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level tracks, the rcmaining ones drawing no current,
the load wvil1 he increased a littie morc than thrce fold,
flot counting the extra energy requircd to start, and
unless the regulation be prompt they will start slowly.

The ratio hetwcen maximum load and mean load
is a factor which enters largely into the determination
of the prime mover to lbe employed, -both as to size and
kind. Taking the samne example, the nmaximum ioad
would be somewhiere about ioo hi. p. at car axle, while
the mean might be 35 h. p., depending, of course~, on
local circumstances, a ratio Of 3 to i ; as the total
number of cars operated increases, the variations due
to a few cars being thrown on oi~ off becoîne relatively
smaîler, the load tends to even itself and become
steadier, and the ratio between maximum and minimum
may appràacli unity. It thus appears that the duty
required of a prime mover on a smail road is more
severe than that of a plant of considerable size, a fact
whichi may at first sighit seein somewhat surprising.
The prime mover eînployed ou-lit, therefore, to be one
capable of very sensitive and quick regulation, and
wvhich, wvhile able to develop the power required for
maximum load, should work at its best effit;iency at
about the average load, and further, this efllciency
figure should hot vary much for sniall changes of load.

0f ail the di'Terent sources of power only two,
viz., steam power and water po-'--. are made use of ta
any extent in electric railivay -v. .rk, and of the prime
mfovers of these two classes the stearn engine best
fuifils the required conditions. In point of operation
its two great advantages are:-

i. Its regulation, whicb, though fat froni perfect,
is vastly superior to that of any wvater wheei:

2. Its range of power; a steam engine can much
exceed its rated output for a short period, wvhile a tur-
bine cap neverdivelop more than a certain fixed quan.
tity. For this reason a wvater power plant wvîll usually
show greater friction losses.

The style of origine best emplayed, whether high
speed or slow speed,-wili be determined by the sizes of
the power units and the ratio of maximum load ta
mnean. It is a matter on wvhich there exists much
différence of opinion. High speed origines regulate
quicker and they do flot require intermodiate pulleys to
bring up speed ; for these reasons they are mostly used
where the power of the station is subdivided irito a
number of smaller units, or whero the total ouiput is
comparatively small. If each engine bedirectly beltod
or directly coupled ta one or twvo dynamos, the lasses
due to counter-shafting are entirely eliminated, and if
we instail soveral sets of units more than are actually
necessary the liability of a breakdown is reduced to a
minimum. Slow speed enginos, on tho other hand,
better utilize the expansive power of steam and operate
more economically, especially where they are used coin-
pound condensing and wvhere the units are large. The
usual method is to connect ail the engines to one coun-
tershaft, from which ini turn aIl the dynamos are driveri,
thus enabling any set of dynamos to be driven from
any engine, a consideratiori of some advantage, but we
must now also allow for the extra losses due to shafting
and we canriot provide so well for a breakdown.

0f the steam .generating plant we noed nat make
special mention.

The objections to the use -of turbines as prime
movers are, as already stated, their slow regulation,
and the fact that since they cannot exceed their rated
output they. must- often be worked at a loW officiency.

The powver they exert does nut vary 9trictly iii accord-
ance wvith that required on the lino, since their regula-
tion is flot only slow, but is also hindercd by a factor
wvhich may be called thc time Iag, and which is due to
the slow action of the governors; wvhen the external
load is suddenly cbanged the momentum of the station
machiriery is Jargely drawri on, and by the time the
governor action is felt, its speed rnay beo sa much
accelerated or reduced that an extra shift-ng of the
gates is needed to restore normal speed. In the tests
of the Neversir.k Mountain Railway muade during the
summers of i891 and î8g-z, under the direction of
Messrs. H. S. Heririg and W. S. Aldrich, tlîe general
workirig of turbines as prime mavers for raîlway service
wvas well shown. The existence of the time lag wvas
clearly demnonstrated. In one instance the electric
horse-power dropped abruptly to zero, thon rose again
to a maximum in fifteen seconds, wvhile the turbine
horse-power shawed a currespondisig minimum 35 se-
conds later and a maximum 45 seconds later ;
during forty-four minutes consectitive runnimg a
maximum difference Of 14o horse-power wvas shown
betwcen turbine shaft and dynamo terminaIs, and
a minimum Of onîy 12 horse-power. The speed
variations wvere friund to be great and sharp, show-:
ing at the turbine shaft a maximum of 104 and a
minimum of 78 revolutions per minute during thirteen
miznutes The voltage keeping. pace with the changes
of speed, rose to a maximum of 55o and feil ta a mini-
muni11 Of 26o during the same time; the load during
this period was about 45 per cent. of the capacity of
the station, and the gate varied from 41 per cent. to
8.5 per cent. of full gate. Tiiese fluctuations are of
course extreme examples. Two vertical turbines were
used at that time, coupîed to the same shaft, but indi-
vidualiy governed ; the governors did not always act
simultaneously, and it happoned occasionally that one
turbine ivas driving the other.

TIn the case of accumulatar roads the required con-
ditions of the gerierating plant are niaterially changed.
The load is nowv a constant quantity approx&zately
equal ta the mean power required ta operate the cars,
and the rated output of the generating station need
therefore only be large enough ta accommodate this;
load. Ini a paper latelZ presented before the American
Institute of Electrical Engineers, by Char- -s E. Emery,
Ph.D., the authar compares the working expense of
engines for constant and variable loads. Assuming
tha t for the latter case the power plant is required to
ho fifty per cent. larger and that a sornewhat greater
allawance muîst be made for depreciation on the
machinery account, other conditions being the sanie,
hoe estimates that for a case where the total cost per
horse power per year amounts to $,52.66 for the varia-
ble load, it will Orly be $47.27 for the constant load,
bath reckoned for 365 days Of 20 hours each. A water
powver is admirably adapted for storage battery roads.
The turbines cari be opera' ed at their best efficiency,
and, if the source of power be inconveniently situated,
-ve cari easiîy transmit current ta the car barns or any
other convenient charging station.

As ta the question of cost of steam power or water
power we beg ta refer ta the very exhaustive paper by
Dr. Emery already mentioned.

-iRANSMITTING PLANT.

In ail electric railways of the flrst type the trans-
mitting plant is of the-same forni, viz., that of a trolley
line with-its mains and feeders ail radiatirig from the
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