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By Tuomas Commerrorp Marrin, Expert Special Agent.

CHAPTER L
HISTORY AND DEVELOPMENT OF ELECTRIC TRACTION.

The early technical history of street railways in
JAmerica has little divect connection with the problems
of traction as they exist at the present time, for, while
there are some technical features which are evolution-
-ary and reveal descent from a long line of methods and
principles, the sudden change of motive power from
horses and mules to electric motors, with but a brief
intervening period of cable development, has hrought
-ahout an entirely new set of conditions. It foliows
that while the earlier ante-electric history might be
-wstudied for its own sake, it embodies very little of per-
tinent interest and instruction in the study of the
modern street railway systems of the United States.

In connection with the text which follows it is deemed
proper to say that a great many aunthorities have neces-
sarily heen consulted, although, from 1877 onward, the
facts lie very largely within the personal observation
.of the writer of this report. Among the hooks yuoted
are Wright’s American Street Railways, Wairchild’s
Street Railways, Dawson’s Electric Railways and Tram-
ways, Martin and Wetzler’s Electric Motor and its
Applications, Croshy and Bell’s The Electric Railway,
Bell’'s Power Distribution for Electric Railroads, Pratt
and Alden’s Street Railway Roadbed, Clark’s Tram-
ways, Rider’s Electric Traction, Gotshall’s Electric
Railway Economics. In addition to these may he men-
tioned, for their value in regard to technical data,
Herrick’s Practical Electric Railway Handbook, Fos-
ter’s Electrical Engineer's Pockethook, and Dawson’s
Electric Traction Pocketbook. These have been sup-
plemented by numerous governmental reports, which
bear more or less directly on the subject, such as that
of Capt. Eugene Grifin, United States Engineers,
United States Senate Miscellaneous Document No. 84,
Fiftieth Congress, first session, which is believed to be
the first governmental report dealing with the subject
in this country. These documents have also heen sup-

plemented by citations from the columns of the elec-
trical and technical press, particularly the files of the
Street Railway Journal, Annual American Street Rail-
way Investments, issued by that journal, as well as the
transactions of the American Street Railways Associa-
tion and kindred national and state societies.

In the third decade of the last century a lumbering
omnibus car, ealled the *.John Mason,” of which an
early engraving is here presented, was dvawn by horses
over strap rails laid on stone ties through Fourth
avenue, New York city. This constituted the first
passenger street railway ever constructed. Some
twenty years later the Sixth Avenue Railroad of New
York city was Duilt, and its moderate success guve
great encouragement to further development. Between
1850 and 1855 half a dozen roads were constructed;
30 in the next five years; over 80 between 1860 and
1870; and at the time of the densus of 1840 there were
769 strect railways in operation in the leading cities of
the country.

The cable system, which the present statistics show
to he almost ohsolete in this country, was introduced in
August, 1873, hut enjoyed barely a quarter of a century
of useful application. Fora time it promised to be the
dominating factor in the field wherever the trafiic was
dense enough to recoup the enormous outlay on con-
struction and the heavy cost of operation, leaving to
the horse and the mule, or an oceasional dummy steam
locomotive, all the other lines where passenger traffic
was light.

The main ideas of the cable system were snggested at
an early date by E. 8. Gardiner, of Philadelphia, but
the real beginning of this stage of street railway trac-
tion dated from the work in San Francisco of Andrew
S. Hallidie and his coworkers, Asa E. Hovey, William
Eppelsheimer, and Henry Root. It may he noted in
passing that the essential principles of the cable system
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involved a cable traveling in a slotted tube operated by
distant driving machinery, and a cable grip, hy means
of which the car attached itself to the motive cable.
Upon this plan and its variations, more than one thou-
sand patents were issued in the United States up to
1890-91, when the superiority of electricity as a motive
power had been demonstrated so thoroughly that no
new cable system of any kind for any purpose has since
been proposed, or is likely to he seriously considered.
An immense amount of ingenuity was displayed in the
development and perfection of cable systems, and they
served the public adinirably in many ways, giving facili-
ties never previously enjoyed and suggesting what
might be done in the future to afford the dense popu-
lation of modern cities greater freedom of movement.
Moreover, the success of the cable was largely responsi-
ble for the welcome which capitalists and engineers
gave to the first crude trials of electric traction,

It is an interesting problem to explain why the value
of electricity as a motive power was so slowly recognized.
The earliest efforts to apply the electric motor to loco-
motive purposes antedated the heginning of the cable
and synchronized with the earliest attempts to utilize
steampower, but it was not until fifty years after both
of these methods of traction had been put into use that
the electric street car or the eleetric locomotive could he
pronounced a definite success.  There is but one expla-
nation sufficient to account for the long period of failure
and disaster attending the introduction of electric trac-
tion—namely, the want of an adequate supply of cheap
curvent with the appropriate methods for its distribu-
tion and delivery to the governed vehicle. In some of
the earliest attempts the electric vehicle was self con-
tained. In other words, the motor was attached in
various ways to the revolving axle and derived its sup-
ply of current from primary batteries carried on the
vehicle itself. Thus, for example,-in the pioneer work
done by Thomas Davenport, a blacksmith, of Brandon,
Vt., this method wag illustrated in his working model.
Davenport not only patented electro-magnetic power as
a governing principle, but in the autumn of 1835 set
up a small, circular railway in Springfield, Mass., over
which he drove an electro-magnetic engine.

Prof. Moses (r. Farmer, a distinguished American
inventor and investigator, in 1847 constructed and ex-
hibited in public an electro-magnetic locomotive draw-
ing a little car that carried passengers, back to back, on
a track a foot and a half wide. TFor this he used 48-
pint cup cells of Grove nitric acid battery; and the
mere statement. of this fact will suggest even to the un-
initiated the costliness and clumsiness of such methods,
In 1850-51 Mr. Thomas Hall, of Boston, exhibited a
small working motor on a track 40 feet long, at the
Charitable Mechanics Fair in Boston, and while this
was a mere toy, and used but a couple of cells of bat-
tery, it sufficed to illustrate the principles of a motor
or locomotive with a single trail car. About this time
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(1847) an interesting demonstration was also made
with a small working model, of one of the features.
which has been most instrumental in the success of
modern electric methods, that of the utilization of the

track as part of the return cirvcuit for the current.

Doctor Colton, once a famous dentist in New York city,

and noted for his early application of laughing gas in

that work, was associated with a Mr. Lilly in the con:

struction and operation of a small model locomotive

which ran around a circular track. The rails were

insulated from each other, each connecting with one

pole of the hattery. The current from the battery was

taken up by the wheels, whence it passed to the mag-

nets, upon whose alternating attraction and repulsion

motion depended; then it returned to the other rail,
connected to the other pole of the battery, and thus

completed the cirenit necessary for the flow of the

current. In like manner, in the vast machinery of the

electric systems enumerated in this report, the current

passes from the power house to circuits of one polarity,

through the trolley pole to the motor or electro-mag-

netic propelling system, thence through the wheels to

the track, which completes the cireuit hy heing con-

nected to the other pole or side of the dynamo at the

power house. The principles are obviously identical,

but it took more than a quarter of a century to develop

the proper method of application in all its details.

The most serious and sustained attempt in the early
period to operate a self-sustained vehicle or car—which
would correspond with the storage battery cars, a fow
of which are enumerated in this report——was that due
to Prof. C. G. Page, of the Smithsonian Institution.
About 1850 Professor Page devoted considerable time
and attention to the development of electric engines or
motors, in which the reciprocating action of a system
of magnets and solenoids or armatures was applied by
crank shafts to driving a fly wheel, to which rotary
motion was thus imparted. "This reciprocal motion, as

_in steam engines, was one of the prevailing features.

of the early electric motor work in this country and
in Europe; but it was not long before its general inap-
plicability was realized and it was abandoned for the
simpler and more direct rotation of the armature before
or hetween the poles of electro-magnets.

On April 20, 1857, with an electric locomotive on
which He had installed a large reciprocating motor
developing over 16 horsepower, Professor Page made
a trial trip along the track of the Washington and Bal-
timore Railroad, starting from Washington. In order
to obtain current for energization, the motor was
equipped with 100 cells of Grove nitric acid battery,
each having as one element a platinum plate 11 inches
square dipped in the acid. Bladensburg, a distance of
about 54 miles, was reached in thirty-nine minutes, and
a maximum speed of 19 miles an hour was attained; the
entire trip to and from Bladensburg occupied one hour
and fifty-eight minutes. But many disasters happened
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HISTORY AND DEVELOPMENT OF ELECTRIC TRACTION.

to the batteries. Some of the cells cracked wide open,
and jolts due to inequalities of track threw the batteries
out of working order. These experiments must have
been extremely costly, and no little discouragement
among people in general attended this failure; but
Professor Page was not daunted, and for some years
continued his work on electric motors, displaying great
ingenuity, but not able, apparently, to give up the
reciprocating principle.

Another inventor of the early period, whose work
should not be overlooked, was Henry Pinkus, who ap-
pears to have proposed and provisionally patented, as
fir back as 1840, the idea of a railway whose motors
should pick up their current from the rails. To his
work many later inventors were referred by the Patent
Office. He, as well as a great many others for several
years thereafter, had to endure failure because the
dynamo had not as yet been invented. The invention
of the dynamo’ replaced the primary battery as the
source of current for the electric railway, and a basis of
operation was reached by which the cost would com-
pare favorably with that of vehicles propelled along
tracks by the direct application of steam.

The invention of the dynamo was the great and suffi-
cient reason for the upgrowth of the modern industries
which depend-upon a large consumption of electric
current. This fact is brought out by the figures of
the census of 1900 in regard to electrical manufactures,
where it is shown that of apparatus valued at least at
$100,000,000, move than 75 per cent belongs in classes
that were unavailable to the public in the days of the
primary battery, and that still would be altogether
inaccessible if the sources of current supply were little
cells with metallic elements dipped in acid solution,
yielding current in small volume and at feeble pressure.

Tollowing promptly upon the commercial exploita-
tion of the early magneto-clectric and dynamo-electric
generators came a sharp renewal of the efforts to perfect
the electric railway. These efforts were made on both
sides of the Atlantic, the work which attracted the most
attention being, perhaps, that of Dr. Werner Siemens at
Berlin in 1867 and, about ten years later, of Siemens and
Halske. In the meantime efforts were being made in the
United States, and in 1879 Mr. Stephen D. Field elab-
orated plans for anelectric railway substantially the same
as that soon afterward put in experimental operation by
him at Stockbridge, Mass. At this stage of the develop-
ment of electric railways the problem again arose with
regard to the transmission of current from the source of
energy to the traveling motor. Instead of using one rail
asthe receiving part of the circuit to the motor, and the
other rail as the return part of the circuit, the idea was
conceived of employing a third rail to receive the cur-
rent, leaving the two outside rails for the return. This
third rail was sometimes placed between the two traction

rails for contact purposes, sometimes outside them on’
the same level or raised on short posts, and in some cases, .
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as in mines, was placed above the car or locomotive in
the manner of an inverted letter T so that the current
could he taken off by some form of traveling contact.
The demonstrations with the third-rail method were
certainly successful, although the various parts of the
apparatus would be regarded at the present time as
very crude and cumbersome. It was something, how-
ever, that a start bad been made and that stimulus had
been given to the imaginative powers of American in-
ventors, and it was not long before new electric rail-
way inventions and projects were appearing all over
the country. ,

Some of the work which at this time attracted notice
was that of Mr. Thomas A. Edison, who made various
interesting experiments in electric railways, which he

_demonstrated upon a little road built at Menlo Park,

N. dJ. There, during the period from 1880 to 1882,
Mr. Edison developed a series of electric railway
motors and locomotives which were actually employed
in carrying many thousand people and a considerable
amount of freight, The records show, that according
to a contract made between Mr. Edison and Mr. Henry
Villard, in 1881, the former was to build not less than 24
miles of electric railway at Menlo Park, equipped with
three cars and two locomotives, one locomotive for
freight and one for passengers, the latter having a capac-
ity of 60 miles an hour. The capacity of the freight
engine was to be the hauling of 10 tons net of freight at
a cost for power per ton mile less than that of the ordi-
nary steam locomotive. If the experiments were suc-
cessful Mr. Villard was to pay the actual outlay and to
negotiate for the installation of at least 50 miles of elec-
tric road in the wheat regions of the northwest. Accord-
ing to Mr. Edison, Mr. Villard paid out nearly $£0,000
on account of the work, and there is reason to helieve
that the work would have gone further had not the
Northern Pacific Railroad, with which Mr. Villard's for-
tunes were then associated, gone into the hands of a
receiver. In Mr. Edison’s experiments the electrie loco-
motives were built along the usual lines of the steam
locomotives, and equipped with cowcatcher, headlight,
cab, ete. The motive power was at first applied from
the motors to the axle by means of friction pulleys, but
this method was found to be unsatisfactory, and in later
efforts belts were employed. The armature shafts
were belted to a large pulley and countershaft, another
belt driving from a small pulley on the countershatt to
a larger pulley on the car axle. In operation, the pul-
leys slipped a great deal before the locomotive actually
started, and this led to the introduction of resistance
boxes, which were placed upon the locomotive in series
with the armature. The locomotive was started with
three resistance boxes in circuit, consuming in heat part
of the current. After normal speed had been attained,
the operator could plug or switch the various boxes
out of the circuit, and in this way gradually increase
the speed.  As a further step, Mr. Edison, finding that
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the resistance hoxes were in the way, had some copper
wire wound on one of the legs of the motor field mag-
net. In this way the resistance was put where it occu-
pied the least room, and where it served also as an
additional field coil in starting the motor, Various
other developments and improvements were gradually
introduced until the cessation of the work in 1882; but
throughout the whole period current was fed to the
motor through the track, and was supplied to the road
hy underground feeder cables from the dynamo room
of the laboratory. In order to insulate the track from
the ground, the rails were insulated from the ties hy
giving them two coats of japan varnish, baking them in
the oven and placing them on pads of tar impregnated
muslin laid on the ties. The ends of the rails were
electroplated and not japanned, so as to afford good
contact surface for the fish plates, and for the copper
bonds, which were added to increase the electric con-
tinuity of the track circuit.

Early in 1883 the electric railway interests of Messys.
Field and Edison were brought together into the hands
of one company. Soon after, at the Chicago Railway
Exposition of that year, an electric railway was put in
operation hy Messrs. Field, C. O. Mailloux, F. B. Rae,
and others, which still employed, however, the third-
rail method. A circular track nearly a third of a mile
in length, 3-foot gauge, ran along the gallery of the
building and the locomotive, named ** The Judge” after
Chief Justice Field, hauled a car along this track. Dur-
ing the month of June, over 26,000 passengers were
carried, Similar work was done with *‘The Judge”
at the Louisville Exposition of the following fall. In
this locomotive the motor was placed crosswise on the
frame go that its armature was parallel with the sills.
The armature shaft had connected with it a projecting
shaft which transmitted motion by means of bevel gear-
ing to a countershaft carrying two pulleys., These pul-
leys transmitted power by means of belts to the pulleys
on the axles of the drivers. . It will be observed that in
this experiment, as in Edison’s, the motor was placed
above the floor of the car and not underneath it. An
average speed of 8 miles an hour was made and & max-
imum speed of 12. The locomotive included original
devices for controlling the current depending upon the
resistance of a suitable rheostat to be cut in and out of
the main circuit. The locomotive was12 feet long and 5
feet wide and weighed about 8 tons.  Current was picked
up from the service or feed rail between the two outside
rails by means of a traveling “vise,” in the jaws of
which were inserted bundles of phosphor-bronze wire o
arranged, obliquely downward and inward, that which-
ever way the car moved, forward or backward, a good
clean contact would be made on each side of the rail.

Another of the workers in the early cighties was Mr.
Leo Daft, an Englishman, who was one of the first to
make a commercial business of the construction of
motors and of their operation from central power sta-
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tions for the purpose of driving machinery in such.
cities as New York and Boston. After some trials of a.
Datt locomotive on the grounds of his company’s works.
at Greenville, N. J., a line was constructed on the
Saratoga and Mount MeGregor railroad in November,
1883. This railroad was ahout 12 miles long with
sharp curves and steep grades, and over it the locomo--
tive ‘““Ampere” ran, hauling a regular passenger car.
Ag in many other instances, the motor in this case was
placed above the platform of the locomotive. At each
end of the armature shaft was keyed a pulley from which
belts ran to large pulleys mounted on the countershaft,
situated midway between the driving wheels; from
the countershaft ran another set of helts to the driving
wheels.  The reduction of speed from the armature
pulleys to the drivers was in the ratio of 8to 1. On
this road also 4 central rail was used to feed current
to the motor, the current being picked up by small
phosphor-hronze contact wheels, spring mounted to
secure flexibility., During 1884 Mr. Daft built and
equipped a small road on one of the long piers at Coney
Island, New York’s famous seaside resort, which carried
38,000 passengers in one season. In thig the system of
current supply was also by means of the track. A little
later another Daft road was installed at the Mechanics’
Institute Fair in Boston, carrying 4,000 or 5,000 pas-
sengers weekly for a month., The motor *‘ Volta” used.
in Boston was then taken to the New Orleans Exposi-
tion and operated on a line about one-fifth of a mile in.
length, between the United States Govermment build-
ing and the main building. This line also carried sev-.
eral thousand passengers.

In 1885 Mr. Daft equipped for the Baltimore Union
Passenger Railway Company a line running out through
the villages of Hampden, Mt. Vernon, and Woodberry,
a distance of about 2 miles, and reaching an elevation
of about 150 feet above the city of Baltimore. For
this branch two locomotives were built, the motors.
being placed low down on the floor of the car, and
motion from the armature shatt to the car wheels being
obtained by internal gears. At each end of the arma-
ture shaft a 3-inch phosphor-bronze gear was keyed,
and these meshed with large gears 27 inches in diame- -
ter fastened to the axle of the driving wheels, the ratio
of peripheral speed of armature and drivers being as
3.27 to 1. .The track was equipped with a third rail to
supply current, placed midway between the outer rails,
which served as the return cirenit, Part of the system
was also equipped with an overhead trolley service.
This suburban road continued in operation for some
time, untilit hecame part of a general network of elec-
tric railways equipped with more modern apparatus,

Mur. Daft, about this time, also equipped several other
street railways in different parts of the country employ-
ing asa rule two overhead trolley wires, with two trolley
contacts, o as to de away not only with the third rail
as a means of current supply, but to obviate any use of




HISTORY AND DEVELOPMENT OF ELECTRIC TRACTION,

the track as o part of the circuit. The system of double
overhead trolley, which will he referred to later, has
continued in vogue in one or two places down to the
present time. Throughout this period Mr. Daft was
also engaged in a series of experiments on the New Yorlk
elevated railroads, to which work allusion will be made
elsewhere.

One of the men to whom the street railways owe much
in their technical development was the late Charles J.
Van Depoele, a Belgian, whose father was master me-
chanic for the Kast Flanders Railway System. Van
Depoele’s trade was that of a cabinetmaker, but he
devoted all his leisure time to electrical experiments.

In the summer of 1869 young Van Depoele emigrated
to this country and began in Detroit the manufacture
of art furniture. With the income derived from his
growing business he was able to indulge his taste for
electricity, and soon made some of the earliest success-
ful are lights and dynamos for "illuminating purposes.
His greatest hobby, however, was the propulsion of
street cars by electricity, upon which he had been work-
ing as far back as 1882, In the winter of 1882-83 Mr.

Tan Depoele had a short experimental line running in
Chicago, and during the same year he operated a car at
the Industrial Exposition in that city, taking current hy
means of an overhead wirve. He was encouraged by the
results obtained in this way, and in the fall of 1885
made & contract with the directors of the Toronto
(Canada) Annual Exhibition to run, single track, a train
of three cars and a motor car from the street railway ter-
minus to the exposition, a distance of 1 mile. On this
system, which was operated successfully and carvied an
average of 10,000 passengers per day, a speed of 30
miles an hour was attained. The track was used as the
return cireuit, and on top of the ear was placed one of
the firet illustrations of the *‘underrunning™ trolley
now commonly employed. The contact wheel was car-
ried by a pivoted beam, the latter bheing provided with
a spring on one end pressing the wheel at the other end
up against the underside of the overhead wire. A flex-
ible cable connected this contact wheel with the switches,
rheostat, and motor on the motor car. The illustra-
tions of this old road show in crude form the modern
central overhead wire, underrunning trolley and trolley
poles, side bracket poles for suspending the wires, and
the insulated track return. ,

It might be said that this was not a street railway in
the strict sense of the term, although it ran through
the streets. My, Van Depoele’s next step was the equip-
ment of a regular street railway at South Bend, Ind.,
where no fewer than five separate cars were operated
at one time, something which had never before heen
attempted or even supposed possible. This road de-
rived its current from a generating plant driven by
waterpower. The equipment of the road consisted of
open and closed four-wheeled cars. On each of the
closed cars was placed a 5-horsepower motor, while a

|
|
|
|
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large open car was equipped with a 10-horsepower
motor, The motors were placed under the cars hetween
the wheels, and the axles were connected by means
of sprockets and link belt. This innovation had heen
found to he desirable, as the motor was in the way
when above the car platform, and the distance hetween
the armature shaft and the driven axle was too great.
Moreover, the motor, when ahove the platform, ocen-
pied space needed for passengers. According to Mr.
Van Depoele’s own account of this road, @ variation
was attempted in the trolley contact. The copper trol-
ley wire one-quarter inch in diameter was suspended
above the track by means of cross wires fastened to
poles placed near the curb. From the underside of
this copper wire hung a tiny car fastened to a flexible
eable, which passed to the inside of the motor ear, and
was there fixed in connection with the switches, motor,
ete. This car or trolley on the wire traveled with the
car on the track and made a perfect contact. This de-
vice, and modifications of it, were seen on other Van
Depoele roads, but were soon abandoned for the undex-
running contact.  On some Van Depoele roads, how-
ever, a form of overrunning trolley wheel was tried,
which traveled along the upper surface of the trolley
wire and was held in position by means of a heavy bal-
ance weight. In 1885 Mr, Van Depoele contracted
with the president of the New Orleans Exposition for
a road nearly a mile long, with a carvying capacity of
about 200 people, to be operated on the grounds.  This
was equipped with a motor car and two large open cars.
The motor in this ease was placed in the center of the
floor of the car, the two middle seats being removed for
the purpose. Thisline was equippedwith contact wheel,
upward-pressuve trolleys, the wheel making contact on
the underside of the overhead wire, as at Toronto.
The experiment at New Orleans, La., was followed
by several contracts for roads at Minneapolis, Minn.,
Detroit, Mich., Appleton, Wis., and Montgomery, Ala.
The road at the last-named place was equipped with 12
cars and began operation in 1886,

Considerable discussion arose as to the scope of Van
Depoele’s work and the importance of his inventions,
not a little of which related to the underrunning trolley
contact, one of the features which renders the modern
systems commercially practicable. It was alleged that
Van Depoele had simply carried out or modified ideas
and suggestions already in existence. It was asserted,
for example, that in systems of electric train signaling,
some kind of a trail contact device or trolley had heen
employed to get current or signals from an overhead
conductor to the instrument on the car, and that when
it came to the operation of street railways, the difference
in method was unimportant.

In reply to this contention it was pointed out that
many able inventors, when first confronted hy the prob-
lem of overhead contact, did not avail themselves of
what had been suggested or developed in the electric
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railway signaling art, but started out on thq‘llefs' and
independent line of overrunning tl‘ollgys. So far as
Mr. Van Depoele’s work is concerned, it may be stated
here as part of the historical record that the courts sus-
tained his claims, and that in a well-known decision

Judge Townsend of the United States circuit court
said:

No one can read this record without being impressed by the fact
that Van Depoele was more than a skilled mechanic i1'1 the art of
electrival railway propulsion, The Patent Office hag raised a pre-
ginption in hig favor as an inventor by the grant of numerous pat-
ents to him,  Some thirty have been introdnced by complainant,
several of which cover highly meritorious inventions which have
largely contributed to the suceessful practical operation of the trol-
lev roads throughout the country.  In fact, the construction cov-
ered by his earlier patent for an overhead wnderrunning trolley
shows that he appreciated the problems involved in varying lines
and curves, and to a Hited extent by said device ingeniously pro-
vided for their golution,

The inventors in the art of electrical propulsion, signals, or tele-
graphs, had failed to provide for an operative contact device at the
distanee from the car reguired for the operation of the underran-
ning trolley road except by unwieldy and impracticable structures
on the roof of the car.  They had failed to adequately provide for
vonsiderable variations from practicallystraight lines of travel. In
their later attempts to do go, they had constructed or adopted con-
trivances which departed from the earlier devices now claimed to
show lack of patentable novelty, and thereby furnished strong
proof that the changes wade hy Van Depoele were not obvious
ones.  Defendant’s expert is forced to admit that the advantages
of an underrunning trolley were not obvious and that the earlier
construetors st have heen in doubt as to the efficiency of such a
gystet, and that the prior underrunning overbead devices would
haveled aperson away [rom rather than toward an upwardly pressed
hinged conduector. In these circumstances the new use of ol
principles does not fall within the rule of a double uge. I have
heen unable, therefore, to adopt the view of counsel for defendant,
that the art of conducting electricity from a conductor to a trans-
lating device on a moving vehicle was sufficient to enable the
skilled ‘mechanie to comstruet the device of sald first patent. In
respect of the underlying fundamental object and result of the
paper patents for signaling devices and the Van Depoele device,
the transfer was to a branch of industry but remotely allied to the
other, and the effect of such transfer has been to supersede other
methods of doing the same work.,

That no great confidence was entertained in the early
cighties as to the feasihility of the overhead contact
method of obtaining current for an electric car is to be
inferred from the expensive installation made in Cleve-
land in 1884 by Messrs. Edward M. Bentley and Walter
H. Knight, and put in operation by them in August on
the tracks of the East Cleveland Horse Railwa& Com-
pany. Two miles of the road were equipped with a
little underground conduit placed between the rails and
running the entire length of the road. In this conduit
was placed the feeding conductor, and the high voltage
current for the Brush series wound motor was picked
up from it by means of g plow,” which passed through
the slot in the conduit, and by sliding contact on the
conductor maintained connection with the sources of
power. A photograph of the first car equipped to
travel over this track is here shown, It was an old
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horse car equipped with a small are lighting dynumo
driven as a motor. Two other cars, with similar motor
equipment, but with variations in gearing were :(ll.\‘(')
tried; the last being furnished with spur gearing,
The body of the gears was built up of paper, like ¢
paper car wheel, in order to deaden the noise. In the
third car, also, the motor was carrvied by a separate
truck, its shaft lying longitudinally of the car, and
geared with a parallel countershaft which drove the two
axles by bevel gearing. This line, which was in many
respects a forerunner of the conduit systems sinee sue-
cessfully operated in our largest cities appears to have
worked very well, not only in ordinary weather, but
through the unusually deep snow of the winter of
1884-85.  As a matter of fact this scems to be the st
regular electric street car equipment installed in Amer-
ica, operating for fare like the old horse cars,

The same Bentley-Knight system was laid down on
Fulton street, New York city, with the contact condiit
at one side instead of in the center between the ils,
but for some reason this road never went into opora.
tion and was afterwards torn up. Another Bentloy-
Knight line was later constructed in Boston and
remained in operation for some time, but was finally
superseded by trolley methods, although apparently it
can not be said that the relinquishment of the offort
was due to any inherent fault of the underground con-
duit method. The time simply was not ripe for this
development, nor had the prejudice aguinst overhead
wires in cities yet hecome so strong as to prevent the
overhead network appearing even where an under-
ground system had already shown itself suflicient to the
exigencies of the case. The further important develop-
ments of the conduit system will he treated Jator in »
discussion of this branch of the art,

At about the same time some worle wus being done
in Kansas City, Mo., by Mr. John (. Henry, a tele-
graph operator of considerable ingenuity. Tt appeurs
that a line had been projected to run from Kansas City
to the county seat, Independence, some 10 miles away,
and Mr. Henry built his little road with the iden of
demonstrating the advantages of eloctric traction to the
owners of the proposed Independence line, A number
of new features were introduced, the credit for which
was claimed by Mr. Henry, and which certainly be-
longed to the elementary stages of the practical art,
Thus the plan was proposed of suspending the working
conductor over the track by means of span wires sup-
ported at the side of the road, thus leaving the underside
of the conductor free for easy accoss by the travel-
ing contact. As a matter of fact M. Henry used
double overhead wires, supported hoth by brackets and
by span wire construction, the wire being No, 1 gauge
of hard drawn copper. Mr. Henry was of the opinion
that the use of the word “trolley,” as applied to over-
head wive roads, originated on his little W estport line,
His first traveling contact was a little 4-wheel carringe
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which gripped to and ran along the underside of the
wire. It was attached to a flexible cable, which com-
pleted the circuit to the motor, and the device was
trollied or hauled along by the motor car underneath.
At first it was called a *“troller,” but the name was soon
changed to *“ trolley ” by the employees and the public.
This was long before trolley roads became popularly
known as such.

The motor employed by Mr. Henry was a small Van
Depoele dynamo or generator, which developed about
5 horsepower. It was mounted in an iron frame with
variable speed changing gears, was supported at one end
on the car axle, and was engaged with gearing thereon.
The front platform was lowered, permitting the com-
mutator end of the motor to project thereon and to be
spring supported. This motor was series wound; in
other words, the field magnets were in series with the
armature. It was regulated by the use of resistance.
This road was visited and studied by a great many peo-
ple, including Mr. Van Depoele and others interested
in the development of the art. In the fall of 1885 M.
Henry secured heavier machinery and moved from the
Westport road to some steam railway tracks owned by
the Fort Scott and Gulf Railway Company, where he
experimented with high speeds, with the hauling of
freight cars, and with grades and snow. In the winter
of 1885-86 Mr. Henry arranged to equip the East Street
Railway in Kansas City, which had a mile of track com-
pleted and upon which four motor cars were placed.
Each car had a single 25-horsepower motor attached to
one of the axles, the motor projecting through the car,
its working parts all being in view of the motorman.
The motor was connected to the car axle by planetary
gear and the armature ran constantly. The car was
operuated by the aid of two vertical levers—one to con-
nect or disconnect the motor from the car and the other
to apply friction wheel brakes. In these motors the
fields were so constructed that their resistance could he
varied and the motors be regulated without separate
resistance boxes, and the road was arranged to operate
at a pressure of 500 volts. In 1887 Mr. Henry con-
tracted to build several roads in southern California, all
the machinery for which was built in a crude way in
Kansas City. The performance was remarkable in view
of the remoteness of the inventor from all the facilities
necessary for good scientific work,

Coinecident with the work being done at Kansas City
by Mr. Henry was that attempted even farther west by
Prof. Sidney H. Short, then in the physics department
of the University of Denver. As early as the month
of Fehruary, 1885, a company was organized, under the
name of the Denver Electric and Cable Railway Com-
pany, to build and operate an electric railway in the
streats of that city. An experimental track 300 or 400
feet in length was laid in a cirele on the university
grounds, and a small car called the “ Joseph Henry”
carried a great many hundreds of people over it. This
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work attracted attention and led to more ambitious
efforts which, however, were not successtul. Mr.
Short’s work was interesting from its demonstration of
the fact that some principles, successful in other depart-
ments of electricity, could not be applied to the street
railway. There are, hroadly speaking, two circuit sys-
tems of operating electric devices, namely, the series
and the parallel or multiple. In the series system,
upon which telegraphic instruments have been largely
operated and upon which all the early arc lighting
development took place, the current passes successively
through every motor mechanism on the cireunit, these
mechanisms being disposed along it like beads on a
necklace, and each device receiving sufficient current to
energize it. In arc lighting the circuits extend over
large territories, with lamps sparsely scattered here and
there, and the series principle is well adapted to it, sup-
plying current at high pressure sufficient to overcome
the resistance of the long, thin line wire, and giving
each lamyp the needed electric motive force and quan-
tity of current. But in street railway work where the
deviee, instead of needing a small quantity of current,
requires several horsepower, and where the high vol-
tage would be hrought into dangerous proximity to the
passengers and vehicles, the difficulty of using the series
system would seem. insurmountable. For this reason
ultimately, if not at first, nearly all inventors whose
names have been mentioned constructed their systems
to operate upon the parallel or multiple plan, under
which the incandescent lamp had already heen success-
fully operated. In the parallel plan the cwrrent
receiving devices, such as lamps or motors, are not
strung along in series but are arranged similarly to the
rungs of a ladder, each device being on one step of the
ladder, so that as current flows from the generator at a
moderately low pressure into the system, represented
by the two uprights of the ladder, each step receives
only the **divided” current that it needs and for
which it bas been designed. Applying the kindred
analogy of two large water pipes from a reservoir with
smaller pipes crossing between them, it will be under-
stood at a glance that from the supply of water circulat-
ing in the system, each smaller pipe will allow to flow
through it only the quantity of water which its capac-
ity permits it to receive, and no more. It will also be
readily understood that any working device, such as a
tap or paddle, in any one of the smaller pipes, might
easily be cut off or cease to operate, without in any wise
interfering with any of the other devices of the same
kind in any of the other pipes, Not only is an even
greater flexibility of current utilization obtained by this
method, but all the current in the system can be sct
flowing at a predetermined low measure, within the
limits of safety. On the other hand, in the series sys-
tem, in spite of all that might be done to the contrary,
the failure of one device to operate would he extremely
likely to cut off either the entirve systew or 211 the line
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on the other side of it. Moreover, every add?tion to
the length of the system and the number of devices put
on it would require an increase in the pressure or poten-
tiality, in order that the required amount of current
might be delivered to the device farthest away as well
as to the one nearest the point of current supply.

Professor Short, however, in those early days, was
of the opinion that the greatest economy in electric
railway work, as in are lighting, could be obtained by
the use of a constant sevies current of small amotnt,
and for several years, with great ingenuity and perse-
verance, he endeavored to work out a system of this
kind. Various forms of conduit were used to hold the
conductor for current supply under the cavs, and great
improvement was made in this respect. In the first
form, for example, a sliding har contact was carried
under the car which traveled in the conduit, and as this
bar passed through split contacts in the conduit the
current was led into the car. But the broad series plan
was destined to failure, whether in the conduit or in the
overhead trolley form, although some of the later
methods of conduit construction were suggested by
these experiments; and the road soon went out of exist-
ence, Professor Short was not discouraged, however,
but continued for some time after to experiment with
the series system until, at last, the success of the parallel
system induced him to devote his energy entirely to
that method of operation as well as to efforts to im-
prove other features of the work, such as motor con-
struction and suspension. Professor Short is entitled
to the credit of using motors which were series wound,
i. e., had the field coils and armature in series, as in
present practice, while he was also early in his recog-
nition of the superiority of spur gearing with double
reduction of speed for the motors employed,

It is interesting to study the lives of men who have
worked along these same lines and to note how near
some men have come to success, finally abandoning their
efforts altogether, or having their work remain neg-
lected and unknown for years. A typical instance of
this kind is that of Mr. George F. Green, of Kalamazoo,
Mich., a jobbing machinist, who, as early as 1856, built
some small electric motors and a cireular track, upon
which he operated a small car by connecting & station-
ary battery to the rails, so that the current would pass
from the rails up through the car to the motor and then
into the other vail and hack to the battery; but, like
everybody else, he soon discovered that primary hat-
teries were not good for such work, Although he did
not abandon his electrie railway ideas, he does not ap-
pear to have put them again into execution nntil 1875,
some twenty years later, when he contrived to interest
some ong_in the construction of an electric railway with
a tracl'«: 200 feet, long. This attracted a great deal of
attention locally, and was described in the Kalamazoo
newspapers.  This road depended upon batteries for
current. It could carry ahout 100 pounds of freight or

STREET AND ELECTRIC RAILWAYS.

one passenger. The car had a switch or (rirl(.suit eon-
troller, which in one position opened the ‘(tll‘clll.t to stop
the car, and in another reversed the cireuit, wl’nlu‘ at the
end of the line the switch struck aguinst a stationary
finger which reversed it, causing the car to run haclk
again, the reversing lever being operated by hand. My,
Green stated that it was his intention to use a dynamo
instead of the battery to furnish the current, hecause i
was more economical; but for various reasons, such as
lack of funds or of urgency, he did not seeure it. It
was several years before he secured the patent that gave
bim the desired status. By this time, however (18i1),
numerous trolley systems had come into operation all
over the country, and Mr., Green's patents were super-
seded. While he would appear to be entitled to con-
siderable credit for his early ingenuity, no trace is
discoverable of henefit derived by the art as a whole
from any of his suggestions or improvements,
~ In the same class with Green should perhaps bo in-
cluded Dr. Wellington Adams, of St. Louis, Mo., a
man whose name was at one time quite conspicuous in
the controversies over the development of the cleetric
railway, and who has at Ieast some claim to the discoy-
ery of one or two of the fundamental principles of the
art, although litigation did not vesult in his favor, As
early as 1879 Doctor Adams, then connected with the
medical college at Denver, Colo., constructed o small
model of an electric railyway which was used to demon-
strate a lecture on electricity delivered at Colomdo
Springs.  From that time on, and during the period-of
his residence in St. Louis, Doctor Adams was active in
the prosecution of his ideas on electric railways, and a
lecture of his on the ““Evolution of the Klectric Ruil-
way,” in its commereial and scientific aspects, dolivered
before the Engineers’ Club, of St. Louis, as early ns
1884, reveals a remarkable grasp of important prinei-
ples. Discussing the plans which had heen triod of
mounting an electric motor on a car and connecting it
by means of a leather or chain belt, or by a train of
cogs, with the car axle, he pointed out that it wus de-
sived to dispense as much as possible with intermedinto
gears and to connect the motor dircetly with the nxle,
Doctor Adams was also an early advocate of the inde-
pendent car with its motor equipment, seen in the trol.
ley car of to-day as distingnished from the locomotive
type, in which one vehicle containing all the motive
power hauled a train of unequipped cars or trailers,
and he set himself to work to devise a practical method
of applying the power on each car, He decided that
the armature of the electric motor must run ut a high
speed and that its power must he transmitted to tho
wheels of the car by means of o positive gearing, e
illustrated his idea by two types.  Inonetype the motor
was actually built into’ each, driving wheel, the wheet
being formed of two sepnrate electro-magnetic gys-
tems, the field and the armature, hoth capable of re-
volving., In this way, obviously, all gearing was dig-
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pensed with and the driving power was distributed
to each wheel and delivered directly at the point of
" traction.  In another type, which was shown in oper-
ation and which conforms more nearly to modern prac-
tice, Doctor Adams took the field from the structure of
the wheel and built it solidly around the axle between
the wheels, the armature, as hefore, being mounted on
the axle and inclosed hy the field of the motor in sucha
way that the revolutions of the armature would result
directly without any intervening gears in the revolutions
of the car axle and wheels. This mechanism was flexibly
suspended hy springs from the sills of the car, but not
otherwise connected with it; and although sucha system
would naturally constitute a gearless motor, the power
in the electric truck shown by Doctor Adams was trans-
mitted through an epicycloidal train of friction gearing
at each end of the armature. As all the parts were in
line and moyved together, the field being rigidly attached
to and forming a part of the car axle box, a motor sys-
tem with little wear and tear or liability to get out of
order vesulted. Besides this the electric motor sus-
pended fromthe sill of the car gave protective flexibility
against the inequalities of track, sudden breakings, ete.

This early -experimental work of Doctor Adams con-
stituted in later years a large share of his claim to
recognition, but he also attracted attention by a scheme
for a high-speed electric railway, to be constructed be-
tween Chicago, 111, and St. Louis, Mo., for use at the
time of the Columbian Exposition in 1893. At that time
Doctor Adams advanced several ingenious ideas, and
proposed boldly to utilize train speeds and high pres-
sures of current, which arve to-day, in 1903, still the sub-
ject of investigation. The most notable work along this
line is that being done in Germany, where, on the Zossen
Military Railroad, near Berlin, the German Govern-
ment and a syndicate of manufacturers, aided by some
of the best technical talent in the Empire, have been
experimenting with cars and locomotives, and have
actually succeeded in attaining a velocity of over 130
miles an hour, in some cases applying directly to the
vehicle and to its motors an alternating current at the
unprecedented pressure, for tractive purposes, of 13,500
volts. The difference between this work in Germany,
which promises to be fruitful of valuable results, and
that of Doctor Adams is that, while apparently large
sums of money were raised for the Chicago-St. Louis
line, it never materialized so far as the public was con-
cerned, and remains a curious chapter of failure point-
ing in the right direction.

Without in any way belittling the splendid work done
by Van Depoele and the other pioneers whose etforts
have been reviewed hriefly, it must be admitted that
the modern era in strect railway work dates as much
from the equipment of the street railway system at
Richmond, Va., hy Frank J. Sprague, as from any other
landmark in the history of this industrial development.
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Mr. Sprague, who was a lieutenant in the United States
Navy, from which the electrical ranks have drawn
some of their most notable recruits, turned his atten-
tion to electricity while quite young, and was one of
the fathers of the modern power motor. Encouraged
by the cooperation of Mr. Edward H. Johnson, then at
the head of the Edison lighting system, Mr. Sprague
was able to perfect his motor, and to introduce it in a
large way, for those days, upon the low-tension incan-
descent lighting circuits of the Edison company scat-
tered throughout the country. Mr. Sprague and his
associates, however, not satisfied with this field, exten-
sive as it promised to hecome, soon turned their eyes in
the direction of electric street railways, which, in 1887,
were quite short and had but a few cars. A contract
was signed for the equipment of the Union Passenger
Railway at Richmond, upon which no fewer than 40
cars were to be placed, 30 of which were to be in use
at the same time. This contract called for as many
electric cars as were then in service in this country, and
the grades in Richmond were such as were generally
believed to be beyond the climbing capacity of any
electric vehicle. There were 29 curves on the road, 5
of them less than 30 feet radius, and the track was a
27-pound rail loosely jointed, laid in Virginia clay, and
some of the grades reached 12 per cent. The contract
called for the complete equipment of this road in
ninety days. After considerable experimental work,
with troubles and disasters of every description, the
road was opened for regular service about February 1,
1888 .

Among the general characteristics of the system was
a small overhead trolley wire, with which the under-
running trolley made contact reenforced by a main
conductor, supplied with current by feeder circuits.
from the central power house. The track constituted
the veturn cireuit, the rails being bonded together and
connected with a continuous conductor, which was also
connected with ground plates and with the water and
gas systems of the city. The working potential of the
line was 450 volts and the motors operated on the par-
allel or multiple arc system. The two motors under
each car had single reduction gears—that is, one gear
was placed on the axle and the other on the armature
shaft, and the motors were flexibly suspended. These
motors had also fixed brushes, and were operated by
the motorman through rheostatic series parallel con-
trollers, with sectionalized fleld coils at each end of
the car. Very soon the single gears had to be aban-
doned for double reduction gears, although a reversion
to the single reduction gear soon took place. The
motor armatures were double ended, having a commu-
tator at each end cross connected, so that but one top
brush on each commutator was used. Although most
of the motors were built in one of the best electric
shops of the country, they were so inadequate for the
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heavy work demanded of them that every one of them
had to have its field magnets and armatures rewound,
and its commutators changed. .

At that time it was generally believed that an ordi-
nary 16-foot ear could easily be operated by a couple of
motors of from 74 to 10 horsepower each, and even
one motor was: considered equal to a task which had
previously been discharged by a team of mules or
horses. It did not take very long for the managers of
the new electric roads to learn that while motors of
1 or 2 horsepower might be sufficient to keep the car
moving, much greater power was needed to start up
the car from a state of rest, especially with a heavy
load of passengers, and from that time on the capacity
of the motors was increased. A great amount of atten-
tion was also given to their insulation—a necessary
precaution, as the motors were then run entirely open
and exposed to dust, mud, and weather. There was
also a great deal of trouble with the hrushes on the
motors, and before carbon blocks were adopted finally
for this purpose brushes built of copper and even of
solid bars of bronze were tried. The first flat brushes
used on the Sprague motors were solid or of laminated
copper, which wore through quickly, bent over, and
formed an arc around the commutator. Oblique and
tilting forms of brushes were also put in use, but the
resultant wear upon the commutators was very great,
necessitating endless repairs.  Moreover, many difficul-
ties developed in connection with the overhead system,
and Mr. Sprague states that probably not less than fifty
modifications of trolley wheels and poles were used
hefore what is now known as the *““universal move-
ment” type was adopted. The same was true of oyer-
head construction at curves, and at the switches or turn-
outs where the trolley wheels had to leave one line of
motion and take up another.

In spite of all the difficulties, the Richmond road con-
tinued operation and attracted wide attention in the
street railway world and in financial civeles. At that
time the question of equipping the West End Railvoad of
Boston, one of the largest systems in the country, with
cable, was being considered; one of the arguments for
its adoption was that with the cable a large number

of cars could be kept in motion at once, whicli, in the |

opinion of street railway managers, was not yet possible
with electricity, The president of the Boston system,
with some of his officers, visited the Richmond road,
and was shown no fewer than 99 motormen starting up
their cars one after the other ay rapidly as headway
could he obtained. Thig experiment was conclusi\'(;,
and settled the fate of the Boston cable project, .But
successtul results were attained only by ceaseless effort
and unremitting experiment. In winter the wires
would become 50 coated with sleet that the trolley wheel
could not make contact with the incased wire. This
trouble has since heen met by sleet cutting devices: but
af that time it wag nothing unusual to putaman on top
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of a car with a hroom or stick to pound the trolley wire
and free it of ice, or even to hold up the trolley wheel in
contact, acting as a human trolley pole.  Another difii-
culty was experienced with thunderstorms. At Rich-
mond the long overhead circuit, entirely unprotected
by lightning arresters and with nwmerous ground con-
nections through the motors and lamp eireuits, provokoed
constant discharge. The line was frequently struck,
the discharge often passing through the incandescent
lamps and shattering the carbon filuments.  Aftor a
time the engineers learned, as a safety precaution, to
turn on the lights during a thunderstorm, During
such storms, also, the discharge would sometimes go to
ground through the motor fields, burning them out, and
sometimes through the controllers,  Choke coils to fend
oft the lightning were soon installed on the cars, and
various kinds of lightning arvesters were devised, but
such discharges long remained a serious impediment to
trolley work.

It iy, of course, quite beyond the scope and aim of
this report to give credit to each inventor for his spocitie
contribution. The intention ix simply to give a short
continuous record of the stages Dby which tho street
railway system has reached its present dovelopment.
But the separate steps of success and achiovement huve
become associated with the names of certain individuals,
and in some instances the decisions of the courts have
reenforced or determined the weight of public opinion.
This was true in the case of Van Depoele in his porfoe-
tion of the underrunning trolley, so was it also in the
case of Sprague in his contribution to motor suspension,
A decision of Chief Justice Shipman in the United
States cireuit court of appeals in the second cireuit is
here quoted beeanse it presents suceinetly the stato of
the art and describes Mr, Sprague’s serviee. It is o
decision which has heen quoted by other judgos in liti-
gation on kindred issues.  Justice Shipman said:

As soon as the use of an electric motor for the propulsion of enrs
upon a street railway was thought to be attainable divers mothods
were invented which were intended to enable the motor to act
efliciently, economically, and certainly upon the eur axle. At
fivat the motor was supported by or o the er body and alterwards
it was upheld upon a separate platform.  The state of the art upon
the subject is so fully stated Dy Judge Sunborn in Adams Electrie
Railway Company o, Lindell Railway Cowmpany (77 P, Rep,,
432, 40 U. 8. App., 482) that it need not be restated hore, Sprague
hung the motor under the car body directly wpon the axie of one
of the pairs of wheels by an extension or solid Dearing attached
divectly to the motor, e used g magnet having & yoke and pole
pleces, and hy sleeving one end upon the axle he eansed the arma-
tare, which was carried betwedt the poles of the magnet, to be held
with firmness and the armature shaft to bo held in alignment with
the earaxle.  The opposite end of the motor was upheld hy springs
extending to a crosshar on the truck frame. 1o also relioved the
weight upon the axle hy a spring support from the truek of the
vehicle. The motor was thus hung below the ear, one end heing
centered upon the axle and the other end being fexibly nttached
by springs to the truck frame, The offect of the mode of constrag-
tion fs explained in the specification as follows: “The armature
being carried rigidly hy the fleld magnet, these two parts s




HISTORY AND DEVELOPMENT OF ELECTRIC TRACTION.

always maintain precisely the sae relative position under every
vertical or lateral movement of the wheels or of the car hody; and
asthe field magnet which carries the armature is itself centered by
the axle of the wheels to which the armature shaft is geared, the
engaging gears algo must always maintain precisely the same rela-
tive position. At the same time the connection of the entire motor
with the truck is through springs, so that its position is not affected
by the movements of the truck on its springs.”  The simplicity
and comparative lightness of the general plan upon which this
motor was constructed and the adaptability of the means to the
required result made the motor successful, and other preexisting
methods of construction disappeared to a great extent.

Any history of modern strect car development must
include the development of elevated railways, which,
occupying main lines of thoroughfare, with tracks
elevated above the street surface, so as not to interfere
with ordinary vehicular traflic, transport a large num-
ber of those who travel daily from one part of an urban
center to another. Such roads have been peculiarly,
though not exclusively, an American development and
are restricted in this country to a few of the largest
cities, such as New York, Brooklyn, Chicago, Boston,
and Kansas City, in most of which they have already
hecome an integral part of the surface street car sys-
tems, operating under the same management and pro-
viding for exchange of traflic. This subject will be
dealt with in another part of the report, but it is proper
here to note that some of the earliest work of such men
as Daft, Sprague, and Field in the application of elec-
tric motors to short haul passenger transportation was
done on the elevated roads of New York, where many
important lessons were learned. . The use of steam on
the elevated roads continued for many years without
complaint, and the service rendered to the various com-
munities was remarkable for its efliciency, safety, and
regularity. But whether from the increased amount of
travel, necessitating more frequent trains, or from the
inconvenience and discomfort due to dust, ashes, escap-
ing stean and gas, dropping oil, and the like, or from
the inability of steam locomotives of the necessary
medium size to haul heavier trains at higher speeds
over the structures, the fact remains that by 1885 a
plan had been formed for equipping sections of the
Ninth Avenue and the Second Avenue Elevated rail-
roads in New York city with electricity.

Mr. Daft equipped the Ninth Avenue line from Four-
teenth street up to IFifty-third street, a distance of 2
miles including a heavy grade. A third rail was laid
between the two traction rails as a conductor to deliver
current to the motors, and the outer rails were made
the ““return.” The electric locomotive built to haul
the train of cars had driving wheels 48 inches in diam-
eter, and was equipped with a motor of 75 horsepower,
having a normal speed of 18 miles per hour and a maxi-
mum of 40 miles. The complete motor weighed 9 tons,
and was 14 feet 6 inches in length, with a normal width
across the standard gauge track of 4 feet 8% inches.
This motor was supported at the rear on a shaft resting
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in bearings. Its front end was supported by a long
screw which passed through a threaded eye. This
serew was turned by a hand wheel.  The armature shaft
arried a friction wheel 9 inches in diameter, bearing
upon a larger friction wheel 3 feet in diameter, geared
to the axle of the main driving wheels. Thus, by turn-
ing the large scerew, the upper friction wheel could be
pressed against the lower to any desired degree, and in
this manner power was transmitted by frietion from the
armature to the drivers, the amount of frietion being
regulated at will according to the load.  Mr. Daft thus
ohviated the necessity of belts and pulleys, sprockets,
link belts, ete. By means of the serew, also, themotors
could he raised to clear the driving wheels, so that the
armature could he taken out and inspected or repaired
with convenience. This locomotive was provided with
electric brakes, consisting of large electro-magnets,
which, being energized by current from the track, were
attracted by the wheels, and pressed against them like
an ordinary brake. The terminals of the compound
winding of the motors were brought to a regulator or
controller, convenient to the hand of the motorman in
front of the locomotive, and by the motion of a lever
across the terminals, the resistance of the field magnets
could be altered, producing corresponding changes of
speed. The current was picked up from the central
third rail by a bronze contact wheel 15 inches in diam-
eter, The motor proved too light for its work, and
was afterwards reconstructed. DBut neither then nor
now does it appear that the locomotive principle was
found best adapted to street electric traction, however
well it may have been adapted to steam traction.
Meantime, Mr. Stephen I). Field, as representative
of the Edison-Field interests, began work on the Thirty-
fourth street spur track of the Second Avenue Ele-
vated road, introducing an electric locomotive which,
outwardly at least, resembled nearly all of the elec-
tric locomotives which have later come into actual
service. But in the Tield locomotive the motor
was mounted upon the rear truck, and was con-
nected to the driving wheels in a manner exactly like

‘that employed in the ordinary steam locomotive. In

other words, the motor shaft was dirvectly connected
with the drivers by means of a crank and side Dbar.
Another of the features of this machine, which was
series wound, was that it was regulated by medns of a
liquid rheostat or resistance placed in the cab. This
rheostat consisted of a trough divided into two com-
partments filled with acidulated water. A metal plate
on either side of these troughs acted as a terminal for
the feeding circuit which was led in by two copper
cables. The speed of the motors was regulated by the
insertion or withdrawal from the troughs of two slabs
of slate suspended over the troughs and operated hy a
long lever, thus varying the resistance from almost
nothing up to any desired degree. Mr. Field had other
ingenious devices for reversing, for shifting the brushes
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to prevent sparking at the commutator, ete. This loco-
motive had a total weight of over 18 tons, and hauled
a pagsenger car which was regularly hauled by a 13-ton
steam locomotive. It also handled easily one of the
regular large elevated coaches up grade at 8 miles an
hour, and was often operated under a potentiality as
high as 1,100 volts.

In contrast to Daft and Field, Sprague advocated the
abolition of the locomotive and the installation of one
or more motors under each car. Hisarguments appear
to have heen final and conclusive. The locomotives
have disappeared and motor cars have taken their place.
Mr, Sprague made his experiments on the Thirty-fourth
street branch of the Third Avenue Elevated, placing
two motors on the car trucks. The motors being thus
grouped in parallel on a constant potential civeuit, and
driving from opposite ends of the motor shaft, a very
intense rotary effort or torque was secured in starting,
by having an intense magnetic field and raising the
armature potentiality gradually. A system of braking
was tried which consisted in eonverting the energy of
the train into current, delivered back to the line from
the motor, which thus temporarily became a dynamo
without reversal of contacts. The current was taken
up from a central rail by three contact conductors, two
of which were bronze wheels working on pivoted arms
under compression springs. Special switches were pro-
vided for handling the motors, breaking the main cir-
cuit, reversing the armature circuit, cutting the armature
partially from the line, and closing it upon a local regu-
lating apparatus. A potentiality of about 550 volts was
used, current being obtained from 5 Edison incandescent
lighting dynamos placed in series, the cireuit being led
on Western Union telegraph poles to the track from a
power plant almost a mile away. A number of other
interesting features were included in these experiments,
but evidently the time was not ripe for the change in
New York. It was not until fifteen years later that
electricity was finally adopted as the motive power of
the New York elevated system, although meanwhile it
had been adopted with success on the elevated systems
of Chicago, Brooklyn, and Boston. The demonstration
made at the World's Fair in Chicago in 1893 was suffi-
cient warrant for resorting to electricity on those roads.
An elevated structure known as the Intramural Railway
made an almost complete civeuit of the grounds, being
nearly 3 miles in length, comprising 14,800 feet of dou-
ble track and 1,800 feet of single track. Over this road
were run 15 trains, each consisting of 3 open trail cars
and a motor car. Each car was mounted on double
trucks and was 50 feet in length. The trailers when
loaded weighed 22 tons and the motor car 80 tons. Each
‘motor car was equipped with 4 motors—one on each
axle. The motors were single reduction, so geared as
to work at a maximum speed of 85 miles an hour, and
were capable of an output of ahout 185 horsepower,
thus giving each motor car something over 500 horse-
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power. The current was picked up from the track by
means of a third rail placed outside the traction rails,
with a sliding contact on the motor car. Current was
furmshed from a special power plant, with a generator
of 2,000 horsepower, a capacity theretofore unknown
in connectlon with street railway operation.. This road
remained in operation throughout the fair, and is re-
ported to have carried with success and safety no fewer
than 125,000 persons in a single day. After this no
question remained as to the practicability of operating
extensive elevated lines with electricity. ‘

The record of experiments would not be complete
without a reference to storage batteries, which at first
gave great promise, but which, from various causes,
have since heen almost entirely abandoned. All of the
earlier experimental work with electric traction de-
pended upon primary batteries as a source of current,
The vehicle in some of the Jarger types, as, for example,
that of Professor Page, at Washington, carried its own
battery and was thus self-contained. There are so many
obvious advantages in a self-contained vehicle that no
wonder need be entertained at the persistence with
which these earlier attempts were renewed, when the
storage battery came to the aid of experimenters, A
battery car does not require a cumbrous system of over-
head wires more or less disfiguring to the street, nor
does it require a third rail, or a complicated system of
conduit construction as in the case of cars with under-
ground contacts reached through a slot in the track.
Neither do such cars require an elaborate system of
mains and feeders for bringing the current to the track
from the power house, nor for effecting the return cir-
cuit. Moreover, in case the power house is for any
reason temporarily thrown out of service, each car with
its storage battery is equipped with enough current to
maintain its schedule, whereas with trolley or conduit
cars all the cars out on the road are instantly stopped
the moment the current is cut off, and are compelled to
stand still until the current can be thrown on again.

These and other considerations led to interesting ex-

‘perimental work as early as 1880 and 1883, both abroad

and in this country. Storage battery cars were putin
service in New York city, Philadelphia, Washington,
and elsewhere. The most ambitious work of this
character was done in New York city in 1887 and 1888
with the system of Mr. E. Julien, of Belgium, as a re-
sult of which 10 or 12 cars were in operation for a con-
siderable time on the Fourth Avenue rvoad. The ideas
of Mr. Julien were considerably modified by Mr. C. O.
Mailloux and excellent results werve obtained, while
other encouraging experiments were made in Philadel-
phia under the direction'of Mr. Anthony Reckenzaun,
of Vienna. Simple as the storage battery idea is in
conception, it proved to have a great many difficulties
in its application. Some of these arose in connection
with the early types of storage batteries, which were
found quite inadequate to withstand the strain of street

-




HISTORY AND DEVELOPMENT OF ELECTRIC TRACTION.

railway work. Batteries broke down very rapidly
under the heavy discharge of current necessary at
intervals and proved liable to short circuit from jolts
and concussion on the tracks. The weight of the bat-
teries also proved a considerable drawback, the ceils
first used weighing not less than 100 to 125 pounds per
horsepower hour of energy stored, which limited the
radius of the car very seriously. Lighter cells giving
an output of 1 horsepower per hour with 50 to 75
pounds of battery were found to be too fragile for such
work. Another difficulty which proved insurmount-
able was the annoyance to passengers from sulphurie
acid gas escaping from the cells. Moreover, the acid
scattered by the jolting of the car corroded and weak-
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ened its structural material. Another difficulty arose
in the handling of the relays of batteries at the power
plant, and various ingenious devices and contrivances
were employed by which the exhausted batteries, when
they came in, could be quickly exchanged for batterles
freshly charged. To obviate the necessity of any such
mechanism the hatteries were sometimes left on the
cars all the time, but this, of course, necessitated the
doubling of the rolling stock. For several years ex-
periments with the storage battery continued with
varying success. But although a few such cars were
in operation as late as 1902, as shown by the statistics,
the last of those in New York city were withdrawn
from the streets in 1903 while this report was in press.



CHAPTER IL

ROADBED, TRACK, AND ELECTRIC CONSTRUCTION.

1.
ROADBED AND TRACK.

With regard to the statistics of track and roadbed it
may he pointed out that at the census of 1890 the rail-
ways that used motive power other than steam were
confined almost exclusively to urhan districts, and were
properly classed as “street railways,” but since then
the application of electricity has enabled these roads to
extend their lines greatly in raral distriets, and a con-
siderable proportion of the trackage is now outside the
limits of cities, towns, or villages. That the use of
electric power has been the principal factor in the
development of these railways during the past twelve
vears is shown by Table 4, page 8, which presents for
the years 1902 and 1890, the number of miles of single
track in the United States, classified according to the
motive power used. ’

The increase in the length of track is confined en-
tirely to the railways operated by electricity. The
mileage operated by this power increased from 1,261.97
miles in 1890 to 21,901.53 miles in 1902, while a decided
decrease is shown in the trackage for each of "the other
classes of power. Single track roads are characteristic
of rural districts, and the fact that the percentage of
increase in length of line is greater than in length ot
track is due principally to the great development of
interurban single track lines since 1890. In some cities,
as, for instance, in Philadelphia, owing to the narrow-
ness of the streets, the railways are sometimes single
track, going out on one thoroughfare and returning on
an adjacent one.

Track statistics.—The 22,589.47 miles of track re-
ported for 1902 consisted of 16,651.58 miles of first main
track, 5,030.86 miles of second main track, and 907.53
miles of sidings and turn-outs. The further segre-
gation of this trackage according to power used, owner-
ship, and location for the United States and for each
state and company is shown in Table 94. Table 86 pre-
sents the totals for the United States, and shows the
mileage of each of the different classes of track and the
percentage which each class is of the total.
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TasrLe 8G.—Single track mileage and percentage each class is of total:

18902.
Gala Pereent-
CLASS OF TRACK. biﬁﬁ%;u‘gﬁ'@k ({gﬁltl)f

Total L e 122, 5RO, 47 100,0
First main track ..o.oooiivetiiiie i i, | 16,651, 58 78.7
Second main track ... - et 5,030, 36 2,3
ioSidings and tHrn-oUtS ccoutaiei e 907.53 4.0
Overhead trolley . oooe i e 191,802, 57 94,3
Other eleetric puwer. o reteeieaaaaa (11, 44 2.7

Compressed air........ PN G, U6 *)
Animal..... Creeeearraeaas 259, 10 1.1
Cable... 240, 69 1.1
Steam ... 169, 61 0.8
Trackage o 19, 048, 33 84,8
Trackage leased . 3,501, 14 5.7
Operated under trackage rights 660, 92 2.5
Conastructed and opened for operation during the year. 1,549.73 6.9
On private right of way owned by company ....._...... 8,424, 96 15.2
On private right of way not owned by company........ 877. 11 1,7
Located within eity imits.. ... oo oia o, 3138, 208, 2 60, 8
Located outside eity limits. .... . - 4G, 800, b8 3.2
Equipped with cast welded joints 1,642, 68 7.8

IIncludes 12,48 miles of track duplicated in reports of different companies,
2 Less than one-tenth of 1 per cent,
3 Exelusive of the mileage of Mussachusetts,

Of the total mileage, 21,914.01 miles, or 97 per cent,
were operated by electric power, and 416.30¢ miles, or
1.9 per cent, by other mechanical traction, while only
259.10 miles, or L1 per cent, were operated by animal
power, as compared with 69,7 per cent in 1890, Even
this heavy preponderance of electric traction has been
increased during the preparation of the present report.

Of the total trackage in use by all companies, 84.8
per cent was owned by the operating companies and
15.7 per cent was operated under lease. The mileage
of track constructed and opened for operation during
the year covered by this report was 1,549.78 miles, or
6.9 per cent of the total; but this does not cover all of
the track under construction. A number of miles of
electric track were in various stages of completion, but
it was impracticable to fix upon any stage of the work
at which the trackage could be enumerated other than
that of actual completion.

The statistics concerning track located on private
right of way refer particularly to rural electric rail-
ways. Many of these, after the manner of steam
railways, have bought or have had surrendered to them
a separate roadbed, either adjoining or independent of
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the highway. It appears from the reports that
8,424.96 miles of single track were on private right of
way owned by the company. Oceasionally the railway
is built on a private right of way not owned by the
company, an example of which would be a toll bridge
owned by a bridge company, to whom payment for the
privilege of using it was made. There were 377.11
miles of track on right of way of this character. Many
of the new interurban electric roads run right across
the country, making little use of highways, to which
street railways have previously clung so tenaciously.

The inquiries concerning the location of track-—
whether within or without city limits, were made with
the intention of ascertaining the relative length of track
operated in urban and rural districts, respectively. In
a number of cases it was impossible to determine ex-
actly the trackage that should be assigned to these two
subdivisions. In some instances the track was within,
or passed through, thickly settled communities that
were not organized as cities or towns, and therefore
had no corporate limits, and it was diflicult to obtain
the length that should be considered as within the urban
district. In the New England states densely populated
communities are often legally part of the town gov-
ernment, which also includes rural districts., Many
companies in Massachusetts reported that it was imprac-
ticable to make the distinction, and accordingly the
trackage for that state has not been included in this
clagsification. For the United States, exclusivé of
Massachusetts, 13,208.24 miles of trackage, or 65.8 per
cent of the total, were reported as within urban limits
and 6,855.58 miles, or 342 per cent, as outside of such
limits.

The increase in the trackage is due not only to the
building of new lines, but largely to the extension of
the lines of established companies. This is illustrated
by Table 80, in which the operating companies report-
ing in 1902 and 1890 are grouped according to length
of line operated.

The average length of line per operating company
for all companies was 20.38 miles in 1902, as compared
with 7.41 miles in 1890. Thus the average operating
company in 1902 controlled almost three times the
length of line that was controlled by the average com-
panyin1890. In1890, of the companies reporting, only
8 operated more than 50 miles ot line, while in 1902 the
number of such companies had increased to 69. Of the
total number of companies reported for 1890, 94.9 per
cent operated less than 20 miles of line each, and their
combined length of line amounted to 71.5 per cent of
the total in the United States; in 1902 corresponding
percentageswere 75 and 80,7, respectively, Thus, while
there are still a large number of companies that operate
less than 20 miles of line, the proportion of the total
length of line operated by them is not half so great as
in 1890. |

Boadbed construction.—It is needless to say that one
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of the most important features of a street railway is
its track, and this importance may be brought out more
emphatically by regarding the matter from different
points of view. A good track is necessary to the
smooth and economical operation of cars; it is of im-
portance as bearing on the comfort of the passengers,
and the track in its relation to the roadbed and to the
thoroughfare through which it runs must be considered
from its effect on the convenience of foot passengers
and the durability of vehicles using the road.

Of the roadbed it may suflice to say that it is good
practice to have u good hallast—for instance, clean,
broken stone and sharp, clean gravel or furnace slag—
at least a foot deep under the ties, with the space
between the ties filled up evenly to the top, with
proper provision for drainage connection with the
sewers. In exposed track coarse, large stones placed
edgewise at the hottom of the hallast are common,
in order to provide for draining or sewerage; filling
in the interspaces with the gravel or other hallast,
thoroughly rolled or tamped down; and upon this bed
are placed the ties which earry the rails. It has some-
times been the practice to set the rails or track
construction upon a bed of concrete, or upon long con-
crete beams or stringers under the rails. In Butfalo
the conerete bed has heen laid entirely across the track,
while in Kansas City, St. Louis, Philadelphia, and
other cities the stringer construction is used,

The difficulty which has to be considered in connec-
tion with the use of conerete for this purpose has heen
that of track renewsl, since, where the rail lies in con-
crete or where there are steel ties or cross girders thus
embedded, the entire concrete portion must he renewed
when the rails wear out and new rails are substituted,
Some of the most extensive construction within the
last few years in Chicago and New York city has been
with wooden ties on a broken stone hallast, Thuos it
might almost be said that as n general thing recent
work has developed the somewhat anomalous condition
of using the more substantial conerete construction on
the smaller roads wherve traffie is not heavy, and the
lighter, more elastic wooden construction on roads
with dense and ponderous traflic.

In this connection it may be interesting to note the
practice of the Rochester Railway Company, Rochester,
N. Y., as reported by the chief engineer, Mr. Le Grand
Brown. In addition to track constructed by the ordi-
nary method this company laid considerable concrete
beam and steel tie construction. For ties the company
used old 44-inch girder rails eut into 1&-foot lengths,
which were inverted and fastened with bolts and clips
to the main rail. These steel ties svere bedded in con-
crete, and under the rails were placed concrete heams
12 inches in depth and 14 inches in width, Where the
ties were located, a trench 4% inches helow the tie and
about 12 inches in width was filled with concrete. The
remainder of the pavement between and beside the rails



174

was a 6-inch conerete base, while under the whole wasa
4-inch layer of stone chips. Draintile was laid parallel
with the track and connected with thesewers. Thepave-
ment was laid upon a cushion of sand 1 inch in depth;
and where the street pavement was of hrick or asphalt,
the concrete was carried slightly above the base of the
rail. From 1897 onward this construction was carried
out with 6, 7, and 9 inch rails in asphalt, brick, and
Medina stone pavements. The track was raised and
blockedtograde and line hefore concreting, little trouble
being experienced in keeping it in place during the
work, and care was taken to have the concrete well
tamped under the base of the rails and around the ties.
With regard to the rail itself there is considerable
difference in the practice of street railway companies,
to which allusion will be made later. So far as known
the first street rail laid was that on Fourth avenue in
New York city. This was of the flat type, being noth-
ing more than a single bar of iron with a greove formed
in the upper surface, into which fitted the flange of the
revolving wheel. This type of rail, with a weight rang-
ing from 30 to 80 pounds per yard, although modified
in many respects, was adhered to for a long time. Such
a rail was more particularly adapted to light trafiie, but
even then was found to need vertical stiffening and lon-
gitudinal support. In America a small lip or flange
was added to the underside to prevent the rail from
slipping off the stringer, while in England a second
flange was added, and the web was increased in depth.
This feature reached such a development in some cases
that the rails had a total depth of 2§ inches; the longi-
tudinal stringers were abandoned, the rail being sup-
‘ported on cast iron chairs placed at intervals of 3 feet.
As most of these rails, however, were used with wooden
stringers, fastenings were used, consisting usually of
spikes, staples, or lag screws passing through the rails,
The 1ails were joined at the ends by rail joints, which
were at first plain flat bars of iron, 8 or 4 inches wide
and 8 or 10 inches long, let into the stringers and giv-
ing but a weak support to the loose rail ends. The
next step from this flat or tram rail was to the T or
Vignole rail, identical in most respects with the rail
now used exclusively on the steam railways of the
United States. ,
As will be noted from the returns in this report, the
T rail has found extensive use among the street and
interurban railways, though it is obvious that the con-

ditions on street railways differ materially from those

on steam railways. The main considerations which
have led to its adoption or use, as compared with the
girder rails, are that it is without the tram and groove
of girder rails; it does not invite street traffic; it is
generally easier to lay; it is cheaper, the price per ton
being less than for the girder rails; and, finally, owing
to its symmetrical section, a lighter rail can be used
-under similar conditions than would be the case if the
girder type was resorted to. These remarks apply

is reduced when necessary in narrow streets.
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more particularly to roads in cities and their suburbs,
since on the interurban railroads, which will be dis-
cussed separately, the T rail, with an average weight
of 70 pounds, is almost universally nsed.

Lrack construction on sdlected vadlways.—Perhaps the
hest way to summarize present methods of track con-
struction in -standard American practice, as embodied
in this report, will be to consider the practice prevail-
ing in some of the leading cities and street railway
systems of the country.

The United Railways and Electric Company of Bal-
timore uses for construction in paved streets 9-inch
grooved rails, laid on (zeorgia pine ties, 6 inches by &
inches by 8 feet, spaced 2 feet between centers, the
ties being tamped up with 8 inches of gravel and no
other ballast or concrete being used. The standard
distance hetween track centers is 10 feet, although thig
The
rails are in 60-foot lengths, and are laid with hroken
or alternating joints. No tie plates are used, but tie
rods are placed every 6 feet. Angle bar joints have
been used recently, which on girder and grooved rails
are 22 inches long, with 8 bolts, and all are between ties.
The company also has some exposed 60-pound T rail,
spiked to hewn chestnut ties 6 inches thick, with a face
of from 6 to 12 inches, 8 feet long, placed 2 feet bhe-
tween centers. The ballast, 4 inches deep, is filled in
between the ties to the base of the rail, sloping oft to
the roadhed 18 inches outside of the ends of the ties.
The rails are 30 feet long and are laid with broken
joints,and no tie plates. The standard bond to secure
electrical continuity between the abutting sections of
rail is a tinned No. 0 copper bond wire, fastened to the
rail with channel ping, though some of the heavy bond-
ing is done with No. (000 wire, while the standard
bonding on exposed T rail on suburban lines is No. 0
tinned copper wire, fastened with channel pins.

The rail used in paved streets by the Boston Elevated
Railway Company is in the nature of & compromise
between a girder and a grooved rail. It has a groove
with a lip one-half inch Jower than the head of the rail,
and is of a form which will not vetain dirt, but offers
considerable inducement to vehicles. Ior track con-
struction where the entire street is laid on a concrete
base, the ties, which are 6 inches by 8 inches by 6% feet,
are bedded for their entire length in concrete, which is
carried down to the bottom of the ties and thoroughly
tamped under the base of the rail. Where the. pave-
ment is not laid on concrete, the ties are bedded and
tamped in gravel, which is hrought up to the top of the
ties, granite blocks being used for paving between the
rails. On reservations, and where tracks are filled in
with loam within 8 inches of the top of the rail, the
ties are placed 2 feet 6 inches between centers.

Tie plates are omitted where the paving is brick or
asphalt on a concrete base; hut where the paving is
granite, a cast iron tie plate about 14 inches in thick-
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ness is used, so that the height to the top of the rail is
about 10 inches. The track construction is securely
bonded to the rest of the street by the fact that the tie
is bedded in the concrete. The joints are angle har,
with 12 bolts. The form of construction used in out-
lying streets, where a veservation has been made along-
side the roadway so that there is no paving, is to lay a 7-
inch T rail mounted on a 1-inch tie plate. The object
of so deep a T rail is to secure 8 inches of loam over
the ties for raising grass. Most of the recent bonding
has been with protected rail bonds.

In Buffalo the company lays a 94-pound girder rail
in paved streets, with a rather narrow groove, whose
lip is five-cighths of an inch helow the head of the rail.
Two forms of track construction are employed, hoth of
which depend mainly on conerete to support the rails.
Where granite block paving is ‘permitted for the full
width of double track, the track is supported on a solid
bed of concrete extending about 8 inches below the
base of the rail, and is held to gauge and partially sup-
ported by the ties placed every 5 feet. Every alter-
nate tie is of metal, the others being of wood. In
places where asphalt paving is laid in the ‘*devil strip”
the conerete beam form of construction is employed.
A wedge-shaped beam of concerete, 18 inches wide at the
top and 8 inches deep, is laid under each rail, ties are
placed every 5 feet, and concrete is tamped under every
other tie at the time the conerete stringers are laid.
The remaining ties support the track during construe-
tion while the concrete is being laid, and are laid on
tamped stone, the paving between the rails being sup-
ported in this case simply on a sand foundation, except
where it is above the ties. TFor suburban or outlying
streets a 9-inch girder rail has been extensively em-
ployed for paved streets, but in macadam and dirt roads
a 6-inch T rail, wemhmg 79 pounds per yard, is used,
and if the track is exposed A. 8. C. E. standaid T rail
is laid. The spacing of ties, which are white ouk 6
inches by 9 inches by 8 feet, on suburban work is 2
feet hetween centers, and they are laid an broken stone
ballast 8 inches deep. There are no tie plates, but rail
braces are used on the outside of each rail and on
curves.

Bonding is unnecessary onthe electrically welded track
-used in Buffalo, which has over 100 miles of such track,
-as the conductivity of the joint is high and the percent-
age of breakages islow. On suburban work, rail bonds
of the protected type applied with a screw compressor
are used. As the introduction of a successful electric-
ally welded track practically assures to a rail a length
of life limited only by the wear of the head, some cal-
culations have been made at Buffalo as to the probable
wear of rails. On some track which ordinarily has
‘cars on two-minute headway but which, during the Pan-
American Exposition had cars on a thirty-second head-
way, the wear was found to be one-eighth inch in four
years. The welding process, as carried on at Buffalo,

‘placed under the fish plates.
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begun in 1899, was notable as being the first applica-
tion on a large scale of a successful method of welding
rail joints electrically. The joint plates are welded to
the web of the rail hy means of bosses on the plates,
which limit the area of the welding to the area of the
bogses, and so insure a high temperature at the point
of welding, one hoss heing directly at the joint hetween
the rails, another at each end of the joint plate. The
center bosses are welded first and those at the ends after-
ward, In the welding five work cars are employed.
One of these is the welding car proper, which carries
the welding clamps and the welding transformers. The
second car carrvies a rotary converter, which reeceives
direct current from the trolley wires and supplies alter-
nating current to the welding transformer.  The third
car has a motor driven booster for raising the trolley
voltage whenever the drop is so great that there is
dang er that the weld may not be successful.  The fourth
is a sand blast car, which cleans the rails hefore weld-
ing. The fifth carries a-motor with emery wheels for
grinding off any inequalities in the joint after it is
completed. The number of breakages in the electrically
welded track in Buffalo has been a very small fraction
of 1 per cent.

The Chicago City Railway Company on the last track
that it laid employved a 9-inch girder rail weighing 93
pounds to the yard, with wide tread for vehicle wheels,
laid on white oal ties 6 inches by 6 inches by 8 feet,
resting on sand, the track being held to gauge by
malleable cast-iron tie plates with braces. No tie-rods
were used, and the joints were cast welded. As to
bonding, a good cast welded joint was used, and a
copper supplementary wire was also run, as required
by a city ordinance. It has been approximately esti-
mated that a pilece of girder rail track of this com-
pany was worn out after the passage of 3,000,000 cars;
that is, the head was so worn that the car wheel flanges
touched the tread of the rail. The wheel flanges used
on this road are unusually shallow, being but five-
eighths of an inch.

The rail now used by the Cleveland E Electmc Rzulway
Company is-similar to that used in Boston, except in
streets like the boulevards, where the tracks run along
grass plats. The track is laid on ties that are placed 2
feet hetween centers except that three are placed under
each joint, these being staggered. Three inches of con-
crete is placed under the ties. Two kinds of joints
have been used—the cast welded and the twelve bolt
36-inch angle bar. On a boulevard line recently con-
structed 80-pound A. S. C. E. standard rails in 30-foot
lengths were used, the bonds used being single or dou-
ble No. 0000 protected, Ieaf bonds, 10 or 12 inches long,
Some 90-pound girder
rails which have cast welded joints have been used nine
years under a three-minute service.

The Denver City Tramway Company was one of the
first to employ successfully the T rail in paved streets
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where the trafic is heavy, and was the first to use what
is commonly known as the Shanghai or high T rail.
Its standard rail for **downtown™ service is a T2-pound
G-inch rail, in 60 or 62 foot lengths, laid on Texas heart
pine ties, 6 inches by 8 inches by 6 feet, 21 inches from
center to center, in gravel ballast, which surrounds the
ties and extends 8 inches below them, except in paved
streets, where concrete is used bhetween the ties. Dur-
ing the last four or five years the plan has been adopted
of treating all rails with one or more coats of asphaltic
paint, which has retarded corrosion and electrolysis, as
the local soil is impregnated with alkali and mineral
salts, Foroutlying unpaved streets, standard A, 8. C. E.
65-pound T rail, in 60-foot lengths, is used. The rails
are butted tightly together, and are always laid in cool
weather, since they last longer when little longitudinal
expansion is allowed. As to the life.of ties, it is re-
ported that in Denver, good Texas heart pine ties last
from seven to twelve years; white oak ties have been in
use for fifteen years and are still good; red and hlack
oak ties ave good for from six to eight years; and native
pine and spruce will last from four to seven years.

The Detroit United Railway Company lays narrow
grooved rails in paved streets, the last laid being 90-
pound rails. Some of the first experiments in the
United States with tracks supported hy concrete string-
ers instead of ties were made in Detroit, The first
construction of this kind was laid on concrete stringers
only 6inches thick, but as these were not strong enough
to support the rail, the present construetion uses con-
crete stringers 12 inches thick by 18 inches wide. The
concrete stringer is brought up around the web of the
rail high enougl to permit brick paviug to be laid with
only a thin cushion between the paving bricks and the
concrete.  The upper part of the stringer is continuous
with the concrete foundation of the asphalt or brick
paving, and no trouble is now experienced from lack of
sufficient support. TFor holding the track to gauge, a
wooden tie is now placed every 30 inches, whereas for-
merly a metal tie was placed every 10 feet. The pres-
ent construction, therefore, with its closely spaced ties,
is regarded as a partial abandonment of the plan of de-
pending entirely on concrete stringers for track con-
gtruction.

The Indianapolis Traction and Terminal Company
has two standards of track construction in paved streets,
one employing 93-pound girder rails for streets where
only city cars will pass, the other a special 91-pound
rail, which is a high T rail with a wide head, designed to
be easily paved to and yet permit the passage of inter-
urban cars with deep wheel flanges, of which there are
now a large number entering Indianapolis over the city
tracks. The standard rail for this service is 7 inches
high, and has a head 24 inches wide to reduce the amount
of overhang of the wide tread interurban car wheels,
Foroutlying unpaved streets 70-pound A. S, C. E. stand-
ard 5-foot rail islaid. The standard tie is 6 inches hy &

. joint.
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inches by 7 fect white oak, laid 2 feet 2 inches between
centers and hallasted with gravel concrete, which ex-
tends 6 inches under the tie, surrounds it, and is brought
to within 4% inches of the top of the rail. Some track
has also been laid on ties spaced 10 feet between cen-
ters, with a concrete heam, 20 inches wide and 9 inches
deep, under the rail, and extending to within 5% inches
of the top of the rail. The standard honds are the
protected, 10 inches long, placed under the fish plates,
and No. 0000, 28-inch wire cable bond, placed over the
fish plates. The honds are applied with a screw com-
pressor.  The track is cross bonded every 500 feet be-
tween the rails of one track, while at every 1,000 feet
there is a cross hond connecting the four rails of the
double track.

The Milwankee Electric Railway and Light Company
suceeeded some time ago in securing the approval by
the eity authorvities of T rail construction for paved
streets, A special new design of T rail, which is 7
inches high, with a head no less than 3 inches in width,
has heen adopted as the standard, so that, in the future,
interurban cars using the city tracks may he equipped
with wheels having treads and flanges more nearly
approaching the standard steam railroad wheel tread.
With a rail baving the head 3 inches wide, a car wheel
with a tread 3% inches wide could be used without hay-
ing the wheel seriously overhanging the rail and hear--
ing on the pavement. In asphalt or brick pavement,
track is laid on ties 6 inches hy 8 inches by 64 feet,
placed every 2 feet with 6 inches of concrete tamped
undereach. Asg this rail hasa very broad base, tie rods,
which are liable to cause a weak spot in the paving, are
not needed. The joints, rectangular in form, are cast
welded. In asphalt streets, granite toothing blocks are
Iaid alongside of each rail, for while the city pays for
the original laying of the pavement, the company pays
for the maintenance of the pavement hetween its tracks
and 12 inches outside its tracks. Guanite toothing
blocks extend out 12 inches, or to the limit of the dis-
tance that the company must maintain paving. On
unpaved suburban roads T5-pound A. S. . B, standard
T rail is laid.

The Twin City Rapid Transit Company, of Minne-
apolis and St. Paul, was one of the first to lay a T rail
in streets paved with asphalt, where girder rail had
been the rule before. The rail used is 8-inch T, weigh-
ing 79 pounds to the yard. The base of the rail rests.
directly on a concrete heam 22 to 24 inches wide and
12 inches thick under the rail. Around and above the
base of the rail is placed 8 inches of natural cement if
the paving is of hrick,and less if the paving is of gran-
ite. A cast welded joint of somewhat unusuul shape,
16 inches long and weighing 190 pounds, extends out.
from the head of the rail so as to make a substitute for-
paving at that point. A flange way on the inner side-
of the joint gives the effect of a grooved rail at the:
The object is to facilitate paving around the.
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joint and to provide against a weak point in the paving.
The rails are in 60-foot lengths. The spaces between
and around the paving blocks ave filled with Portland
cement grout, and fourteen days are allowed for the
conerete to set thoroughly before any traffic is per-
mitted. In less substantially paved streets, ties 6 inches
by 8 inches by 8 feet, spaced 2 feet hetween centers,
are used. A 6-inch concrete base of natural cement is
placed between the ties and around their ends, and on
this a sand cushion is spread. The brick or stone pav-
ing is set and grouted with Portland cement. For
suburban construetion a 5-inch 80-pound A, S. C. E.
standard T rail is used, with ties 6 inches by 8 inches
by 8 feet, spaced 24 feet between centers.

The Philadelphia Rapid Transit Company uses for its
standard track construction in streets having heavy
traflic n grooved rail which weighs no less than 137
pounds to the yard, hut where the trafic is lighter a see-
tion weighing 93 pounds is found sufticient. The latter
style is also in use for suburban service where the
strects arc paved, while for unpaved suburban streets
A. 8. C. B, standard 90-pound T rail is used. In paved
streets track is now being laid on concrete stringer
construction, with chairs spaced 5 feet apart and a
steel tie used in connection at every second chair, or
every 10 feet, provision being made on these chairs
for the adjustment of the gauge. A concrete stringer
17 inches wide extends 15 inches under the base of
the rail.  The foundation of the paving between the
tracks is a bed of concrete 6 inches thick., All rails
are laid with broken joints. A zine joint used by the
company consists of rolled steel joint plates surround-
ing the rail web and base, between which and the rail a
filling of zince is poured. Track construction hitherto
has Dbeen laid on ties 5 inches by 9 inches hy 8 feet,
spaced 2 feet between centers. Where zine joints are
used no honds are necessary, but on other track a pro-
tected form of bond, nbout No. 0000 wire, is used.

Tlie Pittshurg Railways Company uses a O0-pound
girder rail, in 60-foot lengths, laid on ties, resting on a
foundation of broken stone. This foundation is in two
layers, the upper layer being in 12-inch and the lower
layer in 8-inch cubes, and extends to a depth of 21
inches below the top of the rail. Ties are 6 inches by
8 inches hy 8 feet. Concrete is used around the rails
to fill in the space between the head and base, the rails
being laid directly on the ties and tie rods used. Cast
welded rail joints are now being laid, the ties spaced
2 fect hetween centers. For suburban service 80-pound
T vail and 78-pound girder section have been used,

The standard rail of the United Railroads of San
Francisco for basalt block pavement is a 109-pound
9-inch girder, with ties placed 4 feet between centers.
For streets paved with bitumen on a concrete founda-
tion a T-inch girder rail weighing 100 pounds to the yard
is used, though for suburban service a 70-pound rail is

)

the standard. The track islaid on ties 6 inches by S
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inches by & feet, with 8 inches of bhallast under the ties
except where concrete is used, when 4 inches of ballast
is required. ‘

The St. Louis Transit Company uses a conerete heam
under each rail, with a concrete stringer 8 by 18 inches.
To hold the track to gauge, a tie rod is placed every 6
feet, clamped to the base of the rails to prevent all tilt-
ing. The foundation of the pavement, the bottom of
which s flush with the base of the rail, is a bed of con-
crete 6 inches thick, on top of which the asphalt is
placed. The standard rail for city use is a 9-inch
grooved rail, either 100 or 98% pound section, while for
suburban service the company uses a 95-pound 9-inch
girder rail, and in dirt streets ties are laid to support
the track.

Bonding.—1t will have been noticed that frequent ref-
erence has been made to the subject of *“bhonds,” which
constitute so important a part of the system and cireuit
structure in electric railway work that it would be im-
proper to pass them over without some explanatory
comment. It iswell understood that the current deliv-
ered to a trolley system reaches the car motor by means
of feeder and contact wires, and that the cireuit back to
the power house is completed through the wheels and
the tracl itself. If there were no such cireuit comple-
tion, current would not flow, and it is therefore an essen-
tial and fundamental condition that both the feeding
circuit and the return circuit should be maintained in-
tact at all times with the least possible resistance to the
flow of the current and also with the least opportunity
for the current to leak away. The danger of leakage is
particularly great, since the rails generally lie in earth,
liable at all times to be more or less damp, and being ad-
jacent to great masses of metal in the shape of gas pipes
or water pipes, etc., which would farnish a better path
than the rails for the current. Such pipes are liable to
be attacked by a disease known as *“ electrolysis,” which
means, in this case, the corrosion or eating away of the
iron or lead by the current.

It will be seen that with the traction rails broken at
joints every 80 or 60 feet, some auxiliary device is nec-
essary in order to make them continuous as a cireuit.
As even the most exact butting or overlapping of joints
was found to develop abnormal electrical resistance, this
condition was dealt with in the early stages of the art,
and the problem was attacked in various ways. At the
time of the street railway census of 1890 one method in
vogue was to use the rails of the track exclusively, 1'iv_—
eting to the rails around each joint a No. 6 galvanized
jron bond. Another method was that of laying an aux-
iliary copper wire of the sume size as the overhead trol-
ley wire down the center of the track, on top of the
cross ties, and connecting it with a wire of small size
riveted to the center of each rail.  Asto the first method,
it wassoon found that galvanized iron bonds disappeared
under the exposure to action in the earth, and the rails
were rehonded with copper honds riveted to each rail.
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It was then discovered that these bonds were too small
and that there was considerable loss of potential power
because they deteriorated and hroke off, so that it was
again necessary togoover the lines and rebond them with
heavier material. In the same way, owing to improve-
ments in the method of bonding at the joints and the
rapid adoption of heavier rails giving more conductivity
in the return circuit, it was found unnecessary to incur
the initial expense of auxiliary copper ground wire, and
s0 the use of this was also given up.  From that time
on there has heen a remarkable improvement in the mat-
ter of honding the tracks, and a large variety of honds
have heen put into service, usually of solid or stranded
copper, but including some of a plastic nature.
Among those favorably known and Jargely in use is the
protected type, in which the copper bond, owing to
its Hability to be stolen, particularly on suburban roads,
is protected or concealed and goes in the space back of
the fish plate, against the web of the rail. The rails
themselves, if their connection was unbroken, could,
of course, carry the current of the return cireuit with-
out trouble, but as there are from 176 to 852 joints in a
niile of track, at any one of which the cireuit is liable to
break, it is evident that honds can hardly he used too
liherally, while there is even warrant for supplementing
the return system with return feeders, which may be
carried either underground or on the poles supporting
the overhead wires. Some railways have supplemented
their track return by inserting into the return cireuit a
quantity of their old rails which have been scrapped
and which can thus be utilized again to advantage. By
methods of this kind the street railway companies have
not only done much to lessen the annoying disturbance
of adjacent telephone circuits experienced in the early
days of the trolley, but have obviated quite successfully
the electrolytic action on iron and lead pipes in the
ground, caused by the current escaping from inadequate
return cireuits. No small amount of litigation and
some very extensive and costly experiments have at-
tended this work and development. The extent towhich
current can leak from a track may be inferred from the
estimate that in ordinary double track the surface ex-
posed for leakage is sometimes as great as 50,000 square
feet per mile of route. o

Despite the many bonding devices, a good many en--

gineers give their preference to u track which is prac-
tically jointless. To secure this result two principal
methods have been in use. One of them is electrical,
and consists in welding the rajl joints and plates to-
gether in some such method as that described on page
175 in connection with the track of the Buffalo street
railway system. Another method often used consists
in casting a sleeve of iron around the ends of the rail
joints at the side and bottom. The sleeve is made of
cast iron, of special chemical composition, which has
been *“run” at a much higher heat than is employed in
making ordinary castings. The metal is poured in from
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one side and comes in contact with the web of the rail
at its greatest heat. It brings the thin part of the rail to.
a white heat and tremendous pressure is exerted on the

molten east iron, which is squeezed into the interstices.
of the steel rail, becoming such an integral part of it

that if a joint of this kind is sawn througl it is ilmpos-
sible to say where the web of the vail ends and the eust
joint begins. These joints are umml]yubout 14 inches
long and weigh from 70 to 140 pounds per joint, de-

pending upon the size and weight of the rail that is

welded. A very good mechaniceal joint is thus effected,
and the electrical continuity of the cireuit iy high, A
third method which has recently come into vogue con-
sists in using a welding mixture known as “* thormit,»
which is made of powdered aluminum and iron oxide.
The combination of almminum with oxygen evalves an
immense amount of heat, and this reaction has recently
been brought under control. A welding portion of
the mixture is poured into a small crucible at the joint
with a thimbleful of ignition mixture added, and the
whole is‘ignited. The reaction is immediate, and the
molten thermit flowing into the mold around the rail
makes the joint,

It may be here noted relative to the dotails given of
track bonding, that according to the statisties in Table
94, 1,642.68 miles have been constructed with cust
welded joints. This method constitutod only n smnll
proportion of the entire mileage, leaving practieally ull
the rest of the track rendered conducting and continu-
ous by means of electrically welded joints or hy the
very generally used copper rail honds,  The east woelded
track is found in & number of states, but particularly
in California, with 110.62 miles; Hlinois, with 209,
miles; Minnesota, with 89.57 milos; Missourt, with
876.07 miles, practically all in St. Louis; New York,
with 292.82 miles, virtually all in Bufialo and Grogtor
New York; Ohio, with 129,85 miles; and Wisconsin,
with 141.25 miles, all of which is in Milwaukeo. [t will
be gathered from these figures, therefore, that cast
welding is still limited to a few of the larger cities und
urban systems,

II.
RAILS AND CONDUITS,

In Table 94 detailed statistics are given regarding the
weight of rails per yard, the style of radl, and the mothod
of rendering the track a perfect return cireud t by means
of cast welded joints, Considerablo discussion of rail
will be noted in the preceding section of toxt With
regard to the style of rail employed there is no uniform
practice. Of the 817 operating companies, 867 used
T rails exclusively and 890 reported the use of T vails
in connection with girder, groove, or full groove rails.
The range in the weight of the rail as shown hy the
returns is also quite remarkable—from the 15-pound
T rail of the little Pago Robles, Cul,, animal Power sys-
tem to the 135-pound girder rail used on the Unijon

Ty
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Traction system in Philadelphia. A number of roads
have rails of very heavy section, as, for example, 128-
pound on the road of the United Railways and IElectric
Company of Baltimore; 120-pound on several roads in
Liouisiana; and 118-pound, 110-pound, and 109-pound
on various roads. As might be expected, the T rail is
a common form in interurban work associated also with
lighter weights of 60-pound or 70-pound, but it is also
to be found in urban limits. In Vermont all the rail
reported is of T type and none of it exceeds 60 pounds
in weight. In Texas also nearly all the companies
report the use of the T rail, although in Hoaston,
girder rail up to 96 pounds per yard isin use. A good
deal of T rail of light weight is also reported from Cali-
fornia, Colorado, Connecticut, Georgia, Illinois, Indi-
ana, Iowa, Kentucky, and Wisconsin. Girder rail, on
the other hand, is reported very generally, as will he
seen from the table, in Illinois, Maryland, Massachu-
setts, Missouri, New Jersey, New York, Ohio, Peunsyl-
vania, and Virginia,

Third-rail systems.—The number of companies oper-
ating by the third-rail system were so few at the time
of the report, that itavas not deemed necessary to make
a separate section of the schedule for this information.
Eleven companies in five different states, with a total
of 342.11 miles of track, reported this form of construc-
tion. There is no third-rail construction within city
limits on the streets, but there is considerable of it on
the elevated roads of New York, Chicago, Boston, and
Brooklyn. The Northwestern Elevated, South Side
Elevated, Metropolitan West Side Elevated, and Lake
Street Elevated, all in Chicago, Ill., report the third
rail, with a total of 107.96 miles of third-rail track.
In New York state, the Manhattan Railway Company,
at the time of the report, was operating 40 miles in New
York city by the third-rail system, but since that time
and during the compilation of the report the whole of
its 117 miles has been converted to third rail. The
Brooklyn Rapid Transit Company reported 50.40 miles
of track operated by third rail. The New York, New
Haven and Hartford Railroad reported not less than
25.43 miles in Massachusetts, this being all on the sur-
face and constituting an important electrical adjunct to

the steam locomotive service of the company in certain

limited districts, The Boston Elevated reported 16.02
. miles of track with third rail. Besides this use of the
third rail within city limits the report shows, even in
1902, a considerable amount of third rail onthe surface
for internrban purposes, similar to that quoted in Massa-
chusetts for the New York, New Haven and Hartford
system, which had 25.89 miles of this type of track in
Connecticut on its Berlin section. At the time of the
report California had no third-rail interurban road,
althongh some was then under construction and has
since gone into operation, In Michigan the Grand
-Rapids, Grand Haven and Muskegon road reported
36.68 milesof third rail. In New York state the Albany
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and Hudson Railway and Power Company reported
39.78 miles between the two cities named. This road
runs through several communities of good size, where
the third rail is safeguarded and has not been found
any hindrance to general movement of vehicles or pedes-
trians. The trolley is used, however, in the terminal
cities.

Conddit systems.-~In connection with the treatment
of roadbed and track must be considered the subject of
conduit railways, since the modern conduit in electric
systems, as in the preceding cable systems, constitutes
practically a part of the structure. The earlier cahble
work in the United States was put in with a deep coun-
duit or tube between the two rails. The condnitat San
Francisco was 82 inches in depth, and that of the
Chicago City Railway 36 inches. Such construction
was expensive, not only on account of the excavation
required, but because of the interference of the conduit
with other subsurtace structures, In constructing the
conduit in nataral soil it was necessary either to cut a
formidable trench with pick and shovel or else to blast
out the hed, and, on the other hand, if the line were
built upon made ground, concrete foundation piers and
sometimes even pileswere necessary. Incable railways
a grip extending down between two slot rails seizes a
traveling cable, and the car is thus drawn forward,
although it has no power of going backward. Many
objections were urged against the system on the score
that the slot caught the narrow tired wheels of passing
vehicles, and that the conduit space constituted an ad-
ditional gutter which it was difficult to cleanse; but the
conduits were gradually made shallower, methods of
removing mud and water were perfected, and the cable
system had reached a high stage of development wlen
electric traction became commercially feasible.

Having in mind the objections urged against the slot
and conduit, much ingenuity was bestowed by electrical
inventors on the development of electrical methods
which would dispense with any such openings, but
which would still bring the current to the car by means
of conductors buried in the ground, in order to avoid
the erection of overhead wires. These closed conduit
systems have depended broadly either upon a third-rail
conductor, or npon exposed knobs or eontact buttons in
the street bed, with which the moving ear could make
contact by means of a long *‘skate” or shoe. The sec-
tion of conductor immediately adjacent to the car, elec-
trified at the time the car passes it, becomes dead as
soon as the car passes on to the next block or sucees-
sion of contact devices. The connections are made by
section switches, closed and opened by magnets carried
on the car; auxiliary circuits, closed by the car itself as
it proceeds; mechanically, or in a variety of other ways.
This contact material has consisted sometimes merely of
iron filings within the road contact plate. Sowetimes
the contact devices have consisted of plungers making
contact through mercury cups at the switch box.  The
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only contact system of this general character now in
opéwttion in the United States is that which has b‘een
installed by the Westinghouse Electrical Manufacturing
Company in the United States Navy proving grounds
at Indian Head, Va., on the Potomac. This line is
about 3 niiles in length, is operated in part hy an over-
head trolley; but, as the track crosses the firing line,
where the overhead wires are liable to damage by pro-
jectiles, some other system was necessary, and the con-
tact system has been adopted. Each car is operated
with two steel contact shoes, and these shoes project
downward from the hottom of the car by springs, ener-
gized hy storage batteries on the car, make contact with
successive pairs of pins set along the track. The switch
hoxes and contact ping are made asa complete unit, and
the contact pins, where the boxes are installed upon
the track, stand up 1% inches above the running rail.
As the car runs along the track the shoes  cut in” and
““cut out™ the pins so that only the portion of track
over which the car stands is alive.

On the whole, therefore, it will be understood that
surface contact street railway methods with closed con-
duits are not in vogue, and that where the overhead
system is not allowed the open conduit method is the
only one left permitting the use of electri¢ity in large
cities. The one other plan of hringing the current to
the street car is that which is known as the third rail;
but the inapplicability of this needs no discussion, the
third rail being available only upon underground Toads,
elevated roads, and cross country lines with a more or
less uninterrupted right of way. According to the re-
turns presented in this report, of the 21,914.01 miles of
single track operated hy electric power, 97.2 per cent
obtains current hy means of an overhead wire. De-
ducting the mileage operated by third-rail and storage-
hattery systems, this leaves 1.2 per cent for the open
conduit. But it is a superficial indication of the rela-
tive importance of the conduit, as it is only to be found
in a few cities of dense population and extremely heavy
traflic, such as New York and Washington. In hoth
these cities the open conduit electric method has not
only been applied of late years to lines of thoroughfare
previously unoccupied, but has replaced entirely the

cable conduit in leading streets, the most eonspicuous -

example heing Broadway, New York city.

One of the gerious limitations of the open conduif
method is its heavy cost of construction as compared
with the overhead method. Detailed figures presented
by Mr. A. N. Connett as to the Metropolitan Railway
Company, of Washington, D. C., give a total construe-
tion cost of not less than $5( 1,000 per mile of track, and
the data given hy Mr. W. C. Gotshall as to the total
cost per mile of single track on the Second A venue Rail-
way, of New York city, showed a cost of about $58,000.
Even this is far from the extreme cost, reached on some
lines, The real cost depends in very large part upon
the amount of underground piping to he disturhed.
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i As there is a strong family likeness to-day among the
various open conduit systems, a (l(‘sc{'ipti(m of the
Washington system may be taken as giving a typieal
view of intelligent work, although this system is not
the latest in construction. The conduit, formed entively
of Portland cement concrete and rosting on a conerete
paved base, extends the entire width of tlm rondbed and
2 feet outside the outer rails, The conduit yokes @0
{ down 3L inches from the grade orv surface, and the
inside depth of the tube is 25 inches, At intervals of
18.5 feet manholes are provided for access to the under-
ground work, and every 400 fect there arce hatches hy
which the conductor rails, 27 feet long, can he inserted
or removed. The conductor rails, along which the con-
J} tact plow makes rubbing contact as it travels, are car-
ried on porcelain insulators 4 inchoes in dinneter and 7.5
inches deep over all, which are held by an iron cap and
which support a bolt to which the conductor rail parts
are attached like the lower horizontal member of the
letter L. The conductor rails are of mild steel weighing
23.5 pounds to the yard-—a weight which gives abundant
conduetivity for the current requirved to operate all the
.cars on the system at any one time-—wd are honded
together with copper bhonds. It will, of couwse, he
understood that the traction rails on the surface of the
street are no part whatever of the oloctric conducting
system, as they would he in an overhead trolley road.
The slot rail of the track, weighing 67 pounds to the
yard, is the same as that used on eable roads, exeept
that a little more care is taken to provide for drainage
of water from the edge of the slot.  Careful provision
for drainage is made within the conduit through man-
holes connecting with the sewer pipes ahout ovory -Hid
feet.

It is not to be understood that this system is gonornl,
as each conduit road has poculiaritios of its own, and
the same road will show modifieations in conduit strue-
ture on different sections. The Lenox avenue conduit
structure in New York city, which v one of the hest
known of the pioneer systoms, bogan by enrrying its
insulators and contact vails on podestals standing up
from the base of the conduit, hut these wera early
abandoned, and on the road as now operated the insu
lators and contact carriers ave inverted and supported
from the conduit roof, somewhat us in Washington.
One of the governing conditions has beon the retaining
or replacing of the old cable conduity, the new clectric
conduib methods heing modified i the former CHse, 08
upon the Third avenue line in Now York eity,  Upon
the newer sections of the Third avenue Jine the condnit
yokes were placed 5 feet apart, and huilt up of three
pieces riveted together, namely, a steel X-hoam weigh-
ing 105 pounds, and two cast-iron side pleces weighing
122 pounds each. Thesoe yokes are planted in a 4-inch
bed of concrete, and the conduit hetweon the yokes is
of solid conerete. The glot vail, weighing 66 pounds to
the yard, is laid in 30-foot lengths, while the track ruil of
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the girder type, 9 inches high and weighing 107 pounds
to the yard, is laid in 60-foot lengths, The steel con-
ductor rail, weighing 21 pounds to the yard, is carried
on inverted insulators hung from inside the slot rails.

This construction, however, is not to be regarded as
standard—a word which would apply better to the
practice adopted in 1897 in New York, and which has
been followed in the construction of the conduit system
at Brussels, London, and other foreign cities, although
in several of the European cities conduit is laid under
one of the rails instead of between them. Another
point of difference relates to the plow rather than the
conduit; thus the contact shoes used in Brussels, instead
of being pressed outward horizontally, as in the New
York and Washington plows, are swung out vertically
in the are of a circle, the arec being 135 degrees.
Another variation in this detail occurs in Vienna and
Budapest, where the plows are hinged from above and
swung around in an are of about 45 degrees. A further
point of difference which is interesting to notice is that
the rubbing surface of the contact device is on top of
the contact rail instead of on the face or side, as in other
conduit systems,

The old method was to build up the conduit from the
hottom of the trench. Thenew method of conduit con-
struction, as distinguished from the old, is to build down-
ward from the slot and track, which are first aligned
with the conduit yokes, the cement being then packed
around 2 movable mold. A few words of description
as to the present method, followed in New York and
Kurope, are given helow.

A trench is first constructed of exactly the dimensions
which will be taken hy the completed conduit, so that
the quantity of earth removed is a minimum. The yokes
are placed ahout 5 feet apart in niches, which are care-
fully cut in the trench at exactly the points required.
After this has been done, wooden timbers are placed
across the trench to support the slot rails, at such a
height that the slot rails, when placed on them, will
rest on the yokes, and will he in their proper future
positions.  On these timbers are mounted cast-iron
clamps, of just the right shape to fit and hold the base
of the slot rails. The rails themselves are then set in
these clamps, and joined at the top by meuns of a
T-shaped clamp, which embraces the heads of the rails
and fits into a mortise in the lower clamp. In this way
the proper position of the rails is secured, and itis only
necessary to align and level them by adjusting the posi-
tion of the wooden timbers. In other words the track
iy aligned by means of the slot rails, which is the end
desired, and the rest of the structure is made to con-
form to it. The yokes are next attached to the slot
rails by means of four holts for each yoke. The brace
rods are then put in place connecting the yokes with
the web of the slot rails. The only work now remain-
ing to be done is to build up the conduit proper.

Exposed, as the conductors in an open concluit are, to
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all the vicissitudes of weather, it is natural to expect
that they would be liable to frequent interruption on
account of the burning out of sections by short circuit-
ing, which easily happens when moisture is present.
On the whole, however, the operation has proved ex-
tremely satisfactory, and the conduit and track con-
ditions have heen far less susceptible to trouhle than
was expected. In fact a more sensitive and weak part
of the system has been the contact plow. Itisnotonly
subject to considerable wear, hut may become jammed
in the slot, especially if a car should happen to get intd
collision with other vehicles. The applicability of the
method, as well as the practical verdict upon it, is to be
found in the fact that not only has it superseded the
cable in New York, but it has also replaced the storage
battery, and is being installed on several of the branch
lines where horses are still in use, so that ultimately
the whole of the city below One hundred and thirty-
fifth street will depend upon the open conduit for its
surface street railway trangportation.

II1.
ELECTRIC LINE CONSTRUCTION,

The importance of overhead trolley construction for
the operation of electric railways may be deduced from
the fact that of the 21,901.58 miles of track operated
by electric power embraced in this report, 21,290.09
miles received the current for the cars by means of
overhead wires. Trom the details of electrie line con-
struction, shown in Table 94, it will be seen that of the
total, 15,857.26 miles, 10,220.07 miles, or 64.5 per cent
is span wire; 5,223.08 miles, or 82.9 per cent, side
bracket; and 414.11 miles, or 2.6 per cent, center pole.
It also appears from the returns that wooden poles
have been used for 80.3 per cent of this mileage and
steel or iron poles for 1%.6 per cent. In addition to
this, 15.92 miles of line have wires supported hy ele-
vated railway structures and by buildings or bridges.
The same table shows for each railway the number of
poles to the mile, the average being about 52, ranging
from 40 up to 75, depending upon the local conditions
and requirements. The extreme figures are 8¢ poles to
the mile, reported for the Salem Electric Railway Com-
pany, of Salem, Ohio, and 85 reported by the Duluth-
Superior Traction Company, of Duluth, Minnesota.

Span wire construction.—Table 94 shows that the
span wire construction. reported—10,220:07 miles, or
very nearly half of the overhead trolley construction—
was very largely in the cities. Thus in California,
with a total of 389.82 miles, 98.66 miles was reported
by the United Railroads of San Francisco; 55.82 by the
Los Angeles Railway; and 66.43 by the Oakland Transit
Consolidated Railway. These three companies consti-
tute a very large proportion of those of the same char-
acter within the state. In Colorado, out of the 140,16
miles, 82.02 miles was reported by the Denver City
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Tramway. The state of Illinois reported a total of
799.06 miles of span wire. Of this mileage nearly half
was reported in the city of Chicago. In Indiapa, out
of 857.80 miles, 127.40 miles was reported hy the Union
Traction Company of Indiana, and 36.89 miles by the
Indianapolis Street Railway. In Massachusetts, with a
total of 712.85 miles, a group of three roads in and around
Boston—the Old Colony, the Boston and Northern, and
the Boston Elevated—reported 445,50 miles. In Ohjo
this style of construction appears to be generally dis-
tributed, but out of the 908.56 miles, 115.41 miles were
reported by the Cincinnati Traction, 69.31 miles by the
Cleveland Electric Railway, and 47.87 miles by the
Cleveland City Railway. In Pennsylvania, with a total
of 1,582.83 miles, the Union Traction Company, of
Philadelphin, reported 308.86 miles, and the Pittsburg
Railways Company, 282.09 miles. It will be gathered
from the foregoing figures, therefore, that the span
wire construction is to be credited with a larger track
mileage than would appear on a superficial reading of
the figures. In other words, there was a total mileage
reported of overhead trolley construction of 21,290.09
miles, but there was only 5,223.08 of side hracket
and 414.11 of center pole. These two items made a
total of 5,637.19 miles, which would leave a total of
15,652.90 miles of overhead construction to he accounted
for, whereas the mileage of span wire reported was, as
already noted, only 10,220.07 miles. Allowing that all
the center pole construction covered two tracks, and that
part of the side bracket also had long brackets, ena-
bling two tracks to he served, it would still appear that
half of the span wire construction was employed to
cover double tracks. This applies to the construction
in many cities, as, for example, Chicago, 1ll.; Indian-
apolis, Ind. (almost entirely); Minneapolis and St. Paul,
Minn, ; Omaha, Nebr.; Brooklyn, N. Y.; and Cineinnati,
Ohio.

Side bracket construction.—The side bracket construe-
tion counts, of course, for every mile of track over
which it extends,and in some cases, as has already been
noted, covers the two tracks, the detailed statistics he-
ing, however, difficult to extract where all the methods
of overhead construction were employed. Side hracket
construction is obviously an adequate and satisfactory
method for suburban and cross country lines where but
one track has to be served, and hence, as might be ex-
pected, alarge amount of this mileage, namely, 5,223.08
miles, is to he found in states and along roads where
the single track is more prevalent. The state of Maine

is notable for the large amount of side bracket construc-.

tion which it contains. With a total ¢f 828.55 miles of
overhead construction, there was not less than 240.16
miles of the side bracket type. Massachusetts also had
a very large proportion of side hracket construction,
even in such crowded centers as Boston and vicinity.
The Boston and Northern system reported 182.58 miles,
and the Old Colony Street Railway 998.69 miles.
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Out of the 75 roads or systems reporting for the
state, 16 reported only the side bracket form of con-
struction. In New York state the side bracket form
of construction was not so conspicuous, only 453,04
miles heing reported, and of this 82.63 belonged in one
system, that of the Hudson Valley Railway, while Roch-
ester and its suburbs presented another large group of
the same style. The Rochester and Sodus Bay Railway
had no span wire, but 34.86 miles of side bracket and
4.44 of center pole. The state of Ohio, as might be ex-
pected, with its interurban groups, had a large amount
of side bracket construction, namely, 936.85 miles, which
was very widely distributed. As previously noted,
Pennsylvania had proportionately little side bracket
congtruction, although several of its roads were exten-
sive suburban systems. Thé state of Vermont, in the
New England group, is noteworthy for its large pro-
portion of side bracket, as will be seen from the table.

Center pole construction.—The center pole line con-
struction for the whole country, 414.11 miles, should
normally represent exactly twice that amount of track
served, since the invariable purpose of such construc-
tion is to serve two tracks with one line of poles, by
running a line of poles down the middle of a wide thor-
oughfare between the two tracks. Very often this
center pole is masked by shrubbery, and one of the
earliest and best instances was the line put in at the
beginning of the trolley régime by the Washington
road running out to Eckington and the Soldiers’ Home,
This center pole construction is widely distributed
throughout the country, as will be seen from an inspec-
tion of the table. Several states possessed 20 or 80
miles of such construction, while Maryland had 40.14
miles, and New York 82.41 miles—the latter being so
widely distributed that only one road had more than 6
miles of it. It will be observed that few of the inter-
urban systems report any considerable amount of this
style of construction. The interurban system most
conspicuous for its center pole construction was the
Grand Rapids, Holland and Lake Michigan, which
reported 24 miles. The Twin City Rapid Transit sys-
tem of Minneapolis and St. Paul is conspicnous for
reporting 60.50 miles of center pole construction, which
represents 121 miles of single track, and would account
for nearly one-half of the entire 251.02 miles of that
system. In California the most notable instance was
that of the Los Angeles Pacific Railway, an interurban
system, which reported 20.65 miles of center pole,
accounting for more than 40 miles out of the total of
87.48 miles of track.

Line supports.—Table 94 shows in detail, in terms of
mileage, the statistics with regard to the use of steel or
iron poles and wooden poles. It will be seen that
12,728.76 miles of track were reported as equipped with
wooden poles and 8,112, 58 miles with steel or iron poles,
making a total of 15,841,384 miles, which apparently
would represent the actual mileage of the streets and
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other thoroughfares occupied by the overhead construe-
tion. This mileage, however, has no definite reference
to the miles of track, as such, whether single or double,
as & mile of overhead construction might obviously be
inclusive of both conditions and methods. The metallic
pole, although its use is quite widely distributed, is not
found in some states. Illinois reported 264.85 miles;
Massachusetts, 294.91 miles; New York, 485.28 miles;
Ohio, 302.41 miles; and Pennsylvania, 540.20.

A study of the figures will show that the metal pole

was used chiefly within city limits; thus, companies in

Chicago, Ill., Detroit, Mich., Minneapolis and St. Paul,
Minn., and Philadelphia and Pittshurg, Pa., reported
nearly all of the metal poles shown for the states in which
these cities are situated; and companies in St. Louis,
Mo., Boston and Springfield, Mass., Cincinnati, Cleve-
land, and Columbus, Ohio, and New York city, N. Y.,
reported a large proportion of the metal poles of the
states in which they are located. There is an aesthetic
advantage in the use of metal poles, as compared with
wooden poles, aside from their more sightly appear-
ance, in that, on the average, fewer of them are re-
quired per mile of electrical construction. The number
of metal poles per mile is usually from 40 to 50, though
in some cases, as in certain places in Ohio, 60 or more
poles per mile were reported.

With regard to the use of wooden poles, it may he
noted that of the 12,728.76 miles equipped with such
poles 1,724.64 miles, or 14 per cent, was reported for
Massachusetts; 1,554.79 miles, or 12 per cent, was re-
ported for Ohio; 1,452.19 miles, or 11 per cent, for
Pennsylvania; and 1,047.20 miles, or 8 per cent, for
New York state; these four states together, therefore,
reported 45 per cent of the total for the country.

Leeder construction.— A lavrge proportion of the feeder
wire mileage was carried overhead and on the poles
referred to above, and very little of it—=2,411.07 miles
out of 24,754.29 miles, barely 10 per cent—was under-
ground. The use of the overhead method for feeder
wire was so general that thie exceptions alone deserve
study, and these are presented in Table 94, which
shows that the underground feeder wire mileage oc-
cupied 589.3 miles of street within city limits, in
connection with some 27 of these railway systems,
though these systems in some cases represent two or
more cities. The largest amount of such underground
feeder wire construction was found in three states, which
together accounted for about 78 per cent of the whole,
namely: Pennsylvania, with 204.8 miles of street and
1,685.8 miles of duct; New York state, with 145.8 miles
of street and 3,317.1 miles of duct; and Wisconsin,
with 110.8 miles of street and 674 miles of duct. In
these three states the feeder conduit work was limited
almost entirely to the three cities of New York, Phila-
delphia, and Milwaukee.

Further details of feeder construction are furnished in
supplementary Table 2, which shows the statistics for

the different kinds of conduit used. In this connection
it may be stated that the cable most commonly used was
copper strand, heavily insulated, and sheathed with lead,
the copper conductor being further protected in some
instances, as in New York, by special paper insulation.
The largest proportion of feeder conduit was con-
structed of terra cotta and vitrified clay. The 336.6
miles of street oceupied and 8,905.1 miles of duct, used
by this kind of conduit, amounted to more than half of
the whole conduit feeder mileage. Iron pipe conduit
occupied 156 miles of street, with 1,981.4 miles of duet.
Terra cotta and vitrified clay conduits were used exclu-
sively in Wisconsin, while in New York and Penn-
gylvania iron pipe was also used, as well as a cer-
tain amount of wooden duct. New York reported the
greater part of the 13.5 miles of street with concrete
construction. As to wooden duct, out of 83.2 miles of
streef, occupied by 565.1 miles of duct, 76.2 miles of
street, and 542.5 miles of duct were reported from
Philadelphia, Pennsylvania.

+ While it is urged by many who are interested in the
aesthetic improvement of urban centers that the over-
head network of a trolley road is ugly and an eyesore,
it can not be denied that in this branch of the work a
most marked and rapid improvement has been seen,
both with respect to the appearance of the line and in
regard to its stability. The early construction left
much to be desired, and the materials used were alto-
gether too light and cheap for the conditions imposed
upon them, while a great many details now making for
trimness and permanence had not been worked out. One
of the greatest drawbacks was found in the fact that for
some years it was considered necessary to put upon the
poles, not only the small conductors with which the
trolley wheel makes contact and the necessary sup-
ports, but also all the mainsg and feeders delivering cur-
rent to the lines as a whole. In fact this practice still
prevails to a considerable extent in regard to feeders,
as may be inferred from the fact that of the 24,754,929
miles of feeder wire 22,343.22 miles, or 80.3 per cent,
was overhead.

At the time of the report conduits for feeders were em-
ployed by only 27 companies, but the tendency to remove
the heavy cables and conductors from the poles is be-
coming very marked, and in the next few years, espe-
clally within city limits, a very large proportion may
be expected to be taken down and put out of sight.
The fact that underground construction is still limited
to a few cities is shown by the fact that Washington,
Chicago, New York, Boston, Philadelphia and Milwau-
kee contained 6,136.3 miles of duct, or 93.7 per cent of
the total in the United States.

Overhead trotley.—The construction of overhead sys-
tems has been greatly simplified since the time of
the report on street railways for the census of 1890
by the general adoption of the single overhead trolley
system, by means of which the track is used as a part
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of the return circuit to the power house, one overhead
wire bringing the current to the motor. The double
overhead trolley, which was often used bhefore 1890,
was soon found to introduce o great many serious com-
plications, Not only do the two wires necessitate addi-
tional overhead structure and wiring to support them,
but the cars must carry two trolleys. When the car
has to pass switches and frogs, changing the direction
of the overhead contact, a vast amount of complication
ensues. In short, the difficulties and objections have
been such that in 1902 only 7 companies reported the
use of the double overhead trolley system, the total
mileage of track thus operated being only 284.15.
Nearly all of this was reported from Cincinnati, and all
of it would he gladly discontinued by the companies
but for purely local convenience or for the require-
ments of old ordinances and franchises insisting upon
the maintenance of this method.

The nature of pole line adopted for overhead con.
struction depends a great deal upon the width of the
thoroughfare, the extent to which the distriet is built
up, the style and quality of surrounding buildings, and
the restrictions imposed by the public authorities. As
has already heen noted, a very large proportion of the
construction is of the *“span” type, which consists in
setting poles along the street at regular distances in
pairs, exactly opposite to each other, and then span-
ning the roadbed by means of a span wive. This is
repeated at each of the poles, and the service wire,
with which the trolley wheel makes contact, is attached
to the span wire and carried along underneath by
insnlators. The span wire is necessarily strong and,
as a general thing, consists of galvanized ivon and steel
stranded wive, an ordinary size heing five-sixteonths
of an inch. If the street is unusually wide, the size of
the wire across the roadway and the two tracks may run
as high as three-eighths of an inch, while on the other
hand, quarter-inch wire will be uged for a single track
span. A large number of detail parts are necessary to
insure solid and substantial suspension, and to prevent,
the possibility of hreakdown, which would not only
inflict injury on persons and property, but interrupt
the operation of the road.

To quote specific examples, at Indianapolis, Ind., the
size of the span wire varies from th ree-eighths of aninch
to five-eighths of an ineh, according to the width of the
street and the strain imposed, and the trolley wire held
up is No. 00 round wire, a strain insalator being placed
in the span wire next to each pole. In St. Louis in the
late:skt constl‘ueFion. of span wire & 7-strand double gal-
r\“;-uuzed steel wire five-sixteenths of an inch thick is used.
[he trolley or serviece wires are insulated by a joint
st.rain insulator at the pole and by a trolley wire hanger
W}th wooden insulation, a bolt in which a cone shaped
piece of wood furnishes the insulation. The ear for
holding the trolley wire is 15 inches long and is clinched
or hammered in order to hold up the wire, no solder
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being used. In Milwaukee, Wis., a notable change
from the ordinary line work has heen the abandonment
of insulated trolley wire hangers, those employed heing
entirely of metal. Insulation is secured by strain in:-‘-l:b
lators in the span wire itself, of twhich there are two in
series between the poleand the trolley wire.  The trolley
wire hanger is of the usual appearance, except for (e
omission of the insulating bolt, and heing purely mechnn-
ical in its funetion and not requiring insulating quali-
ties, it can be made very substantinl.  Another feature
of the Milwaukee construction is that known as “ fig-
ure 8” trolley contact wire, the wire in cross section
resembling that numeral, allowing the oar of the insu-
lator to elip the upper part more firmly. In Philadel-
phia, Pa., the practice differs from that of both St.
Louis, Mo., and Milwaukee, Wis,, in the fact that n
round top bell trolley wire insulator is used with
soldered: ears 15 inches long and weighing L4 pounds,
The Twin City Rapid Transit Company of Minneapolis
and St. Paul, Minn., uses a trolley wire hangor of its
own manufacture, in which the insulation is secured hy
a structure of wood supported in the moetal from the
bracket or span wire, in each end of which tho trolley
wire clips are supported.

In addition to carrying the span wire, which in turn
carries the contact conductor, the poles, as hax alres Iy
been noted, have to support feoder eables, which are
necessarily of considerable weight, usually boing of
copper, though aluminum is somotimes used.  More-
over, the feeder cables carrying largo quantitios of
current require extra large and hoavy insulators, for
which glass or poreelain iy genorally ased, though
sometimes a compound of mica and shellae, rubber; ov
asbestos is used. The feeder eable runs paralloel to the
track, and is tapped at frequent intorvals in order to
supply current to the different sections of Lhe trofloy
system. These taps are made from the top of the pole
across the span and connceted to the trolloy wire uf
numerous points,  Sometimoes those feoder taps nra
used as a span wire.

Nor are these wires and civeuits all that go to maka
up the web-like network of wires which wro seen uhove
a trolley track, and more particularly above o double
track covered by the span wire systom, AL corners
and curves a large number of auxilinry span wives and
brace and guy wires have to b introduced, all adding
to the apparent complication of the systenm. In nany
places, moreover, local ordinances still requive that
guard wires shall be used above the trolley notwork to
prevent broken telephone, clectric light, or other wires
from falling acrogs the trolley systom. Whore those
are added the result is usually very disagrecable to the
eye. Street railway MANAZErS 1o (‘leui(l‘uc‘lly averse Lo
this addition to the wire structure, claiming that the
guard wires rarely serve a useful puvp()su; and nre
more often the cause than the cure of the oyils thay
are designed to obviate, A feature of span wire con-
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struction which is not uncommon in Europe, but which
is hardly known in the United States, is that of carry-
ing the wires across the street without poles, from
building to building, attaching the span to rosettes of
metal firmly embedded in the fronts of the houses.
This method is frequently permitted by the authorities,
and the entire absence of poles gives a much clearer
vista to the thoroughfare along which the trolley sys-
tem is in operation.

Next in importance to the span wire construction is
that which is carried out by means of side brackets.
The purpose of the side bracket or side arm construc-
tion is to decrease the cost of line construction as well
as to lessen the number of poles along the street, it
being feasible to extend the side arm from the pole to
such a length as to carry the cireunits for a double track
system. The side arm projection from the pole is
braced from below, and is also often supported from
above, to insure rigidity. The methods of suspending
the trolley service wires are much the same as with span
suspension, the chief difference being, perhaps, in the
insertion of insulating materials hetween the arm and
the iron sleeve by which the insulator is carried.

Another variation in overhead construetion is the use
of the center pole, which is virtually a duplication of
the side bracket pole, the arms being extended out on
both sides of the pole, the pole being planted in the
middle of the street or avenue, midway between the two
tracks. With the center pole construction a greatly im-
proved appearance of thoroughfares is often obtained.
The center pole is also often utilized for lighting pur-
poses, especially where the city ordinances require that
a certain amount of lighting shall be furnished free
by the trolley company in part return for its franchise;
and some extremely pretty effects are often obtained,
especially where the poles are of ornamental character.
The center pole construction, however, is not favored,
as it forms an obstruction to traffic, being in the center
of the street.

Wooden poles constitute a very large proportion of -

the supports employed in overhead line construction.
The greatest variety exists with regard to the nature of
the woods used and the treatment adopted in preparing
poles for use and in setting them. The wood favored
depends very often upon the proximity to the forest
where the poles are cut, but the kinds in most general
use are chestnut, cedar, or Georgia hard pine. Chest-
nut poles are preferably of second growth, and are used
up to a length of 45 feet. Cedar poles do not possess
the elastic or tensile strength found in hard pine or
chestnut, and are not favored in lengths over 45 to
50 feet on account of their liability to succumb to the
strain of storms and the weight of conductors. In a
general way the poles used are trim and straight, with
a departure from the center line of not more than 4 or
5 per cent, and they are often trimmed and made hex-

joined together,
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agonal or octagonal in shape, as well as painted in some
standard color adopted by the system.

On the suburban lines of the United Railways of
San Francisco the standard type of pole is 80 feet long,
121inches at the base, and 8 inches at the top, the material
being redwood, which, of course, is hardly obtainable
in other parts of the Union. On one of the systems
in Broekton, Mass,, most of the poles are of chestnut
30 feet in length, with T-inch tops, set 5.5 feet in the
ground, and carrying arms of Georgia pine, which are
equipped with four locust pins to hold up the insulators
and wires. On the Schenectady, N. Y., system, where
the city overhead work is all span construction, 35 and
40 foot chestnut poles are used, set 100 feet apart. On
the Ballston, N. Y., branch, the center-pole double-
bracket construction is used, with 85-foot octagonal
pine poles embedded in concrete.

The extent to which wooden poles have been used in
this country is undouhtedly due ina large measure to the
ease with which sueh poles can be obtained, In Europe,
where wood is scarcer, the metal pole is much more gen-
erally used. It may be questioned, however, whether
the use of iron and steel poles in this country would
not make a much better numerical showing than it does
were it not for the enormous extent of suburban and
rural lines, of which wooden poles are so conspicnous a
feature.

The iron and steel poles in use are tubular and are
built up in sections to a height of as much as 50 feet. Of
the sections, generally, three or four are used to a pole,
with a cap and base, which in some cases are ornamen-
tal. Oeccasionally a metal pole isseen which is *“built
up,” i. e., composed of several iron or steel channels
Another variety of the metal pole is
one that is made in one length and is seamless, consti-
tuting a solid drawn steel tube, although these are
sometimes built up of two parts shrunk together. A
standard American ivon trolley pole with alength of 80
feet, built up in three 9-foot sections, weighs a little
over 500 pounds. Some of the poles, however, are
much heavier than this, and a standard pole of an all
over length of 80 feet also weighs almost 800 pounds.
The size and weight and ability to resist strain depends,
in fact, very much upon the policy of liberality adopted
by the company building the system. Where the pole
is of the usual sectional type the various sections are
sweated or welded together, and care is taken that the
longitudinal seams in each consecutive piece are 120
degrees apart in order to increase the strength and dis-
tribute the strain, which with ordinary poles will reach
almost 500 pounds, since in winter the poles frequently
have to ecarry not merely the weight of the wires but
an additional burden of ice and snow or sleet.

To take a few typical illustrations of current Ameri-
can practice, the Boston Elevated Company employs for
straight work a three-section tubular pole weighing
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from 700 to 800 pounds with tapering sections 6.5 inchgs,
5.5 inches, and 4.5 inches in diameter. E\’en heavier
poles than this are used where a greater weight o# over-
head structure has to be held up, these poles weighing
as much as 1,050 pounds, while on curves the tubular
poles reach a weight of not less than 1,450 _to 1,500
pounds. In Indianapolis, Ind., the poles are in three
sections, weighing 600 pounds for straight line work
and 1,400 pounds at curves. In Milwaukee, Wis., t%le
poles used for straight line work are 28 feet long, huilt
upot two sections of tubular steel, 8 inches and 7inches,
respectively, in diameter, and set in concrete. In St.
Louis, Mo., the standard poles for straight line con-
struction are in 28-foot and 30-foot lengths, with a weight
of 545 and 650 pounds, while on curves 1,025-pound
poles are used.
1v.

BRIDGES, TUNNELS, AND CROSSINGS,

Bridges.—Supplementary Table 1 gives the statistics
with regard to the number and length of the different

classes of bridges. These data include only structures.

owned by the railway companies, and no statistics as to
the number or length of structures employed by the
street railway companies under lease or franchise or
other condition of that character are shown. A total
of 2,721 bridges with a total length of 461,109 feet, or
more than 87 miles, is reported for the United States.
Of these bridges, 1,024, with a length of 156,061 feet,
were of iron and steel; 574, with a length of 57,152
feet, were wooden; 931, aggregating 249,458 feet in
length, were wooden trestles or trestle bridges; and
182, with a length of 5,438 fect, were of masonry. It
will be seen from these figures that wooden bridges and
trestles predominate, but that the work is of a varied
character and that alveady a large proportion consists
of iron and steel. Some features of this work vie with
that of the same character done on steam railroads,

An interesting example of bridge construction is
found on the line of the Conneaut and Erie Traction
Company’s railway completed since the figures of this
report were taken and therefore not embraced in the
ahove totals. This road, which renders possible & con-
tinuous electric railway trip from Detroit, Mich., to
Westfield, N. Y., traverses such rocky and irregular
country that considerable cutting, filling, and trestle
work was necessary. One of the most serious difficul-
ties was that encountered near Conneaut, where it was
found necessary to build a steel viaduet,

One remarkable instance of trestjes built for trolley
work and of wooden construction is the bridge owned
and operated hy the San Francisco, Oakland and San
Jose Railway Company.  As the statistics embriced in
the table indicates, the street railways around San
Francisco and Oakland haye long stretches of wooden
bridges and wooden trestles, probably rendeved neces-
sary by the shallowness of San Francisco bay and other

local conditions. In addition to these is the double
track trolley pier which has a total length ()ff. 16,£00
feet, with 14,428 feet of tangent tmcl‘{ Sn'tlm pier, and
a height of rail above high water of 7 'l‘eetrs‘) inches.
Regular 4-car traing ply over this trestle. The over-
head construction is of the regular trolley type with
cross suspension wires. .

Another example, the New Jersey and IHudson River

in its line a variety of interesting illustrations of the
amount of work that a strect or interurban railway may
have to do in this category. An extension of this gys-
tem, made in 1900, although less than 3 miles in lebgth,
includes a steel viaduet 1,150 feet long, with a T0-foot
plate girder span over the Northern Railroad of Now
Jersey; a double trestle 580 feet long with 70-foot pl:ft«u
girder draw over the Overpeck creck; and o stoﬂ vin-
duct with o 500-foot plate girder span over tho Wost
Shore Railroad. The foundation of the long steel via-
duct had to be laid in & marsh, and it is interesting to
note that while the company found that the cstimates
for a wooden trestlo were lower than for the stoel, the
latter was more desirable, not only on aceount of its dura-
bility, but in order to avoid the danger of destruction
by fire, the marsh and meadow grasses ofton catehing
fire in the fall in such & manner as to jeopurdize nny
construction of wood.

Another important and interesting examplo of such
work is the swing draw across the Hackensack river,
giving entrance to the town of that name. As this is
one of the largest drawbridges in the country, it not
indeed the largest, employed for electric railwuy work
exclusively, it deserves note, The approaches to the
draw are over trestles at ench end, the wostorn trestlo
heing 915 feet in length and consisting of 61 houts of
15 feet each, while the eastorn trostloe is Y85 foot in
length and consists of 19 hents of (5 feet cach., The
swing or draw of the hridge is 160 oot in longth, und
is equipped with electric motors and trains of goenring
so that it can be opened and closed in one and one-half
minutes.  The bridge is designed to carry o full load
of 30-ton cars on each track,

In general, no figures with regard to elevated rail-
roads and inclined planes are included in this tuhla,
although it might be claimed that theso wore wholly
of a trestle character or in the nuture of a viaduet,
Elevated railroads, however, have hoon considered and
treated sui generis, though some figures with regnvd
to bridges employed by the Brooklyn Rapid Transit
System in connection with its surfuce trnck have boeen
included in the table,

mewls.—Supplementavy Table 1 includes also daty
with regard to tunnels employed in connoction with
street railway work. There wore 27 of these, with an
aggregate length of 19,808 feot, Up to the present
time street and interurhan railway work has heen almost
| entirely free from tunnel construction.  On grades

Railway and Ferry Company, in New Jersey, embracos.

e
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where the heavier nature of steam railway trafic would
have required tunneling, the lighter character of street
railway rolling stock and the conditions under which the
smaller number of passengers has to be carried have usu-
ally enabled the street railway systems to avoid tunnel-
ing. A large proportion of the trackalso is lnid in cities
and villages where tunnels are ravely needed. Interur-
bhan roads, however, sometimes operate under physical
conditions closely resembling those that have governed
steam railway practice, and a considerable development
in the matter of tunneling may therefore be expected
to attend the extension of interurban construction and
the change in the character of electric railway service.

Of the total length of tunnels, 19,803 feet, reported
for the country, a length of 16,285 feet, or 82,2 per
cent, was reported from three cities, Boston, Chicago,
and New York. In Chicago, where, on account of the
extremely level character of the country, one would
perhaps scarcely expect to find a tunnel, there are five
tunnels, with a total length of 5,971 feet under the Chi-
cago river., They were built years ago to avoid the
delay that would be a necessary ineident of the traffic
if the cars were compelled to wait for the opening and
closing of drawbridges. The Park avenue tunnel, in
New York city, accounts for 1,800 feet of the tunneling
reported in the table. This tunnel, which runs from a
little south of Thirvty-fourth street, through Fourth and
Park avenues, to Forty-second street, is to all intents and
purposes a steam railway tunnel, and for most purposes
may best be regarded as forming a part of the system by
which the New York Central and Hudson River Railroad
penetrates to the heart of the city. Tndeed, the street
railway to which this tunnel belongs was formerly un-
der Vanderbilt ownership, and was one of the traction
lines out of which grew the New York Central system.
The tunnel therefore represents steam railway practice
rather than a practice made necessary by actual street
railway conditions. The greatest length of tunneling
shown forany one company, city, or state is that reported
by the Boston Elevated Railway Company, Boston, Mass.
The tunnel used by this company in its subway serv-
ice is 8,554 feet long, and it represents one of the most
interesting and important developments of recent years
in street railway work, marking perhaps a transitional
stage in street railway operation. It lessens the con-
gestion of trafiic on the strects, svhile at the same time
it, obviates the need of resorting to a deep underground
railway, like that now under construction in New York
city. Indeed, it seems to have served its purpose ad-
mirably in almost every respect.

This tunnel system was laid out and carried through -

by what is known as the Boston Transit Commission, a
body still pursuing further useful work of the same
kind. After a preparatory period of several years the
subway became available to the public in 1897. Ina

gencral way, the subway may be said to traverse the

city from north to south, with a westward spur under
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the Boston Common and the Public Garden, the north-
ern limit being the Union Station and the southern
limit being in the vicinity of Tremont street on Boyls-
ton street. The street railway lines enter the heart of
Boston from the north, west, and south, the east being
water front. A majority of passengers deave the cars
before or upon reaching the termini of the lines on the
edge of the business section, hut a large number find it
necessary to continue their journcy across and through
the city to other districts or suburbs, and the subway
meets their need for quick transit. Since the tunnel
went into operation the original plan of the commission,
that the subway should be used only for cars of street
railway types, in single or two-car trains passing from
the surface tracks, has been modified to permit the run-
ning of elevated railway trains through the subway
trom the elevated tracks of the Boston Elevated Rail-
way Company. '

The original contract for the use of the subway made
between the commission and the West End Street Rail-
way Company provided for the payment to the city of
n fixed annual vental equal to 4% per cent on the cost of
the subway, payable quarterly, and for a further con-
tingent payment to be determined as follows: All cars
of a body length of 25 feet or less were to be reckoned
as paying to the city a rate of 5 cents per car per one-
way trip, longer cars to be rated proportionately; and

it the amount so computed shounld in any regular three-

month period exceed one-fourth of the rental payment
mentioned above, the West End Company was to pay
such excess, in addition to the fixed quarterly payment.
During the quarter ending March 31, 1902, the company
ran 1,038,097 one-way trips through the subway, esti-
mated on the basis just explained. The cost of the
subway to September 80, 1902, is set down as slightly
over $4,000,000. A rough calculation shows, therefore,
that the excess on contingent payment for the quarter
must have been more than $2,000, the fixed payment
being taken as about $49,000. The rental is based ona
twenty-year lease.

Two types of construction were adepted for different
sections of the subway. One consists of steel I beams,
embedded in concrete, supporting a. roof constructed
of transverse steel beams or girders with brick or
concrete arches between them. The standard height
of this construction is 14 feet clear, above the top of
the rails, the width of two tracks being 24 feet and of
four tracks, 48 feet. The four-track subway has a line
of steel posts along the center. The top of the rail is
about 17 feet below the surface of the street and the
station platform about 16 feet. The second form of con-
struction consists of masonry side walls and a masonry
roof. This form was adopted where the tunnel could
be placed at a sufficient depth below the surface to
make possible adequate provision for strength and sta-
bility by masonry construction, and where digging for
sewers would not be likely to injure it. Elaborate pro-
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vision was made for drainage, \'entilation2 and illomi-
nation, the light being furnished by arc and incandescent
lamps. It was early decided that the two easterly
tracks of the four-track subway should be for north
hound cars and should have island platforms between
them and that the westerly tracks should be for south
bound cars, and should also have island platforms
between them. The platforms have been built as near
the surface of the street as practicable in order that the
stairways might be as short as possible. The subway
is entered by handsome little stations at the street level,
giving independent access to each track., At the Pub-
lie Grarden, by exception, one enters the subway on the
street level, the cars entering and leaving the tunnel
through an open avenue which leads, hy a general
slope 318 feet long, from the surface of the ground to
the subway portal, which is inclosed by an iron fence
with granite walls and concrete masonry.

Steam vailway crossings.—The subject of bridge and
tunnel construction is allied in some degree with that
of safety provisions for steam railway crossings. The
schedule of inquiry embodied a request for information
as to the number of such crossings protected and of
such crossings unprotected. From the statistics shown
in Tuble 94 it appears that there were 4,481 steam rail-
way crossings encountered along the tracks of street
railway systems. Of these, 2,514, or 56 per cent, were
protected, and 1,967, or 44 per cent, were unprotected.
The protection referred to varies in character; in

some instances it includes the depressing or raising of

the tracks. Where a crossing is made by an overhead
track, the street railway company naturally employs
# bridge or viaduet, and such construction would be
included in the returns already discussed. On the
other hand, where the street railway depresses its
tracks, the steam railway, of course, crosses over
the street railway on its own bridge. These matters are
generally a subject of adjustment between the different
interests, although in many cases the dispute over right
~of way has been attended by litigation and even hy
physical conflict and the tearing up of tracks. Cross-
ings are also said to be protected when provision is
made for giving warning by a flagman or an alarm bell,
but provision of this nature has hut too often heen
found inadequate. Seriousaccidents and tatal collisions,
due to the failure of such protection, are fresh within
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the memory of the public. Within recent years, work
of a costly and elaborate character has been undertaken
in such cities as Chicago and New York to obviate the
need of having the street railway and the steam rnil-
way lines cross at grade. The New York Central and
Hudson River Railroad Company, whose lines Ieaqd
immediately into Manhattan Island, were crossed on the
level by street railways at numerous points, until the
completion of the viaduet and of the sunken way which
now extends for miles out into Westchoestor county,
The reform in this direction of late yoars has heen quite
considerable in all large American citios, and has heen
prosecuted at an enormous expense, so that, of the steam
railway erossings now reported as unprotected, a large
proportion are to be found in rural distriets. Strictly
speaking, they seem to be most numerous ulong the fast
interurban roads which necessarily cross main lnos of
steam railway in outlying regions with such infroquency
as not to necessitate any elaborate measures of procan-
tion, but permitting both the steam railwuy compuny
and the internrban street railway company to depond
upon the intelligence of the motorman and conduetor,
governed by the rigid rules laid down for their guidance
as to behavior at such intersecting points.  The general
practice with all street railways is to eut: the overhead
cireuit at the railroad, so as to avoid any obstruction
there, and to carry the street railwny ears across by
their momentum, The American Street Railway Asso-
ciation has in recent years endeavored to cstablish a
national code of standard rules for the moen employed,
The development of interurban signuling may be
gathered from the fact that for tho yoeur 1902-3 the
special committee on this subject prosonted n soction of
about 2,000 words containing suggdsted rules, whereas
before that time no special rules had hoeen suggested,
except a few on the subject of semaphores and color
signals, While these rules do not necessarily or oven
largely relate to steam railway crossings, they do
embody a variety of careful and explicit instructions,
the ohservance of which should in avery cuse bo sutlicient
toprevent any accident. Asa general thing, the methods
of signaling advocated and formulated by the nssocin-
tion committee follow closely the methods employed on
the steam railways, and the rules, us reported, have
proved satisfactory to the state railroad commissionors
to whom they have been submitted,
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CHAPTER IIL
CARS AND MISCELLANEOUS EQUIPMENT.

L
STREET RAILWAY CARS.

General statisties.—The statistics of cars and miscel-
laneous equipment connected with cars are to be found in
Table 95. There were 66,784 cars of all classes reported
to the Bureau of the Census, or almost exactly 3
cars per mile of track. Of this number, 60,290 were
passenger cars and 6,494 were cars used for express,
company work, or other purposes. Of the passenger
cars, 32,658 were closed and 24,259 open, the latter style
being reported very generally by all the companies,
both North and South., One hundred and five companies
reported 3,134 combination closed and open cars, of
which 1,208, or 38.4 per cent, were used by 22 com-
panies in California alone, the state in which the com-
bination car had its beginning. Subsequent portions
of this chapter deal with the evolution and typical
features of this type of car, which bids fair to become
a prevalent, if not a preponderant, style in the near
future. Combination passenger and express cars were

reported by 99 companies, the number used being 239. .

Cars used for more than one service have been enumer-
ated but once. Cars carrying express, mail, etc., in
addition to passengers have been classified as primarily
passenger cars, the other service being more or less
incidental to the regular functions of the car.

The use of special express, freight, and mail cars was
reported by 205 companies. The largest number of
these cars was shown by an interurban freight line, the
St, Louis and Belleville (T11.) Electric Railway Company,
operating in the vicinity of St. Louis, which, with 213
cars and 2 electric locomotives, reported 209 cars for
express, freight, and mail purposes. These cars, how-
ever, were without electric equipment, so that this rond
could hardly be taken as typical of the manner in which
a freight service has been built up in connection with a
regular passenger system. The 1,727 snowplows re-
ported do not include snowplow attachments of a remov-
able character, but ave cars regularly and exclusively
used for clearing the track. This is true also of 793
sweeper cars, while cars employed as both sweepers and
snowplows are counted but once in the class in which
the larger part of their work would place them.

Out of 66,784 carsof all classes reported, 50,699 cars
were provided with electric equipment. The roads
operated entirely, or in part, by electricity reported a
total of 65,949 cars of all classes, the number provided
with electric equipment bheing 76.9 per cent of the
total.

Distribution of ears.—The largest number of cars of
all classes was reported by the state of New York, with
14,040, or slightly more than 20 per cent of the total.
Of this number, a little more than one-half was reported
by three systems: The Interurban, of New York city,
3,063; Brooklyn Rapid Transit (surface and elevated),
3,504, exclusive of 121 steam locomotives; and the Man-
hattan (elevated), 1,381, exclusive of 292 steam locomo-
tives. . The figures of the Interurban, in New York
city, should include additional cars of the other systems
operating under the same management, which are re-
ported separately. The total number of cars reported
in the state of Massachusetts was 8,310, of which 3,612
were owned by the Boston Elevated Railway Company.
This is the largest number reported by a single company,
and includes cars operated on surface, elevated, and
underground tracks. Illinois is third, with 7,788, of
which about two-thirds were reported from Chicago.
The other important states are as follows: Pennsylvania,
7,058 cars, of which 8,283 were returned by the Union
Traction Company, of Philadelphia, and 1,252 by the
Pittshurg Railways Company, of Pittsburg; Ohio, 4,395
cars, the largest number, 1,105, being reported by the-
Cincinnati Traction Company; Missouri, 2,484 cars, of
which about half were to be found in and around St.
Louis, the St. Louis Transit system alone reporting
1,179; New Jersey, 2,165 cars, largely engaged in New
York suburban business on the New Jersey side of the
Hudson river; California, 2,056 cars, of which 1,005
were reported by the United Railroads of San Francisco;
Michigan, 1,757 cars, of which 920, or more than one-
half, were the property 'of the Detroit United Railway
Company; Indiana, 1,148 cars, a large proportion of
which were in service in and around Indianapolis; and
Minnesota, 1,083 cars, nearly all being operated on the
Minneapolis-St. Paul system. .

Epress, freight, and magl cars.—Two hundred and
five companies reported a total of 1,114 cars devoted
(189)
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solely to express, freight, or mail business. The largest
number reported hy any one company was that of the
Belleville(Il1.) systen, which,asalreadynoted,isa freight
road rather than a street railway within the common
acceptation of the term, and which had one or two elec-
tric locomotives to haul its ordinary freight cars. The
freight and express business is largely confined to inter-
urban roads, but mail street cars are employed in a
number of cities. The states showing the largest num-
ber of cars of this class are New York with 181 and
Massachusetts with 94,

Work and miscelluneous cars.—The distribution of
work and miscellaneous cars does not call for much com-
ment, as practically every independent street railway
system requires such an equipment for its ovdinary
maintenance and operation, and the larger the system
the greater, necessarily, will be the number of such cars,
The number of these cars owned by any road depends
upon the amount of repair work done, the length of
track covered, and the amount of construction work per-
formed by the company’s own force and equipment.
The states showing the largest number of cars in this
class are New York with 452 and Pennsylvania with 285,

Snowplows and sweepers.—For the United States, as
a whole, 1,727 snowplows were reported. Out of the
number thus given, 740, or nearly one-half, were re-
ported for the state of Massachusetts, and of these 534
were owned by the three systems of Boston and its
suburbs, New York state reported 241, of which 70
were owned by the two leading systems in New York
city and Brooklyn. Sweepers, reported separately in
-the table, are sometimes employed for the same pur-
pose as snowplows. The snowplow is equipped with
a shave, usnally so adjusted that it is free to conform
to the unevenness of the rails, and is often provided
with an indicator showing the exact height of the share
from the rail. The plow pushes the snow by sheer
force to the side. The sweeper, on the other hand, is
equipped with rotary brooms or brushes, the brooms
being set at an angle to the shaft and also at an angle
to the car track, so that they throw the snow clear of
the rails rather than ahead. The brooms can usually
be raised or lowered by levers, and some of them are
double-enders—that is, with a broom or sweeper at
each end of the car. Both snowplows and sweepers
are necessarily heavily motored and are ordinarily run
over the tracks at high speed. While sometimes used
for snow removal, the sweeper is commonly employed
for street cleaning purposes, and in some cases has
sprinklers attached, so that the street can be sprinkled
ahead of the sweeper brooms, or after it, as desired.
There were 793 sweepers veported for the United
States, of which New York state reported 188 and
Pennsylvania 155.

It is obvious that an additional burden is thrown
upon roads situated in the snow helt, which are com-

pelled throughout the winter months to operate con- |

stantly one or hoth of these forms of apparatus for
keeping the tracks clear, In like manner third-rail
roads in the more northerly latitudes often have rail
trouble to contend with, in addition to keeping their
tracks clear of snow, especially if such roads aré on the
surface. Thistroubleis due to the necessity of keeping
the head of the third rail clear of ice and sleet, which
forms a partial insulation and prevents the delivery of
current to the contact shoes. This difficulty has been
met generally, not by separate cars for clearing away
the ice or sleet, but by placing sleet cutters or giinders
under the sills of the traveling cars, so as to clear the
way for the shoes just behind. It is of course easy
to equip the plow or sweeper on such roads with these
additional devices for keeping the whole track clear.

No figures were obtained separately as to the expense
of snow removal, but inalong and hard winter the addi-
tion to operating expenses due to this cause is quite
marked. The report of the railroad commissioners for
New York state for 1902 includes some very interesting
figures-on the subject. The Metropolitan Street Rail-
way Company, of New York city, reported for that
year, the winter of which was a moderate one, an expend-
iture of $48,826 for the removal of ice and snow. The
Brooklyn Heights system reported $44,014 for this pur-
pose, in addition to $13,449 for cleaning and sand-
ing the track. The Rochester Electric system reported
for the same two items, $10,388; the Buffalo Street
Railways, $6,691; and the International Railway Com-
pany, operating in the Niagara region, reported for the
removal of ice and snow alone, $15,656. The Hudson
Valley, operating through the northern portion of the
state, reported $3,392 for the removal of ice and snow
and cleaning track. At Schenectady the outlay reported
by the company was $3,394 for removal of snow and
ice and $2,554 for cleaning and sanding track. Suach
figures as these indicate the heavy expense incurred in
dealing with the weather conditions in the Northern
states.

IL

PASSENGER CARS,

Early styles—Few classes of street railway equip-
ment have undergone greater changes than have cars
and trucks, The very first cars used were nothing hut
stagecoach bodies running on tracks, and for many
years, in street railway as in steam railway coaches,
could be traced the signs of their origin in the curves of
the old stagecoach hody.

There was soon manifested a tendency, however, to
give to street cars a square or box-like form corre-
sponding to that of the steam railway cars about the
middle of the last century. The pattern of the old uni-

‘versal 16-foot horse car, similar in design to that of the

stagecoach, persisted, however, up to the time when
cable traction was introduced, and even to-day some of
the old-fashioned ‘‘bobtail” cars still exist. These
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early cars were of very light construction, the body
being entirely of wood, lightly veneered, the wheels of
iron, and the cars themselves almost as springless as a
country buckboard. An example of this form of car
is shown opposite page 160, the cut being made from a
photograph secured by one of the special agents of the
Bureau of the Census while collecting data for this re-
port in Alabama.

The cable, however, compelled street car builders and
street railway managers to face the new problems of
weights and strains, and one of the fivst results was the
abandonment of the bobtail car, and the construction
of vehicles of larger carrying capacity. Mr. John
Stephenson, the famous American street car builder, has
stated that in 1882, out of 428 roads then in aperation,
279 were equipped with small bobtail cars and only
149 had large cars requiring a conductor as well as a
driver, At that time two-thirds of the orders on his
books were for the small cars. He stated that one of
the main reasons for their use had -been that three of
the small cars could be used successfully when two large
cars had proved a failure, the three giving a somewhat
quicker schedule. Another reason was that the short
bobtail car avoided strain on the horses. Two horses
seldom start together, but in the case of a bobtail car
one horse could easily do the work with better footing
on the track. The objection to hobtail cars that pas-
sengers found difficulty in pushing their way to the
front of the car to deposit fares in the box under the
eye of the driver was, he thought, overcome by the
device, then new, known as a ‘“fare conveyer.” This
consisted of metal tubes passing around the interior of
the car, and sloping from the rear down to the front in
such n manner that a coin deposited in the tube, acted
upon hy gravity, would roll down into the fare box.
Such conditions were, of course, improved by the
introduction of the conductor on the horse lines, and
largely disappeared when the cable car was introduced.

The labor of animals under the old horse car system
was very severe, and their lifetime in the service-was
brief. The most severe strain was in the frequent
stopping and starting of cars, during which the horses
wrenched themselves, slipped and fell, and were com-
pelled every few hundred yards to pull a heavy load
from its dead rest. In New York city full cars often
made a dozen starts from dead rest within the distance
of two city blocks. It was estimated at this time that
this strain resulted in shortening the life and utility of
horses in the service on the average from three to five
years. .

An element of risk dnd uncertainty in connection
with the use of the horses was found in their liability
to disease, which sometimes took an epidemic form,
completely paralyzing large railway systems. The
daily travel of a street car horse averaged only 10 miles
with single cars and 15 with double cars. With one
day in seven given to the horses for rest, a large
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number of relays were required, and hence huge stables
became necessary. Many of these had to he placed in
parts of the city where real estate was expensive. At
the same time the presence of such an establishment
tended to reduce the value of property in the vicinity
on account of odors and other unsanitary conditions.
In hot sumuner months large numbers of car horses died
on the streets in harness, and at all times a large veteri-
nary staff was maintained to keep the stock in condition
for its duties. Moreover, the stables nceded a large
force of hostlers, shoers, and stablemen, as well as
elaborate arrangements for the supply of feed and the
removal of refuse.

It is not surprising that street railway managers were
somewhat eager to break away from these conditions,
but as late . as 1890 there were nearly 15,000 horses
engaged in hauling street cars in New York eity alone.
Allowing an average of 40 square feet to each horse, or
a stull 9 by 4% feet, these 15,000 horses occupied some
600,000 square feet of stall space in the stables.. They
were required to haul some 2,400 cars, an average of
not less than 7 horses to each ear, the number hased on
cars in actual use being somewhat larger.

Ag already noted, one of the fivst changes in the style
of the street car was the adoption of the hox form, with
vertical and horizontal lines instead of the curves of the
old stagecoach or the omnibus. The lower part of the
sides of the omnibus were made concave in order to
provide space for the large wheels, but the small wheels
of the street cars could be put entirely under the body,
8o that the concave form was no longer necessary.

When the cable came in, requiring a car that would
withstand the different strains and the heavier loads,
the science of car huilding had to be studied again.
Some idea of the changes necessary may be gained
from the fact that even in one of the old-fashioned
16-foot cars as many as 1,300 pieces of wood were re-
guired. In theeable car, not only were heavier timbers
needed for structural body work, but resort. was made
to iron and steel as a substitute for wood where a gain
in strength would follow their employment. The adop-
tion of electricity again made changes necessary in the
car-building art, due to the fact that cars now carried
their own self-propelling mechanism. In America
neither the horse nor the cable developed for permanent
use cars known as double-deckers, thosein which the pas-
sengers may ride on the roof as well as within the car.
In England the double deck car is almost universal.
The outside seats permit of smoking, and are attractive
for observation purposes. Women as well as men use
them freely. In Paris, which is one of the very few
cities on the continent of Euvope where double deck
cars are used, a lower fare is charged for outside seats.
Possibly for climatic reasons the double deck car and
the omnibus with outside seats have never been popu-
lar in the United States. There are, however, some
sections of the country, such as the South and California,
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where they could be easily adopted if the public desired.
Some of the horse and automobhile stages in New York
have had outside seats, but the street cars have always
been single deckers. Double deck cars have been tried
in Washington, Pittsburg, Boston, and some other
eastern cities, and also in Oakland and San Diego, Cal,
It is obvious that in making provision for the upper
deck the style and type of the construction must .be
greatly modified. In dealing with American practice
it will he understood that single deckers are always
referved to.

Before proceeding to the subject of electric street
cars, it may be pointed out that the cable system intro-
duced the trailer, a type of ear which was previously
unknown. With horses one car was all that the team
could pull, but with cables, so long as the gripping
mechanism under the grip car was strong enough to
hold, and so long as there was power enough applied
to the traveling cable in the conduit by the power plant,
there was no reason why a train of cars could not he
hauled. In this way the cable system developed hoth
the grip car and the trail car. Toward the close of the
cable era it was not an uncommon thing to see a grip
car hauling three or four trailers, constituting a regular
train like those running on steam railway tracks. The
grip car constituted the locomotive, but being without
the faculty of reversing its motion and divection in case
of emergency, it could not stop its heavy train quickly,
and serious collisions and accidents took place.

As with horse cars, the first cable cars, whether grip
or trailer, were closed. The open cars for summer use
came later. A further modification was found in the
combination car, a part of which is open and the other
part closed. A later improvement was the addition
of what has hecome known as the vestibule, an inclo-
sure occupying the front and rear platforms and afford-
ing shelter and protection to the drivers. One other
fact to he noted in cable car development was the use
of 8-wheel as well as the 4-wheel cars. The use of
double the number of wheels and trucks made the car
much more comfortable. But the running gear of a
4-wheel horse or trail car could hardly he regarded as
a truck in the sense in which that term is applied to
the appliances upon which the body of the mechanically
propelled cars is mounted. The self-contained motor
truck may be said to have come into use with the advent
of electric traction, v

First electric ears,—The earlier forms of electric car
bodies and trucks adopted in the United States must he
regarded as no less experimental than were the motors
and other features of electric traction upon which the
success of the art depended two decades ago, Hardly a
car existed at that time built specifically for electrical
work, an old horse car, or possibly a cahle car, being
usually put into shape to receive the electrical apparatus.
There was no agreement as to whether the motor should
be put under the car or on the front platform, or in the

middle of the floor of the car itsclf, and the arrange-
ments for the overhead trolley connections were equally
indefinite. Nevertheless, it was out of the early and
confused attempts at construction that the present
forms appeared: o

Along with the improvements in the forms of motors
and methods of motor gearing, as well as in the ovep.
head appliances, went experiments and improvements
in the car bodies and car trucks. In the heginning
there was the primitive single truck, and 5 or 7 ton cars,
and now there arc the long double-truck cars, equippod
with 4 motors each, and weighing 20 tons. Ior some
time the single motor trucks with 16-foot, 18-foot, and
20-foot cars persisted, but double-truck cars, from 80
to 40 feet in length, were later generally adopted ns g
standard in cities of any considerable size.  The separa-
tion of trucks from the car body also hrought into
existence a new class of manufacturers, devoting their
energies particularly to truck construction, The truck
itself hegan to take on the girder form; some of the
manufacturers built a special type of pressed  stool
frame, and others introduced cantalever principle,

It was soon found that the horizontal and vertieal
stresses in an electric car were very different in ratio
and intensity from those experienced in a steam loco-
motive. The locomotive hauls a heavy lond, its own
propulsion being merely incidental, whila the electrie
car has to propel itself with a heavy load on bonwd, and
only occasionally does it have a light trailer attachod,
Hence, the locomotive has heen given a high degreo of
lateral as well as vertical stiffness. According to My,

Edgar Peckham, whose name is closely identified with
£ ’ .

the subject, riveted cantalever truck frames wore fup-
nished to the Brooklyn City Railway, of Brooklyn,
N. Y., in 1892, for use under 20-foot closed curs having
an over all length of 28 feet. These were the lirst olee
tric cars built of that length, and it was questioned
whether a single trucl with a 7-foot wheel hase vould
support such a car body.  As the result of the trinl with
the cantalever truck at that time, over 1,200 were Aup-
plied to the road in 1893, 1894, and 1895, These ro-
mained in use for several years aftorwavds without
loosening their rivets, and thus demonstrated the ol ility
of the cantalever truck to carry its load successfully
under severe conditions.

The other general type of truck is that known as the
Brill solid or wrought forge frame, which embodies the
application of an opposite principle.  This has also on-
joyed a large amount of patronage from street railway
companies. At the present time the practico is still more
or less divergent in this respect, somoe makers forging
the side frames of the truck and welding the whole
together into one piece, while others adbere to the
bridge-and-truss plan and build up what may be called
an assembled truck. The disposition of springs under
the truck to support the weight of the car varies greatly
among different builders, but the resulty aimed at ave




' HYO A3T704L %ONHL 318000 AAVIH 04 MONHL
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the same in every case, namely, smooth running; rigidity
of frame that will withstand the stress tending to throw
the axles out of alignment when the car is rounding
curves; ability to resist longitudinal strains due to inci-
dental changes in the contour of track; and the reduction
of the uncushioned weight on the wheels.

Hodern electrie cars.—In the construction of modern
street car bodies the larger proportion of the material
consists of lumber, certain woods being favored and
generally used. In the beginning a great many differ-
ent kinds of wood were used, some cars being elabo-
rately decorated, but at the present time plain trim
is the rule, even in parlor and private cars.” The kinds
of wood in use for structural purposes, such as bot-
toms, platforms, sides, and ends, are white oalk, white
ash, yellow pine, poplar, white pine, rock elm, and
hickory, or woods which answer to these general names;
while for finishing purposes cherry, maple, and white
ash or poplar, white oak, hird’s-eye maple, red bhirch,
and mahogany are employed. The oak, ash, and hard
pine come chiefly from the southern states of Tennes-
see, Kentucky, Mississippi, Alabama, Georgia, and
Florida; the birch, cherry, and hard maple from more
northern states and Canada, and the mahogany from
Central America and Mexico.

Glass is also an inportant material in street car build-
ing, consisting usually of window glass and plate glass
styles, but including also some opalescent glass and col-
ored glass for ornamentation and for signals. Plate glass
has come into very general use of late years, not only
because it is stronger than ordinary window glass, but
because it adds very much to the appearance of the car
and to its attractiveness.

The upholstering of cars varies greatly. Atone time
street cars were usually upholstered with woolen mate-
rial, but this practice is not now so general, objections
being raised to it on sanitary grounds. The backs and
seats are now of plain wood, rattan, leather and its va-
rious substitutes, or light carpet, which can be readily
removed. The curtains are made of various mate-
rials, some being prepared especially for the pur-
pose, but not differing greatly from those employed on
steam railroads. Wooden sliding blinds or shutters,
once popular, are not now in use to any extent. In
early days of street railroading it was not unusunal in
winter to find the floors covered with straw for pur-
poses of warmth, a practice which, however, has long
been abandoned on account of the introduction of vari-
ous artificial methods of car heating, The floors are
now often covered with frames of wooden slats, which
an be easily removed for cleaning purposes. The car
builder or street railway company to-day usually pur-
chases a great many of these materials in the open
market already made up. This is also true to a large
extent of the varioud metal parts, of iron, steel, brass,
etc., needed for the car trimmings and finishings.

- Such details as car lighting, heating, etc., are dis-
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cassed in other sections of this report. Descriptions
follow as to typical city cdrs. Special attention is also
given elsewhere to interurban rvoads. The standard
closed car in Baltimore measures 28 feet in length over
end panels and 38 feet over crown pieces, has a width
of 7 feet 10 inches, and weighs without passengers or
motors 21,760 pounds. 1t is fitted with portable vesti-
hules, and the end door is set slightly to the side nearest
the step, so as to make entrance easy. The platforms
are 5 feet long. The seats are arranged longitudi-
nally, a practice generally followed with closed cars
in ecities, although a great many have cross benches,
The standard open car in Baltimore is 38 feet 9 inches
over crown pieces and has 12 benches running across
the car. It is fitbed with a 9-inch running board on
cach side, with folding steps of iron, the height of the
running board from the head of the rail being 18%
inches. Complaint has been made frequently of the
height of the running board or step, but it is unavoidable
because of the space required under the car for the
larger and heavier motors now in-use. An engraving
is here shown of a large open car of the standard type
employed in Buffalo, New York.

The standard closed car in Boston has a 25-foot body
with platforms about 4 feet long, the step being 16
inches from the rail.  The weight of these cars complete
is 924,660 pounds. They are mounted on maximum
traction trucks or center-swivel double trucks. . The

“standard summer car is a 12-bench open car of about

the same length, on double trucks. Some 9-bench open
cars on single trucks are also in use.

In Chicago, I1l., a type ol semiconvertible car has
been introduced which is one of the heaviest and long-
est known. This car is 48 feet 2 inches in length
and weighs 48,000 pounds. Each platform is 6 feet
5 inches long. The width of the car bedy is 8 feet
8 inches, which provides for a center aisle between
the cross seats. The height of the step from the
rail is 16 inches, and from the step to the platform,
12 inches. The window sash lowers into the space
between the car sheathing and the inner wall, and
a low window sill provides a large window space
which adds to the comfort of the car in the smmmer.
The opening at each end of the car has sliding doors,
and is the full width of the aisle when both doors ave
open, the doors, however, being independent of each
other, so that only one need be opened at a time. At
transfer points and termini both doors can be opened
and the car quickly emptied by allowing the passengers
to leave two abreast.

In Milwaukee, Wis., a standard car adopted some
seven years ago is still in use, the only change in its
original style being that four motors are now employed
instead of two. - The car is of the semiconvertible type,
with eross benches, accommodating 44 passengers. It
Tests on center-swivel trucks equipped with 4 motors
and 33-inch wheels, and has one step between the rail
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and the platform and a rise from the platform to the
car. In this last respect the car was an innovation,
. scarcely a car of this type and size having previously
been known which possessed so low a platform and in
which only one step was needed between the platform
and the ground. The Jatest type of city car built in
Milwaukee upon these lines is 41 feet long over the
bumpers. Double side sills allow the sash to be low-

ered between them, and the window sills are made a

little lower than usual, so that the car is practically an
open one when the windows are lowered in summer,
Owing to the narrowness of the bridges that the cars
have to cross, protective wire netting is placed at each
window opening in summer.

The combination type of car, half of which is closed
and half open, is said to have had its origin on the Pacific
coast, where it is still inuse. The earlier types of com-
bination cars on the United Railroads of San Francisco
bad longitudinal seats.in the open section, facing out-
ward, a feature which is quite unusual except in ob-
servation cars, such .as may be found along what are
called scenic routes. Such cars are found, for ex-
ample, in the Niagara gorge, with seats facing toward
the water. The newer carsin Saw Francisco bave cross
seats In the open parts, with center aisles, the closed
part, occupying the middle of the car, having side seats,
and being entered from either end. The motorman or
brakeman is stationed in the center aisle of the front
open portion. The newer cars are 394 feet over all,
have a seating capacity of 44, and weigh 83,500 pounds.

In St. Louis, Mo., the semiconvertible car was first
tried on a large scale, and almost all the street railway
lines were equipped with this type. The latest cars
ordered-for St. Louis, to handle the World's Fair traf-
fie, are of the semiconvertible type, suitable for use the
year round. They are 44 feet 8 inches over all, with a
hody 33 feet 4 inches, mounted on center-swivel short-
wheel-base trucks, carrying two motors on each truck.
They are box shaped, without curves, being 9 feet in
width both at the sill and at the belt rail. Channel
irons serve as side sills and form the principal part of
the car bottom. The platforms are of unequal size,
the cars not being double-enders in the ordinary sense
of the word. The front platform, 8% feet long, is for
the motorman, and for entrance and exit to the car, but
not for passengers. The rear platform is 7 feet long
and in three divisions, sepavated by hand rails, The
division next to the door is intended to be kept clear for
the entrance and exit of passengers, and the other two
are for passengers, the hand rail furnishing a support
to those standing on the platform, very much as the
car straps do to those standing up inside the car, There
is an opening in the railing at one point providing a
standing place for the conductor. This is a modifica-
tion of what is known as the Detroit platform referred
to under the description of the Detroit cars, The seat-
ing capacity of these cars is 50 passengers. Another
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feature in St. Louis has been the introduction of a sum-
mer car which is practically withouta roof. Ithassim-
ply an awning as a protection against the weather, but
this awning is usually kept rolled up so as to offer no
obstruction to the free circulation of air. This car
seats 96 persons, and in the warm, sultry evenings en-
joys a large and grateful patronage.

In Philadelphia, Pa., the car last adopted asa standard
is of the semiconvertible type, 38 feet over all, with
98-foot body, seating 40 passengers, and weighing, with-
out load, 32,000 pounds. The body is so low that only
one 13-inch step is needed to reach the platform, with
an 8-inch rise from the platform to the carfloor. Phila-
delphia adhered for a long time to the ordinary closed
typeof car with longitudinal seats, but the last 600 cars
have been built with cross seats.

In Pittsburg, Pa., there are three types of carsin use,
a single-truck open car, a single-truck closed car, and a
double-truck closed car. The company uses trailers to
some extent, with open cars, but is unable to use double-
truck open cars on account of the narrowness of the
streets. The latest double-truck closed cars are 42 feet
8 inches over all, with 80-foot bodies not less than 8 feet, 6
inches wide at the sills, with straight sides and equipped
with side seats. The single-truck closed cars have an
over all length of 30 feet, being equipped with side
seats and are somewhat narrower than the double-truck
cars. The single-truck open cars are 24 feet 3 inches
over all, 7 feet 10 inches wide, and fitted with 22 cross
benches.

In Indianapolis, Ind., because of the heavy summer
traffic, the open car is used to such an extent that it is
a question whether it will ever be superseded by the
semiconvertible type. A large number of these open
cars are on single trucks, are 34 feet 5 inches in length
over all, and have 12 benches seating 60 persons, The
standard double-truck semiconvertible car employed
on the system has a length over all of 45 feet and o
body length of 32 feet, with a 6-foot rear platform.
The front platform is occupied by a motorman’s cab,
which is so arranged that passengers can enter and
leave the car by the front platform without interfering
with the motorman, Part of the car seats are cross
benches and part are longitudinal, and the seating
capacity is 52 passengers. The car body is entirely
straight in its lines, and the paneling is of sheet steel
instead of wood which is the usual material.

In Detroit, Mich., a number of the open cars on sin-
gle trucks have remained in use, but the later type is
semiconvertible, with a center aisle and cross seats, the
length of the car over all being 41 feet and the seating
capacity 43 passengers. The front platform is § feet
6 inches, with a passenger entrance and a separate com-
partment, for the motorman, provided with a hot air
heater. The rear platform is 6 feet 6 inches long, with
provision for considerable standing room. It is what
has become known as the Detroit type, the passenger
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entrance being divided from the rear part of the plat-
form, which limits the standing passengers by means of
an iron or hrass rail carried completely across the plat-
form. This type of platform is in use in other cities,
“although sometimes modified, as in the St. Louis cars
already mentioned. ,

The city of Denver, Colo., has a car which is quite
different from that usually found either on the Pacifie
slope or in the Kast. It is 41 feet 6 inches over all, with
a width of 8 feet 2 inches at the belt rail. It has no
rear platform, as platforms are usually constructed, but
has a platform or landing at the middle of the car, the
entrance heing at the side between two compartments.
The front compartment is a closed one for nonsmokers,
equipped with cross benches, and can be converted into
an open car in summer by lowering the windows, The
rear compartment is for more general use and has an
open compartment for smokers. The side entrance and
exit has the advantage that it can be more easily watched
by the conductor, and that it can not be blocked by stand-
ing pasgengers, as can the platform. The seating capac-
ity of the car is 48 passengers. There are two steps
from the ground to the car, and it can he entered from
the motorman’s vestibule as well as from the side. It
is well adapted to the variable climate of Denver.

A geod illustration of the latest car construction in the
South is to be seen at Atlanta, Ga., in the semicon-
vertible car of the Georgia Railway and Electric Com-
pany. On this car the lower side panels serve as sill
plates, which, besides stiffening the side and giving
longitudinal strength, provide a guard against injury
to the car from collision with vehicles. It has straight
sides, but the guard rail, and the division of the upper
and lower panels give it a curved appearance, which is
more graceful than that of the vertical box form. The
sills are unusually low, bringing the top of the window
sills only 24 inches above the bottom of the car, The
windows are protected by three bar outer guards ex-
tending from corner post to corner post, The windows
are stored in wood pockets in the manner often used in
this type of car, and can be raised either full length or
only part way. The car has a 4-wheel single truck
base, and is 30 feet 8 inches long over crown pieces,
and 7 feet 10% inches wide over the sills.

The accompanying view of the interior of a semicon-
vertible ear corresponds in general to the descriptions
which have been given of cars of thistype. There are,
of course, numerous variations, embodying the ideas
of manufacturers or street railway managers.

From the data which has been given, a general idea
“may be formed of the practice in the large cities of

the United States with regard to the leading features
of car construction. It will be seen that the semi-
convertible car, adapting itself to city use for both
summer and winter, during all weathers, has come into
general use, although closed bhox cars with longitudinal
seats for winter and open cars with cross benches for
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summer, are still the standard in New York ecity,
Boston, Baltimore, Pittsburg, Cleveland, and Buffalo.
Even in cities like New Orleans and Kansas City,
where the milder. climate might be expected to make
open cars more popular, the semiconvertible car has
heen introduced. As a matter of fact, it has been the
practice in New Orleans to use closed cars throughout
the year, the severe thunderstorms which break over
the eity so frequently and so unexpectedly during the
summer months preventing the abandonment of this
type even during the warmest weather,

The semiconvertible car is in favor with the managers
of strect railways hecause it avoids investment in a
double set of car bodies and the necessity of changing
from summer to winter equipment, and it is also in
favor with the public. Although it is not so open as
the open type of car, it is a hetter protection in case of
bad sveather, and the speed of the car insures an ade-
quate circulation of air. Again, with an ordinary open
car with running board along the side, the passengers
can not quickly discover a vacant seat or change easily
from one hench to another. Itis, in fact, almost impos-
sible for a woman to do this execept while the car is
standing still. DBut with the semiconvertible car and
its center aisle, a change can be easily and safely made
from one bench to another. Furthermore, exit and
entrance at the end of the car, directly under the eye of
the conduetor, can be made with move safety. It would
appear, moreover, that passengers as a general thing
prefer cross benches, giving a view outside, rather than
the longitudinal benches which face inward. The semi-
convertible cars, however, do not appear to be equal-
to the strain of abnormal traflic, such as comes upon
roads at holiday seasons, particularly in the summer
time, and for this reason many of the roads retain open
cars for such traffic because they can be packed to a
much greater degree.

The length of cars has been greatly increased, but
limits in this respect are found in the difficulty of
rounding curves of short radius, where the streets ave
parrow, and the interference with other vehicular
traffic. It is probable that a car which has a length over
all of more than 48 feet has reached the reasonable limits
for city service, for with the inerease of length goes an
enormous increase in weight. Some eight or ten years
ago the average dead weight per passenger with single
truck electric motor cars averaged about 600 pounds.
It has now reached 800 pounds on many of the semi-
convertible and closed cars, and in the newer long cars
of the Chicago City Railway Company the weight is
over 900 pounds. '

The American street railway manager or car builder
has very little to learn from European methods. In
England the double-deck car is largely in use and very
few single-deck cars are to be seen. The same is true
of Paris, where the inside seats are reserved for first-
class passengers at a higher rate of fare than is charged
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the second-class passengers outside. The standard car
for city service in Germany, Austria, Belgium, and. in
fact th»roughout nearly all of Europe, exceptin the cﬂ}y
of Paris, is a single deck, single truck car, restricted in
width and in over all dimensions, because of narrow
streets and sharp carves, but with comparatively long
platforms, to accord with the law which permits a cer-
tain lmited numher of passengers to stand on both
platforms.

Double-truck cars with single decks are heing intro-
duced into certain cities with wide streets, as Berlin
and Budapest.  Open cars are used very little in any
part of Europe, except in Italy, because of the uncer-
tainty and dampness of the climate, the outside seats of
the double deck cars, and the platform * places” of the
single deck cars taking the place of the open car. The
Furopean practice of restricting the inside load of the
car to the number of passengers who can he seated, is
in part responsible for the large platform in the rear,
already mentioned. Some'of the platforms are 6 feet
long, allowing standing room for 9 persons. Until
quite recently the great majority of European cars have
been of the 4-wheel type, 18 or 20 feet Iong in the hody,
with a seating capacity for 24 people, the shortness of
the car giving the platforms an appearance of dispro-
portion and clumsiness. In Germany the panels are
sometimes made of sheet iron, but wood is largely in
use.  The lumber is to a considerable extent imported
from America. The interior finish is, as a rule, not
equal to that of the American street railway cars.
Although Europe has its own car shops, and is now
building more street railway cars than heretofore, there
has been for half a century a steady demand from
Europe, and other parts of the world, for American
street cars and street railway trucks.

I1I.

ELEVATED RAILWAY CARS AND PRACTICE.

While the cars of all the elevated railway systems in
the country are included in Table 95, it is not easy to
determine the exact number that should be considered
as exclusively designed and employed for elevated
service, InBoston and Brooklyn, for example, elevated
and surface railways are so connected as to make it dif-
ficult tosegregate the figures accurately, asmany of the
cars are run on hoth surface and elevated tracks. In
Brooklyn the situation is complicated by the fact that
the Long Istand Railroad connects with the Brooklyn
Rapid Transit system soon after entering the city, so
that a great many of the steam railway cars, operating
over regular sections of road, become to all intents and
purposes elevated cars, which can be handled either by
steam or electricity. None of the statistics of the Long
Island system, however, have been included in this
report.  This interdependence of the surface and ele-
vated systems lessens the number of elevated cars proper.

STREET AND ELECTRIC RAILWAYS.

The Boston Elevated system, which reported a total of
3,612 cars, had, apparently, but a year Iater, only 158
elevated motor cars, the total number being very much
the same as that for the census year 1902. On the

other hand in the following year the Brooklyn Rapid.

Transit system, with practically the same number of
cars as the Boston Elevated system, and with ahnogt
exactly the same number of cars agin 1004, reported 781
of the distinctly elevated type. The details arve cleprer
when one comes to the statistics of the Now York sys-
tem, where the Manbattan Elevated rveported a total of
1,290 passenger cars. In Illinois the. city of Chicago
comprises several elevated systems operating under
separate managements, or at least under distinetive des-
ignations, and these reported as follows: Metropolitan
West Side Elevated, 861 cars; South Side Elevated, 219;
Northwestern Klevated, 203; and Lake Strect Elovated,
141, making a total of 917 cars, of whichall but 15 were
passenger cars. The figures for the four gront clevated
systems of New York, Chicago, Boston, and Brooklyn
would, therefore, appenr to have, with fair approxima-
tion, a total of 3,144 cars of the specifically clevated
type proper, but, as already pointed out, this would not
by any means include the ears actually plying over ole-
vated tracks,

The cars of the elevated street railways proper are

-necessarily different in many vespeets from those pro-

vided for surface traction, and this is true, although
the methods of operation may be practically the same.
There is obviously no necessity of employing an under-
running trolley conduit system with olectrie truction on
an elevated structure, and the choice is left hotween the
overhead trolley and the third rail. For standard ole-
vated railway work in the United States the third ruil
has been universally adopted, although it may still be
considered an open question whether in the long run
resort may not be made in some instances to the over-
head wire. The winter experionce in such citios as
Chicago and New York, when traflic has heen interruptoed
by the formation of sleet on the third rail and the oceg-
sional accidents from third-rail contact and short cir-
cuits, have indicated some of the difficultios attending
this method of operation.

The Manhattan Elevated road, oporated by olectricity,
may be taken as an example of elevated railway opera-
tion and the cars of thiy system studied in detail. The
company had af the end of 1902, 1,268 closed cars and
22 open cars, and was then adding more open cars for
summer use. The practice of the Manhatian Company
has been to operate these cars in G-cqr traing, employ-
ing the multiple unit system. The motor cars have
a length of body over the end plates of 47 foet L
inch, and an extra width over the oaves of § feot 9.5
inches with a height of car from the top of 'the 1ail to
the top of the dome of 12 feet 10.5 inches, Tho cars are
clectrically lighted and heated and haye longitudinal
benches with central cross benches, The motorman’s
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cab was designed by the company’s engineer. When

used as a cab it is cut off from the rest of the car by
means of a glass door, and a roomy, box-like inclosure
is thus formed in which the motorman can sit undis-
turbed and secure an unobstructed view of the track in
front of him. When the compartment is not needed for
motive purposes the motorman’s seat is turned down,
the door is folded back so as to protect the controlling
apparatus, and a compartment is provided with seats
for two passengers. A compartment is placed at hoth
ends of the car so that either end can be occupied by
the motorman. : ‘
The cars are built of wood, the underframe consist-
ing of long-leaf yellow pine and white oak. Iron rods
are used for strengthening the frame, and the roof of
the car is supported by five principal car lines made up
of 1.5-inch wrought iron bars, forged to the shape of
the roof, and sandwiched between two white ash car
lines bolted together. The motor and platform are
supported by rolled open-hearth steel I-beams and
channel beams, The trucks are of the swing bolster
type with a 6-foot wheel base, the frame being rectan-
gular and built up of angle iron. The bolsters are
open-hearth steel plates and the pedestals for the
journal boxes are of cast steel, with equalizing bars of
steel 1 by 6 inches in section. The journal boxes are
of malleable iron with brasses of phosphor-bronze lined
with babbitt. The weight of a motor car with equip-
ment complete is 51,800 pounds and the motor trucks
complete with gears, but without motors, weigh 10,100

pounds. Each motor complete with gears weighs 4,420
pounds. The trailer trucks weigh 7,000 pounds each.

Each motor car is equipped with two motors of 125
horsepo~ 2r, both of which are mounted on the same
truck, and all the motors of the train are manipulated
together by means of the multiple unit control system,
which is discussed on page 200 of the following section,
The cars are lighted by 25 lamps of 16 candlepower
each, set in the sides and ceiling, with 5 additional
lamps at each end of the car for headlight, markers,
and eab lights, '

The cars are heated electrically, the heaters being in
three eircuits. Kach heater has exactly similar coils
and each circuit takes approximately 8 amperes of
current, so that in very cold weather 24 amperes of
current can be used to heat each car. The three cir-
cuits are numbered, and during the winter signals are
posted at the terminals of the road under the direction
of the superintendent telling the conductors what heat-
ing switches to throw in. These switches of the break-
lever order are mounted in a sheet-iron box at one
end of the car, the lighting switches being similarly
mounted at the other end. The cars are equipped with
the automatic air brake and the engineer’s valve oper-
ated by a separate motor compressor under each car,
which cuts in and compresses whenever the pressure
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in the main reservoir drops below a predetermined
amount.

Open cars have been introduced on the Manhattan
system since electricity was adopted, the annoyance
from smoke and ashes making their employment im-
possible so long as steam was used. They are 47 feet 1
inch in length and 8 feet 6 inches wide over the side
sills,  All the seats, with the exception of the end one,
have reversible backs, and all the doors of the car at
the side are opened at once by a lever operating from
the end platform. In this manner a more expeditious
loading and somewhat quicker emptying of the cars is
obtained, as contrasted with the slower results due to
the use of one door only at each end of the car, or as
compared even with the cars on the Brooklyn Bridge,
where there are large doors also at the center of the
car. The total weight of the open car is 29,400 pounds.

The question of fire on elevated street railway cars
has always been a serious one, owing to the great diffi-
culty experienced by passengers in leaving the cars in
case of accident, and the difficulty in reaching the
tracks with fire extinguishing apparatus. Serious ef-
forts have recently been made to improve the fireproof
qualities of the cars. On the Manhattan Elevated the
bottoms of the cars have been covered with ashestos
sheeting, and ashestos cloth tape 8 inches wide has heen
wrapped about the cables, The motor ends of the car
have been incased in sheet iron and covered with ashes-
tos. The New England Insurance Exchange and other
insurance bodies have shown a tendency to insist that
wires shall be incased in metal tubes in all electric cars,
thus making the wiring uniform in method with house
wiring. The Manhattan Elevated Company has adopted
a type of car fuse which produces little noise or smoke.
It consists of thin copper ribbon with a hole drilled in
the center. All the copper that is burned away in case
the fuse *“ blows” is practically vaporized. The good
results obtained are due to the large radiating sarface in
comparison with the small amount of metal in the fuse.

The frequent and disastrous fires occurring recently
in the underground railvoad of Paris, due to short cir-
cuit on the cars and the subsequent creation of a large
volume of suffocating smoke, have further directed
attention to the importance of thoroughly fireproof and
insulated cars on underground roads, of which the sys-
tem in New York city, with the possible exception of
the Boston subway, is the first example in America.
The first cars adopted for the Rapid Transit Under-
ground in New York city consist largely of wood, and
every effort has been made to insure their fireproot
qualities. The firstfloor is of maple, as that wood is slow
to burn and does not carry flame; this restson the sills.
On top is a layer of one-eighth inch fine felting asbestos
protection and then another floor of maple. All the
timbers and the sides are covered one-fourth of an
inch with asbestos board before any of the sheathing
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helow the floor is laid. There are four sheets of quar-
tor-inch steel ahove the motors, and the motor wires
and control wires are all carried in asbestos conduits.

On each cable are luyers of ashestos insulation, and the

sides of the ears from the floors to the windows are
covered with copper sheets. The lighting and heating
cireuits are carried in ashestos conduits, and all the
wooden frame is painted with fireproof paint. An
all-steel car has also been developed by the company
and has proved so satisfactory that it is stated all fu-
ture cars put in the subway will be of this type.
Although slightly heavier, they have the advantage of
absolute noncombustibility.

IV.
MOTOR AND CONTROLLER EQUIPMENT.

Of the 65,949 street railway cars of all kinds reported
by roads operating entirely or in part by electric power,
50,699, or 76.9 per cent, were provided with electrical
equipment. The leading states reporting cars with this
class of equipment were: New York, 10,292; Massa-
chusetts, 7,801; Pennsylvania, 6,450; Illinois, 8,815;
and Ohio, 8,188.

The variations in the proportion of the total number
of cars reported in each state as provided with electrical
equipment is due to the use on some roads of trailers,
which have no equipment of their own,

Harly motors.—At the time that motors began to be
employed in street railway operation, much still re-
mained to be done to perfect the motor itself. The
idea of magnetic permeability and the measurements
connected with it were very imperfectly grasped.
Proper lamination of the armature cores to prevent
heating was little understood or practiced, ventilation
of the motor had not heen solved, and iron or steel
castings of the proper magnetic permeability were not
obtainable.

The matter of gearing required much thought and
experiment. By improvements in design and con-
struction, it was found possible to lessen the speed at
which the armature of the motor ran, thus doing away
with the necessity for one set of gearing hetween the
armature and the car axle. One commutator on the
.motor was found to give trouble enough without resort-
ing to the use of two, and it was found desirable to
discard all methods of gearing except spur gearing,
which could be inclosed in a gear case. In many of the
earlier motor coristructions other methods of driving
were tried, 11101}1cling' trietion pulleys, ropes and belt-
Mg, WOrIn gearing, connecting rods, hevel gearing, and
sprocket c:/han?s, but these have all heen abandoned and
spur gearing is now in general use.

The first machines of the prevalent modern type were
those which were huilt ironclad, or so incased as to
proteet them from moisture and dirt, with single redue-
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tion spur gearing construction. Tl’leserl‘nachines were
generally from 20 to 25 horsepower. They were dif-
ferent from the motors used for other purposes, and
from the early generating dynmamos which wore some-
times forced into service as motors on street railways,
In some of the first attempts to operate strect railways
on the ““series” system a form of are light dynamo was
employedy and in some of the first attempts to-operate
on what is known as the “multiple ™ or “ parallel ™ sys-

tem low-voltage dynamos used for incandescent light-

ing were tried. In neither case was the machine prop-
erly adapted to such work. The early employment ot
the double reduction gearing between the armature and
the car axle was necessitated lavgely by this use of
electric lighting dynamos with their bipolar form of
field construction. With the introductionof the mulgi-
polar machine came a reduction in armature speed,
which made it possible to dispense with one set of penrs,

Among the early problems in connection with the
equipment of cars with electric motors was the proper
location of the motor in the car. It was shifted from
the floor of the car to the front platform and then haek
to the car, and was finally placed underneath the carv.
Many earlier cars had the motor hung under the car
body with one end suspended by springs and the other
hung on the car axle. Thiswas but a temporary stage
in which the old horse cars were remodeled to meet
the needs of electric traction. The car axle in such
cases was lengthened to make room for the motor, and
the floor of the car was strengthened to carry the addi-
tional weight imposed upon it. A serious objeetion to
this plan, however, was found in the difficulty of got-
ting at the motor for inspection and repairs,

It is the modern practice to attach the motor to the
truck rather than to the car body and to treat the ear
body as one unit and the motor and truck as another.
This not only permits the attachment and detunchment
of open and closed car bodies, but it makes the mount-
ing, inspection, and repair operations much onsior, bo-
sides adding to the comfort of the ear,

The prevailing method at present is to mount the
wheels and axles in a frame carrying two crossbhars for
the suspension of the motors, and heavy springs which
receive the weight of the car body and deaden the jolt
or oscillation. For some years eloctric cars of moderato
length were equipped with one truck for the whole cars
carrying the twomotors, and such trucks with tho motors
geared to them are still in very general use on medium-
sized or short cars. But, as the car body has grown in
length, one truck has proved insufficient to support the
carand carry the motor equipment. The standard prac-
tice now is to use two trucks well separated from each
other. TFor high-speed work and sometimes for city
service, as will be described later, four motors per car
are used, one geared to each axle. Where two motors
per car are used, both are sometimes placed on one
truck, though the practice differs, In some eities max
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imum traction trucks are used to keep the car body
low. These trucks are so designed that one axle of the
4-wheel truck is equipped with larger wheels than the
other, This axle carries nearly one-half of the weight
of the car and has a single reduction motor geared to it.
The other axle has no motor geared to it, and carries
only weight enough to keep the wheels securely on the
track.

Modern motors.—The motors in general use at the
present time for street railway work are of the 4-pole,
geries-wound, ironclad type. One of the best known,
which may be taken as a typical example, has a weight
of 1,455 pounds for a rated capacity of 25 horsepower,
with a weight of 715 pounds upon the axles to which it
is attached. The advances shown in the construction
of this machine may be inferred from the fact that a

corresponding. motor of the same capacity formerly

weighed 2,395 pounds, while one of 15 horsepower
weighed 1,735 pounds. It is completely incased, so as
to be protected against dust and moisture. It is light
enough to be lowered into the repair pitin the car barn,
and the armature is so short that it can be taken up
through the floor of the car by means of a trapdoor.
It is hung from the truck in two ways. In the method
known as ‘‘nose suspension” one end of the motor
rests on the axle through its bearings and the other is
hung by a crossbar and springs from the truck. In
the other, or side bar suspension, there is a side
frame resting on springs, carrying the motor by two
lugs, one on cither side, so placed that the motor is sus-
pended in line with its center of gravity. The arma-
ture of this 4-pole machine is made both in the drum
form and in the Gramme ring type. Two of the poles
are used in connection with two field coils, the other
two poles being arranged in a manner known as * con-
sequent.” The two field coils are wound on forms and
wrapped with waterproof and fireproof material.  All
the bearings are lined with Babbitt metal and are freely
lubricated. The speed reduction is 4.78 between the
armature shatt and the car axle—that is, nearly five to
one. On these motors, as on all other street railway
motors, carbon brushes are used to bear upon the com-
mutator of the armature, and connections between the
commutator bars and the armature coils are made by
short pieces of flexible cable, joined to the bars by
solid cups, so constructed that breakage by vibrations
or jolting is avoided. _

Controllers.—In ovder that the action of the motor
may be governed and varied, the coil terminals of the
motor are brought out by cables toa * controller,” or
series of spring contacts, pressed against metal surfaces
grouped on a vertical cylinder. These surfaces are so
arranged and shaped that rotation of the cylinder pro-
duces the required combination for operating the two or
more motors singly or together, by which the speed of
the car is raised or lowered, and for reversing the direc-

tionof thecar. Asthese controllersare onthe platforms
and exposed more or less to the weather, as well as to
possible contact with passengers, the mechanism is in-
closed in stout metallic casing, which can be easily re-
moved for purposes of inspection. The top of the con-
troller case consists of a brass cover, out of which pro-
jects the spindle of the cylinder, which connects with the
controller handle. A second handle operates a second
and smaller eylinder switeh, used for veversing. There
is a dial plate on the face of the controller which shows
the position of the two cylinders.

The controller in general use is known as the **series
parallel” type from the fact that the various degrees of
speed and the amount of current consmned are regu-
lated by connecting the motors in series and in parallel,
in combination with the resistance which is carried
under the car. This resistance consists either of a
series of cast-ivon girds or of sheet-iron ribbons, gen-
erally insulated with mica, the ends of which are
brought out to the controllers at either end of the car.

In the actual operation of the car the electric cur-
rent passes from the trolley pole to the resistance,
which is arranged so that it may bhe cut in or out, and
thence to the motors, arranged either in series orin
multiple, and thence to the wheels and the traclk, if the
track, as is usually the case, constitutes the return cir-
cuit. TIf this is not the case, and double overhead
wires are used, the current returns through a second
trolley pole to the return circuit wire, With the con-
troller handle in the first position, as indicated on the
dial, the current passes through the resistance, losing
in heat a certain portion of the normal pressure or line
voltage of 550 volts. With pressure thus reduced the
currvent reaches the motors, which are connected in
series—that is, in tandemm—and each gets half of the
current and gtarts up slowly. The motorman, moving

i1

. his lever across the face of the controller dial, cuts out

the resistance by a new adjustment of the contacts of the
controller. The motors are left in series, taking he-
tween them the full pressure of 550 volts. Each is thus
getting 275 volts and moving at an appreciably faster
rate of speed. At the next step the resistance is again
cut in, but the motors, instead of being in tandem on
the cireuit, ave now grouped in multiple or parallel.
They both receive the same portion of current from the
line and the same voltage, say, 400 volts. Under this
voltage the armatures of the motors again revolve faster
than before, with an increase in the speed of the car.
The last or final position is *‘full speed ahead,” the re-
sistance being entirely cut out and the motors being left
in parallel to receive full current and pressure from the
line. The number of sections of a controller vary with
the grouping of the motors and the division of the re-
sistance. The' contacts within the controller are con-
nected with small electro-magnetic coils of wire, which
serve as blow-outs for any sparking that oceurs when

1
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the cireuit connections are brought into new groupings.
Other safety devices employed are the fuse and the
circuit hreaker.

The fuse is a short piece of wire of German silver or
flat copper of such size and capacity that it will readily
be melted by a current strong enough to damage the
motor, and the fuse, having a predetermined melting or
fusing; point, blows as soon as the current reaches t'he
danger point. The melting of the fuse opens the cir-
cuit and cuts the current off from the motor. Some-
times the blowing of the fuse has heen accompanied by
fire, due to the creation of a heavy spark or arc at the
points where the fuse metal is attached, but fuse hoxes
have been secured which are as nearly fireproof as pos-
sible, and the fuses themselves are inclosed in cartridge-
like cases so as to stifle hoth fire and noise., The fuse
hox is usually placed under the car.

In place of or sometimes in addition to the fuse the
cars are protected by what are known as circnit break-
ers, which perform practically the same function. The
cireuit breaker is a form of switch controlled by an
electro-magnet and is usually placed under the roof of
the car platform, where it is readily accessible, It is
set to operate automatically at a higher current value
than the fuse for the reason that the circuit breaker acts
ingtantaneously, whereas there is an appreciable time
required to heat and deflagrate the fuse. The cireuit
hreaker opens the instant the current has reached the
point at which it would hecome dangerous to the motor,
and is especially serviceable in protecting the motor
against sudden and heavy charges of current, while its
use protects the motors against currents of lesser degree
which wonld do them injury if allowed to continue for
any length of time.

Number af motors per car.—It has thus far been
assumed that two motors were sufficient to propel a
street car.  On interurban roads, however, and to some
extent on elevated roads, a car with four motors has
come into use, and the number of such cars is increas-
ing. A number of comparative tests with 4-motor
and 2-motor cars were made in 1901 by the Boston
Elevated Railway. From the results obtained it did
not consider the 4-motor as desirable as the 9-motor
ars, all the conditions of service being taken into
account. The company equipped one of its standard
25-foot hox cars with four motors, which were so con-
nected that each pair was brought in multiple to the
uo‘ntmller. A car and truck were similarly equipped
with two motors of the saine kind, It was found that
the f-motor car took considerably more energy than
the 2-motor car to cover the same distance. In one
run the energy consumed, as measured by wattmeter
n eac}} car, was ahout 50 per cent greater, although
the weight of the 4-motor car was only about 18 p“er
cent greater than that of the 2-motor car. These tests
were repeated, with the same motorman handling both
cars instead of different men, so as to obtain the same
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personal equation. The same general results were
obtained. The 4-motor car could run at higher speeq
and carry more load than the 2-motor car. This woulg
mean quicker running time if the tracks were cleareq
of the slower moving cars. But in view of the great
number of cars operated, and the fact that the company
was making as fast time as was safe or u,llownl')le,
except in some places in the suburbs, the techniegl
officials of the road concluded that the greater speed
and carrying power of the 4-motor car would be pur-
chased at too high a cost.

In one thing the 4-motor cars excelled, and that was
in the traction. The entire weight of the car was avail-
able for adhesion and the drawbar pull was the maxi-
mum that could be obtained on any givenrail.  Traction
on the 2-motor car, however, was improved by the use
of maximum-traction trucks, in which a large propor-
tion of the weight of the car is carried on the motor
axles and very little on the trailer axles, and also by
hanging the motors outside the axles instead of between
them. This increased the percentage in weight availa-
ble for traction from 66 to 74 per cent, and reduced to
some extent the advantages of d-motor trucks. An
alternative to the use of large, long, and heavy 4-motor
cars is to join the cars in trains. This practice is move
feasible on an elevated road than on the surface,
although there are some instances of the multiple train
unit method on the surface lines.

Multiple unit system.~~The advantagoe cluimed for the
operation of cars in trains of three and four cars, ax in
the Chicago cable system, rather than singly, is that
when the headway is short thore is an opportunity to
operate more cars on a given length of track without
interference. If a four-car train were cut np into four
individual units, each traveling within the one minute
headway, which prevails frequently for four-car trains,
it would mean that the separate individual enrs must be
operated four to the minute, or at fifteen seconds hoad-
way. This is practically what is done on Broadsway,
New York city, with the olectric ears, and at times the
headway is even shorter than that., The success in the
erowded city streets of Chicago of the four-car train
has probably heen due to the fact that, us o genoral
thing, the streets in Chicago are unusually wide and
straight, so that the other vehicular traflic is not so fre-
quently congested.  Whother trains take longor to load
and unload than single cars is a disputed question,

Following the example of the cable railways, the ele-
vated railroads of Chieago introduced the multiple unit
plan of electric railway operation, Thig plan involved
o different form of controlling equipment from that in
use on single cars, so as to make it possible for a train of
several cars to operate as n unit. The number of cars
in the train might be varied throughout the day, necord-

ing to the requirements of tho traflic, and yot it was.

uecessary to provide for the smme speed, and the same
quickness of stopping and starting for the largest train
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as for the single car. In the spring of 1898 the South
Side KElevated Railroad Company, of Chicago, was
equipped for regular service with the first electric mul-
tiple unit train ever run, carrying out the ideas and in-
ventions of Mr. Frank J. Sprague. Multiple unit trains
of from two to six cars had been experimented with
previously at Schenectady, N. Y., and a five-car train
had also been tried on the tracks of the Metropolitan
Elevated Railroad in Chicago. Since that time the sys-
tem has been adopted in one form or another on the
elevated railroads of New York city, of Brooklyn, and
of Boston. Many hundred multiple unit motor cars
and ‘“ train-line” cars are now in daily use on these sys-
tems. A requirement of the multiple unit system is
an equipment which will allow the cars to be run in
single units from either end of the car, or in any com-
bination from two cars upwards, without regard to the
sequence of cars, and with control at will from either
end of any car in the combination. This system must
be distinguished from the distributed motor control, in
which the motors of each car would be handled by the
controller of that car without any regard to uniformity
and simultaneity of action. While a train could be com-
posed of such motor cars there could be no assurance
that the motors would work in harmony. The multiple
unit idea involves the contrary principle of distributed
motors under a train, subject to a common control, so
that all the motors can be controlled simultancously
from a distance, and thus the united action of more
motors than could possibly be concentrated on a single
car can be secured, with resulting increase of traction
and a scientific distribution of various strains. These
motor cars, as well as the other cars without motors of
their own, if provided with controlling *“train lines,”
can be made up for a train in any combination, without
regard to the number of cars or their order. Cars when
thus collected into a train can be easily manipulated or
controlled from one or more points in the train, usually
the head of the train, by the moving of the master
switch. :

To illustrate the working of the multiple unit system
one type of equipment of the Manhattan elevated line in
New York city may be considered. The controller con-
sists of two parts: First, a number of electrically oper-
ated switches, or contactors, on each car, which constitute
the series parallel controller for the motors and vary
the starting resistance in the cireuit; second, two master
controllers on each motor car, one located at either end of
the car, either of which serves to control the contactors
on that car and all othersin the same train. A cable
connected to the master controller and to the contactors
runs the entire length of the train, and with suitable
couplers makes necessary connections between the
cars. The current does not pass through the master
controller, nor, usually, through the train cable, these
parts carrying only the currents which operate the con-
tactors. Each motor car collects its own motor current

from the third rail and controls this current in its own
contactors. The movement of any master controller
sends current to the confactors, since these are wired
in parallel to the train cable, thus causing simultaneous
movements of all contactors in the train. The action
of the motor countrollers, or contactors, of all cars at
the same time with the movement of the master con-
troller handle insures similar resistance connections and
motor combinationson all the cars. The operator knows
by the position of the master controller handle the
exact position of the contactors on all of the cars and
the rate of movement of the contactors. Consequently,
the amount of current taken by all of the motors is
under his immediate control, just as it is with ordinary
hand operated controllers, The motorman is able at
will in an emergency to utilize immediately the full
power of the motors in either direction,

In case the supply of power to the train is momen-
tarily interrupted for any reason, the contactors all
open the motor cireuits, but the motor and resistance
connections are instantly reset upon the restoration of
power, provided the master controller position is un-
changed. If the train breaks in two, the current is
automatically and instantly cut off from the motors on
that part of the train which is not under the control of
the motorman, while his ability to control the front
part of the train is not affected.

‘When the master controller is thrown off, both line
and ground connections are cut off from the operat-
ing coils of the contactors, and none of the train wires,
or any of the wires in the train line cable are “alive.”
To reverse the motors, the master controller is pro-
vided with a separate reversing handle, and a mechan- .
ical interlocking device prevents this reversing handle
from being thrown unless the main handle is in the
“off ” position. A movement of this reverse handle
either forward or back makes connections which throw
an electrically operated reverse switch either “for-
ward” or “‘reverse.” This main reversing switch is
electrically interlocked, so that it can not be thrown
when power is ““on.” The operating circuit is so ar-
ranged that, unless the reverse switch on any car is
thrown in the direction indicated by the master con-
troller reverse handle in use, it will be impossible to
operate the contactors so as to get any current in the
motors on that particular car. A cut-out switch is pro-
vided on each car, so that in an emergency all of the
contactors on that car may be disconnected from the
control circuit. The control operating current at 550-
volt line potential is about 2.5 amperes per car for an
equipment of two 125-horsepower motors, and the total
weight of the control apparatus for this equipment is
approximately 2,200 pounds.

The master controller is similar to the ordinary streef
car confroller in method of operation and appearance,
although of considerably smaller dimensions. Separate
handles for power and reverse are provided. All cur-
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rent for the operation of the several motor conprollers
passes through the single master controller in use,
which takes current dirvectly from the line. A mag-
netie blow-out is provided, similar to that used on
standard street car controllers. An automatic open-
circuiting device is provided in the master controller,
whereby, in case the ‘motorman releases the master-
controller handle in any ‘‘on” position, the control
cirenit to the motor controllers is instantly opened on
auxilinry contacts. This result is obtained by mount-
ing the operating mechanism for the auxiliary safety
device loosely on the main shaft and providing it with
4 spring, which, when released, is returned to the “ oft”
position without necessitating the movement of the en-
tire cylinder or handle; thus the device is entirely sep-
arate and distinet in its action from the main eylinder.

The motor controller for each car consists of 13 elec-
trically operated switches, called contactors, and an
electrically operated reversing switch, which reverses
the armature leads of the motors. Each contactor con-
sists of 2 movable arm, carrying a finger, which makes
contact with a fixed terminal finger, and a coil supplied
with current from the master controller for moving the
arm. The contactor is so designed that the motor
cireuit is closed only when current is flowing through
the coil. Gravity, combined with spring action of the
finger, causes the contactor to open as soon as the
master controller circuit is intervupted. The contactor
has an efficient and powerful magnetic blow-out. The
different contactors are practically identical, and the
few parts which are subject to burning and wear are so
constructed as to be readily replaced.

The general design of the motor reversing switch or
reverser is somewhat similar to the ordinary eylindrical
reversing switch, with the addition of the electro-mag-
nets which turn it to either the forward or the reverse
position. The operating coils are similar to the ones
used on the contactors,

The coupling hetween the cars consists of sockets
and a short “jumper?® cable, with a plug at either end,
The sockets on the car contain a number of insulated
metallic contacts, which are the terminals of the wires
in the train line. This socket is shaped to receive the
plug on the end of the cable, The plug contains the
necessary insulated contacts to make the required con-
nections, and is so shaped that it can be inserted into the
socket in only one way, thus insuring the same series
of connections each time two cars are coupled together.
Th? couplers are provided with spring catches, which
maintain contact under normal conditions, but permit
them to be released immediately in case the train breaks
intwo. A special cable made up of different colored,
individual, insulated wires is used whenever possible to
n%ake control cirenit connections between the various
pieces t)'f apparatus, a similar cable heing used for the
C(mnm.:tl(m between the coupler plugs,

An important differentiation in some respects from
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the apparatus thus described has been installed on the
Brooklyn Rapid Transit Company’s elevated system,
The supply of current through the third rail, and thag
supplied through the connections of the low~voltage
control cireuits are the only sources of power which
have to be considered in train operation. In this
apparatus compressed air is used in connection with g
set of storage batteries. Only seven battery wireg
are i'equired for the train line or cable, so that the
cable carries a pressure of only 14 volts. This dis-
penses with high-voltage wires on the train ears -and
bigh-voltage coupling overywhere on the systen.
The master controller and the air-brake operating valve
are mounted on the inside end panel of the motorman’s
cab. The master controller handle is fitted with g
spring return which malkes it a ** dead man’s handle,”
it being so constructed that should the motorman re-
move his hand at any time from the controller handle,
the brakes are at once applied automatically unless the
reversing handle has first been turned to the center posi-
tion. By similar mechanism, if the brakes are applied
while the current is still on, the current is automatically
cut off. This is accomplished when setting the hrakes
by means of a conncction hetween tho spring retwrn
handle and the air brake system, while the release of
brakes is effected by a connection hotween the afr
brake system and a small air eylinder, the piston of
which opens the storage battery circuit,

To insure uninterrupted service fromthe storage hat-
tery used in operating the electro-pneumatic switeh,
there are twosets of batteries of seven cells ench, which,
like every other pavt of the system, exeopt the master
controller and the battery switches, are earriod heneath
the car floor. The controller itself comprises 13 unit
switches, arranged radially in the turret, and protected
by a sliding eylindrical case. These individual switches
are operated by pneumatic pistons controlled ) y cleetro-
pneamatic valves, operating against o spring pressure
of 70 pounds, so that a very decided motion is given to

the circuit breaker. The 18 switches have a common

magnetic blow-out coil, located at their contor, of which
the spider arms of the individual switches constitute
the pole piece. The danger of the welding or sticking
of the contact surfaces is avoided hy the presgure of
air againstaspring. Moreover, the switeh finger lovers
are made flexible, so that when drawn up by pneumatic
pressure and released by spring pressure they produce
a slight rubbing movement of the contact surfaco and
help to prevent any possible welding, The reverse
switch is of the usual type, with copper contacts oper-
ated by two air cylinders controlled by electro-pnenmatic
valves running from the revorse eylinder of the master
controller, This reverse switch is placed as near the
motor truck as possible to reduce the longth of the
wire, and beside it is the limit switeh governing the
speed. The total weight of the complete apparatus,
inclusive of the battery, is over 1,700 pounds, All
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the cireuits are run in electro-bestos conduits, The
system has been constructed with the idea of securing
n'b;;olute and instantaneous control, with the minimum
!lu.hiliby to collision, fire, or other casualty. The vital
importance of the car controllers justifies the immense
amount of money and energy which has been expended
in devising the modern systems. Brief reference to
larger motors will be made in the chapter on interurban
ruilway equipment.
V.
TITH OVERHEAD TROLLEY CONTACT.

The devices for conducting the current from over-
head wires into the cars are details which could not at
any stage of the development be considered independ-
ently, but had to be developed in relation to the meth-
ods of suspending overhead wires and of employing the
overhead frogs und switches along which the contacting
deviee has to travel.  Someof the carlier trolley devices
traveled along the top of the wire, but this was soon
found to he an inconvenient and inexpedient method.
The overhead devices for making a side contact were
also found impracticable, as, for example, those used
on the electric road at Offenbach, Germany, where a
aplit tube was employed, at the side of the road, the
contact device sliding along inside the tube.

Instances of the early style of overrunning trolley in
this country and Canada weve due to Mr. Van Depoele,
and one'or two of them were in use until recent years;
for example, at St. Catherines, Canada, where one form
employed was exactly like the underrunning trolley,
It had a heavy weight attached to a cord to steady ib
in position on the wire. Such overrunning contact
dovices were connected with the cars by flexible cords,
and when cars passed the cords were exchanged or one
of them was lifted from the wire by the car conductor
Iy means of a long wooden fork, kept on the car for
that purpose. = As soon as resort was had to the trolley
whoe! pressing upward under the wire (the underrun-
ning contact), it became necessary to employ a pole
extending upward from the car roof to hold the wheel
firmly in position, and in this manner, through a variety
of forms of pole, base, and swiveling mechanism, was
evolved the modern trolley seen on top of all such cars
in the United States. The trolley pole now used is of
tubular steel. The trolley wheels are usually of fairly
havd copper, The pressure of the trolley wheel against
the contact wire is from 16 to 20 pounds, depending
upon the style of the wheel; and the wheel itself, which
is from 4% to 6 inches in diameter, weighs from 3 to
4§ pounds. The average life of the lighter wheel is
5,000 to 8,000 miles, the wheel taking up the wear
rather than the wire; but the 6-inch wheels have been
known to endure for from 12,000 to 15,000 miles. Pre-
cautions are mow taken to prevent the pole swinging
around and doing damage to the overhead construction
when the trolley wheel by accident leaves the wire.

For this purpose devices known as trolley retrievers
and trolley catchers are employed. The retriever is o
constructed that it pulls the trolley pole down clear of
all the wires as soon as the wheel leaves the trolley wire.
It is usnal to have a rvope, attached to the trolley pole,
by means of which the conductor or motorman can
adjust the trolley pole from time to time as may he
required.
VI

BRAKES,

The statistics regarding the extent to which different
kinds of brakes have heen installed on street railwuy
cars, included in Table 95, show that 63,690 cars, or 95.4
per cent of the aggregate number, were reported as
equipped with hand hrakes,and 7,905, or 11.8 per cent,
with air brakes, including those in which the air pumps
are driven by electric motors, and 5,148, or 7.7 per
cent, with other varieties of mechanical brakes. It is of
course evident from these figures that many cars are
provided with brakes of more than one kind.

The detailed statistics show a very general distribu-
tion of hand braked cars. In New York state, for
example, all but 5 of the 96 companies reported that
they had at least some cars equipped with hand brakes.
Out of a total of 14,040 cars reported for the state
13,805 were equipped with hand brakes. The same
conditions prevailed in Pennsylvania where 6,972 out of
7,058 cars had hand brakes; in Massachusetts where
8,274 out of 8,310; in Illinois where 5,790 out of T,778;
and in California where 2,018 out of 2,056 cars were
reported with hand brakes. -

The air hraked cars were more generally distributed
than might perhaps be expected, cars of this character
being reported from all the states except Arizona,
Arkansas, District of Columbia, Idaho, Kansas, Mis-
sissippi, Nebraska, New Mexico, and South Dakota.
The great majority of thesecars, however, were reported
fyom a few of the principal states—1,529 from 1llinois,
1,207 from Massachusetts, 9,070 from New York, 45
from Ohio, and 1,064 from Pepnsylvania. Of the
namber in these states, again the majority were reported
by the larger city systems, as, for example, New York
city, Brooklyn, Chicago, Boston, and Philadelphia.
The Metropolitan or Interurbah system in New York
city reported every one of its cars as band braked, so
that the large figures in thatarea are in reality those of
the Manhattan Elevated, with 1,331 cars.

Tn all of the earlier cars the brake applied tothe wheels
was invariably that operated by a hand lever. The
brake handle was connected by & chain and a system of
levers with brake ¢ shoes” on the wheels, the handle
nsually moving 25 inches for a quarter-inch moyemer}t
of the shoes, so that with 2 inches slack in the chain
the handle would have to make nearly two revolutions,
in addition to the revolutions required for taking up
the slack, before the shoe was brought against the face

b
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of the wheel. This brake had the advantage of putting
little strain upon the driver and the horses, hut owing
to its rather slow operation it resulted in ‘‘flatting”
the wheels, which was a source of great annoyance to
the company and discomfort to the passengers. Some
brakes, called track brakes, are operated by being
pressed against the rail. The introduction of what are
generally known as mechanical brales has lessened the
amount of ‘*skidding” and the wear and tear of the
wheels, and has given the driver a more instant control
of his car. Indeed, it would probably be impossible to
operate the heavy cars of modern type without the
powerful mechanical brakes which are now employed.
It is estimated that with modern braking methods brake
shoes should last about 5,000 car miles, and the usual
chilled iron wheels 35,000 car miles, without renewal.
An average brake shoe of 21 pounds isallowed to remain
in use until the hlock has had a wear of some 10 or 12
pounds. These are average figures, the actunal figures
varyving greatly in practice. The power from the
power hrake handle is conveyed to the shoe by a variety
of forms of rigging. In one form of momentum frie-
tion brake the brake staff, instead of directly trans-
nitting the power necessary to pull the brake shoe up
against the wheels, is connected through the brake
chain to the drum sleeve of one of the axles. This
drum is not keyed to the axle and does not turn with
it except when a stop is to be made. When it is desired
to stop the ear the edge of the drum, which is in the
form of a disk, is pressed by a series of levers against
a corresponding digk on the inside of the car wheel, a
leather washer being placed between the two disks in
order to take up the wear. The.friction due to the
pressure of the drum against the car wheel causes the
drum to revolve, thus winding up the chain and setting
the brake.

Asis shown by the statistics a lavge number of modern
street cars is equipped with air brakes or electric and
magnetic brakes. In the city railways in the Eastern
states, where short cars have been largely retained on
account of narrow and crooked streets, hand brakes are
common, while with long or high-speed cars air or other
power brakes are almost universal. The supply of air
is usually produced by independent motor compressors
carried on the individual cars, but in a few cases central
compressor plants driven by steam or by electric motors

" have been installed. Where this is done the car res-
‘ervoir carries a reserve storage supply of air at 300
pounds pressure and a working supply at from 20 to 50
pounds pressure, the amount depending mainly upon
the weight and speed of the car, An average of 500
stops may be made on one charge,

Where the compressor is earried on the car, it is usu-
ally driven by an independent motor provided with an
automatic switeh, which is so acted upon by the air
pressure in the reservoir that it throws the motor in and
out of operation as the pressure in the reservoir falls
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and rises. In another type the compressor pump is
geared to one of the car axles in such a way that the
revolutions of the axle of the moving car supply power
to work the pumps. When the reservoir is fully
charged the gearing is released and the pump stops
acting. ‘

In one system of electro-magnetic braking a circular
electro-magnetic brake shoe is rendered magnetic hy
the current from the motors in such a way that it is
drawn powerfully against the face of a disk on the car
axle. This hrake serves for emergency stops as well ag
for all service stops, but up to the present time it has
not been widely used. Another systemi of electro-
magnetic braking includes a double or split track shoe
of novel construction, combined with a powerful electro-
magnet. The magnet, when energized by a currvent from
the car motor, acting temporarily as a gencrator, brakes
the car by being strongly attracted to the rails over
which the car is passing. Lever connections may also
be established between the electro-magnetic brake shoe
system and the wheel brake shoes, so that when the
track shoes are set the magnetic brakes are also set
against the wheels, the effect being so adjusted and
graduated that no greater brake pressure can be applied
to the wheels than they can withstand without skidding.

The Pittsburg Railways Company has adopted mag-
netic brakes for open and closed ears, while the United
Railroads of San Francisco on combination ears, which
operate on the steep gradesof that city, employ straight
air, wheel, and track brakes.

The subject of hrakes has heen considered earefully

by the authorities in various states and communitios,

with the object of lessening the number of accidents,
which might be avoided if the cars were undoer better
control. The board of railroad commissioners of the
state of New York in 1899 authovized a public com-
petitive test of brakes for surface cars. The commis-
sion issued a notice of the test to owners of brakes for
surface cars, in response to which 26 applications were
received, allof which, with one exception, were aecepted
by the commission.

Elaborate methods of testing were devised, and on each
car 14 average speed records wore taken—38 ab 8 miles por
hour, 3 at 12 miles, 8 at 15 miles, 8 at 16 miles, and 2 at
16 miles with sand. It had been the intention to carry
the tests to higher speeds, but these did not prove feasi-
ble with the motor equipment used. The record of the
tests made by the commission constituted an elaborate
report.  On the basis of the tests the board decided that
except in special cases, where the liability to accident
is very remote, the ordinary single chain and spindle
hand brakes then and still generally used should be
replaced by some one of the mechanical or power brakes

- whieh were submitted and tested. The board did not

recommend any particular brake for any class of sery-
ice, but left the selection to the judgment of the railroad
officials themselves, reserving the right to exercise fully
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its power under the law to require of the companies
the use of sufficient and safe equipment for the public
service,

The tests related not only to the average length of
track covered before the stop was effected by each
hf'ak(a at the different rates of speed, and to the skid-
ding of wheels, but also to the reliability and sim-
plicity of the system, the liability of the brakes to act
whon they should not do so, the ease with which the
hrake could be operated by an ordinary motorman, and
the cost of equipment and maintenance. First in the
arder of worth was an electric brake. This brake,
operated by the trolley current, consisted of a series of
nimgnoets with armatures at varying distances, mounted
loasely on the same rod, and placed in such a way that
the attraction of the armature neavest to the core car-
ried with it the armature next in distance from the core
to a point of greater magnetization, and so on, each
armature acting upon the next and thus creating a long
and powerful pull.  The rod upon which these arma-
fures were arranged formed part of the ordinary brake
rod, and the brake could be applied to the ordinary
spindie hand brake.  The movement of the brake handle
sot the electric brake in operation, but this could be
done without interferonce from the electrical portion
of the brake, so that in case of failure or interruption
of enrrent the brake could be set by hand. The hand
brake being naturally under test at all times when the
eloctric rake was in use, its working condition was in-
sured in ease of some failure of current from the trolley
line. The device took but 5 nmperes of current. With
the cars under test this brake made a stop, for all
spoeds, in an average distance of 58.83 feet. At 16
wiiles an hour on ordinavy track the cars stopped in
79,88 feet in 9,85 seconds, and at a speed of 16 miles an
hour with sanded track in 78,08 feet and in 8.92 seconds.
The brake which ran closest to this in the tests was the
momentum friction brake, the friction device being
placed on one of the axles of the car. This brake
showed stops ab all speeds in an average distance of
66,71 feet. It can not be said, however, that any great
weight has been attached to these tests.

Aside from ov in addition to the brakes there are
other parts of the operating congtruction which are in
universal use. One of these is the gong operated ’py
the pressure of the motorman’s foob, and sounding 1its
warning insistently in crowded streets. Another device
upon or within the car itself is the safety gate, with
whieh motor cars in some cities have been equipped, s,
for example, at Minneapolis and St. Paul, Minn. This
gate being under the control of the motorman, 15 opened
" promptly when the car comes to astandstill and is closed
- just before the poweris applied for starting. On many

open cars are bars which are let down at the same time
that the side step is thrown back on either side of the
car, so that the car can not be freely entered or left on
the side next to the other track. In some closed carsit
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is the custom to place bars or rails or netting at the
open windows to prevent accidents to passengers who
might protrude elbows or heads from the apertures at
dangerous places, or attempt to nse the windows as n
means of entrance or exit.

VIL
CAR FENDERS.

A conspicuous feature of cable and electric railway
work has been the car fender, the use of which has
been required by ordinance in a great many eities, but
the adoption of which is by no means universally fu-
vored among street vailway managers, The purpose of
the fender placed at the front of the car, or imwediately
in front of the wheels, is to push aside or catch up und
hold in safety persons who might otherwise be run
over. A variety of such car fenders have heen mtro-
duced, some of them exhibiting great ingenuity. Some-
times the fender is held up on the front of the car and
can be released by the motorman in case of an emer-
gency, but this is regarded as open to the phjection
that when the occasion for its use arises the motorman
may not have sufficient presence of mind to do what is
required of him, and the car may run over the person
pefore the fender can be lowered. A common type is
that which is carried in front of the car a few inches
above the track, and which, if desived, can be folded
up or carried around to the other end of the car for the
veturn trip. Such fenders have more or Tess the form
of a net, being constructed usually of light slats of
metal, with a stont outside rim.

1t is objected that many of these life guurds are just
as apt to cause accidents as fo prevent them, projecting,
as they do, several feet in front of the ear. This objec-
tion is sometimes met by arranging the fender so thut
it, collapses when not in unse, and is drawn back under
the car, whence it is released in case of danger. Fewor
none of these more elaborate devices are in practical
use. The results of experience would seem to shiow
that in most cases where the speed of the car is slightly
reduced the fender will-pick up without harm or injury
persons who, without the fender, wouldhave gone under
the car. Even when the car is still under rapid head-
way, the injury from the fender is notapt .to be as great
as the injury from a car without such equipment. On
Broadway, in New York city, the cars are equipped
with fenders carried under the platform, which are
technically known as wheel guards. The objeeFion to
the projecting fender in such thoroughfares 1s that
because of the density of traffic their general use would
add seriously to the obstruction of the streets. Pedes-
triang and carriages now crossing freely between cars
without fenders would, if the fenders were in use, often
find passage difficult or impossible. )

There are four or five types of fenders in general use
in the United States. One of these &s used on cars
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whose sills are of medium height above the track, is of
curved form, and when not in use is beld up against the
rear dashboard. The upper crossbar of the fender can
he adjusted on low cars to a position 15 to 17 incht?s
ahove the track, and when dropped its front rests di-
rectly on the surface of the street, so that no object can
pass ‘under it. Sometimes it has at each side a rubber
covered spring to prevent a body from being thrown to
one side. In cross country and interurban cars this
type of fender is made large enough and strong enough
to pick up a horse and carry it until the car comes to a
stop. In all these fenders there is a cushion against the
dashhboard, made of strips of strong spring metal, which
prevents the object struck from coming into contact
with any hard surface on the front of the car. These
fendersare dropped hy a pedal on the platform, operated
by the motorman’s foot.

Another type of fender in use in some large cities
is composed also of metal slats. The platform of the
fender stands at an angle of 45 degrees, with a rubber
hose 4 inches in diameter stretching across the lower
end, which is usually about 3 inches from the ground.
When a person is struck by the fender, the platform,
which swings on a pivot, falls back and brings the
outer end with its rubber tube about 20 inches above
the ground, while the rear end, nearer the car, ig 6to 8
inches lower. Thus a hasket or pocket is formed
which carries the person safely until the car can be
stopped.  The hack guard is made of a steel spring
placed several inches lower. If the car is going at
great speed the body will strike against the guard, but
can not be thrown out again onto the track. This
fender is always in position and requires no action on
the part of the motorman.

Oue type of nonrigid car fender in use to some
extent, based upon the principle of receding action,
has several plates or detached portions like shutters
across its farther end to conform to uneven surfuces,
and offset the effects of the oscillation of the car. The
receptacle back of these plates is composed of metal
network.  When in use, the projection of the. fender
bevond the car is slight: when not in use, it can he
pushed underneath the car. Another form of anto-
matic car fender has two automatic release devices in
addition to the ordinary foot drop in common use.
One of these automatic devices consists of a front trip
bav, which is forced back on coming into contact with
obstructions. The transmission through lever and
cranks of the motion caused by the impact operates the
foot pz}wl of the fender. When this trip bar might
prove inconvenient, as in the case of the track being
covered with snow, it can be turned aside against the
fender and the other automatio device employed in its
E)Iace. This second automatic device is opera?}ed by the
lmp‘c}ct of the body falling against the fender cradle or
netting. The contact with the fender pulls forward
rocker arms attached to levers which operate the foot

STREET AND ELECTRIC RAILWAYS.

pawl. The complete fender is attached to a car by
iron holts connected with the outside sills of the car
platform. It folds up compactly without interference
with the car couplings or headlight, and can be used
on various styles of cars. The front of the fender is
made of rubber tubing, with a steel cable passing
through it.

According to Table 95, of the 66,784 cars reported,
60,290 were passenger cars, of which 43,4278, or about
two-thirds, were equipped with fenders. The state of
New York, with a total of 14,040 cars, reported 7,123
equipped with fenders. The small proportion equipped
with this device is due to the fact that cars of the ele-
vated systems are operated in trains and need no fend-
ers. In Massachusetts 7,021 cars out of 8,810 woeroe re-
ported with fender equipment. In Illinois 8,214 enry
out of 7,778, and in Pennsylvania 5,693 out of 7,058
are equipped with such a deyice.

VIIIL.
CAR LIGHTING.

Of the total number of ecars reported 62,869, or 03.4
per cent, were lighted in some manner. Qut of this
number 55,703 were lighted by*electricity and 6,660,
including all horse cars, were lighted by oil or gas,
The detailed figures for states and companies are shown
in Table 95. A number of states report all or nearl yall
of their cars lighted by electricity. Among theso stutes
are Connecticut, lowa, Massachusetts, Minnesota, New
Jersey, Ohio, Pennsylvania, Rhode Island, V irginin, and
Wisconsin.  Cars lighted by electricity nre found ox-
clusively on roads using clectricity as a motive powaor,
the supply of current thus being rendered ensy and
cheap. The change in the manner of lighting cnrs
therefore closely followed the change in motive power,

The unsatistactory oil lamp was in the beginning the
only method of car lighting. This lamp was superseded
on some of the cable lines by compressad gus, the illu-
minant commonly employed on steam railways,  With
the introduction of electric traction it was found to ho
an easy matter to light the cars by taking the cuvrvent
from the same cirenit as that which supplied the motors.
The light is still somewhat flickering from the occa-
sional variations of voltage, interruptions of the trolley
contact, or jolting at the switches, when for an instant
or two the current is lost. * This has sometimes boen
prevented by the installation of storage buttories on the
cars which could be fed from the line, but this practice
has been given up as the advantages did not, compen-
sate for the expense and trouble.

The lights usually installed are 16 eandlepower in
multiples of 5. The use of the lamps in groups or mui-
tiples of 5 is due to the fact that the average voltage or
current pressure of the line is about 550 yolts, and as
the ordinary incandescent lamp takes about 110 volts a
group of 5 of them will absorh the trolley line voltnge
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without the necessity of ‘employing extra resistance.
The 5 lights are arranged in series across the motor cir-
cuit and are provided with a fuse and cut-off switch.
At first ordinary incandescent lamps were used, but as
jolting broke the filaments it is now the practice to
“anchor” the filament by a small hook sealed into the
lower larger end of the glass bulb. In some instances
the lights are not merely distributed within the car, but
out on the platforms, and the headlights are also nsu-
ally electric. The electric headlight usually consists of
a large incandescent lamp aided by a powerful rveflector.
A varviation of this light consists in the utilization of
what is known as the ““inclosed” are light, including an
inner globe immediately around the are. This is asso-
ciated either with a rheostat or with a small cluster of
incandescent lamps, so that either or both can be em-
ployed in accordance with the amount of light required.
The car has to be specially wired for such purposes.
In the early stages of development the circuits were
simply run with ordinary insulated wire held down with
staples, cleats, or molding. Even the main circuits
from the trolley line to the motors were carried through
without much protection, but it is now a general prac-
tice to inclose all these circuits in conduit, usually of
iron pipe.
IX.

CAR HEATING.

It appears from Table 95 that in 1902, 80,159 cars, ov
about one-half of the total number of cars in the United
States, had provisions for heating. Of this number
19,021 or 63.1 per cent were heated by electrical appa-
vatus, while 11,138 or 36.9 per cent were heated by
stoves, hot water, or other means. Electrical heating
is necessarily limited to street rallway systems and cars
electrically equipped, the heat being derived from the
cireuits supplying current to the motors. It will be
noticed, however, that some companies using electricity
as the motive power still employ stoves for heating.

In northern climates in the old-fashioned horse cars,
the coal stove was long used in winter. The car was
so arranged that a stove could be introduced in the mid-
dle of one of the seats, with a pipe running up through
theroof. The stove occupied space which would other-
wise have been available for seating; it did not success-
tully heat the car, and fives frequently broke out.

~ Gias and oil stoves on a somewhut similar plan were

also tried, and indirect methods of steam and hot water |

heating have been extensively experimented with, espe-
cially on interurban lines. The objections to this lat-
ter plan, however, have been the loss of time involved
in refilling the steam and water reservoirs and the large
incidental waste. Hot water heaters have been largely
used on long interurban cars.

The usual method of heating cars electrically is to
place the heaters—composed of coils of resistance wire
in various forms and grouping—beneath the seats at

regular intervals, the fronts of the radiators being pro-
tected by grating and the switches being so arranged
that the car eonductor can throw in some or all of the
heaters, as required, :

The circulation of air through the resistance coils in
which the passage of current is engendering heat is so
rapid that while the flow of warm air from the top of
the heater is large in volume the air itself is not hot
enough to heat unduly the front casing of the seat. In
a test of an electric heater an overload of 25 per cent
of current was put through it, the casing being entirely
covered with damp clothes, such as passengers might
wear. The current was left on for a half hour, and at
the end of this time there was not the slightest indica-
tion of burning or discoloration of fabrics. It has been
shown by tests that with an ordinary consumption of
current, of 3,160 watts a car with 4 doors and 16 win-
dows, containing a little more than 1,000 cuhic feet,
traveling in an outside temperature of 28 degrees Fah-
renheit, can maintain a temperature of 54 degrees
Fahrenheit. Assuming that this degree of heat and
consumption of current were maintained throughout
the day of eighteen hours, and that the current cost
the company about 1 cent per kilowatt hour, a cost for
heating such a car would be slightly over 50 cents per
day. The actual cost, however, would probably aver-
age well below this figure. ‘

X.
REGISTRATION OF IFARES.

The collection and registration of car fares hasalways
been an important problem with the street vailway
companies, the one greataim, of course, being to secure
payment from all passengers and to prevent the diver-
sion of revenue from the tills of the company to the
pockets of dishonest conductors. The task becomes a
relatively easy one where a ticket system is employed,.
requiring the passenger to buy one ticket for a contin-
uous ride, and to deposit that ticket with the conductor
or in some appropriate receptacle. This is the plan
that has been followed for many years on the Manhattan
Elevated system in New York city. Xach passenger is
required to deposit a ticket in the box at the entrance
to the platform, under the charge of the rvegular cus-
todian, This method has been varied in some of the
elevated stations by the introduction of a registering
turnstile; but where the volume of traflic is great, as it
is at so many elevated stations during rush hours, turn-
stiles would not be tolerated, and even at the smaller
stations they do not appear to have proved entirely
successful. :

In Europe it is the common practice to issue tickets,
not only for elevated and subway railways, but also for
the regular street car and omnibus lines. In America
it is thought that the travel on street cars is too much
of a *‘come and go” character to permit the use of a
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ticket system, and hence the collection and registration
of fares usually depends wholly upon the conductor.

In the early davs of the hobtail car the driver was
also conductor and made change as well as managed his
horses, the fares being deposited under his eye ina sn?all
lock box adjacent to the front platform—the }?ox being
50 placed ag to be seen by the passengers, This m_ethod
still obtains in a few places, but its many inconveniences
caused it to give place to the old portable bell punch,
which enabled companies to settle with their conductors
upon the basis of the showing made by the punch rather
than upon the basis of the conductors’ report of the
number of fares collected. It soon became evident,
however, that in a crowded car a conductor is likely to
mizs some fares, either from the unwillingness of the
passengers to pay, or from the inability or unwilling-
ness of the conductor to make collections. Although
the conductor carried a punch, it did not follow that
he would use it every time a 3-cent fare was collected,
nor was it absolutely certain that he would ring up the
fures on the company’s bell punch instead of on a sub-
stitute one provided by himself. To remedy these
dificulties, companies soon began to use the stationary
clock register or counting machine, which is placed in
& conspicuous part of the car where every passenger
can see it, and upon which fares collected are sup-
posed to be duly ““ rung up.” The fare register system
has now become universal throughout the country.
Many modifications and improvements have been made
to adapt the register more perfectly to varying condi-
tions of service and to the varying practice in different
places in the matter of collecting fares and issuing
transfers.  To obviate the disadvantages of the single
register system, which, of course, would count only one
class of collection, namely, so many 5-cent cash fares,
the double register came into vogue, allowing other
combinations of accounting, and consisting virtually of
two single registers in one case,

When it is considered that the street railways are
earrying at least 6,000,000,000 passengers a year, all of
whose fares have to he brought to hook by means of
the register, it will he seen that the acconnting and
mechanical problems involved are of no mean nature,
To show to what extent ingenuity in this direction has
been carried in the way of making a street car register
perform various functions, such as the registering, in-
dicating, and printing a statement of collections—in
other words, performing the full duty of a cash register
and something more—the developments up to date de-
gerve note.

Registers' 0w on the market and largely employed
by street railway companies make 5 distinet registration
of euch fare collected, the different kinds of fares being

registered separately. They also keep a printed record .

of the collections of each conductor and of the total
number of all fares, irrespective of class, as well as the
number of fares in each class for each half trip, They
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further print the number of registrations, t}le t.rip
number, the date of the day and month, the direction
in which the car is going, the name of the (t,'.(n‘ldu‘ul;()r,
and a duplicate or triplicate summary re(‘:ord of the
day’s business, irrespective of the number of conductors
who operate it. When not in service the register may
be locked, and can not be operated until the con ductm:’s
badge number ig printed upon the statement im-.lmfud in
the register. This device, then, without uxc:m.\,(l'mg' !
practicable limit of size, acts as an adding machine, a
cash register, a time clock, and a printing press, all ap-
plied to the task of insuring for the company the fullest
collection of its revenues. TFew companios, to he sure,
use or greatly need registers that have been brought to
any such degree of complexity of mechanism, hut the
instrument none the lesy illustrates in an interesting
way the attention and inventiveness that have been ap-
plied to every branch of the street railway business,

X1
STREET RAILWAY PASSENGER STATIONS,

The statistics for street railway passenger stations ro-
fer to the separate buildings, or public shelters, at which
passengers wait to take cars, pay fares, or seeure trans-
fers. They do not include stopping points, or openr
stations along the line where passengors honrd the curs.
There ave 2,076 street railway stations reported, A
large number of these were reported by elovatod rail-
ways, by railways formerly operated hy steam, and hy
fast long interurban railways. Until within the lust
few years it has heen the universal practice to permit
passengers to board or leave a car at any stroot corner,
in contrast with the steam railway practice of running
traing between fixed points more or loss widely apurt,
A number of street railways have long furnished wuit-
ing rooms at their termini, however, or ab importunt
intersecting points, and elevated and underground rowds
have been operated on the station plan,  In order to
secure a speedier schedule, soveral strect railways have
adopted the practice of putting up signs on poles at
points several blocks apart where the carg would stop,
the points being located with referenco to traflic deo-
mands. These points have very rarely had sholtors
connected with them. Within the lagt year, however,
the growth of interurban roads has necessitated tho
construction and maintenance of g large number of
bassenger stations, and these stations have either been
connected with freight and baggage rooms or with sul-
stations that contain apparatus foy furnishing current
to the track.

T-he further differentiation of interurban roads from
ordma?ry street railway lines within cities led to tho
estabhsh.ment of int<_aru.rban waiting rooms, both inside
and outs1gle of c1ty’hm1ts. The final step hag been the
construction of union terminal stations for street rajl-

way traffic.  While this report has been in preparation,
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anextensive and costly terminal station has been erected
at Indianapolis, Ind., for the use of nine interurban
lines. At Milwaukee, Wis., the street railway company
has erected a substantial steel frame structure to he
used as an interurban terminal station and general wait-
ing room, office building, and storehouse for reserve

cars. At Detroit, Mich., there is a common waiting |

room for all interurban lines, and at Muncie, Ind,, an
important interurban center, a terminal building has
been built for the same purpose. At Cleveland, Ohio,
one of the most important interurban centers of the
country, a large station has been erected on the public
square in the heart of the city, where waiting sheds
have been in use for some time. The building is 62
feet long and 13 feet wide, the roof extending beyond
the walls 12 feet at the ends and 4 feet on the sides.
It is of brick, with stone copings, the framework of
structural steel, and the roof of tile. The ticket office
and check rooms are so located as to divide the interior
into two rooms, the smaller being a smoking room and
the larger a passenger room. Doors at the ends open
to stone steps leading to the basement, where ave toilet
rooms for men and women. Its cost was about $10,000,
each of the five interurban companies that use the build-
ing paying one-seventh of the cost and the city com-
pany two-sevenths. While all stations are not as well
located as the station in Cleveland, many of them are
convenient of access. The station at Indianapolis is lo-
cated one block from the street vailway center, and that
in Milwaukee but one block from the principal street in
the city. The agreement with the authorities provided
that the Cleveland station should be erected in accord-
ance with plans approved by the city, without any ex-
pense whatsoever to the municipality for construction
and maintenance and to become the property of the city
as soon ascompleted. The railwaysare given the right
to use this station without any assurance as to length
of occupancy. The interurban roads which ave to use
the station have no trackage in Cleveland, but run their
cars into the city over the tracks of the Cleveland Rlee-
tric Railway Company. The agreement provides that
nothing hut tickets may be sold in the station.
Admirable types of passenger and substations may be
found on many of the interurban roads. In the vicin-
ity of Cincinnati, Ohio, for example, two very attractive
substations are located on the Suburban Railway. The
one at Forestville, Ohio, is of stone and buff pressed
brick with stone trimmings and ornamental tile roof,
two stories high in the center with a one-story wing at
each end. The upper floor of the central part is ar-
ranged with a sunite of five rooms for the attendant of
the substation, while the lower floor is occupied by the
alternating current transformers and rotary converters.
Tach of the wings is 25 feet in length, one being a pas-
senger waiting room, and the other an express office.
On many of the interurban roads the stations resemble
in general appearance and design the way stations on

steam railway lines. A number of the stations referred
to in the report are those connected with the parks and
pleasure grounds operated in connection with street
railways, or reached by them. A good example is
found at Fairmount Park, Philadelphia, where the
facilities of this kind are of an extensive character.
The illustration presented herewith shows a pleasnre
ground station at the terminus of the Worcester and
Southbridge (Mass.) Railway Company.

XIL
CAR HOUSES.

Statistical preseniation.—The street railways of the
country were required to report the number of car
hounses used by them, and the statistical results of the
inquiry are given in Table 95. It appears from the
table that 1,634 car houses were reported for the United
States. These are widely distributed, but the states
reporting the largest number are as follows: Massachu-
setts, 236; New York, 177; Peunsylvania, 173; Ohio,
138; Illinois, 96; New Jersey, 64; Michigan and Mis-
souri, each 56; Connecticut, 55; California, 51; and
Indiana, 50.

It will be noted that Massachusetts is far in the lead
as to the number of ear houses. Of the total number
reported for that state, 115 ave reported for the Old
Colony Street Railway, the Boston and Norvthern Streot
Railway, and the Boston Elevated Railway. As these
three companies report a total of 5,987 cars of all
kinds, the car houses would seem to have an average
capacity of 52 cars per car barn.

In New York state there were 14,040 cars acconuno-
dated in 177 barns, giving an average of T per car
barn, This average, however, is brought up by the
influence of such unusual figures as those of the Inter-
urban {(or Metropolitan) Street Railway Company of
New York city, which accommodates 3,068 cars in 15
barns, an average of slightly over 204 cars per barn.
This statement of itselt gives an idea of the large
amount of valnable property required in the heart of o
great city merely for car storage, imspection, and
repairs.

The state of Pennsylvania, with an aggregate of
7,058 cars and 173 barus, had an average of 41 cars
per barn. Ohio, with 138 car barns and 4,395 cars of
all kinds, had an average of about 32 cars per barn.
Illinois, with an aggregate of 7,778 cars and 96 Larns,
had an average of 81 cars per barn; but these figures
again are brought up by the totals for the two leading
systems in Chicago, the Chicago City Railway and the
Chicago Union Traction Company, which, with 22 barns,
accommodated 4,818 cars, or 219 cars per barn,

Taking the country as a whole, it appears that with a
total of 817 operating and 170 lessor companies, or a
total of 987 companies, the average is not quite two
car barns per company. These figures are worthy of
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detailed study from various standpoints, although they
do not clearly show the burdens imposed upon the com-
panies in making provision for sheltering their cars.
Where a company has a large number of cars infended
for winter use only, and a proportionately large num-
ber of open cars available only for summer use, it stands
~ to reason that the car barn provision must be very much
larger for the same aggregate of traffic than where a
combination type of car is made to do duty the year
around. Combination cars used throughout the year
may he used up more quickly, thongh even this is not
proved; but obviously less thought and money need be
spent on the question of storing the cars when not in
service.

Construction and equipment.— Great improvement
has been made in recent years in the construction of
car houses, which, until the advent of the trolley, were
known as ““car barns.” In spite of the great attention
given to fireproof construction of these huildings, the
frequency of fires in such places has led insurance
companies to increase the rates quite generally on such
properties, and to be extremely careful in their inspec-
tion and rating. This in turn has led to further im-
provements, so that to-day many of the latést ear houses
compare favorably in fireproof quality with any other
structures. If not properly built and properly looked
after, a car house may become a dangerous risk, on
account of the inflammable material usually gathered
within its walls in the shape of cars, largely composed
of wood, and large quantities of repair materials, paint,
oil, varnish, ete. A very little indifference on the part
of tired or careless men avound the yepair pits or
stoves in a car house may result in a serious conflagra-
tion. Modern practice, therefore, in general requires
that car houses shall be subdivided more or less so as
to isolate und segregute a fire that may break out.
Those of the most approved construction are one story
in height, built of brick or stone, or both, with walls
not less than 12 inches thick. Where there arve two
stories the lower one has walls 16 inches thick. The
ground aren of a separate section should not exceed
10,000 square feet, The fire walls throughout. ave
built of brick, are without openings, and extend 3 feet
above the roof. A heavy mill roof of 8-inch plank,
covered with gravel, slate, or tin, is probably better
than an iron truss roof with composite ironwork.
Floors throughout are of brick, concrete, cinders, or
dirt where the building is of one story, and a heavy
mill construction is used for everything above the first
floor where the building is of more than one story,
The repair pits are of brick, with brick or concrete
floors, each one extending under one track only, with
steps of iron or other noncombustible material. These
pits are located as near the rear end of the car house as
possible, and are confined to one section of the houge.
The tracks in such a building run ¢ clear” without a
break, and the transfer tables are so arranged as not to

“proof and ventilated.
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interfere with the smooth and quick running of cars
within the building. Inside protection is furnished by
liberal standpipe water service, under heavy pressure,
and provision is made for cutting off all power wiring
from a point outside the house, leaving the trolley lines
““‘dead ” several feet from the front. There is also a
liberal provision of fire pails and chemical extin-
guishers, as well as of fire hose. Oils, paints, and
lamps are stored in a separate building, which is fire-
Few car houses answer to all
these requirements, but there is a steady tendency to
eliminate in every case the bad features and to adopt
those which have been outlined above as standard, in
compliance with the general requirements of the nnder-
writers, as every deviation involves a higher insurance
rate.

The variations in the details of car house construction
are almost as numerous ag the car houses themselves,
and it would indeed be difficult to mention any two that
are exactly alike. Some of the most interesting recent
work is that connected with interurban roads, where
the car house is also associated with other details of the
system, and where special attention has, therefore, to
be given to the insurance and to other features that are
not considered in the building of a mere car shed,

Thus in Newark, Ohio, there is a large car house
operated in connection with the interurban system,
which includes Columbus, Newark, and Zanesville
roads, and the Newark and Granville and other prop-
erties. This car house not only provides repair shops
for the system, but it also receives current from the
distant generating plant and serves as a substation for
the rotary converters and alternating current trans-
formers. The building is of brick, with sandstone
trimmings, and is divided by a brick fire wall into two
main parts, with an annex at one side containing offices,
boiler roon, lounging room for the men, and the sub-
station. Hach bhalf of the main building is 60 feet from
wall to wall,.and contains working pits, machine room,
repair shops, ete,  Therve ave 10 tracks with a capacity
more than sufficient to accommodate all the cars on the
systeni.  The roof is huilt of steel trusses, covered
with corrugated iron on purlines.

The Schenectady Railway Company has a very com-
plete systern of car houses and repair shops. Itmay be
noted, by way of explanation, that the great amount
of mechanical equipment required by many of the
roads for the purpose of repairs has often led to
the building of extensive and elaborate machine shops.
Thus, for example, one of the buildings belonging to
the Schenectady system, which was formerly used for
the two purposes of a car house and repair shop, has
been converted into a car house, while & new building
has been put up for repair shop purposes exclusively.
This new building is in three sections, with outside-
measurements of 201 by 210 feet. The first section
contains an armature room, machine shop, and black-
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smith shop, and adjoining the blacksmith shop an erect-
ing room, with 300 feet of car pits. The middle section
of the building has two floors, the front of the second
floor being used for offices and the remainder for store-
rooms. The first floor of this section has a steam road
switch running through it, and a teaming entrance in
front provided with platform scales. In the rear is
a large store yard for special work, rails, ties, and other
heavy materials, The third section, which has three
tracks, is divided in the middle from side to side, the
front part being a machine shop and the rear a carpen-
ter shop. Some idea of the equipment that goes into a
modern street railway machine shop may be derived
from the fact that in addition to the equipment already
possessed, the company in equipping this building pur-
chased two 15-ton hand operated cranes, a motor flat
a1 equipped with an electrically driven erane of 5 tons
eapacity, a power rail hender, and a number of shapers,
planers, boring mills, etc. The Schenectady company
has also a well-equipped emergency house, with tower
wagons which are provided with hose crossings, tools,
and wire. This house is arranged after the manner of
a fire engine house, and is connected with the fire
department alarm system of Schenectady. The wagons
respond to calls in all districts covered by its lighting
and railway system.

Another interesting and up-to-date car house equip-
ment is that of the Aurora, Elgin and Chicago Rail-
way, an interurban system completed since the close
of the census of 1902. The car house and repair shops
of this road conform very closely to the standard, which
has been explaineéd in detail. The car house built in
1902 is in three sections, with two single tracks in each
outside section for car storage, and in the middle sec-
tion three tracks, two of which have repair pits beneath
them. The floor between the tracks is much lower than
usual, giving the men a space of from 20 to 24 inches
in which to get at the sides of the trucks without lying
down, ag is necessary where the floor is built level with
the rails. The repair pits are 4 feet 8 inches deep, giv-
ing plenty of room for work underneath the car.
Across the central portion of the car house and span-
ning these three tracks is a 10-ton electric crane, which
travels the entire length of the repair shop. This
would be an abnormally heavy crane for a car house
and shop of this capacity but for the fact that the inter-
urban rolling stock of the system is very heavy, the
cars being each equipped with four 125-horsepower
motors. The width spanned by the erane is 40 feet.
Each of the repair tracks accommodates one car.
Though this building is spoken of as & car house, and
answers that definition in almost every respect, it may
he noted that the company follows in general the prac-
tice of steam railways of storing cars in the yards
instead of in the house. There are yards in the front
and rear of this car house and repair shop, and bhoth
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yards join a main line of the track, the yard heing thus
a loop-off of the main line.

Lighting of buildings, shups, car houses, ways, ¢te.—
In conmnection with the information furnigshed as to
car houses, the street railway companies were asked to
give statistics as to the lighting of their buildings, it
being conjectured that in the aggregate a large amount
of electric lighting would be shown. The companies
naturally avail themselves of their own current, because
they generate it in such quantities that the fraction
added for lighting purposes would increase but imper-
ceptibly the general cost of current production.  Some
car houses are illuminated by speecial low-voltage light-
ing dynamos, but most of them employ 500-volt current
from the trolley wires. In these cases it is good prac-
tice to have the wires supported not less than 1 inch
away from the walls of the building, ceiling, or floor, and
to protect them carefully against aceident or mechanical
injury. In examining the mechanism on the underside
of the cars, portable lights are often found necessary,
especially in the car pits, but in every case where prac-
ticable preference is given to fixed lights. Thiy is
true also where gas is employed, all fixtures being rigid
and the flames being kept at a considerable distance
from any adjacent woodwork. According to the returns
of the companies reporting electric lights employed in
their buildings, shops, car houses, etc., 5,282 arc lamps
and 235,955 incandescent lamps were in use for this pur-
pose. The amount of lighting was usually about pro-
portionate to the magnitude of the system reporting
and to the number of the miles of track and ears owned.
As will be seen from Table 95, New York reported 901
arc and 40,346 incandescent lamps; Massachusetts, 594
arc and 34,212 incandescent Illinois, 369 arc and 22,388
incandescent; Ohio, 470 are and 17,207 incandescent;
Pennsylvania, 631 arce and 18,110 incandescent; New
Jersey, 191 are and 11,782 incandescent; Michigan, 107
arc and 10,406 incandescent; Indiana, 95 arcand 5,848 in-
candescent; and Missouri, 89 arcand 11,325 incandescent.

Some of the systems reporting have for their own
use a larger amount of lighting than is farnished by
many a good gized central station lighting plant for
general urban purposes, The Boston Elevated Rail-
way, for instance, reported 353 ave and 19,096 incan-
descent lamps; the Manhattan (Elevated) Railway,
200 arc and 8,000 incandescent; the Brooklyn Rapid
Transit System, 150 are and 9,000 incandescent; the
Interurban (Metropolitan) Street Railway system, of
New York city, 150 arc and 5,000 incandescent; and
the Cleveland (Ohio) Electric Railway Company, 100
arcand 2,960 incandescent. In St. Louis, Mo., very few
arc lamps were employed in car houses, shops, ete., but
nearly 10,000 incandescent lamps were in use. In the
same manner the Detroit United Railway Company did
not report any arc lamps, but it had 1,800 incandescent
lamps. On the other hand, the Pittsburg Railways

4
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Company reported 220 are and only 1,000 incandescent
lamps. As a general rule, the roads in Philadelphia
reported few of either kind of lamp. In Chicago, also,
relatively little electric lighting was reported in spite
of the extent of the electric systems there, the largest
amount being reported by the Chicago Union Traction
Company, with 100 arc and 1,500 incandescent lamps,
and the Chicago City Railway, with 70 arc and 2,700
incandescent lamps. The Metropolitan West Side
Elevated Railway of Chicago employed no arc lamps,
but had 6,000 incandescent lamps in service. It is per-
haps a fair inference that a large part of the lighting
was for station purposes. The Rhode Island Suburban
Railway Company, of Rhode Island, and the Union
Railroad of Providence together reported 110 arc and
4,660 incandescent lamps.

XIIL.
TELEPHONE SERVICE.

Two hundred and fifty-seven street railway companies
reported exclusive telephone service, employed chiefly
for car dispatching purposes. They used 5,868 miles
of line. This does not include rented circuits or instru-
ments or other apparatus leased from telephone com-
panies. Detailed statistics with regard to the mileage
of telephone lines will be found in Table 95. A con-
siderable proportion of the mileage is found in the serv-
ice of companies doing an interurban and rural district
railway traffic. For example, the extensive system of
the Union Traction Company of Indiana has 222 miles
of telephone lines. In Massachusetts the Boston and
Northern Street Railway Company reported 182 miles;
the North Jersey Street Railway Company in New
Jersey, which covers a large section of the state, re-
ported 150 miles of telephone line; the Detroit United
Railways Company of Michigan operated 150 miles;
and in New York state the Hudson Valley Railway
Company reported 187 miles.

As already noted the telephone is principally em-
ployed for car dispatching, especially on the interurban
and suburban lines. On some of the longer and faster
roads the automatic hlock signal system is in use; but
the telephone has been found to lend itself to interur-
ban railway work, on even the more important network
of lines. The overhead line construction is particu-
larly well adapted to the system, especially where cen-
ter poles are used, as the telephone wires are thus
brought near to the cars. But even with side poles
there is little difficulty in making the connection,
the only additional requirement being a longer cord
between the telephone pole and the telephone. The
telephone can be employed either by locating the tele-
phone hox or instruments within the car itself, or by
attaching the box, under lock and key, to one of the
poles along the ronte. An alternative method Tequires
the car conductor to carry with him a portable tele-

phone set, which he can plug in at any given point
along the line where connections have heen provided.

One method of using the system is to run two par-
allel telephone wires along the road with which the
telephone is connected by means of double hooks, one
above the other, or by a double-pronged hook intro-
duced between the two telephone wires. The object of
the two wires is to provide a metallic or two-wire cir-
cuit, which insures better service by cutting out the in-
duction which would result from a one-line wire with
ground return. This plan has been followed on the St.
Louis, St. Charles and Western Railway, where two
telephone wires are carried, one ahove the other, on in-
sulators attached directly to the line pole, thus render-
ing the use of cross arms unnecessary. This telephone
circuit runs the entirve length of the road, with perma-
nent connections to the line wires at the fixed telephone
instruments inthe offices o stations of the road. Therve
are no telephone stations or connection hoxes along the
track of the route, but the telephone set is installed
within the car. The telephone is used only when the
car is stationary, and the connection with the line wires
is effected by an ordinary fishing pole with telephone
cord running along it. Two hooks are fastened to the
extremity of this pole, the distance between them heing
a little less than that between the telephone line wires
at their point of support. The upper hook has a spival
spring which allows considerable adjustment between
it and the lower hook to insure good contact for hoth
of them. The upper hook being caught into position,
the weight of the pole causes the lower hook to rest
securely in touch with the other wire.

The teléphone system is largely used in connection
with single track roads, especially at turn-outs. The
practice in train dispatching on the interurban lines
around Detroit illustrates the method. All the electric
interurban railways radiating from Detroit operate
under dispatchers’ orders given by telephone. The
methods used by-the three different managements which
operate these lines are very similar, and differ only in
detail. Ineach case telephones are located in cabins or
booths at sidings along the line, and no telephone instru-
ments are carried on the cars. The orders are all ro-
ceived orally, and no written record is kept. The
Detroit United Railway system operates all its intor-
urban lines, except the Wyandotte division, from one
dispatcher’s office located at Royal Oak junction, 14
miles from Detroit, from which point the dispatcher
has telephonic communication with the whole united
interurban system. Orders are received at the tele-
phone booths by the conductors and are repeated to the
dispatcher. The motorman must be within hearing to
hear the order repeated.

The telephone lines are mainly of iron wire. Those
outside the city are run on brackets with ¢ pony * insu-
lators. To prevent inductive disturbances they are
transposed every 10 poles, and in the case of high-
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tension alternating current lines, are transposed every
5 poles. The standard telephone equipment for the
booths consists of ‘a telephone instrument with an 1,800-
ohm ringer, and a 5-bar magneto-generator which will
ring through 60,000 ohms resistance. The instruments
in each booth are connected with the line through a
double-pole, single-throw switch. This switch is open
when the telephone is not in use, in order that the line
may not be rendered inefficient by having a large num-
ber of instruments bridged across it, thus increasing
unnecessarily the resistance of the circuit. At the dis-

patcher’s office there are switchboards in duplicate for .

the dispatcher, so that in case anything goes wrong
with one board the other can be immediately switched
in. Thereare four lines entering the dispatcher’s office;
econnection with any one of these is established by
simply throwing an operator’s switch. The circuits are
so arranged that communication can be had with many
points on the system from two directions, and double-
pole switches are placed at frequent intervals. In case
a line is short circuited or grounded at a certain point,
the switches on both sides of the trouble can be opened,
and the work of dispatching can then be carried on
without interruption. Within the city of Detroit tele-
phone lines are frequently suspended from the electric
railway span wires by means of porcelain insulators.
This keeps the telephone wire in the middle of the street
where it is free from interference by the trees.

One of the mostinteresting telephone gystems recently
put into operation in street railway service is that of the
Manhattan Railway division of the Interborough Rapid
Transit Company, 6f New York city. The exchange is
located at Ninety-ninth street and Third avenue, in oper-
ating rooms built for the purpose above the car shops
of the company. The main operating room contains the
switchhoard, the distributing frame, fuse rack, velay
and coil racks, and the wire chief’s desk. The board is
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of the * central energy ” type with all the battery con-
centrated at the main office. The greatest distance from
the central office to the instruments is about 8.5 miles.
There are positions for 6 operators at the switch-
board, each position being equipped with 15 pairs of
intercommunicating plug cireuits, consisting of double
supervisory signals and combination ringing and listen-
ing cams. There is a testing section on the board,
including a voltmeter and cord circuits for making
ordinary line tests. '

At the present time about 300 lines are in use, but
the board as equipped would allow the operation of
about 600 lines. The board is operated in the usnal
way with signal lamps, with additional bell signals for
night service. The wire chief’s desk is placed well in
front of the switchboard and is so arranged that the
attendant in charge can act both as monitor and ag wire
chief. Telephones are located in each passenger sta-
tion and switch tower along the elevated tracks of the
Manhattan Railway, as well ag in all the offices, the
power house, substations, and ear shops,

Two. styles of telephones are in use in the system.
One of these is a wall type, which is employed in all
the car shops, switch towers, inspection sheds, ete.
The other style is a desk telephone, which is at the
elbow of the ticket seller in his booth, and puts every
station in direct touch with headquarters. All the out-

 side wiring, connecting the exchange with the instru-

ments, consists of lead covered cable, containing from 5
to 120 pairs of line. These eables are carried 1 a
galvanized wire fastened to the elevated railroad sti:e-
ture with iron brackets or hangers. The force required
for the system consists of the telephone engineer, 8
operators, and 5 repairmen. The operators work in 3
shifts, with 5 operators at the board in the busiest time
of the day. '



CHAPTER IV.
INTERURBAN RAILWAY CONSTRUCTION AND EQUIPMENT.

In the Eastern states, until recently, the interurban
roads have been usually an extension of some city sys-
tem, owned and operated by it, and presenting few,
if any, differences in the rolling stock and equipment
within the city and outside. On the other hand, from
the beginning of interurban railway construction in
such states as Obio, Indiana, and Michigan, as well as
in those states farther west, cross country roads have
often been planned and constructed to parallel and com-
pete with steam railways, or to supply transportation
to sections which the steam railways had not found it
profitable to reach. It thus appears that, while many
of the eastern intermrban systems, which have now
grown into networks of considerable magnitude, pre-
gent close analogies to the street railway systems, of
which they still remain a part; not a few of the western
roads are to all intents and purposes steam railways,
with the substitution of the self-contained electric car
for the steam locomotive.

Where the interurban road is an outgrowth of the
street railway system the tracks and roadbed are
usually of the character to be found in semicity dis-
tricts. In some instances, as, for example, in the case
of the road hetween Albany and Schenectady, N. Y.,
a distance of about 18 miles, the construction of the
road has belped the building in rural regions of road-
ways of a superior construction, such as would prob-
ably not have been found there but for the trolley.

In the Central West at least 75 per cent of the inter-
urban roads are located on private rights of way, which
usually follow the line of the public highway. The
private right of way is from 30 to 40 feet wide for single
track roads, on which a standard roadbed is laid with
70 to 80 pound rails and with No. 0000 copper bonds
at each joint in the rail. As a general thing the
electric roads have been less careful than the steam
roads to avoid grades and curves. The engineers have
often relied upon the high-tractive ability of the elec-
tric motor car, as compared with the locomotive, for
work on steep grades. The bridge construction along
such roads, however, is very often of a superior char-
acter, consisting of steel girder construction and com-
paring favorably with steam railway practices.

In the case of single track interurban roads, bracket
construction is generally used for the overhead wires,
with poles about 35 feet high, set from 90 to 100 feet
apart. The bracket arm has flexible suspension for the
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entire length of the trolley wire. T'wo trolley wires are
usually employed as a means of avoiding overhead frogs
at turn-outs, which makes possible the maintenance of
high speed and avoids interruption of the service in
case of the breaking of one of the wires. The trolley
poles also carry the high-tension lines transmitting the
alternating current, which is lowered in pressure and
converted into direct current at the frequent substa-
tions, for use on the service wires and cars. Copper
wire is largely in use for this current and for the direct
current feeders, but already about 20 per cent of such
circuits are composed of aluminum wire, which is being
experimented with. The three high-tension wires con-
stituting the three sides of the three-phase circuits
running from the generator at the power plant to the
transformer at the substution are usually carried at the
tops of the polesin the form of an equilateral triangle,
with the wires 8 inches apart. In this way pressures
as high as 40,000 volts are successfully sustained. The
circuits are carried on glass or porcelain insulators, and
are protected hy lightning arresters against storms
which might otherwise do damage to line and cars.

Third-rail troction.—A. considerable number of in-
terurban roads have adopted the third-rail system.
One of the most noteworthy of these, technically, is
that extending from Albany to Hudson, N. Y., which
has been in operation for two or three years, and which
hag an unprotected third rail.

A notable system with protected third rail is that
extending from Wilkesbarre to Hazelton, Pa. The con-
tact rail, which is the main feature of the system, so far
as this section of the report is concerned, is protected
from sleet and snow by means of a hood, made of 2 by 6
inch pine plank held directly over the rail, supported by
oak posts spaced every 8 feet. Both guard and rail are
carried by unglazed vitrified clay insulators, spaced
every 10 feet on the ties, Owing to the protection over
the third rail the contact shoes or plows are in the form of
a tongue or thick plate extending outward horizontally
from the car truck, so pivoted and ratcheted that its ad-
justment to the rail can be changed readily. There is
also a switch governing the connections between the
third-rail shoe and the overhead trolley, which is em-
ployed for use within city limits. This railway is 26,2
miles in length and the journey by steam road between
these two cities has hitherto occupied two hours. At
the same average speed the Wilkesbarre and Hazelton




VO ONIdATTIS ATTIOHL NVOINTIAY L1SHIZ 40 HOI¥3L X3




. .Awlnmmﬂ&w

iNTERURBAN RAILWAY CONSTRUCTION AND EQUIPMENT. 215

road can carry passengers in seventy minutes or less
between the same points. The speed ordinances gov-
erning the movement of the cars in the streets of the
respective cities leave only forty minutes out of sixty
or seventy in which to cover the distance over the pri-
vate right of way. There is a difference of 1,200 feet
in the altitude of the terminal points and the right of
way, 60 feet wide, is so laid out that throughout the
entire line there is not a grade exceeding 3 per centand
only one curve of 18°. The grade thus established
necessitated some heavy fills and deep rock cuts and a
tunnel 2,600 feet long through the Penobscot mountain.

Another interesting third-rail system is that of the
Jackson and Battle Creek Traction Company, connect-
ing the cities of Jackson and Battle Creek, in Michigan,
about 45 miles apart. This road is single track and
built on private right of way. It has a third-rail con-
tact, with the contact rail outside the track rails. The
head of the contact rail is 6 inches above the track rails,
and is supported on reconstructed granite insulators
without iron top or base, placed every 10 feet. Atroad
and farm crossings the third rail is broken and the cir-
cuit is continued under the track with lead covered and
paper insulated cables. At these points the third rail
is provided with oak inclines or tips.

A third-rail system has been built on the Pacific coast
between San Francisco and San Rafael, a distance of
13.69 miles, by the North Shore Railroad Company,
which had previously operated by steam. For the
third or contact rail, which is placed outside the regular
track, 60-pound rails are used over about half of the
line in 80-foot lengths, and 56-pound rails over the rest.
The ends of the rail at crossings are tipped or fitted
with an approach block in the usual manner. The rail
is mounted on block insulators fastened to the ends of
avery fifth tie, so as to give the insulators 10 feet be-
tween centers. Wooden insulators have been used for
this purpose, and this cheaper construction appears to
have been justified by the successful operation of the
roadin all kinds of weather, although this region is free
from snow and sleet. The material used for the insu-
lator is California redwood covered with a coat of
asphaltic paint. The top of the contact rail is 6 inchey
above the top of the running rail, and the center of the
rail is 27 inches outside of the gauge line -of track.
Where the roadbed will permit, the contact rails are
supported on beams 4 by 6 inches laid across two ties,
and fastened to the latter by wooden treenails. Where
an earth support is used, the contact rails are supported
independently of the track by means of strips 2 by 6
inches and 3 inches long treenailed to the tops of
stout posts driven into the ground to such a depth as
to give the correct elevation to the contact rail. In the
yards at Sausalito and San Rafael the contact rail has
been equipped with a guard or hood, the device em-
ployed being similar to that used on the Wilkesbarre
and Hazelton road. At station platforms the contact

rail is still more carefully guarded. At crossings, sta-
tions, and other exposed points warning signs have
been placed. The total mileage of clectrically operated
track on this system ig 13.69 miles.

LPuassenger cars.—The rolling stock of interurban roads
is very often quite similar to that employed on urban
systems, but important modifications have in many
cases been made to meet local requirements. A fast
schedule.is a desirable feature of strictly interurban
service, and this is determined by the character of the
rolling stock and roadbed. Yet the maximum speed
becomes important only when the length of the run be-
tween stops exceeds 1 or 2miles. Inthe usual mixed city
and interurban service stops will vary from ten to themile
in the city to one in 5 miles or even less in the interurban
portion. They average four stops per mile in the city, '
two in the suburbs, and one to one and one-half in every
9 miles of rural track. IHence the power to secure
proper acceleration is of considerable importance in
maintaining a fast schedule, and attention is given to
this point in the motor equipment of the car.

All the interurban cars ave of the double-truck type,
and a great many of them are equipped with four mo-
tors, one on each axle. If the grade exceeds 5 per
cent and the rate of acceleration exceeds 1.75 miles per
hour per second, four motors per car are found essential
to a veliable service. IEven where other -conditions
would permit the use of two motors the dimensions re-
quired for the necessary horsepower may be such as to
exceed the allowable space, in which case four motors
of smaller build but of the same capacity are used. A
6-foot, wheel base has been generally adopted for bogie
trucks, which, with a 63-inch axle and a12-inch bolster,
leaves little space for the motor. The wheel diameter
is limited in many cases to 83 inches by the required
height of the car body. There is a tendency to the use
of longer wheel bases, owing to the high speed at which
the interurban roads have lately been operating.

The average length of the standard interurban car to-
day is about 50 feet, with a total weight, when equipped,
of 25 tons, and with four motors of 50 horsepower, one
upon each axle of the double trucks. The air brakes ave
usually motor driven, but one or two of the lines em-
ploy storage air. Many of the cars provide hoth bag-
gage and passenger accommodations, the baggage com-
partment being used also as a smoking compartment.
Al of them are lighted with electricity. Many are
heated by hot water, this proving more economical and
efficient than direct electrical heating under the condi-
tions involved. In Michigan some of the cars are over
60 feet in length, with high-backed upholstered seats,
M. C. B. trucks, and steel tired wheels. “Some of the
cars on the Columbus, Delaware and Marion (Ohio)
Railway Company’s line ave 66.3 feet over all, being at
least 5 feet longer than any other interurban cars built,
so far as known. On the same line there are also some
handsome 50-foot cars divided into two compartments,
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with a seating capacity of 52 passengers. The cost of
the car, finished in solid mahogany with extra bronze
trimmings and elaborate electroliers, was about $11,000.

A number of the cars on interurban roads are of the
semiconvertible type already referred to in another
chapter, while open cars are also in use to some extent.
On high-speed roads the ordinary type of open car
with outer running board has obvious .objections.
Those built for the Northern Texas Traction Company
have a center aisle with end entrances.

One of the most interesting developments in the roll-
ing stock of these interurban lines has been the con-
struction and equipment of two sleeping cars for use
on the Ohio and Indiana long interurbanlines. The car
is similar in outward appearance to an ordinary parlor
or sleeping car, and is mounted on two trucks, each of
which is arranged to carry two 150-horsepower motors,
givinga total of fourmotors of 600-horsepower capacity
for the car. The interior arrangement is different
from that of the ordinary sleeping car. The upper
berth,is folded up during the day, and the lower berth
congists of two revolving chairs, which are swung to-
gether at night, the cushions for the berth heing
obtained from the bottoms and hacks of the chairs.
The car has a second or false floor built on top of the
regular floor, and the partitions all slide down between
the double floors in the daytime, working on the same
principle as a roller top desk. The berths are 27
inches wide, which leaves 15 inches between the sides
of the berth and the partitions of the compartment.
The coach is fitted with the regular motorman’s cab,
controller apparatus, headlight, coweatcher, ete.

Fresght and cwpress service.~—For a long time it has
been the practice to carry mail matter on street cars.
This began with the granting of free transportation to
mail carriers with their baggage, and has developed grad-
nally into a'service which comprises completely equipped
mail cars in which letters and newspapers can be sorted
and disposed of. It is a frequent practice to furnish
street cars with boxes into which mail matter can be
dropped along the route traversed by the car, the mail
being collected from the car at the points most conven-
ient to the general post office.

The handling of baggage and freight on strect railway

lines had a slower development, and is still in its experi-
mental stage. In New York city an express transporta-
tion company operates in connection with the Metropol-
itan Street Railway Compfm) and utilizes several ex-
press street cars, which run between designated points
at certain hours of the day solely for the purpose of
transferring express, baggage, and packages in bulk.
. Some of the street railway companies have gone more
thoroughly into the heavy freight business, and have
provided themselves with rolling stock and freight
houses.

But the most extensive development of freight and
express business has taken place on the interurban
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lines. An illustration of this development is found

in the case of the various interurban lines entering

Toledo, Ohio, over the tracks of the Toledo Railways
and Light Company, with which they have traffic
arrangements. The freight cars of these lines run
alongside a regular freight house, with a large un-
loading platform. Six cars can be accommodated at
the same time, and there is ample space for drays to
load and unload. TFreight cars are run at such hours ot
the day and night as interfere least with the regular
schedule of passenger cars, The freight depot is owned
by the city company, each interurban company paying
a certain rental. The schedules of the several roads
using this terminal are so arranged that the freight cars
do not reach the station at the same time, and the work
is equalized throughout the day. The Lake Shore Elec-
tric Railway operates three freight runs or three carsa
day each way. It sends out a special meat car every
day from Toledo. The Toledo and Monroe and the To-
ledo and Maumee Valley railways have each two cars
each way. The Toledo and Western Railway has two
runs out of the station each day. It brings a special
milk car into the city every morning. Milk is handled
by all the roads named at a straight rate of L4 ceuts a
gallon for any distance, and milk tickets are sold by the
general officers and agents of each company. Special
carload lots are handled at special rates, the Toledo sta-
tion agent being authorized to give carload rates over
any of the roads. The minimum charge for any article
is 25 cents. The freight station is managed by a com-
mittee composed of the general managers of the compa-
nies interested; but the business of each road igconducted
separately.

Many of the cars on these roads arve ordinary freight
cars with brake equipment, ete., similar to that on steam
railways. A great many of the interurban cars, how-
ever, have freight or baggage compartments in the
passenger cars. The Steubenville Traction and Light
Company handles all its freight in combination cars.
The rates are not so high as the express rates, but
slightly inadvance of the steam railroad freight charges,
Out of a total car length over the bumpers of 40 feet 8
inches, the baggage section occupies 11 feet 6 inches,
giving space for alarge quantity of miscellaneous freight
and express.

Many of these roads have developed a 1egu1ar system
of accounting for freight and express service, the sys-
tem being similar to that followed by the express com-
panies of this country. The Dayton and Troy (Ohio)
Electric Railway has its own wagons for express serv-
ice in the larger stations, but in smaller places it pays
20 per cent of the charges for delivery to the parcel
delivery wagons. It has through billing arrangements
with the Southern Ohio Express Company, which oper-
ates on the Southern Ohio Traction Company’s cars, its
express rates being eonsiderably under those of the old
express companies.
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This company has 55-foot freight cars, which make
. two round trips every day between Piqua and Dayton.
The company issues a freight classification, identical
with the regular railroad classification, upon which rates
are based. Through billing of freight hasbeen arranged
for between the lines of several of the traction compa-
nies which enter Dayton by a division of the chargesand
a sharing of the expense.

The Mahoning Valley (Ohio and Pennsylvania) Rail-
way Company operates two closed cars, built especially
for freight and express service. There are 8 men on
each car—the conductor, the motorman, and a laborer,
Freight depots have been located in each city and vil-
lage through which the line operates, although not all
were constructed for this purpose. At Niles, Ohio, a
depot has been built especially for freight business in
connection with the company’s power house; at Girard,
Strathers, Lowellville, Ohio, and Newcastle, Pa., the
company has buildings of its own; at Youngstown,
Ohio, and at Edenburg, Pa., there are freight rooms in
connection with the stations. The company does not
use combination cars. It is the policy of the manage-
ment to keep the passenger traffic entirely distinet from
the freight business.

The package freight business of the Cincinnati,
Dayton and Toledo Traction Company, formerly the
Southern Ohio Traction Company, is conducted by the
Southern Express Company. When the Southern Ohio
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properties were first consolidated the express business
was placed in the hands of the Wells-Fargo Express
Company under a contract similar to those-in force on
steam roads. The net returns to the traction company
were not satisfactory, however, and the company de-
cided to conduct the business itself. The Southern
Ohio Express Company is a distinct organization, incor-
porated with a nominal capital stock of $2,500. The
traction company furnishes the cars, crews, and power
and receives 10 cents per car mile for the mileage of
the freight cars. The express company operates two
35-foot freight cars between Cincinnati and Dayton,
making two trips each way per day. At the beginning
it purchased 80 first-class wagons and teams, sending
out numerous solicitors and establishing stations in the
leading towns in the territory it intended to occupy.
Delivery wagons are maintained in all the leading towns,
and in Cincinnati and Dayton the wagons have regular
routes, making four trips per day to over 1,500 leading
business houses. The company uses the traction com-
pany’s pagsenger and terminal stations in Cincinnati,
Hamilton, Middletown, Franklin, Miamisburg, and
Dayton, paying half the expenses of the maintenance
of the station and the salaries of its own agents. The
operating expenses of the express company amount to
about 75 per cent of the gross receipts. For a time
the net loss was large, but for the year 1902-3 it was
estimated that the net profits would be about $10,000.



CHAPTER V.

POWER HOUSES, EQUIPMENT, AND OUTPUT.

1.
POWER PLANT AND GENERATING EQUIPMENT,

The data relating to power plant and electric gener-
ating equipment of street railway companies are shown
in Table 96. The use of electricity or other mechanical
motive power was reported by 764 companies, which
returned a statement of 805 power houses, not including
substations and companies that purchased their motive
power.

As steam was reported by 540 companies as the pri-
mary motive power for generating their electric current,
it would appear that these companies in some instances
embrace & number of subsidiary companies, thus fur-
nishing current for their whole network from plants of
a sufficient capacity to care for the necessities of more
than one road. The 2,336 steam engines, which are
classified in the table according to horsepower capacity,
had an average of 556 horsepower per engine. The
1,589 engines, with a capacity of 500 horsepower or
under, had a total capacity of 421,051 horsepower, an
average of 265 horsepower per engine. The 430 engines
having a capacity of more than 500 but less than 1,000
horsepower had a total capacity of 297,257 horsepower,
an average of 691 horsepower per engine. The 317 en-
gines of 1,000 horsepower and over had a total capacity
of 579,825 horsepower, an average of 1,829 horsepower
per engine.

There were 37 companies that reported the direct use
of waterpower in their own plants for current genera-
tion and that did not sell any such power in the form of
hydraulic service or electric current. These companies
used 159 water wheels or turbines, with a total of 49,153

horsepower, an average of slightly over 800 horsepower

per wheel. There were 129 water wheels of 500 horse-

- power or under; 12 of more than 500 but less than 1,000

horsepower; and 18 of 1,000 but less than 2,000 horse-
power. Of the total horsepower thus reported, 84,215,
or 69.6 per cent, was reported by 16 companies in the
states of California, Georgia, Maine, Minnesota, and
New York. The largestplant of this nature was shown
tor the Twin City Rapid Transit Company, of Minne-
apolis, Minn., which reported the use of 12 water
wheels, 10 of which were of 1,000 horsepower each. It
should be borne in mind, however, that other than that
included in the table, waterpower is extensively used
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for the operation of street railway companies. A nota-
ble case is that found at Niagara Falls, which may be
taken as typical, and which not only generates current
directly for the local street railway network at the Falls,
but which also transmits an immense amount of power
some 20 miles to Buffalo, where it is manipulated and
employed on a large scale for the propulsion of the cars
of the Buffalo systems, as well as the cars of the inter-
urban system between the two points. Detailed statis-
tics of water wheels will be found in Supplementary .
Table 8, which also presents the details for the gas
engines employed in the main generating plants.

It appears that 15 gasengines, of a total of 1,995 horse-
power, were employed. Three of these, with a total
of 1,000 horsepower, were located in the state of Penn-
sylvania, and 5, of a total of 400 horsepower, in Illinois,
These two states alone account for nearly 75 per cent of
the capacity reported. The power plant statistics in
Table 96 include also 301 auxiliary steam engines, of a
total capacity of 10,074 horsepower, which were used
by 84 companies for miscellaneous purposes, such ay
driving pumps, ete.

The power plants referred to in Table 96 reported a
total of 3,858 boilers, with an indicated capacity of
898,205 horsepower, the average capacity per hoiler
being 282 horsepower. In a general way the approved
practice is to have a boiler capacity larger than ‘the
engine capacity and an engine capacity larger than the
generator capacity, thus providing a liberal factor or
percentage of safety over unavoidable losses. Tho
figures in Table 96 would indicate an apparent depar-
ture from this practice, but the departure is more appar-
ent than real. Asa matter of fact, the boiler capacity
would usually be found quite adequate for the work it
is required to do. Many power houses have dynamo
and engine capacity in duplicate or in reserve to pro-
vide against a possible breakdown of any unit, or for
changing the load from one set of apparatus to anothor,
according to the demands at different hours of the day,
although the same boilers remain in active service all
the time.

The statistics for the number and horsepower of
dynamos driven by steam engines, gas engines, and
water wheels, respectively, are given in Table 96, The
table shows a total of 8,302 dynamos of all kinds, with
total capacity of 1,204,238 horsepower; in round num-
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bers, about 900,000 kilowatts. The 2,861 dynamos of the
direct current type had a total capacity of 972,314 horse-
power, and the 441 alternating current dynamos a total
capacity of 281,924 horsepower. It appears, therefore,
that the direct current apparatus furnished nearly 81
per cent of the total capacity. Of the direct current
dynamos, 2,324 had a capacity of 500 horsepower or
less, with a total of 422,924 horsepower; 828, more than
500 bat less than 1,000 horsepower capacity, with a
total of 218,984 horsepower; and 209 had a capacity of
1,000 horsepower and over, with a total capacity of
880,456 horsepower. The use of small machines evi-
dently predominates, as more than three-fourths of all
the machinery was rated at 500 horsepower or under,
and the capacity of such dynamos was 43.5 per cent of
the total for direct current. Supplementary Table 4,
which supplements Table 98, in regard to the distribu-
tion of alternating current dynamos, shows that this
form of dynamo was employed by 163 companies. Of
thisnuomber128 reported that they also generated current
for sale for light and power, thus indicating the use of
these generators on a wide range of service, quite aside
from and additional to that in the street railway field.
The 441 alternating current dynamos had a total capacity
of 231,924 horsepower, an average of 526 horsepower
per dynamo. Three hundred and twenty-nine of these
machines were of 500 horsepower or under, with a total
eapacity of 61,935 horsepower; 54 were of more than 500
but less than 1,000 horsepower, with a total of 36,418
horsepower; and 58 were of 1,000 horsepower and over,
with a total capacity of 133,571 horsepower. Itappears,
therefore, that the alternating current dynamo reversed
the conditions in regard to direct current, and that the
38 dynamos of the larger size, or only 13 per cent of
the total number, have 57.6 per cent of the total capacity.

Location of power house.—The electric railway power
house and its equipment and the methods adopted for
delivering current to the line, are among the most im-
portant subjects embraced within thisreport. Although
the conditions of operation and the nature of the appa-
ratus employed have changed in a most radical and
revolutionary way since the first trolley car went into
successful operation, certain fundamental principles
still, and will probably always, apply to the location of
the power plant itself, although it is by no means sure
that the substations will remain as they are, either as to
location or as to equipment, or even as a continuing
necessity.

The considerations governing the location of the
central power house are primarily those connected with
the supply of fuel or juxtaposition to the waterpower
by which the generators are to be driven, and next to
these considerations may be said to come the supply of
water for the hoilers and the disposal of ashes, Hence,
in a great many places, it has been found desirable to
place the power plant near the railvoad tracks over
which its coal supply must be transported. In towns
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of smaller size and on interurban roads the governing
consideration is not centralization, but is to be looked
for rather in convenience of access to the coal or water
supply. The location of the power house has, more-
over, been vendered of less vital importance than
formerly by the general adoption of the plan of having
substations, a practice which naturally makes for flex-
ihility. The substation itself is the outgrowth of the
widespread use of alternating current machinery instead
of direct current generation.

The well-established limits to the economic distribu-
tion of direct current at the ordinary voltages for street
railway work—say, between 450 and 550 volts at the
motors—do not exceed 10 miles, although longer dis-
tances have been covered. A great many electric rail-
way systems far exceed such a length either in total
mileage of track within a limited avea or in the continu-
ous stretch of a line in some given direction; but if the
power plant be divect current, and be located midway of
the line of road 16 to 20 miles long, it is advantageously
disposed with regard to its work, and can feed current
economically to cars even at the two termini. When,
however, roads are from 50 to 100 miles in length, the
substation becomes a necessity, if the current is to be
distributed from one central power house. The high-
pressure alternating current has been found in practice,
during the past ten years, to be equally desirable for
carrent distribution in cities where every inch of trac-
tion is well within the limit at which direct current
could be furnished economically to the cars from a cen-
tral power house. The principal reason for this is that
the use of the alternating current enables the power
houses to be centralized and reduced in number. In-
deed many engineers believe that with alternating cur-
rent motors on the cars substations will disappear, or
at least will be so modified ag to their functions that the
location of the power house may have to be determined
upon other grounds and arguments than have hereto-
fore applied. If this belief is well founded, the prac-
tice of using substations will have proved a short lived
one. But it may be pointed out that the literature of
the industry ten years ago is virtually bare of refer-
ence to alternating current supplied to substations.
For a time, and even at the period in the art under dis-
cussion, boosters for maintaining voltage at remote
points on the system offered a temporary solution of
the difficulties encountered in direct current supply.
The recent advent of alternating current, however, has
so changed the outlook and the conditions that the un-
economical booster is no longer considerved as a serious
factor. In the earlier days the question of determining
the best location of the station might he governed by
the fact that, in order to attain cheap fuel or a cheap
water supply, the gain in this direction might be offset
by the increased investment in feeder construction.
Here again resort to the alternating current has modi-
fied the principles which governed within the decade,
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A fow figures compiled by Mr. A. B. Herrick, bear-
ing upon these points, may be cited as of general
interest:

Take, for example, a 15-mile gtretch of road with cars uniformly
placed, requiring 20 amperes per mile average and 40 amperes per
mile maximum, and assume 20 per cent drop in voltage on 7% miles
of road. With the station centrally located the copper will cost
about $20,000. If the station is 2 miles from the center of distri-
bution the installation cost for copper will be increased $6,700.
Property in the central location would, therefore, be worth this
much more to the railway company, as better distribution could be
obtained from a station on that site.

Where the coal ean be delivered directly from the cars to the
coal bins of the station the cost for handling is at the lowest.
Where there is any rehandling the price depends upon the distance
traversed. To load and move 1 ton I mile or less costs about 2b
cents per ton; 1} miles, 30 cents; 2 miles, 32 cents. These figures
are taken from average prices paid for hauling over a variety of
roads. A station with the capacity mentioned above would require,
on an average, about 11 tons of coal per day. If hauled 1 mile
this would cost per year, with shrinkage in coal weight due to
moving, about $1,000, or 6 per cent on an investment of $16,666.

The value of condensation in a street railway plant of the size
cited above can be roughly estimated at 18 per cent saving in coal.
At $2.80 per ton this would be $2,023 per year, or 6 per cent on an
investment of $38,700. This station would fake about 700,000
cubic feet of water per annum for boiler use. If the water had to
be bought at, say, $1 per 1,000 cubic feet a gite would be worth
$11,600 more where free water could be obtained.

Construction of power houses.—The electric railway
power houses enumerated in this report are almost
universally built of brick with stone trimmings, and
are usually of a most substantial character. They are
sometimes quite ornate in appearance. Of late steel
framework has been largely resorted to in their con-
struction. It is a common and advantageous plan to
divide the building into two main portions, one occupied
by the boilers, the other by the engine or dynamo. In
some cases the power plant is associated with the car
barns and even with the general offices of the company.
In some plants the building, instead of being laid out
on one floor at the street level, is two or three stories
in height, with the various steam and electrical depart-
ments imposed one upon another. The determining
considerationin this matter of height is usually the cost
of real estate.

The building requirements laid down by insurance
companies for rating risks on electric light and power
stations indicate, in detail, what would be generally
regarded as the best present day practice in such con-
struction. The regulations and restrictions embody the
following features:

Walls: Brick or stone, at least 8 inches in thickness for a one-
story station, and 4 inches to be added for each additional story;
oriron, to extend at least 3 feet above roof. Height: One story,
without space below. Area: Not over 5,000 square feet of ground
between standard five walls. Roof: Metal, with metal trusses and
supports. Floor: Brick, cement, stone, or earth. Wooden plat-
forms may be used about machines. Cornice: Brick, stone, or
metal. Taves: Not less than 15 feet from ground, Finish: No
combustible finish or finish leaving concealed spaces. Division
walls, if any, fo be of brick or stone, with standard fire doors or
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shutters. Partitions about offices, storerooms, or elsewhere to he
of noncombustible material. Boiler, except in standard station,
to be outside ar cut off by standard fire wall, with standard fire
doore and shutters. Roof of boiler house to have proper ventila-
tor. Stack: Brick, or if iren, to be outside and on brick founda-
tion. Wire tower, it any, to be brick or stone, with same kind of
roof as station proper. Stairs, if any, to be properly inclosed
when deemed necessary. Elevators, if any, to be in brick tower,
or with self-closing hatches. Heating to be by steam, hot water,
or hot air by blower gystem; piping for same to be free from
woodwork and supported by iron hangers. Stoves may be used
in office only, Lighting to be by gas, with Jrackets so arranged
as not to allow flame to come in contact with woodwork; or by
electricity, with wiring in accordance with rules. Oceupaney to
be only for legitimate uses of the station itself. Exposure: Must
he unexposed to other hazards within 50 feet; or, if expased, to
have approved fire walls on exposed sides.

Eguipment of power houses.—Atb the beginning of the
ten-year period which closed with the year of the special
investigation, steam generating plants were usually
equipped with sectional tubular boilers similar to those
in most modern plants, and many other features of con-
struction and equipment were not greatly dissimilar to
those of to-day. The great power plant of 1902 differs
most strikingly from the older plant in its more general
use of automatic machinery of all kinds for bringing
coal to the hoiler fronts, for stoking the fuel upon the
grates, and for disposing of ashes. The generating
plants in 1892 usually consisted of a number of small
units leather-belted directly to the steam engines, some-
times even with the intervention of countershafting.
Direct connected engines and dynamos were rare, Most
of the engines at that time, therefore, were of high
speed, and the dynamos or electric generators were of
the bipolar type. The engines were frequently simple
in type, and even when compounded were often run
noncondensing. The bipolar generators, though wound
for the higher voltages—e. g., 500 volts—even then
becoming the standard on street railways, were of the
general type designed for electrie lighting, and were
not particularly well adapted for the purposes intended.
The water wheels now in use in electric railway power
houses do not differ greatly from thoso of 1892, ex-
cept that it has been found necessary to adapt them
to generating plants of the long-distance power-trans-
wission type. In 1892, however, the heads under
which the water wheels operated were far less efficient
than those of 1902, and the requirements were in every
respect less exacting, the units, moveover, heing much
smaller,

In the modern plant much cave and thought are
given to the classifications and specifications applying
to the equipment, especially the huge generntors and
steam engines, or turbines. The engine and genera-
tor specifications, for example, must be in harmony
so far as capacity, speed, and regulation are concerned.
'It is the general practice of manufacturors of generat-
ing dynamos to give their machinery a nominal rating,
which allows for 25 per cent, 50 per cent, or even 75
per cent overload for certain periods of time ranging
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from ten minutes up to two hours or longer. The
engine built to drive direct or continuous current gen-
erated in this class of work is designed for rapid changes

- of speed and output, for certain changes in the load and

for close regulation. What would be considered ideal
regulation in a direct current plant, however, would
bardly he satisfactory with alternating current genera-
tors. There is no great difficulty in running two or
more direct current generators together on the same
cirenit, and in dividing the load so that each does its
share of work; but in running alternating current gen-
erators, parvticularly at slow or medium speeds, the
problem is different, and calls for other conditions of
design.

The engineering societies of the country, such as the
American Institute of Electrical Engineers, and the
American Society 0f Mechanical Engineers, have for-
mulated general rules bearing upon these points, and
established certain standards for direct connected gen-
erating sets of machinery. As to the general practice
throughout the country at the time of this report, some
interesting variations in practice may be noted. _

Direet enrrent generators are still retained in a few
of the larger cities, such as Boston, Mass., where the
Boston Elevated Railway Company, operating both sur-
face and elevated lines, has continued to use direct cur-
rent and has erected a number of small stations instead
of concentrating its power in one or two large ones.
Thus the company reported 8 power plants in 1902. It
is interesting to note that while the original power plant
of this system had a few years ago 86 small generators,
each one of only 50-kilowatt capacity, the company now
has 5 generators, each of 2,700-kilowatt capacity. About
20 per cent of the capacity of the company’s stations is
used for supplying the elevated lines and 80 per cent
for the surface lines. In Chicago, Ill., also, the street
railway companies were still supplying their lines from
dirvect current power plants, some of the apparatus be-
longing to the earlier stages of the art, with simple
engines and rope driven generators, but the new work
contemplated brings the engineering in the street rail-
way field in that city up to date. In Cleveland, Ohio,
Indianapolis, Ind., and to a large extent Milwaukee,
Wis., direct current generation continues to be the
standard usage.

In Minneapolis and St. Paul, Minn., the Twin City
Rapid Transit Company has had the advantage of a
waterpower of about 7,500-kilowatt capaecity, but the
growth of Dbusiness has necessitated the addition of a
steam plant whose ultimate capacity will be 21,000
kilowatts. The system is alternating current, 3-phase,
the waterpower plant being about midway between the
two cities, and the station voltage is 3,450-volts 3-phase,
at which pressure current is transmitted to the substa-
tion in Minneapolis. In transmission to St. Paul the
voltage israised to 13,000. At both points the current
is, of course, ‘‘stepped down” and converted in the

usual way for use on the cars, the substations having
storage batteries. AtPhiladelphia, Pa., the three prin.
cipal power houses have been dirvect current, but a
change is being made to 3-phase alternating. The same
is true of Pittsburg, where the Pittshurg Railways
Company has heretofore operated no fewer than eight
direct-current stations. In San Francisco the United

‘Railroads have had five direct current power plants in

operation, but have been making a change to alter-
nating current for generating and transmission. St.
Louis affords, probably, the most important example in
this country of direct current street railway power
plants, with its enlarged station at Park and Vande-
venter avenues, having an output of 30,000 amperes.
The alternating current has now, however, penetrated
into this territory for use in the outlying part of the
company’s system.

It will be seen from the foregoing facts that the
direct current plant is still regarded as modern, eco-
nomical, and efficient, and is largely in use, though not
what the French would call the ** dernier eri.”

In August, 1908, at the time when the compilation
of the statistics in this volume was approaching its con.
clusion, alternating current stations for supplying a
large proportion of the load were in use or under con-
struction in New York, Kansas City, Baltimore, and
San Francisco. Comblnamon direct and alternating .
current plants, where the direct current is used to sup-
ply what may be termed the inner circle, while the
outlying regions are operated with the aid of the trans-
formed and converted alternating current, were in use
in Brooklyn, Denver, Milwaukee, Philadelphia, Pitts-
burg, and St. Louis. The large use of waterpower ab
Minneapolis and St. Paul in connection with alternat-
ing current has alrendy been noted. In Buffalo the
power plants for street railway work consisted largely
of substations for that part of the current generated at
Niagara and transmitted by 3-phase lines, partly over-
head and partly underground.

It has been stated by many authorities that there is
congiderable difference between the lay-out, or plan, of
a large alternating current station, in which nearly all
the power for supplying the system is concentrated,
and the plan of smaller direct current plants. This is
due partly to size and partly to the fact that the con-
centration of an immense amount of generating appa-
ratus under one roof makes interruption of service
much more possible and serious than where a number
of scattered stations feeding into the common network
are in operation.

The plsm of isolating one section of a station flOID
another is now being very thoroughly carried out in
large plants. For example, in the large alternating
current stations special provision is made for the isola-
tion from each other of high-tension bus-bars in brick
and stone insulating cells, and for the segregation of
the generators into individual groups, so that trouble
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with one group can not affect the others. As interrup-
tions are also to be feared from the steam piping and
hoiler room, the prevalent practice of connecting large
generators, engines, and boilers, in parallel perma-
nently, on the same bus-bars and steam pipe lines, has
heen abandoned in the best modern power houses. It is
evident that, with the introduction of units of 5,000 kilo-
watts and upward, the permanent united operation of the
entire station is not necessary, as it is with the smaller
units. A study of the latest designs showsy that in sta-
tions with such heavy units, each unit with its hoilers
becomes a section of the station by itself; capable of
being operated in parallel with other units, but only
through the medium of steam piping and electrical con-
nections, which can be quickly cut apart. In steam
piping, companies now use quick-acting electrically-
operated valves, thus avoiding the danger heretofore
always present in the older systems, due to the fact that
essential valves could not always be reached in case of
accident.

Another feature which has required careful attention
on account of mining strikes, has been the storing of
coal., It ismost essential that there should be adeguate
storage room for emergency supplies, and, moreover,
engineers have been obliged to devote a great deal of
thought to the design of a plant whose coal supply may
have to be received by rail instead of by water.

Very recently the steam turbine, which is now to be
found in several plants, has, also, claimed consideration.
‘Where companies introduce a steam turbine, radical
changes from the usual design are necessary, as the
boiler room must be larger, in proportion to the gener-
ator room, than in an engine driven plant. The general
plan of the few large steam turbine street railway power
houses that have been designed is to place hoilers on
both sides of the generator room. One notable excep-
tion to the rule is the plant of the Commonwealth Elec-
tric Company, in Chicago, where the boilers are placed

only on one side of the generator room, and are all on-

the ground floor. Although the plant is operated for
lighting and for stationary motors, and not for street
railways, the principle here followed is approved for
both fields of work.

Kingsbridge power plant.—The latest and one of the
best illustrations of street railway power house con-
struction and equipment is the Kingshridge power plant,
built for the Third avenue division of the Metropolitan
Street Railway (Interurban) Company of New York.
This plant was built before the statistics in this volume
were compiled, but it was not equipped and operated
until somewhat later. The interior of the plantisshown
in the accompanying illustration,

The plant has sixteen 8,000-kilowatt units located in
two rows of eight each, in an engine room parallel to
the boiler house, which contains two tiers of boilers.
The entire structure is 320 feet long and 244 feet wide.
The engines are arranged in the usual way on each side

of a center aisle, and the bhoilers are in bhatteries facing
each other on each side of the fire room. This plant
has also a wide transverse aisle running crosswise of the
house, which, with the longitudinal passageways, virtu-
ally separates the plant into foursections. Justinside of
the hoiler wall in this transverse passage are placed four
large barometric condensers, each serving one-quarter
of the plant, and any three of them capable of serving
the whole plant.

Each quarter of the boiler house has an independent
smokestack; but the flues leading to the four stacks are
so connected that the gases from one-quarter may be
forced to any other, enabling one stack to relay another
it, for any purpose, this should be necessary. Econo-
mizers are placed in the flues, and the 200-foot stacks,
yielding sufficient natural draft for ovdinary service,
are reinforced by supplementary mechanical draft, by
which the effective height of the stacks may be increased
to about 400 feet when desired. It will be seen, there-
fore, that each guarter of the boiler plant is provided
with its own stack, economizers, and mechanical draft.
Moreover, each quarter is so connected to four of the
engines driving 3-phase alternators as to serve prima-
rily one-quarter of the engine room, which, in turn, is
connected by suitable exhaust to a condenser large
enough for four units. The station may, therefore, be
considered as consisting of four independent plants, so
connected that they may operate as one entire system,
or may be sundered into divisions of two or four as
operating conditions may require.

In general design, spacing, and operating character-
istics, this station is so laid out that while there is
ample room for all required purposes there is no space
wasted, the result being that the station covers just 1.11
square feet per horSepower of generating apparatus.

The anxiliaries of the station are, in the main, steam
driven, the auxiliary exhaust being utilized to heat the
feed water prior to its discharge to the ecconomizexrs.
Ample oil circulating systems are provided, with filtra-
tion; and the usual complements of service for coal
handling, cold storage, ash -handling, ete., are amply
provided.

The building is of a very substantial character, and
rests upon a substructure of some 18,000 piles, capped
with 6-foot monolithic slabs of concrete. The steel
framing is somewhat more substantial than ig usual in
structures of this class, and the building throughout is
of a high character. Architecturally, it is of pleasing
appearance, plainly, but very substantially finished.
The plant as a whole probably represents the highest
type of design and construction within the class to
which it belongs, particularly in respect to the propor-
tions introduced into the general design, the sufficiency
covered in the details, and the care and fidelity with
which the construction has been uniformly sustained in
keeping with the intent of the design. Among its
interesting features, not usually found in power plants,
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are the methods provided for handling the engines from
a single point on the upper platform, the large central
condensing plant, and the relation of the condensing
plant to the grouped main units.

Another accompanying illustration is an exterior view
of the Pratt street power plant, which supplies current
to the Baltimore trolley system. The notable feature
in connection with this building is its location at the
water’s edge, permitting the receipt of fuel direct from
ship or barge by a most elaborate and effective system
of conveyance.

IL
SUBSTATIONS.

The function of the substation is to distribute the
current which the main power plant generates. The
growth of the system of generating polyphase, alter-
nating currentat one central point, has made substations
necessary in different parts of the territory, which
receive on ‘“step-down” or receiving transformers this
current transmitted over single wires or cables at high
pressure. The current passes from these transformers
as alternating current of low pressure and is received
by rotary converters, a species of the composite double-

wound dynamo, at the collector rings, and delivered |

at the commutator on the other side as direct or continu-
oug current at the normal pressure or voltage used on
street railway motors, namely, 500 to 550 volts. This
direct current either goes out to the section of the line
fed by the substation or is stored up in storage batteries
located at the substation.

According to the data given in Supplementary Table
6, the substation equipment of the 105 companiesincluded
in the report embraced 926 transformers of 221,459
horsepower, exclusive of 14 for which the horsepower
was not reported; 858 rotary converters of an aggregate
capacity of 188,688 horsepower, exclusive of 8for which
horsepower was not reported; 20,960 storage battery
cells of a reported horsepower of 39,249, the capacity
of 1,080 cells not being reported; and 40 miscellaneons
machines of 6,235 horsepower, exclusive of 8 for which
the horsepower was not reported.

A very large proportion of this equipment is to be
found in New York city, where the largest substations
are those in connection with the plants of the Inter-
urban or Metropolitan Street Railway system and the
Manhattan Elevated Railway.

Manhattan (elevated) system.—The main power station
of the Manhattan system is located on the East river
between Seventy-fourth and Seventy-fifth streets, while
the seven substations for delivering the current received
from it are located in different parts of the city. Ilius-
trations of some of the substations on this system are
here presented.

The Manhattan elevated substations are generally 50
feet wide by 100 feet long, and have four floors above
the basement, the two upper being reserved for storage

| batteries. The lower floor contains the rotary con-

verters set on concrete foundations. The second floor,
in the form of a gallery, contains the substation switch-
board and the alternating current transformers, famil-
iarly known as the ‘‘statics.” Between the galleries a
25-ton crane traverses the space over the converters,
the gallery being served by 5-ton cranes. The build-
ings ave of steel construetion so designed that the inner
columns will carry the heavy loads, thus permitting a
symmetrieal spread of the large foundations required.
The floors are of concrete construction. The battery
rooms are paved with vitrified brick laid in asphaltum.
All the buildings ave provided with electric elevators.

The Manhattan Elevated, while possessing its due
proportion of transformers and rotary converters in
substations, reported only a small number of storage
batteries. The system depends almost entirely upon
live current as distinguished from that which is stored
up. In this particular there is opportunity for differ-
ence of practice between electric railway operations and
electric lighting. It would be impossible for a com-
pany doing a commercial lighting and stationary motor
business to depend upon live current, the supply of
which must be renewed incessantly by the generators
without any reserve or precautionary measures against
breakdown or sudden stoppage. Hence, the storage
battery is a vital and essential part of the electric light-
ing system. In transportation, however, the storage
battery is not indispensable and the Manhattan Elevated
Company has preferred to rely entirely upon live
current,

IIL
POWER—CONSUMPTION OF, AND COST.

In a preceding section of this chapter attention has
been given to the general statistics of power plant
equipment. It is only with regard to electric railways
that information as to power production and consump-
tion in the operation of street car lines has been broadly
available, or is of value in a technical sense. There
are, however, many aspects under which the question
of power is of interest to the public, aside from the
modus operandi, or the manner in which transportation
is facilitated, or the degree to which the form of trac-
tion affects the relative congestion of tho1oughfm es
by cars.

For example, according to the statisties which were
carefully compiled for several years by the Metropol-
itan Street Railway Company, of New York, at a time
when it had the three systems of animal power, cable,
and electric railway, in full parallel operation, it was
shown that the benefits to the company were at least
equal to those derived by the community at large.
During the year 1900 these motive powers were all in
use on the best streets for the same kind of traflic,
and with a traffic density on the cable and electric lines
not greatly differing. Reasons were thus furnished ir
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a practically conclusive manner for the abolition of the
cable service, and its entire supersession by electricity.
It was also shown that animal power traction is almost
universally found uneconomical. It appears from the
figures, which were compiled by the Metropolitan Street
Railway for its own information, that the percentage of
operating expenses to gross earnings in 1900 were 40.5
per cent for electric, 51 per cent for cable, and 73.6 per
cent for animal power lines. The profit per car mile
was 19.38 cents for electric, 17.10 cents for cable, and
6.82 cents for animal power lines. The superior econ-
omy of the electric systems, however, is not fully
expressed by these figures. The car-mile unit is dif-
ferent in each case. The old horse car would seat only
16 to 20 passengers, and the cable car about 28; while
nearly all the electric cars, at the time of the analysis,
would seat from 30 to 50, The cost per passenger car-
ried was 2.02 cents for the electric cars, 2.55 cents for
the cable cars, and 8.67 cents for the horse cars. A
slight modification of the natural conclusion from these
figures must be made, owing to the fact that the cable
cars had the advantage of a somewhat denser traffic,
while the horse cars were under a disadvantage in hav-
ing a less average density of travel to deal with than
either the cable or electric.

These figures were last published in 1901, by which
year the system of the Metropolitan company had been
so generally electrified that there was no longer any
particular object in going to the expense of making an
elaborate study of the comparative results. The advan-
tages of electricity, as well as the greater flexibility of
the system, had by that time been demonstrated heyond
all doubt. The great main artery of travel—Broad-
way—had been converted from cable to electricity, so
that its figures during the year reported were wholly
in the electrical class. It was shown during 1901 that
mechanically, the Metropolitan electrical system was
operated .09 of a cent per car mile cheaper than in the
previous year. This reduction appeared entirely in
the cost of fuel and labor, both being due to the em-
ployment of larger generating units in the new power
house which the company has put into operation.

Power plant capacity.—Before taking up the question
of the consumption of current per car mile, etc., it is
interesting to study the statistics for power plant
capacity which are given in Tables 87 and 88 for
companies without and with commercial lighting,
respectively, that use steam exclusively to drive their
generating dynamos.

1

TiBLE 87.—POWER PLANT CAPACITY, RAILWAY COMPANIES WHICH DO NOT SELL CURRENT, CLASSIFIED
ACCORDING TO POPULATION: 1902.

TRBAN CENTERS, POPULATION. INTERURBAN RAILWAYS,
Total.
100,000 but 25,000 but
500,000 and under under Under TFast, lony
> st, g Other,
over, 500,000, 100,000, 26,000.
Number of street railways using steam exclusively ............eon. 221 15 12 25 50 81 88
NUMDEL Of CATE v vermucirnerrrecacmcacaarssaneneran . 16,771 5, 989 8,778 2, 266 836 1,167 2,746
Generator capacity in horsepower 366, 801 112, 832 64,048 42,075 19,183 B6, 030 72,1838
En%me capacity in horsepower... .- 394, 967 122, 630 66, 283 47,765 20, 048 62, 630 75,611
Boiler capacity IN ROTSCPOWEL -« vu e e iiiiiirie i ceisinanaas 298, 304 84,975 49,707 84,275 17, 597 47,418 04, 427
Generator capacity per car, in BOTSEPOWET. .. vveirvivrennernnnnann 21.8 18.8 17,0 18.7 22,9 48,0 26.8

Tanre 88.—POWER PLANT CAPACITY, RAILWAY COMPANIES WHICH SELL CURRENT, CLASSIFIED ACCORDING
TO POPULATION: 1902.

URBAN CENTERS, POPULATION. INTERURRAN RATLWAYS,
Total.
100,000 but | 25,000 but
500,000 and under under Under Fast, lon
b g. Other.
over, 500,000, 100,000 25,000. ’
Number of street railvays using steam exclusively .c.vvvnvenennsa. 186 3 . 13 23 84 13 49 - .
Number of cars Creemrtcieneaiieieuiiuens ae 15, b22 3,714 3,673 1, 896 1, 622 H66 4,151
Generator capacity in horsepower 378,046 51,031 82,233 49,610 62, 857 28,162 109, 163
Engine capaelty in horsepower .. 402, 270 57, 800 86,166 b7, 806 60, 830 24, 566 116,116
Boiler capacity 11 hOrSePOWET . oo ive v eeirreiiaieaierccceiiaaneas 279, 660 81,020 57, 466 38, 385 55, 071 17,340 80, 379
Generator capacity per car, In NOTEEPOWEL .vvevirrereravrnennnnnns 24.4 18,9 23.0 ‘126. 2 88.8 40.9 26.3

It will be seen from Table 87 that 221 street railway
systems whose current was employed exclusively in
street car operation, with 16,771 cars in operation, had
a generating dynamo capacity of 866,301 horsepower,
an average per car of 21.8 horsepower. In cities above
25,000 population the generating capacity per car varied
very little, being 18.8 horsepower per car for the larger
cities over 500,000 population; 17 horsepower per car

in cities between 100,000 and 500,000; and 18.7 in cities
of between 25,000 and 100,000. In a group of 50 sys-
tems in communities with a population under 25,000,
and with only 836 cars, the generating capacity rose to
22.9 horsepower, indicating the relatively greater inef-
ficiency which necessarily attends the operation of a
very small system, as compared with a larger one, It
is not to be understood, however, thatall this provision
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per car was necessarily called upon at one and the same
time, or was required all of the time, although there
may be busy hours of heavy load when all the machinery
is called upon to take its share of duty. It is impor-
tant to point out in this connection that the interurban

* lines, of which 81 are specifically considered, have pro-

vision per car much greater than in the cities.

The fast, long interurban lines, with 1,167 cars, had
a total generating capacity of 56,080 horsepower, an
average per car of 48 horsepower. This is very nearly
three times as much as the provision made in urban
centers of between 100,000 and 500,000 population.
There are two chief reasons for the great difference.
One is the heavier weight of the modern interurban

~car, as well as the large amount of bulky freight and

express business now carried by them; and the second
is the fact that, as a large proportion of the interurban
plants are of recent construction, the power stations
would almost invariably be equipped with a generating
capacity considerably beyond the immediate require-
ments of the road. While it is comparatively easy to
add to the rolling stock at need, it is a much more dif-
ficult and costly performance to enlarge a power plant,
and add new engines, boilers, and dynamos.

No attempt has heer. macde in preparing Table 88 to
distinguish the propo. as of current going to the

various services. The 185 electric railways included in.
the table reported 15,522 cars and a total generating

capacity of 378,046 horsepower—an average of 24.4
horsepower per car. This average is only 2.6 horse-
power greater than the average shown in Table 87 for
the companies that do not sell current. It might, on
a priori grounds, be suggested that companies selling

current could operate more regularly and more nearly

at the point of maximum efficiency, and that therefore
the generating capacity per car required from their
plants would not be increased by an amount propor-
tionate to the increase of business done. Thus, it might
be possible for some companies to sell currvent from
a plant baving no greater capacity than would be
necessary for the operation of its cars during rush
hours. But it can hardly be. said that the statistics in
Tables 87 and 88 either confirm or weaken such an

inference, The slight difference shown for the two.

classes of companies in the country as a whole would
seem to be confirmatory; and the fact that an actually
lower average is shown for the three companies with
lighting plants in cities of 500,000 and over would
seem to add even greater plausibility to the inference.
But against this has to be set the fact that in cities of
fewer than 25,000 inhabitants, where a large majority
of the companies with lighting plants operate, these
companies show an average generating capacity nearly
70 per cent greater than is shown for the other class
of companies. So many other forces are operative in

determining the figures in the two tables that it would
probably be unwise to attempt any generalized conelu-
sion from them as to the relative efficiency of the two
classes of street railway electric plants.

In the case of interurban railways, again, the com-
panies selling current report a lower generating capacity
per car than do the companies that sell no current. It
would probably be an utterly unsafe inference to con-
clude that the difference in favor of the companies that
gsell current is due to the possibility of working under
conditions of superior efficiency. Date of construction
and conditions of operation bave evidently exerted a pre-
ponderating influence. Table 89 deals with the current
consumption of a group of 307 selected electric railways,
and does not; include any roads that buy or sell power, so
that the figures are as free as possible from complica-
tions of that character, although, incidentally, they
include a certain but small amount of car mileage due
to freight, mail, express, and other services. :

These roads reported a power consumption of
1,048,799,599 kilowatt hours; operated a total of
491,023,555 car miles, and carried 1,936,860,800 passen-
gers. This gives a power consumption per car mile
of 2.14 kilowatit hours, and a trafic of 4 passengers to
the car mile run. This is a very fair average of traffic
on such power consumption, although, as will be seen,
the table shows some very wide ¥¢ariations, not alto-
gether explicable on the snrface. Thus, for instance,
Maryland reported one of the largest consumptions of
power per car mile, 7.68 kilowatt hours. This iy not
due probably to the density of the trafic, 7.8 passengers
per car mile, for power consumption does not increase
proportionately with increase of traffic, but is due
rather, as is the high traffic figure itself, to the very
small car mileage. Vermont, whose figures for power
consumption per car mile are the highest in the table,
8.67 kilowatt hours, has a mileage of only 145,591 car
miles and difficult operating conditions, because of the
hilly nature of the country and the long and severe
winters. The state of Alabama, with only 0.68 kilo-
watt hours per car mile, has the smallest power con-
sumption of all the states, but West Virginia shows
better operating results with a power consumption of

0.72 kilowatt hours per car mile, 3,167,015 car miles

run, and a traffic of 8.9 passengers to the mile. To
take a single large system for illustration, the Union
Traction Company, of Philadelphia, whose system is
entirely clectric, reported a total of 825,801,968 passen-
gers carried, a car mileage of 59,721,423 miles, and a
power consumption of 104,222,363 kilowatt hours.
These figures give 5.5 passengers per car mile, and a
power consumption of about 1.75 kilowatt hours per
car mile, This is a fairly typical figure for a road with
heavy and dense traffic and with cars of good size
operated over tracks in normal condition.
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TasLE 89.—POWER CONSUMPTION, SELECTED ELECTRIC RAILWAYS, BY STATES: 1902.
CAR MILEAGE,
Power per | Passengers
Number ; s ile _
ofmuil- | Flowast rrejent, | Pazongers | carmilc, per pusen
ways. Total. Passenger. ﬁ?éfs,' o) hours, mile,
other. i

United States. ... e iriaeeaes 307 | 1,048, 799, 509 491,023,555 || 487,217,352 | 3,806,203 1,936, 860, 800 214 4,0
Alabama . 1 216,445 316, 045 318, 380 2,716 780,200 0.68 2.5
Arizona. .. 1 459, 900 266, 500 265,500 |....coniaan. 750, 000 1.80 2.9
Arkansas . 2 630, 810 225,437 224, 857 580 332, 367 2,80 1.8
California 8 25, 242, 199 16, 884, 206 16,295,572 88, 634 52, 664, 040 1.64 3.2
Colorado 1 11, 600, 000 6,398,765 6,393,705 |.ccenennnnns 30,910, 210 1.81 4.8
10 37,334,257 12,216, 040 11, 851, 028 365, 012 44, 228, 633 3,00 3.7
3 7,730, 899 3,006,798 2,969, 238 37,560 9,956, 559 2,57 3.4
2 21, 333, 645 11,920,796 || 11,870,885 50,411 46, 085, 925 1.7 8.0
1 492, 750 385, 988 385,988 | .oo.iil.. 998,290 1,28 2.6
1 219, 500 164, 250 164,250 J.vecnenene-n. 314, 840 1,84 1.9
20 76,809,232 34,383, 702 34, 310, 602 78,100 107,962, 880 2,22 3,1
16 44,774,563 17,826, 239 17,686,789 139, 500 57,066, 001 2,51 3.2
8 12,157,823 6,529, 308 6,409, 032 120, 366 21,366, 872 1.86 38
b 1,872,048 1,362, 307 1,862,807 |oeeanan.... 4, 386, 697 1.87 3.2
Kentueky .. 7 18,414,108 || 13,434,959 || 13,409,024 25, 935 50, 826, 056 1.87 3.8
LOUIRIANA & oeaeee et e it e maaaaes 3 24,737,875 17,024, 959 17,024,959 |............ 60, 678, 573 145 3.0
Maine ...... 7 18,051,470 4,862, 065 4,782,977 79,088 19, 346, 697 2,68 4.0
Maryland 2 864,783 112,648 66,740 46,908 487, 756 7.68 7.8
Massachusedts......... 3L 126, 316, 167 67,867,134 67,597,249 260, 885 811,918,174 1,86 4.6
MICNIBAT -« evremeenrennaeernsarnnnnnnensnnsnernnnneonnes 12 70,473,835 || 26,554,412 || 26,010,537 543, 875 95,717,676 2,65 8.7
Minnesota 1 3,474,301 9,258, 834 2,268,884 ... ...coue- 9,178, 517 1.49 4.1
Missouri 4 99,918,577 || 88,867,907 || 23,563,846 314, 561 135, 704, 075 2,95 4,0
Montana 1 1,669,510 807, 380 766, 600 40,880 4,781, 000 2.07 6.2
Nebraska . 1 10,333,150 5,007, 074 5,007,074 |.covenunnn.n 18, 540,000 2,06 3.7
New Hampshire... 4 1,868,373 1,120, 067 1,119,799 268 3,272,735 1.67 2.9
INOW JOISRY neievnnnirunrraiieeerseenrnaaaeonannsenassce 10 11, 268, 793 6, 242, 055 6,226, 031 16,024 23,036,234 1,80 3.7
New York .. . 30 54,518,421 || 21,371,491 || 21,066,848 314, 648 72, 467, 958 2,55 3.4
Qhio...... 36 141,903, 196 68,007, 788 67,360,472 697, 316 232, 088, 540 2,00 8.5
Oregon -.... d 488, 000 140, 416 140,416 f.covevunnn-n 300, 000 3,12 2.1
Penngylvania ....... Neeenesecsasnrarararananantanrernnnan 42 173,727, 592 85,108,240 84,720, 659 382, 681 422, 890, 266 2.04 6.0
Rhode Island.. 5 32,165, 675 9,955,144 9,832,162 122,982 52,004, 623 8.23 5.8
Tennessee 2 4,012,810 3,765,821 3,766,821 |.......oe... 16, 898, 823 1,07 4.5
Texas .. 4 7,744,704 4,267,582 4,204, 844 53,2388 13, 866, 869 1.82 3.8
Utah ... 1 856, 625 202,100 292, 000 100 861, 1.0 3.0
Vermont . e eermserereeanarasaaneas 2 1,262,170 145, 591 132,803 18,198 472, 667 8,67 3.6
Virgindn . oo e b 4,351,318 1, 830,480 1,822,752 7,738 5,000, 368 2,88 2.7
West Virginia ....... Maeeneecdacvensessanaan .- 3 2,287,015 3,167,016 8,167,015 }.ouuerunnnnn 12,501, 879 0.72 3.9
WIBCOMBIIL « e ave ettt ecee i it ana e eae e enan b 8,181,790 2,407,822 2,407,822 |......eeenns 5,477,402 1,82 2.8

In the computations as to the consumption per car
mile no allowance has been made for car lighting and
car heating. Of 62,369 lighted cars, 55,708 were lighted
by electricity. In the aggregate the consumption of
power for this purpose would be very considerable;
but it is obvious that no exact figures can be obtained,
as the lighting varies materially with the season of the
year, the state of the weather, the number of cars on
the road, ete. This is also true of electric heating.
Out of 80,159 cars heated, 19,021 had electric heaters.
It was pointed out in the discussion of car heating
that in winter weather to maintain a temperature of
54° in an ordinary car 8,160 watts would be required,
and that this might be kept up for several hours.
The power consumption for car heating undoubtedly
is large. To the extent, therefore, that current is em-
ployed in car heating ‘and car lighting, the current
charged against car propulsion would be lessened. As
a matter of fact, car lighting and car heating are as
much a part of car operation as the act of propelling
it along the track. But it would be obviously unfair
to take the power consumption per car mile or per car
hour in a city where little lighting and heating of cars
was necessary and comparve it with the consumption re-

guired in & city with long winters and short days.

Car hours.—In Table 97 statistics of car mileage are
given for all roads. In addition, 8390 companies report
the number of car hours of operation. The car hour
is a relatively new unit, having been adopted as a
standard unit of comparison in 1801, after being under
discussion for some time by the American Street Rail-
way Accountants’ Association. It makes but little dif-
ference what unit is used as a basis of comparison so
long as the purpose is simply to show whether the earn-
ings or the expenses are proportionately above or helow
those of a similar period on the same system; but to
make a comparison with another system which has a
different speed schedule, length of day operation, size
of cars, and different physical conditions of operation,
it is essential that the unit should be a comparable one,
and the principal fact which companies wish to compare
is cost of operation. The car-mile unit is to a certain
extent a measure of speed, but increase of speed would
not materially affect the cost of operation,

Another disturbing element in the use of the car mile
ag the unit is the trailer. When trailer cars are used
regularly and to any considerable extent their car
mileage is estimated separately. But, as has been
pointed out, it is'cheaper to operate one 40-foot motor
car than a 20-foot motor car and a 20-foot trailer
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hitched together. If two roads are compared, the one
using 40-foot motor cars and the other a motor and a
trailer of the same combined length, and if they be
operated at the same speed, headway, etc., the first
would show a cost, say, of 12 cents per car mile. The
other one, on account of the double mileage indicated,
would show, allowing for the fact that but one con-
ductor would be needed, a little more than one-half of
12 cents per car mile for the two cars. Again the car
mile does not take into account questions of grades.
A car going uphill takes a great deal of power, while a
car going downhill should take none, and might even
become a source of current return to the line. As all
grades and loads affect speed, mileage could not be a
fixed standard without some sort of adjustment.

In the earlier stages of the introduction of the car-
hour unit it was contended that the cost of ascertaining
the number of motor car hours would be such as to
hinder its adoption or use on a large system. Accord-
ing to street railway accountants, car hours are more
easily determined than car mileage, and that the cost
of ascertaining the facts is less, especially in cities where
a large number of cars are run without reference to
schedule time, but are operated wherever and whenever
deemed necessary, Experience has shown that the ve-
ports of mileage made by trainmen are only approxi-
mately correct, but it is evident that the record of the
time of starting a car and returning it to the barn can
be acourately kept and verified. This seems to be the
best and most accurate unit yet suggested. The argu-
ments in favor of the car hour, as compared with the
car mile, summed up briefly are as follows:

(1) The absence of the element of speed, which from
the standpoint of cost is destructive of correct compari-
gon on the car-mile basis.

(2) Conductors’ and motormen’s wages, the principal
item of expense, are paid by the car hour and not by
the car mile,

(8) Operating expenses are more directly affected by
the length of time of operation than by the mileage
made.

Perhaps the value of the car-mile and car-hour
vecords can best be illustrated from a concrete example,
such as that afforded by the Camden and Suburban
Railway Company, of Camden, N. J. For the past
four or five years that company has used the car-hour
unit in connection with the car mile, and all its statis-
tics are worked out on both bases. Tt will be noted,
for example, that in Table 97 the company reported
819,066 car hours, a total of 2,501,430 car miles, carry-
ing a total of 8,217,072 passengers. The output of
power reported by the system was 3,784,315 kﬂo.watt
hours. The company has found the car-hour unit of
value because it is the only basis upon which the labor
factor can be caleulated. On the other hand, the car-
mile unit is after all the only practicable one for closely
figuring out wear of parts and depreciation of rolling

221

§tock. An illustration of the value of using both units
is furnished by the company in a comparison between
one of the city lines and one of the suburban lines.
The city line had receipts for the year 1902-3 of 21.46
cents per car mile, and $1.94 per car hour. The sub-
urban line had veceipts of 14.69 cents per car mile and
$1.90 per car hour. In other words, the suburban line
had receipts which were 32 per cent less per car mile,
and 53 per cent more per car hour than the city line.
It, therefore, the car-mile hasis alone had been taken,
the suburban line would probably be viewed as un-
profitable compared with the usual standard of receipts
per car mile, whereas the car-hour basis was sufficient
to show that the line was operated at a good margin of
profit.

The value of the car-hour unit may be again jllus-
trated from the Camden and Suburban system, whose
Moorestown line formerly terminated at Merchantville.
When the line was extended 5 miles farther, to Moores-
town, the question arose as to whether this extension
would pay. An additional fare of 5 cents was charged
over the extension. The added service reguired an
addition of 1,360 car hours a month. An investigation
showed that 80 per cent of the traffic to and from
Moorestown was through traffic, and that the 5,00
population was carried on an average 120 times per
capita per year. This made the additional receipts per
month about $5,000. Taking this sum and dividing it
by the 1,360 extra car hours per month, the receipts
for the extension were shown to be $3.60 per car hour,
a proof to the company and to the community of the
value of the extension.

The unit has proven of further value in analyzing
expenses, for example, in the separation of labor cost
and the isolation of what may be called the “lay-over”
expenses. For example, a short or a long lay-over
would not affect the wear and tear of a car, or the
power cost or consumption of kilowatt hours, but it
would enter into the labor cost indirectly, which, upon
lines operating at different speeds, can best be figured
on the car-hour basis.

Tables 58 and 54, which present analyses of operating
expenses of railways classified according to population
of urban centers served, give statistics that must he
considered in connection with the subject of power.
The cost of operation of power plants in cities of over
500,000 population amounted to $9,641,891, or 14.3 per
cent of the total operating expenses. In cities between
100,000 and 500,000 population the ratio was almost
exactly the same, or 14.2 per cent; in cities from
100,000 down to 25,000 population, it was 16.2 per
cent; in cities under 25,000 population, 24.5 per c:ent.
Tn the separate groups of interurI.,)an lines, the ratio Qf
power plant cost to total operating expenses was 22
per cent on the fast long lines, and 20.2 on the czther.

Thermal efficiency.—Upon the general subject of
power station economies in the matter of output and
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cost per kilowatt hour unit, many facts and opinions
“might be offered which would aid in interpreting the
statistics of the subject as given in this volume. It will
perhaps be sufficient to give here the substance of a
paper on power station economy presented before the
American Institute of Electrical Enginecers, by Prof.

W. E. Goldsborough and Mr. P. E. Fansler, which

embodied the results of careful tests made during the
year 1902 in regard to the expense incurred in main-
taining the power stations of the Union Traction Com-
pany of Indiana. The plant then comprised eight 400-
horsepower water tube boilers; three engines, each
with a maximum capacity of 2,000 horsepower; and
three 1,000-kilowatt 3-phase generators directly con-
nected with each engine. The results of the tests of the
thermal efficiency of the plant are as follows: The effi-
ciency of the furnace and boiler was 79,6 per cent—i. e.,
79.6 per cent of the whole heat in the coal was deliv-
erecd in the steam by the hoilers to the engines. The
average thermal efficiency of conversion between the
boilers and engine cylinders is 9.11 per cent; i. e., 9.11
per cent of all the heat delivered in the form of steam
by the boilers was converted into work in the cylinders
of the main engines. This value of 9.11 per cent cred-
ited against the engines includes the steam used in the
auxiliaries. 1f the assumption is followed out that 15
per cent of the steam delivered by the boilers was con-
sumed by the auxiliaries, the thermal efficiency of the
engines would be 10.7 per cent. The average total
thermal efficiency of the plant was 7.25 per cent from
the coal pile to the engine cylinders, and the total aver-
- age thermal efficiency of the plant from the coal pile to
the switchboard; i. e., the ratio per cent of the energy
delivered by the generators to the total heat in the
coal was 6.39 per cent.

Although it is frequently stated that {he thermal effi-
ciency of the steam engine at a maximum is about 25

per cent, it is impossible that any engine of this class.

working under these conditions should convert more
than 12 per cent of the heat of the coal into work,
This record of a thermal efficiency of 6.39 per cent up
to and including the switchhoard showed high economy
as compared with those shown by some other stations
of a similar character. Thus the total thermal effi-
ciency of the Harrison Street station of the Chicago
Edison Company, with large direct connected recipro-
cating engines has been estimated to be 4.5 per cent,
while that of the generating station of the former Blue
Island (Chicago) Storage Battery Road was found to
be 5.5 per cent. Indiana block coal was used, delivered
at a cost of $1.35 per ton. On this basis the cost of de-
veloping one kilowatt hour was .28 of a cent, This kilo-
watt-hour unit of cost may be taken as the fundamental
basis for estimating the efficiency of any station; figures
of this cost in various stations vary between 0.246 and
1.016 cents. Professor Goldsborough, in the report to
which reference has been made, said that the station
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tested by him delivered to the line 6.23 per cent of the
total energy of the coal, but that only 3.65 per cent of
the total energy got to the cars. The efficiency of
transmission as between the station and the cars was,
therefore, only 50 per cent.” In the discussion follow-
ing the report, Mr. M. H. Gerry said that if every loss
between the electrical input at the cars, and the car
axle were included, the total efficiency of the plant
would certainly be reduced 25 to 30 per cent more—to.
about 2 per cent. Professor Goldsborough admitted
that this was a fair estimate, but he pointed out that
power was developed so cheaply that this final waste
became a small factor, one passenger per car nearly
paying the whole cost of power used by a car from
Indianapolis to Muncie, although the fare was only 1
cent a mile. Mr. Gerry contended that the plant was
not an example of high efficiency or even of average effi-
ciency. Professor Goldshorough replied that the plant
had a very high financial efficiency, which he congidered
to be better than a high power efficiency. To reduce
the transmission losses would be to increase the capital
charge, and such an increase might more than halance the
present high cost for coal. If a low-class generating
station, low-class transformers, low-class rotaries, and
cheap batteries were put in, the cars would not get the
required per cent of power of the total energy gener-
ated. The station had the highest class of generating
machinery, and should it become necessary to increase
its earning capacity all that would have to be done
would be to increase the copper in the lines. The veg-
ular voltage was 18,000, but in extending its system to
Logansport the company had used 82,000 volts. Mr.
H. G. Stott, of the Manhattan Elevated system, said
that the ultimate object in any power plant was to de-
liver a kilowatt hour to the receiving apparatus at a
minimum cost, and that there is no other object in a
power plant. If the coal is expensive, an extremely
efficient and expensive plant must be put in; but if coal
is very cheap, one can afford to sacrifice a good deal of
thermal efficiency in order to reduce the cost charges of
the plant. In the end, however, one must consider the
problem as a whole; that is, the cost of the kilowatt
hour delivered at the receiving apparatus. The total
cost of the delivery of power is the real test. In the
New York Manhattan plant he said the cost of coal was
70 per cent of the total operating expenses up to the
track of the elevated road, and consequently an ex-
tremely efficient distributing system and power plant
were required. He thought that any comparison of
efficiencies was unfair when calculated merely on the
ratio of indicated horsepower to kilowatt-hour output.
With regard to the efficiency of transmission and its
relation to the consumption of current, it may be re-
peated that this varies greatly and depends upon a num-
ber of factors, especially those connected with the length
and condition of the line, the pressure employed, the
number of substations, the amount of transformation,
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etec. These questions are more complicated, and per-
haps more interesting in the case of the longer interur-
ban roads, and the results of some recent tests on the
efficiency of transmission on one of the large interurban
railway systems in the Middle West are therefore
given here pertinently. The system referred to com-
prised about 100 miles of track built for the most part
over private right of way, and was supplied with cur-
rent from a single power plant at a line pressure of
26,000 volts. As the maximum distance from the sta-
tion to the farthest point at which current was delivered
was 60 miles, it i3 clear that the station was not exactly
midway of the track. Current was generated by 3-phase
alternating dynamos. The output measured at the
generator terminals at 2,300 volts for the period of six
weeks covered by the test was 970,000 kilowatt hours.
This current was raised to the pressure of 26,000 volts

made by step-up transformers, received by step-down
transformers at five substations, and delivered to the
line for the motors as direct currentat a pressure of
500 to 550 volts. The output of the rotaries to the
operation line during this period was 803,000 kilowatt
hours, showing a loss in the transmission system of
about 17 per cent. Thisincluded the loss in the step-up
transformers, the transmission circunits, the substations
step-down transformers, and the rotary converters.
The loss in the apparatus was estimated at about 121,000
kilowatt hours, or 11.9 per cent, and the loss in the
transmission line was put down at 46,000 kilowatt hours,
or 5.1 per cent. The load on the power plant and the
line was steadied by means of a storage battery and a
carefully adjusted ‘* booster” at the farthest substation.
These figures may be taken to represent a high trans-
misgion efliciency.

STREET RAILWAYS OPERATING ELECTRIC LIGHT AND POWER PLANTS.

As ulready explained, a number of street railway
companies generate electricity for sale to other roads
or for light, power, or other purposes. Ii, in such

cases, the system of accounts used by the company.

permitted the preparation of separate and complete
reports for the street railway plant and the eleetric
light and power plant, respectively, separate reports
weve obtained. If the system of accounts did not permit

of such separation, one report was secured for the entire
plant. Where possible, the companies were reguired
to give separately the amount of revenue derived from
the sale of electric current for light or power, and the
character of such service.

Tables 90 and 91 present these statistics for the 118
companies reporting.

TapLe 90.—INCOME--ELECTRIC LIGHT AND POWER PLANTS OPERATED BY STREET RAILWAY COMPANIES, BY
STATES: 1902.

]
COMMERGIAL OR PRIVATE . . MOTOR
LIGHTING. PUBLIC LIGHTING, SERVICE.
Num- All
: TElectric Charging] Mig-
herof | Aggre- Flectric other
STATE. . Incan- Incan- railway automo- il CE1l8-
p%gﬁ:s gate. Are. ) degcent. AT Gegeent. service, | HEAtE Thileg, gégg}’éle(' ouy.
' Tatal, Tatal. Amount, '
1 Amount.| Amount, Amount. | Amount, ‘
|
United St&tes....\ 118 (6,469,726 {%M, 074,684 || $660,279 i$3, 414,405 {161,417, 985 (1$1, 267, 884 | §150, 601 |) $768, (140 1 $6, 630 877 $0 l 84,300 (§197,911
4 318, 660 [ 57, 454 35,055 920, 399 32,712 30,108 2, 60B
. 3 110, 20% 84, 657 9, 441 75, 216 11,900 Y, 660 2,240
Georgls . 7 722,728 421, 024 112, 940 808, 084 178,183 151, 603 19, 680
Tlinois . 4 161,070 118, 620 21,928 46, 691 G, 458 6,468 {iaunineans
Iown .. 8 291,142 154, 946 23, 686 131, 369 75, 435 71,515 3,420
Maine . . 3 101,892 67,739 7,978 84, 761 11,856 10, 904 952
Miehigan. . ocvvrenann. 6 162, b49 106, 490 9,595 96, 895 42,000 36, 487 b, 103
Mississippi .vooovennaan 3 98,888 44, 232 7,670 38, RO2 43, 547 37,441 6,100
Missouri...coveennuninn 3| 163,400 1838, 514 3,533 | 184,481 10, 250 9,920 880 12, 402
New York...... 10 413, 782 2483, 233 19,969 223, 204 140,998 47, 988 48,010 . 1,879
Nuorth Carclina B 155,770 86, 919 X 80, K15 82, 436 30, 989 1,497 1 O e e
Ohio. ........ 11 587,967 374,822 45, 228 820, 093 147,925 148,725 38,500 . 18,038
South Carolin: 3 171, 661 99,128 s 91, 186 93,993 33,201 792 16, 818
Virginia...... 71 889,158 | 261,246 75,248 | 185,998 05,954 i 02,441 8,513 8, 558
Washington . 4 618,385 430, 358 95,182 | 844,176 44, 544 22, 948 21, 696 PR PN R 56, 053
West Virginia......... 3 106,102 67,181 2,975 64, 206 36, 253 86,268 |..coana..t 1,668 D R P
Wisconsin ......c.cones 9 689, 572 868, 540 90, 894 278,146 217, 277 215,884 1,048 26, b9
All other statesl....... 25 [ 1,287,935 789,082 85, 509 653,578 201,824 268,011 88,818 16,195

! Includes states having less than 3 companies in order that the operations of individual companies xoay not be disclosed. These companies are distributed
as follows: Arkansas, 2; California, 2; Colorado, 2; Connecticuf, 2; Delaware, 1; Indiann, 2; Kansas, 1; Kentucky, 2; Louisiang, 1; Maryland, 1; Minnesota, 1;
Montana, I: Nebraska, 1; New Hampshire, 1; New Jersey, 2; Oregon, 1; Tennessee, 2,

1165—056—18
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Tapre 91.—~DETAILED DESCRIPTION OF SERVICE
‘ RAILWAY C

STREET AND ELECTRIC RAILWAYS.

_BELECTRIC LIGHT AND POWER PLANTS OPERATED BY STREET
OMPANIES, BY STATES: 1902,

ARC LIGHTING—NUMBER OF LAMPS IN SERVICE,

1o Direct current. Alternating current. All other.
Total.
TE. i Commercial ; Commercial Commereial
s Aggre- Commiercml Public. o nte. Public, or private. Public. or private, | Public.
ate or private, P
- In- In- In- In- In- In-
Open. cl})ged. open, | qoged, || OPe™ | closed. | OPE™ | closed. Open. | gjosea. | OPeD- | ¢lpsed, | OPCD: | clogeq, | Open
United States....... v.....| 88,863 || 2,582 | 13,603 | 10, 868 { 6,810 || 2,418 | 6,459 10,495 | 1,072 1} 7,069 8| 5,788 168 75 365
449 442 326 75 449
108 L3113 PR 64 103
238 | 2,092 761 1,256 238
235 828 |oavnsans 254 236
133 388 812 270 133
25 230 116 61 25
30 286 362 201 30
........ 112 132 288 Hoveneoonle
AR U
N k.. 9,594 561 1 9
AT " 613 12| i7d| as| 102 12
[3) 131/ 2, ggg 24 g%g 1,838 igg 24
30 PO TE TN B - /i | PUPUURTS BI<:.i ) LEETLAST] I b
E\::'(;qu;ﬂc: t ..... 2,983 219 { 1,710 77 297 219
Washington 1,854 116 1,4'1_6 19 308 - 116
West Virginia. B2 |feeecon-- 7 75 427 |l........
Wisconsin.,...... 4,716 887 | 1,778 | 1,871 679 387
All other states? ....coecoeanead ) 6,046 518 | 2,693 ! 2,411 1,024 350
INCANDESCENT LIGHTING—NUMBER OF LAMPS IN SERVICE, STATIONARY MOTOR | Num.
ber of
: I;m(i'lmn-
& Q-
STATE, Total. 16-candlepower. 32-candlepower, All other. Number | Total ca- tﬁ-slgﬁ
of motors| pacity in [¢onsump-
Aggregate. i of all horge- | tion eir-
Commereial .. |[Commerecial . |Commercial Commercinl f b i
or private. Public. || %r private. Publie, or private. Public. |75y private. Public, || kinds. | power. cuits,
United Btates. .c.covoenns 1,442,685 1,428,659 | 19,026 1,313,303 | 13,065 381,597 1,119 78, 759 4,842 10,049 85, 688 256, 601
AlADAIMS Loorrrrrrinaenananans . 50, 704 80, 045 659 47,706 669 2,208 |..ovenn.- 187 |veevannen 648 036 2, 606
TFlorida.. 19,872 19, 641 331 19,408 323 127 8 i} PO 187 714 380
Guorgia . 136,978 185, 604 1,374 132,630 900 1,470 30 1,504 444 2,066 4, 844 i, 121
Minois.. 42,426 42,426 [..e0.-..- 37,883 leeenrnnnn 220 |aeeeennen 4,817 |ceennnnan 202 611 1,476
Jowa .... sy 61,924 860 57,610 60 1,880 50 2,484 250 549 1,479 3,838
Maine ..... 39,443 29,379 64 38,079 |......... 300 39 1,000 25 120 1,011 1,139
Michigan.. 43,389 41,169 2,220 36,577 2,130 1,134 90 3,468 |..... vaer 136 700 1,867
Migsissippi. 12,887 11,890 997 11,290 997 100 |oceinnnns 600 |oeeaa.a. 205 198 T
issouri..... 66,130 66,075 45, 000 50 it} 5 21,000 {.eversnnn 87 119 1,568
New York..... 100, 561 98, 812 1,749 86, 960 691 2,257 47 9, 606 1,011 336 2,062 26,217
North Carolina..... 81,7 31,408 244 , 132 2 423 40 2,043 [coeavnens 106 1,544 1,273
(1 J 188,708 188, 065 1,643 186, 683 1,618 682 20 70 10 618 8,H80 &, 818
South Carolina .. 24,225 4,117 108 , 617 10 600 Joueemoendlinaaiannians (89 618 1,270
Virginia....... .. 66, 14 64, 816 833 52, 696 328 2,024 i} 9,996 [....-.... 1,960 1,467 3,100
Washington..... 93,247 90,483 2,764 70,667 205 10,828 35 8, 988 2, 624 H87 8,720 4, 838
West Virginia ... 23,294 28,204 |.oeeee..- 20,984 |......... 1,647 |eecensssn 663 |.......e 28 121 770
Wisconsin ...... . 180,073 179, 611 462 170, 306 387 3,646 125 5,000 [.ovnn.an 87 8,711 b, 403
All other states. ... 260,574 254, 911 5,663 247,288 4,468 1,826 625 5,708 670 1,495 7,044 9,284

iIncludes states having less than 8 companies in order that the operations
as follows: Arkansas, 2; California, 2; Colorado, 2; Connecticut, 2; Delaware,

Montana, 1; Nebraska, 1; New Hampshire, 1; New Jersey, 2; Oregon, 1; Tennessee, 2.

2Includes 82 chemical,

of individual companies may not be disclosed.
1; Indiana, 2; Kansas, 1; Kentucky, 2; Loulsiana, 1; Maryland, 1; Minnesota, 1;

These companies are distributed
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