any inequalities in the
level of the wire or of the road. The
arrangement is such
that the arm has a
free motion from a
vertical position to
a perfectly horizon-
tal one, so that elec-
tric cars may pass
under bridges, for
instance, reaching

The Double-wire, Continuous Metallic Circuit System,—Daft Railway, Cincinnati, O.

cause any interruption of the current,
so that in reliability of operation the
electric railway is far superior, probably,
to any other method now in existence,
and indeed much preferable to the cable
railway, in which the operation of the
road depends entirely upon the integrity
of the cable, and any stoppage of which
means a total interruption of traffic.

As simple a matter as it may seem,
the successful operation of the “ under-
contact ” trolley required an enormous
amount of experimentation before the
proper type of contact was obtained.
The one in general use to-day consists
merely of a grooved wheel, which is fixed
at the end of the trolley-arm. As there
is always more or less sag to the wire,
some method must be provided for keep-
ing the wheel in constant contact, which
evidently could not be effected if the
wheel were rigidly attached to the car-
body. To effect this, therefore, the arm

to within six inches
of the top of the car.
The overhead sys-

tem so far described
consists practically
of but a single over-
head wire, with a
ground return for
the current; but
there are still some
who prefer to use a
continuous metallic
overhead circuit.
This naturally en-
tails the running of
two wires instead of
one ; one wire serv-
ing as a feeding wire
and the other as the return wire. The
principle of operation is evidently the
same in both cases, and a very interest-
ing example of this case of overhead
construction is that afforded by the Daft
electric railway operated in Cincinnati,
a view of which is shown above.

It may be remarked that, although the
large majority of the roads in operation
to-day make contact with the underside
of the wire by means of a wheel, there
are still some who adhere to the older
practice of maintaining a sliding con-
tact with the conductor ; among them
being Sidney H. Short, who prefers a
sliding contact at the end of the arm
which is pressed up against the under-
side of the wire, and continually rubs
against it in its passage.

The adoption of the overhead system
has been so general that but compara-
tively little has yet been done in the
way of a practical application of running
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Edison’s Menlo Park Electric Locomotive, 1880,

conductors underground. It is evident
that by maintaining the system above
the ground, it can be closely watched
and readily inspected at all times, and
the slightest fault which may be de-
veloped can be hunted up and remedied
in the shortest possible time. Again—
and perhaps this may be deemed the
most important factor which has led to
the preference of the overhead system
to the underground—there is the small
cost at which it can be erect-
ed and maintained.

But it was early evident
that the demand of the pub-
lic in crowded cities would
in time force the adoption
of some underground sys-
tem, and various plans have
been suggested with this
end in view. Evidently the
principle remains the same
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the conduit.
Again, it is abso-
lutely necessary
that the conduc-
tors shall remain
thoroughly insu-
lated from each
other and from
the ground under
all conditions of
weather. The fre-
quent heavy rains
and snows occur-
ring in this coun-
try,therefore,nec-
essitate the adop-
tion of a construc-
tion which shall
permit of a thor-
ough insulation
of the conductors
and a drainage of
the entire system, not only to prevent
an entire stoppage of the operation of
the road by flooding, but also to avoid
a continuous loss of current from con-
ductor to conductor by leakage. To
such general conditions are added oth-
ers of minor importance. To meet all
these, therefore, has been the subject
of not a little study. Only a compar-
atively brief reference can be made to
one of these types, the design of Messrs.

as that employed in the
overhead system, but man

are the difficulties whiciz
present themselves when
the conductors are placed below the sur-
face. The problem involves, in the first
place, a construction which will effect-
ually resist the action of all forces tend-
ing to disturb the relative position of
the wires underground ; and where the
traffic on the streets is very heavy this
involves & very strong construction of

The Bentley-Knight Underground Conduit System, showing Cross-section of
Track, Conduit, and Truck.

Bentley & Knight, as now put down
in Fulton Street, New York, which has
not yet, however, gone into operation,
though one of their earlier types is
in use in Allegheny City. The type
of this conduit system is well illus-
trated in the engraving above. A num-
ber of constructors have arranged the



434

conduit to run along the centre of the
track, but the objections to this method
of operation have been overcome by
placing the conduit at one side of the
track. As shown in the engraving, the
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tor than is afforded by means of a
plough; moreover, a slot running along
the surface of the street is also looked
upon by some as an objection, the re-
moval of which would be desirable. To

The Storage-battery System.—Car of the Julien Electric Traction Company, as run on the Fourth Avenue Road, New York.

two conductors are supported upon por-
celain insulators fixed to the sides of the
conduit. Placed directly above them are
the two slot-rails through which a plough
attached to a cross-beam on the car-truck
enters. The lower end of the plough
carries two contacts mounted upon
springs, so that they are kept in contin-
ual contact with the conductors. The
conduit is constructed of heavy cast-iron,
horse-shoe shaped ribs, which are laid
in the ground and connected continu-
ously by an iron shell fixed to the flanges.
For the proper and easy examination of
the conduit, hand-holes are provided at
short intervals,
one of which is
shown in section
in the engraving.

Although a
limited number
of electric rail-
ways operating
with the conduc-
tors placed in
conduits are in
successful oper-

avoid both these a number of inventors
have hit upon the idea which consists
in laying the conductors underground,
and, at short intervals, providing devices
which shall close the conductor circuit
through the car at whatever place the
car happens to be. In one of these sys-
tems, that designed by Messrs. Pollak &
Binswanger, a magnet carried at the
bottom of the car acts upon a switch
placed, every twenty or thirty feet, below
the surface of the street, which switch
closes the circuit and sends a current
through the motor on the car from the
main conductors. A system of a simi-

ation to-day, the

difficulties en -
countered in

Daft Electric Locomotive for Traffic on Elevated Raiiroads.

their operation have led inventors to lar nature has also been designed by Mr.

seek other means of communication
between the conductors and the mo-

MecElroy, of Pittsburg. Though ingeni-
ous in their conception, none of these
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systems has yet come into practical use.
As remarked recently by a well-known
electrician, the underground electric
railway problem does not of itself pre-
sent any inherent difficulties, but an es-
sential element in its success is proper
engineering, such as has been proved
necessary as the result of past experi-
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“geries ” system. Another method,
however, which is that almost univer-
sally employed in connection with the
incandescent lamp, is the connection of
the lamps across the circuit, the lamps
being, as it were, placed parallel to one
another across the outgoing and return-
ing wires, and each lamp obtaining its

Stephen D. Fieid's Motor.—Experimental Trials on the Thirty-fourth Street Branch of the Elevated Railway, New
York City.

ence in cable traction. And, according
to the same authority, the laying down
of a cable conduit ought to be hailed
with delight by electricians, as, sooner
or later, it will most probably serve as a
receptacle for electric railway conduc-
tors.

There are two different ways in which
electric cars may be operated, consider-
ing their electrical relation to the con-
ductor. As the readers of “Electricity
in Lighting ” * are already aware, electric
lamps may be connected so that the cur-
rent passes through each lamp in suc-
cession. Thisis the system upon which
the large arc lamps for street illumina-
tion are connected, and is called the

*See SCRIBNER'S MAGAZINE for August, 1869, p. 194.

current independently of the other.
This is called the ‘“multiple arc” or
“ parallel ” system. The latter method
is the one upon which the large majority
of electric railways running to-day are
operated. It requires that the elec-
tric pressure at the terminals of the
dynamo, and hence upon the line, shall
remain constant, while the current pass-
ing over the line varies, of course, with
the number of cars which are being op-
erated at the time; ten cars, for exam-
ple, taking ten times as much current
as one car.

But the series system of operating
cars still has its adherents, among them
Sidney H. Short, of Cleveland, O. In
his system the current is maintained
at the same strength throughout, and
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The Glynde, England, Telpherage Line, on the System of the Late Fleeming Jenkin.

passes from omne car to the other un-
diminished in strength. It involves,
however, a change in the electric press-
ure of the line, so that with ten cars
the pressure would be ten times as great
as that required with only one car in
operation. Thus, although no actual
power is saved, since in one case the
pressure, and in the other the strength
of the current, is varied proportionately,
its adherents claim for it certain other
advantages in operation, among others,
a saving in the cost of conductors.

The storage - battery system is fre-
quently called the ideal system of street-
car propulsion. It is true it is the most
pleasant to contemplate both from the
stand-point of the public and the street-
car manager. The objections which
are lheld against the erection of wires
and poles in streets, or the placing of
conduits which necessitate slots in the

roadway, would evidently be entirely
overcome by a system which should
leave each car independent of every out-
ward source of power. This great
desideratum is undoubtedly best em-
bodied in a car equipped with its
complement of storage-cells previously
charged, the car moving over the road
as a single unit independent of all other
conditions. These manifest advantages
were early recognized, and hence it was
not long after the practical storage-
battery was invented by Faure, that
attempts were made to apply it to stor-
age-car propulsion. The first of these
cars was put in operation in Paris, in
1882, and was followed by experimental
operations in various other places. In
1885 a competition at the Antwerp
International Exhibition, arranged be-
tween an electric car, steam locomotives
of various kinds, and a compressed-air
engine, resulted in the complete victory

The Weems System for a High-speed Electric Railway.
accomplished on an expernimental track,

More than one hundred and twenty miles an hour actually
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