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Talk of Adopting This Method of Locomotion
From Philadelphia to Pittsburgh on the
-Pennsylvania, and on Great Northern and
Chicago, Milwaukee and Puget Sound.

LECTRIFYING the Pennsyl-
vania Rallroad to Pittsburgh,
over 400 miles from New
York, is being talked of. Late-

1y more and more is heard of it. Two
or three years ago the scheme would
have been called altogether too vast
a plece of work from an engineering
standpoint. To-day the question 13
solely as to the advisability of so

. great an investment; for, as the lead-
' ing authorities say, it costs about

the same, mile for mile, to electrify
as to build a new railroad.

The day of big electrification of
steam roads is, however, dawning. 1f
the Pennsylvania New York-Pitts-
burgh line goes through it will be the
biggest vet, 818 miles of single track,
it only two tracks between the points
are electrified, costing approximately
$40,000 a single! track mile, or
$32,000,000. Huge as such an under-
taking is. it is not impracticable now.
Already two electrifications in this
class have been decided upon. They
will form in reality one line running
across three States, North Dakota,
Montana, and Idaho, 970 miles in all,
440 and 530, respectively. The rail-
roads that have taken this almost
revolutionary step forward are the
Great Northern and the Chicago, Mil-
waukee & Puget Sound. One has al-
ready given out its roadbed and other
construction contracts, and the other
has contracted for hydro-electric
power.

The Pittsburgh talk and these now
certain electrifications in the Far
West are very interesting, because
they controvert the often expressed
theory of the electric experts and
practical railroad operating men and
exeeutives that, while electric rail-
ways are highly successful where
there {8 density of population, as in
the suburbs of cities and along thick-
Iy settled communities, such as on the
Connecticut shore, there 13 great
doubt as to whether changing to elec-
tricity would pay in a mors sparsely
peopled territory. One of the almost
certainties of the next few years, for
example, is the electrifying of the
Pennsylvania from Philadelphia to
New York, (90 miles—180 single-track
miles.) Experts here have no hesita-
Hon in saying that there 1s a declded
qQuestion whether the millions that
wow**® have to be invested for this
can be made to earn fair interest.

Total of Electrified Roads.

To-day there are 1,645 miles of
alectrified steam railroads in the
United States in actual operation or
under construction, two-thirds of it
leading out of New York. Plans det-
fnitely under way are to add 1,465
miles more, nearly all in the FarWest,
an increase of nearly 90 per cent.
There can be little doubt from this,
for the moment is not especially
propitinus for costly railroad con-
struction, that electricity as a rail-
road motive power is making its way
very fast and has a much greater and
' wvider application than even its keen-
est enthusiasts dreamed.

- It is electric railroad history that
the first practical application of elec-
tricity to the steamn railroad (though
electric locomotives had been used on

the tunnel line and terminal of the

Baltimore & Ohio ten years before,
and very satisfactorily) was in 1905,
when the Long Island Ralilroad (Just
outside of New York) commenced the
electrification of some of {ts subur-
ban lines. 'The expert in charge of
this was George Gibbs, electrical en-
gineer of the Pennsylvania Railroad,
who here and in Europe is regarded
as one of the chief authorities on
these subjects. He furnished a paper,
¢ Klectric Traction,” at the Interna-

tional Railway Congress Association’

at Berne, Switzerland, in 1910 that
even now {s the standard on this
phasé nf railroading.

“For certain kinds of service,”
said Mr. Gibbs, speaking in his offices
in the Pennsylvania Terminal 1n
Eighth Avenue, “ the electrification
of steam railroads has proved a de-

cided svccess.. -As yet it Has only:
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been applied iIn this country to pas-
senger traffic, but that will not very
long be the case. The New York,
New Haven & Hartford is starth},g in
to handle freight in a small way, and
when the New York Connecting Rail-
road is completed—which will be in
two or three years from now—we will
bring freight from New England iIn
electric trains across the new bridge
of this railway and transfer it on
Long Island to steam trains that will
go around by way of Bay Ridge, then
across New York Bay and thence to
the West and South. So far as can
be told this will be the first practical
application of the electrification of
steam railroads to the handling of
freight.

On Suburban Lines.

“Where, In passenger traffic, the
electrically operated railroad has real-
ized all anticipations has been in the
well-settled suburbs, a district just
outside a city with a succession
of small towns. It may be proved
later on that it will be profitable
to electrify Ilong lines that run
through sparsely settled districts.
This we cannot tell just now. KElec-
trification is very costly. It means
an expense equal to that of building
8 new road. Where the population
is relatively dense there is no ques-
tion but that the electric road pays.
It gives a quicker service and thus
extends the suburban radius. Prac-
tically to-day a man cannot live more
than thirty miles out of a city and
come In daifly; the clerk or the work-
ing man, that is. Where the trip is
longer than an hour the limit of the
suburban radius s about reached.
Beyond that the people are mainly
Summer residents and those who do
not need to come in every day.

‘“The electrified railroad pays be-
cause by saving time it builds up a
territory. We have found that with
the Long Island Railroad. We are
now construecting another suburban
line 3Just outside of Philadelphia.
This runs through suburbs of about
the same density as those of Long
Island, a number of small towns.
twenty-three miles out. Theroe will
be about seventy miles, single track,
in all.

“Thus far this is the field of rail-
road electrification in this country.
Now, take the Pennsylvania from
New York to Philadelphia, proposed

to be operated electrically. That is a

distance of ninety miles. It will prob-
ably be built, yet it is likely it will
not pay, though It passes through
well-settled communities. But the
conditions are quite different from
those of the suburban lines.

“So just how much electrification
will be expanded no one knows, It
is a matter of investment simply.
From the point of view of construc-
tion and operation there is no reason
why any long distance line cannot be
built. In the actual operation there
are some small savings over steam,
and crews can be utilized to better ad-
vantage.

“No, no special types of electric loco-
motfives or cars seem to excel all
others. Nor are locomotives neces-
sarily better than ‘multiple unit cars’
or the reverse. There are many dif-

Ere e

ferent systems. Sometimes one is
adopted, sometimes another. The New
York Central, and the New York, New
Haven & Hartford, for example, have
found locomotives very satisfactory.
On Long Island, we have found our
‘multiple unit cars’ equally so. This
is a factor that should be realized,
though, and is exceedingly Important,
In scarcely another branch of practi-
cal sclence are there so great advances

and so much development as in electric

traction on steam railroads.”

It does not require a long look into
the past to remember the days when
the steam train going out to the
suburbs or coming In to the city did
well if it averaged a speed of twenty-
five miles an hour. The quick run-
ning glants, prides of the railroad
yards, shot past drawing famous
“through trains.” Effort, money and
skill were. lavished on these, and the
suburbanite had to take practically
what was left. All this has been
changed. With the coming in of
electrification, the fast suburban
train 18 now a feature of rallroad-
fng and one of the great modern
factors in suburban development.
The twenty-five miles an hour of
the old days has been increased
fifty per cent. and there i3 constant
study to get an even more rapid
schedule.

Fast Locomotives.

Fifty to sixty mliles an hour {s not
to be impossible; In fact, it has already
come. The New York Central has just
put into commission sixty-mile-an-
hour electric locomotives, ten of these
having been bulilt for the local service
of the road. Of course, just now, any
such speed as thls 1s not practicable
on & suburban train making stops
every two or three miles, but it shows
the tendency to greater and greater
speed. Suburban service Is only a
‘part of the benefit of electrification.
Quite as Important is the new idea
of the past ten years to have the long
distance train discard its steam loco-
motive when within reaching distance
of the city and be carried into the
station under electric power, going out
in the same way. It Is for this pur-
pose, mainly, that the new, blg and
powerful electric locomotive has come
into play. )

So striking are the new possibilities
that have arisen and so definitely
have the new problems been solved,
problems ‘that a year .or two ago
geemed ‘‘ blind alleys,” that the tech-
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nical press has taken them up. In a
recent number of The Electric Rail-
way Journal the situation has been
reviewed editorially very completely
as follows:

Widespread Electrification.

“The résumé of prog’ressbin elec-
trification in this country, published
elsewhere in this isgue, displays the
rather striking fact that the electri-
fied Ilines actually in operation or
projected are not confined to any par-
ticular region. Quite as much is belng
done in the mountains of the West
and on the Pacific Coast as In the
level alluvial country of the Atlantic
seaboard. The latter section naturally
offers great advantages for the use
of electricity owing to the very gen-
eral density of traffic and, in fact,
might easily be considered as the only
place where the load factor could be
maintained at a sufficiently high
point to warrant the outlay for over-
head construction and electrical
equipment. Yet the projects of the
Chicago, Milwaukee & Puget Sound
and of the Denver & Rio Grande, to-
gether with the possible new line of
the Great Northern, show that dense
traffic, as the term Ig usually under-
stood, is not a necessity. Neverthe-
less, one principal reason for elec-
trification applies in all cases, and
that is to reduce track congestion or
the number of train hours per mile
of track. Other reasons apply in each
case. Thus, at New York City the
underlying purpose was to provide
adequate and suitable terrninval.fa'cili-
ties: on the New Haven the end
sought was economies with extremely
dense, mixed traffic;” on the Norfolk
& Western it is a matter of handling
enormous coal trains; in the Rocky
Mountains cheap power is avallable;
in one Great Northern electrification
a long tunnel was the cause, while on
the projected line for Dakota and
Montana the almost prohibitive diffi-
culties of poor coal and bad water
can be eliminated completely., Summed
up, it would almost seem asg if any

operating difficulty could be over-

come by electrification.”

“The waste of fuel in the steam
locomotive is what is bringing the
electrification of steam railroads in
America to pass,”” says a prominent
electrical engineer. ‘“More than 90
per cent. of the heating value of coal
js lost in a locomotive. 'There is no
more wasteful method of using fuel.
The most perfect. combustion of goal
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Is obtalned in large plants, whcre the
fuel is spread thinly over great areas
hy automatic stokers. Even under
these highly favorable conditions
nearly 85 per cent. of the steam-pro-
ducing value of coal is lost. This is
a comparatively small saving, but
when it is considered that the rail-
roads of America consume many
millions of tons of coal a year it

amounts to a stupendous sum.

Waste of Coal.

“The way In which coal is burned
in a locomotive is the most wastefu!
that could possibly be devised. The
dimensions of the fire box of the
locomotive cannot be Increased. A
certain amount of power must be
produced In order to haul the train,
The coal must be spread on frequent-
lv and much more thickly, so as to
keep up the steam pressure. It must
burn rapidly, therefore a forced
draught is necessary. All but 10 per
cent. 6f the steam producing value of
the coal blows out through the
smokestack.

“This is the theory that has Dbe-
come one of the basic principles of
the electrification of steam raijlroads
where the country is thickly settled.
It costs less to convert coal inlo
power and distribute it from a cen-
tral plant than it does to have hun-
dreds of units like Ilocomotives to
produce the same power.

“ Of course, the cheapest way in
which electrical energy can be pro-
duced is by means of water power.
Once a water-power plant is estab-
lished and transmlission lines are put
up the cost of maintenance is very
small, indeed. To-day practically all
the efficlency of a body of falling
water can be obtained. There is no
waste, If the plant is properly con-
structed. The power can be trans-
mitted for hundreds of miles. of
course, the greater the distance that
the power lines are carried the greater
the loss of electrical energy, but this
is belng decreased every year. The
power lines of to-day do not lose
half as much of their efficiency as
they did fifteen years ago. I heard a
man lecture in Denver in 1898, one
of the greatest experts in power
transmission at that time. He sald
that on a line 100 miles in length the
loss of energy would be about 60
per cent. To-day this loss is about
25 per cent. on a line 2350 miles in

length.”

Electrification has thus come to be
on the firmest of bases. Officially the
parts of steam railroads in the United
States that have been electrified and
are now In operation are:

ELECTRIFICATIONS MADE,

Miles
of
Single
Track.
Baltimore & Ohio....ccevev ... cesa 1.4
The original electrification of
the steam railroad. The pioneer
user of heavy .electric locomotives.
New York, New Haven & Hartford.5394.8
Including 22 miles on the
Hoosac tunnel route of the Bos-
ton & Maine, the lines from New
York to Stamford and Provi-
dence to Warren, (38.0 miles and
109.8 miles,) the arlem River
Branch 141.4 miles, the line from
Stamford to New Haven now
nearing completion, 210 miles, be-
sides more than 50 miles of short
llnes including a very complete
system about Hartford.
New York Central..ceeveescecssees 8716
Two hundred and thirty-four
miles out of New York City, 19
miles on the, Michigan CCentral.
(Detroit River tunnel,) and 118
miles on the West Shore Railroad
between Utica and Syracuse. _
Pennsylvania ....opeecevenssoese. 4300
"Comprising 186.8 miles on the
. Long Island Rallroad, 98.4 miles
of the Pennsylvania’s approach
into New York, and 150.3 miles
between Camden and Philadel-
hia.

Butxt?.e. Anaconda & Pacific......... 90.0
An ore carrying mountain line.
Southern Pacific....cecereeneccenses 960
Suburban lines at Berkeley,
Oakland, and Alameda, Cal., clos
to San ¥rancisco Bay. 3

UL TIPLE
HADS

Grand TrunK....eoeieeeeecevesscress 4.0
Four miles of tunnel track (St.
Clair tunnel) at Port Huron,
Mich.
) 4 o - Y 40.0
In Central New York to the
south of Rochester.
Great Northern........ecceee-- cresns 6.0
The electrification of the Great
Northern Rallway’s cascade tun-
nel, between lLeavenworth and
Skykomish, about 100 miles east
of Seattle.

Rrilliant as this record of accom-
plishment s, it {s to be almost du-
plicated within the next year or So
by the remarkable installations al-
ready declded upon.

New Haven's Plans.

The first and most Important of
these is the project of the New York,
New Haven and Hartford, easily the
leader thus far in extent of lines, {f
in no other way, for electrification of
its four-track line between Boston
and Providence. The distance be-
tween these great New England cities
is just about fifty miles. There are
to be 196 miles of main line track and
twenty miles of yards and sidings,
216 miles in all. This is not colossal,
compared with several other projects
approved and now commencing to be
under way, but in important particu-
lars it is the most interesting of all,
since there Is such heavy traffic be-
tween these two points and the ter-
ritory is one of the oldest, best built
up, and most thickly settled of all the

country.
ELECTRITICATIONS PLANNED,
Miles
ot
Single
Track.

New York, New Haven & Hartford.216
As described above.
Pennsylvania . ..e.cereeeensncasacsans 70
The new suburban electrified
section of the Pennsvyvlvania, ex-
tending out {rom Philadelphia
to Paoli.
Norfolk & Western .....c.cveeeeeesn 73
A mountain electrification over
thirty miles of territory for
heavy coal carrying. A very in-
teresting application of electric-
ity in raliroading. Northern part
of West Virginia.
Denver, Rio Grande & Western.....113
One mountain division of this
road that is to be electrified.
T.ine will run from Ttlelper to
Soldier Summit and from Helper
to Salt T.ake Cityv, all in Utah.
Chicago, Milwaukee & Puget Sound.440
Contracts have been let for
hydroelectric power for the line
from Harlowton, Alfontana, to
Avery, Tdaho. Here water power
is far cheaper than coal.
Great NOIrtheérn ....oeeeeeeecenees ....D30
Electrification has been decided
upon here hecause of poor coal
and water conditions for locomo-
tives. The two projects, this
and that of the Chicago, Milwau-
kee & Puget Sound, are the big-
gest in the West and will make
practically one single long line,
though on two systems, there
being a ‘' break ' between Har-
lowton and Lewiston in Mon-
tana. The Great Northern line
{s to extend from l.ewiston over
to New Rockford, North Dakota.:

The Denver and Rio Grande people
have informally and unofficially an-
nounced that sooner or later they will
electrify their entire main line. The
Santa Fé, according to recent news
from the West, has been asked to
electrify its system from Dodge City
r{rest, the main object belng to provide
cheap power for the establishment of
pumping irrigation plants on every
farm in the Xansas-Colorado-Arkan-
sas Valley.

The idea here is for the raliroad
to sell power. It Is claimed that thls
can readily be done and that the op-
portunities are limitless. As one au-
thority says: “After nearly & quarter
of a century of effort,irrigation boost-
ers in these States are agreed that
the surface flow of the river will not
furnish enough water to meet the
valley’s demands. It is known posi-

tively that there is a vast underground.

lake throughout the semi-arid regions
of these States extending from ten
to fifteen miles on elther side of the
river bed. Most of the pumps now in
operation are run by gasoline engines,
but the cost of installation and opera-
tion is greater than many farmers
can afford, and a cheaper power is
needed. Should the Santa IFé Rallroad
electrify its system and furnish power
at a Treasonable rate, thousands of
acres in both States would be put
under water at once. Irrigation by
electricity costs about one-third aa
much as by gravity or canal.”

At Qallitzen near Altoona, Penn,, the
Pennsylvania system Is preparing to
build a power house. At first this is
to be used for operating cross switches
and a lighting system, so high authori-
ties say, but later will move trains
between Altoone and Pittsburgh.

The Chicago railway terminals are
almost certain to be electrified. A
committee of the Assoclation of Com-
merce of that city, appointed in 1911
and due to report in 1915, has col-
lected a vast amount of data and
made a very thorough serles of in-
vestigations. Thirty to fifty per cent.
of all the polluting smoke of Chicago
comes, this committee says, from o=
comotives. The committee’s prelime
{nary report in July, 1810, announced
that electrification was practicable
from an engineering standpoint, and
that the_most serious and difficult
tfeature of the problem was the finan-

cial onae.
Abroad the work of steam railroad

UNIT CARS, LONG ISLAND R.R. (EAGCH
1TSS OwWnN MOTIVE POWER, AND CAN TRAVELIL., ALONID OFR ADS
ONE. CAR OF A TRAIN- -

OF THESE C<CARS

electrification has gone on even more
rapidly than here, but nct so exten-
sively. Italy, Germany, Finland,
Switzerland, France, England, Nor-
way, Sweden, and Prussia are keenly
alive to the great possibilities opening
up. In many of these countries

abundance of water power cheapens
the cost materially. England {s just
now doing a vast amount of work In
connection with finally developing
electrically suburban railroadsieading
out of London. Electrical operation
on the portions of steam lines thus
far modernized has been highly suc-
cessful from the financial point of
View. One single rallroad is immedi-
ately to add 170 miles of extra elec-
trical trackage.

Of operating methods and equip-
ment of these electric roads converted
from steam Mr. Gibbs, the electrical
engineer, has written:

The character of the service deter-
mines whether motor cars or loco-
motives are employed; in this respect
electric traction differs from steam,
in which all service is conducted by
locomotives. In general, electric
traction methods tend in America to
the use of multiple-unit trains for
all short runs and local services.
Electric locomotives are employed
only where necessary; that is, for
long express runs where the cars
must go beyond the electrie zone; for
special freight service, such as heavy
grade pusher and tunnel work, and
for terminal shunting.

Such a division is logical, since it
utilizes one peculinr possibility of
electric traction, i. e., the possible

concentration of great power on the
train by equipping any desired num-

ber of axles with motors, and thus
utilizing any desired portion of its
weight for driving adhesion at the
rails. 'The result' is rapid accelera-
tion of the train from rest, and a con-
sequent quickening of time where

stops and starts are frequent.
The importance of this character-

istic of multiple-unit trains is illus-
trated when it is said that local rurs
are largely supported by a class of
passengers known as commuters who
travel daily to and from business. As
a rule, a longer journey than 60 min-
utes each way daily is inadmissible,

- or, say, a distance of 24 miles by the

fastest steam local trains making
stops one to two miles apart. A
multiple-unit electric train will cover,
under these conditions, a 25 per cent.
greater distance in the same time, or,
say, 30 miles; or it will make a 24-
mile run in 45 minutes instead of GO
minutes. In other words, increased
electriec speed Mmeans to an important
class of railway patrons either 2 per
cent. less time on the road daily, or
the ability to live further from the
city without increasing the time
spent on the journey. This increase
of local run radius is obviously a con-
sideration of importance to a raflway
in holding a Iarge class of traffic and
in fostering its growth.

Further and important facts which
are leading to the general adoption of
multiple-unit trains is their charac-
teristic of great flexibility in train
makeup without the necessity of com-
plicated and time-consuming switch-
ing in terminals, and the ease of turn-
ing and dispatching trains at close
headway while occupying the mini-
mum of space at expensive terminals.
The fullest utilization of these advan-
tages requires that each car in the
train shall be a motor car, but where
the service is fairly light it is fre-
quently advantageous to make a cer-
tain number of the cars in a train
“ trailers” to economize in first-cost
and weight of train for a given seat-
ing capacity.

When electric locomotives are em-
ployved the operating methods do not
greatly differ from steam locomotive
practice, except that electriec loco-
motives permit of more convenient
double-heading, as they may be con-
trolled by & sh}}gle unit.

Future Possibilities.

Central steam-power plants are in
nearly all cases employed, as hydro-
electric plants are not generally avall-
able in the Eastern portion of the
country. Exiension in radius of trans-
mission by the use of very high wvolt-
ages will doubtless in the future
enable water power to be used to some
extent, although the number of pos-
sible sources of such power is limited
in the thickly settled portions of the
country and the economy resulting
from its development is not always aa
great as supposed; this because of the
fluctuating character of a rajlway
load and from the fact that it Is gen-
erally not possible to locate a hydre-
electric station centrally with refer-
ence to the traction loading, or even
to place it on the line of the rallway
itself. In such cases the problem of
transmission over foreign or pur-
chased right of way becomes an im-
portant one in the electrification plan.
and the costs and operating inconven-
lences of a badly located plant may
become an offset to any figured sav-
ing.

In a number of early installations
a duplication of power houses was
thought desirable, to provide a safe-
guard in case of a breakdown in one
power house, and frequently the low
transmission voltage dictated more
than one plant for reasons of economy
In transmission copper. Of late, how-

ever, the tendency is too concentrate
power development In a single planr,
ags it has been found that a totel
brealkdown of a modern power plant
is of rare occurrence.

To-day the situaiion stands that,
when the new plans for construction

have been carried out, betwcen one
and two per cent. of the steam rail-

road mileage of the TUnited States
will have been electrified, an extend-
Ing wedge that opens up almost an
unlimited new field.



