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4:4	ELECTRIC RAILWAY ENGINEERING
If the flux (0) be assumed constant, which would be the case with
the magnetic circuit saturated, Eq. (10) proves that-the torque of
a series motor will vary directly with the current as previously
stated.
While the efficiency and temperature characteristics can be
•	very closely approximated in advance by means of empirical
formulas, it is usually customary to determine these values
roughly by comparison with other machines of similar design
which have been previously constructed and to await the test
for accurate results.
Several methods of testing are available for the determination
of all the characteristics of the-motor when constructed. Three
||    :r! f	methods will be briefly outlined, of which the one involving the
I   ; C ,;	apparatus most available may be selected.
j |    J:;	Prony Brake Test.—This test is probably the simplest of
the three and may be used where plenty of power is available
for the operation of the motor up to 50 or 100 per cent, overloads.
As the name implies, the motor is loaded by means of a prony
brake from which the torque may be directly determined, while
the current and speed are read directly by means of an ammeter
connected in series with the motor, and a tachometer. A re-
sistance may be inserted, if necessary, to maintain constant vol-
tage across the motor. The efficiency curve may be obtained by
making a series of calculations from the following formula (13)
with varying currents. It is believed that the derivation of the
formula is self-explanatory.
If Tf represents torque at pulley at 1 ft. radius,
9,-irVT'
Output (hp.) - 33000 '	(ID
JjlJ
Input (hp.) = ^	(12)
Efficiency = ^1	(13)
Pumping Back Test.—For this test two motors, identical
in design and construction, are necessary, but the method has the
advantage of a relatively small power demand as the losses alone
are supplied from outside sources.
Two motors are placed in alignment with shafts end to end and
mechanically clutched together. They are so connected, Fig. 14,
that one machine, acting as a motor with a separately excited
field, drives the other as a generator. The latter has a series

