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The Measurement of Power in Polyphase Circuits*
BY CHARLES FORTESCUE

Fellow, A. I. E. E.
Westinghouse Electric & Mfg. Co., East Pittsburgh, Pa.

Review of the Subject.-The object of this paper is to point
out that the existing methods of measuring power when applied to
unbalanced three-phase systems are not equitable for symmetrical
polyphase machinery. On the other hand, unsymmetrical loads on
polyphase systems are. not sufficiently penalized for the trouble
which they create in the system.

It is first of all shown that a symmetrical generator cannot deliver
power except through the balanced components of current. The
unbalanced currents are capable of resolution into two balanced
systems of currents, one of which is of the same phase sequence as
the generator e. m. f., and the other component is of reversed or
negative phase sequence. - The generator cannot deliver power
through the medium of this latter component of the currents, because
the instantaneous product of the generated voltage and these currents
in the three phases is always zero. However, the volt-ampere product
per phase is of great significance, because it is a measure of the effect
of the current unbalance on the system.

The generator therefore delivers power only through the medium
of the positive phase sequence currents. Any power that appears in
the system through the negative phase sequence currents is positive
phase sequence power which has been supplied by the generator and
degraded through unbalanced loads and fed back to the system in the
form of negative phase sequence power. This power is always
additional loss in all rotating machines on the system, and with the
present method of charging, the consumer having symmetrical
machines is charged with this additional power, which serves him no
useful purpose but reduces the output of his machine and decreases
his load power factor.

In the paper it is proposed that the positive phase sequence power
output only be measured, and the power charges be made on the basis
of this measurement. It is further proposed that the unbalanced
k-va., which is the product of the positive sequence voltage and the
negative sequence current be measured either by means of a negative
sequence ammeter, indicating or recording, or a k-va. meter, and a
charge made for the amount of unbalance. The user of symmetrical
polyphase rotating machinery should then be given a lower rate,
based on the estimated cost of unbalance, and the consumer having
unbalanced loads should be charged directly for the amount of un-
balance he creates, or else should have his positive phase sequence
power rate increased, based upon the estimated cost of unbalance.

It is pointed out that the unbalanced kv-a. is a factor of the same
order of importance as reactive kv-a. and in any system subject to
unbalanced conditions this factor should be considered and the
unbalanced factor, as well as the power factor, should be measured.
The unbalanced factor is the ratio of the negative phase sequence
kv-a. and the positive phase sequence kv-a., the former being obtained
by taking the product of the positive phase sequence voltage and the
negative phase sequence current.

Devices for measuring these quantities are being developed and the
outfit for making these measurements will be no more complicated
than the present existing measurement devices. In fact the tendency
is towards greater simplicity.

In presenting this subject the author has no intention of suggesting
how rates should be made, but merely wishes to point out what factors
enter into the question of equitable rates when the polyphase system
is subject to unbalance.

GENERATORS

FOR the purpose of this discussion, it will be suffi-
cient to consider symmetrically wound machines.
Such machines when excited by a direct -current

machine, give balanced three-phase voltages at their
terminals of sine wave form. If currents are supplied
from these terminals to a symmetrical load, they will
be in balanced three-phase relation to one another, and
the sequence of the maxima of the current waves will
be the same as that of the generated e. m. f. waves.
Generators are usually built with the field the rotating
member; to avoid confusion we shall refer to this
member as the rotor and the rotor field will in general
be the main field of the machine, although as we shall
see later, the main field is, in reality, a field set up by
the resultant of the m.m. fs. of both stator and rotor.

A symmetrical system of currents flowing in the stator
winding produces a resultant synchronously rotating
m. m. f. which in the case of balanced currents having
the same sequence of phases as the generated e. m. fs.
will rotate in the same sense as the main field, and its
phase position with respect to the main field will
depend upon the time phase of current with respect to
the e. m. f. Where the relation between in. m. f. and
field in linear, the former may be resolved into two

Presented at the Midwinter Convention of the A. I. R. B.,
New York, N. Y., February 14-17, 1998.

components at right angles with each other, and the
field that would be produced by these m. m. fs. may be
compounded with the field produced by the exciter
currents in the stator to give the actual field of the
machine under load. Since the e. m. fs. produced by
the components will be proportional to them, we may
consider these components in terms of the e. m. fs. they
produce in the stator winding and compound these
instead. Thus, in each phase an e. m. f. will be pro-
duced by the resultant magnetomotive force due to the
symmetrical currents flowing in the stator windings and
will lead it in time phase by one quarter of a cycle.
In addition to this e. m. f., there will be a resistance
drop due to the current in its windings. A complete
theoretical discussion of these problems is given in the
appendix. It is shown there that if the resistance drop
which is negligible is ignored, the increase in exciting
current required to maintain a given e. m. f. is propor-
tional to the wattless current, and the phase angle
of the rotor and armature adjust themselves, so that
there is equilibrium of induced voltages. In other
words, the presence of wattless lagging current in the
winding necessitates a proportional increase in the
exciting current. This entails 'larger conductors in the
exciting winding and larger parts for the complete
machine. The effect of saturation is not so important
as might be supposed; for since the field itself does not

205
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change in value during a cycle, the value of the average
mutual and self inductance will not be affected during
a cycle, but will depend upon the average degree of
saturation present. In most machines this does not
vary much from no-load to full -load on account of the
long air gaps.

Let us suppose the generator to be provided with a
winding on the rotor of similar character to the stator
winding, but short-circuited on itself. It will be quite
obvious that the various component fields discussed
above, since they are stationary with regard to the
rotor, will have no inductive influence on this winding
and that, therefore, so long as the machine is rotating
at uniform speed, and the currents in the winding of the
stator are symmetrical three-phase of the same se-
quence as the terminal e. m. fs., no current will flow in
this winding. Let us now consider the effect of a
system of balanced three-phase current, the sequence
of whose maxima is opposite to that of the generated
e. m. fs., that is to say, the maxima of the currents in
phase A. B. C. instead of following in time the order A
leading B and B leading C, will instead follow the order
C leading B and B leading A. It will be evident that
the sequence of these currents will correspond with the
normal sequence of currents for the same machine
with the direction of rotation reversed, consequently
following the same general reasoning for the case of
normal sequence given above, this system of currents
will set up a m. m. f. rotating synchronously in the
opposite direction to the m. m. f. of the exciting cur-
rent of the rotor. This m. m. f. will, therefore, ro-
tate relatively to the distributed winding on the rotor
at double synchronous speed and the field it will tend
to produce will set up double frequency -balanced
polyphase currents, which will in turn set up a m. m. f.
opposing that due to the stator currents.

The field actually produced will be the resultant of
these two opposing m. m. fs., and will be such as to
produce e. m. fs. of sufficient value to overcome .the
impedance of the rotor winding due to its resistance and
leakage reactances. We have here an action similar
to that of a short-circuited transformer, the difference
being that there is in addition a tranformation of fre-
quency that is always accompanied by a transforma-
tion of mechanical power into electrical power. In this
particular case, the transformation of mechanical power
into electrical is such that one-half the secondary losses
are directly supplied through rotation by the prime
mover. The e. m. f. at the generator terminals re-
quired to force this current through the stator windings
will be determined by an impedance which will be
similar to the short-circuited impedance of a trans-
former. Similarly, the, relation between the double-

frequency rotor current and the stator current will be
similar to that between the secondary and primary
currents of short-circuited transformers. For practi-
cal purposes, we may say that the ampere -turns of
stator and rotor winding will be equal. These relations

are independent of the actions accompanying the flow
of balanced currents of normal frequency in the wind-
ings.

It will now be evident that the presence of current of
opposite phase sequence in the generator e. m. f.
requires something in the generator which was not
necessary before, that is, damper capacity, and this
is a further requirement in addition to the additional
capacity required in the stator winding as a result of
the current.

The product of the negative phase sequence current
and the normal terminal voltage is a measure of the
amount of phase conversion taking place in the genera-
tor and the presence of the negative phase sequence
current requires this phase converting capacity in the
machine. The mean heating in the stator will be pro-
portional to the sum of the squares of the positive
phase sequence current and the negative phase se-
quence current; and the heating in the rotor will be
proportional to the sum of the squares of the exciting
current and the double -frequency current if they have
a common winding.

It has been shown elsewhere and the solution has
been repeated in the appendix that the operation of a
generator depends upon two fundamental inpedances,
namely, the impedance to the normal balanced current
or positive phase sequence impedance, and the im-
pedance to the negative phase sequence current, the
action of which we have just discussed; this latter is the
negative phase sequence impedance.

In this discussion we are leaving entirely out of
consideration currents flowing through the winding
by way of the neutral of the three-phase winding.
These currents while important in questions of in-
ductive interference are of little importance in commer-
cial power circuits. It seems hardly necessary to say
that a solution of any circuit condition may be obtained
without the use of positive and negative sequence
currents and impedances by using self and mutual
impedances. These impedances are, however, diffi-
cult to evaluate and are not the natural constants of
the Machine.

A discussion of the equations of a generator using
self and mutual impedances and the derivation of their
relation to the positive and negative phase sequence
impedance will be found in the appendix. This method
of solution might be regarded as the single-phase
method of treating a polyphase problem, each phase
being considered as a single-phase branch circuit
related to the other circuits through mutual impedance.

In the symmetrical coordinate method, the sym-
metrical polyphase component system are the units,
and these have definite impedances and are inde-
pendent of each other in a symmetrical machine.
This method, therefore, leads to considerable simpli-
fication. It is interesting to note that a similar rela-
tion holds between the phase impedances and the
positive and negative sequence impedance, as exists
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between the phase currents and the positive and
negative sequence components of current.

We are not concerned, however, with the mere solu-
tion of the three-phase circuit, but what we desire is a
measure of the requirements of the machine.

(1) How much true power it must carry-kw.
capacity.

(2) How much reactive power it must supply-
exciter capacity, field copper, additional stator copper.

(3) How much unbalanced kv-a. it must supply-
its phase -converter capacity-damper windings on
rotor-additional copper on stator.

The first two requirements are well known, the first
being determined by the demand for power current or
active component of current, the second being deter-
mined by the demand for magnetic energy which is
furnished by the reactive component of current. The
third requirement is determined by the magnitude of
current unbalance, and is measured by a balanced
system of currents, the sequence of the maxima of whose
phases is the reverse of that of the generated voltage.

If we take I, for the total current due to the first two,
then if I,. IQ be the two components of power current
and wattless current respectively, 112 = /2 /Q2.

If 12 be the third current, which measures the magnitude
of the unbalanced flow, the total average heating in the
stator alone will be determined by /i2 + /22 = /7,2 +
/Q2 + /22, so that in its relation to the generator
capacity, /22 is a factor of the same order as 42, and the
three quantities as regards the average heating are
independent of one another, and the necessity for
supplying /2 calls for additional copper in the stator
winding as well as the addition of a suitable damper
winding. To sum up: The character of a generator is
such that it has three functions:

(a) To deliver true or active power.
(b) To deliver reactive power or supply magnetic

energy.
(c) To maintain balance at its terminals (phase

converter capacity.)
The quantities that are measures of these three

characteristics combine as far as average total heating
is concerned as if they were three vectors in space
mutually at right angles to one another.

In the preceding paragraphs, we have concerned
ourselves only with the average heating, due to the
presence of unbalance currents. We have shown that
a machine subjected to such operating condition must
have damper capacity and additional copper in the
stator; but this is not the whole story, the effect of un-
balance is to cause unequal dissipation of energy in the
three phases, as a result any phase may have to with-
stand a loss several times the average loss according to
the average loss expression given in one of the preceding
paragraphs. Since the phase of the negative phase
sequence component current is not definitely fixed, any
one of the three phases may have to stand this high loss.

In a single-phase machine, the unbalance is definite
and may be provided for, but in a three-phase machine,
each winding must be designed for the maximum
possible loss it may incur under unbalanced loads.

It appears to be a reasonable deduction that the
simplest system and the most fundamental one in
considering a rotating machine, is one in which the
reactions in the magnetic circuit will appear in terms
of fields of the same character as that set up by the rotor.
We see that balanced currents flowing in the stator will
set up a field of this character which may be combined
simply with similar fields set up by other balanced
systems of currents. The balanced systems of currents
in the stator setting up these component fields will
differ from one another in magnitude, phase -sequence
and frequency. Any particular component fields may
be the resultant of two balanced systems of current, one
of which flows in the stator winding and the other in the
rotor. A balanced system of currents which produces a
m; m. f. rotating in the same direction as the main field
is termed a positive phase -sequence system. A system
of balanced currents flowing in the stator producing a
field rotating in the opposite sense is termed negative
phase sequence. It is convenient to refer all the
quantities to one phase "A" which is termed the
principal phase.

In dealing with the generator in these terms, we are
considering the field as resolved into component fields
of exactly the same character as that set up in the field
magnetic circuit by the exciter. In the complete
theory the field may be compounded of a number of
fields of different numbers of poles rotating at different
multiples or submultiples of the speed of the main
field. Rotating positively or negatively each field is
associated with a symmetrical system of currents in
both rotor and stator, each having a definite frequency
depending on the speed of rotation of the field and a
definite phase sequence depending on the direction of
rotation.

The instantaneous value of the field set up by a
symmetrical system of currents of other than sine wave
form in a symmetrically wound generator may be
expressed in the form of a Fourier series consisting of
only odd harmonics of the fundamental, the electric
angle for a complete pole pitch being 27r. In the three-
phase symmetrical generator, there may be present in
the field form, due to the symmetrical currents, the
5th, 7th, 11th, 13th, etc., harmonics of which the 5th,
11th, 17th, etc. will be fields rotating in the negative
direction while the 7th, 13th, 19th will be positively
rotating fields.' On account of the counter m. m. fs.

1. The reason of this may be explained very simply as follows:
If we take the wave form of say phase A and displace it through

ir
the angle

23
we obtain the wave form of phase. B for a sync-,,

metrical machine. For the rth harmonic which, 1/rth. the
wave length, this displacement corresponds to the harmonic
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due to currents set up in the damper winding and in the
pole faces, these harmonic fields are largely damped
out. The harmonic fields due to the flow of symmetri-
cal positive phase -sequence currents of fundamental
frequency do not produce harmonic e. m. fs. in the
stator, but the e. m. fs. produced are all of fundamental
frequency and of symmetrical positive phase sequence.
The field forms so produced are of the nature of sub -
multiple rotating fields, having numbers of poles
related to the main poles in the inverse ratio of the
relative rotational speeds. Their values are small, due
to the counter reactions set up by the induced currents
in the rotor.

The fields set up by the flow of negative sequence
current of fundamental frequency in the stator are of
similar character, but the direction of rotation is
reversed, consequently, all these fields are opposed by
those of the currents set up in the damper windings.
All the e. m. f. set up in the stator is used. up in over-
coming the resistance and the internal reactance of its
windings and in addition a certain amount of mechanical
power is required to produce a portion of this e. m. f.
which is dissipated in the form of 12 R in the rotor wind-
ings. The e. m. fs. set up in the stator are all dissi-
pative and reactive e. m. fs.

A symmetrical rotating machine driven below
synchronous speed is incapable of delivering power when
excited in the primary alone; an additional exciting
agent in the secondary circuit is required. Any
mechanical power necessary to drive such a machine
is used up in heat losses in the windings. The above
includes machines driven in a negative direction at any

angle =

2 r 7r

2rir

3

revolution, so that in a three-phase machine, all harmonics which
are multiples of 3 give voltages in phases A B C in phase with
one another. The two groups of numbers (6 n - 1) obtained
by giving n all integral values from 1 to infinity give all the odd
integers from 5 to infinity, except the multiples of 3. If we
take r equal to (6 n - 1) this group of harmonics will be dis-

2 7rplaned by the angle -4 n r - or what is the same thing
3

3
. If r is a multiple of 3, we see that the angle

is always a multiple of 2 71- or a complete electrical

27r
by the angle --3- that is to say phase B will be advanced by this

angle; similarly if r is taken equal to (6 n 1) the angular
2 7r

displacement for the harmonic will be - --3- , that is, this group

of harmonies will be displaced in phase B by the angle
2 7

Hence the first group will be positive phase sequence,
3

while the second will be negative phase sequence. In (6 n - 1)
giving all integral values, we obtain the harmonic group 5, 11,
17, etc., and similarly, the group (6 n 1) gives the harmonics
7, 13, 19, etc.

speed. There is an apparent exception to this in the
case of standard generators; due to the saliency of the
poles, they are capable of delivering a certain amount of
power when excited from the primary. This character-
istic is the result of the variation of inductance of the
stator winding with varying position of the rotor, and
may be regarded as a form of dissymmetry. The
amount of power a machine is capable of delivering in
this way is a fixed fraction of the total exciting kv-a.
Steam turbine generators have very little of this
characteristic.

The generator relative to the negative phase-sequence
current is being driven backwards at synchronous speed,
and, therefore, as we have shown, if it is a symmetrical
machine, it cannot deliver any useful work at its termi-
nals through the medium of the negative phase-sequence
currents. The mechanical power at the shaft, due to
the negative phase -sequence currents is completely
used up in losses in the damper windings. In short,
a generator cannot deliver useful power at its terminals,
except through the system of e. m. fs. set up through
its main field excitation. It will now be apparent that a
symmetrical generator cannot deliver any other than
positive phase -sequence power. All the negative
phase -sequence current flowing therein represents
losses; the flow of these currents requires also the
application of a certain amount of mechanical torque at
the driving shaft which must be supplied from the true
source of power which in the case of a generator is the
prime -mover.

One special form of generator should be mentioned, in
which the field windings have high external reactance
and the field is thoroughly laminated and is not pro-
vided with damper windings. In such a machine the
impedance to negative phase -sequence current is the
same as that to positive phase -sequence current. Such
a machine delivering a single-phase load will have a
pulsating field. Moreover, the harmonics due to the
field form will not be damped out as in the machine
provided with damper winding. The unbalance in
voltages due to unbalanced load in such a machine will
be very marked.

It is possible that a generator may give perfectly
balanced voltages at no load and will be inherently
unbalanced under load. The fact that a symmetrical
generator cannot deliver power through the negative
phase -sequence currents affords a simple check to
determine whether an unbalance is wholly due to
external sources or is partly inherent in the generator.
The total negative sequence power output may be
measured, and if it is negative, the unbalance is due
mainly to external conditions; if it is positive, a great
part of the unbalance is inherent.

THREE -PHASE INDUCTION MOTORS: SYNCHRONOUS
MOTORS: ROTARY CONVERTERS:

The action of polyphase motors is quite similar to
that of polyphase generators. Thus, if the machine is
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an induction motor, at no load, the rotor, since it is
rotating at near synchronous speed, is traveling at
approximately the same angular velocity as the field
set up by its primary currents; there is, therefore,
practically no current set up in the secondary winding.
The effect is similar to that in an open -circuited trans-
former. As a load is thrown on the motor, the speed
decreases and sufficient current flows in the secondary
to produce the required torque. In the case of nega-
tive phase -sequence currents in the primary, the rotor
is traveling, relative to the field set up by these currents,
at double synchronous speed, approximately; the '
effect, therefore, is similar to that in a short-circuited
transformer. For a slight unbalance of the impressed
voltage, a relatively larger unbalanced current will,
therefore, flow. If the negative sequence input is
measured, it will always be positive if the motor is
tending to maintain a balance. If it should read nega-
tive, the motor is unsymmetrical, and is causing un-
balance. The above analysis applies equally well in
the case of synchronous motors. In the case of rotary
converters, the effects of unbalance may be quite
serious for the negative phase -sequence current is not
commutated, but circulates in the winding and produces
secondary double -frequency currents. Both primary
and secondary currents may be quite large, and since
the former is not compensated by the flow of direct
current, it has its full heating effect in the windings.
Moreover, the negative phase -sequence current in the
primary sets up a double -frequency voltage between
commutator segments, which increases the tendency to
flash over. A certain amount of double -frequency
current flows through the brushes into the d -c. system,
heating the brushes and causing inductive disturbances.

In the measurement of power supplied to a sym-
metrical motor, we are chiefly concerned with its
operation considered with reference to a balanced
positive phase-sequency system which is the standard
polyphase system of reference in the same way that
the sine wave is the standard wave form of current and
e. m. f. As pointed out in a preceding paragraph, in a
symmetrical motor, the total power input which is the
sum of the positive and negative sequence power, is
greater than the positive phase -sequence power input
and the difference constitutes loss in the motor, due to
the unbalance. But this is not the only loss due to the
unbalance; there is a counter torque required to as-
sist in driving the double -frequency current through
the secondary windings, and this is supplied by the
positive phase -sequence power which is also increased
as a result of the unbalance; the increase is, however,
very small, being approximately equal to one-half the
secondary loss due to the double -frequency current
flowing therein, and it may practically be ignored.

It will be apparent from the above statement that the
existing methods of measuring power input to motors
and rotary converters are not quite equitable and
penalize the machines that assist in balancing the sys-

tem while it favors those which inherently have charac-
teristics that increase unbalance.

The simplest procedure to obtain the input of power
to polyphase motors is to ignore the small additional
loss due to the back torque set up by the negative
phase -sequence currents in the motor, and to take the
positive phase -sequence power and kv-a. or power
factor as a measure of the performance of the machine.
This method is a great deal more accurate than the
present method of measuring the performance of the
machine by the total power input and the effective
power factor.

The product of negative phase -sequence current and
positive phase -sequence volts, is a measure of the phase
balancing or unbalancing effect of the motor on the
circuit. When it is known that the motor is sym-
metrical, this will always measure the balancing effect
of the motor on the system. When there is doubt as
to the symmetry of the motor, the question as to
whether its operation is favorable or detrimental to the
balance of the circuit may be answered by obtaining
negative sequence power input. If the value is positive,
the operation is favorable; if it is negative, the opera-
tion is detrimental. There are certain cases where
these criteria fail, but the number of cases in which it
will be necessary to apply the test is small, and the
number of cases in which the test fails is an unimpor-
tant figure.

SINGLE PHASE MOTORS

Considered from the point of view of symmetrical
coordinates, single-phase motors are only a special case
of three-phase motor unbalanced operation. The
positive phase -sequence current and the negative phase -
sequence currents are equal in magnitude; the unbalan-
cing effect of such a motor is, therefore, quite definite
and is equal to its positive phase -sequence kv-a.

It would appear reasonable to charge a consumer,
using single-phase motor, on the basis of this unbalanced
kv-a. whether other consumers using similar machines,
when operating simultaneous with his, are connected,
to jointly produce a balance or not. The cost of single-
phase service on polyphase systems should be based
on the cost of unbalance, compiled from the previous
year.

This method of charging could be extended to all
single-phase power loads, and would be equitable except
in the case of consumers having mixed loads, who should
be encouraged to balance up the single-phase portion
of their loads as far as practicable. It should be
remembered, however, that single-phase loads even
when perfectly balanced are inferior to balanced poly-
phase rotating loads, because the latter have high
inherent balancing characteristics which the single-phase
balanced loads do not have. That is to say, the
admittance to negative phase -sequence current for a
balanced single-phase load is the same as its admittance
to positive phase -sequence current, whereas in the case



of a polyphase synchronous or induction motor or
rotating converter carrying the same load, admittance
to negative phase-sequenCe current may be many times
that to positive phase -sequence currents.

SINGLE-PHASE LIGHTING

The same comments apply to this type of load as to
single-phase motors, except that the power factor being
near unity, the lighting load becomes less objectionable
from this standpoint. When it is possible to balance
the loads on all phases, it should be done by the con-
sumer as closely as practicable, and he should be
charged on the basis of the polyphase power consumed
and the unbalance he creates. At the present stage,
it will be sufficient to charge him for his unbalanced
kv-a. without considering whether he is helping or
hindering the balance. This charge may be considered
the penalty attached to single-phase service, which is
reduced in proportion to the care with which the con-
sumer arranges his circuits. This method of charging
holds equally well for all single-phase loads where they
can be arranged to give good approximate balance.

THREE-PHASE FURNACES

The three-phase furnaces may be balanced by intro-
ducing a properly designed control. With proper
control, it should be balanced both as to current and
e. m. f. between neutral and terminals. Under these
conditions of balance such harmonics of current as
occur will be a minimum. A practical method of
obtaining balance, is with the use of a series phase bal-
ancer which will be small as compared with the output
of the machine. This should be combined with a
voltage regulator to control the depth of the electrodes;
in this way perfect balance as to the current as well as
voltage may be obtained. Furnace loads when balanced
have no inherent balancing capacity whatever, and
therefore all unbalanced kv-a. should be charged for.
In addition if the wave form of current is very much
distorted, some account should be taken of this dis-
tortion when the operating conditions warrant it.

EQUITABLE SYSTEM OF RATES BASED ON SEQUENCE
MEASUREMENTS

The positive -phase sequence power delivered to a
load may be measured by a single -element wattmeter
with the proper form of network constraint which can
be incorporated in the meter. It has been pointed out
that this power is the only power that a generating
station is capable of delivering. The total power
delivered measured at the terminals of a symmetrical
generator which carries an unbalanced load is always
less than the positive phase -sequence. power. The
difference is absorbed by the generator in the form of
losses. In the case of a load causing unbalance, the
positive phase -sequence power input will always include
the negative phase -sequence power delivered to the
system by the load as a result of the unbalance. Bal-
anced polyphase loads, such as motors and balanced
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polyphase networks in general, do not contribute to
the unbalance, but assist in maintaining balance.
They absorb negative phase -sequence power, but do
not transform positive phase -sequence power into
negative phase -sequence power. Their operation as
motors has nothing to do with their phase -balancing
characteristics and is dependent solely on the positive
phase -sequence power taken. There is a certain
amount of positive phase -sequence power, so small that
it may be neglected in the motor power, absorbed by
reason of the balancing effect which is dissipated in the
secondary windings as P R loss. The motor is per-
forming an important service as a phase balancer for
which, with the present method of charging, it is
penalized. If only the positive phase -sequence power
delivered is measured and charged for, this penalty will
be removed and placed, where it should be placed, on
the unbalanced loads on the system. The consumer
who uses polyphase motors should get a polyphase rate
somewhat lower than that for other kinds of polyphase
load depending upon the estimated cost of unbalancing.

In the case of the consumer having a mixed load, if
his single-phase load is of sufficient importance, it may
be metered separately. If it is small as compared with
the polyphase motor load, it may be connected so as to
produce a minimum unbalance and the charge should
be based on the positive phase -sequence meter reading
and a rate obtained by taking the weighted average of
the polyphase rate for single-phase balanced networks
and that for polyphase motors, based on the respective
value of the wired single-phase and polyphase loads.

In the case of single-phase loads connected so as to
minimize unbalance, the power charges should be made
on the basis of the positive phase -sequence power. A
charge should also be made for negative phase-sequence
kv-a. obtained by means of a recording negative phase -
sequence current device, in the same manner as reactive
power is charged for, the cost of unbalance being com-
puted from previous results.

To sum up: Positive phase -sequence power is the
only commodity manufactured by the power plant;
phase balance is a service to which all consumers using
polyphase motors contribute and with which users of
single-phase devices interfere. Users of balanced poly-
phase power other than motors should pay for this
service in the regular polyphase rates. Users of single-
phase devices should pay over and above the regular
polyphase rate depending upon the amount of un-
balanced current they create. Users of polyphase
motors should obtain a lower polyphase rate, based on
the average amount of service they contribute to the
maintaining of balance.

The meters required for assigning the proper charges
are as simple or simpler than those used at the present
time for polyphase power measurements and the results
should prove more satisfactory and equitable all
round and are based on correct theoretical grounds.



March 1923 FORTESCUE: MEASUREMENT OF POWER 211

CHARACTERISTICS OF TRANSMISSION AND DISTRIBU-

TION SYSTEMS REQUIRED TO MAINTAIN BALANCED

POLYPHASE SERVICE

It is essential to the maintenance of good balanced
polyphase service that all banks of transformers should
be symmetrically grouped that all transformers in one
bank shall have the same performance and character-
istics. It was not unusual in the past to find rotary
converters connected to polyphase systems through
a bank of open delta -connected transformers; such
practises should not be tolerated except for short
intervals while starting or under emergency conditions.

All feeders used to supply mixed loads should be
loaded as symmetrically as possible. They should have
as low impedance as possible for two reasons: (1) So
that the effect of starting and stopping motors will not
affect the lighting service unreasonably. (2) In
order to reduce the voltage unbalance caused by any
given value of unbalanced load they may incur.

Where a polyphase circuit is called upon to supply a
large single-phase load, special provision should be made
for the service such as heavier feeders and in many cases
balancers or phase converters should be installed.

In selling power to a consumer of this kind the cost
of the converter station will naturally enter into the
rates charged for power, otherwise, the rates used will
be the regular polyphase rates for power.

Dissymmetry in transmissions, feeders, etc. should be
avoided with careful transpositions, dissymmetry in
conductor arrangements may be compensated. In
long transmission systems when synchronous condensers
for regulating purposes are distributed over the line,
they will also serve the purpose of phase balancers.

The fact that normal overloads have the character-
istics of remaining balanced offers great possibilities in
the way of protection on feeders selective operation and
so forth. For if a loaded system is normally balanced,
we may employ a positive phase -sequence relay for
load control having the proper time element, and for
short-circuit control, we may use the negative phase -
sequence principle, and since negative phase sequence
current flows only under short circuit, complete selective
operation may be obtained.

There are many more applications of this principle
to apparatus protection and control, too many to
enumerate, that will suggest themselves to anyone who
takes the trouble to study this subject.

Appendix
There appears to be a certain amount of misunder-

standing in regard to the derivation of power quantities
from the vector quantities used in alternating -current
problems. In a recent letter, a copy of which was sent
to the writer, the statement was made: "The quantity
T EK Lc sin OK seems to me without physical signifi-
cance, and as far as I am aware cannot be measured
except when there are no harmonics present."

This quantity, however, has this physical significance,
for example, in a constant voltage transmission system
it is a measure of the magnetic energy that must be
supplied to the system in order to maintain the voltage
constant. It is also a measure of the capacity of the
synchronous condensers required to supply the magnetic
energy. In certain cases it would be impossible to
supply more than a very limited amount of power,
over a transmission line without supplying the neces-
sary amount of this quantity which is stated to have no
physical significance.

The fact that when harmonics are present the sum of
these products cannot be measured with any known
device is not of any great importance, as engineers are
not greatly concerned with harmonic power quantities
except in their elimination. It may be safely said that
as far as the regulation of the lines and the supply
thereto of magnetic energy is concerned these harmonic
quantities have no practical significance.

Current and e. m. f. are from the point of view of
linear circuits scalar quantities, but it is convenient to
represent them by means of vector quantities. Simi-
larly, power is a scalar quantity, and it is found equally
convenient to represent it by means of a vector.

When the current and e. m. f. are simple harmonic
quantities they are directly resolvable into two vectors
rotating in opposite senses at uniform angular velocity.
The power however, will not be a simple harmonic
quantity but will consist of a mean term and a double -
frequency term. The instantaneous power is therefore
represented by two fixed vectors combined with two
vectors rotating at double normal angular velocity in
opposite directions. In both cases the two systems of
vectors are conjugate and it is found convenient to
ignore one system and represent those quantities by the
positively rotating system. In the case of simple
harmonic quantities such as current and e. m. f. a
simple vector, rotating positively at an angular veloc-
ity, giving one complete revolution for each cycle is
used. Power due to simple harmonic quantities is
represented by a stationary vector which gives the
mean power and a vector of the same magnitude
rotating positively at double synchronous speed, or
making one complete revolution for each half -cycle.

REPRESENTATION OF SINGLE-PHASE POWER

The representation of harmonic scalar quantities by
vectors is not in any sense artificial, the relations follow
at once when we express the harmonic quantities in
their exponential form. The ignoring of one of the two
conjugate quantities naturally follows from expediency,
as it simplifies matters and makes the interpretation of
formulas and equations easier.

If e and i are the instantaneous values of e. m. f.
and current in a circuit and A and I are the correspond-
ing symbolic expressions for these quantities the fol-
lowing relations hold good :
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e= A -FA
(1)

(2)

where E is conjugate to E and I is conjugate to I, and
all the symbolic terms are expressed as root mean
square quantities.

e and i being simple harmonic E and I take the form
E I e'"` when w is 2 7r times the frequency.

In carrying out linear operations on i and e it is
unnecessary to consider the conjugate terms I and E
as the same operation on these terms yield a result which
is the conjugate of that obtained by operation on /and E.
We may say therefore that iand e are fully represented by
the symbolic terms I and E, and that their actual value
may be determined by either adding the conjugate
term to each of these quantities and dividing by V.2
or by taking the real part of these quantities multiplied
by V22.

The instantaneous power delivered to the circuit is
e i, and when the values of e and i are expressed in
terms of E and I and their conjugates we obtain

AI +El Al-FEIe i -
(3)2 2

e and i being both simple harmonic
= E E = E

I = I elv4 I = I e -i2"
EI+EIso that the term

2 is constant and repre-

sents the mean power. The term Al+.81
is a2

harmonically varying quantity of double normal fre-
quency and consequently its mean value is zero.

The mean power input is defined in the usual manner
by the integral

ir
1

P = 2r i d 0

where 0 is equal to w t at any instant t. If we substitute
from (3) for e i and carry out the integration we obtain

AI +.81P =
2 (4)

since the second pair of quantities in equation (3)
being of double frequency becomes zero when inte-
grated between the limits o and 2 ir.

If we have an electric system consisting of linear
circuits having self-induction and mutual induction, its
electromagnetic energy W is a quadratic function of
the currents or W = 1/2 L i12 + M12 11 12 + 1/2 L 122

. . . Taking into account the dissipative forces
we have

d aWei = Ri, dt
we find that

s

ef
i

1/ 2 Ril licit -FW =1.12i, eidt

f E -E
co V 2

t being measured from any convenient datum. There-
fore

for a sine waveeidt=j

El- AI El- AI1/2 eidt=-j 4w -) 40, (5)

The mean value of this integral is therefore given by
Ef- El-3

4w
and this is equal to W the electromagnetic energy since
the mean value of 1/2 R d t is zero. We thus
have

Wmean = - 3 4 w

The "reactive power" is the average flow of electro-
magnetic energy throughout one half -cycle from the
instant that W = o to the next instant that W = o
and since W is a double -frequency pulsating quantity
whose average value is one half the maximum, the
"reactive power" Q is given by 2 w W or

A
Q = 2 (6)

multiply (6) by j and add to (4) we then have
P-FJQ

This product therefore defines both the true and react-
ive power of the circuit.

The second terms of (3) and (5) are the double -
frequency portions of the power product and we find if
we take

PH -
2

QH =-j
2

PH ± j QH =
The complete symbolic expression for the power is
therefore

(P Q) + (PH - - QH) = AI+ AI
The expression PH J QH however is superfluous as
we are only interested in the mean values of power
and furthermore, when the values of P and Q are given,
the values of PH and QH may be determined. It may
be shown that the vector PH + 5 QH which is rotating
positively at double synchronous speed will be equal in

El- AI
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magnitude to P j Q and coincide with it at the same
instant that the vector E is in coincidence with it, and
since it rotates in the positive direction with twice the
angular velocity of E, it will always be in advance of
E by the same angle that E is in advance of the station-
ary vector P j Q (See Fig. 1).

In the case of wave -forms having harmonics it seems
reasonable, since the heating effect of the harmonics

PH* H

Rotating Vector
de 2 to
d r

0 True Power

E Rotating

Vector - w

0 Stationary
Vector 0

d

FIG. 1-VECTOR REPRESENTATION OF RELATION BETWEEN
ZERO FREQUENCY POWER PRODUCT (P + SQ) AND DOUBLE
FREQUENCY POWER PRODUCT (PH SQH) IN SINGLE-PHASE
CIRCUIT

is independent, to treat each frequency independently
as to both true and reactive power so that if

E = I E.
I = Z .t,,

P +jQ = z E. I. = z (P, +.a Q.)
and apparent power might then be defined by

V p2 ± Q2 = /(p)2++ (z Q02

MEASUREMENT CIRCUITS

True power may of course be measured by a watt-
meter in the usual way. To measure reactive power a
wattmeter having a large inductance in series with the
voltage coil may be used, connected into the circuit
in the same way as the ordinary wattmeter. Assuming
the resistance of the voltage coil to be negligible and
taking io for the current flowing in it, co for the angle
of the voltage coil relative to the current coil in which
the current i is flowing (the current and voltage coils
of a balance type instrument shouldbe in non -induct-
ive relation and therefore M = o) we have

fi

io = 1/L e d t

The instantaneous torque is
MF = 6

2:0 i
6 co

i fedt= 1/L am
cp

and the mean value of the torque is

i d 6
2 a-

Fmean = 1/L M
cp

1

2 r

1 aM
w L 6 (p

This arrangement therefore gives the meanImagnetic

0

e d t

energy, and when the frequency is known, the mean
reactive power.

When the wave form of current and e. m. f. has har-
monics this instrument gives the value of 2 W,a. or
the mean magnetic energy. If Q. be the reactive power
for the nth harmonic the quantity measured by the

instrument is equal to Z
Q n ). There will there-foren Cs,

be a frequency error in the instrument.
MEASUREMENTS REQUIRED FOR COMPLETE DETER-

MINATION OF SINGLE-PHASE CIRCUIT

The following measurements or their equivalent are
required to completely determine a single-phase cur-
rent:

(1) Magnitude of impressed e. m. f.
(2) Phase of impressed e. m. f.
(3) Magnitude of current in circuit
(4) Phase of current in circuit.
For the last two, measurements of true and reactive

power may be substituted. The second measurement
is not required if the particular circuit only is under
consideration. If we have measurements of e. m. f.
kv-a. and power -factor, the circuit is completely deter-
mined and no other measurements are required.
MEASUREMENTS REQUIRED FOR COMPLETE DETER-

MINATION OF BALANCED POLYPHASE CIRCUIT

In a balanced system if e. m. f. and current are deter-
mined in one phase they will also be known in the other
phases. The requirements are therefore the same as
for single-phase and apply to one phase only which we
shall call the "principal" phase.

REPRESENTATION OF POWER IN UNBALANCED
THREE-PHASE CURRENTS

Confining ourselves to three-phase systems, we find
that an unbalanced four -wire system required twelve
measurements to define it completely or if expressed
in symbolic form six quantities are required. If
A B C are the three phases these symbolic quantities
may be

AA IA

sA. IB

Ec
(7)

In symmetrical coordinates the six quantities will be
S° S° tto
S' EA1 S' IAI (8)

S2 EA2 S2 IA2
These are related to the quantities (7) by the simple
relation

S° Eno = SO

Si En1 = Si

S2 EA2 = S2

EA+ A. + Ac
3

EA + a E 13 ± a' Ec
3

EA ± a2 AB ± a Ec
3

(9)
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where a = - 1/2 + j 3/2 al - 1/2 - j V-3/2
exactly the same relations exist between S° 1A0 S'
S2 1A2 and /A fa ic. We have also the reciprocal
relations

S° g + S-° Ea0(e., e) = "

EA = EAO + EA1 EA2

Eb EAO + EA1 + a EA2 (10) S° 0 + 8-° 100
A, = EAO + a EA1 + EA2

(iA, ib, ic) ==--2
and, corresponding relations between line currents and
symmetrical coordinate currents. We sum the above
up by the short hand expression

S' (EA) = S° EA° S' EA1 S2 EA2
Sr (IA) = SO 1A0 + SI Li + S2 1A2

The terms prefixed by S° S' and S2 are respectively
called the zero -phase sequence, the positive phase
sequence, and the negative phase sequence components
of e. m. f. or current. The sequence symbol S pre-
fixing each of the quantities, indicates that the quantity
in question is the principal one of a group of three
quantities constituting a symmetrical three-phase
system.

For each current or e. m. f. sequence there is a con-
jugate current or e. m. f, sequence which is distinguished
from it by having a negative exponent

S° EAO conjugate seq 5--0 Lo
S' EA1 conjugate seq S-' (12)
52 EA2 conjugate seq S-2 EA2

The relation between instantaneous values in the
symmetrical coordinate system and the vector values is
exactly the same as for single-phase. Thus the system
of e. m. fs. ea eb ee is given by

S° Ea() + S-° E00 Si E + S-1 Aa(ea, eb, ec) = Eal +

S2 _I_ S-2 E42Eat

The conjugate symbol S-' is as it implies, a sequence
which is conjugate to S'. Thus, if S' 41 signifies the
system

Eal = Ea 1
Ebl = a2 Eal
Eel = a Eat

The conjugate system S- Eal
Eal = Eal
-Ebl = a .8.1
Eel = a2 Eal

is

(13)

(14)

If we sum the terms of a sequence other than zero
sequence the value will be always zero or

Z (Si P) = 0
Z (S2 P) = 0

But Z (S° P) = 3 P for three phase
Consider the system of e. m. fs. and currents ea, eb, ee
ia, ib, ic. These two systems have been shown to be
equal to

St + S-1a I E41

V2
ES

42
±_,J'-2 Ea"

S' 1.1 + S-1 fat+

S' 1a2 + S-2 1a2
V2

If we take the product of these two quantities treating
the sequence symbols as if they represented actual
quantities we shall obtain the instantaneous power in
each of the phases. The zero -frequency portion of this
quantity will be considered first as it represents the
mean power in each phase. It will consist of two terms
which are conjugate to each other. These two terms
are those obtained by taking one half the product of
Sr (4) and S -r (h) or 1/2 (S° E.0 +.S` Eal + S2 Eat)
(S-0 hp + S-1 fol + S-2 fa 2). From this, following
the method of proof used for single-phase, we find that
the mean power per phase may be represented by the
vector sequence quantity Sr (PA + J QA). The mean
power per phase obtained by taking the products of
instantaneous values of current and e. m. f. is one half
the sum of this term and its conjugate. Therefore the
real part of this term represents the mean true power
per phase and the imaginary part the mean flow of
magnetic energy or the reactive power per phase.
Using currents iA iC and e. m. fs. eA ea ec instead of
iA iB ic etc.

Sr (PA + j QA) = (S° EA° + Si EA1 + S2 EA2) (S-° Lo

+ S-1 IA, + S-2 L2)
S° (EAO Lo + EA1 IA, + EA2 IA2)

+ S' (AA° IA2 + EA, IAO + EA2 L1)

+ S2 (EA0 fAi + EA' IA2 + EA2 IA0) (15)

The symbol S-' being in the three-phase system the
same as SI' and S-2 being the same as S1. The total
mean power is P + j Q = E Sr (PA + J QA) or

(P j Q) = 3 (EAO fAo + EA' IA1 + EA2 IA2) (16)
S' ( ) and Z S2 ( ) being both equal to zero repre-

sent instantaneous power interchanges among the
three phases, and are caused by unbalance. The
double -frequency power product Sr (PHA + J QHA) is
given by
Sr (PHA + 2QHA) = SO (EAO IA0 + EA1 IA2 + EA2 IA1)

+ SI (EAO IA1 + EA, IA0 + EA2 IA2)

+ S2 (EAO IA2 + EA1 IA, + EA2 Lo)
(17)

which is seen to be the product
(S° .L0 + SI EA' + S2 EA2) (S° Lo + Si IA1 + S2 1A2)
and therefore the double -frequency product is obtained
for three-phase in exactly the same way as it is obtained
for single-phase, and furthermore, the amplitude and
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three-phase angle of the double -frequency term for the
principal phase is related to the e. m. f. of which it is
composed in exactly the same way as in the case of
single-phase. That is the double -frequency power
vector is as much in advance of the corresponding
e. m. f. vector as this vector is in advance of the cor-
responding mean power vector. The sequence of the
double -frequency power vector is obtained from (17),
that is the exponent of the sequence symbol or order of

P +SQ= E {StAi im+EA2 42} = 00'

(0'A; B:' 0 C-) =S1EA2
(WA, 0'13: ) = S2 EA1 'A2

(0 A, 0 B, 0 C ) = Load per phase

FIG. 2r-POWER VECTOR DIAGRAM
25 per cent current unbalance, 5 per cent voltage unbalance

the sequence is the sum of the exponents of the se-
quences of current and e. m. f.

The significance of the expression (15) is that it gives
not only the mean power for each phase, but it also
determines the magnitude and phase of the double -
frequency power product which results from unbalance.
The portions of (17) whose instantaneous sums are
zero are of no significance. The important double -
frequency quantities are given by

PH + QH = Sr (PHA + QHA)

= 3 (EA0
}}HA

EA1 rAl EA2 1A2)

and are seen to be double -frequency power vectors of
like value and phase in each phase. These power
vectors are present only when there is unbalance and
they have no relation to the power factor of the system.

I'

$ i;mim. oo'

I 0. X. 0 0' C.) S Ail A

S'EA)m
I0A,141,0CI Iiitul per

FIG. 3 --POWER VECTOR DIAGRAM
25 per emit current unbalance. No unbalance In voltage. Illustrates

the load rendition at a distribution point at which a phase balancer is
iruotalled.

In a balanced system the instantaneous sum of the
double -frequency power vectors is always zero.

A power vector diagram for the zero frequency power
products may be drawn. This vector diagram repre-

sents the resolution of the mean power per phase into
symmetrical coordinate vectors. For each of these
coordinates there is a corresponding double -frequency
power vector which gives the actual value of the double -
frequency power at each instant.

Fig. (3) illustrates a system having about 25 per
cent unbalance in current and about 5 per cent un-
balance in voltage. The relative distribution of load
among the three phases will depend upon the position
of the triangle A B C which may be rotated about its
centroid without changing the total mean power but
producing a marked difference in the values of mean
power per phase. The unbalance factor for current
is the ratio /A2/rA1 which is a complex quantity. The
conjugate of this quantity gives the magnitude and
position of the unbalanced power vector S2 EA1 IA2 with

respect to S° EA 1 IAi the quantity which gives equal
values per phase and is the total mean power product
or kv-a. per phase.

The vector method of representing power quantities
affords a simple means of obtaining a physical picture

C

FIG. 4-POWER VECTOR DIAGRAM
Illustrates a single-phase load on a three-phase system, the balancjof

which is 100 per cent due to a phase balancer. (0' A, 0' B, 0' C) represent
the load on the balancer due to the single-phase load

of the heating effect due to unbalanced currents. In
many cases the e. m. f. unbalance is small enough to
be ignored in rough approximations. Take the case of
a small induction motor having a negative phase
sequence impedance of 15 per cent which is about
an average figure; 34 per cent unbalance in voltage
at the terminals of this motor will cause 25 per cent
unbalance in current. From a practical standpoint in
estimating the heating effect of the unbalance the
voltage unbalance may be ignored. The mean power
load will be practically the same as for balanced
voltages with the addition of the kv-a. per phase due to
the unbalanced current which will be added vectorially
to alp mean power; this will be obtained by taking the
square of the unbalanced current multiplied by the
negative sequence impedance. The end of this vector
obtained in this manner serves as a centroid for an
equilateral triangle A' B' C' such that the lines drawn
from the centroid to A, B, and C, areequal to 26percent
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of the mean power per phase or the vector SO. EA1__Ai _ rAi.
By rotating this triangle about its centroid all the dif-
ferent conditions of load to which the motor may be
subjected on a line having this degree of unbalance are
obtained. The triangle A', B', C' is drawn nega-
tive sequence. If we wish also to include the un-
balance due to the voltage we may represent this by a
positive phase sequence equilateral triangle whose
distance from centroid to apex is 3 Yi per cent of the
mean power per phase. The angle this vector makes
with the mean power vector is arbitrary and is the same
as the angle EA2 makes with EA1. Let us denote it by
01. Let 03 be the angle that the negative sequence
current lags behind the negative sequence voltage,
this is given by the power factor of the negative phase
sequence impedance. Then the principal phase or
apex A" will be in advance of the datum line by the
angle 03 - 0. To obtain a complete solution we should
take

(1) mean power per phase P/3 + j Q/3 leads
datum line by angle 02

(2) neg. seq. power per phase A:-A2 IA2 length of
vector compared with (P/3 + j Q/3) is given by pro-
duct of current unbalance factor and voltage unbal-
ance factor leads datum line by angle 03.

(3) voltage unbalance volt. amp. SI EA2 Li length
of vector compared with (P/3 + j Q/3) same per-
centage as EA2 is of EA1 leads datum line by angle
02 ± 01

(4) current unbalance volt amperes S2 EA1 IA2 length
of vector compared with P13 + j Q/3 or -Al -rAl

is same percentage as IA2 is of Li or unbalance
factor leads datum line by angle 03 - 01.

Each of the systems of vectors S2 EA' L2, Si EA2 _A1
will give an equilateral triangle whose centroid is the
end of the vector S° (EA1 IA1 + EA2 L2). The two
combine to form a triangle not equilateral which may
be rotated about its centroid at the end of the mean
power vector to give the power per phase for all
possible conditions of load, thus the complete range of
possible values of kv-a. per phase may be obtained by
the lengths of the vectors 0 A, 0 B, 0 C drawn from
the origin to the apices of the composite triangle.

A study of the diagram will show that the quantities
measuring unbalance do not affect the true mean power
and power factor, and therefore any attempt to deduce
a factor which will simultaneously take account of both
power factor and unbalance is useless. The positive
and negative sequence current, voltage, true power,
reactive power, etc. may all be measured with single
element meters and a suitable constraining network.
Mr. Evans has kindly undertaken to describe in the
discussion some of those which have been developed.

Applying the principles outlined above it is easy to
prove that a symmetrical generator can deliver power
only through the positive phase sequence current it
delivers to the system, and that any power due to nega-
tive phase sequence current is absorbed as losses in the

generator. This is also true of all symmetrical rotating
machines on the system, any power due to negative
phase sequence current is absorbed in the form of
additional losses.

In the body of the paper the task has been under-
taken of showing that unbalance is of the same order
of importance as power factor. If we denote by E1 the
terminal e. m. f. of one winding of a generator and by
E0 the e. m. f. that would appear at the terminals if

B

P+ SQ = 'Al- 'Al Z1) Z_

OX, OB; (IC. -S2( EA1 1A1 -1A1 Z1) IA1
OF.CIOC"I= S 1 1A1 Z2

iAl =

FIG. 5-POWER VECTOR DIAGRAM
Single-phase generator supplying power (0 A, 0 B, 0 C) represent loads

on phase A. B and C respectively

the current were zero, and if r1 I be the resistance drop
j X I,i the e. m. f. due to the component of the
field set up by the stator m. m. f. including the internal
leakage field

E0 = E1 + (r1 +.j xr)
The phase and magnitude of Et) will depend upon the

time phase of I1. Since E0 is the component due to the
exciting current /0 we may use the coefficient of mutual
induction Mo to give the generated voltage in terms of
the exciting current

E0 = j 0.) MO IO ejwi
and therefore

j w Mo I0 = E1 + (r1 + 5 xi) II
In particular if we take E1 as datum and if I is lagging
in time phase behind E1 by a quarter cycle
j w 11;10 Io erw' = E1 efi" + (r1 + j xi) (- j Ii)
j w Mo /0 = (E + xi - (2. r

Thus if we ignore the value of r1 I1 which is small, the
increase in the exciting current required to maintain
a given terminal e. m. f. under zero power factor load
is proportional to I

./0 =
.7 CO Mo

showing that the presence of wattless lagging current
in the winding necessitated a proportional increase
in the exciting current. The cyclic changes in satura-
tion will not affect the value of Mo which is the average
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value. But the average value will change with the
strength of the resultant field, but on account of the
long air gaps, these changes are not so important as
might be supposed.

When the terminal voltages are unbalanced they
may be resolved into their positive and negative phase
sequence components S' E and S2 E2 so that we have

SE= Si + S2 E2
we have further

S1 E1 = w M010 out - Z1 I1)

S2 E2 = S2 (0 Z2 /2)

the generated negative sequence voltage in a sym-
metrical generator being zero. This gives

S1 Ao = S2 (E1 + Z1 11)
S2 0 = S2 (.E2 + Z2 12)

The total current is
Sr (I) = Si 11 + S2 12

conjugate S -r (I) = S-1 /1 + S-2 f2

The power generated
Po j Q0 = z [ SI E0 sz (0)][s-1 s -z 721

= 3 (E0 II)
which shows that no power is generated through nega-
tive sequence current, but such as appears at the gener-
ator terminals is power that was originally generated
by the machine through positive sequence voltage and
current which has been degraded through some un-
balanced load and fed back into the system in the
form of negative phase sequence voltage and current,
producing increased losses and heating.

The total heating due to 12 in the stator windings
will be obtained correctly by considering 12 as entirely
independent of II. The losses due to the double -
frequency current in the rotor which arises from
12 will also cause independent heating so that the total
copper loss in the machine is obtained by the power
product 3 (I12 Z1 + /22 Z2), the real part being the
true copper loss. This may be obtained by considering
the output of the machine at its terminals; this is given
by

P-FjQ=z (Sr EA X S -r IA)
EA being the terminal voltage and IA the conjugate
of the terminal current with particular reference to
phase A as principal phase

S -r
IA = Sl 11 + S2 72

= 11 +
= a2 + a /2

Ic = a a2 12

and the terminal e. m. f.
Sr. AA = S' (E0 - Il Z1) - S2 12 Z2

EA = Ao - Z1 11 - Z2 12
E8 = a2 E0 - Zi a2 I1 - Z2 a /2
Ec = a Ao - Z1 a fi - Z2 a2 /2

where a = - 1/2 j .\/ 3/2 a2 = - 1/2
-j V372 a3 = 1

E (Sr EA . = 2 S' (E0 - Z1
S2 Z2 12] (S-' Il + S-2 72)

=E [ SO (E0 Z1 112) S0 122 Z2

+ S2 (Eo - 11 Z1) I2 - S' 12 .11 Z,

= 3 (E0 II- 112 Z1 - 122 Z2)

3 E0 11 is the output of the generator not including the
copper losses. The real part of (I12 Z1 + 122 Z2)
therefore gives the total copper loss.

The solution of the system may of course be obtained
by the methods used in ordinary linear circuits having

A

C 100%

FIG. 6-VECTOR DIAGRAM OF

B

E. M. Fs.
Single-phase generator supplying power. Obtained from Fig. 5

mutual inductances. If we have a three-phase machine
with winding impedances Z11 Z22 Z33 and mutual
impedances Z12 Z23 Z31 etc. we have the following
relations in a symmetrical machine

Z11 = Z22 = Z33

Z12 = Z23 = Z31

Z13 = Z21 = Z32

= Z1 + Z2
= a2 Z1 -I- a Z2

= a Z1 + a2 Z2
Conversely we have for Z1 and Z2 in terms of the im-
pedances Z11 Z12 etc.

Z11 a Z12 a2 Z13Z1 =
3

Z2 = Z11 -F a2 Z12 + a Z13
3

The equations of the generator in terms of the imped-
ances Zii Z12 etc. are

AB = - Z12/3 IA - Z22/3 ID - Z32/3 Ic (18)

EA = EC) - Z11/3 IA - Z21/3 In - Z31/3 Ic

Ac = E0 - Z13/3 IA - Z23/3 In - Z33/3 Ic
The relations

IA + +
zu + Z12 + Z13
h.A+ E. + Ec = 0

=00= (19)
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reduce the number of independent variables in these
equations to two but there is not much simplification
introduced.

The above solution illustrates the difference between
the method of solution which consists in considering
each phase as an independent single-phase circuit and
that in which the effects of the currents in all phases in
symmetrical groups are considered simultaneously.
Equations (18) and (19) are the forms to which the
differential equations reduce on solution for steady
conditions. The impedances Z11 Z,2 ZIP etc. are com-
pounded of two impedances Z, and Z2 which are
fundamental characteristic impedances of the machine
and it is interesting to note that the form of these
impedances bears the same relation to Z1 and Z2 that
the currents IA lac bear to II and 12.

THREE-PHASE POWER MEASUREMENTS
It is convenient to represent line currents, and,

e. m. fs. measured from the neutral point, by IA I.
EA EB Ec respectively and the corresponding sequence
quantities by S° IA0 S' Li S2 L2 etc. Delta currents
and e. m. fs. between lines are represented by fa

E. Eb Ea as shown in Fig. (7) the positive direc-
tion being indicated by an arrowhead. This gives the

lA Phase A

Phase C

IC
la Phase B B

FIG. 7-DIAGRAM ILLUSTRA'IINO CONVENTION USED IN
STAR AND DELTA CURRENTS BY SYMMETRICAL COORDINATES

following relations between the line currents, delta
currents, Y voltages and delta voltages

Sr EA = Sl EA1 + S2 EA2
S'E0 = sii .fg EA, - s2 -v3* EA2

So that S1Ea1 = Slj N/3EA1
S2Ea2 = S2 YEA2

With these relations the various methods of measuring
power in three-phase circuits may be easily proved.

Three -Phase Power with Two Wattmeter
P-1-jQ=Z (S' S2 EA2) (S1 Li S-2 fA2)

= fAi + -EA2 IA2) + k52 EA1 IA2
S' EA2 fAl]

The sum of the instantaneous values of all but the
S0 group is zero. We may therefore add to the e. m. f.
any quantity which will give S' and 52 groups with no
S° group without changing the value of the S° term. Thus
if we add to Sr EA any S° term we shall not change the
mean power. If we add - S° (EA1 EA2) ; this will make
the power in phase A zero. The wattmeter in this

phase may therefore be dispensed with. This will add

- S2 (EA, IA2 + EA2 IA1) and - S' (F:Ai /A2 EA2 1A2)

to the power product. The voltages will be
EA = EA + EA2 - EA, - LA2 = 11

AB = al EA, - EA1 + a EA2 - EA2 =

Ec = a EA, - EA + a2 EA2 - EA 2 = En
We have therefore the line currents I Ic in the series
coils and the voltages E and - EC across the shunt
coils. It should be noticed that the addition of S°
in any quantity to the e. m. f. will not affect the mean
power, and therefore we may impress the voltage
to the lines from any convenient point without chang-
ing the mean power. Graphically this is shown by the
fact that the S° power product determines the mean
power and the centroid of the triangles defining the
amount of unbalance. Displacing the neutral point
merely adds S' and S2 products to the power and these
represent equilateral triangles having their centroids
coinciding with the end of the mean power factor.

SINGLE-PHASE GENERATOR

In the single-phase generator we have a generated
symmetrical e. m. f. E0 and at the terminals e. m. fs.
Si EA1 and S2 EA2. Furthermore if 5' IA1 be the positive
phase sequence current - 52 IA, will be the negative
phase sequence current and therefore

5' (E0 - Z1 Li) = S1 EA1

S2 EA2 = S2 Z2 IA1

Then Si EA1 S2 EA2 = Si (E0 - Z1 IA1) + S2 Z2 1A1
S (PA J QA) = S° (A0- Zi Li) Li

- S° (Z2 /Al2) - S2 (-80

- IA1) fAi + 5' (Z2 /Al2)
The mean output per phase P j Q is therefore
S° (E0 - Z, Li) - S° (Z 2 Al2) so that the addition
of the vectors - S2 (E0 - Z, Li) hi + S' (Z2 /Al2)
makes the power in the A phase zero as it should be.

The vector diagram may be drawn as follows:
Draw from the origin 0 the line 0 0' equal to P j Q.
The value of IA1 is known it is P j Q divided by the
Y voltage corresponding to the value of the single-
phase terminal voltage. Through the point o' draw
the vectors SI /Al2 Z2 giving 0' A" 0' B" 0' C" in posi-
tive phase sequence relation. Draw 0' A' parallel
and equal to A" 0, 0' A' will thenlbe the principal vector
of the system - S2 (E0 - Z, IA,. Complete the
system by the lines 0' B' 0' c' in negative sequence
relation with o' A'. The resultant of the systems
S' /Al2 Z2 and - S2 (E0 - Z1 In) fAi represented re-
spectively by the equilateral triangles A" B" C"'and
A' B' C' combined give the triangle A B C of which the
apex A lies on the point 0 and the lines 0 B and 0 C
represent the power delivered by the phases B and C
and these vectors are also proportional to the voltage to
neutral of these two phases under load. The datum
of P j Q represents also the phase of IB and
in drawing the diagram. Fig. 6.



A Diaphragmless Microphone for Radio Broadcasting
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THE broadcasting of regular programs of entertain-
ment and instruction was begun in the Fall of
1920. It was not long before the service became

quite generally used, although at first this was due to its
novelty. Judged by present standards, the character
of the programs rendered, and the quality of modula-
tion attained, was susceptible to great improvement;
and the development of better apparatus and methods
of modulation has gone hand in hand with the broad-
ening of the scope of entertainment offered.

At the time when the writer's attention was directed
to this matter, the gradual improvement being made
in the speech amplifier and modulator system, was
making it increasingly evident that the carbon granule
microphone could not be relied upon for accurate
reproduction of music.

In order to transform sound vibrations, without
distortion, into electrical vibrations in the ether, given
a distortionless amplifying system, certain conditions
must be met by the reproducing device. These,
briefly, are as follows:

1. An incident sound wave, of a given pitch and
intensity, must always have the same effect upon the
microphone.

2. There must be a linear relation between sound
intensity and effect produced.

3. The device must be critically damped, in order
to correctly copy complex sound waves.

4. There must be no resonance points in the curve
of variation of response with frequency, which should
preferably be a straight line parallel to the frequency
axis.

5. It is very desirable that this curve of response
against frequency, be to some extent adjustable at the
microphone. This is desirable in order to be able to
correct for attenuation in overhead or cable lines from
the signal source to the broadcasting station.

The carbon granule microphone depends for its
action upon the variation of contact resistance between
numbers of carbon particles. This variation is caused
by movement of a diaphragm, actuated in turn by the
incoming sound waves. When used for voice trans-
mission in the usual way, an average intensity of repro-
duction will be maintained over indefinite periods
because the speaker talks directly into the mouthpiece,
causing a considerable agitation of the granules. In
reproducing music comprising more than one tone, or
one instrument, it is not feasible to direct the sound
waves into the mouthpiece, and a much diminished
sound intensity must be employed. This results in
a gradual loss of sensitivity of the microphone,-the

Prevented at the Midwinter Convention of the A. I. E. E.,
NHI' York, N. Y., February 14-17, 1928.

familiar "packing",-so that the first of the above
conditions cannot be met. Conditions (2) and (3)
are complied with, approximately, over fairly wide
limits. The use of a loaded diaphragm, however, means
that there will be a fundamental or natural period and
its overtones, due to the instrument itself. At these
frequencies the response will, by mechanical resonance,
be much exaggerated. Usually this fundamental
frequency is purposely placed at or near eight hundred
cycles, the figure adopted as the average speech fre-
quency. This means that below the natural frequency,
the response increases with frequency, rising to a peak
as resonance is reached, and falling off rapidly at higher
frequencies. The timbre of the various musical instru-
ments is due to the frequency and intensity of the
various harmonics present. These occur mainly in the
range above eight hundred or one thousand cycles,-
the range through which the sensitivity of the carbon
microphone is low and decreasing. All such micro-
phones, to a greater or lesser extent, have undesirable
characteristics such as described; hence it is apparent
that one cannot expect faithful reproduction of music
by this means.

The carbon microphone is ordinarily used to vary the
current in a circuit, supplied at constant potential, by
varying the resistance of the microphone. Since in the
Ohm's law equation for current, directly applicable, the
circuit resistance appears in the denominator, the
current variation cannot be an exact copy of the resist-
ance variation. The distortion will be the greater, the
larger is the proportion of microphone resistance to
total resistance in circuit. In other words, the greater
the sound intensity at the diaphragm,-which tends to
prevent packing,-the more will the reproduction be
distorted.

It was found possible to remove this cause of dis-
tortion by using the microphone in a constant current
circuit, instead of one worked at constant potential.
By connecting the instrument in series with either a
high resistance or high inductance, and securing proper
current by adjustment of the supply voltage, the cur-
rent will remain constant, and the potential at the
microphone terminals will be directly proportional to
the resistance, instead of inversely. By suitable
amplification of this voltage variation, much better
quality can be obtained; however, the resonance
characteristics and the unsteady performance cannot be
improved in this way.

Although it was found possible to correct, in some
measure, the tendency to resonance, it was felt that
such devices are by their very nature unsuited to the
purpose in hand.

The first alternative taken up was an electrodynamic
219
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or moving coil transmitter, whose coil was connected
to the center of a diaphragm damped at its edge, which
moved the coil in a strong magnetic field. If connected
in a circuit of large inductance and low resistance, the
movement of the diaphragm will cause alternating
currents to flow in the coil circuit. These currents will
be, for sound waves of constant amplitude, independent
of the sound frequency. Proper corrugation of the
diaphragm will annul any harmonic resonance, leaving
the fundamental period alone to be corrected for.
Hence the response curve will be of the same shape as
an electrical resonance curve, and may be corrected in
the amplifying network, by the use of suitable filters.

It was shown experimentally that such a transmitter
could be produced. The compensation was satisfactory
in the lower and intermediate audio ranges, but at the
higher frequencies mechanical hysteretic effects in the
diaphragm became prominent, and the resonance
characteristics of the moving coil and connection system
came into play, so that the results could not be con-
sidered satisfactory.

At about this time, advantage was taken of the
condenser transmitter, developed primarily for use in
measurements of sound intensity.' This instrument left,
theoretically, little to be desired, since it had been
shown2 to be possible to construct it with critical damp-
ing and with a response characteristic practically
independent of frequency. However, it developed after
several months' use in broadcasting, that the problem
of maintaining its- insulation resistance high and con-
stant, to avoid loss of sensitivity and introduction of
ground tone, is difficult of solution. There is also a
marked tendency for the diaphragm, .originally tightly
stretched, to sag and lower its natural frequency until
it comes well within the audio range, which defeats the
primary object of the construction. The high order of
impedances involved, as well as the considerable
amount of amplification required, make the instrument
difficult to maintain in satisfactory operating condition.
Even with these defects, however, the condenser trans-
mitter represents practically the best solution of the
problem of sound reproduction by use of a diaphragm.
It thus became apparent that the production of a
diaphragmless microphone would be a distinct step
forward.

There are several ways in which sound waves may be
electrically reproduced without the'use of a diaphragm.
In many cases, however, while fundamental frequencies
and resonant harmonics are avoided, the mechanism
employed is not free from inertia. This is true, for
example, in the case of the inverted Goldschmidt
thermophone, in which the sound waves vary the
temperature and hence the resistance of a heated wire
or strip. The sensitivity may be made independent of
frequency, in such cases, by damping the lower ranges,

1. E. C. Wente, Phys. Rev., II, Vol. 10, p. 39, 1917.
2. I. B. Crandall, Phys. Rev., II, Vol. 11, p. 449, 1918

but its value will then be no greater than the undamped
value at the highest frequency used. The required
amplification thus becomes so large that the ratio of
tube noise to signal is difficult to keep small enough for
quiet operation.

The variation of the impedance of an ionic stream, as
the pressure is varied by the incident sound waves, offers
great promise, especially if so-called cold ionization can
be used. In this case there will be practically no energy
loss, no heat developed, and hence no inertia at the
instrument. Calculations, however, of the space cur-
rent to be expected in air at atmospheric pressure, with
radium or emanation as source, showed that the im-
pedances to be expected would be of even higher order
than those in the condenser transmitter circuits.
Experimental tests showed the same to be true of
ionization currents due to ultraviolet light.

An operative microphone was made by using the
ionization from a Nernst glower. The response curve
fell off very badly as the frequency was raised. It was
found to be impossible to eliminate the hum caused by
the commutator of the dynamo furnishing the current
to heat the Nernst glower. Following this lead, it was
found that the response was due in the main to change
of temperature of the glower, and not to direct change
of impedance due to the sound wave. This explained
the mass or inertia effect found to be present.

At this time the writer's attention was brought to the
relatively great change in potential across a so-called
"glow -discharge," at reduced pressures, which is known
to occur upon altering the length of discharge path.
It was suggested that something of the same effect
might be present in air at atmospheric pressure. A
calculation showed that this effect would afford ample
sensitivity at reasonable impedance, were it to be even
one hundredth as great in open air as at the pressures
employed in the published work. Tentative tests were
made along this line, which seemed to show that the
sensitivity in open air would not be sufficient for the
purpose; also it was necessary to use a diaphragm.
The writer, however, was able to show that the dis-
charge impedance could be varied directly, without the
intermediary diaphragm, by pressure variation from
sound waves reaching the discharge path.

The direct -current glow discharge, at low pressure,
is a fairly well known form of ionization conduction,
little has been published, however, on its characteristics
in open air. Since the new microphone makes use of
such a discharge as its variable impedance, a brief
description of the phenomena is thought to be desirable.

The application of moderately high direct potential
between two electrodes separated a short distance in
air, with enough series resistance to prevent formation
of the usual type of heavy current arc, will cause the
establishment of a peculiar low current, high voltage
discharge having a characteristic glowing appearance,
from which is derived the name, "glow -discharge."
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The order of current is from one to twenty milliamperes
or more, at voltages ranging from two or three hundred
to one thousand volts.

Such a discharge, when produced between electrodes
of certain metals, of which copper is one of the best, is
remarkably quiet and steady to the unaided ear and eye.
The discharge path is similar to that produced at low

pressure, except that certain portions are of much
less length. There are eight portions, of which but
four are of importance in the open air. Fig. 1, sche-
matic, shows these portions, which comprise, as we go
from the anode towards the cathode; the anode glow,
the anode column, the Faraday dark space, and the
cathode glow. Between the cathode glow and the
negative electrode there is a second dark space, called

>
FIG. 1-ENLARGED (SCHEMATIC) APPEARANCE OF GLOW

DISCHARGE

the Crookes' or cathode dark space. The potential
drop across this space is quite large, but its length in
open air is very short.

If such a discharge be connected as shown in Fig. 2,
it is found that the incidence of sound waves at the gap
will produce alternating potentials of equivalent fre-
quencies across the coupling condenser C, whose
function is to block off the direct potential drop from
the grid of the amplifier tube A. The rectifier tube
shown in the discharge circuit serves to maintain the
current at a constant value as the discharge impedance
changes with varying pressure. The sensitivity is
surprisingly large; an amplification of ten to one will
give loud signals in a head set. The discharge imped-

D.C.

FIG. 2-DIAGRAM OF CONNECTIONS, CONSTANT CURRENT GLOW
DISCHARGE, SHOWING FIRST STEP OF AMPLIFICATION

ante is of the order of five hundred thousand ohms,
which is low enough to cause no trouble in maintaining
insulation resistance, or in adapting the device for use
with standard vacuum tubes.

Equipment of this nature was tried out in formal
broadcasting from station K D K A, in the spring of
1922. The discharge gap or holder used is shown
diagrammatically in Fig. 3. The following defects
were found to be present:

1. The curve of sensitivity as function of frequency
was not flat, but fell off considerably at the higher
frequencies.

2. There was considerable "ground tone,"-rumb-
ling, hissing and popping noises not connected with the

sounds being copied. These noises were not prominent
enough to interfere with the modulation, but were quite
disagreeable during quiet intervals. At times they
were strong enough to cause overmodulation of the
system.

3. As was to be expected, there was extreme sensi-
tiveness to drafts or air currents, because no draft
shields had been attached to the discharge holder. The
sudden opening of a door into the studio would cause
enormous variations in gap voltage. The blocking
condenser C of Fig. 2 thus became overcharged, the
potential on the first amplifier grid was made positive,
and the sensitivity to sound was entirely lost until the
condenser could discharge through the grid leak.

4. There was a certain amount of radio frequency
regeneration.

These defects were sufficiently pronounced to make
the device unsuitable for use in broadcasting. The
advantages afforded, namely simplicity, durability,
low impedance, and high sensitivity, in addition to
elimination of the diaphragm, were so great that it was
decided to see what could be done in the way of im-
provement. The matter of unequal response with

FIG. 3-FIRST GLOW DISCHARGE MICROPHONE

varying frequency was taken up first, being the most
serious defect. To avoid loss of sensitivity, it was
desirable if possible to reinforce the weak portions of the
curve, rather than to cut down the stronger portions.
Unsuccessful attempts were made to do this by the use
of various designs of single and double amplifying horns.
It finally became necessary to make a study of the
sound response of the different portions of the discharge,
to find out what if any portions would give proper
response. This was accomplished by the use of a
perfofated exploring electrode, through which the dis-
charge was allowed to pass. As shown in Fig. 4,
connection to the amplifier grid could be made from the
exploring electrode and either terminal of the discharge.
The most sensitive portion was found to be the positive
column. Its sensitivity was so great that when using
the whole gap, as in Fig. 2, but little was contributed
by the other parts of the discharge. The sensitivity of
the portion from the end of the positive column to the
cathode terminal was found to be much less than that
of the positive column, and to be independent, through
wide limits, of frequency. While more amplification
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is required when the positive column effect is eliminated,
the effect of frequency can be made negligible.

It will now be apparent that by suitably proportion-
ing the discharge gap, and properly placing the explor-
ing electrode, we can control, to a great extent, the
shape of the frequency response curve. It should be
noticed here that as the separation of the main elec-
trodes is increased, nothing in the character of the dis-
charge is altered, except the length of the positive
column and the voltage drop across this column. The
positive column gradient is roughly fifteen hundred
volts per centimeter of length. If a short gap is used,
with the exploring electrode close to the cathode termi-
nal, the response will be obtained mainly from the
cathode and will be practically flat. If the gap is
lengthened, without altering the distance from cathode
to exploring electrode, the differential action of the
cathode portions and the positive column, on the
voltage change at the exploring electrode, will result in
partial suppression of the response on the lower audio
register. An upward sloping curve will result. As the
exploring electrode is moved nearer to the anode end,
the positive column characteristic will become gradually

o A,m,o4 her.

FIG. 4-GLOW DISCHARGE MICROPHONE WITH EXPLORING
ELECTRODE

more dominant, until at the limit, when the whole gap
is used as pick-up, the characteristic will have a pro-
nounced downward slope. The use of this microphone,
therefore, should enable one to use a distortionless
amplifier network and to control or modify the character
of the modulation at will, by simple adjustments at the
microphone itself.

It has been found that the bad effects of drafts can be
avoided without essentially altering the response to
sound waves. This was accomplished by the use of
properly designed draft shields placed across either end
of the short tube containing the glow discharge termi-
nals. The air current resistance of the two shields was
made quite different, so that as now used, the instrument
is sensitive mainly at one end only. It was found to be
undesirable to completely close one end, as this re-
sulted in diminished sensitivity as well as resonance at
the natural frequency of the enclosure.

While the ratio of ground tone to signal was greatly
reduced by the use of the exploring electrode described
above, it was found necessary to determine the source
of the noises. There resulted the development of an
alloy of low heat conductivity and melting point, to be
used for the electrodes. By the proper proportioning

of diameter and length of electrodes, and the use of
discharge currents of proper value, it proved possible
to operate the device continuously over long periods of
time, without objectionable ground tone. Further-
more, while the electrodes eventually fail, this occurs
after about the same length of service in all cases. It
is then a simple matter to design the microphone
holders and units so as to be readily replaceable, and
to renew them long before they become inoperative.

The development was completed by the working out
of a low -current, high -voltage rectifier, with resistance-

capacity filters, which permits the discharge to be
struck or started by flashover, and maintains its current
practically independent of discharge impedance. Units
of substantially this construction have been used in the
regular broadcasting programs of station K D K A for
several months.

In conclusion, it may be said that although it is
desirable and will doubtless become possible to use a
microphone giving a response independent of frequency,
this is not done at present. The imperfections of the
existing designs of head telephones and loud speakers
make it advisable to adjust the modulation, to some
extent, so that the received audio signals will be more
nearly faithful copies of the originals. This is readily
accomplished with the new microphone, so that advan-
tage may be taken of improvements in receiving
apparatus as they appear.

PERMISSIBLE TELEPHONES FOR
COAL MINES

The Bureau of Mines has just issued Schedule 9A,
"Procedure for establishing a list of permissible tele-
phones for use in coal mines," and is prepared at its
Pittsburgh experiment station to conduct inspections
and tests of telephones designed for use in coal mines.
A telephone submitted for permissibility tests shall be
so designed and constructed that under no circum-
stances can its normal operation cause ignition of
either dust or gas, or a combination of dust and gas,
in the surrounding mine atmospheres. All parts of the
telephone shall be adequate for the service for which
they are intended.

The construction of permissible telephones shall be
especially durable. This requirement shall be applied
consistently to all the details of the telephone under
test in order that with proper care and maintenance
the permissible qualities of the telephone shall remain
unimpaired under the severe conditions imposed by
mining service.

A thorough inspection of the telephone will be made
to determine its adequacy and permissibility. Tests
may be made to check the electrical characteristics and
constants of the various parts, and to determine the
adequacy of the insulation and of other parts or features
of the apparatus.



Systems of Single -Phase Regeneration for Use with Series
Type Commutator Motors

BY L. J. HIBBARD
Railway Equipment Engineer, Westinghouse Electric & Manufacturing Company, E. Pittsburgh, Pa.

Review of the Subject. - The alternating -current series
motor may be adapted to regeneration in a number of important
respects more readily than a similar direct -current series motor on
account of the following features: (1) The a -c. motor always
employs a cross -field winding which prevents armature distortion.
(2) A relatively low impressed commutator voltage is used reducing
the dan4er from flashing. (3) With the a -c. system a transformer
can he used to obtain desired variation in motor, voltage. The
advantages of this feature are outlined at length with reference to its
effect on regeneration.

The several schemes of regenerative connections are divided into
four classes as follows: (1) Series excitation; (2) self -excitation,
or cross excitation; (3) shunt excitation; (4) separate excitation.
The first two connections have not been commercially used. A
number of fundamental assumptions as to the theory of the single-
phase motor are given as a basis for vector diagrams, which are used
to analyze the conditions for both motoring and regeneration for the
four types of connections. A detailed presentation of the conditions
which obtain with these connections is then given by the author.

When using the first connection for regeneration it is necessary
with series excitation to reverse the main field with reference to the
motoring conditions. With the alternating -current series motor a
sudden decrease in the line voltage will not increase the regenerated
current as in the case of direct current, but will tend to decrease it.
In a like manner an increased speed with any given impressed
voltage will also decrease the regenerated current. Objectionable
characteristics are: first, a strong tendency to pick up as a direct -
current generator with the secondary transformer winding acting as a
short circuit; second, a like tendency for low frequency currents to be
set up; third, undesirable speed torque characteristics. These
featu? es are cited as the reasons for not seriously considering this
type of motor and connection for railway application with regenera-
tion in this country.

The second system employs an extra set of brushes located midway
between the normal brushes on the commutator. This system is

handicapped by the fact that armatures and also the commutators
of the motors must have increased capacity because of the necessity
for carrying exciting as well as load currents during regeneration.
This is particularly objectionable on account of the space limitations
existing in connection with railway application. Another dis-
advantage is the necessity for extra brushes around the commutator.
This method of connection, however, has the advantage of giving a
shunt speed torque characteristic and permitting power factor
compensation during regeneration.

The third connection using the so-called shunt excitation has the
advantage of simplicity and reliability. The chief disadvantage
lies in the fact that power factor correction cannot be made during
regeneration. -It is handicapped to some extent, due to the fact that
the same continuous torque between armature and field winding can-
not be obtained as was possible with the series connection. In a
majority of commercial applications, however, this connection will
provide sufficient tractive effort. Only two units are required to
obtain regeneration: first, a substantial reactor and, second, a change-
over switch for controlling the same.

The 'fourth system utilizes separate exciters either of the (1)
constant speed or (2) variable speed type. Under the constant speed
systems, either phase converters or motor generator sets may be used.
With the variable speed, either separate axle generators or one of the
main motors is used as an exciter. This system, although in general
requiring more apparatus for regeneration (hence costing and
weighing more) than some of the other systems, is also more flexible.
The desired speed torque characteristics can be obtained and, with
a constant speed exciter, power factor compensation is available as
well as power for driving auxiliary apparatus.

7'he conclusion is reached that regeneration can be properly and
successfully obtained with one or more of the several systems out-
lined. In the several appendices, explanation is made of the vector
diagrams by means of which the author analyzes the conditions for
each system of connection.

IT has long been known that under certain conditions
a motor driving' an electric locomotive or car could
be converted into a generator and that as such it

could be used to exert a braking effect upon the vehicle
either for "holding" a train while descending a grade, or
for reducing the speed of the train when making a stop.

Numerous articles have appeared in the technical
press during the past few years covering various systems
of control for use in connection with three-phase, split-
phase and direct -current systems of regeneration.

However, practically no mention has been made of
systems of regeneration for use with single-phase
series type commutator motors.

Probably the reader is better acquainted with the
direct -current system at the present time than with any
other type. Hence, in the following general discussion
the writer will use the d -c. system for comparative
purposes.

Presented at the Midwinter Convention of the A. I. E. E.,
New Y ork, N. Y., February 14-17, 1923.

The Westinghouse Electric & Manufacturing Com-
pany tested a regenerative single-phase locomotive
on its test track for several months at East Pittsburgh
as long ago as 1905, and a few years later a similar
system was applied to the Midi locomotive in France.

At that time there was practically no demand what-
soever for regenerative equipments in the commercial
field, and the system referred to above was used pri-
marily in connection with a number of important gear
tests which were being made at that time. The re-
generative feature was utilized to give a relatively
cheap and flexible load, two similar locomotives being
used during the test, one regenerating while the other
motored.

The a -c. series motor lends itself to regeneration in a
number of important respects more readily than the
corresponding direct -current series type motor. This
type of a -c. motor is always provided with a cross -field
winding preventing armature distortion, and as it
always has a relatively low impressed commutator

223
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voltage, the danger of flashing is practically eliminated.
The a -c. system also has the advantage that the

existence of a transformer on the vehicle makes the
variation of motor voltage very simple and economical.
This, in turn, means that weakened fields at high
speeds are not a necessity and that regeneration at
practically all speeds down to a standstill can be ac-
complished with practically any desired field strength.
This permits the obtaining of any desired torque with
any desired speed, with the armature and field currents
adjusted to give the minimum root mean square currents
in either member. Thus, in general, it is possible to
effect regeneration with a lower root mean square
current in the armature and over a greater range in
speed than is possible in the case of the direct -current
system with its limited and less flexible voltage range;
also, due to the presence of the transformer and due to
the fact that connections can be completed inductively,
as well as conductively, the a -c. series motor lends itself
more economically to a larger number of regenerative
connections than appears possible with the d -c. system.

The various schemes of regenerative connections
available for use with this type of motor can be divided
into four distinct classes, or combinations of these
classes, depending upon the type of field excitation
employed. The four classes can be designated as
follows:

1. Series Excitation
2. Self -excitation, or cross excitation.
3. Shunt Excitation.
4. Separate Excitation.
The third and fourth classes have been commercially

applied and detailed description of a few of the various
forms of connections possible in these two classes will be
given in the following pages.

In so far as is known by the writer, no commercial
applications of the first and second classes have been
made as yet, and only a general discussion of a single
form of each of these two classes will be given.

For the sake of clarity it is necessary to give in a
brief manner several fundamental assumptions which
will act as a basis for the vector diagrams which follow.
In all cases it is assumed that the electrical windings are
such that:

1. A motoring torque will be exerted when the field
flux and armature current of a given machine have a
component 180 deg. out of phase with each other.

2. A braking or regenerating torque will be exerted
when the field flux and armature current have a com-
ponent in phase with each other.

3. Power will be taken from the line when the
armature current has a component in phase with line
voltage.

4. Power will be returned to the line when the arma-
ture current has a component 180 deg. out of phase with
the line voltage.

5. A lagging armature current will be taken from,
or returned to, the line when the resultant wattless

current required for the armature circuit is lagging.
6. A leading armature current will be taken from

or returned to the line when the resultant wattless
current required for the armature circuit is leading.

The following well known fundamental laws will be
used frequently and are stated in order that the reader
may more easily follow the writer's various presenta-
tions.

(1) The sum of the voltages in any closed circuit
must be equal to zero, that is, the sum of all the counter
voltages must be equal and opposite to the impressed
voltage.

(2) When a voltage is applied to a reactance, the
current produced will lag 90 deg. behind the impressed
voltage. The reactive drop, or counter voltage, pro-
duced by this current must be 180 deg. away from the
impressed voltage in order to produce a balanced
condition, and hence the reactive drop must lag 90 deg.
behind the current that produces it.

(3) Likewise, when a voltage is applied to a resist-
ance, the current produced will be in phase with the
impressed voltage. The RI drop, or counter volts,
produced by this current must be 180 deg. away from

40o Paf.g,,,ph Main Transformer p,h,,,
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FIG. 1 -SERIES MOTOR

the impressed voltage in order to produce balance, and
hence, it is 180 deg. away from the current. '

(4) The counter electromotive force set up, due to
a rotating conductor cutting a given flux, will be in
phase with the flux cut.

Also, it might be noted that all vector diagrams are
arranged so that any leading vector is always drawn
counter -clockwise with respect to any lagging vector.

MOTORING WITH SERIES EXCITATION'

In line with the above the operation of the series
motor as a motor assumes the form shown in Fig. 1
which is a schematic of a typical main circuit connec-
tion.

The transformer voltage applied across the motor
terminals sets up a circulating current in the motor
circuit. The motor circuit is inductive and therefore
the current lags the impressed voltage. The circulating
current thus set up produces a counter voltage equal and
opposite to the impressed voltage. At standstill this

1. See Appendix A for detailed Vector Analysis.
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counter voltage is composed entirely of the impedance
drop around the armature circuit. The impedance
drop consists of a resistance and reactance drop. The
reactance drop is at right angles to the resistance drop.

Ia

(a)
standox.

(b)
_EL approx. Hal f

Speed.

(C)
Fall

_EL Speed

2-SERIEB MOTOR

The resistance drop is 180 deg. away from the armature
current and in phase with the field current. lift Yea

As the speed of the motor increases a counter elec-
tromotive force is set up across the armature which
adds directly to the resistance drop in the circuit.
Hence at any speed except zero the resultant counter
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voltage is composed of the counter electromotive force
as well as the impedance drop in the armature circuit.
As this counter electromotive force grows in value
with any given constant impressed voltage the imped-
ance drop and hence the armature current must de-
crease in value to maintain the proper resultant value
of countervoltage. Hence, with a fixed terminal
voltage the armature current and consequently the
propelling torque, decreases as the speed increases.

Fig. 5 shows the typical shape of the speed torque
characteristic obtained with the series connection.

REGENERATION WITH SERIES EXCITATION=

In order to regenerate after motoring with the series
2. Seel, appendix 13 for di.iailed Vector

connection the main field must be reversed. Thus
Fig. 3 shows a typical main circuit schematic for this
connection. The operation regenerating is similar
to the operation motoring except that the field current,
and consequently the field flux and resultant torque
produced, has been reversed. Thus at standstill the
counter voltages set up are exactly the same as in the
motoring connections at standstill. However, as the
speed increases from standstill the counter electro-
motive force set up is in the opposite direction and
hence opposes the resistance drop but remains at right

EL/
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Ei4 Full Speed.

Fia. 4-SERIES GENERATOR

angles to the reactance drop. Thus at some definite
speed where the counter electromotive force is just
equal and opposite to the R I drop the armature cur-
rent will lag the line voltage by exactly 90 deg. since
the only counter voltage available is the reactance
drop around the armature circuit.

At this point the generator is supplying its own losses
and hence is drawing no power from the line. As the

Re fording Tractive Eiffel Propelling Trective Effort

5 -A l' l'ItOX 1M ATE "SPEED T. A nAcTionisTic.
SERIES EXCITATION

speed increases above this value the counter electro-
motive force overbalances the resistance drop and the
resultant counter voltage is equal to the vector sum
of the reactance drop and the difference between the
resistance drop and counter electromotive force and the
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resultant vector relations are such that power is
returned to the line. This can be readily seen if the
difference between the counter electromotive force
and the resistance drop is considered as a negative
resistance drop. The presence of a positive resistance
drop indicates the use of power and hence the presence
of a negative resistance drop must represent the genera-
tion of power.

Thus it is seen that the alternating -current series
motor can be made to operate as a series generator
merely by reversing the fields. A suddenly decreased
line voltage will not increase the regenerated current
of the line frequency as in the case of direct current,
but will tend to decrease it. Similarly an increased
speed with any given impressed voltage will also
decrease the regenerated current. While these charac-
teristics would make its use for regeneration possible,
other difficulties have to be overcome for a practical
solution along these lines.

The system is handicapped by the strong tendency
of the generator to pick up as a direct-current.generator
with the secondary transformer winding serving prac-
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FIG. 6-CROSS FIELD OF SELF EXCITING GENERATOR

tically as a short circuit. Even if direct currents are
made impossible, as in the case of a repulsion motor,
there is a strong tendency for low -frequency currents
to be set up, causing trouble. Also the speed torque
characteristics obtained with this connection (See Fig.
5) are not the best type for all classes of regenerative
service since the torque tends to decrease as the speed
increases for any given value of impressed voltage.
In view of these difficulties this method of regeneration
has so far not been seriously considered for railway ap-
plication in this country. Undoubtedly, however,
due to its simplicity it has possibilities for the future.

REGENERATION WITH CROSS -FIELD OR SELF -
EXCITATION'

A regenerative system of the second kind with the
main motors acting as armature (self-excited) generators
is shown in Fig. 6. In this system the armature is
supplied with an extra set of brushes b b which are
located around the commutator midway between the
normal or motoring set. The cross field is connected
across a section of the main transformer. The resultant

3. See appendix C for Vector Analysis.

current and flux set up in the cross field circuit is
approximately 90 deg. behind the line voltage since the
field circuit is highly inductive. The armature con-
ductors revolving in and cutting the cross -field flux set
up by a counter electromotive force across brushes b b
in phase with the flux cut and hence at right angles and
lagging the line voltage.

This voltage is then connected across the main field
and sets up a current and flux through the main field
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. FIG. 7 Ito F OF SELF ECITING ENERATOR

approximately 90 deg. behind voltage b b or approxi-
mately 180 deg. away from the line voltage. The
armature conductors revolving in and cutting this main
field flux set up a voltage across the normal brushes
approximately 180 deg. away from the line voltage.
Hence, when these terminals are connected to the trans-
former the resultant voltage difference will set up a
circulating current in the circuit. If the line voltage
impressed is greater than generated voltage a motoring
torque will be produced and power will be drawn from
the line. If the generated voltage exceeds the line
voltage a braking torque will be exerted and power will
be returned to the line. The small section of trans-
former voltage in the excitation circuit is introduced in
order to neutralize the resistance drops in both the
cross field and main field circuits and hence maintain
the regenerated voltage exactly 180 deg. behind the line
voltage.

Fig. 8 shows the typical shape of the speed torque

Constant Cross p4/(1 :
" Armature 41

varies with Speed.
filvaries according to soturntioneurrail.
:Ec&"Ee- Ei varies as -pi X Speed.

Va ries with 'Ec"accordin5 toimpeda re e
o f the armature Circuit.
Tractive Effort varies as fortrai hence

approx  as square of speed over the
normal operating range.

Reiarchng7;activeEffort--- 0-0- Propelling Tractive Effort.

no. 8-APPROXIMATE SPEED-TRACTIVE EFFORT CHARACTER-
ISTIC WITH CROSS -FIELD EXCITATION SYSTEM

characteristic obtained with this connection.
This system is handicapped due to the fact that the

armatures, and also the commutators of the main
motors, have to be increased in capacity because they
carry the exciting currents in addition to the load cur-
rents. This is quite a serious handicap in view of the
spare limitations existing for the main motors in con-
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nection with railway work. Another disadvantage of
the system is the necessity of additional brushes around
the commutator.

However, such a system is advantageous in so far as
it gives a shunt or flat speed -torque characteristic (see
Fig. 8) and as it permits of power factor compensation
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FIG. 9-SHUNT GENERATOR

during regeneration, and possibly during motoring, with-
in certain limits. Henke, it eliminates the necessity of
auxiliary rotating apparatus that otherwise might be
required to obtain this power factor compensation
feature and therefore probably has certain possibilities
for the future.

REGENERATION WITH SHUNT EXCITATION4

The simplest form for a shunt type regenerative sys-
tem is shown in Fig. 9. The main fields are connected
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directly across a section of the main transformer. The
resulting field current and flux set up in the circuit lags
approximately 90 deg. behind the line voltage. The
armature conductors revolving in and cutting the field

4. See appendix D for Vector Analymis.

flux set up a counter electromotive force across the
armature circuit in phase with the flux cut and hence
approximately 90 deg. behind the line voltage.

The armature is thus connected in series with an

EO

e 7",

If
Of
Et,

If

too

Iat

Ian

(a)
G3= 150% EL

50YeSpeed.

(b)
E«,= /00% EL
50% Speed

(C)
EL, = 50% EL.

50% Speed
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PRESSED ARMATURE VOLTAGE. SHUNT EXCITATION

external reactor and across a section of the main
transformer. The vector sum of the counter electro-
motive force generated in the armature and of the voltage
impressed across the armature, give a resultant voltage
in the armature circuit which lags behind the line volt -
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12-MOTORING - VARIABLE SPEED-CONSTANT IMPRESSED
ARMATURE VOLTS. SHUNT EXCITATION, CONSTANT IMPRESSED
FIELD VOLTS.

age by some angle depending upon the relative values
of the impressed and generated voltages: This result-
ant voltage sets up a circulating current in the arma-
ture circuit which lags by approximately 90 deg. since
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the armature is highly inductive due to the external
reactor. Hence, since the field current and flux are also
lagging the line voltage the armature current has a
component in phase, the field flux, and is therefore
exerting a braking torque. Also, due to the fact that
the resultant voltage in the armature circuit lags the
line voltage and to the fact that the armature current
is approximately 90 deg. behind this voltage, the arma-
ture current must lag the line voltage by more than 90
deg. hence will have a component 180 deg. away from it.
Thus, power will be returned to the line.

If the main fields are reversed in the above connec-
tions, the counter electromotive force produced will be

Regenerating. 0 Motoring.
(a) Shunt Excitation. (I)Variable speed 2) Constant Field. (3)Constant aro*, Yells.

Regenerating. 0 Motoring.
(b) Shunt EseeVaition (i)Constan7' Speed.(11Con s),a nt Fie lot(3)Voriakbk arraVolts

Regenerating. -0

(C)Shcon't Excitation (I)Constom°eo wer Factor.(2)Variable speed.(3)V* riable
(49Va b le arrn.Vo Its

FIsi & ilrnt volts varying directly with speed.

FIG. 13

reversed. This will shift the resultant voltage in the
armature circuit by 90 deg. and likewise the armature
current.

The resultant voltage will lead the line voltage while
the armature current will lag the line voltage, by some-
thing less than 90 deg. depending upon the relative
values of the line voltage and the counter electromotive
force. Hence a motoring torque will be produced and
power will be drawn from the line.

Fig. 13 (A, B, and C) gives the typical shape of the
different speed torque characteristics for both motoring
and regenerating obtainable with this connection.

The chief haridicap of this system lies in the fact
that it does not permit of power factor correction during
the regenerating period and must always draw a result-

ant wattless component of current from the line for
excitation. It is also handicapped to some extent due
to the fact that the same continuous torque between
the armature and field windings, possible with the
series connection, cannot be obtained in the shunt
connection due to the phase difference between the
armature current and field flux inherent with this
connection. However, in practical applications suf-
ficient torque can be developed between the windings

FIG. 14-REGENERATION-MODIFIED SH UNT EXCITATION

such that when added to the losses the resultant retard-
ing effort available will be more than sufficient for hold-
ing any train while descending a given grade that can
be hauled up the same grade with the series connection.
Also, when the obtainable torque is not sufficient for
any given application the speed -torque characteristics
can be adjusted easily and properly for parallel opera-
tion  with the airbrakes on the train. Hence, this
connection will provide ample tractive efforts for a
large majority of the future commercial applications.

The connections and control are simple and reliable.
Practically only two units are added to the normal
motoring control apparatus, these units consisting of
a simple substantial reactor and a simple change-over
switch for controlling the reactor. The speed torque

Figure

FIG. 15-REGENERATION---MODIFIED SHUNT EXCITATION

characteristics available cover practically the entire
range from (1) a vertical curve, that is constant torque
at all speeds, (see Fig. 13A) which is ideal for straight
deceleration purposes, to (2) a shunt or relatively flat
curve, that is increasing torque with increasing speed,
(see Fig. 13c) which is the desirable characteristic for
use in holding a train at some given desired speed when
descending a grade.

Hence, this form lends itself readily to practically
any class of service and will undoubtedly be in great
demand for future commercial applications.
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A modified form of the shunt connection is shown in
Fig. 14 and is described in appendix D.

SEPARATE EXCITATIONS'

The regenerative systems utilizing separate exciters
during the regenerating period can be divided into two
general classes as follows:

1. Constant Speed Exciter Systems
(a) Phase Converters
(b) Motor Generator Sets.

2. Variable Speed Exciters
(a) Separate Axle Generators.
(b) Main Motor as an Exciter.

In the following a description will be given of a con-
stant speed exciter system using a phase converter as

(Pantagraph Main'Transformer.
Primary.it. Mr.

Main
Fiehi Reverser

FIG. 16-REGENERATION-CONSTANT SPEED EXCITER SYSTEM

an exciter. A variable speed exciter system using one
of the main as an exciter will be described in
appendix E.

A constant speed exciter system is shown in Figs.
16 and 17. In this system the phase converter or
exciter is essentially a two-phase synchronous or induc-
tion motor running on single phase. Hence, a voltage
is generated across the second or open phase at right

T, EL -re

Vglire 17
Regeneraiion- Constant Speed Exciter System.

FIG. 17 -REGENERATION-CONSTANT SPEED EXCITER SYSTEM

angles to the line voltage impressed across the motoring
phase. In most applications of this type a two phase
synchronous motor will probably be employed in order
that it may be operated as a synchronous condenser
during the motoring period for power factor correction.
Also, with the use of the direct -current excitation in the
rotor the main motor field excitation can be supplied
in part if not entirely without drawing it all in the form
of wattless lagging current from the line.

The right angle voltage obtained from the generating
phase of the phase converter is connected in series with

5. See appendix E for Vector Analysis.

the main field of the traction motor and across a section
of the main transformer. The vector sum of these two
voltages gives a resultant voltage which sets up a field
current and field flux through the field circuit. The
resultant field voltage lags the line voltage by some angle
depending upon the relative values of transformer
voltage and phase converter voltage employed. The
resultant field current and field flux lag behind this

Pantograph.

E5in Bkn

Morin Transformer
Prima

Main
Field

Secondary

TZ

Reverser
az

Mao
Fld.

Reverser

It

FIG. 18-REGENERATION-VARIABLE SPEED EXCITER SYSTEM

voltage by 90 deg. since the field circuit is highly
inductive, and therefore lags behind the line voltage
by more than 90 deg.

The main armature conductors revolving in and
cutting this flux set up a counter electromotive force
across the armature in phase with the flux cut. The
vector sum of this counter electromotive force and of
the transformer voltage impressed across the armature
gives a resultant voltage which sets up circulating
current in the armature circuit. The armature current
lags the resultant armature voltage by some angle
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FIG. 19-REGENERATION-VARIABLE SPEED EXCITER SYSTEM

depending upon the relative values/of the resistance
and reactance drops through the circuit.

By the proper manipulation of the transformer
voltages impressed across the main field and armature
circuits (and when desired, the phase converter) the
circulating armature current can be given a leading
or lagging component 180 degrees away from the line
voltage, and at the same time exert a braking torque,
or it can be given a leading or lagging component in
phase with the line voltage, and at the same time exert
a motoring torque. Thus all requirements for regenera-
tion can be fulfilled.

Figure 20A shows three different typical approximate
forms of speed torque characteristics, not drawn to
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scale, obtainable with this system of regeneration. It
is possible to obtain a family of curves for practically
any desired form of characteristics, by the proper
manipulation and choice of the various applied voltages.
In fact, with the proper control facilities, it is possible
to change from any one family to one or more different
families of curves, during the regenerating period.
Thus, it is possible to choose the proper form of curve
most suitable for each of the various forms of regenera-
tive duty that may be encountered over any given
profile. Hence, on grades on which it is necessary to
use the air brakes on the train in conjunction with
regeneration, in order to hold the train at some desired
speed or speeds, a proper family of curves suitable for
parallel operation with air brakes can be selected.

As the steepness of the grade decreases and the
regenerative torque available is sufficient for holding
the train at the desired speed, without the aid of air
brakes, a family of curves most suitable for this service

Regenerating Torque- Motoring Torque.
(a) Separate Excitation.- Constant Speed Exciter System.

PegenerafingTorque Motonn, Torque.
(b)Separate Excitation -Variable Speed Exciter System

FIG. 20

can be obtained. Then again when it is desired to
decelerate the train from some given speed to standstill,
the family of curves most suitable for such service can
be chosen. Thus this system, although in general
requiring more regenerative apparatus, (and hence cost-
ing and weighing more), than some of the previously
described systems, is also more flexible and hence will
also do more than these systems. The control and
apparatus required for regeneration are relatively
simple and reliable.

The proper speed torque characteristics can be
obtained for practically any application and if desired
power factor correction during the regenerating period
can be easily obtained.

In the constant speed exciter systems the value of
torque obtainable is limited by the current capacity of
the motor windings only and hence, if desired will give

the same continuous torque at the air gap as is obtain-
able in the series motor connection. Also in this system
the constant speed exciter can be utilized for power
factor compensation as well as driving auxiliary appara-
tus during the motoring periods.

Hence, this system, in one or more of its possible
forms, will also undoubtedly be used to a large extent in
future commercial applications and especially where
extremely heavy torque regenerative duty is required.

CoNcLusioN
In general, it can be safely stated that probably any

future regenerative application that may be desired,
can be properly and successfully taken care of with one
or more of the various single-phase systems available
at the present time.

As a whole the systems are so flexible that the
selection of a particular system for any given application
can probably be governed in the main by the require-
ments of the particular application only, and can be
chosen to best suit the requirements of that.application.

Appendix A
MOTORING WITH SERIES EXCITATION:

The clock diagram for the series motor, operating as a
motor, assumes the following simple forms, (see Figs.
1 and 2).

In Fig. 2A, EL, represents the voltage that must
be applied across the motor terminals at standstill to
set up a current /a through the motor circuit. The
motor circuit is inductive and, therefore, the current lags
the impressed volts. The motor is drawing power from
the line (equal to the losses in the motor circuit only at
standstill), and hence has a component in phase with the
line voltage, and since it is exerting a propelling torque,
it is 180 degrees away from the field current If and field
flux (I) f 

The counter -voltage at standstill is composed
entirely of the impedance drop around the motor
circuit, which in turn represents the vectorial sum of the
resistance and the reactance drops.

In Fig. 2B, EL2 represents the voltage that must be
applied across the motor terminals at approximately
one-half speed to set up the same current Ia. EL2 is
greater than ELI due to the fact that the impressed
voltage must overcome the back electromotive force
of the motor Ec2, as well as the impedance drop around
the circuit. As Ec grows in value due to speed with
any given impressed voltage, the impedance drop and
hence the armature current must decrease in value to
give the correct vector sum of counter -voltages

In Fig. 2c, EL3 represents the voltage that must be
applied across the motor terminals at full speed to set
up current /0. EL3 is greater than EL2, due to the fact
that EC3 is greater than EC2.

The power component of current /a in Fig. 2B and
Fig. 2c is greater than the corresponding component
in Fig. 2A, due to the fact that the motor is delivering
power, hence must draw power from the line.
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It should be noted that in both Fig. 2B and 2c
the counter electromotive force Ec and the R I drop are
added directly and their resultant added vectorially to
the X I drop. When the series connection is utilized
for regenerative purposes, it so happens that Ec and
the R I drop are subtracted from each other and the net
resultant thus obtained is then added vectorially to the
X / drop.

_Appendix B
REGENERATION WITH SERIES EXCITATION

In order to regenerate with the series connection after
motoring, the main fields must first be reversed. The
clock diagram for this connection then assumes the
simple form shown in Figs. 3 and 4.

E.., represents the voltage that must be applied
across the motor terminals at standstill to set up a cur-
rent /,, through the generator circuit. By referring to
Fig. 2A for the series motor, it will be seen that the
clock diagram for the series motor at standstill is

exactly the same as the clock diagram for the series
generator at standstill, except that the field current
If and field flux Of have been reversed.

However, as the generator begins to pick up speed as
it is propelled down the grade by the weight of the
train, the counter electromotive force built up in the
armature begins to counteract the resistance drop in the
generator circuit until at some speed N, the counter
electromotive force (see Fig. 4B), is just equal and
opposite to the R I drop. At this point the armature
current has swung around until it lags the line voltage
by exactly 90 deg. This means that the generator is
drawing no power from the line whatsoever, and hence
at this speed it is supplying its own losses.

As the speed of the train still further increases, the
counter electromotive force set up in the armature
circuit increases; hence, EL3, Fig. 4c represents the
voltage that must be applied across the generator
terminals at full speed to set up the current Ia through
the armature circuit.

Ec, represents the difference between the counter
electromotive force generated in the armature circuit at
this speed and the resistance drop through the circuit,
due to /a. The vector sum of EC3 and X /,, is equal
and opposite to EL3 and, hence a balanced condition
exists. . The current I has a component 180 degrees
away from the line voltage, and hence it is delivering
power to the trolley. Also, the current /0 is in phase
with the field flux Of, and hence the generator is exerting
a braking torque.

It should be noted that as the speed, and consequently
the counter electromotive force in the armature circuit
increases, the line voltage must also increase in order to
maintain the same value of I. otherwise as the counter
electromotive force increases, due to increased speed,
the X/ drop and consequently the current /a would have
to decrease in order to maintain the proper counter -
voltage.

Hence, with a fixed terminal voltage, the armature
current and consequently the retarding torque, de-
creases as the speed increases.

Thus, Fig. 5 shows the typical shape of the speed -torque
characteristics obtained with the series connection.

Appendix C
REGENERATION WITH CROSS -FIELD OR SELF -

EXCITATION

In this system, the armatures must be supplied with
an extra set of exciter brushes as shown in Fig. 6.
The operation of this system is as follows: (see Fig. 7).

Assume that with the motors rotating at a certain
speed, the cross field circuit is connected to a line voltage
T,. It is evident that a cross field will be set up, the
size of which is essentially governed by the number of

cross field turns and the voltage impressed upon the
cross field. The cross field current /c and flux (Pc lag
behind the line voltage EL by approximately 90 degrees,
since the field is highly inductive. This cross field
will induce by rotation a voltage E, between the exciter
brushes b b, which is proportional to and in phase with
the cross field, and hence also lags behind the line
voltage by approximately 90 degrees.

This voltage is then connected in series with a small
section of the main transformer voltage T2, and the
resultant voltage E0, is connected across the main
fields. Since the main field circuit is highly inductive,
the field current /, and flux Of will lag behind the
resultant excitation voltage E0 by approximately 90
deg., and hence will be approximately 180 deg. away
from the line voltage T1. The small section of trans-
former voltage T2 in the excitation circuit is introduced
in order to counteract the effect of the resistance
drops in both the cross field and main field circuits
in such a way as to cause the main field flux to lag
the line volts by exactly 180 deg. The main field thus
set up will, therefore, induce by rotation a voltage
Ec across the armature terminals 180 deg. away from
the line voltage. The value of this generated electro-
motive force can easily be adjusted by regulating the
voltage impressed upon the cross field circuit, and
hence can be made sufficiently in excess of the impressed
armature voltage EL so that a leading regenerated
current /0 will be returned to the line. Also, since
I. has a component in phase with Of, a braking torque
will be exerted. Hence, all requirements for regenera-
tion are fulfilled by this arrangement.

Appendix D
REGENERATING WITH SHUNT EXCITATION

The simplest form of connections for a regenerative
system of the third kind is shown in Figs. 9 and 10.
In this system the main field is connected directly
across a section of the transformer voltage T1 and the
armature is connected in series with a current limiting
and phase -shifting reactor D, and across a section of
the transformer voltage EL.



232 HIBBARD: BINDLE -PHASE REUENERATION Journal A. I. E. E.

The transformer voltage T, sets up a current If
and flux Of, through the field circuit. If and Of lag
behind the line voltage T, by approximately 90 deg.
The armature conductors revolving in and cutting
Of set up a counter electromotive force Ec across the
armature circuit in phase with Of, and hence approxi-
mately 90 deg. behind the line voltage Ti or EL. The
vector sum of Ec and EL, or E. represents the resultant
voltage in the armature circuit which sets up a circula-
ting current I,, through this circuit. The current /a
lags the resultant voltage E0 by some angle 0, depend-
ing upon the relative values of resistance and reactance
in the armature circuit, and hence depending in the
main upon the value of the external reactor D.

IQ has a component of current in phase with Of and
180 deg. away from the line voltage EL. Hence, with
this connection a braking torque is exerted and power
is returned to the line.

In Figs. 10, 11, 12 and 13 the resistance losses in the
various circuits have been neglected for the sake of
clarity.

Figs. 10 (A, B and C), show the operation of the
generator at three different speeds for a constant field
excitation and a constant armature impressed voltage.

From these three diagrams, it is seen that the torque,
being equal to the product of the wattless component
of I. and the field flux 45/, remains constant as the speed
changes. Likewise, the power returned to the line,
being proportional to the product of the watt com-
ponent of Ia and line voltage EL, varies directly with
the speed, which is as it should be,. since a constant
torque is being developed at the various speeds.

Fig. 11 (A, B and C), shows the operation of the
generator at a constant speed and field strength for
three different values of impressed armature voltage.

From these three diagrams it is seen that the torque
is directly proportional to the impressed armature
voltage, since the wattless component of varies
directly with the impressed armature voltage. Like-
wise, the power returned to the line varies directly with
the impressed armature voltage since the watt compo-
nent of armature current I remains constant at the
different voltages.

If, in the above connections, (see Fig. 9), the main
fields are reversed, a motoring torque will be produced
in place of a braking torque. The torque and power
characteristics motoring are of the same type as those
obtained in the regenerating connection, that is, for
any given impressed armature and field voltage, the
torque will be constant while the power taken from the
line will vary as the speed changes.

Fig. 12 (A, B and C) shows the operation of the shunt
motor under these conditions. Likewise, for a constant
field strength at a constant speed, the torque produced
and the power taken from the line will vary directly
with the value of impressed armature voltage.

-Fig. 13 (A and B) gives the approximate typical shape
of the various characteristic curves, not drawn to scale,

for the shunt connection both motoring and regenera-
ting for: (1) constant applied armature and field voltage
and variable speed, and (2) constant speed and field
strength and variable armature volts.

Fig. 13c gives the typical appearance of the same
various characteristic curves, not drawn to scale, for
constant power factor and variable speed and auto-
matically controlled field and armature voltage.

Another form of the shunt connection is shown in
Figs. 14 and 15. This modified form is only feasible
when there are two or more main traction motors on
the locomotive or car for use during the regenerating
period. This system, as it could be applied to a two -
motor proposition, is shown in Fig. 14.

In this system, the main field of motor No. 1 is
connected directly across a section of the transformer
winding T,, and the armature is connected in series
with the main field of motor No. 2, a reactor Di, and
across a section of the transformer winding T2. The
armature of motor No. 2 is then connected in series
with a second reactor D2 and across a section of the
transformer winding EL.

The transformer voltage T, sets up a current If, and
flux Ofi, through the field circuit of No. 1 motor.
If, and Of, lag behind the line voltage T1 by approxi-
mately 90 deg. Number one armature conductors
revolving in and cutting Of', set up a counter electro-
motive force Ec, across the armature circuit in phase
with ctv and hence. approximately 90 deg. behind the
line voltage T, or T2. The vector sum of Eci and T2 or
E1 represents the resultant voltage in No. 1 armature
circuit which sets up a circulating current /,a through
this circuit.

The current /la lags voltage E1 by some angle 0,,
depending upon the value of external reactor Di and
sets up a flux 012 in the main field of motor No. 2, Ofa
being in phase with /10.

Then the armature conductors of motor No. 2 re-
volving in and cutting flux Ckf2, set up a counter elec-
tromotive force & across the armature in phase with
Oh. The vector sum of Ec2 and EL or E2 represents the
resultant voltage in No. 2 armature circuit which sets
up a circulating current /20. The current /2a lags the
voltage E2 by some angle 02 depending upon the value
of reactor D2.

The vector sum of /la and 12a gives a total resultant
armature current I, which has a component 180 degrees
away from the line voltage, and hence is being returned
to the line. Armature current /10 has a component in
phase with Of, and current I2a has a component in phase
with Oh. Hence, both the motors are exerting a
braking torque and are returning power to the line.

This system can be extended in the same manner for
three or more motors, each additional step giving an
improvement in the resultant power factor and torque.

The main advantage of these modified forms lies in
the fact that the power factor and torque are improved
and that the resultant kv-a. required in the external
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reactors are decreased by an amount equal to the value
of main field reactance utilized in the various armature
circuits.

The chief disadvantage lies in the added control
complications entailed due to multiplication of the
armature circuits.

Appendix E
REGENERATION-SEPARATE EXCITATION

The clock diagram for the regeneration system using
a phase converter as an exciter is shown in Figs. 16 and

17.
Referring to Fig. 16, it is seen that a voltage T1 is

applied across the motoring phase A of the phase con-
verter. This induces a voltage Ex across the open or
generating phase B. This generating phase voltage Ex
is connected in series with a section of the transformer
voltage T2 and the resultant voltage E1 thus obtained
is connected across the main field of the main traction
motor. This voltage El sets up a field current If and
field flux Of through the field circuit. If and ckf lag the
voltage E1 by approximately 90 deg. since the main
field is highly inductive.

The armature conductors revolving in and cutting
Of set up a counter electromotive force Ec across the
armature circuit in phase with the flux cut. The
vector sum of Ec and EL gives a resultant voltage E0
which sets up a circulating current Ia in the armature
circuit. Ia lags E0 by some angle 0 depending entirely
upon the relative values of the resistance and reactance
drops in the armature circuit. Ia has a component of
current 180 deg. away from line voltage and hence
power is being returned to the line. Also La has a
component in phase with (/;.c and hence a braking torque
is being exerted. Thus all requirements for regenera-
tion are being fulfilled.

A variable speed exciter system is shown in Figs. 18
and 19. This system is only feasible when there are two
or more main motors available for regenerative duty.
In this system the main field of No. 1 motor is connected
across some section of transformer voltage T1 and the
armature of the same motor is connected in series with
the main field of motor No. 2 and across a section of the
main transformer T2. The armature of motor No. 2 is
then connected across a section of transformer voltage
EL.

The voltage T1 sets up a current Ili, and flux Of,
through the field circuit. The armature conductors
of No. 1 motor revolving in and cutting Oh, set up a
counter electromotive force Eco across the armature.
The vector sum of Eci and T2 or El sets up a circulating
current /1. or /12 and flux Oh through the field circuit of
No. 2 motor. /a or I f2and Oh lag behind EI by approxi-
12a has a component in phase with 012 and hence both
motors are exerting a retarding torque. Thus all
requirements for regeneration are again fulfilled.

It is interesting to note that the main motor acting as
an exciter is not only furnishing the excitation for the

other motor but it is also regenerating, that is,

it is exerting a braking torque and is returning power
to the line. This feature is radically different from
the similar type of direct current system. In the direct
current system where one of the main motors is used
as a generator the motor acting as an exciter returns
no power to the line whatsoever and the braking torque
exerted is due to the losses in the excitation circuit only.
The above feature is due to the fact that_ the excitation
circuit connections, that is, No. 1 motor connections,
are essentially the same as those used for straight shunt_
regeneration, the main field of No. 2 motor serving as

the reactor.
Fig. 20B shows the approximate forms of the speed

torque characteristics, not drawn to scale, that may
be obtained with this type of system.
mately 90 deg. since the field circuit is highly inductive.
The armature conductors of motor No. 2 revolving
in and cutting 4f2 sets up a counter electromotive force
Ec, across No. 2 armature. The vector sum of Ec, and
EL or E0 sets up a circulating current I2a in this circuit.
12a lags E0 by some angle 0 depending entirely upon
the relative values of the resistance and reactance
drops in No. 2 armature circuit. The vector sum of
/ia and /2. or /a has a component 180 deg. away from
line voltage and hence power is being returned to the
line. Also Iia has a component in phase with Oh and

FOREST RESERVATION AND STREAM
. FLOW

The last annual report of the National Forest Reser-
vation Commission states that the value of the pro-
tection of the forest cover in relation to water power is

fully realized in hydroelectric developments which are
now being made on streams the upper basins of which
are within the purchase units. On the Tallulah and
Chattooga Rivers, the headwaters of which are largely
protected by the Savannah purchase unit, there have
already been installed four units in a water -power devel-
opment the completion of which calls for seven addi-
tional units. The four which have been installed have
a generating capacity of 140,000 kilowatts (about
190,000 horse power) and an average annual output of
534,000,000 kilowatt-hours. This large output is
secured through storage of storm water by the release
of which during periods of low water a nearly uniform
output is obtained. The present storage capacity is
nearly 8,000,000,000 cubic feet of water. With three
additional power units, which are already planned or in
construction, the total generating capacity will be
;ncreased to 175,000 kilowatts and the total storage
capacity will be nearly 9,000,000,000 cubic feet. This
storage will be so augmented upon the completion of the
entire 11 power units that it is expected that more than
95 per cent of the discharge of these two streams, the
largest headwaters of the Savannah River, will be
controlled.



The "Blondelion"
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of a Polyphase Synchronous Gen-
erator or Motor'
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Review of the Subject. --There are many engineering prob-
lems which can be solved step by step, and there are others which con-
lain two or more inter -dependent unknown quantities and therefore
cannot be solved step by step. For example, the diameter of a short
transmission shaft, mainly subjected to torsion, can be computed
directly for a desired shearing stress; then the pulley can be designed,
the belt for the pulley, etc. This is a step-by-step solution.

On the other hand, let it be required to determine the diameter 1)
and the length L of a cylindrical tank, to hold a given quantity of
liquid and to possess a given cooling surface. This problem either
requires two simultaneous equations for D and L, or else has to be
solved by trials.

The problem of determining theoretically the internal voltage drop
and voltage regulation of a given synchronous generator at a given
load is one of the second kind, that is, several conditions must be
satisfied simultaneously. The problem of predetermining the
armature current and the power factor of a given synchronous motor
at a given excitation and load is of a similar nature.

The purpose of the kinematic device described in the paper is to
enable one to solve these two problems on synchronous machines
mechanically, almost without any mathematics and without con-
structing vector diagrams. The device can be used even by a person
who does not know its theory, just as thousands of computers who use
the slide rule could not explain the theory of its scales.

-4 knowledge of the, performance characteristics of a synchronous
machine is of considerable practical importance, both to its designer
and to the user; it has therefore been deemed advisable to simplify
and to standardize the procedure so as to make the process as nearly
automatic as possible. This should give more time to progressive
engineers to think about other problems connected with synchronous
machinery, problems which are only partly solved, such as the tem-
perature rise, insulation, transient phenomena, etc.

Two factors in particular complicate the per of synchron-
ous machines (especially with salient poles), namely the armature
reaction and the variable saturation of the magnetic circuit. The
effect of the armature reaction is to weaken (or to strengthen) the
field flux and also to shift it sidewise. The method of predeter-
mination of voltage regulation given in the A. I. E. E. Standards is
admittedly an approximate one, and in designing the Blondelion
a more accurate method of taking these two components of the arma-
ture reaction into account has been used. This method is known as

INTRODUCTION

The Meaning of the Word Blondelion. The device was
named for the noted French scientist and engineer,
Professor Andre Blondel, and is based on his theory of
two armature reactions in a synchronous machine.

What the Blondelion is. A combination of movable
1. The investigation upon which this paper is based was

supported by a grant from the Heckscher Foundation for the
Advancement of Research, established by August Heckscher
at Cornell University.

Presented at the Midwinter Convention of the A. I. E. E.,
New York, N. Y. February 14-17, 1923.

Blondel's theory of two armature reactions. The curves in Figs. 10
to 13 show a close check between the experimental curves of certain
machines and the points read off on the kinematic device. The
Blondelion can be readily simplified for use in accordance with the
A. I. E. E. method. The variable saturation of the magnetic circuit
is taken care of in the device automatically, b!/ means of a proper
linkage.

To illustrate the principle upon which the Blondelion is built, let
us take again the above -mentioned tank problem and see how a
mechanical device could be made for its solution. Let various
values of tank diameter D be marked on a certain scale and let the
values of tank length L be marked on another scale. Assume that
each scale has an index which can slide along it and that these two
indexes are kinematically so interconnected that a pointer indicates
directly the corresponding volume of the tank on a third scale. The
arrangement is somewhat indefinite in that the same volume can be
obtained with an infinite number of combinations of values of D and L.

Let now the same indexes be also interconnected by another kine-
matic linkage, such that another pointer, on a fourth scale, gives
directly the area of the cylinder. Here again, an infinite number of
combinations of D and L will give the same area. In order, how-
ever, to make the third pointer indicate a desired volume, and the
fourth pointer simultaneously indicate a desired area, the D and L
indexes have to be set at perfectly definite points on their respective
scales. These points are readily found by shifting the indexes back
and forth. The problem is thus solved, and to use the device one
does not even have to know either the cylinder formulas or the nature
of the kinematic linkages.

In a synchronous machine there are certain four conditions
(explained in the paper), which must be satisfied simultaneously.
Therefore, the Blondelion has four independent linkages each of
which may assume almost any desired shape. When, however, these
linkages are interconnected and certain points and lengths are fixed,
the remaining links assume perfectly definite positions, and the
desired 'unknown lengths (which stand for electrical quantities) can
be read off directly. In other words, the four linkages represent a
system of four simultaneous equations with four unknown quantities,
just as the above described tank linkage represents two equations with
two unknown quantities. In both cases the solution is entirely
automatic, and with properly designed linkages cannot be wrong if
the particular setting is right.

and adjustable bars, linkages, and straight and curved
guides (Fig. 1) which can be set to represent, to a cer-
tain scale, a vector diagram of voltages, currents,
m. m. fs., and fluxes in a synchronous generator or
motor of any desired constants. An important feature
of the device is a saturation curve of adjustable shape.
The parts of the device are kinematically so constrained
that when it is set correctly for one load it remains so
at any other load, irrespective of a changing excitation,
saturation, or terminal voltage of the machine.

The Purposes of the Device. (1) To enable a designer
to select the best electrical constants and a no-load

234
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saturation curve, and to "test" a synchronous generator

or motor before it has been actually built. (2) In

some applications to take the place of an involved
analytical theory; it is often difficult to investigate
analytically or numerically the effect of separate factors
upon the resultant performance characteristics, especi-
ally with considerable saturation. (3) For some
purposes to take the place of various proposed circle
diagrams which, with a saturated magnetic circuit, are
of more than doubtful value and accuracy. (4) To
add the judgment of the eye and the skill of the hands
to the purely mental ability in selecting the constants
of a machine for a desired performance, or in judging
the characteristics for assumed constants. (5) To
enable an investigator or a student to familiarize him-
self with a machine as if he had one available for tests.
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This is of particular importance with large or special
machines, for which no facilities may be available for
testing under full -load conditions.

The Quantities which Can be Represented on the
Blondelion. Current, terminal voltage, internal voltage
(or the stator flux), input, output, power factor, in-
ternal phase angle, synchronizing torque, and the field
current. These quantities may be obtained at a con-
stant applied voltage, at a constant input (or output), or
at a constant field excitation, as desired; or else, these
factors may be varied in any desired manner.

The Factors Which May be Taken Into Account and
Varied Separately at Will in the Blondelion. Per cent
armature resistance and reactance; the direct and the
transverse armature reaction; the degree of saturation
in the magnetic circuit; the field ampere -turns; the
copper and core losses; friction and windage.

Other Kinematic Devices. The Blondelion is one of
the several kinematic devices developed by the writer,
for representing the performance characteristics of

various kinds of electrical machinery and lines. The
other devices are as follows:

1. A device for imitating the performance of an
electromagnetic clutch used in the Owen magnetic
car; Sibley Journal of Engineering, Jan. 1918,

Vol. XXXII, p. 55.
2. The Secomor, a device which imitates the per-

formance of a polyphase series-connected commutator
motor; A. I. E. E. TRANS., 1918, Part 1, Vol. XXXVII,
p. 329.

3. The Indumor, a device which imitates the per-
formance of a polyphase induction motor; also its
modification, the Secomor, which represents the per-
formance of a shunt -connected polyphase commutator
motor; A. I. E. E. JOURNAL, 1922, Vol. XLI, p. 107.

4. The Heavisidion, a device which represents the
operating characteristics of an elecrtical transmission
line with distributed capacitance and leakage A. I. E. E.
JOURNAL, 1923, Vol. XLII, p. 127.

5. The C. P. S'er (named for Dr. C. P. Steinmetz),
a device for the automatic addition of impedances in
series and admittances in parallel. (in preparation).

6. An Intergraph based on the author's parallel
double -tongs, for a mechanical integration or differen-
tion of a given curve. This device finds its usefulness
in problems of hunting of electrical machinery, fly-
wheel design, ship stability, etc. Optical Society of
America and Review of Scientific Instruments, Journal
1922, Vol. VI, p. 978.1

Limits of Rating and Output. Like any other
graphical device, the .Blondelion requires certain scales
to be chosen for each particular problem. A convenient
scale has to be selected for volts,' another for armature
amperes, still another for the field current, etc. The
device can therefore represent the performance of a
small machine as well as of one whose output runs into
tens of thousands of kilowatts; of a 110 -volt machine
as well as of one wound for 22,000 volts. As in any
graphical device, there are some limitations due to a
finite length of the bars and to an interference of the
links in certain positions. With one setting the device
can be made to give an accurate performance for all
values of practical interest, say between one -quarter
full -load and twice the full -load, and between 60 and
100 per cent power factor. For points beyond these
limits some bars may have to be replaced or a
different scale selected.

B. GENERAL DESCRIPTION OF THE BLONDELION

The first complete Blondelion, shown in Fig. 1, was
built in the writer's experimental shop, in Cornell
University, during the winter of 1921-22. The same
device is represented by a single -line diagram in Fig. 2;
the construction details are shown in Figs. 6 to 9.
Most parts are made of flat steel bars, or of celluloid
bars, not over two centimeters wide and a few milli -

1. For a description of the parallel double tongs see the
A nicrican Machinist, 1921, Vol. 55, p. 1050.
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Meters thick. Some bars are of constant lengths.
others are of adjustable useful lengths, holes being
drilled every few millimeters. Most bars are connected
to each other by means of pivot joints. Some points
are constrained to move along straight or curved guides.

The device is assembled on a table provided with a
groove XX (Fig. 2.) A stationary rail H H supports
the free end of the main bar 0 T which can turn about
0 as a center. The bar 0 T is provided with a longi-

..f.//ee reetoe
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are marked I, those inntwdiately above them are
marked 2, etc. The particular sequence selected is not
essential since the device is intended to represent a
vector diagram in a plane.

A detailed description of the functions of the different
parts of the Blondelion is given below, in connection
with its theory. It suffices to state here that the device
is set for chosen design constants and for a desired shape
of the no-load sat uration curve. The setting consists

- or

FIG. 2--A SINGLE -LINE DIAGRAM OF THE BLONDELIoN

tudinal slot which serves as a guide for the slide F F,
roller S, linkage 0 Q G, T-square t t, and the linkage
G K C. By means of the T square t t, the bar p p' is
made to remain at right angles to the bar 0 T. The
proportional dividers A N C D are guided by p p' at
D.

Different bars are placed in different horizontal
planes to enable them to cross each other without
interference. In Fig. 2 the bars nearest to the table.

(a) in the selection of a suitable scale for volts, (b) in the
selection and adjustment of a proper curve plate (or
plates) to correspond to the desired saturation curveand (c) in the adjustment of the lengths of a few bars.
The Blondelion then represents vectorially the following
four simultaneous relations which together characterizethe machine:

(a) The voltage drop in the armature winding.
(b) The component induced e. m. fs.
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(e) The main magnetic circuit, modified by the
armature reaction.

(d) The relationship between the flux, the net
induced e. m. f., and the resultant m. m. f.

After having been properly set and connected to
represent the above relations, the aggregate of the
linkages becomes a kinematic system of a limited
number of degrees of freedom. Thus for example, if
the field current and the power factor of the load are
kept constant, the parts of the device can be moved
only in such a way as to represent variations of the
terminal voltage with the armature current; the device
then possesses only one degree of freedom. If the termi-
nal voltage is kept constant, it is possible to vary the
energy component of the current independently, and
its reactive component by varying the field excitation;
the device then is a system with two degrees of freedom;

etc.
Having set the device for the desired operating

conditions of the machine, certain of its parts can be
shifted in the grooves or along the guides, thus causing
all the other members to assume new positions. At
any position, readings can be taken of the voltage, cur-
rent, power factor (or phase angle), field excitation,
output, deviation of the field structure from its no-load
position, etc. In other words, at least as many
characteristic quantities can be read directly as with an
actual load or brake test, with an additional advantage
of having the currents and the voltages directly and
automatically combined into a vector diagram.

Lengths are measured on the centimeter scales
marked along the bars and the grooves, and the phase
angles are read by means of protractors, or with a
sighting goniometer (see the author's paper on the
Indumor, mentioned above). Or else, angles may be
computed from the measured projections of the vectors.

C. THE PERFORMANCE DIAGRAM OF A POLYPHASE
SYNCHRONOUS GENERATOR

The vector diagram in Fig. 3 represents the terminal
voltage, the current, and the induced electromotive
forces in a polyphase synchronous generator with
salient poles, on a partly inductive load. The relations
are shown from the point of view of Blondel's theory of
the direct and transverse armature reactions. The
notation is that used in the author's "Magnetic Circuit,"
Chap. 8, to which the reader is referred for explanations
and proofs. One phase only is represented in the
diagram; e is the terminal voltage; i is the armature
current; i r is the ohmic drop and i x is the reactive
drop in the armature, per phase. E is the resultant
induced voltage considered as a geometric sum of the
voltages E and E, induced by the real and fictitious
poles of the machine respectively. The current i is
shown lagging behind the terminal voltage e by an
angle 4). The ohmic drop i r is in phase and the
inductive drop i x is in quadrature with the current.
The induced voltage E is also the resultant of e, i r, and

i x, and is a measure of the total stator flux which
approximately determines the core loss.

In accordance with the theory explained on p. 151 of
the "Magnetic Circuit," the armature current i is
resolved into two components, id = i Sin 4, and it =
Cos tp. The component id is such that the m. m. f. wave

due to it (in all the three phases) glides along the air gap
in a direct juxtaposition to the field m. m. f., weakening
or strengthening the latter. This part of the armature
m. m. f. is known as the direct armature reaction; hence
the subscript d. The components i in the three
phases form an m. m. f. also gliding along the air gap,
but with its maxima and minima midway between the
main poles. This is known as the transverse armature
reaction, and the corresponding symbols are provided
with the subscript t.

The direct armature reaction is arithmetically sub-
tracted from (or added to) the field excitation, and the
resultant m. m. f. produces the useful flux which
induces in the armature winding the e. m. f. E; the
subscript n stands for the word "net. The transverse
armature reaction gives rise to a flux which induces in
the armature winding the e. m. f. E(. Since the two

Pm. 3-THE VECTOR DIAGRAM OF A SYNCHRONOUS GENERATOR

revolving fluxes are in space quadratures, the corres-
ponding e. m. fs. are in time quadrature. When the
machine is acting as a generator and the current is lag-
ging, Et lags behind E. The transverse m. m. f. and
its flux being proportional to the component i Cos tp of
the current, it is convenient to extend B D to its
intersection with 0 G at C. The angle at D being equal
to tp, same as at 0, the triangle C D G is similar to the
current triangle. Therefore, C D is proportional to
the total current i on the same scale on which D G is
proportional to its component it. For the value of the
coefficient of proportionality see the "Magnetic Cir-
cuit," p. 156, eq. (84), in which Et' = C D.

The diagram in Fig. 4, on which the Blondelion is
based, is identical with that in Fig. 3, except that the
ohmic drop i r is neglected, since in usual 25- and 60 -
cycle alternators of medium and large size its value is
small as compared to i x. This simplifies the construe-
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tion of the device, although i r could be taken into
account, as in the Indumor. The direction of the
terminal voltage, e, is taken along the X-axis. The
current vector is omitted, since B D, D C, and B C are
proportional to the current, and any of the three may be
taken as a measure thereof. In interpreting the dia-
gram, it must be remembered that B D, considered as
the armature current, is turned ahead by 90 degrees,
while as the reactive drop it is in its true phase position.
The same remark applies to D C.

X
--le'aeoreeerlo.

.1tririn9 Curren/

k

tfo/or
fresobitir Curren/
((were:veiled)

awry ane,"/ 

g Molor
..;,,,Zairirisr Curren/
. (underere//ed)

e

FIG. 4-AN ALTERNATOR DIAGRAM AS REPRESENTED BY
THE BLONDELION

The direct armature reaction, being proportional to
i Sin is also proportional to G C, since C D is propor-
tional to the current, and the angle at D is equal to
However, the coefficient of proportionality of the direct
armature reaction (Magnetic Circuit, p. 153, eq. 79),
is different from that of the transverse reaction;
moreover, the direct reaction, Md, is expressed in
ampere -turns, while the effect of the transverse re-
action is taken into account by means of the e. m. f.
E,. For these reasons the direct armature reaction is
represented not by G C, but by G K = Md. In the
Blondelion, the ratio of GC to G K may be adjusted at
will and then kept constant for any setting correspond-
ing to a given machine.

Let furthermore S G = Mn represent the net field
excitation necessary for inducing the net e. m. f.
0 G = En. Then the actual number of ampere -turns,
Mf, on the field poles must be equal to the sum of
M. and Md, since the amount Md is counterbalanced
by the direct armature reaction. The values of Mn,
M1 and En are taken from the no-load saturation curve,
but this curve 'should be corrected for a greater mag-
netic leakage at full load; this is actually done by care-
ful designers.

We thus see that the various linkages of the Blonde -

lion must be such that with any setting for a given
machine, the following four vectorial relationships be
fulfilled:

(a) The geometric sum of the terminal voltage e

and the reactive drop i x must be equal to the total in-
duced e. m. f. 0 D = E.

(b) The sum of the induced e. m. fs. En and E,
must be equal to the same induced voltage 0 D = E.
Besides, E,, and E, must remain in quadrature with
each other, and both must have the values imposed by
the field excitation and the armature reaction.

(c) The length D C must remain proportional to
B D and be in line with it, both B D and D C being
proportional to the armature current. G K must re-
main proportional to G C.

(d) The field excitation Mf, corrected for the effect
of the direct armature reaction Ma, must be equal to the
net excitation Mn which corresponds to E on the no-
load saturation curve of the machine. The proper
relationship between Mn and E must be preserved at
all loads, and the effect of a variable saturation correctly
taken into account.

D. THE KINEMATIC DETAILS OF THE BLONDELION
Having established the necessary relationships which

must exist between the vector diagram in Fig. 4 and the
linkages in Fig. 2, it remains to show how the various
points of the device are constrained to move along
certain paths in order that the above -mentioned four
conditions remain fulfilled with any desired setting.

I. THE SATURATION DEVICE
The saturation device (lower part of Figs. 1 and 2)

is that component mechanism of the Blondelion which
permits to vary simultaneously the induced voltage
En and the corresponding field current, or the m. m. f.
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FIG. 5-No-LOAD SATURATION CURVES OF DIFFERENT
MACHINES REPLOTTED TO A STANDARD SCALE

o cage

Mf, in accordance with a chosen no-load saturation
curve of the machine (Fig. 5). In order to simplify the
construction and the use of the device, it is convenient
to replot to a standard scale a given no-load saturation
curve, to be used in the Blondelion. In the particular
instrument shown in Figs. 1 and 2, the induced voltage
En is represented by the length 0 G of five rhombi,
while the corresponding excitation, on the straight partof the saturation curve, is represented by that of the
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two rhombi, Q G. Therefore, the no-load saturation
curve must be plotted to such a scale that on its straight
part, when the field excitation is represented by say a
cm., the corresponding voltage is represented by (5/2)
a cm. Moreover; with the chosen dimensions of the
device, it is convenient to select such a voltage scale
that, for the rated voltage, 0 G is equal to about 45 cm.

In Fig. 5 the point n corresponds to a rated voltage
of 45 cm. and to a field m. m. f. of (5/2) 45 = 18 cm.
With these assumptions, the extended straight parts of
all no-load saturation curves pass through the same
point n, and the only difference lies in the upper curved
parts of these curves. An actual study of many
saturation curves showed that the differences in the
upper parts, when re -plotted to a standard scale, are
comparatively small, so that a setting within wide
limits is possible with only three curve plates.

The saturation device (Fig. 2) is mounted on the
slotted bar 0 T, pivoted at 0. A rhombic articulated
lattice 0 G may be expanded and contracted along the
bar 0 T, and the length 0 G represents the net induced
e. m. f. En (Figs. 3 and 4). When 0 G = 45 cm.,
G Q = (2/5) x 45 = 18 cm. Therefore, with this par-
ticular setting, G Q represents the excitation corres-
ponding to point n in Fig. 5. In other words, as long
as the machine operates on the straight part of the
saturation curve, the above described linkage, contracted
or expanded, gives the correct relationship between the
induced voltage and the field current.

In order to take care properly and automatically of
the upper curved part of the no-load saturation curve,
the linkage a b c is added, with rollers S and S'. The
roller S is guided by the bar 0 T, the roller S' runs along
the curved plates P. A tension spring h, between a
and b, causes the roller S' to press against the plates P.
These plates are supported by the slide F F which is
fastened to the rhombic linkage at Q and can move
along the bar 0 T in ball bearings. In order to repre-
sent synchronous machines with low, medium, and high
saturation, a set of three curved plates is provided.
Parts of these plates are combined by trials to form a
desired saturation curve. Any plate can be turned into
a desired position and fastened with the set screw q.
Furthermore, the point of attachment and the length
of the link c are adjustable. Actual experience shows
that by properly setting the plates, by using the right
portions of their edges, and by correctly adjusting the
link c, any reasonable saturation curve can be dupli-
cated with sufficient accuracy.

The excitation corresponding to the voltage 0 G on
the upper curved part of the no-load saturation curve
is no more represented by the length G Q, but by G S.
The arrangement is such that when 0 G is short, points
Q and S coincide and move together, giving the straight
part of the saturation curve. As 0 G increases in
length, the slide F F, by virtue of its connection at Q,
is forced upward. Hence, the curved plates move up-
wards, allowing the roller S' to move to the left and to

change the position of S. The shape of the curves is
such that the distance S G varies as the exciting cur-
rent, or as the ampere -turns Mn, when 0 G varies as the
induced voltage E.

In some applications it may be desirable to make the
field excitation scale independent of the voltage scale,
and not to use always the same point n (Fig. 5). This
can be done by adding a separate adjustable linkage
1 Q' l' (Fig. 2) which can be attached to the main
rhombic linkage at any desired place, by means of
tapped holes and screws, as in Fig. 6. The plate F F
is then attached to Q', instead of Q, and the roller S
must coincide with Q' on the straight portion of the
no-load saturation curve.

FIG. 6-PROPORTIONAL DIVIDERS FOR THE REACTANCE
DROP AND FOR THE TRANSVERSE ARMATURE REACTION

II. THE PROPORTIONAL DIVIDERS FOR THE REAC-
TANCE DROP

In Figs. 2, 3, and 4 both B D and D C are proportional
to the armature current, and therefore, for a given
machine, their ratio must be kept constant for all values
of the current, that is, for all possible settings of the
device. The proportional dividers used for this purpose
are shown in Fig. 6, the corresponding points being
denoted by the same letters as in Fig. 2. The dividers
consist of four members; the bars A N, C N, and D M
are of the same length; the bar D M is of about half
their length. An extra linkage, C2 C1 N' may he added
if so desired, to have the current represented by a
separate vector A C1. However, the distances A D,
A C and D C are all proportional to the current, so
that it is only a matter of the scale.

By opening or closing the dividers, the distance A C
may be varied at will, and the distances A D and D C
always remain proportional to it. To enable the ratio
of A D to D C to be set in accordance with the constants
of the machine, holes are drilled and tapped in all the
bars, as shown in the detail sketch. Countersunk
machine screws are used for fastening the bars together
at the desired points; these screws do not prevent free
rotation of the bars relatively to each other. The
point D is provided with a pivoted guide shown in the
detail sketch; the cylindrical bar p p' (Figs. 2 and 7)
can move freely through this guide. The purpose of
the bar p p' is to complete the vector polygon O B D G
(Fig. 4).
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The bars A N and C N must be long enough to allow
the dividers to open for the highest desired value of the
armature current. The shorter bar and the holes
along the bars must allow of a setting for the highest
percentage of reactance drop and of transverse armature
reaction that may be encountered under the extreme
practical conditions. To illustrate, let the length of
the vector 0 A of the rated terminal voltage be 45 cm.,
and let, for a machine of normal characteristics, the
sum of the reactive drop i x and of the voltage Ei'
(Figs. 3 and 4), at the rated armature current, be say
50 per cent of the terminal voltage. Then, if per-
formance characteristics are desired up to twice the
full -load current, the length A C, with the dividers fully
opened, should be not less than 45 cm. The lengths of
the bars in the above described dividers allow an open-
ing of 70 cm., so that the device can be used either for a
heavier overload or for machines of much poorer
voltage regulation. For a special machine, or under
some extreme conditions, for example for a reactive
self -exciting machine without d -c. excitation, an entirely
different voltage scale may have to be selected.

If it is desired to take the ohmic drop into considera-
tion, the generalized proportional dividers may be used,
similar to those described in the author's paper on the
Indumor (see reference above).
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FIG. 7-T -SQUARE FOR THE DIRECT AND THE TRANSVERSE

ARMATURE REACTION

III. THE PROPORTIONAL DIVIDERS FOR DIRECT
ARMATURE REACTION

In the description of Fig. 4 it has been explained that
the direct armature reaction, Md = G K, is proportional
to the length G C. In order to realize this relationship
in the Blondelion, rhombic proportional dividers are
used, with centers at C, K, and G (Fig. 2). These
dividers are independent of the rhombic linkage 0 G.
In their general construction the dividers G K C are
similar to those shown in Fig. 6. The sides of one of the
rhombi are provided with holes (Fig. 1) for adjusting
the ratio of G C to G K for a given machine. The total
field excitation, 3 If, is proportional to the length be-
tween the points S and K, and is measured on a centi-
meter scale placed between these points. When the
performance is desired at a constant field current,

a link of constant length may be placed between these
points.

IV. THE SLOTTED T-SQUARE FOR KEEPING THE
DIRECT AND THE TRANSVERSE REACTION AT RIGHT

ANGLES TO EACH OTHER

It has been explained in the description of Figs. 3
and 4 that with any setting of the device the vectors

C and G D must remain perpendicular to each other.
This is obtained by means of the T-square t t (Figs. 2
and 7) fastened to the round rod p p'. The T-square
is made of sheet brass. Its shorter arm is pivoted at
G and its longer arm is guided in the direction 0 G by
the roller pin I' of the rhombic linkage 0 G. The T-
square and the rod p p' are fastened together by means
of pins f and f' and the pivot G (Fig. 7). At D (Fig. 2)
the rod p p' passes through a guide, shown in the detail
sketch in Fig. 6. The T-square is shown in Fig. 1 with
the right-hand side of its shorter arm cut off. The
T-square and the bar p p' are in different planes above
and below the main bar 0 T, so as to allow the slide at
D to move over the whole length of the bar p p' with-
out interference with the pivot G or with the pins f and
f'. The main bar 0 T can therefore cross all the other
bars.

V. THE ARMATURE CURRENT, THE TERMINAL

VOLTAGE, AND THE PHASE ANGLE

As is explained above, the magnitude of the armature
current is proportional to the opening of the pro-
portional dividers A C (Figs. 2 and 6). The length
A C can be measured on a centimeter scale (Fig. 8)
pivoted at A and constrained to slide in the sleeve
g at C. The A end of the scale is made into an indi-
cating pointer by means of which the phase angle (or
the power factor) of the current can be read off directly
on the protractor. Since in the Blondelion the current
vector is turned by 90 deg. with respect to its true
position, the terminal voltage and the current are in
phase, when the bar A C is prependicular to the axis
X X. For this reason 0 deg. and 100 per cent power
factor are marked in the center of the protractor.

The terminal voltage e = 0 A (Fig. 4) is measured on
the centimeter scale k k (Fig. 8) which forms one of the
two guides for the center A, with its horizontal roller
r'. The center line of the groove X X represents the
direction of e. The groove is cut in the drafting board
or the table on which the whole device is mounted.
The distance is measured from 0 to one of the edges of
the protractor and a correction is made for its radius.

When it is desired to investigate the performance of
a machine at a constant armature current, the set -screw
j is tightened, thus fixing the length A C. To test the
performance of the machine at a constant terminal
voltage, the set -screw j' is tightened. To find the
characteristics at a constant power factor the set -screw
j" is fastened.
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VI. THE LOAD DEVICE

The electrical output of a generator, per phase, is
equal to the terminal voltage 0 A (Fig. 9) multiplied
by the component C C' of the current A C. It must be
remembered that in the Blondelion the current vector
is turned by 90 deg. with respect to its true phase
position, so that C C' is the energy component of the
current, in phase with the voltage 0 A. For any setting
of the device, the distance from point C to the center
X X of the groove can be readily measured and thus
the output computed. The same applies to the electri-
cal input of a synchronous motor.

In some uses of the Blondelion it may be desirable
to read the electric power directly, on a suitable scale,
and for this purpose the arrangement shown in Fig. 9
has been devised. It consists of the articulated paral-
lelogram lu v wIR:and of a celluloid sector R R', of

IF

shown in the detail sketch in Fig. 8. The sector R R'
is forced to remain in contact with the side of the bar
0 T by means of the tension spring h' shown between
the bars u v and w R. With changes in the setting, the
sector rolls on 0 C. The power scale depends upon the
radius r of the sector.

The theory of this linkage is as follows: The power,
being equal to 0 A x C C', is proportional to the area
of the triangle 0 A C. But the same area is equal to
OCxAA', where A A' is the altitude of the triangle
with respect to the base 0 C. Since u.v is always paral-
lel to R w, the triangles 0 A L and 0 R C are similar to
each other, so that 0 C/r = 0 L/A A'. Hence,

Power = keki0AxCC' =keki0C xAA'
= ke lc; r .0 L.

In this expression ke is the voltage scale coefficient,
that is, volts (or kilovolts) per cm.; ki is the scale
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FIG. 8 -THE PROTRACTOR AND THE SCALE BAR A C

radius r. The parallelogram is constrained as follows:
At R there is a vertical pin with a horizontal roller
which can move along the groove X X. The construc-
tion is similar to that of the ball bearing guide at A,
shown in the detail sketch in Fig. 8. The bar u v has a
slot which forces the center line of u v always to pass
through point A (Fig. 8). The bar w R can slide through
a guide at C. It is proved below that with any setting
of the device the power is proportional to the length
0 L on the main bar 0 T.

If it is desired to investigate the performance of a
generator at a constant output (or that of a motor at a
constant input) the double slide at L is fastened to the
bar 0 T by means of the set screw z. This causes the
length 0 L to remain constant, but does not otherwise
hamper the motion of the parallelogram, since the two
slides at L can turn with respect to each other. The
construction is similar to the double slide at point C,

AAA

coefficient of the armature current, that is, amperes per
cm. Both coefficients are constant, and so is the radius
r, with a given sector. Hence, the power is proportional
to the length 0 L.

As an example, let the Blondelion be set for a three-
phase, Y -connected alternator, the current scale being
ki = 50 amp./cm., and the e. m. f. scale ke = 100 volt/
cm., the voltage being measured per phase of Y. Let
the radius of the sector be r = 25 cm. To find the
power scale, we compute the length 0 L corresponding
to an output of say 1000 kw. per phase. We have

1000 X 1000 = 100 x 50 X 25 X 0 L,
from which 0 L = 8 cm. Hence, the power scale is
1000/8 = 125 kw. per cm. The scale for the total
power for the three phases is 375 kw. per cm.

It is convenient to have several sectors of different
radii (Fig. 2) since each sector gives the best results
only within a certain range of settings.
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VII. THE GENERATOR AND THE MOTOR RANGE

So far the parts and the setting of the Blondelion
have been described in a position corresponding to the
vector diagram in Fig. 4, that is, with the machine
working as a generator, with a lagging current. This
range of operation corresponds to the position of the
current vector A C in the upper left-hand quadrant
comprised between the axes X X and Y Y. When the
vector A C (Fig. 4) is directed along the Y Y axis to the
left, the generator load is non -inductive. When A C
is directed along the X X axis upward, the current is

FIG. 9-THE LOAD DEVICE

lagging by 90 deg. behind the terminal voltage e. This
is because the true position of the current vector i is that
indicated in Fig. 3, lagging by 90 deg. with respect to
A C.

When the vector A C lies in the lower left-hand
quadrant, it has an energy component to the left and a
leading reactive component. Therefore this range
corresponds to the operation as a generator with the
current leading the terminal voltage. All the linkages
of the Blondelion are so made as to enable a setting with
either a lagging or a leading generator current.

In both right-hand quadrants the energy component
of the current is reversed, so that when A C lies to the
right of X X, the machine is operating as a synchronous
motor. When the reactive component of the vector
A C is directed upward, the machine furnishes a lagging
current to the line, or as is more customary to express
it, the motor takes a leading current from the line.
It is known from the theory of the synchronous motor

that for such an operating condition the machine must
be overexcited. Conversely, the operation in the lower
right-hand quadrant corresponds to a lagging component
taken from the line, and to an underexcited motor.

It would be rather difficult so to design all the linkages
of the Blondelion that they could be turned by 360
degrees about point A, without interfering with each
other. Therefore, the device is assembled to cover the
operation either mainly to the left or mainly to the
right of the axis X X, according to whether the generator
range or of the motor range is of most interest. In
either case the transition from one range to the other
can be readily observed.

A complete study of both the generator range and the
motor range is also possible with one setting, by using
the principle of images or reflection. Let the Blonde-
lion be set for the generator range, and let it be desired
to investigate the performance of the same machine as
a motor. The true vector diagram then lies to the
right of X X, but its image with respect to X X, con-
sidered as a plane mirror, lies in the generator range.
Thus, the Blondelion can be set to the left of X X and
operated as an image of another, fictitious Blondelion,
set to the right of X X.

When a watch is placed horizontally in front of a
vertical mirror, its image seems to run counter -clock-
wise. Similarly, the image of a counter -clockwise
vector diagram becomes a clockwise diagram. This
fact must be kept in mind when operating the Blonde -
lion as an image of a real diagram.

VIII. THE PRINCIPAL DIMENSIONS OF THE
BLONDELION

Part (Fig. 2) Length in Centimeters

OT 100
AC 70

D D', A N, and C N 35
P 70

a 25
b 20

10
Radius of arc H -H 100

w R and v u 85
v w and u R 40

Radii of load sectors 19, 24, 29
Corresponding dis-
tances to the center

line of 0 T 20, 25, 30

E. THE USE OF THE BLONDELION

The reader is now supposed to be familiar with the
purpose and the construction of the separate parts
shown assembled in Figs. 1 and 2. It remains to
indicate how the device may be set for a given numerical
problem. Let us assume the simplest case of an alter-
nator for which the following data are either known
from tests or have been estimated from the dimensions
of the machine:

The no-load saturation curve;
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The true armature reactance (not the synchronous
reactance);

The direct armature reaction;
The transverse armature reaction.

Let it be required to set the Blondelion for this machine,
for some given values of the terminal voltage e, arma-
ture current i, and phase angle 4).

First of all, suitable scales are selected for volts and
for field amperes (or ampere -turns per pole). With
these scales, the saturation device is set by trials to
represent the given no-load e. m. f. curve as closely as
possible. For details see the description of this device
given above. Then the center A is fastened in the
groove X X at the desired point, to represent the termi-
nal voltage e. The direction A C is set with the pro-
tractor at A, to correspond to the desired value of the
power factor or angle 4). The length AD = ix is
computed for the desired value of the armature current.

Next, the value of Et' is computed according to
eq. (84) on p. 156 of the "Magnetic Circuit." The
value of the empirical coefficient (0.30) used there may
have to be somewhat modified in accordance with the
best data available for machines of the same type.3
The proportional dividers A NC are then opened so
that A C = Et' i x, in accordance with the previously
chosen voltage scale. The same opening A C gives the
desired armature current i, and therefol-e determines
the scale of the armature current. By using an addi-
tional linkage (C2 C1 N' in Fig. 6) the current scale can
be made independent of the voltage scale. The length
AD can be now adjusted to equal the reactive drop i x
in the machine.

The figure 0 A C thus having been set, the point G
is automatically determined by the point D and by the
direction p p'. The angle at D is therefore known, and
the direct armature reaction, Md, can be computed
from formula (79) on p. 153 of the "Magnetic Circuit."
The semi -empirical coefficient 0.75 in this formula may
need some modification to suit the particular type of the
machine investigated (see reference to Arnold above).
The linkage C K G is then set in such a way that K G
is equal to M. to the same scale to which the field
excitation is measured between G and Q.

The whole device is now set for that particular load,
and after the desired readings have been taken, the
parts can be shifted to any other desired performance
point, and the new lengths and angles measured. In
particular the following quantities may be kept con-
stant:

(a) The field excitation, by placing a link of constant
length between points S and K.

(b) The terminal voltage, by fastening the pro-
tractor A to one of the guides of the groove X X.

(c) The armature current, by fastening the bar
A C to its guide at C.

3. For values of this coefficient, kq, and also of the coefficient
of direct reaction, k0, mentioned below, see E. Arnold, Wech-
eelstromtechnik, Vol. IV, 1913, p. 34.

(d) The power factor, by fastening the bar A C to
the protractor at A.

(e) The power output, by fastening the guide at L
(through which u v passes) to the bar 0 T.

Even with one of these constraints, the device has
more than one degree of freedom, so that it is possible
to impose two constraints simultaneously. For ex-
ample, both the field current and the load power-factor
may be kept constant, and the relationship found be-
tween the armature current and the terminal 'voltage.

Sometimes the load characteristics of a machine are
given, and from these it is required to estimate its
armature reaction and reactance. The values of A D
and KG are then adjusted by trials until the vector
relationships obtained between the armature current,
the terminal voltage, and the field excitation satisfy
the available curves as well as possible (see the numeri-
cal example below). The final settings of A D, A C,
and G K permit to compute the armature reactance,
and the two components of the armature reaction, and
also to extend the available curves to other ranges of
operation of the same machine.

Various problems in design and operation of syn-
chronous machinery may be solved by means of the
Blondelion, and wherever a direct setting is not possible,
the linkages can be set by a few trials. With a me-
chanical device, such trials are quite simple, while they
would be rather tedious or almost impossible with the
usual analytical or graphical treatment.

With any setting of the Blondelion (Fig. 2), all or
some of the following readings can be taken, depending
on the purpose in view:

*Terminal voltage 0 A.
*Power factor, or the angle between the voltage e and the

armature current i.
*Armature current A C.
*Field excitation, S K, in amps. or in ampere -turns.
Induced voltage 0 0, due to the main poles.
Induced voltage G D, due to the transverse armature reaction.
Total induced voltage 0 D, which is also a measure for the

armature flux.
Reactance drop A D.
Direct armature reaction, G K, in field amps. or in ampere -

turns.
Angle of deviation 0 of the poles with reference to the terminal

voltage.
Electrical input or output O L.
*Projection of i on the X and Y axes.
Any other angles between the vectors that may be of interest.
For obtaining the usual performance characteristic of the

machine, only the quantities marked with an asterisk need be
measured. From the quantities enumerated above the following
results can be computed:

Voltage regulation curves.
Field excitation curves at a constant voltage.
Load saturation curves.
V -curves.
Input or output in kw.
Separate losses.
Efficiency.
Synchronizing force.
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In an article on "Hunting and Parallel Operation of
Synchronous Machines," Sibley Journal of Engineering,
March 1920, the author has outlined a method of com-
putation of the synchronizing force, taking into account
the no-load saturation curve of the machine. The
treatment is based on Blondel's theory of two armature
reactions, and in the first approximation the no-load
saturation curve is replaced by two straight lines at an
angle. Even then the expression for the power trans -
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FIG. 10-NO-LOAD AND LOAD SATURATION CURVES OF A WEST-
INGHOUSE SYNCHRONOUS MACHINE OPERATING AS A GENERATOR

mitted electromagnetically between the field pole
structure and the armature, as a function of the angle 0,
is:quite involved. The derivative of this power with
respect to 0 by definition is the synchronizing power,
and its expression is also rather complicated. In the
Blondelion the increase in the power 0 L, for a certain
small variation of the angle 6, can be read directly,
and the synchronizing force, A 0 L lA 0, easily com-
puted. Thus, the device should prove useful in fly-
wheel computations and in problems on hunting of
synchronous machinery.

F. NUMERICAL EXAMPLES AND COMPARISON WITH
EXPERIMENTAL DATA

Complete performance characteristics of two actual
machines have been obtained by means of the Blonde-
lion and  the results compared with the available
experimental data on the same machines. In Figs. 10
to 13, the curves represent the actual test results, while
the crosses are the readings taken on the Blondelion.
The no-load saturation curves (Figs. 10 and 12) were
read on the Blondelion with both an increasing and a
decreasing voltage, and a slight discrepancy between
the two is due to some lost motion in the device. Load
curves were checked for each machine working both as a

generator and as a motor, and the agreement in all cases
has been found satisfactory.

The test curves on the two machines and the other
data quoted below were kindly furnished to the author
by the engineers of the Westinghouse Electric and
Manufacturing Co., and of the Allis-Chalmers Co., to
whom he wishes to express his sincere gratitude. The
principal data are as follows:

Make Westinghouse j Allis-Chalmers

Rating as synchronous motor, H. P.... 2800 500
No. of phases 3 3
Frequency in cycles 60 60
Rated voltage 2300 2200
Amperes per phase 607 j 105
Rated at a power factor of 0.90 1 .00
Speed, rev. per min. 514 450
No. of poles 14 16
Stator connection Y Y V
Slots per pole per phase 3 3
Coil lies in slots 1 and 8 1 and 4
Conductors per slot 6 6
Armature PR in kw. : 9.9 (at 75 ° C) 4. 1
Field turns per pole 68.5 83.5

First of all, the saturation device was set to represent
the no-load saturation curve of the Westinghouse
machine shown in Fig. 10. The point n, defined in
Fig. 5, corresponds in this case to a field current of
100 amperes and to a terminal voltage of 2300. The
saturation device was set accordingly for the lengths
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/SO .100 130

100 amperes = 18 cm. and 2300 volts = 45 cm., on
the straight part of the saturation curve. The curved
plates were then adjusted to give the upper part of the
no-load characteristics. It will be noted that the
"delta" or terminal voltage was used, and not the
Y -voltage; all other voltage vectors in the Blondelion
were set in terms of this voltage.

The next step was to estimate the direct armature
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reaction and the reactive drop, from the load saturation
curve at zero power factor. The no-load saturation
curve of the machine was traced on a piece of thin paper
and shifted by trials diagonally, parallel to itself, until
it fitted as well as possible the upper part of the load
saturation curve at zero power factor. The line a c
(Fig. 10) gives the distance and the direction of the
shift. The horizontal distance, b c = 78 field amperes,
represents the direct armature reaction; the vertical
distance, a b = 450 volts, gives the reactive drop.'
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FIG. 12-PERFORMANCE CHARACTERISTICS OF A ALLIS-
CHALMERS SYNCHRONOUS MACHINE OPERATING AS A

GENERATOR

These values hold well within the operating range of
the machine, but are a little large for the short-circuit
point, on account of the well-known increase in the
reactance and leakage with the saturation.

The above obtained value of the direct reaction can
be checked by means of eq. (79) on p. 153 of the "Mag-
netic Circuit." Namely, when 4) = 90 deg., the angle
IP is so nearly equal to 90 deg. that sin 0 is almost equal
to unity. We therefore have,

Md = 0.75 x 0.96 X 0.94 X 3 X 9 X 0.5 x 607
= 5550 ampere turns.

In this expression 0.5 is introduced, because the two
halves of the armature winding are connected in paral-
lel. In terms of the field winding this m. m. f. cor-
responds to

5550/68.5 = 81 amperes
which checks well with the value 78 amperes derived
above from the experimental curves. The value of the
reactive drop, 450 volts, was also checked theoretically
from the dimensions of the machine, and a satisfactory
agreement found between the two.

The scale for the field current being 100 amperes = 18
cm., the distance G K at the rated armature current
must be equal to 18 x (78/100) = 14 cm.

The next step was to estimate the transverse arma-
ture reaction. Using expression (84) on p. 156 of the

4. See the author's "Experimental Electrical Engineering,"
Third Edition, 1923, Vol. I, pp. 564 to 566.

"Magnetic Circuit," with a different numerical coeffi-

cient, we get
E = 0.43 x 0.96 x 0.94 X3 X9 X0.5 x 607

X 2300/(100 X 68.5) = 1070 volts.
In this expression the coefficient 0.43 was used in place

of 0.30, in accordance with the later data than those

upon which the values given in the "Magnetic Circuit"

were based.'
Thus, at the rated current, the proportional dividers

must have an opening
A C = (1070 + 450) X 45/2300 = 30 cm.

The current scale is 607/30 = 20.2 ampere per cm.
The point D was determined so as to give the ratio

D C : A D = 1070 : 450
and the setting was done for the nearest ratio possible
with a limited number of holes.

After this, the device was set with 0 A = 2300 volts
= 45 cm., the power factor Cos = 0, A C = 30 cm.,

and G K = 14 cm. This gave the point d (Fig. 10).
Then, keeping the power factor constant, the point
A (Fig. 2) was shifted up and down along X X and the
remaining points on the curve checked.

In a similar manner the points on the other load
curves were determined, at the corresponding values of
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power factor. Finally the center A was shifted as near
as possible to 0, and a few points checked on the short-
circuit curve (Fig. 11). In this case the length A C
was varied, to get different values of the armature cur-
rent.

The V -curves, shown in Fig. 11, were checked as
follows: The machine being rated as a motor at 607
amperes and 90 per cent power factor, the bar A C was
set at 0.9 X 607 = 546.3 amperes at right angles to the
groove X X. By means of the set screw j' (Fig. 8) the
point A was fastened to keep the terminal voltage con -

5. E. Arnold, loc. cit. For the ratio of the pole arc to pole
pitch of 0.70 he gives k q = 0.446.



246 KARAPETOFF: THE "BLONDELION" Journal A. I. E. E.

stant and equal to 2300 volts. The saturation device
and the load device then automatically assumed their
proper positions. The set -screw z at L (Figs. 2 and 9)
was then tightened to keep the power input into the
machine constant. The field current was read.

After this, the bar A C was turned stepwise, by a few
degrees at a time, and the new field and armature cur-
rents were read at each step. This was done for a lag-
ging and a leading current and the points so obtained
were marked by crosses on the full -load V -curve shown
in Fig. 11. The length 0 L was then reduced to one
half, and similar points were obtained, shown on the
half -load V -curve. Subsequently the V -curves at
1M, 2 and 2 times full load were checked, by setting
0 L equal to that many times its length at the rated
load. The no-load V -curve was checked by making

L = 0. The curve which connects the lowest points
of the V -curves, that is, the unity power factor curve,
was checked by setting the screw j' so as to keep the
power factor at 100 per cent, and varying the field cur-
rent and the armature current. The load device was
not used in this last test.

The curves of the Allis-Chalmers machine, shown in
Figs. 12 and 13, were checked in a similar manner, and
it would be a needless repetition to quote here the
numerical data. It must be stated, however, that no
actual load tests were made on this machine running as a
generator. The maker of the machine stated to the
author that the curves in Fig. 12 at 90 and at 100 per
cent power factor were computed by the A. I. E. E.
method and that the point f was estimated from tests
on similar machines.

The writer's assistant, Mr. 0. K. Marti, actually
built the device and performed all the measurements
described above. To him credit is also due for several
mechanical details and for the drawings used in this
paper. The author wishes to express to him his
sincere appreciation of the valuable assistance rendered.

CARRIER CURRENT TELEPHONE
. BETWEEN HOLTWOOD, PA.

AND BALTIMORE, MD.
The Pennsylvania Water & Power Company re-

cently completed an installation of carrier currenc
telephony between its generating station at Holt -
wood, Pa., and its Highlandtown substation at Balti-
more, Md., 40 miles away, whereby the four 70,000-
volt transmission lines are used to conduct the high-
frequency alternating current employed as a carrier
for telephony and signals. This system was installed
to supplement a private telephone service over two
physical circuits of No. 9 B. & S. copper paralleling the
tower lines on a private right-of-way. These physical
circuits are giving excellent service except for those rare
occasions when lightning or grounds on the high tension
lines may render communication difficulti-

The simplex system has been adopted for both talking
and calling. Two frequencies are employed, one for
talking and the other for calling signals. Coupling
wires are placed over both tower lines for a distance of
1265 feet at Holtwood and 780 feet at Highlandtown
so that all four circuits provide a path for the carrier
current. Existing /8 -in. galvanized steel ground cables
were used as coupling antennae by inserting insulation
between cable and tower.

The transmitter consists of two 50 -watt U. V. 203
vacuum tubes, one of which is used for the oscillator
and the other for the modulator. The oscillating
circuit consists of the coupling wire, oscillation trans-
former and series condenser. For the receiver a
standard two -circuit vacuum tube hook-up is used
for the talk and call signals and a special relay is
employed in the plate circuit of one tube to ring a
call bell. Relays are provided in both the trans-
mitter and receiving circuits to select the proper taps
corresponding to the call and talk frequencies. Power
is supplied from the 220 -volt direct -current control
battery to run a motor -generator set which supplies
1000 volts for the plates of the transmitting tubes
and also alternating current for heating the filaments.
A 6 -volt storage battery is used for heating the re-
ceiving tube filaments and to operate the relays and
control circuits.

A number of tests were made on the carrier equip
ment to compare its operation with that of the physical
lines under the condition of ground current flowing
between Holtwood and Baltimore. These tests showed
that conversation could still be carried on in both
directions when the physical lines were completely out
of commission due to blown fuses and failure of the
vacuum lightning arresters.

Another series of tests was made in which certain
circuits were taken out of service and grounded at
Holtwood and Baltimore. It was found that with the
coupling wires used on all four circuits as high as two
circuits could be grounded at both ends with practically
no effect on the talking and calling. Certain other
tests were also made which indicated that if only one
conductor were ungrounded all the way through it
would still be possible to talk and call in both directions.

The entire equipment was furnished by the General
Electric Company in Schenectady, which is also
working on other similar lines. The power company is
contemplating a similar carrier current installation for
the two 70,000 -volt circuits between the Holtwood
power house and the substation at Lancaster, Pa.

N. E. L. A. Bulletin.

Life tests of the pure platinum and platinum -rhodium
wire prepared at the Bureau of Standards for thermo-
couples have been carried out by the Bureau. Results
thus far obtained indicate that couples of material puri-
fied, melted, and drawn to wire at the Bureau are su-
perior to the best commercial couples previously tested.
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Alternating -Current High -Voltage Paper-Insulated Cable
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Review of the Subject.-The usual methods of testing alter-
nating -current high -voltage paper -insulated cables are based upon
the ability of the insulating material to withstand excessive potentials
in order to determine its condition. Accordingly, these methods are
not suitable for routine tests imposed for the purpose of determining
the degree of deterioration existing in any particular cable.

In an effort to develop a routine test, which will serve to detect an
impending fault, use has been made of the kenotron as the source of

high -potential direct -current. By means of it a large volume of data
has been secured concerning the input -current, for a cable, as a func-
tion of time after complete electrification at a constant high potential.
These data when plotted, as curves, show by their shape the condition
of the cable insulation.

Curves showing a sharp decrease in the magnitude of input -current
during the first minute and a gradual but persistent rate of decay for
the succeeding six or seven minutes indicate that the insulation is in
an acceptable condition from the operating point of view.

Curves showing little, if any, decrease or a persistent tendency to
increase during the time interval of the test indicate that the insula-
tion has deteriorated to such a point that the cable may be expected to

fail at an early date if retained in service. The degree of deteriora-
tion is indicated first: by the time which has elapsed since complete
electrification before the increase occurrs, and second: by the sharp-
ness of the upward trend of the curve in any instance.

The value of this method of testing has been demonstrated by its
actually having detected a considerable number of impending cable

faults before they became a menace in operation.
Additional refinements in the methods of measuring the input -

current for different classes of cables may be desirable. Further
investigations are being carried on to determine this necessity.
Investigations of certain theoretical features are also being carried
on. These include, among other things, oscillographic studies of the
input -current and voltage under test conditions.

CONTENTS
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Data and Observations. (450 w.)
Recognition of Apparent Solution. (135 w.)
Additional Data and Observations. (750 w.)
Conclusions. (135 w.)

INTRODUCTORY-THE PROBLEM

WITH the expansion of underground transmission
alternating -current networks, as regards both
extent and operating voltages, the problem of

determining the condition of the feeders has become
more and more complex. The size and cost of alterna-
ting -current equipment for testing cables in modern
underground systems is a matter of no small importance.
With the high -transmission voltages and increased
feeder lengths, these two factors approach limits which
are almost prohibitive.

Also, the usual alternating -current test schemes have
only determined the ability of a specific cable to with-
stand a particular test voltage; usually much in excess
of that in normal operation. In our opinion a more
desirable test method must include not less than the
following features:

1. Should, if possible, be capable of detecting
abnormal conditions in a cable at a sufficiently early
date to permit of their location and elimination prior
to the time at which they would constitute a menace
to the system.

2. It should be effective at an impressed potential
sufficiently low to insure that the insulating material
will not be over -stressed.

3. Simplicity.
Due to the desire to develop a test, independent of

the actual destruction of the material, to determine its
acceptability, no consideration has been given the

Presented at the Midwinter Convention of the A. I. E. B.,
New York, N. Y., February 14-17, 1923.

question of relative effects of test voltages impressed
on cables by the kenotron or by the usual alternating -
current tests; i. e. the ratio of kenotron to alternating -
current potential for equal electrical stresses on the
cable has not been considered in this investigation.
Also, no attention has been given the problem of deter-
mining the geographical location of any particular fault.

Accordingly we have, for over four years, been
investigating the possibility of developing such a test
method. Because of certain rather outstanding con-
ditions existing in the alternating -current feeders for the
Edison system, and the necessity of safeguarding against
interruptions due to cable failures, that portion of the
transmission network was utilized in the study.

At the time this study was inaugurated The Edison
District of The Philadelphia Electric Company was
supplied with energy principally by means of 6,000 -
volt, a -c., 60 -cycle, two-phase, three -conductor under-
ground transmission feeders. These feeders consti-
tuted direct ties between the generating and substations.
They had been installed for a number of years and were
manufactured prior to the production of low dielectric
loss cables. The cables referred to are practically all
250,000 cir. mil cross-section, insulated with 5/32 -in.
by 5/32 -in. paper impregnated with rosin oil compound.
Their lengths vary between 12,000 and 18,000 feet.

The alternating -current supply system for the
Edison District has been considerably augmented, be-
ginning the latter part of 1920, by the addition of high-
efficiency 13,200 -volt, three-phase paper -insulated lead-

covered transmission cables.

247
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During the season of 1920 there were a number of
unfortunate experiences with the operation of this por-
tion of the transmission systems. This condition was
brought about by several circumstances, among which
the following may be noted:

1. The Edison load at that time was closely ap-
proaching the rated capacity of the substations and on
that account if trouble developed, at any point, it was
almost certain to cause a rather general interruption in
the Edison District by tripping out other substations.
This condition was especially true if a transmission
feeder failed in service, since it probably would cause
other feeders, working in parallel with it, to trip out.

2. The heavy loading of the alternating -current
feeders, supplying the Edison system, tended to develop,
through heating, inherent weaknesses in their insula-
tion. Consequently, it became imperative that the
utmost care be used in operating this portion of the
underground system.

Several years ago The Philadelphia Electric Company
secured a 60-kv., 0.1 -ampere single -tube kenotron set
in order to determine what, if any, possibility there was
of applying a high -voltage direct -current test to under-
ground transmission feeders to ascertain the general
operating condition of such cables. The first thought
was to consider the kenotron as a high -voltage megger,
and from the observed values of current and impressed
voltage to calculate the insulation resistance. It was
immediately found that the current varied over an
extremely wide range, from a large magnitude, at the
instant of electrifying the cable, down to a value of 1 3
to 1/4 as great after several minutes of electrification.
From this it was seen that a wide range of calculated
insulation resistance values could be readily obtained
and no decision could be made as to which of these,
with respect to elapsed time, should be considered as
representing the condition of the cable.

In addition to the apparent wide deviation in insu-
lation resistance just noted it was observed that the
current for a given cable when electrified to the same
potential, but on different days, might vary over an
extremely wide range; possibly of the order of 200 to
300 per cent variation. This latter situation is, un-
doubtedly, associated with the temperature of the in-
sulating material at the time of test. However, as no
feasible method was available for determining the
temperature of a cable throughout its length, the com-
bination of circumstances giving rise to wide variations
of current seemed to preclude the use of the kenotron.

In view of the operating difficulties experienced in
1920, added consideration was given to the possible
application of the kenotron for the purpose originally
in mind; i. e. determination of the condition of cable
insulating material. From what had been done earlier
it was apparent that another method of analysis must
be developed. Accordingly, consideration was given to
plotting the tabular data on rectangular coordinate
cross-section paper. It was hoped that the resulting

curves might indicate the general character of the cable
insulation. Here again, however, the wide variation
between tests on successive days seemed to complicate
the problem.

The next step was to analyze some of the tabular
data' with the hopes that the equation expressing the
relation of the constants in the curve might be deter-
mined. It was very soon found that these constants
apparently obeyed no definite law.

Another method of analysis employed was to plot the
data on semi -logarithmic paper. The results confirmed
the earlier deductions that the current -time curves were
not represented by a simple mathematical function.

The very high initial value of current, together with
its more or less uniform rate of decay, apparently
indicated characteristics similar to those of an electrical
condenser. Since it required a long period of time-
of the order of many minutes-before the current
reached a value which was reasonably constant it was
also evident that the condenser characteristics exhibited
were not those usually considered, but must represent
a charge absorbed within the dielectric. Finally, the
approximately constant value of current observed after
an extended period probably represents the true leakage
current through the insulation.

From the foregoing it was concluded that the shape,
rather than the magnitude, of the current -time curves
for any particular cable might be indicative of the con-
dition of its insulation.

It was then determined that a large volume of data
should be obtained with the hope that, possibly, its
analysis might produce something more indicative than
had been found in the limited material previously
available. During the accumulation of this added in-
formation some rather interesting developments were
noted in the results of the tests and it was deemed
advisable to follow them further.

METHODS OF TESTING

Due to the many variables complicating this problem,
an early effort was made to minimize their influences by
conducting the kenotron tests in as nearly a uniform
manner as possible.

In order that the data for different tests might be
comparable, it was deemed advisable to energize the
cables to the same potential in each case. Because of
the age of the feeders in the 6000 -volt system, an
aversion to subjecting them to abnormal potential
stresses, together with lack of knowledge as to what
effect the kenotron tests might have upon cable insula-
tion, it was decided to use 9000 -volts, which approximates
the peak value of the wave for these two-phase circuits,
on 6000 -volt feeders when testing them by kenotron.

As it had been decided that a study should be made
to determine what, if anything, could be learned from
the shape of the current -time curves, it was felt ad-
visable to electrify the cables under test at a standard

1. Steinmetz, Engineering 2\latliematies.
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uniform rate. It was found that the kenotron voltage
could be raised very readily at a rate of 1500 -volts per
second, that is, a time interval of six seconds would be
required in which to bring it up to test value. There-

fore, this rate of electrification was adopted as standard.
Operators making tests were accordingly instructed to
close the high -voltage test switch at 54 seconds and to
raise the voltage, as uniformly as possible, at a rate such
that the test voltage, 9000 volts, would be reached at
60 seconds exactly. See Fig. 1.

In order to eliminate, as far as practicable, any
unexpected effects due to adjustment of the kenotron
voltage the attention of the operator was called to the
necessity for care in approaching the final test value.
This was done to minimize the possibility of imposing
upon the cable a final voltage exceeding that desired;
thereby necessitating reduction.

Having fixed the rate at which electrification should
be applied, the time intervals at which readings were to
be taken were arbitrarily set as follows:

Initial reading upon completion of electrification and
subsequent readings at 15, 30 and 45 seconds and at 1, 2,
3, 4, 5, 6, 7 and 8 minutes after completion of electri-

Ra,se Kenatron Vallage at
4S00 Potts per Second 1...

CIOSt Su ?ply Gall Syr -

4)1THREE CONDUCTORS
AGAINST GROUND

--Take first Current Reaffing

ONE CONDUCTOR

AGAINST OTHER TWO
AND GROUND

SUCCESSIVELY

FIG. 1 -METHOD OF TIMING AND CONNECTIONS USED IN DETER-

MINATION OF CABLE CURRENT TIME CURVES

fication; a complete time interval of 480 seconds after
full test voltage had been reached.

The sequence of tests selected, see Fig. 1, was as
follows:

1. Three conductors together against sheath and
ground.

2. Phase A against B -C and sheath to ground.
3. Phase B against A -C and sheath to ground.
4. Phase C against A -B and sheath to ground.
Therefore, omitting the time required in changing

connections and other unavoidable delays, not less than
32 minutes has been required to test a single feeder.

The foregoing instructions were prepared in concise
form for the guidance of those in the Station Operating
Department who were responsible for routine electrical
testing, and mimeographed forms for tabulating the
data were furnished. See Fig. 2. This placed the
operation as nearly as possible on a routine basis, which
was desirable for the purpose of learning how practical
this scheme of testing would prove.

Upon receipt of the tabular material, for the several
tests, from the Station Operating Department, the

THE PHILADELPHIA ELECTRIC CO.

Test by---------------

Kenotron Test on Cable Rr _ _ _ _ _ _ _

Between Schuylkill Station and _ _ _ _ _ _ _

Leakage Current in Milliamperes at 9000-V. D.C.

Feeder off Line __ _ _ _ _ _

Av. amperes Load: A 4. -

Past, 5 hours : C m =

Time Time Time Time

Schedule
of

Readings

A -B -C
to

GRD

A to
B -C &
GRD

B to
A -C &
GRD

C to
A -B &
GRD

Start

15 second

30 "

45 "

1 minute

2 minutes

3 "

4 "

5 "

6

7 "

8 '

NOTE: The cable is to be electrified at the rate of 1500 volts per second.
To do that have Kenotron bulb working and then close high voltage d -c.
switch 6 seconds before minute and raise voltage at uniform rate to test
value of 9000 volts in period of time noted. When the required test voltage
is reached on the minute make first reading and enter opposite "start".
Make other readings 15-30 and 45 seconds and 1-2-3-4-5-6-7-8 minutes
after voltage reached the test value.

Check zero reading of voltmeter and ammeter and if necessary adjust
by means of small flat head screw in lower flange of instrument cases before

making test.
Make note of abnormal conditions such as breakdown of spere gap.

FIG. 2

observed values of current were reduced to units of cur-
rent per mile in order to facilitate direct comparison of
results observed on different feeders. Much of the
material has been plotted in curves similar to those
which appear here.

DATA AND OBSERVATIONS

Referring to Figs. 3 and 4 which show a group of
current -time curves from successive tests on feeder 112
for a period of several weeks, some interesting things
may be observed.

These data are plotted to semi -logarithmic coordi-
nates with the logarithm of the current, in milli-
amperes per mile at 9000 volts, as the ordinate and the
time, in seconds, plotted uniformly as the abscissa. It
is observed that for the tests of February 25, 1921, (Fig.
3), there is a very share decrease in current, from its



250 PHELPS AND TANZER Journal A. I. E. E.

initial value, during the first 30 seconds. For the
remainder of the eight minutes, the current decreased
rather slowly and at a fairly uniform rate. It is also
interesting to note the variation in the characteristics
of the insulation for each of the three conductors of the
cable, as brought out by the curves representing tests
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FIG. 3 -CURRENT -TIME CURVES
At:9000-volts electrification by kenotron feeder 112; operating voltage

5 X 5 in.
. kv.; impregnated insulation, 3 X 250,000 = cir. mil. conduc-

32
tors; feeder length 17,487 ft.

on each of the several conductors when measured against
the other two connected to the sheath and to ground.

The tests of March 11th (Fig. 3) show an entirely
different situation both as to absolute value of the
initial current and outline of the curves. Here again,
special attention should be paid to the curves for each
of the several conductors. It is noticed that the
plotted data for phase B, when tested against the other
two conductors and the sheath to ground, and phase C,
tested in a similar fashion, have a rather uniform down-
ward slope. On the other hand, the curve representing
phase A when tested against B -C and ground, shows a
decreasing characteristic during the first 60 seconds after
which time the current abruptly increased. At the end
of two minutes, after electrification of the cable, the
value of current on phase A is only about 25 per cent less
than its initial value and it continues for the balance of
the eight -minute period at a magnitude not differing
materially from this. Sufficient data had not been

obtained, up to the time this material was plotted, to
give a clue as to what this sharp upward trend, or in-
version, of the curve indicated. Subsequent events
seemed to bring out this matter very clearly, for on
March 22nd, or eleven days after the test under dis-
cussion, the cable failed in service.

Tests made March 25th and April 8th, (Fig. 3), after
the cable had been repaired and restored to service,
showed characteristics similar to those on February
25th; i. e. a gradual decay of the current from the in-
stant of electrification.

The plotted data for tests of April 22nd, (Fig. 4),
again showed that an abnormal condition existed.
During the first 60 seconds the current for all three
phases, tied together and tested against the sheath and
ground, decreased quite sharply, but after that time the
current arose very abruptly and at the end of 8 minutes
was approximately 30 times its initial value. With this
indication the kenotron test was discontinued and the
cable was connected to the regular high-voltage a -c.
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FIG. 4 -CURRENT -TIME CURVES
At 9000 -volts electrification by kenotron feeder 112; operating voltage

6.0 kv.; 5 X 5 in' impregnatedins ulation; 3 X 250,000 = cir. mil. conduc-32
tors; feeder length 17.487 ft.

test set and it was found that the insulation on phase
A broke down at a low impressed a -c. potential.

Tests made again on May 30th, (Fig. 4), produced
a series of curves apparently free from abnormal
characteristics.
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RECOGNITION OF APPARENT SOLUTION

Referring again particUlarly to the tests of March
11th, (Fig. 3), and April 22nd, (Fig. 4), it was felt that
the sharp inversion of the curves must be indicative
of an unsatisfactory condition of the insulation, since
the inversion was followed by an actual breakdown of
the particular cable a few days later in the one case, and
in the other it was found that the insulation had little,
if any, dielectric strength.

Here, then, was a means by which it seemed that it
might be possible to determine, through routine tests,
the development of faults in cable insulation and to
learn of their presence sufficiently early to permit
locating them prior to their causing a failure of the
cable while in service. The operating results which
have been obtained through this method of testing have
been most interesting as may be seen from the following
test data for other feeders of the 6000 -volt system as
shown in Figs. 5, 6, 7, 8 and 9.

ADDITIONAL DATA AND OBSERVATIONS

The curves of Figs. 5 and 6 for feeder 109 show quite
clearly the progressive nature of the development of a
fault, even though the cable was retained in active serv-
ice and there were no indications, in its operation, of
the situation which was impending.

Beginning with the tests for May 5th, 1922, (Fig. 5),
the curves for the successive tests indicate more and
more the predominance of the leakage current through
the insulation, as disclosed by the absence of any marked
decrease in the magnitude of the current. This repre-
sents the condition where the leakage current of the
condenser becomes larger and larger in comparison with
the charging currents. Finally, with the test of July
24th, (Fig. 6), the cable was found to be defective. The
flatness of the curves, from the test following repairs to
the cable, appeared to indicate that the feeder was not
yet in really good condition.

The curves of Fig. 7 for feeder 116 show that two
impending failures were detected before their occur-
rences in service. The tests of June 1st and 15th,
(Fig. 7), brought to light conditions in the paper in-
sulation such that complete breakdown occurred at
7500 -volts on the a -c. test set. The tests of June 26th
showed the cable to be in much better condition, fol-
lowing the elimination of the faults located earlier, as
indicated by the decrease of current with elapsed time
when compared with the slight decrease, or even
marked rise, detected in the tests of June 1st and 15th.

The curves of Figs. 8 and 9 for feeder 122 show quite
clearly the progressive deterioration of cable insulating
materials, as well as the wide differences that may
develop in the characteristics of the insulation of the
different conductors in a cable. Curve B in the tests
of September 22nd and October 6th, (Fig. 8), shows
quite clearly, both by the magnitude and form, that the
condition of the insulation of that conductor is radi-
cally different from that of the other two.

During the year 1922 twelve 6000 -volt feeders have
been subjected to a routine test by the kenotron at
regular intervals of about two weeks. Whenever the
test data indicated that the current had a persistent
tendency to increase, the cable has been subjected to a
high -voltage a -c. test after the completion of the keno-
tron test. In some twenty instances it has been found
that the insulation failed at from 2000 to 7500 volts
under a -c. potential. In a few instances the tabular data
have indicated a rise in the current value but the
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incipient fault had not developed sufficiently to cause
the cable to fail when placed under a -c. test.

During 1922, by using this method of test, some
twenty impending failures have been detected before
their actual occurrence, with the net operating result
that in only one case has a feeder actually failed while
in service. This one instance was undoubtedly due to
the fact that it was necessary to discontinue the routine
kenotron tests temporarily. The failure occurred
during the time the tests were not being made.

Examination of a considerable number of faults which
have been predetermined by the kenotron has not
disclosed any evidence of over -stressing of the insulating
material. The several faults which have been detected
to date have had. legitimate mechanical explanations,
as for example, cracked lead, lead worn through where
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the cable has come in contact with the edge of the duct,
wrinkled insulating paper or non -uniformity in the
construction of splices.

In addition to the investigation which has been car-
ried out on the 6000 -volt feeder system some work has
also been done in the application of this proposed test
method to 13,200 -volt, three-phase cables. While
the volume of data, which has been obtained to date
from these latter tests, is not as extensive as for the
tests on the 6000 -volt feeders, the resulting current -
time curves, (Fig. 10), have not differed materially
in shape from those under discussion. Indications are,
therefore, that this method of test is directly applicable
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to cables operating at nominal pressures other than
6000 -volts.

However, due to the fact that the total current from
the kenotron into the cable consists of three components
viz. capacity current, absorption current, and leakage
current, and since these vary in magnitude according to
the length and condition of insulation of the cable a wide
variation in the amount of current to be measured when
testing different classes of cables may be expected to
occur. Accordingly, refinements in the method and
apparatus used for reading the current values may be

desirable and even necessary for some cables. Also,
since the shape of the current -time curves is indicative
of the condition of the insulation, as has been shown, it
is evident that any refinements possible in obtaining
accurate test values will be of aid in detecting an im-
pending fault at an earlier stage of its development than
is now possible.

CONCLUSION

The material which has been presented leads to the
conclusion that the method of testing here outlined
provides a means by which it is feasible to determine
the operating condition of paper insulation on high -
voltage alternating -current transmission cables. It
will also be readily seen that this scheme of testing con-
forms with the desired characteristics of a loutine test
method which were previously outlined.

Since the major part of this investigation has been
carried out on cables which were known to have been
manufactured prior to the production of the present day
low -dielectric -loss, high -efficiency cable it is believed
that a large amount of supplemental information should
be obtained.

In the following there are listed a number of points
which should be investigated further. They readily
arrange themselves in two divisions, viz. practical and
theoretical.

PRACTICAL PROBLEMS

1. Determine characteristic current -time curves for
high -efficiency cable.

2. Make mechanical study of faults detected by
kenotron.

3. Determine feasibility of extending use of keno-
tron to actual development of fault, without recourse to
alternating -current test sets.

.1. Ascertain necessity for more sensitive indication
of impending failure than indicated by inversion of
current -time curves.

5. Determine what, if any, necessity exists for a
source of energy for the operation of the kenotron,
independent of the station bus supply.

THEORETICAL PROBLEMS

1. Ascertain what, if any, modifications of shape or
magnitude, of the current -time curves results from
changes in the rate of electrification.

2. What, if any, modifiCation of the current -tune
curves results from electrifying cables to different
ultimate potentials?

3. Determine what modification of the current-
time curves results because of different operating tem-
peratures of the cables.

4. Make comprehensive study of wave shape of the
current and voltage as supplied by the kenotron under
test conditions.

5. What relation, if any, exists between milliamperes
per unit of length and condition of cable insulation?
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6. Determine significance and effect of flashover of
the protective sphere gaps, provided on kenotron sets,
upon this method of testing.

It is believed the results of investigations now in
progress, along some of the lines indicated, will prove
of great value.

The assistance that has been received, in the prep-
aration of this paper, from Dr. Steinmetz, Mr. J. L. R.

Hayden and Mr. E. E. F. Creighton, of the General
Electric Company, and Mr. H. P. Liversidge, Assistant
Chief Engineer of The Philadelphia Electric Company,
is gratefully acknowledged. We also wish to express
our appreciation of the efforts of those in the Station
Operating Department and Laboratory Division of The
Philadelphia Electric Company who assisted in ob-
taining the information desired.

Power Absorbed. in Making a Barrel
of Portland Cement

BY S. H. HARRISON
Associate, A. I. E. E

Chief Engineer, Vulcanite Portland Cement Co., Easton, Pa.

Review of the Subject.-During the year 1920 the total produc-
tion of Portland Cement in the United States was 99,694,000 bar-
rels. Of this amount 25,197,000 barrels or, approximately, 25
per cent were made in the Lehigh District, or in the plants located
in Eastern Pennsylvania, and New Jersey.

On account of the industrial depression the production for the
year 1921 was somewhat lower than that stated above.

If we assume that one barrel of cement is made with an expendi-
ture of energy amounting to 16 kw -hr., it will be seen that there
is required in the 20 mills which comprise the plants in the Lehigh
district, an aggregate load of approximately 46,000 kw. to make
the 25,197,000 barrels for one year.

These figures are interesting in view of the fact that so much

thought is being expended today on the superpower system.
It is well to remember, however, that about 80 per cent of the total

energy required to make a barrel of Portland cement can be obtained
by utilizing the heat in the waste gases from the rotary kilns; the
balance, or 20 per cent, will have to be either generated by ordinary
methods, or purchased from power companies.

At the present time comparatively few cement plants are utilizing
the waste heat from the rotary kilns, but from the success which has
been obtained by those who installed the waste heat system, there is
every indication that before long the major portion of the power
required in cement plants will be obtained from the heat now carried
off in the stack gases.

BEFORE entering into the subject of power ab-
sorbed in making a barrel of Portland cement, it
might be well to describe in a very brief manner

the process by which the cement is made.
In the Lehigh Valley district of Eastern Pennsyl-

vania the cement rock which is known by geologists as
argillaceous limestone is first quarried, and then trans-
ported to crushers, where it is reduced to a size conven-
ient for drying. The drying of the rock is usually
done in a rotary drier, which consists of a sheet -iron
cylinder about 5 ft. in diameter by 60 ft. or more in
length, supported on rollers.

The axis of the cylinder is inclined to the horizontal
at a pitch of approximately % in. to the foot, so that
the slow rotation of the drier (about four rev. per min.)
causes the broken stone gradually to find its way to the
lower end where it is discharged, and then conveyed to
the raw material pulverizing 'department. It is
usually necessary, before drying the stone, to correct
the lime content by adding a certain percentage of high
carbonate limestone.

The raw mixture in a roughly ground and dried con-
dition is then pulverized. After having been pulverized
to a fineness so that approximately 85 per cent will pass
a sieve having 200 meshes to the linear inch, or 40,000

Presented at the Lehigh Valley Section of the A. I. E. E., Nazareth
Pa., November 10, 1921.

* * * * * *

meshes per sq. in., it is taken to the kiln department
where it is fed to the rotary kilns.

The vast majority of kilns in this country are fired
with pulverized coal. In a few instances, notably on
the Pacific Coast, fuel oil is used for firing the rotary
kilns.

The modern rotary kiln is a large sheet -iron cylinder
about 8 ft. or more in diameter by 100 ft. to 125 ft. in
length. Where the length of 200 ft. is employed, the
diameter is in the neighborhood of 12 ft. The cylin-
drical shell is lined with a highly refractory fire brick.

The finely ground raw material is fed in at the upper
end of the kiln, and since the axis of the kiln is inclined
horizontally at a pitch of from Vs m. to 3 m. to the foot,
the slowly revolving shell causes the pulverized material
gradually to work forward, and at the same time it
comes in contact with the flame of the pulverized fuel.

Three' operations take place in connection with the
pulverized rock:

1. Moisture in the raw material is expelled, and the
mass of ground rock raised in temperature.

2. Carbonic acid gas is expelled from the rock.
3. Fusing of the lime, silicates and aluminates which

completes the burning process.
It might be well to state at this point that for every

600 lb. of raw material fed into the kiln 376 lb. of burnedclinker is discharged from the end of the kiln. The
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1 balance (224 lb.) is lost as CO2, dust and moisture.
The moisture content for raw material is very low in
the dry process of manufacture.

The burned or calcined rock after it has been cooled
is mixed with a small percentage of gypsum, and then
reduced to a powder, the fineness of which is about
80 per cent passing a 200 -mesh sieve. This is the Port-
land cement of commerce.

The gypsum is added to retard the process of harden-
ing when the cement is mixed with water for pe mason's
use. Without the retarding process the cement would
set too quickly, and in all probability harden under the
mason's trowel. The setting time is changed by the
addition of the gypsum from a few minutes to several
hours.

This is a hasty sketch of the process of the manu-
facture of Portland cement as generally employed in
the United States, with the exception that in some
instances, notably in the Middle West, the wet pro-
cess is used. The materials in this ea -se are usually
marl and clay; they are mixed in a wet condition,
ground in a wet condition, and fed to the rotary kilns
in the form of a slurry. In some localities a high -
carbonate limestone is mixed with the necessary
amount of shale, or clay, to bring the percentage of
the various constitutents in the raw material up to
the required amounts.

One of the principal items which enters into the cost
of manufacture of a barrel of Portland cement is the
item of power cost. It is an index of the mechanical
efficiency of the plant, and if the method of driving the
machinery in the different departments of the mill is
by means of electric power, an analysis of the power
cost can readily be made. The results of tests, which
will be given later, represent measurements which
were carefully made; in no ease were they "dress
parade" tests, but tests covering considerable periods
of time ranging from one week to one year.

It might also be stated that the instruments were
carefully calibrated. The results given then are the
results obtained from everyday practical mill operation.

In the analysis of the cost of manufacture of a barrel
of Portland cement, the following subdivisions are
usually made:

1-Quarrying, which in addition to other items
includes the cost of transporting the stone from the
quarry to the crushers.

2 --Raw Grinding, including the cost of expelling the
moisture from the rock; i. e. cost required to operate
the drying machinery, in addition to pulverizing the
raw material.

3-Fuel Mill Charge, which generally means the cost
of handling and preparing the fuel used in the rotary
kilns, and delivering this fuel to the kilns.

4 ---Burning, which includes the delivery of the cal-
cined rock or clinker to the clinker storage department,
in addition to the charge for fuel.

5-Clinker Grinding, or Finishing, which in addition
to pulverizing .the clinker, includes the cost of delivering
the resulting cement to the bins in the warehouse.

6-Packing and Shipping.
7-General Expense, which includes all costs of a

general nature that cannot be properly charged to any
of the previously mentioned departments.

TESTS

In the tests which follow the analysis of the expendi-
ture of power is along these lines. Fig. 1 shows this
graphically.

The first case is that of a plant employing the wet
process of manufacture. The clay is received at the

FIG. 1.

plant as mud. Limestone in the form of quarry
screenings is added, and the wet mixture ground in a
wash mill, kominuters and tube mills, and then fed to
the kilns in the form of a slurry.

The electric energy used is 440 -volt alternating -cur-
rent, three-phase, 60 -cycle.

Sixty-eight per cent of the power used is purchased
from a power company, the balance, 32 per cent, is
generated at the plant. The average full load was
1230.3 kw., or 1648.7 h. p., at a' power factor of 83.5
per cent. The capacity of the plant is 1800 bbl. of
Portland cement per day of 24 hr. although during the
test the average production was 1500 bbl. per 24 hr.
The rated motor capacity was 1927.5 h. p. The motors
in the mills were then operating at 76.5 per cent of
their rated capacity, assuming a motor efficiency of
90 per cent. The power consumption in kilowatt-
hours per barrel of cement was made up as follows:

Per cent Kw -hr.

35.67 Raw grinding, including clay wash mill . 5.156
11.49 Burning 1.660
13.27 Fuel mill (pulverizing coal) 1.916
35.56 Clinker grinding 5.138
0.89 Packing 0.128
3.12 General, including shops 0.450

100.00 Making a total of 14.448

.

It should be noted in this case the clay shovel is
operated by steam, and a steam locomotive pulls the
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loaded cars from the clay banks and quarries to the
mill.

To be exact the power required for this service should
be added to the 14.448 kw -hr. it is, perhaps, safe to say
in this particular plant one barrel of Portland cement
is made with the expenditure of 15 kw -hr. and consider-
ing the small output of the plant, in question, this
figure is low, and indicates efficient mechanical opera-
tion.

The second case is that of a plant having a daily
rated capacity of 3500 bbl., but which during the test
had an average daily production of 2950 bbl.

The process used was the dry process, the raw materi-
als being limestone and clay. The raw mixture was
composed of 92 per cent limestone, and 8 per cent clay,
625 lb. of raw material making one barrel of finished
cement of approximately 380 lb.

The electrical power used was 440 -volt alternating
current, three-phase, 60 -cycle, and the average full
load was 3056 kw., or 4095 h. p. at a power factor of
81.5 per cent.

All electrical power is generated at the plant. The
rated motor load was 4190 h. p., so that the motors
were operating at about 87.7 per cent of their rated
capacity.

The analysis of the power absorbed in making a
barrel of cement is as follows:

Kw -hr. Per cent

Quarry 0.318 1.84
Stone crushing -drying 2.094 12.13
Clay digging -drying 0.273 1.58
Raw grinding 5.398 31.30
Kiln (burning) 1.906 11.02
Coal grinding 1.347 7.81
Clinker grinding 5.578 32.36
Packing 0.287 1.66
General (shops) 0.050 0.30

17.251 100.00
Some interesting figures obtained at this plant were

as follows: It required
1.106 kw -hr. per ton of stone quarried.
7.283 kw -hr. per ton of stone, crushed, dried and

stored.
10.910 kw -hr. per ton of clay dug.
17.274 kw -hr. per ton of raw material obtained.

The third case is that of a plant having a daily.rated
capacity of 6000 bbl. During the test, which was of
seven days duration, the average mill output was 5650
bbl. The dry process of manufacture was used.

The electric power was direct current, 250 volts.
The power absorbed in making one barrel of Portland
cement was as follows:

RAW GRINDING:
Kw -hr.

Crushers 0.375
Storage, drying and pumps 0.568
Raw grinding 5.029 5.972
Kilns 0.i 81
Coal grinding 1.045

Ciiiikur grinding.. 5 992
l'urking 0 2.12 s 11,6

(;EN RA
Lights 0.233
Air vionpri,or 0 031
ItiviT pump 0 102
Machine shop 0.018 0 381

Kw -hr. 14 516

The fourth case is that of a wet process plant using
marl and clay. The daily capacity of the plant is
2250 bbl., but during the test the plant was operating
at a daily rate of 1845 bbl.

The electric energy was alternating current, three-
phase, 60 -cycle, and the average load was 1165 kw.
or 1561 h. p. The rated motor capacity was 2012.5
h. p., so that the motors were then operating at about
69.8 per cent of their rated load. The power factor
was 66.4 per cent.

The distribution of the power per barrel of cement
is as follows:

Wash mill

Kw -hr. Per cent

0.831
Raw grinding 1.715 2.546 23
Kiln 1.980
Coal grinding 1.831 17
Clinker grinding 4.209 39. -Di
Packing 0.119 1.11

10.685 100 oo
This figure does not include power required to operate
locomotive, steam dredge, and mill lights. These
items would, probably, bring the total figure up to
about 12 kw -hr., which is very good.

The power required to operate a wet process plant
is somewhat lower than that required to operate a dry
process plant.

The fifth case represents a 3000 -bbl. plant using the
dry process of manufacture.

Electric energy is 550 -volt alternating current, three-
phase, twenty -five -cycle, and power is distributed as
follows:

Kw -hr.

Quarry and raw grinding 5.492
Kilns (burning) 0.961
Coal grinding 0.980
Clinker grinding 5.385
Packing 0.162
General 0.212

13.192
Another dry process plant using 550 -volt alternating

current, three-phase, 25-cycle, is making a barrel of
Portland cement with the expenditure of only 13.707
kw -hr.

These last two figures represent excellent operating
conditions. About 16 kw -hr. per barrel of cement
manufactured may be taken as a very good average
figure.
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11.6

In addition to the energy consumed in the mechanical
processes of Portland cement manufacture, i. e. con-
veying, crushing, pulverizing, packing, etc., large
amounts of energy must be used in the form of direct'
application of heat; for instance, about 63,000 B. t. u.
are utilized, or rather employed, for drying the necessary
stone to make one barrel of Portland cement, and in
addition to this about 1,260,000 B. t. u. are required -
to calcine the necessary amount of pulverized raw
material to make one barrel of the finished product.

In all, 1,323,000 B. t. u. are required per barrel for
direct heat application. Of the 1,260,000 B. t. u. per
barrel used in the rotary kilns, not more than 25 per
cent1of this figure performs a useful function in the
kiln. The remaining 75 per cent is lost in radiation,
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or heat conduction and convection, heat carried off by
the waste gases, and heat carried away by the clinker
discharged from the rotary.

Of late, considerable progress has been made in re-
claiming some of this waste heat. The most notable
progress being in the utilization of the heat contained
in the stack gases. In this case the heat is used for the
generation of steam in specially designed boilers.

Progress is also being made in utilizing some of the

heat in the discharged clinker by causing it to preheat
the air used in the combustion of the fuel in the kiln,
and lastly, there is the most difficult of all the kiln
problems to reduce the amount of heat radiated from
the kiln shell; here, too, progress has been made, but
not to the same extent as in other directions.

Fig. 1 shows diagramatically how the consumption
of power is distributed in the various departments of a
cement mill. It is, perhaps, well not to compare
different plants on a department percentage basis,
but on the basis of actual kw -hr. consumed in each
department.

It has been found that there is very little difference
in the kw -hr. consumption in the actual pulverizing
of materials in the different plants irrespective of the
type of machinery employed. Just so much energy
is necessary to reduce the materials to their finely
pulverized condition, no matter what type of mill is
used. In every case, however, the power absorbed in
grinding the material increases greatly with the fine-
ness of the finished product.

Fig. 2 shows in a general way just how the power
varies with the fineness produced in grinding Portland
cement clinker to finished Portland cement. The
curve represents the average results of tests made with
a number of mills of various types. Of course, each
plant will have its own particular curve of fineness
power, but in all cases the increase in power is quite
rapid when compared with the increase in fineness of
the product.

A study of the curve shown in Fig. 2 .is interesting.
It shows that if we increase the fineness of the finished
product-say, from 82 per cent to 88 per cent-there
will be absorbed an aditional 2.10 kw -hr. per barrel
ground, assuming, that the mill output is the same.
For a plant making, say, 3000 bbl. in 24 hr. there would
have to be added 263 kw. in motive power for the
single operation of grinding the clinker. It can be
readily seen how rapidly power consumption mounts
for a slight increase in the fineness of the finished
product.

THE USE OF LAMPS IN BAKE OVENS
Sometimes incandescent lamps are operated in places

where an excessive temperature is maintained. An
example of such a case is found in bake ovens where
light is needed to inspect the contents of the oven.
These ovens usually operate with an interior tempera-
ture of from 425 to 450 degrees Fahrenheit. Inasmuch
as this temperature is too high for the ordinary basing
cement and solder, special lamps have been developed
for use in such locations. These lamps are given
special treatment in such matters as glass, basing,
cement, solder, exhaust, etc. to enable them to operate
satisfactorily in surrounding temperatures of from 425
to 450 deg. Fahr.



The Wave Antenna
A New Type of Highly Directive Antenna
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of the General Electric Co. d the General Electric Co.

Review of the Subject.-A small bungalow in a grove of oak
trees just outside of Riverhead, Long Island, with a line of poles
along a country road, carrying two copper wires, and ending by a
stream nine miles southwest of Riverhead,-this in brief describes the
Atlantic coast "ear" of the Radio Corporation of America, where the
wireless messages from England, France, Germany and Norway are
received, disentangled, amplified, converted into current of telephonic
frequency and automatically relayed over telephone circuits to the
Broad St. Office in New York, where operators take the messages by
ear, or automatic recorders mark the dots and dashes on tape.

The present paper deals with the two copper wires on the line of
poles, for they constitute the wave antenna which has not only marked
a distinct advance in the reduction of interference and "static," but
because of its aperiodic nature and effectiveness as an energy col-
lector, has made possible the sumultaneous reception of a large
number of messages by one antenna, and the automatic relaying of
the messages over land wires.

The use of two wires is not an essential feature of the wave antenna
but permits flexibility in the location of the receiving station. In its
elementary form the wave antenna consists of a straight horizontal
conductor. (See Fig. 10) of the order of a wave length long, parallel
to the direction of propagation of the desired signal, with the receiving
circuit located at the end farthest from the sending station and with
the end nearest the sending station grounded through a resistance of
the proper value to practically prevent reflections. Under these
conditions the desired signal waves produce comparatively feeble
currents at the end nearest the sending station and strong currents at
the receiver end, while disturbances coming from the opposite direc-
tion cause feeble currents at the receiver end and strong currents at the
end farthest from the receiver (nearest the transmitting station) (See
Fig. 2). This comparative immunity of the receiving set to dis-
turbances coming from a direction opposite to the desired signal is
lost if reflections are permitted to occur at the end farthest from the
receiver. The growth of current in the direction of travel of the space
wave depends on the velocity of propagation of waves on the antenna
in comparison with the velocity of the space waves, the received current
being strongest if the two are equal. If the characteristic wave
velocity on the antenna is less than that of the space waves (or less
than the velocity of light) increasing the length of the antenna in-
creases the received current up to a certain point, after which
further increase in antenna length reduces the received current.
The length for maximum signal depends on the velocity ratio and
wave length. The slower the antenna or the shorter the wave length
received the shorter the length for maximum signal. It is very
frequently the case, however, that the best directive properties are
obtained with an antenna longer than that which gives the strongest
signal.

The effect of the space wave is to produce in the wire a signal
frequency electromotive force which affects the different parts of the
antenna progressively as the space wave passes over the line. On
this basis the received current can be calculated in terms of the fre-
quency and intensity of the induced electromotive force, the direction
of the space waves and the length and electrical constants of the
antenna. By assuming the direction to be changed while all other

factors remain the same, and calculating the relative value of received
current for various directions of signal wave, we can determine the
directive properties of the antenna. The result is best shown by
means of a polar directive curve. For each assumed direction for
which the received current has been calculated, a radius is drawn,
with length proportional to the received current. The curve drawn
through the ends of these radii is known as the directive curve for the
antenna. Directive curves are given (Figs. 35 to 41) which bring
out the effects of antenna length, relative to the wave length, velocity
of propagation, and line attenuation. The directive curves are
for the most part drawn with the maximum radius taken as unit
length, since this makes comparisons of directive curves easier. In
general, it is found that moderate line losses are not appreciably
detrimental to the directive properties of the antennas, while the fact
that velocities obtainable with unloaded lines are materially below
that of light, results in an actual improvement in directive properties
in most cases. As a rule the longer the antenna the sharper its
directive curve. While it is possible to obtain fair directive prop-
erties with antennas less than a half wave length long, this length is
considered about the shortest that can be recommended.

By a process of balancing, it is possible to produce a "blind spot"
or direction of zero reception, at any angle more than 90 deg. from
the signal. One method of obtaining this result is by producing
reflections of certain phase and intensity at the end opposite to the
receiver. Reflections at the receiver end of the antenna, on the other
hand, do not alter the directive properties of the antenna.

Experimental work thus far has given a qualitative check on the
theory and calculations of the wave antenna, and it is hoped that
further observations and measurements will shortly be made. Ex-
perimental data on wave front till, on which the action of the wave
antenna depends,

Data on wave velocity and line losses on an existing antenna can be
obtained by means of a radio frequency oscillator and one or two
hot-wire milliammeters. Measurements taken by the writers show
much higher attenuation and lower velocities for ground return
circuits than for metallic circuits. Ground resistance explains this
effect. The mean depth of return currents at the longer radio wave
lengths appear to be of the order of several hundred feet. The more
wires in multiple in the antenna, the lower the velocity and the higher
the rate of attenuation (See Fig. 66 and 68).

Reduction of atmospheric disturbances or "static", has probably
received more attention from experimenters than any other one phase
of radio reception. Of the various lines of attack none has been more
fruitful than the employment of directive receiving systems. Every
increase in directivity has resulted in an. improvement in stray ratio.
The wave antenna carries the principle farther than any previous
type. Conditions on the eastern coast of North America are especi-
ally favorable for taking advantage of differences in direction, for the
European stations are to the northeast while the predominating
direction of static is from the southwest.

Various practical engineering problems in connection with the
wave antenna, including its application to short wave reception, are
discussed toward the close of the paper.

HISTORICAL
THE wave antenna is a long horizontal antenna and

therefore belongs to the class of antennas usually
referred to as ground antennas, of which it is an

outgrowth.
Presented at the Midwinter Convention of the A. I. E. E.,

New York, N. Y., February 14-17, 1923.

The first work with long horizontal antennas appears
to have been done in the pioneer days of radio by
Marconi', Braun2, Secher2. A short historical sketch
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1. Marconi, English Patent No. 12039, 1896.
2. F. Braun, D. R. P. No. 115081, 1898.
3. E. Secher, Phy. Ztschr. 4, 320, 1903.
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of ground antenna work is given by Zehnder4 who:was
also an early worker in this field.

More recently Kiebitzs has studied the transmission
and reception using certain forms of ground antennae.
A discussion of the operation has been given by Burstyn6.
Further experiments and comments on the operation of
ground antennae are given by Kiebitz, Burstyn, Hans-
rath, Mosier'.

In this country early work was done by Clark, Rogers
and Taylor. This work has been recorded in the classi-
cal papers by Taylors.

Alexanderson's9 barrage receiver made use of ground
antennae and may be considered as the starting point
of our work.

The capabilities of the wave antenna were discovered
through work done by Beverage in studying the proper-
ties of long ground antennas, of the order of a half wave
length or more long, in which he discovered that under
certain circumstances they showed marked unidirec-
tional properties. One of his antennas consisted of a
No. 14 B & S rubber covered wire approximately six
miles long laid on the scrub oak and sand of Long
Island from Eastport to a point near Riverhead.
This northeasterly direction was chosen in order to
best receive the European stations. The antenna is
pictured diagramatically in Figure 1.

With the receiving set connected between the antenna
and ground at the Eastport end and with the Riverhead
end grounded, Beverage observed strong signals from
Europe, but when the conditions were reversed and the
receiver was inserted at Riverhead the European signals
were very weak and the static and stations to the south-
west were strong. This marked unidirectional prop-
erty of the antenna was found only when the end
opposite to, the receiver was grounded.

OvEloNE4os6r-..*ZZ;AW
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FIG. 1

Beverage next investigated the effect of antenna
length by listening in series with the antenna at different
points along the antenna. The receiver was mounted
in a Ford truck and trips. were made back and forth
along the antenna, stopping to listen at approximately
every mile. By this process the observations given in
Fig. 2 were obtained.

In commenting on these observations Beverage's
log reads "It is evident that the antenna is too

4. L. Zehnder, Jahrb. d. drahtl Tele., Vol. 5, 1911, p. 594.
5. F. Kiebitz, Jahrb. d. drahtl Tele., Vol. 5, 1911, p. 349, Vol.

6, 1912 p. 1 and p. 554. Also Electrician, Vol. LXII, p. 972 and
Vol. 68, 1912 p. 868, 936, 978, 1020.

6. W. Burstyn, Jahrb. d. drahtl Tele., Vol. 6, 1912, p. 10 and
333.

7. Jahrb d. drahtl Tele., Vol. 6, 1912, p. 359 and p. 570.
8. A. Hoyt Taylor, I. R. E., Vol. 7, 1919, p. 337 and p. 559.
9. E. F. W. Alexanderson, I. R. E., Vol. 7,11919, p. 363.

long for maximum reception at the S. W. end. It may
be due to the fact that the velocity of the current in the
wire is considerably slower than the velocity of light,
and the currents from remote parts of the antenna lag
in phase behind currents from parts of the antenna near
the receiver. If so, condensers, distributed along the
line, could be used to increase the velocity of currents
flowing in the wire and make the velocity the same as
the velocity of light." By inserting series condensers
in the line Beverage found that he could shift the loca-
tion of the points at which the signal maxima occurred
and thus utilize longer antennas.
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FIG. 2-GROWTH OF SIGNALNCTEUNRNRAENTS IN LONG HORIZONTAL

At about this point in the work Mr. Alexanderson
called Rice's attention to Beverage's important dis-
covery. Rice and Kellogg, before learning of the results
of Beverage's work, had concluded on purely theo-
retical grounds that a long horizontal antenna, pointing
in the direction of a sending station, would constitute
a unidirectional receiver provided the receiver were
placed at the end of the antenna remote from the send-
ing station, while the end nearest the transmitting
station was grounded through a non -inductive resist-
ance, equal to the surge impedance of the antenna.
If open or dead grounded at the end nearest the trans-
mitter, reflections would occur, and the antenna should
show bidirectional properties. Rice explained this
theory of the operation to Mr. Alexanderson, suggesting
that the necessary damping required to make the
antenna unidirectional was due to the resistance of the
ground connections combined with the high attenua-
tion to be expected in an antenna of No. 14 B &S rubber
covered wire lying on the sandy soil and bushes.

At Mr. Alexanderson's request, Rice joined Beverage
at Eastport, and a study was made of the properties of
the rubber covered lines by means of an oscillator.
They also made listening tests which indicated that
some resistance, in addition to the ground resistance,
was best for unidirectional effects.

The use of the oscillator made it possible to determine
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the characteristics of the lines with considerable ac-
curacy. Two methods were followed. The first con-
sisted in measuring the input current to the line as the
frequency is varied. This gives a series of maxima and
minima as the line passes through successive modes of
oscillation. the far end is open, current maxima will
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FIG. 3-OSCILLATOR TESTS OF RUBBER COVERED ANTENNA
WIRE. CURRENT DISTRIBUTION WITH FAR END OPEN

occur with 1/4, 3/4, 5/4, etc. standing waves on the line,
while if the far end is grounded the current maxima
correspond to an even number of quarter wave -lengths.
From this data the velocity on the line may be com-
puted.

The second method of testing consisted in supplying
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FIG. 4-OSCILLATION TESTS OF RUBBER COVERED ANTENNA
WIRE. CURRENT WITH AND WITHOUT DAMPING RESISTANCE

the line with a constant current from the oscillator and
measuring the current at intervals along the fine with a
hot-wire milliammeter. Figs. 3 and 4 show typical
curves obtained in this manner. The high attenuation
and low velocity characteristic of lines of this type were
brought out, and the irregularities of the current distri-

bution curves showed the effects of changes in line
constants which would be expected in view of I he fact
that portions of the line lay on practically bare ground,
and other parts were well above ground.

Further studies were made of the effects of sari!'.
condensers. Fig. 5 compared with Figs. :3 and 4 shows
the increase in velocity brought about by the insertion
of series condensers. While it was shown that the
effective velocity could be raised to the desired value.
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SERIES. CURRENT DISTRIBUTION WITH FAR END OPEN

the limit of useful length was now set by the high at-
tenuation.

A midwinter blizzard put a stop to further tests
on the rubber covered lines, but sufficient data had
been gathered to warrant confidence in the theory of the
wave antenna and indicate its value. Acknowledgment
should be made of the assistance during this work
given by Mr. P. S. Carter and Mr. R. D. Greenman.

THE NEW RIVERHEAD ANTENNA

Since the full realization of the possibilities of the

Fro. 6

wave antenna called for a line of high velocity and low
attenuation, and free from points of reflection, the
next logical step was to build a high grade line of the
best possible type. Bare copper wire on poles was
recommended and Mr. Alexanderson, who had en-
thusiastically followed the work at Eastport, had the
line constructed by the Radio Corporation. Work was
begun as soon as the frost was out of the ground and
in June the line was ready for experimental use. Fig.
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6 shows a photograph of part of the line. A flexible
type of line construction was adopted which would
make it possible to try numerous experiments such as a
series of loops or series of verticals connected through a
transmission line, etc. Two cross arms were provided,
one at a height of 18 feet and the other 30 feet above
ground. The upper arm carried two No. 10 B &S copper
wires and the lower arm four similar wires. All lines
were broken every ten poles, and down leads were

7 0
Eno
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FIG. 7-OSCILLATION TESTS OF RIVERHEAD ANTENNA. FOUR
WIRES IN MULTIPLE. X = 9400

provided so that connections could be readily changed.
The line ran seven miles approximately southwest from
Riverhead along an unfrequented sand road, and was
later extended to Terrell River, making a total length
of nine miles. The line is as straight as it was feasible
to build it, and its direction is substantially in line with
the principal European long wave stations, the recep-
tion of which was a matter of primary interest.

The first tests on the new line showed that the hoped

FIG. 8-OSCILLATION TESTS OF RIVERHEAD ANTENNA.
UPPER WIRES IN MULTIPLE. x = 7900

for results had been realized. Instead of an optimum
length of six or seven kilometers, the signals became
stronger and stronger as the receiving set was moved
toward the southwest, and the signal strength there was
several times greater than had been obtainable with
the rubber covered antennas. While the stray ratios
observed on the rubber covered antennas had seemed
excellent, the new antenna fully met our expectations
of improvement.

Oscillator tests on the new antenna showed that the

velocity was high and attenuation low compared with
-the rubber covered wires, and that it had no serious
reflection points. Figs. 7, 8 and 9 show typical curves
obtained with the new antenna. A comparison with
similar curves, taken on the rubber covered ground wires,
brings out the improved electrical properties.

The failure at the start to get good short circuit
reflections when the far end of the line was grounded
caused us to suspect that the high -frequency resistance
of the grounds was much greater than we had estimated.
These grounds were made with lines of iron wire laid in
water. The substitution of copper wires removed this
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FIG. 9-OSCILLATOR TESTS ON RIVERHEAD ANTENNA.
SINGLE UPPER WIRE, X = 7500. A END OPEN. B END
GROUNDED THROUGH 600 OHMS.

difficulty. The adjustment of resistance for unidirec-
tional effects was now clean cut and in accord with the
theory. A dead ground at the N. E. end gave as bad a
stray ratio on the average as an open circuit.

EXPLANATION OF THE ACTION OF THE WAVE ANTENNA

The wave antenna in its simplest form consists of a
horizontal wire of the order of a wave length long point-
ing towards the transmitting station, as pictured in Fig.
10.

When the signal wave reaches the end "A" an e. m. f.
is induced in the horizontal antenna wire, due to the
fact that the wave front is not perpendicular to the

Awe r.,~
41164444

FIG. 10-SIMPLE FORM WAVE ANTENNA

ground, but has a tilt forward of 1 deg. to 10 deg.,
depending on the wave length and character of ground.
Thus, at the end A, a little wave starts to run down the
antenna towards the receiving station, and if it travels
with the same velocity as the radio wave in space, the
space wave follows right along with it, supplying energy
to it as it goes and building it up, until at the end B it
has reached a magnitude many times that which it had
at A. This is illustrated in Fig. 11 which shows a
single wave at successive time intervals. If the veloc-
ity of the wave on the wire is not equal to the space
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wave (velocity of light) interference effects develop,
the wave on the wire building up for a certain distance
and then decreasing in amplitude. The velocities on
actual antennas, however, are nearly enough equal to
that of light so that for considerable lengths the wave
on the wire builds up as it would on a light velocity line.

A signal coming from the opposite direction to that
which we have been considering, will build up alwave
on the wire in a similar way, from a small value at_B
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FIG. 11-BUILDING UP OF WAVE ON WIRE AS SPACE
WAVE PROGRESSES

to a large value at A. If now the line were open or
grounded at A, the wave would be reflected back over
the antenna to the receiver end B, and would be heard.
On the other hand, if we damp the end A in such a
manner as to prevent reflections, the antenna becomes
unidirectional.. A non -inductive resistance, having
the value R = VL/C ohms, where L and C are the
inductance and capacity of the antenna per unit length,
constitutes a practically perfect damper.

FIG. 12-MECHANICAL MODEL OF WAVE ANTENNA-
STATIONARY VIEW

Many mechanical analogies will occur to the reader,
such as the building up of water waves in the direction
of the wind. An interesting experiment is to run over
thin ice. If you run at just the speed of wave propaga-
tion of the ice surface you can build up a larger wave.
If you run too slow or too fast little effect is produced.
To demonstrate the manner of -building up of waves on a
wave antenna, Rice and Kellogg built the mechanical
model shown in Figs. 12 to 17. The upper line repre-
sents the space wave and the lower line the wave on the
wire. Each line consists of a series of wooden sticks

strung on a pair of small steel wires a half inch apart in
the case of the lower line and an inch and a half apart
in the upper line. The rockers of the upper line are
loaded with lead. The inertia of the rocking stick is
analogous to line inductance, while the elasticity of the
connection between successive sticks is analogous to the
capacity between the conductors of an electrical line.
The velocity can be changed by varying the tension on
the wires. The dashpots at the ends practically stop
reflections. The upper line provides a means of im-
parting energy progressively to the different portions
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FIG. 13-MECHANICAL MODEL OF WAVE ANTENNA WITH
END DAMPED

of the lower line, as a space wave imparts energy to the
antenna line. A slight coupling between the two lines
is supplied by light rubber bands stretched from short
hooks on the upper sides of the lower sticks to corres-
ponding hooks on the under side of the upper sticks.
Waves are imparted to the upper line by moving one
end by hand for an impulse or by a motor driven rocker
for continuous waves.

Fig. 12 is a stationary view of the machine.
Fig. 13 shows a series of views taken with a moving

picture camera, when an impulse is imparted to the
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upper line. The growth of the wave on the lower line
as it approaches the far end is readily seen. The wave
on the lower line appears to pass off the end leaving the
line practically stationary.

Fig. 14, compared with 13 shows the effect of re-
f moving the dashpot, thus permitting a free end re-
f flection. We notice in these pictures a return wave

which on reaching the near end, causes a movement of
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FIG. 14-MECHANICAL MODEL OF WAVE ANTENNA WITH FREE-
END REFLECTION

the first rocker. This illustrates the loss of unidirec-
tional properties if the end is not damped.

Time exposures, with continuous waves of constant
amplitude supplied to the upper (space wave) line,
bring out the amplitudes developed on various parts of
the lower line, or the equivalent of current distribution
in a wave antenna.

Fig. 15 shows the increase in amplitude on the lower

line (antenna) as the waves progress from left to right.
That the upper line carries practically pure traveling
waves (i. e. has no return waves) is shown by the nearly
uniform amplitude throughout its length.

Fig. 16 shows the effect of removing the dashpot at
the right hand end of the lower line. Considerable
movement at the extreme left end now appears, due to

111111111111111111111111111m
_

FIG. 15-MECHANICAL MODEL OF WAVE ANTENNA-FULL
VELOCITY, BUILDING UP
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FIG. 16-MECHANICAL MODEL OF WAVE ANTENNA-FULL
VELOCITY, REFLECTION AT END

FIG. 17-MECHANICAL MODEL OF WAVE ANTENNA-SLOWED
DOWN

the reflected wave. The forward wave (left to right)
built up on the line, is very small near the left end, so we
find the amplitude there nearly uniform, as would be
expected with waves traveling in one direction only
(right to left). On the other hand toward the right we
see very clear standing wave effects, for here the for-
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ward (left to right) wave has an amplitude more nearly
equal to that of the return wave.

In Fig. 17 the right hand end is again damped, and
the lower line has been slowed down by reducing the
tension on the wires. This illustrates the building up
and down of the waves on the antenna when its velocity
is much below that of the wave in space.

REDUCTION TO PRACTICAL FORM

After' the construction of the Riverhead antenna,
considerable time was devoted to experiments of
various kinds with the new antenna, tests and com-
parisons of different antenna arrangements, an oscillo-
graphic study of static, and tests of station apparatus.
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FIG. 18-ARRANGEMENT FOR LOCATING RECEIVING SET AT
SAME END AS SURGE RESISTANCE

Messrs. Beverage, Rice, Kellogg, P. S. Carter, R. D.
Greenman and E. P. Lawsing participated. A number
of practical developments were evolved in the course of
this work.

The "Reflection Transformer" Circuit. In order that
the receiving set might be located at the same end of the
line as the surge impedance, thereby facilitating adjust-
ment, the arrangement shown in Fig. 18 was proposed
by Kellogg. The two wires work in multiple as an
antenna, but act as a balanced transmission line to
bring the signal currents back from the southwest end.
This scheme obviates the use of extra wires for the return
transmission line and thus avoids the problem of pre-
venting detrimental effects of nearby conductors.
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FIG. 19-FIRST BALANCING CIRCUIT EMPLOYED FOR OBTAINING
ZERO RECEPTION FROM THE BACK END

When the primary of the "reflection transformer" was
opened the receiving set was quiet, showing that the
transmission line although it was not transposed, was
not introducing any undesirable electromotive forces.
Thus a horizontal loop receives neither static or signal.

Compensation for Back Wave. Beverage showed that
while the resistance could be adjusted to give a mini-
mum for static while listening to European signals, still
better stray ratios were obtained by combining with the
signal currents brought in over the transmission line,
a small amount of the currents flowing to ground at the
northeast end of the antenna. This he accomplished

with a phase adjuster and intensity coupler of the type
used by Mr. Alexanderson in the barrage receiver. The
circuit arrangement is shown in Fig. 19.

The two long wave stations New Brunswick (13,600
meters) and Annapolis (16,900 meters) were of great
assistance in making tests and adjustments. Either
station could be entirely put out by using the phase and
intensity adjustments of Fig. 19. It was found that
when the adjustments were made for putting New
Brunswick out, the stray ratio was best on the European
stations whose wave lengths were near that of New
Brunswick, and that when Annapolis was put out the
adjustments were such as to give the best possible stray
ratio for the longer wave European stations. In other
words, the best stray ratio was obtained when the end
conditions were adjusted to put out the image of the
desired European station. If a light -velocity wave
antenna is an exact number of half wave lengths long,
the mathematical analysis shows that it is unidirectional
provided the true surge impedance is connected between
antenna and ground at the end nearest the transmitting
station. This is illustrated in Fig. 29. Whether the
true surge impedance is non -inductive or contains a
capacity or inductive component will depend upon the
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FIG. 20-METHOD OF BALANCING BACK END CURRENTS BY
REFLECTIONS FROM DAMPED END

characteristics of antenna and ground at the frequency
under consideration. Kellogg pointed out that since
the antenna was not an exact number of half wave
lengths long, the back wave effect would prevent the
antenna from being unidirectional even though the
true surge impedance had been used, and it was for this
reason that Beverage found that balances were required
to obtain the best stray ratio. Another method pro-
posed by Kellogg of supplying this necessary compensa-
tion was to insert a circuit consisting of inductance,
resistance, and capacity in series in the neutral at the
end nearest the transmitting station, as shown in Fig. 20.
By adjusting the resistance and varying the capacity
through the point where it tuned out the reactance of
the coil, a wave of any desired intensity and phase
could be reflected down the antenna to exactly compen-
sate for the back wave effect and thus render the antenna
unidirectional.

If only one station is to be received the circuit shown
in Fig. 20 is as satisfactory as any that the writers have
found. For reception of long wave stations an antenna
output transformer was used having a step-down ratio
of 200 to 10 turns, and having a complete iron magnetic
circuit of about 3/4 square inch cross section, made of
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0.0015 enamelled sheet iron of the kind developed for
the Alexanderson alternators. The secondary was
connected in series with the first tuned circuit of the
receiving set.
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FIG. 21-MULTIPLEX RECEIVING SYSTEM

Multiplex Reception. The simultaneous reception of
a number of stations was one of the next objects of our
work. If the surge impedance is set at the best value
for a mean wave length, and no finer adjustment of the
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The arrangement shown in Fig. 21 was worked out, and
proved entirely satisfactory. Each coupling tube feeds
a receiving set, and the antenna output transformer and
artificial line, with its sliding contacts and potentio-
meters, serve to impress the desired potentials on the
grids of the tubes. Since the load is negligible there
is no reaction between the different sets. Grounded
shields between the secondaries of the antenna output
transformer prevent electrostatic reactions. The de-
sired component of the currents or potentials in the
ground circuit can be obtained in any desired phase by
moving the sliding contact along the artificial line, and
in the needed intensity by adjusting the potentiometer.
The artificial line has a characteristic impedance of
about 400 ohms and reflections are prevented by a
resistance of about this value. This results in a phase
adjustment which gives practically constant intensity.
Five thousand ohms potentiometers are used, and these
constitute so small a load on the artificial line that the
adjustment of any one does not appreciably alter the
potential distribution on the line. The artificial line,
damped as it is at the far end, acts as a practically pure
resistance in the antenna surge impedance circuit. By
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FIG. 22-WAVE ANTENNA CIRCUITS. PRESENT ATRANGEMENT

back -end compensation is attempted, then it is only
necessary to provide more secondaries for the antenna
output transformer, Fig. 20. In order that one set
should not sap too much energy from another, trans-
formers were designed with very slight reaction be-
tween the secondaries. Some data were taken of the
best resistance and reactance in the ground circuit, as a
function of wave length, and networks were figured out
which would give the desired impedances at the wave
lengths of the stations which it was most important to
receive. This system of multiplexing, however, did not
appeal to the writers as the most satisfactory solution
of the problem. A system was wanted in which all
the adjustments for each station to be received could be
made without reacting on the adjustments for the others.

adjustment of the series and shunt resistance boxes the
antenna damping resistance may be set at. the best
average value, leaving only a small residual to be
"cleaned up" by the artificial line adjustments.

Fig. 22 is a more detailed diagram showing some
changes which have been made since the original in-
stallation.

Shielded Sets. The aperiodic nature of the wave
antenna and the success of the coupling tube multiplex
system made it clear that there would be call for
operating a number of receiving sets in the same build-
ing. The artificial line and antenna output transformer
had been designed for operating four sets, but this was
not necessarily the limit. In fact, later, when the new
Riverhead station was laid out a total capacity of nine
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receiving sets was planned, six of which are now in daily
operation. The amplifier's, detectors, and tuners
previously used in the receiving sets of the Radio Cor-
poration were unshielded, and the practise had been,
where two sets were in use in the same station, to keep
them well separated and operate from separate bat-
teries. To meet the new situation, a new line of appara-
tus was developed. Each piece of apparatus was in a
metal lined box, the metal lining being grounded, and
connections between the boxes were made through
shielded cable. All tuned inductances consisted of
astatic pairs of coils, of compact form, thus reducing
chances of magnetic coupling. The radio amplifier was
shielded between stages as well as externally. The
amplifiers and detector have individual plate and fila-
ment filters in the supply lines. A two stage filter was
introduced in the circuit between the detector and the
audio amplifier in order to prevent radio frequency
currents and potentials from getting into the audio
circuits where they might cause back coupling or inter-
ference between sets. Low resistance telephones were
used to minimize electrostatic coupling. These pre-

FIG. 23-RECEIVING STATION, RIVERHEAD, LONG ISLAND

cautions made it possible to operate the several sets
in close proximity, and from the same plate and filament
batteries, without any interference between sets, and to
employ high radio and audio amplification without
trouble from back coupling.

It was usual in receiving the high power European
stations to develop a high -frequency potential of about
7 volts at the plate of the last tube in the radio amplifier,
with a useful current of about 0.2 milliamperes. By
connecting the output of the audio amplifier to a good
telephone line, satisfactory tone signals were received
and copied in New York City. Beverage arranged a
rectifier for the audio frequency currents and operated
a telegraph sounder, obtaining very satisfactory signals
in this way when static was moderate or light. During
the spring of 1921, considerable commercial traffic was
received directly in New York in this manner, using the
private telegraph wire which connected the Riverhead
experimental station with the Broad St. Office of the
Radio Corporation. One demonstration which aroused
considerable interest consisted in putting Carnarvon's

signal on the telegraph line at Riverhead, and auto-
matically repeating it at New York into the New
Brunswick control line, so that the operators in the
British station heard their own signal coming back on
New Brunswick's wave.

When the success of the wave antenna had bee
demonstrated at Riverhead similar antennas were
constructed at Chatham, Mass. and Belmar, N. J. where
the Radio Corporation was already operating receiving
stations. These new antennas gave satisfactory per -

FIG. 24-ANTENNA PANEL, RIVERHEAD RECEIVING STATIO

FIG. 25-SHIELDED RECEIVING SETS, RIVERHEAD, LONG ISLAND

formance in commercial service until the long wave
traffic was finally concentrated in the new Riverhead
station which the Radio Corporation constructed
during the summer of 1921. Fig. 23 shows the present
Riverhead Station. Fig. 24 shows an output trans-
former, artificial line and potentiometers, Fig. 25 shows
shelves with two receiving sets. The building does not
provide space for operators, since all signals are trans-
ferred to telephone lines and copied directly by operators
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in the New York Office, or recorded automatically on
tape.

THEoRYto

In order to work out a formula by which the directive
properties of a wave antenna can be calculated, we
shall consider space waves of some specified frequency,
since the directive properties of a given antenna depend
on the wave length to be received.

Case I. Signal Direction Parallel to Antenna, Zero
Loss Antenna. As the space wave travels along over
the antenna, it induces an electromotive force success-
ively in the different portions of the line. We may
represent the electromotive force at the end A of the
antenna shown in Fig. 26 by

ea = Eo sin co t (1)

volts per kilometer
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FIG. 26-MEASUREMENTS REFERRED TO IN DERIVATION OF
EQUATIONS

Since it takes x/v seconds for the space wave travel-
ing with a velocity v to reach the point X, the electro-
motive force ez in the wire at the point X will be behind
ea in phase, or

e2 = Eo sin co (t - x/v) (2)

Let us confine our attention for the present to the
effects of the electromotive force induced in a small
section of the wire d x kilometers in length, and situated
x kilometers from the end A. Since er is expressed in
volts per kilometer, the voltage induced in d x kilo-
meters of wire will be

e= d x or Eo d x sin w (1 - x/v)
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FIG. 27 CURRENTS RESULTING FROM VOLTAGE INDUCED IN
SMALL SECTION OF ANTENNA

We may think of this little section of line as an alternator
Fig. 27, supplying current to two transmission lines in
series, one running to A and the other running to B.
A line damped at the far end, so as to prevent reflec-
tions, shows an impedance Z = VL1.0 " ohms at the
input end, whatever the length of the line. We have
here assumed such clamping. If each line has an im-
pedance Z ohms the alternator must work through an
impedance 2 Z and will produce a current at X,

10. The Mal liertiatieal work of this paper in dun to Kellogg.
11. Thin expression for Surge impedance in strictly correei only

for zero loan linen, hut at radio frequeneiem it is S. very 1.111,1
approximation for ordinary lines.

d iy =
ex d
2 Zx

Eo x
w

2 Z
-sin(t - x/v) (3)

The alternator at X in forcing the current d iz through
the line, gives rise to a train of waves moving toward
B and another train of waves moving toward A. The
resulting currents at the ends of the line d ibz and d iax
will be retarded in phase, as compared with d is. If
u is the velocity of wave propagation along the wire,

it will take
/ -xseconds for the forward waves to

reach B, and x/u seconds for the backward waves to
reach A.

Then d ibx =

d iaz =

Eo d x
2Z

Eo d x
2Z

The total current at the end of the line is the sum of

sin co (t x/v
1- x ) (4)

sin w (t - x/v - x/u) (5)

FIG. 28-DETERMINATION OF CURRENTS AT END OF WAVE
ANTENNA BY VECTOR DIAGRAMS

the currents produced by each of the sections d x long
in the line. We may perform the summation by inte-
grating equation (4) or (5) between the limits x = o
and x = 1, or by means of a vector diagram as shown
in Fig. 28. The current at the end of the line d 4, or
d in., resulting from the induced electromotive force in
a section d x long, situated x kilometers from A, has a

Eo d x
maximum cyclic value or vector length 2 Z

and a

phase angle which varies with x, as shown in expression
(4) and (5). Hence the summation will consist in

E 0 d x
adding a series of vectors, each

Z
long, and each at

its proper phase angle. Taking the phase of ea for
reference, the angle of lag of d it,, as shown in (4) is

,

b ( -x

t x
)

V
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which may be written

Ittibx -`1.2 { - x ( 1 -v )} (6)

and from (5) the angle of lag of d iax is

ipox = w { x/v -I- x/21 = -u x (1 + 1 (7)

These diagrams help us to see how we may write out
an expression for the resultant currents. If we divide
the line into a large number of very short sections the
series of vectors form an arc of a circle instead of a
polygon. The length of this arc is the length of one

E0d x
A further change in the form of these expressions will vector 2 Z

multiplied by the number of sections
make for convenience.

The velocity u is equal to
C

12 where L and C are

the series inductance and shunt capacity per unit length
of line. Then 0.i/u, = w N/L C, which will be recognized
as the line wave length constant, for which the symbol
3 is frequently employed.

If we let n stand for the velocity ratio u/v and
substitute 13 for w/u we get

1Gbx=/3II (1 n) (8)

Oax = 13 x (1 + n) (9)
For the purpose of numerical calculation it is con-

venient to express 6 in terms of X and n as follows:

8 = w/u = 2
of and since X =

n v f '
71-8 - 2 radians per kilometer

n X

x. (Km.) 0.5
b x radians 6.23

degrees .357

a x radians 0.47
degrees 27

(10)

1.5 2.5 3.5 4.5
6.12 6.02 5.91 5.8

d1x 2

Eol
Zwhich gives -. If the vectors all lay on a

straight line
Eol

would be the length of the total cur-

rent2
Z

vector. This condition is met at the end B when
u = v. For any other line velocity, or for the current
at the end A, the arc while of the same total length,
will have a certain curvature, and the length of the
chord subtending the arc, which is the resultant vector,
will depend on the curvature. For a given length of
arc the curvature is measured by the total angle, or the
angle between the first and last vectors, corresponding
to x = 0 and x = / in (8) or (9). Thus in the case of the
/6 vector addition we put x = 0 and x = 1 in equation
(8) to obtain the initial and final directions of the arc,
which gives

5.5 6.5 7.5 8.5 9.5 10.5 11.5
5.7 5.6 5.5 5.38 5.28 5.17 5.06

351 345 339 333 327 321 315 :309 303 297 292
1.41 2.35 3.29 4.23 5.16 6.10 7.04 8.0 8.93 9.87 10 so

81 135 189 24:3 297 352 405 459 513 567 622

Let us illustrate the vector diagram method of sum-
ming up the currents by a numerical example. Assume
the antenna length 1 to be 12 kilometers, its wave
velocity u equal to 0.8 of that of light, and its impedance
Z equal to 500 ohms, and a signal having a wave length
of 15 kilometers and an intensity Eo = 10 millivolts per

kilometer. In the present case

27r

2 71-
13 - n X

(0.8) (15)
= 0.522 radians per kilometer. Take

d x as 1 kilometer, giving x the values 0.5, 1.5, 2.5, 3.5-
to 11.5 kilometers. The corresponding phase angles,.
figured from expressions (8) and (9) are

E0dx 0.01 x 1
Each vector will have a length

2 Z 1000

0.00001 amperes or 10 microamperes. Fig. 28 shows
the vector diagrams for the currents at the two ends
of the antenna, giving receiver end current Ib = 112.2
microamperes and back end current I. = 12.8 micro-
amperes.

12. This expression ignores line losses, but is a very close approxi-
mation in all cases with which we shall have to deal. The same
is true of the expressions Z = .,,,L/C and = w PLC

and
The difference

turns is

11,b0 = 8 1
441 = 6 1 n

or total angle through which the arc

11/60 thl = 81 (1 - ii)
arc

The radius of curvature r is given by r = or
angle

r=
E01
2Z E01

81(1-n) 2Z81(1- n)
The length of the chord which is the vector of the

resultant current Ib is given by
chord = 2 r sin 1/2 (angle) or

Ib o /= 2
2 Z 8E(1 - n) sin -2 8 1 (1 - n)

Cancelling the 2 1 in the numerator and denominator
gives

Et°b = Z 8 (1- n) sin a - n)
2

(11)"

By the same process using equation (9) we get

Ia
1

= Z (1Eo n) 81(1 (1 n) (12)

13. A formula which correctly showed the end currents as func-
tions of the antenna length and the velocity ratio, was first
worked out during the early Eastport work by Mr. P. S. Carter.
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These expressions give /o = 112 microamperes and
/a = 12.2 microamperes for the problem worked
graphically in Fig. 28. The difference between these
values and those found from the graphical solution is
due to the inaccuracy involved in the graphical method
using so few sections.

It will be noticed that if the sign of n is changed in
(11) we get (12). We may consider the sign of the
signal velocity v, to be negative when the signal comes
from the opposite direction. Since n is defined as u/v,
this would give n a negative sign. Therefore, there is
only one formula required, and to find the back end
current /a we consider the signal direction to be re-
versed.

We showed that if u = v the arc is a straight line and

Eo // = 2 Z If we set n = 1 in (11), we get the inde-

terminate form 0/0, and to evaluate the expression we
sin a

make use of the relation that a
approaches 1 as a

approaches 0, where the angle a is expressed in radians.
Thus in (11)

sin
1/31(1-

n)

0 (1 - n)

which may be written

1-y-2-/ sin / (1 - n)

1
O / (1 - n)

approaches -21 1 as -2-1 Q 1 (1 - n)

expression (11) takes the value

I b = E0/Z X
2

1 or
2
E01

Z
Hence when u = v

I,- Eo
2Z

approaches 0, and

(11a)

Figure 29" shows the receiver end and back end currents
calculated by equations (11a) and (12) for antennas
of various lengths, assuming

it = v = 3 X 106 kilometers per second
X - 12 kilometers

0.010 volts per kilometers
Z = 500 ohms

These curves bring out the unidirectional properties
of the wave antenna.

14. This figure in practically a reproduction of a curve plotted by
Mr. 1'. S. Carter, based On his calculations previously mentioned.

(To be continued)

ILLUMINATION ITEMS
By the Lighting and Illumination Committee

PLOTTING OF SPECTROPHOTOMETRIC DATA
During recent years the value of presenting data by a

plotted line has been recognized in all branches of
industry. However, in all cases where data are so
presented, there are none where graphical representa-
tion is more useful than in spectrophotemetry. In
presenting such data, each author has usually used his
own methods in plotting and a lack of uniformity has
been the result. The material in this paper has been
compiled with a view to presenting some of the details
in plotting spectrophotometric curves which will aid in
establishing a uniformity of practise.

THE EXTREME AND USEFUL LIMITS OF VISION

The eye is sensitive to radiations of wave length 0.39
to 0.76 µ or 0.77 but these are extreme limits that can
be attained only under certain rare conditions. In
making up a web to plot the data it is convenient to
establish the limits from 0.40µ to 0.70µ. For the
sake of simplicity and uniformity it is best practise
to make the web extend from these values even if the
data points cover only the central part of the web.

COLOR BOUNDARIES

There does not seem to be any generally accepted
definition of the spectrum colors in terms of wave
length. While the boundaries used by different writers
therefore vary, those used in this laboratory are as
follows:

Below 0.400µ, ultra -violet;
0.400/2 to 0.424/2, violet;
0.424/2 to 0.492µ, blue;
0.492µ to 0.575µ, green;
0.575/2 to 0.585µ; yellow;
0.585µ to 0.647µ, orange;
0.647µ to 0.700µ, red;

Above 0.700µ, infra -red.
Since most people think in terms of color rather than
wave length, it is of great convenience to have these
color boundaries marked in some manner on all spectro-
photometric webs.

CHOICE OF UNITS FOR DESIGNATING WAVE LENGTHS

There are, unfortunately, three units of length used to
designate wave lengths of light; the micron, or 10-6
meter, designated by µ; the ninth meter, or 10-6 meter,
designated by M /2; and the Angstrom scale or tenth
meter (10-10 meter). The micron scale, or 10-6 meter
contains all of the necessary figures of wave length and
is sufficiently accurate for all ordinary purposes.

ENERGY VS. LIGHT

One method of plotting spectrophotometric data is to
give the relative energy at each wave length throughout

A bstrtu.t from It paper presented by Frank A. Belden! HI thn
1¶122 Convention of the H11111111110 hug Engineering Society.



270 ILLUMINATION ITEMS .Journal A. 1.

the visible region, paying no attention to the visibility
of radiation except in the matter of limits. The curve
is, therefore, purely an energy curve and a great deal
of interpretation is needed to get it into terms of light.
This curve can be reduced to a curve of light by multi-
plying the various energy value by the visibility at the
different wave lengths. The area under the reduced
curve then represents light and each portion of the
spectrum is given to a proper scale. The shortcoming
of this curve is that it has lost much of its graphic value,
due to the strong characteristic form of the visibility
curve covering and concealing the variations that were
easily seen in the original curve.

A little more than a year ago the writer had occasion
to plot the transmission data of twenty-one dyes and
filters used in the motion picture industry so as to show:
(a) transmission of each wave length (b) average
transmission for entire visible spectrum (c) relative
luminosity of the different parts of the transmitted
spectrum.

The web was constructed by plotting a visibility
curve to a large scale and the ordinates measured at
close intervals. Beginning at 0.40µ the ordinates were
added together one at a time and the summation curve
so obtained was plotted which represented the summa-
tion of the light from a source of uniform intensity from
end to end of the spectrum.

The areas under the visibility curve from 0.40/2 up to
various wave lengths were read from this summation
curve and used to get the spacing of the ordinates for
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1-SPECTROPHOTOMETRIC TEST. TRANSMISSION OF
WRATTEN FILTERS 59A AND 30A

the curve of transmissivity. As a result, the space be-
tween, 0.5512 and 0.56µ on the web is proportional to
the light between these limits from a source of uniform
intensity of radiation.

A curve of transmissivity, or reflectivity, or radiation
plotted on this web fulfills conditions (a), (b), and (c)
above and at the same time all parts of the curve are
readable and retain an individuality of form midway
between the energy curve and the reduced luminosity
curve. The area under such a curve divided by the
whole area of the web gives the net transmissivity.

POINT OF EQUALITY

In studying the light from any given source we con-
sider the quantity an quality as two district character-

istics and in nearly all cases two distinct tests, photo-
metric and spectrophotometric, are made. The spectro-
photometric data need not then be plotted to an abso
lute scale as the curve is supposed to show only relative
intensities throughout the spectrum. Under this
condition any scale of ordinates may be used, but there
has grown up a certain convention in the use of the
vertical scale that makes for ease in comparing the
data of various curves.

A number of years ago it was customary to make all
emission curves pass through unity at 0.59,u. Later
knowledge and the fact that the color of the common
illuminants changed with the adoption of hotter light
sources has fixed this point at 0.55µ.
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FIG. 2-SPECTROPHOTOMETRIC TEST
Blue Sky, Overcast Sky and Sunlight from Proc. I. E. S., 1910, pages

193, 194 and 195. Mazda B at 2334 degrees -2435 degrees absolute;
computed. Mazda C at 2625 degrees, 3015 degrees absolute:-computed.

Every spectrophotometric curve should have shown
along with it the actual points. Often when dealing
with continuous spectra a smooth curve can be drawn
through all points. However, in every case the points
should be given since the with points given, the reader
can accept, reject, or alter the curve to suit his judgment.

The great use of the common point is in the assemb-
ling of several curves on the same sheet so that they
may be compared. In this way various illuminants
may be readily compared for quality. Fig. 2 shows
curves plotted for comparisons.

PRISM SPECTRUM AND GRATING SPECTRUM

In testing with a continuous spectrum the operator
has considerable freedom in the choice of test points,
and usually they will be selected at equal wave length
spacings regardless of whether the spectrum is formed
by a prism or a grating. But when a discontinuous
spectrum is being measured for light, no section of the
spectrum should be omitted, otherwise an important
line or band might be missed; also, no section of the
spectrum should be included in the readings on two
adjacent test sections.

ABSOLUTE AND COMPARATIVE VALUES

The curves of reflectivity and transmission should
always be plotted to an absolute scale. There is no
justification for not having these curves to exact scale,
for if they are displaced upward or downward by a
constant factor, they cease to truly represent the facts.
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In the use of an absolute scale, a practise that is a
common cause of annoyance is the "suppressed zero"
or web beginning with some figure other than zero on
the vertical scale. In such cases, the individual points
must be read to get a correct idea of the data and the
curve is not much more useful than a mere tabulation
of the data. However, where the data is restricted to a
small section of the web and the work has been done
with such precision that the smaller details of the curve
has some meaning other than experimental errors, the
'suppressed zero is useful.

OVERCOMING DAYTIME REFLECTIONS IN SHOW
WINDOWS*

Buildings and objects on the street having a greater
relative brightness than the objects in a show window
are reflected in the plate glass hindering the visibility
of the display in the window. Such reflections are a
source of considerable annoyance in show windows.
The apparent transparency of the glass is reduced to
such an extent that it is impossible to discern the details
of a display within the window; the result is a corres-
ponding decrease in the effective value of the display.

OVERCOMING DAYTIME REFLECTIONS IN SHOW WINDOWS
Fig. 1-View of figure on window by natural light alone with the camera

so located as to show the reflections of the sky line of the street opposite
the store. It will be noticed that the upper part of the figure is practically
invisible.

Fig. 2-Conditions are identical with Fig. 1 except that the special
ight.ing is turned on.

When one realizes that store managers whose windows
are located on an important, busy street estimate the
advertising value of their windows at from $50,000 to
$150,000 a year, the undesirability of daytime reflec-
tions can be appreciated.

By decreasing the difference in brightness between
the reflected object and the objects of the display, the
reflections can be overcome to a great extent. With
this fact in mind, an investigation was conducted to
determine the possibility of overcoming these reflections
by the use of a high level of illumination within the
windows.

It can be readily seen that to reduce the difference in
brightness between the objects on display and the

Abstract from a paper by Ward Harrison and H. T. Spaulding
presented before the 1922 Convention of the Illuminating Engi-
neering Society.

objects reflected in the window glass will require a high
level of illumination in the show window. Objects
which are reflected in the windows are illuminated by
sunlight from 1000 to 5000 foot-candles, while the
objects of a display will be illuminated to much lower
values; turning on the ordinary window lighting instal-
lation has practically no effect. To be effective then
the brightness of the objects within the window must
approach the brightness of the images on the surface
of the glass; this will require from 1000 to 2000 foot-
candles.

The window of the Lindner Company, Cleveland,
Ohio, where reflections had been particularly trouble-
some on account of the location, was used for the
investigation. Six spotlights or flood lights of approxi-
mately 25,000 beam candle -power each were installed
in such a way as to provide a maximum flexibility of
light direction and control facilitating the use of the
light for various displays. By means of these spot-
lights, it was possible to concentrate the light upon the
important objects in the window thereby increasing the
relative brightness of the objects within the window as
compared to the reflections of those without. By
lighting the individual objects to a high level of illumi-
nation the desired results are accomplished without
floodlighting the entire window which would involve a
corresponding increase in wattage consumption.

RADIO RECEPTION
Publications of Bureau of Standards

Announcement has previously been made of the
publication of Bureau of Standards Circulars 120 and
121, entitled "Construction and Operation of a Simple
Homemade Radio Receiving Outfit" and "Construc-
tion of a Two -Circuit Radio Receiving Equipment with
Crystal Detector," respectively. These two circulars
describe crystal detector receiving sets and either of
them can be purchased from the Superintendent of
Documents, Government Printing Office, Washington,
D. C., at 5 cents a copy.

To meet what appears to be a very considerable
demand, the Bureau of Standards has prepared Circular
No. 133, entitled "Description and Operation of an
Electron -Tube Detector Unit for Simple Radio Re-
ceiving Outfits." This circular describes in detail the
construction and operation of a simple electron -tube
detector unit which will give a much more sensitive set
than one employing a crystal detector and may, there-
fore, be expected to give more satisfactory results.
Much of the apparatus belonging to the sets described
in Circulars 120 and 121 can be used for the new
arrangement, and the cost of the electron -tube detector
unit alone, including tubes, is estimated to be not
greater than $8 to $14. In addition, however, batteries
will have to be purchased which add about $20 to the
cost of the outfit.

Circular 133 can be purchased from the Superinten-
dent of Documents, Government Printing Office,
Washington, D. C., at ten cents per copy.
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and
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Review of the Subject.-In high -voltage power circuits, such
as transmission lines and the high -voltage coils of large power
transformers, not infrequently disturbances are observed of a fre-
quency difering from, and usually very much higher than that of flu'
power supply, and differing from the typical transient of energy
readjustment, in that they do not gradually die out, but increase in
intensity until either destruction occurs, or they finally limit them-
selves. Such cumulative oscillations or arcing grounds derive
their energy from the machine power of the system, and so constitute
a frequency transformation, of which the mechanism has been little
understood.

Physically they may be derived from the typical condenser dis-
charge by the conception of a negative resistance, in combination
with a source of power, which supplies the energy given out by
the negative resistance..

Attention is drawn to a class of conductors-to which arcs and
gas discharges belong-the so-called "third-class conductors," in
which the voltage decreases with increase of current, and it is shown
that these conductors can be considered as a combination of a negative
resistance with a source of power, and as such are capable of trans-
forming the low machine frequency into a high oscillation frequency
of alternating currents, and their presence in an electric system
thereby may produce cumulative oscillations.

The general equations are then derived of a system comprising a
third-class conductor shunted by an inductive circuit containing

A. Physical Explanation
I. THE THIRD CLASS CONDUCTOR

In a first class or metallic conductor, the voltage
increases slightly more than proportional to the current,
due to a positive temperature coefficient of resistance.

In a second class or electrolytic conductor, the
voltage increases slightly less than proportional to the
current, due to a slightly negative temperature coefficient
of resistance.

As third class conductor may be defined a conductor
in which, at least within a certain range of current, the
voltage decreases with increase of current. Third
class conductors comprise different types, such as

(a) Electronic or vacuum, gas or Geissler tube
(spark) and vapor or arc conduction. In these the
decrease of voltage with increase of current is due to
the change of the conducting path by the current.

(b) Most of the so-called insulators probably are
third class conductors. In these the decrease of volt-
age .with increase of current is a temperature effect.
That is, the negative temperature coefficient of resist-
ance is so large that-at least in a certain range- the
increase of the conductor temperature with increasing
current decreases the resistance more than the current
increases.

In Fig. 1, I gives the volt-ampere characteristic of

capacity, wild supplied evilly voltage over an inductive circuit Awe,
an alternating low -frequency source, and it is shown that in such a
system currents and voltages of two distinct frequencies may con-
tinuously exist, of which the one is the 'nuclei ne frequency, the other
a high oscillation frequency. It is further shown that the voltage
of the latter is limited only by the resistance of the oscillating cir-
cuit, and in low -resistance circuits may build up to very high values.
Furthermore, the high oscillation frequency is essentially limited to
the circuit shunting the third-class conductor and but little of it
enters the supply circuit, while the s pply frequency enters the
shunt circuit to a limited extent only, and both frequencies
are superimposed in the third-class conductor as the frequency
converter.
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(V) Frequency. (425 w.)
(VI) Amplitude. (700 w.1

(B) Mathematical Calculation.
(I) General Equation. (650 w.)
(II) Low Frequency Terms. (525 w.)
(III) High Frequency Terms. (450 w )
(IV) Amplitude. (750 w.)
(V) Instances. (800 w.)

a metallic conductor, II of an electrolytic conductor,
and III of an arc as third class conductor. Fig. 2,
gives the volt-ampere characteristic of a pyroelectric

AMPERES

FIG. 1 -VOLT -A M PERE CHARACTERISTICS
DUCTOR TYPES

1. First class or metallic conductor
2. Second class or electrolytic conductor
3. Arc as third class conductor

Or DIFFERENT CON -

conductor, a Nernst lamp glower, which in the range
above 0.02 x 10-1 ampere is a third class conductor

272
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(plotted for convenience with the fourth root of cur-
rent and voltage as coordinates).

Such a volt-ampere characteristic of a third class
conductor can be considered as a combination of a
constant e. m. f. E, and an effective negative resist-
ance r1:

e = E1- rli
The effective negative resistance r1 decreases with

t increase of current, as r1 i must always remain smaller
than E,.

II. TIME LAG

If the current in the third class conductor varies
periodically, between i1 and i2, the voltage also will vary
periodically, between e1 and e2, and if the variation is
slow enough so that at every value of current stationary
condition is reached, the variation of voltage is inverse
to that of current. That is, if i 1 is the minimum value
of current, the corresponding value of voltage e1 is the
maximum value, and inversely. If however, the varia-
tion is sufficiently rapid, a lag of the voltage occurs
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behind the current, that is, the maximum value of
voltage is not reached at the minimum value of current,
but a little later, and so the minimum value of the volt-
age is reached a little later than the maximum value of
current, and correspondingly, the amplitude of the
variation is reduced, the more so, the more rapid the
pulsation.

This time lag of the third class conductor, and the
reduction of amplitude of variation resulting from it,
depends on the nature of the conductor. It is ex-
tremely small in ionic conduction, but may be very
considerable where the variation of the effective resist-
ance of the third class conductor is a temperature
effect.

As first approximation, the periodic variations of
current and voltage in a third class conductor thus may
be expressed by:

= /0 / sin 2rft
e = E sin (2 r f t - (p)

where the lag angle 47 increases with increasing fre-

quency f of the pulsation. It is negligible for very low
frequency, and becomes 90 deg., and the amplitude of
the resistance variation therefore negligible, for very
high frequency.

In ionic conduction, go is still small at ratio frequen-
cies; in the Nernst lamp glower (temperature effect)

is already practically 90 deg. at 60 cycles.
The volt-ampere characteristic of the third class

conductor under rapidly varying current (its "transient
characteristic") thus differs more or less from its
"permanent" characteristic as shown in Figs. 1 and 2.

III. THE CONDENSER DISCHARGE

If a condenser of capacity C discharges through an
inductance L and (constant) ohmic resistance r, and the
latter is below the critical value, the discharge current
is oscillatory, that is, consists of successively alternating
half waves of constant frequency and uniformly decreas-
ing amplitude. The decrease of the current, or the
"attenuation" is given by the exponential factor:

A =
If then the discharge circuit of the condenser con-

tains, besides the ohmic resistance r, a third class con-
ductor of the effective negative resistance r1, the atten-
uation of the condenser discharge is:

-ri,
A = e -at L 

Thus, if the effective negative resistance r1 is greater
than the ohmic resistance r, the exponent

r - r1- -
L

is positive, and A increases with the time t, thus is not
an attenuation but an accumulation. The amplitudes
of successive half waves of the condenser discharge
current then progressively increase, that is, we get a
cumulative surge.

As seen in I, the effective resistance r0 of the third
class conductor decreases with increase of current. In
such a cumulative surge produced by the presence
of a third class conductor in the inductive condenser
discharge circuit, the successive half waves of current
will progressively increase, until by the increase of
current the effective negative resistance r1 has decreased
to equality with the ohmic resistance r, and the expon-
ent of the exponential term A has become zero, A = 1,
and the successive half waves of the condenser discharge
current become equal, that is, an alternating current
results.

Thus the final result of a condenser discharge through
a third class conductor of sufficiently high effective
negative resistance is an alternating current of a fre-
quency determined by the circuit constants.

IV. ENERGY RELATIONS

A current i through the effective negative resistance
- r, consumes a voltage - r1 i which is in phase with
the current, thus represents electric power generation.
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Hence an effective negative resistance can exist inde-
pendently only in the presence of some other source
of energy, supplying the power (mechanical drive for
instance). Thus an electric generator may be con-
sidered as an effective negative resistance. The most
typical negative resistance is the induction machine
driven above synchronism, since (below saturation)
it generates a voltage proportional to the current, thus
is a constant negative resistance.

As seen in I, a third class conductor may be con-
sidered as the combination of a counter e. m. f. E,, and
an effective negative resistance - rl: e = El - r, i.
As r, i must always remain smaller than E,, therefore
the power generated by the effective negative resist-
ance: - 7.1 i2 always is less than the power consumed
by the counter e. m. f. E,: Eli and the counter
e. m. f. E1 thus abstracts from the electric circuit the
power which is returned by the effective negative resist-
ance r1.

In the condenser discharge through a third class
conductor, the current wave builds up cumulatively
by the effective negative resistance r,, but the condenser
voltage is lowered discontinuously by the counter
e. m. f. E,, at every reversal of current, and with it
the current wave is lowered, and as Ei is greater than
r1 i, the discharge oscillation gradually dies out, (though
by a different law than in the standard condenser
discharge equation,) as discussed in a previous paper.'

If however the counter e. m. f. E, of the third class
conductor is supplied by some outside source of elec-
tric power, and therefore does not abstract energy from
the condenser discharge, then the cumulative effect
of the negative resistance of the third class conductor
r1 on the condenser discharge current i would continue
until limited by the decrease of r, with increasing i,
and an alternation results.

Now the importance of this phenomenon is, that the
character of the supply voltage giving the counter
e. m. f. El has no necessary relation to the frequency
of the condenser discharge; the latter is determined by
the values of the capacity and inductance, and may be
a high or very high frequency, while E1 may be of ma-
chine frequency, 25 or 60 cycles, or even continuous volt-
age. The power supplied by the effective negative re-
sistance to the high -frequency condenser discharge is de-
rived from the counter e. m. f. El and the latter is fed from
the low -frequency machine power. We therefore have
here a frequency transformation giving a steady power
supply to the high -frequency oscillation, so that the
latter are not any more limited energy transients, but
unlimited power permanents, of corresponding destruc-
tiveness. As such they have been frequently observed
in electric power systems, as arcing grounds in trans-
mission lines, and as high -frequency cumulative surges
in the high -voltage coils of large power transformers.

As the exact mechanism of this frequency transforma-
1. Condenser Discharge Through a Gas Circuit A. I. E. E.,

Feb. 1922.

tion from the low machine power frequency to the high
frequency of the cumulative surge is not generally
familiar, the following may be of interest, though a
similar problem has been studied in a different manner
in radio engineering in the theory of the vacuum tube
as oscillator.

V. FREQUENCY

Suppose a condenser of capacity C discharges through
an inductance L, an ohmic resistance r and a third class
conductor N, and upon this third class conductor, a
constant alternating voltage eo is impressed through a
supply circuit of resistance ro and inductance LI, as
shown diagrammatically in Fig. 3. We can consider
the arrangement as a divided circuit consisting of a
third class conductor N in shunt to the circuit C, L, r,
and energized over the circuit Lo, ro by voltage el).

We can assume that r is sufficiently small to make the
condenser discharge oscillatory, and that the frequency
f of this oscillation is high compared with the frequency
fo of the supply voltage c.o.

r

FIG. 3-CIRCUIT DIAGRAM OF FREQUENCY TRANSFORMATION
BY THIRD CLASS CONDUCTOR

N . Third class conductor
C = Capacity, L = inductance, r = resistance of shunt circuit
Lo = Inductance, ro = resistance of supply circuit
eo = low -frequency supply voltage

Denoting then the currents in the two branch circuits
by i and i,, the voltage by e,, the differential equations
can be written as those of a circuit containing resistance,
inductance and capacity.

As seen therefore, if the effective negative resistance
of the third class conductor is sufficiently high, the
oscillatory starting transient of the condenser C does
not die out, but cumulatively increases in amplitude,
until limited by the decreasing negative resistance, and
so reaches an alternating sine wave as final value, i,

and el then must consist of sine waves.
The differential equations are therefore integrated

by representing i, i, and el by summation of sine waves.
B sin (q t - (3)

substituting these into the differential equations, and
from the identities thus produced, calculate the con-
stants B, i3 etc.

One of the terms must be of the supply frequency
q = 2 r f 0, and the amplitude and the phase angle of
its currents and voltages are given by the terminal
condition, that the supply voltage is eo.

This term merely gives the permanent low -frequency
alternating current and voltage distribution in the
divided circuit Fig. 3.
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For all other terms in the solution of the differential
equation, the impressed e. m. f. equals zero. This
condition gives an equation, which determines the
frequency q = 2 r f, of the term.

It follows therefore, that besides the low-frequency
term of the supply frequency fo, only one second term
can exist, in the equations of current and voltage, of an
oscillation frequency f of the condenser discharge cir-

cuit.
The frequency of local oscillation f, which from the

viewpoint of frequency transformation may be called
the "secondary frequency" depends on the constants
of the circuit, and therefore has no numerical relation
to the supply or "primary" frequency, is not a multiple
or a higher harmonic of it, as in most other frequency
transformations.

VI. AMPLITUDE

If an alternating supply voltage is impressed upon a
third clots conductor contained in an inductive con-
denser discharge circuit, the transient condenser oscil-
lation may build up to a permanent high -frequency
alternation. Current and voltage then contain two
terms. The first or low -frequency one is that due to the
impressed e. m. f. In the second the frequency is
determined by the circuit constants, but the amplitude
thus far left indeterminate. The amplitude of the
high -frequency current and voltage thus increases,
until finally limited by the decreasing effective negative
resistance of the third class conductor, and by the
supply voltage.

As the effective negative resistance of the third class
conductor must be greater than the ohmic resistance of
the circuit, to give a cumulative oscillation, and as this
effective negative resistance decreases with increase
of current, the limit, to which the high -frequency
alternating current can build up, is that value, at which
the effective negative resistance of the third class
conductor had decreased to equality with the ohmic
resistance of the circuit, as discussed in III.

As the only source of power is the low -frequency
supply by the impressed voltage eo, this must always be
positive. That is, in the voltage ei and the current

of the third class conductor, the high -frequency term
-which absorbs power-if of opposite sign of the low -
frequency term-which supplies the power-must
always be less than the low -frequency term, to main-
tain positive power. This means, the maximum value
of the high -frequency term must be less than the
instantaneous value of the low -frequency term at the
moment when the maximum value of the high -fre-
quency term occurs. Therefore the amplitude of the
high -frequency term is not constant, but periodically
rises and falls, with the frequency of the low -frequency
term and the latter thus is the envelope of the high -
frequency term, as illustrated in Fig. 4.

The difference between this type of condenser dis-

charge, and the standard form is that in the latter the
envelope of the periodic discharge current is exponen-
tial, and the current thus gradually dies out, as transi-
ent, while in the present case, with power supply
through a third class conductor, the envelope of the
condenser discharge current is a low -frequency sine
wave, and the discharge current thus periodically
rises and falls, but persists as permanent.

Such a periodically rising and falling 'alternating
wave can be considered as the superposition of two
waves, differing in frequency from each other by the
frequency of the beats, that is, in the present case,
twice the frequency of the supply voltage; hence of the
frequency f - fo and f fo. However, as at very low
currents the third class conductor usually ceases to
represent an effective negative resistance, the periodic
high -frequency oscillation usually dies out in a short
range at the reversal of the low -frequency wave, and
then starts again at the rise of the latter, as indicated
diagrammatically in Fig. 4, and the phases of the
groups of the high -frequency waves in the successive
low -frequency half waves therefore are independent
of each other. The resolution of the high -frequency
waves into two components of different frequency there-
fore has no physical significance.

FIG. 4-HIGH-FREQUENCY SECONDARY AND LOW -FREQUENCY
PRIMARY WAVE OF FREQUENCY TRANSFORMATION BY THIRD

CLASS CONDUCTOR

As the maximum value of the high -frequency wave is
limited to the instantaneous value of the low -frequency
wave, the mean square of the maximum value of the
high -frequency wave is limited to the mean square of
the instantaneous value, and therefore to half the square
of the maximum value of the low -frequency wave.
This means, that the power of the high -frequency
alternation is limited to half the power of the low -
frequency wave; in other words, under the conditions
herein considered, the efficiency of the frequency trans-
formation cannot exceed 50 per cent.

If the secondary frequency f is much higher than the
primary frequency, very little low -frequency enters the
supply circuit, since it is kept out by the high capacity
reactance, at the low -frequency of the condenser C,
and very little high -frequency current enters the supply
circuit, since it is kept out by the high inductive react-
ance, at the high frequency, of Lo. Thus the capacity
shunt is essentially a high -frequency circuit, the supply
a low -frequency circuit, and both frequencies concur in
the third class conductor, in which the transformation
takes place.
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B. Mathematical Calculation
I. GENERAL EQUATION

Let a third class conductor be shunted by a circuit
of capacity C, inductance L, and ohmic resistance r
and supplied by a constant alternating e. m. f. of
machine frequency, over a resistance r,, and inductance
Lo.

We may assume that r is below the critical value, so
that the current in C, L, r is oscillatory, and that the
frequency of oscillation of this circuit is high compared.
with the machine frequency, and that Lo is large com-
pared with L.

Let the alternating supply e. m. f. be a sine wave:
eo = Eo sin (q0 t - a)

where:
qo = 2 r f0 t,

and,

(1)

ficiently long to reach stationary conditions, that is,
that the starting transient has passed and any cumula-
tive oscillation which may occur has built up to its
final value.

e1, i1 and i then must be periodic functions, and as
such may be represented by a sume of sine waves:

e, = E I sin (q t - 13)
i = Y, I I sin (q t - )

i = I sin (q t - co)
7

Substituting (7) into (3) then must give an identity,
that is, the coefficient of cos q t and sin q t must in-
dividually disappear. This gives:

E, cos ,3 = I (r cos w -R sin co)

where

E, sin = I (r sin w+ R cos w)

fe = frequency of power supply.
Let:

R =
q C

e, = voltage at the terminals of the third class Herefrom follows:
conductor El = zl 9

= current in the third class conductor and
i = current in the circuit C, L, r shunting the third

class conductor
e' = voltage at the terminals of the condenser C.

eo, ei, i1f i and e' being counted in the direction as

r sin 13 -R cos
10tan w=

r cos 13+ R sin 8

where:
indicated by the" arrows in Fig. 3. = /72 r2 11

It is then, at the condenser C:
Substituting (1) and (7) into (5) then gives:

d e'
i E0 sin (q0 t - a) = El sin (q t - i3)

± 2', zo {II cos (q t - y- g-) + I cos (q t
=C d t (2)

It is, in the closed circuit between the third class
conductor and the capacity inductance shunt:

- - I

where:
12

d ii L zo = q2 L02 + r02

ro

13el = e' r (3)dt

Hence, differentiating (3) and substituting (2) therein,
gives :

(14itan 1 =
q L,,

II. Low FREQUENCY TERMS
del

1

d i
= C rdt dt

It is, in the supply circuit:

eo = e1 + ro (i1 I) L0 d t

L d i2
d t2

d (i1

(4)

(5)

and the voltage across the condenser terminal is, by
(3):

e' = ei-ri-L di
d t

Assuming that the circuits have been closed suf-

(12) also must be an identity. That is, the coef-
ficients of cos q t and sin q t must individually vanish.
This gives, for: q = go: denoting the terms by the
index 0:

KO sin a = El sin 00 - zo :/, cos (70 +
/ cos (co 0

E0 cos a = E1 cos /30 + z0 III sin (70 + ro)
+ / cos (wo + 1'0)

Let:

= E1 I

(15)

(16)

= effective resistance of the third class conductor.
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Substituting (16) and (9) into (15), gives two equations
in I and a, which resolved give:
I =

Bo
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[zn -Zo cos (70 + to) + cos ( wo + F -r,

+ [z
zo sin (To + -(1) +sin (coo + r0) Zo COS 8012
r,

tan a =

zo sin )90 - zo -zo cos (yo ro) ± cos (wo
ri

zo cos)90 + - sin (70 + t-o) + cos (oh + ro)}-zo

ri
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III. HIGH -FREQUENCY TERMS

In the identity (12), it is for:
q go

0 = Ei sin - zo I/1 cos (7 -I- + cos (co +
= El cos /3 + Zo {II sin (7 + + I sin (co ± )

(25)

Substituting (9) into (25) and rearranging; gives:
zo II cos (y + = I {z sin /3 - z0 cos (w +
zo I, sin (7 + = -I 1z cos zo sin (w +

(26)

Thus
z0 sin (w + + z cos
z0 cos (w + - z sin

If L0 is large compared with L, then z is small corn -

(18) pared with z0, and can be neglected against it, and it
thus is:

These expressions can be very much simplified by
neglecting terms of secondary order, and choosing the
phase of the current in the third class conductor as
base line, that is, 70 = 0.

For the low frequency q = q0, the time lag of the
third class conductor can be neglected, giving )3
= 7 = 0. By (10), this gives

tan wo = - Ro r (19)

Neglecting the resistance ro against the reactance of
the supply circuit x0 = g0 L0, gives by (14) = 0,
and by (13):

z0 = g0 =

For the low -frequency q = q0, qo L is

(20)

negligible

1
against , and, denoting the latter, the capacity

reactance, by

qt, C

it is by (8), (11), (9) and (19):

Ro = k
Zo = k
E," = k I

tan (.0 - r

Thus approximately:
co = - go deg.

and we now get from (17) and (18):

/° =

k=

h70

(21)

tan + = (27)

tan (7 + = tan (w + (28)

= w (29)

Substituting (29) into (10) and rearranging, gives:
R/r = tan (8 - 7) (30)

= tan (5
where

6 = - (31)

is the phase difference between current and voltage in
the third class conductor, or the time lag angle of the
third class conductor.

Substituting (8) into (30), and resolving, gives:

r
2 L

tan L1
C 4 D

r2 tan, (5 (32)

[If the angle of time lag of the third class conductor
vanishes: (5 = s - ry = 0, that is, current and voltage
are in phase with each other, then

1q= PLC
the same is the case, if r = 0, that is, the ohmic resist-
ance of the condenser inductance shunt is negligible.]

(22) As seen, only two terms can exist in the equation (6)

the one with go, of the machine frequency, due to the
impressed voltage eo, and the one with q, (32), the fre-
quency of oscillation of the inductive condenser circuit.

From (30), (11) and (9) follows:
R = r tan (5

Bo z=
j x1,52 x (1\2 lix

k N ro/i

.r,, xo \ x,,
tan (X = - = -r, r,

I =
(23)

r
cos (5

Et cos (5
r

(33)

and by substituting into (26), and neglecting r against
(24) zo, gives:

and herefrom the approximate values of B", I,", etc.
= - I - El cos (5

r (34)
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IV. AMPLITUDE

Combining the low and high -frequency terms then
gives the total expressions of current and voltage:

eo = Eo sin (go t + ao)

tan ao xo
= -

el
E0 sin go t + E, sin (q -

NI 1 +
r2q = 2L tan ± NI LC1 + /42 tan2

Eo= sin go t
-V r12 + xo2

i = E0
Ei cos 45

cos go t + sing tr
k NI + )2

E 1 cos (3 sin q t

io = +
Eo

{sin go t ri/k cos go t}
-V r12 xo2

where:

(35)

qo = 2 ir fo
xo = qo Lo

k =
qo1C (36)

ri = resistance of third class conductor.
Substituting into equation (6), gives the terminal

voltage e' of the condenser C.

Eo
e' =

1 ±r12x°2
sin qo t = El( sin 6

+ q L
cos (5) cos q t (37)

As seen, the high -frequency term of e' indefinitely
increases with decreasing r. That is, the cumulative
oscillation builds up to the resonance voltage of L and
C, or until limited by the ohmic resistance.

Thus, where r is small, as in the high -voltage coils
of power transformers, very high voltages may be
produced.

As discussed in A III the second term in i, and el
must always be smaller than the first term. That is,
t must be, in

Ei cos 8 E
r r12 x02

Thus we may substitute:

El cos
r

where:

Eo
(38)

p < 1 (39)

Equations (35) thus become:

=

and:

ei =

E

r r + x,;-
sin qo - p sin q

sin qo , 1

p sin (g t - 6)
r, cos 6

( 40 )

As the second term in e, must be less than the first,
it must be:

pr <1r cos o

or:

ro cos (5r=

or:

p

r1 cos 6 pr
Herefrom follows:
(1) With a given resistance r of the oscillating cir-

cuit, the oscillation increases, that is, current and
voltage build up, until they reach the values, at which
the transient effective negative resistance of the third
class conductor, r1 cos 6, has dropped down to equality
with the resistance r, or rather slightly lower.

(2) When in the inductive condenser shunt to a
third class conductor, the ohmic resistance r is increased,
the cumulative high -frequency oscillation still occurs-
though of an amplitude decreasing with increase of
the resistance r-until the ohmic resistance becomes
equal to the transient negative resistance of the third
class conductor, r1 cos 6, or rather slightly larger. Then
the oscillation stops.

(3) The amplitude e' of the voltage oscillation pro-
duced by the third class conductor, is approximately
inverse proportional to the resistance of the oscillating
circuit. (As seen by equation (37) ).

V. INSTANCES

(1) Spark discharge on high -voltage coil of 60,000
volt 3000 -kw. 60 -cycle power transformer.

Let the constants be:
r = 6 ohms, or about 0.5 per cent resistance of the

coil
L = 0.1 h, or about 3 per cent reactance
C = 0.0001 mf.
Lo = 0 . 6 h, or about 20 per cent reactance of supply

circuit
ro = 40 ohms, or about 33 per cent resistance of

supply circuit
fo = 60 cycles, thus go = 2 r fo = 377
E0 = 60,000 -V-2 = 85,000 volts.
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Assuming (5 = 60 deg. as time lag at the oscillation

frequency.
It is then, by equations (35) to (37):

q = 316,000 = 837 qo

f = 50,300 cycles
xo = 226 ohms
q L = 31,600 ohms
k = 26,600,000 ohms

Assuming the effective resistance of the oscillating
circuit increased to 10 times the ohmic resistance, by
the energy losses in the insulation etc. at the high fre-
quency, that is:
r = 60 ohms.
and assuming stationary conditions reached by the
transient effective resistance of the spark discharge
having dropped to equality with the ohmic resistance,
that is:

r cos (5 = 60, and 7-, = 120 ohms

this gives:
ao = 62 deg.
and, denoting:
cp = go t, gives:
eo = 85,000 sin (co + 62.)
ei = 47,000 sin cp { 1 + sin (837 (to - 60.) }

= 392 sin (p {1 - sin 837 go}
i = 392 sin co sin 837 (p
io = 392 sin go
e' = 47,000 sin (p {1 - 263 cos 837 (p}
or a maximum value of the condenser voltage of over
12 million volts.

Obviously, no such voltage is reached, but the insula-
tion destroyed before the cumulative oscillation is built
up to full value.

(2) Arcing ground on 30 mile three phase transmis-
sion line supplied with 30,000 volts, 60 cycles from
generator and step up transformer.

Let the constants be:
r = 4 ohms
L = 12 mh.
C = 0 . 3
Lo = 0.2 h.
ro = 6 ohms
fo = 60 cycles, thus qo = 377
Eo = 30,000 VI = 42,500 volts.

Assuming S = 45 deg. as time lag at the oscillation
frequency.

It is by equations (35) to (37):
q = 16,500 = 44 qo
f = 2640 cycles
xo = qo Lo = 75.4 ohms
q L = 198 ohms

q()1C
= 8800 ohms

Assuming as effective resistance of the oscillating
circuit at 2640 cycles, twice the ohmic value, or:
r = 8 ohms.

gives as limiting value of the transient effective negative
resistance.

r cos S = 8, and n = 11.3 ohms
This gives:
ao = 81.5 deg.
and, denoting:
cp = qo t; gives
eo = 42,500 sin ((to + 81.5 deg.)
el = 6300 sin so {1 -I- sin (44 (p - 45 deg.)

= 560 sin go {1 - sin 44 co
i = 560 sin go sin 44 (p
io = 560 sin co
e' = 6300 sin co {1 - 19.2 cos 44 col
or approximately:
e' = 120,000 sin go cos 44 (p

That is, the arcing ground in this case produces a
continuous oscillation which builds up to nearly three
times the normal line voltage.

It is interesting to note that the cumulative surge
of the arcing ground in a transmission line does not
reach such excessive values as that in the high -voltage
coil of the power transformer, but may be of moderate
intensity, of the magnitude of the normal line voltage.

RADIO STANDARDIZATION
At the request of six radio organizations, the Bureau

of Standards, in cooperation with the American Engi-
neering Standards Committee, called a conference
on radio standardization which met in New York,
January 12. Over 100 persons were present represent-
ing nearly that number of different associations, manu-
facturers, dealers, operating companies, and other
organizations interested in radio.

Dr. F. C. Brown, Acting Director of the Bureau of
Standards, presided over the conference. Many im-
portant points were discussed, and it was voted that
action should be taken toward the formulation of
standards of radio apparatus and service and that a
single broadly representative national committee should
be organized, following the American Engineering
Standards Committee procedure, for dealing with all
phases of radio standardization, including commercial
standardization, methods of measurement and testing,
and nomenclature. It was voted to request the Ameri-
can Institute of .Electrical Engineers and the Institute
of Radio Engineers to accept joint sponsorship for this
Sectional Committee.

It was also voted that the national committee should
determine immediately the type and scope of stand-
ardization to be undertaken, including a consideration
of testing facilities and other related lines of activity.
Mr. L. T. Robinson, representative of the American
Institute of Electrical Engineers, and Dr. A. N.
Goldsmith, Secretary of the Institute of Radio Engi-
neers, selected an advisory committee of thirteen to
assist in the organization of the national Sectional
Committee and necessary technical subcommittees.



Lightning Distill. )ances on Distribution Circuits
R1 MALCOLM \

Review of the Subject. .1 ye neral surrey is pit at itted of the
nature and distribution of failures and interruptions due to light-
ing upon the circuits of a large city supply system. :Mecum encodes -

t ions are given for improving conditions without specifying particalas
makes of arresters, in recognition of the fart that is considerable
number of different types is proving adequate to meet the conditions
imposed upon flume on the moderate collage systems under con-
sideration. The subject is treated under three principal divisions:
let. Troubles on 115430 volt distribution circuits. !ltd. Tilt ?.300
roll circuits, and 3rd. The 13,i'00 volt circuits. ii is shown that
line failures on the low -voltage circuits are so infrequent us to be
practically negligible, and that the blowing of fuses and injuries to
other parts of the equipment on customer's premises are infrequent
except in the case of house meters. A considerable 'sandier of meter
burn outs are recorded, and it is shown that trouble from this sourer
increases with the length of the secondary circuit. To guard against
future trouble, especially as secondary networks are developed, it is
recommended that a simple spark gap or other equivalent type of
arrester be installed at the customer's premises as a part of the
equipment in his service box. For the MO volt circuits, it is found

THE investigations which form the basis for this
paper were made upon the Philadelphia Electric
Company's system during the summers of 1921

and 1922. As lightning disturbances show so many
eccentricities and as each storm has its own individ-
uality both as to its path over the system and as to the
intensity of its activity, it is necessary, in a study of this
nature, to consider a great mass of data and at the same
time analyze many individual cases, before any generali-
zations can be made.

The work was classified under three main divisions:
I. The low-tension distribution system, mainly 115-

230 volt, three -wire single-phase with neutral grounded.
II. The main primary distribution system, 2300

volts, three -wire two-phase ungrounded.
III. The high-tension system, 13,200 volts, three-

phase with neutral grounded at the generating stations
only.

I. FAILURES ON THE LOW TENSION SYSTEM

It will probably be rather generally conceded by
distribution engineers that lightning troubles on the
low-tension system are of comparatively infrequent
occurrence and of a much less serious character than
those on other parts of the system. It was thought
best, however, in these investigations, to obtain some
quantitative results from lightning failures on these
low -voltage circuits; both for the lines themselves and
for the apparatus upon the customer's premises.
Considering first -line failures, records were obtained for
the storms occurring upon June 3rd and 10th, and July
1st and 12th, 1922, which were found to be sufficiently
widespread and severe to he fairly typical. The line-

Milt Is inn or h Ili (fund and a lir n ruualry are more
exposed to tea Hither Mel burnouts and the blot/log of Ira Feather mei
fuses them fines in the built-up ',reheats where buildings screen the
circuit. Also, that the amount of damage to the exposed
decreases us the number of arresters increases and that a transformer
directly protected by an arrester is in a eery large measure guaranteed
against complete breakdown and to a less  item! against the blowing
of its fuses from lightning. Also, that the t ffectiveness of this pro-
tection is decreased with high resistance in the ground connection.
Finally, for the 13,20o -cull aerial circuits, et is shown that on lines
at a considerable distance from g iterating points must of the damage
from lightning is in insulator breakages and without interruption to
service, lint where line reactance' ix not sufficient to prevent flow of
heavy dynamic cum tit at the time of discharge, the conductor is often
fused allowing the lint to full. To guard against these troubles,
arresters should be distributed along the line at not more than two
mile intervals and near generating stations the three arresters of a

group should be mounted on successive poles and provided with
independent ground connections.

* * * * * *

mens' reports upon circuit failures during these storms
were, therefore, investigated, and it was found that they
reported no insulator failures upon the low -voltage
circuits and only three cases of low -voltage lines being
down; one of these being due to a tree falling upon the
circuit. On a system as extensive as the one under
consideration this amount of injury could readily be
paRsed over without further investigation.

At first sight the record of failures upon customers'
premises did not offer a very encouraging field for analy-
sis. The three classes of failures which might in some
cases have been caused by lightning were the blowing
of fuses, injuries to house fixtures and to meters.
Monthly totals for each of these were recorded. If any
considerable number of house fuses had been blown by
lightning disturbances, this fact was completely masked
by the large number blown by other causes. The totals
ranged from 4000 to 5500 and were in some cases greater
for winter months than during the lightning season.
The number of injuries to house fixtures never reached
150 per month and they were quite irregularly distri-
buted. There was, however, distinct evidence that a
majority of the meter burn outs might have been due
to lightning as there was a large increase in the number
of such failures during the summer months. More
specific. information regarding these failures was there-
fore sought by obtaining a record of all meter repair
orders issued on the days of the four storms referred to
above, and upon the (lay following each storm. By this
method a few meters might have been included which
had not failed from lightning, but there could not have
been enough of them to appreciably effect the results.
Also, it was not possible to locate all of those which were
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injured by lightning for it was necessary to rely upon the
customer for reporting the trouble and if the house was
closed at the time, or if the failure did not interrupt the
service, the injury would not be detected until it was too
late to determine with certainty the cause of the failure.

Consideration should first be given to the geogra-
phical distribution of these meter failures, especially in
comparison with the disturbances which occurred on the
primary circuits during the same storms, as shown from
the record of the blowing of transformer fuses. Both
of these classes of failures were located on a pin map,
but the comparison shows up more distinctly in Fig. 1,
which gives the number of failures in parallel strips of
territory 2500 feet wide running across the city from
east to west. The few failures which occurred in West
Philadelphia are not included as they were too scattered
to have any significance and by their omission a truer
picture can be obtained of conditions in the central and
southern portion of the city where underground distri-
bution is largely employed.

The most striking feature of this diagram is the
comparative immunity from lightning troubles that is
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shown for the secondary circuits in the northern sec-
tions of the system which comprise Tacony, German-
town, Chestnut Hill and the outlying territory. This
is the more remarkable when it is known that in previous
years the primary circuits in these sections had suffered
so severely that it had been necessary to provide much
more liberal lightning arrester protection there than in
any other parts of the system. No such protection had
been found necessary for the secondary circuits. It
is evident, therefore, that mere geographical location
within the area of maximum lightning disturbances is
not the determining factor in causing failures in these
low-tension circuits. A hint for the solution of this
problem may be obtained from wireless practise where
the design of the aerial controls so largely the ability of
the station to pick up distant signals. Upon this basis
the explanation for the absence of meter failures in the
northern territory was sought by comparing the relative
lengths of the secondaries. An inspection of the second-
ary circuit diagrams showed that throughout this
territory a majority of the customers are served from
separate transformers having short secondary taps, and

even where several services are run from one transformer
the secondary circuits are shorter than those which pre-
vail in the more congested districts. In order to check
this theory further the meters which failed during the
storms mentioned above were identified with the circuits
which served them, and, except for two questionable
cases where the addresses were not clearly given, all of
the 105 failures were on circuits of approximately 1000
feet or more in length.

This investigation also brought out the fact that in
only two cases were meters which failed connected to
transformers on which the fuses were blown during the
same storm, and in no cases were such meters connected
to transformers which were burned out by lightning.
Thus all the evidence points to the fact that the light-
ning disturbances in the secondary circuits are not trans-
mitted from the primaries through the transformers,
but originate in the secondaries themselves and are
controlled largely by the length of these circuits.

The losses occurred indiscriminately upon meters
connected to ungrounded circuits or circuits grounded
outside the premises or directly at the meter. No true
perspective upon the protective value of these methods
of connection was obtained, however, as the relative
number of meters using each type of connection was not
known.

On a system containing over 240,000 meters a record
of 105 failures during four of the most severe storms of
the season does not appear very serious and yet, in view
of the efforts that are constantly being made to mini-
mize interruptions to service, it does seem as though
these conditions might be improved. Possibly the
correct solution is to provide heavier insulation for the
meters, but it is questionable whether, if the meters
cease to function as lightning arresters, more serious
damage and even loss of life may not result from
lightning reaching the house circuits. Furthermore, as
the load density increases, the tendency is toward the
use of longer secondaries which should ultimately lead
to the development of an interconnected system similar
to the Edison direct -current network. In that event,
these records indicate that much more serious lightning
trouble may be expected.

It is known that on other systems a good deal of
trouble is being experienced from meter burn outs, but
the writer has been unable to obtain any data upon the
extent of such damage nor whether measures are being
taken to correct it. On the large city systems, at least,
it would seem desirable to introduce some form of light-
ning protection on the secondary circuits which could be
gradually extended over the system. A spark gap, or
one of the other types of low -voltage arresters, should
prove adequate if properly distributed. The best place
to locate the arrester is on the customer's premises and
it could properly be included as part of the necessary
equipment of his service box. A suitable ground con-
nection is available at this point and very little addi-
tional expense would be entitled.
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II. THE 2300 VOLT SYSTEM

The consideration of lightning troubles upon these
circuits was confined to a study of transformer failures
and the blowing of transformer fuses. A general survey
of transformer burn outs was undertaken during the
summer of 1921. It appeared necessary to cover as
large a number of cases as practicable, in order to
eliminate the effect of the irregular distribution of
individual storms, so that the study was based upon the
records of failures from January 1st, 1920 to August 1st,
1921. As these records did not specifically indicate the'
cause of the failure, it was assumed that all transformers
removed from the line on the day of a storm or on the
following day had failed from lightning. Eighty-six
transformers were so removed from the aerial lines
during 1920 and forty transformers up to August 1st in
1921. This represents about one third of the total
number of transformers removed from these circuits for
all causes during this period, and, while it may include
a few transformers which were not injured by lightning,
the number cannot be sufficient to alter the conclusions
reached, although it may account for some of the
eccentricities which appear in the records. A further
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check upon this method of selection was obtained for
transformers which failed from lightning from August
1st, 1921 to August 1st, 1922, by having the linemen
report such cases immediately after each electric
storm. In this way questionable cases should be
eliminated, but the results shown for failures during the
later period are entirely in harmony with the conclusions
reached from a study of the earlier records.

The one hundred twenty-six transformers which
failed from lightning from January 1st, 1920 to August
1st, 1921, were located geographically and their distri-
bution is shown in Fig. 2. The transformers were
also identified with the circuits to which they were
attached and it was found whether or not they
were protected with lightning arresters. In order to
obtain a proper perspective of this phase of the subject,
the length of all the aerial circuits of the system was
recorded, together with the number of arresters and
transformers connected and the number of transformer
failures. This information is given below.

In some respects the records appear erratic, as should
be expected in a study of lightning disturbances,
though it is believed ,as already noted, that some irreg-

ularities are due to errors in the records and some
possibly to not having covered a sufficiently long period
in the investigation. Nevertheless, the following facts
are clearly brought out:

1. Circuits which have the greatest amount of
lightning protection suffer less than circuits in the same
district with less protection.

2. During 1920 and 1921, the Tacony District
suffered more severely than any other section of the
system, and the greatest losses occurred on the circuits
which had the least protection.

3. Large sections in the central part of the city,
which had very little arrester protection, experienced
no tranformer losses.

4. A large number of circuits in different parts of the
system should have additional protection.

The following information is submitted in confirma-
tion of the above statements:

1. The circuits which have the greatest number of
arresters per unit length of circuit in order of their pro-
tection are C H-1, C H-3, T A C 1& 4, F I L-2, G T N-4,
F I L-10 and G T N-1. These have from three to four
arresters per mile of line. There are 437 transformers
connected to these lines and only one loss was reported
for each year for the entire group, although before the
arresters were installed Chestnut Hill and Germantown
suffered most severely from lightning. C H-4 and
G T N-2 each are protected with about one arrester per
mile and the former of these lost four transformers and
the latter five, which is greater than any other circuit
outside of Tacony. The exceptional feature in these
records is that G T N-3 and 5 with about the same pro-
tection suffered no losses.

2. At the other extreme T A C-2, which is a very
long line feeding all the territory north and west of
Tacony, is very much exposed to lightning and is
protected with only one arrester per seven miles of line,
which means that long sections have no protection.
There are 222 transformers on this circuit and 13 of these
failed in 1920 and 14 in 1921. T A C-6 has no arrester
protection, but in places is less exposed than T A C-2,
and this has lost a total of seven transformers for the
two years out of a total of 60 connected. T A C-3, with
about the same arrester protection as T A C-2, but with
much greater natural protection, lost three transformers
out of 62. The other Tacony circuits have more arres-
ter protection and pass through thickly settled sections.
None of these have lost more than one transformer.

3. For the last year and a half no failures due to
lightning have been recorded for any of the circuits out
of Ludlow or Columbia substations and only two from
Marshall. One of these was a 37 kv-a. transformer
which had been in service only a month and was re-
placed by a 50-kv-a. suggesting that the failure had been
due to overload rather than lightning. There are
twelve circuits from Susquehanna, eight from Ontario
and four from Hunting Park, for which no losses are
recorded for this period. It is too much to expect that
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this perfect record will be maintained indefinitely, and
it may be that a storm of unusual severity passing over
this section may disclose points where additional pro-
tection should be provided, but the records cover a
sufficiently long period to prove that very little light-
ning trouble need be expected in this territory.

4. Other circuits pretty generally distributed over
the system show losses of from one to three transformers
per circuit which is not sufficient to serve as a guide in
locating additional arresters, but does suggest that such
protection should be provided. Here the danger of
basing a judgment upon inadequate data is well illus-
trated by the record of failures in West Philadelphia and
South Philadelphia. In 1920 it seemed as though the
former was much better protected than the latter, but
in a single storm on the night of July 15th, 1921, eight
transformers were lost in West Philadelphia and only
one has been reported for South Philadelphia for this
year. This failure appears to have been due to a direct
stroke as the pole which carried the transformer was also

injured.
A further indication of the effectiveness of arresters

in the protection of these circuits is brought out by the
fact that out of the total of 126 transformers which
had failed from lightning, only five were directly
protected with arresters, and in only one other
case, a 4-kv-a. near Tacony, was there clear evi-
dence of a failure near an arrester and this line was
unprotected for a long distance on one side of the
transformer. The question is frequently raised as
to the part the ground resistance plays in the proper
functioning of an arrester and, in order to determine
whether faulty ground connections might not have been
responsible for the failure of these arresters, resistance
measurements were made at each of the arresters and at
a number of others on the same circuits in their im-
mediate neighborhood. In one case the ground resist-
ance of the faulty transformer was 102 ohms and on
four others near it, it ranged from 47 to 120 ohms. In
another case the ground resistance was 227 ohms and on
three others in the neighborhood it ranged from 70 to
167 ohms. In the third case the ground resistance was
253 ohms, while on five others in the vicinity it ranged
from 27 to 77 ohms. In the last two of the five failures,
it measured 364 ohms and 477 ohms respectively, and
other ground resistance measurements in the same
vicinity showed about the same values. It will be seen
that in all but one of the cases of failures the resistance
was over 200 ohms, and there the spring clip connection
to the ground wire was so loose that there is no assurance
that it had not fallen entirely out of place at the time
of the storm. The resistance of this connection on the
day the tests were made was 44 ohms. Measurements
on other clips showed no appreciable resistance. It
should be noted in this connection that it is difficult to
obtain low -resistance grounds in much of the territory
north of the city on account of the high, rocky nature
of the soil.

Summarizing the above results, it appears that the
arrester protection which has been provided on the most
exposed circuits in Chestnut Hill and Germantown are
proving successful in minimizing lightning troubles,
though not completely eliminating them from these
circuits. Also, it is seen that in the few cases where
transformers which had arrester protection are burned
out, the ground resistances were abnormally high on
account of the rocky nature of this region. It is further
shown that other circuits, especially in the Tacony
district, needed additional protection. As noted below,
the arresters which were installed in 1922 on these
circuits have proved effective in reducing the losses in
this territory.

It may be interesting to note that while the experience
in Philadelphia as to the effectiveness of arresters in
protecting transformers is in full harmony with the
results obtained by Mr. D. W. Roper in Chicago (A. I.
E. E. PROCEEDINGS, VOL 35, page 655), there are other
respects in which the lightning appears to affect the
circuits differently in the two cities.

Transformer Fuses Blown.-Comparative figures are
given below for the total number of transformer fuses
blown on the 2300 -volt aerial circuits by months:

1921 1922

January 15 55
February 30 33
March 38 47
April 33 40
May 56 65
June 251 178
July 446 208
August 84 211

The increase in failuies during the summer leads to
the presumption that the great majority of these fuse
failures are due to lightning and the improvement in the
records for 1922 may be ascribed to the fact that during
this year about 500 additional lightning arresters have
been installed on the more exposed circuits in the
northern part of the system. The balance of the
failures, due to overloads on the transformer, falling of
trees on the circuits, or the falling of the circuits them-
selves on account of ice load, wind, etc., could probably
have been reduced in number if the transformers had
been more heavily fused. The present practise is to
fuse on the basis of one ampere of fuse capacity per
kv-a. of transformer rating, five ampere fuses being the
smallest in use. As the principal function of the fuse is
to clear the line in case of a transformer failure rather
than to protect the transformer, it should be entirely
feasible to make a general increase in fuse capacities.
This would be in line with the practise of many of the
large operating companies. There is nothing in the
records to give a clue to the probable decrease in the
number of fuses blown if this practise is adopted. The
really important phase of the problem is to consider how
to minimize the blowing of fuses during electric storms.

As already indicated, this trouble cannot be due,
except in rare instances, to lightning disturbances in the
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secondary circuits, for direct evidence shows that light-
ning surges on the secondaries, as indicated from the
burning out of house meters, is not associated with
primary failures, either with the blowing of fuses or the
burning out of the transformers. The cause of the fuse
failure must therefore be localized at the transformer
itself. It is apparently due to a flashover across the
transformer surfaces or in the primary coils, the insu-
lation being reestablished, at least in part, after the
blowing of the fuse has extinguished the arc.

Further information upon these fuse failures was
obtained by definitely localizing with their circuits the
112 failures which occurred during the four storms in
June and July, 1922, to which reference has already been
made. For comparison with transformer burn outs the
distribution of these failures is shown in Fig. 2. It is
seen that they follow much the same course as the
transformer burn outs as should be expected. The
agreement would probably have been closer if the same
lightning period had been considered in the two cases.
The divergence which is shown for the northern terri-
tory for instance, may be explained by the large increase
in the number of lightning arresters installed in this
district between the periods covered by the two sets of
records.

The records for these four days showed that in 17 cases
fuses blew on the same transformer in two or more
successive storms, and in several cases later records
indicated that ultimately the transformer broke down
permanently. It is evident, therefore, that the blowing
of transformer fuses is serious, not only for the inter-
ruptions which they cause to the service, but also for
the deterioration in transformer insulation which they
indicate.

As the lightning disturbances which causes a fuse to
blow comes in over the primary, the arrester protection
which may be justified purely in saving the transformer
from burn out, should also prove effective in reducing the
trouble from the blowing of transformer fuses. Un-
fortunately, this investigation does not indicate that the
same measure of protection may be expected in the two
cases. The records collected during 1922 showed that
in only five eases were transformers burned out which
were protected by arresters and in one of these a very
old type of arrester was employed which was probably
not operative at the time. On the other hand, during
the same period, 30 cases were recorded where arrester
protection was not effective in preventing the trans-
former fuses from blowing. Apparently in all but very
exceptional cases the arrester carries off a sufficient
amount of the energy of the lightning surge to keep the
transformer from complete failure, but in some cases
it allows enough energy to pass to temporarily break
down the insulation until the blowing of the fuse clears
the circuit. This points to the importance of obtaining
low ground resistance for the arrester in order that it may
deflect as much of the lightning discharge as possible.
As already noted, it is very difficult to obtain this in

certain of the outlying sections of the system. It is
believed, however, that this investigation shows con-
clusively that with the present installation, transformer
failures from lightning are being kept within remarkably
low limits and the blowing of transformer fuses in being
minimized.

III. THE 13,200 -VOLT SYSTEM

The 13,200 -volt circuits of this system are, in the
majority of cases, underground, and serve as feeders
from generating stations to substations. There are,
however, a number of aerial circuits operating at this
voltage which feed substations in the outlying districts,
and others which supply large power customers. The
latter are increasing in number and importance each
year.

A group system of numbering has been adopted to
indicate in general the geographical location of the
circuit. Circuits No. 704 to 706 run on the same pole
line from Tacony westward, eventually separating to
feed railway substations in the northern territory.
Circuit No. 708 follows the river from Tacony to Bristol.
Circuit No. 1126 runs from Hunting Park substation to
Manayunk. Circuits No. 1301 to 1305 interconnect the
above mentioned railway substations and tie in with the
Chestnut Hill substation. Circuits No. 2101 and 2102
run practically from the Schuylkill Generating Station
to the extreme southern portions of the city. Circuit
No. 2118 is located in Frankfort which is nearer the
Delaware Generating Station than Tacony. Circuit
No. 2301 serves a group of manufacturing plants north
of Tacony. This completes the list of circuits in opera-
tion during 1921, which was the period covered by the
investigation. The general practise has been to protect
these circuits at the substations by electrolytic arresters
and at customers' taps by spark gap arresters.

The company's records give definite information upon
the number of interruptions of each of these circuits
during electric storms, and in every ease where it has
been possible to locate the cause of the interruption,
this has been given, together with the exact location of
the trouble and the extent of the damage done. There
is also very clear indication that lightning was responsible
for many injuries to insulators, pins and cross arms,
which did not interrupt the service. These injuries
were detected by the -linemen who patrol the circuits
after each storm and at stated intervals throughout the
year. It is unfortunately impossible from the nature
of these reports to differentiate between failures from
lightning and from other causes. It is found, however,
that there are fully three times as many insulator failures
on these circuits during the lightning season as in the
winter months. As most of the insulator breakages in
winter are probably due to ice or high winds and failures
from such causes must be less in summer, it appears
conservative to assume that at least two thirds of the
insulator breakages during the year are due to lightning.
The reports give the number of repair jobs at each pole
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tther than the number of insulators replaced, so that
Le actual number of insulator failures will be greater
Ian the figures given below. From the mass of data
mtained in these reports, the following information
as been selected as it is believed that it is adequate to
ive a fairly clear representation of the character and
dent of the damagp done to these circuits by lightning
tiring 1921:

Circuit

Length
in

miles

Interruptions

during
storms

Number of Repair
Jobs

Interrup-

tions

per
mile

Insuia,

tor re-

pairs per

mile

On
insula-

tors

On
cross

arms and
Pins

704 8 3 28 2 0.37 3.5

705 6 1 6 1 0.13 1.0

706 7 3 21 6 0.43 3.0

708 9 1 intermittent 3 0 0.11 0.3

1126 4 1 1 0 0.25 0.25

1301 7 2 27 6 0.29 3.9

1302 3% 1 18 3 0.29 5.1

1303 5 0 9 5 0 1.8

1304 6 0 6 1 0 1.0

'1305 4 0 10 8 0 2.5

2101 9 6 12 3 0.66 1.4

2102 834 8 14 1 0.94 1.6

2118 1% 4 0 0 2.6 0

2301 134 0 1' 0 0 0.6

The records of failures on these circuits as given above
;how the customary freakishness of lightning and un-
loubtedly do not cover a sufficiently long period to
bring out many of the peculiarities of the individual
3ircuits. There are, however, certain features of the
records which should be noted. In the first place, it
appears that the circuits most distant from generating
points, such as No. 1301-5, had a great many insulator
failures but were remarkably free from interruptions
during electric storms. Circuits somewhat nearer the
center of the system such as No. 704 and 706 had much
the same record of insulator failures, but experienced a
greater number of interruptions. The circuits in South
' Philadelphia Nos. 2101-2102, which are still nearer
large generators, had fewer insulator failures, but most
of those which occurred during storms were accompanied
with serious line trouble. It should furthermore be
noted that the records of lightning trouble on 2300 -volt
circuits, which are much more complete than for 13,200 -
volt circuits, show that all through the territory north
of the city, the injury from lightning to apparatus
unprotected by arresters was much greater than in
South Philadelphia. It is reasonable to suppose,
therefore, that these 13,200 -volt circuits in the Northern
District had had many lightning surges induced in them
which discharged themselves over insulators without
completely breaking these down, the high line reactance
in such cases limiting the dynamic current to compara-
tively low values. However, when such surges occur
on circuits where the line reactance is low as on No. 2101
and 2102, the dynamic current which accompanies a
discharge generally destroys the insulation and the arc
which follows burns off the conductor, allowing the

circuit to fall. Short circuit conditions on No. 2118

are about as severe as on No. 2101 and 2102, though the
latter has much better natural protection. Three of the
four interruptions recorded for this circuit were accom-
panied with falling of the conductors. In these cases
spark gap arresters near the points of trouble failed to
protect. There were only three cases recorded in 1921
in which the circuits north of this point fell during
electric storms. In one case there was a direct stroke
on No. 705 outside the Oxford Substation, in another
both No. 704 and 706 were down at the same pole, and
in the third case, one span of No. 1301 fell near the
Chestnut Hill Substation. It should be noted that in
the two latter cases the failures occurred near the feed-
ing end of the circuit where the dynamic current, which
might develop on short circuit, would be a maximum.

Attention should be called to the relatively good
records of Nos. 705 and 708. No explanation was found
for this condition on No. 705 for it is just as much
exposed as No. 704 and NO. 706 being on the same pole
line for most of the distance, and the circuits are trans-
posed so that there should be no advantage of position.
Circuit No. 708 had formerly been subjected to so many
interruptions that it was completely re -insulated, 22,000 -
volt insulators being used in place of the lower voltage
type employed on the other circuits and this undoubted-
ly accounts for the improved performance of this
circuit.

Two general methods suggest themselves for reducing
lightning troubles on these 13,200 -volt circuits. Either
to reconstruct the circuits with 22,000 -volt insulators,
as has been done with good results on circuit No. 708;
or provide some form of lightning arrester protection
on the lines themselves in addition to the arresters
already in use at the terminals. The first method
would involve considerable expense and while it might
be employed advantageously at certain of the more
exposed portions of the system, the more direct and
satisfactory method would be to relieve insulation
stresses by providing suitable discharge paths to ground
through lightning arresters. This would in general
require that the arrester should be suitable for pole
mounting. On the circuits in the outlying districts
at a considerable distance from the generating points
there should be no difficulty in providing at reasonable
expense, suitable protection by the use of spark gap or
other compact form of arrester, distributed at about two
mile intervals on the average.

The general opinion among operating engineers
appears to be that the electrolytic or oxide film arresters
are the only types so far developed which can satis-
factorily resist the tremendous dynamic discharge
which may develop near large generating units.' The
high first cost of such arresters and the difficulty in
properly distributing them along the right of way,
presents a serious problem in providing suitable pro-
tection for these high -voltage circuits leading out from

1. N. E. L. A. Proceedings, 1921, p. 700.
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DATA UPON 2300 VOLT CIRCUITS

)ircuit

Length of
wire in
1000 ft.

Lightning
Arrestors Transformers

by

Total

Per
10,000

ft.
Pro-

tested Total

Lost
Lightning

1920 1921

ony
1 & 4 18 15 8.3 8 8
2 533 14 0.2 5 222 13 14
3 134 3 0.2 0 62 2 1

6 193 0 0 60 4 3
7 73 3 0.4 0 39 1

8 60 6 1.0 1 38 1

9 65 3 0.4 0 33 1

10 90 3 0.3 2 53
11 99 4 0.4 2 42
12 & 13
stnut Hill

72 6 0.8 0 22

1 .230 216 9.0 80 110 1

2 157 86 5.5 40 43 2
3 169 148 8.7 69 73
4

mantown
178 38 2.1 11 47 3 1

1 45 28 6.2 14 22
2 235 47 2.0 16 56 3
3 105 23 2.2 .8 48
4 65 58 7.4 27 41
5
ert

70 11 1.6 . 7 10

1 39 14 3.6 1 12
2 152 125 8.2 50 59 1

3 111 13 1.2 2 42 1

4 77 4 0.5 2 40 1

5 111 23 2.1 4 63 2
6 63 17 2.7 8 22 1

7 80 20 2.5 9 48 2
8 65 7 1.1 2 31 1

9 69 9 1.4 3 60
LO 288 195 6.8 91 124
11 92 9 0.1 3 31
L2 .84 15 1.8 3 17
L3 66 2 0.3 1 21
L4 52 3 1.4 3 60
15 63 7 1.1 2 24 i
16
shall

72 19 2.6 11 27

1 93 16 1.7 4 43 1

2 69 2 0.3 1 14 i
3 82 2 0.2 2 :31 1 :3

4 84 8 0.9 3 59 1

5 54 4 0.7 2 30
6 54 7 1.3 3 27
7

icing Park
60 2 0.3 1 19 2

5 140 20 1.4 12 50
6 140 19 1.3 10 75 1

7 69 9 1.7 3 18
8 90 8 0.9 5 51 1

9 102 3 0.3 6 55 1
10 108 9 0.8 3 35 1
11 132 4 0.3 2 58 2
12 210 0 0 45 1 1

13 136 2 0.1 2 48 1
14 99 3 0.3 2 40 1 1

15 27 3 1.1 2 8
16 24 0 0 9
17 66 0 0 35 1 1

18 27 0 0 11
19 102 2 0.2 1 40 1

20 81 5 0.6 2 48 2
,ario

1 36 0 18 2
2 70 3 0.4 2 29 1 1

3 117 0 0 37
4 27 0 0 9
6 98 0 0 24 1
7 51 4 0.8 2 38
8 90 0 0 63
9 63 0 0 37

10 16 0 0 3
11 50 0 0 12

'I'ac4

Oh

Oer

Fil

Pas

Hu

On

DATA UPON 2300 your CIRCUITS (Continued)

Circuit

Length of
wire In
1000 ft.

Lightning
Arresters

Total
Pro -

Weed

Transformers

14,5t, by
LightningPer

10.000
ft. Total 1920 1921

12 84 0 0 38
13 84 0 0 56
14 36 0 0 14
15 48 0 0 27
16 12 3 2.5 4 6

Susquehanna
1 58 7 1.2 3 40

46 6 1.4 2 4
36 6 1.9 2 11

4 26 2.3 14 14
26 0 0 12

6 90 3 0.3 38 :3

7 65 6 0.9 2 37
8 20 0 0 9
9 82 6 0.7 4 37 1

10 30 0 0 16
11 57 7 1.2 4 32 1

12 63 0 0 36
13 19 0 0 8
15 57 3 0.5 2 44 2
16 60 0 0 28
17 36 5 1.4 4 32

Marshall
1 18 6 3.3 0 20*
2 33  6 1.8 7 33
4 38 6 1.5 0 38 1

5 27 5 1.9 4 16
6 55 18 3.2 10 56

45 6 1.3 5 20
8 36 3 0.9 0 14
9 12 6 5.0 0 0*

10 9 8 9.9 3 5
11 30 6 2.0 10 35
12 21 0 0 28
13 45 0 0 39*

Columbia
1 underground

24 6 2.5 8 21
3 60 5 0.9 2 39
4 42 3 0.7 0 17

27 6 3.1 3 17
6 45 7 1.7 3 32

42 3 0.7 0 20
8
9

30
underground

6 2.0 4 8

10 27 0 0 21*
Ludlow

1 42 3 0.7 0 34
13 0 0 11

3 21 0 0 11*
4
5

60
underground

7 1.1 4 34*

6 21 0 0 25*

8
39

underground
3 0.8 1 37

Carpenter
1 117 5 0.4 3 40
2
3

105
underground

6 0.5 1 21

4 65 0 0 33
48

underground
0 0 19

7 92 3 0.3 53 3 1

8 96 6 0.6 0 61
9 104 0 0 55 1

10 40 0 0 6
11 30 0 0 6
12 120 6 0.5 8 40
13 111
14 reserve

0 0 39 1

15 112 0 0 51 2
16 108 0 0 61
17
18 16 0 0

1 6
*Subway type omitted.
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generating points. An inspection of some of the spark
gap arresters which had failed suggested that possibly
this trouble might be caused by a short circuit between
phases due to the simultaneous discharge of two or more
of the arresters of the group. In was therefore pro-
posed by Mr. H. S. Phelps of the Philadelphia Electric
Company, to mount the three arresters of one group
upon successive poles and provide independent grounds,
thus introducing twice the ground resistance between
phases at the time of discharge. Three groups of
arresters arranged on this principle were installed on
July 1st of this year on the most exposed portions of
circuits No. 2101 and 2102. The day after their
installation a storm of unusual severity passed over these
circuits. Lightning struck an oil tank within a few rods
of the circuits, fuses were blown on a transformer con-
nected to a 2300 -volt circuit on the same pole line, and
other damage was done in the neighborhood, but the
arresters functioned satisfactorily and no damage was
done to these circuits. The record for the rest of the
summer has been equally satisfactory. The question
still remains whether longer experience will justify the
hope that this method will provide adequate protection
for such circuits and there is the further question as to
what is the minimum reactance which must be provided
between such arresters and the generating units in order
to insure proper performance.

FARM ELECTRIFICATION IN SWEDEN
Rural districts in many foreign countries, and especi-

ally in Sweden offer many possibilities for the use of
electricity, according to an article in Commerce Reports.
Where the land is worked in large holdings the demand
is for isolated plants, which may range in capacity
from IA kw. to 50, or even 100 kw. Where the rural
districts are highly cultivated and thickly settled, the
tendency is to build 'distribution lines out from near -by
central -power systems and give farmers electric service
on much the same terms as dwellers of the cities.

Where small farm lighting plants are installed gen-
eral use of electricity is hardly possible, since in most
cases the sets have not capacity enough to supply more
than the necessary lighting. Real rural electrification,
therefore, takes place when electric -power lines are
built out through country districts of sufficient capac-
ity to supply not only the lighting needs but all the
power requirements of the farm. Sweden probably
has made greater progress along these lines than any
other country, and according to a recent report submit-
ted by Consul Walter H. Sholes, Goteborg, the elec-
trification of tilled ground in Sweden increased from
6.4 per cent to 38.5 per cent during the five-year period
from 1917 to 1921.

Consul Sholes reports:
Already one-third of the country devoted to agriculture is on

an electrical basis, according to official reports. This, perhaps,

is only natural in a progressive country like Sweden, which is
in most parts a hilly country, with plenty of water power. The
war undoubtedly furnished the impetus to the electrification of
Sweden. When no petroleum could be obtained farmers had
to sit in the dark during the long Swedish winter, until acety-
lene lamps appeared in the market. Electric light, however,
soon followed, as farmers began to realize the importance of
hydroelectric power. Only the high prices heretofore prevail-
ing have retarded the general adoption of electric power in

rural districts.
The Government of Sweden is assisting the electrifi-

cation of rural districts by granting loans from the
power -transmission fund. These loans are given to
power -distribution associations organized somewhat
as local cooperative associations and covering, say, a
parish. These associations generally buy power in
bulk at 1500 to 3000 volts, and then build the local
lines as needed. Both direct and alternating current
are used on the farms themselves, and possibly the most
common system is 220 volts, four -wire, three-phase,
with 127 volts for lighting. There is a considerable
amount of 380 -volt, four -wire, three-phase service,
with 220 volts for lighting. Three-phase transformers
are used and a great deal of iron wire is employed for
the distribution lines. Where direct current is em-
ployed, 110 or 220 Volts is generally used for lighting
and 220 or 440 volts for power.

In the electrified districts of Sweden electric power
is used for every possible purpose, including threshing.
Considerable study has been given even to the applica-
tion of electric power to plowing, with more or less
success. Where equipment is too expensive to be
bought by individual farmers, community -ownership
arrangements have been developed satisfactorily.

While rural electrification in Sweden has, on the
whole, worked out successfully, it is nevertheless true
that during the war the pressure under which the work
was done and the lack and high cost of proper mate-
rials, resulted in expensive work and systems which
were not as efficient as they should be. For that reason
there has been some dissatisfaction expressed by far-
mers, but, generally speaking, electrification of farms in
that country has established itself on a firm basis.
Other countries in which electrification along these
lines is being promoted are Finland, Switzerland, New
Zealand, and France, while several other countries are
attacking the problem.

In several instances the countries that are being
electrified are not highly industrialized and any expan-
sion in the use of electricity must come through a
broader distribution of electric service rather than
through an increased employment of electric power
within the urban districts.

A model electrical farm, to encourage the use of
electricity in agriculture, is being established near
Stockholm, Sweden, and demonstrations of electrically
operated plows, harrows, harvesters, threshing ma-
chines, churns, separators, etc., will be given.
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Coming Convention Activities
SPRING CONVENTION

Prospects for a splendid convention at Pittsburgh April 24-26,
indicate a program that will be very attractive to operating
engineers. The Protective Devices Committee has furnished the
keynote papers for the meeting and has assembled a splendid
group of papers which will be presented at three sessions. The
other two technical sessions will contain papers of general interest,
one or two papers on the electric furnace and papers on the
application of radio to interstation communication and to multi-
ple street lighting control are expected to be available.

As tentatively arranged, the program calls for a session on the
afternoon and evening of the 24th and one on the morning of the
25th at which papers dealing with grounding, protection, re-
actors, relays and grounded versus undergrounded neutral will
be presented. On the afternoon of the 25th the members will be
the guests of the Westinghouse Electric & Manufacturing
Company and will visit the East Pittsburgh works and the
research laboratory.

On the 26th two other technical sessions will be held and a
dinner dance is contemplated for the evening of that day. It is
expected that the evening session on the 25th will attract a large
attendance from engineers in the Pittsburgh district who will be
unable to attend the day sessions because of press of business.

The local committee in Pittsburgh in cooperation with the
meetings and papers committee is working hard to make this
one of the best national conventions ever held by the Institute
both in its technical and social features. The Pittsburgh
district affords opportunity for many interesting visits to engi-

flouring works and a large at Iendanee 111,111 vvvry sect ills 11' t hl

country is ant Wipated.

ANNUAL CONVENTION

Plans are well under way for the .11111e CO11%1.1111011 W 'jilt will
he held ul. Swanlp$cotl, Mass., .lone 25-29. A feature of the
convention will be a bet ure by Captain It. It. Belknap, I'. S. N.,
on the "North Sea .\ line Barrage." Captain Belknap will
illustrate the leet tire and bring out the electrical real ores ussoei-
ate(' with the war job of adequately placing ;nines in the North
Sea during the war.

Also tlw research commit tee will present three or four notable
papers on research which will make piddle the major research
twcomplishments of the year. The improvement in the quhlity
of radio broadcasting should prove an interesting topic for several
papers to discuss and in addition the educational einmidttee
hopes to present a notable paper or two on educational I opies.

Work is well under way to develop a group of papers dealing
with railroad electrifieation where it is hoped to bring out the
viewpoint of railroad executives on this topic. Golf, tennis and
other social features will be available to the delegates and the
committees in charge of the convention anticipate a large
attendance.

PACIFIC COAST CONVENTION

The Pacific Coast Convention Committee at its last meeting
confirmed the tentative decision to hold the convention at Del
Monte, Cal., September 25-28. It was also decided to hold three
technical sessions at which nine papers will be presented, each
representing an outstanding problem now facing the industry.
Seven of the subjects have been announced as follows:

"Mechanical and Electrical Construction of Modern Power
Transmission Lines," "Waterwheel Construction, Operating and
Governing," "Experience of Manufacturing and Operating
Engineers with Oil Switches," "Practise and Theory in High -
Voltage Operation," "Operation of Group Power Sources with
the Transformer Tertiary Winding in Operation," "Frequency
Problems Arising with Extension of 60-Cyele -Practise and Direct
Current Parallel Operation of 45 -Cycle and 60 -Cycle Power
Groups," "Radio Communication over Power Transmission
Networks."

The ceremony of presenting the Edison Medal to Dr. R. A.
Millikan will take place on the evening of September 26, and on
the evening of September 27 a banquet will be held. The
afternoons during the convention will he devoted to recreation
in the historic neighborhood of Del Monte and Monterey, and
on the afternoon of September 28 a special train will leave for
Hetch Hetchy, in the Yosemite Valley, where members and guests
will be shown the Moccasin Creek hydroelectric development
and all the features of this water project of the city of San
Francisco, which is designed to conserve water in the high Sierras
and convey it 180 miles to San Francisco, developing 150,000
h. p. as a by-product.

Every effort is being made to make this the most interesting
Institute convention ever held in the West.

The Midwinter Convention of the American Institute of
Electrical Engineers has established itself as an occasion for inter-
preting and presenting to the electrical fraternity new discoveries
and accomplishments in the theoretical aspects of electrical
engineering. * * * * * Conventions such as this which serve
to interpret, to apply and to record technical advances in the
art, and which strive to stimulate research through rendering
public homage to the specialists, are valuable to the electrical
industry in even greater degree than those which exist for social
purposes or for discussing commercial or engineering practises.
All who attended the Midwinter Convention must necessarily
have been stimulated and keyed to a higher pitch through
meeting the leading specialists in the industry and hearing them
describe the technical aspects in their fields.-Electrical World.
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The Eleventh Midwinter Convention
The constantly increasing importance and popularity of the

Institute Midwinter Conventions in New York was emphasized
by the results of the eleventh annual Midwinter Convention
held in -the Institute headquarters, New York, February 14-17.
This convention easily surpassed all its predecessors in points
of attendance, variety and character of papers presented and
novelty and scope of its entertainment features. The registered
attendance of members and guests totaled about 1200 and the
attendance at the technical sessions was so large that it was
found necessary to transfer several sessions from the fifth floor
assembly rooms for which they were scheduled, to the main
auditorium.

The conduct of the meetings was planned with more than usual
detail to take care of a rather crowded program, and the arrange-
ments elicited much favorable comment. An estimate of the
time required to present each paper was made, and each author
confined his presentation to the allotted time. The papers were
presented at the beginning of each session in nearly all cases,
thus leaving a definite amount of time which could be devoted
to discussions.

Among the features of outstanding interest at the Convention
which attracted special attention were the joint session with the
Chicago Section by means of telephone connections and loud
speakers, the description of the machine switching telephone
system which is being installed in New York and other large
cities, and the smoker on Thursday evening at which the pallo-
photophone, an instrument which photographs and reproduces
the human voice, was described and demonstrated.

Opening Session
WEDNESDAY AFTERNOON

The convention was formally opened by President Jewett who
called the first session to order Wednesday afternoon at 2.30

o'clock. After a few words of welcome Pres. Jewett disclaimed
any intention of prolonging an already crowded program by
making a formal address, and introduced Mr. E. B. Meyer,
chairman of the Transmission and Distribution Committee, who
presided during the rest of the session. The following papers
were then abstracted by their authors:

Report of Transmission and Distribution Committee, E. B.
Meyer, Chairman. Apparent Dielectric Strength of Cables, by
R. J. Wiseman. Short -Circuit Currents in Networks, by 0. R.
&hung. Qualitative Aizlaysis of Transmission Lines, by H.
Goodwin, Jr. The Heavisidion, by Vladimir Karapetoff. Cable
Testing and Maintenance, by H. S. Phelps and E. D. Tanzer.

These papers were discussed by R. D. Evans, J. L. R. Hayden,
D. W. Roper, Edith Clark, John B. Whitehead, V. Karapetoff,
C. P. Steinmetz, E. W. Davis, R. E. Doherty, G. M. Armbrust,
C. L. Fortescue, S. J. Rosch, H. L. Wallau, G. B. Shanklin and
W. N. Eddy, followed by closures by the authors.

New York -Chicago Joint Session
WEDNESDAY EVENING

President Jewett called the joint New York -Chicago Meeting
to order Wednesday evening. This session was one of unusual
interest, being the first meeting ever held in which two audiences
1000 miles apart were connected by means of two-way long-
distance telephones with loud speaking instruments. All of the
addresses, papers and discussions were also broadcasted. The
significance of the meeting was well brought out in the opening
remarks of President Jewett who said:

To you, members of the American Institute of Electrical Engineers, and
to you, our guests assembled together In New York and Chicago, I wish in
opening this first evening meeting of our Midwinter Convention especially
to call your attention to the unique significance of the occasion which
brings us together and of the epoch in engineering history which it marks,
not only in electrical development hut in the conduct of human affairs
as well.

For the first time in the history of the world, groups of men and women.
separated by hundreds of miles, are gathered together in a common meeting
under a single presiding officer to listen to papers presented in cities sepa-
rated by half the span of a continent, and to take part in the discussion of
these papers with an ease characteristic of discussions in small and intimate
gatherings. At the same time unnumbered thousands in their homes are
auditors of our deliberations through radio broadcasting.

Who can picture the limits of the effect and influence which will flow from
the developments of electrical science and electrical engineering which have
made this night possible. In truth, we are participants in an historical
event, and our children, nay even many of us, may see the agency we here
use employed with mighty effect in controlling our collective relations in
state and nation. Someone has said that the greatest political engine ever
devised was the colonial town meeting where every question of importance
was debated and discussed in an open foum of all the citizens. Be that
as it may, we are well aware that our best government today is found in
those small political units where the town meeting in some form is feasible
and still persists. It is only when we come to the larger units of city, state
and nation that the limitations on common discussion of vital matters,
which are imposed by sheer physical size, evidence themselves in cumber-
some and inadequate substitutes for personal discussion and oftimes in un-
satisfactory results.

May it not be that in this two-way working telephone with its sensitive
transmitters and loud speaking receivers we have the instrumentality for
insuring a simpler and better ordering of our affairs-an instrumentality
which will enable us to derive many of the benefits of the town meeting in
the greater concerns of our national life. The mechanism which we are
here using is one adapted to permit many speakers in many distant audi-
ences to be heard by all who care to listen and take part in a common dis-
cussion. In voicing the opinion that this mechanism is destined profoundly
to affect our political and economic machinery, I intend to convey no
thought or picture of a pure democracy but only of a representative form
of government in which all questions that would be helped by oral discussion
can be so discussed without restraint from the physical limitations of the
human voice or of distance. They might be discussions between widely
separated groups on some matter of common concern or between a desig-
nated representative and his constituents, or in any of the thousand and one
ways in which human beings better their condition by oral discussion.

In the hands of the members of this Institute the telephone has been
developed from the first crude concept of Alexander Graham Bell's great
contribution to knowledge and great gift to mankind, into a machine of
incalculable influence in human affairs. The successful realization of a
dream, a hope and an aspiration dating back to the pioneer days of Bell
himself, namely, the production of a loud speaking telephone which would
reproduce the human voice faithfully but in stentorian tones and in many
places simultaneously has now been accomplished. In the solemn exer-
cises attendant upon the burial of the Unknown Soldier at'Arlington on
Armistice Day a year ago, we had the curtains of the future drawn partially
aside and saw vast audiences in New York and San Francisco commingled.
as it were, with those who listened on the banks of the Potomac, but those
exercises and all subsequent exercises and demonstrations have been in the
nature of one-way transmission; that is, they have been arrangements in
which the speakers were at one place and audience at one or more other
places, or they have been arrangements where a single audience listened to
speakers in different places. Tonight, for the first time, we are witnessing
and making use of the next step in the development by employing an
arrangement which enables many speakers and many audiences in many
places to meet as one body.

From the arrangement at Arlington to that of tonight may seem as a
logical next step. So it is for those who have the imagination to picture
the future, but so too was the concept of a loud speaking telephone a simple
logical next step to anyone who had witnessed the operation of an ordinary
telephone. In both cases the next step easily logical in the imagination
has been technically difficult in reality. It is neither my purpose nor my
place as the presiding officer to trench upon the papers and discussion in-
tended to describe and exemplify this new instrumentality. Before pro-
ceeding to the more formal part of our program, however, I wish merely
to call your attention to the fact that we lack only direct distant vision
to make this joint meeting one in very fact save only for the element of
the personal proximity of those in attendance, and who among us is hardy
enough to believe that this last limitation may not be removed within the
lifetime of many of those now here. Fundamental and applied research
are opening new doors daily in bewildering succession. When they open
that last door which now prevents man from exercising at a distance all
of his powers of personal intimate communication we will have another
noteworthy meeting of this Institute.

Tonight, however, we must be content with full powers of speech and
hearing but with partially defective vision. So it comes about that you,
Mr. Schuchardt, our Vice President in Chicago, and you, Mr. Rhodes, my
Vice-chairman, are each in a unique position, a position in which one of you
is acting in place of the President at a meeting where the President himself
is in attendance in his official capacity, and the other is acting similarly for
the President in his capacity as presiding officer. Some day this may not
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be necessary, but for the moment we aro really acting as the eyes of this
groat Joint meeting and aro transferring as best we can the functions of
distant vision by means of human speech.

The first paper presented entitled Public Address Systems,
by I. W. Green and J. P. Maxfield was read by Mr. Green in New
York. The Use of Public Address Systems with Telephone Lines,
by W. H. Martin and A. B. Clark, was read by Mr. Martin.
These papers were discussed by J. J. Carty and E. B. Craft (New
York) and R. F. Schuehardt and B. E. Sunny (Chicago).

President Jewett next introduced Mr. William B. Potter who
delivered an address on Observations on Electric Railway Prac-
tise, profusely illustrated by lantern slides which were shown
simultaneously in New York and Chicago. Mr. Potter's lecture.
was discussed by A. L. Le Blanc, member of the A. I. E. E. and
Societe Francaise des Electricians, Engineer of Compagnie
Francaise Thomson -Houston, Paris, also speaking for Mr.
Daviol, Electrical Engineer of the Paris -Orleans Railway of
France.

Parallel Telephone and Miscellaneous Sessions
THURSDAY MORNING

One of the parallel sessions on Thursday morning was under
the auspices of the Telephony and Telegraphy Committee and
President Jewett, after opening the meeting turned it over to
0. B. Blackwell, chairman of that committee, who presided.
Three papers were presented by the authors as follows:

Diaphragmless Microphone, for Radio Broadcasting, by Phillips
Thomas, Telephone Transmission Over Long Cables, by A. B.
Clark, and Theory of Electric Filter Circuits, by L. J. Peters.

In connection with Mr. Thomas's paper, J. E. Aiken gave a
demonstration of the apparatus described in the paper.

Discussions followed by R. L. Jones, James J. Pilliod, J. B.
Taylor and G. D. Robinson, with closure by Phillips Thomas.

The other parallel session on Thursday morning, after being
called to order by President Jewett, was turned over to Mr. L. W.
W. Morrow, Vice -Chairman of the Meetings and Papers Com-
mittee, who presided during this session. The following papers
were all read by their authors with the exception of the paper
by W. V. Lyon, which was ready by A. E. Kennelly. The
papers were as follows: Automatic Train Control Problems, by
E. J. Blake; Application and Economics of Automatic Railway
Substations, by L. D. Bale; Single -Phase Regeneration for Series
Commutator Motors, by L. J. Hibbard; The Blondelion, by
Vladimir Karapetoff; Transient in Electrical Machinery, by W.
V. Lyon, and 1922 Developments, in Autovalve Lightning Arres-
ters, by A. L. Atherton.

Discussions followed by D. W. Roper, V. Karapetoff, Frank
J. Sprague, Azel Ames, J. M. Lamberton, C. P. Steinmetz, E. J.
Blake, L. D. Bale, A. L. Atherton, Joseph Slepian and R. F.
Franklin.

Telephone and Telegraph Session
THURSDAY MORNING

This session was called to order at 2.30 p. m. by Mr. 0. B.
Blackwell, Chairman of the Telephone and Telegraph Committee
and after preliminary remarks he called for the presentation of
the paper Machine Switching Telephone System for Large Metro-
politan Areas. The paper was presented by Mr. Morehouse and
the discussion which followed was by F. B. Jewett, Bancroft
Gherardi, L. D. Bale, F. J. Chesterman, E. B. Craft and H. P.
Charlesworth. The next paper Wind Shielding Between Con-
ductors, was presented by the author, F. J. Howe and discussed
by F. L. Rhodes, E. C. Keenan and K. L. Wilkinson. The last
paper of the session entitled The Wave Antenna, by Harold H.
Beverage, Chester W. Rice, and Edward W. Kellogg, was
presented by Mr. Kellogg and discussed by 0. B. Blackwell.

Electrophysics Session
FRIDAY MORNING

Mr. F. W. Peek, Jr., Chairman of the Electrophysics Com-
mittee presided at this session and after some remarks by Presi-

dent Jewett, called for the presentation of the following papers:
Dissymmetrical Electrical Networks, by A. B. Kennelly; Physical
Interpretation of Complex Angles and Their Functions, by A.
Boyajian; Radiation front Transmission Lines, by Charles
Manneback; New Equation for ,Static Characteristics of Electrical
Arcs, by W. B. Nottingham; Electromagnetic Forces; A Search
for More Rational Fundamentals; A Proposed Revision of the
Laws, by Carl Hering; Permeability, by T. Spooner.

These papers were all presented by their authors with the
exception of the paper by Chas. Manneback, which was ab-
stracted by F. S. Dellenbaugh. An extensive discussion ensued,
which was participated in by F. S. Dellenbaugh, A. E. Kennelly,
L. E. Widmark, V. Karapetoff, Joseph Slepian, C. 0. Mailloux,
J. H. Morecroft, John Mills, John B. Taylor, Edward L. Bowleg,
Guerney H. Cole, A. Boyajian, Carl Hering and T. Spooner.

Instruments and Measurements Session
FRIDAY AFTERNOON

The final technical session of the convention was called to
order by Mr. John Mills, in the absence of President Jewett, and
after some brief remarks Mr. Geo. A. Sawin, Chairman of the
Instruments and Measurements Committee took the chair.
The following papers were then abstracted by their authors:

Application and Limitation of Thermocouples for Measuring
Temperature, by I. B. Smith; Measurement of Power in Poly-
phase Circuits, by C. Fortescue; Kilovolt -Ampere Demand
Measurement, by H. C. Fryer; Expansion of Oscillography by
Portable Instrument, by J. W. Legg; Measurement of Transients, if

by F. Terman; Balance Methods in A -C. Measurement, by P. A.
Borden.

The discussion which followed was by R. D. Evans, J. R.
Craighead, P. A. Borden, E. A. Tanzer, E. E. F. Creighton ,
C. L. Fortescue, G. H. Cole, V. Karapetoff, E. P. Peck, H. I.
Curtiss, I. M. Stein, E. D. Doyle, R. C. Fryer, J. W. Legg, F. E.
Terman. Thus concluded the technical sessions of the conven-
tion.

Entertainments
MCGRAW-HILL INSPECTION TRIP

On Thursday, February 15, several hundred members and
guests of the convention visited the publishing plant of the
McGraw-Hill Company, where a buffet luncheon was served,
followed by an inspection trip through this company's large and
well-equipped publishing plant. The visitors were transported
from the headquarters of the Institute to the McGraw-Hill
plant at 10th Ave. and 36th St., by means of busses. They
assembled on the 12th floor, where after a brief address of wel-
come by a representative of the company, luncheon was served.
The party was divided into different groups of about a dozen
each, and each group was in charge of a guide who conducted it
through every part of the plant, including the business, editorial
and art department and through the mechanical department,
which includes printing, binding and mailing. The visit was
thoroughly enjoyed by all who attended and the visitors were
brought back to the Engineering Societies Building just in time
for the afternoon session.

SMOKER

The Smoker held Thursday evening under the auspices of the
New York Section of the A. I. E. E. proved to be one of the most
enjoyable and appreciated innovations that has ever been intro-
duced at the Midwinter Convention. There were 700 members
and guests in attendance, which severely taxed the capacity of
the fifth floor assembly rooms, where the meeting was held.
The early part of the evening was devoted to a program of enter-
tainment, after which light refreshments were served and the
balance of the evening until well after midnight, was spent in
informal social intercourse.

The evening's program opened with a moving picture of
"Daily Events," which was followed by character songs by
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Joseph McKenna. This was followed by a newly released moving
picture entitled "Developments of Aviation," showing the pro-
gress of this science from the early days of the Wright brothers
up to the present time. Addresses were then made by A. E.
Waller, Secretary, and Calvert Townley, Chairman of the New
York Section, after which the pallophotophone was described
and demonstrated by Mr. C. A. Hoxie.

This instrument records on a moving film the light beams from
a very small mirror, mounted so as to follow the movement of a
diaphragm on which the sound falls. In reproducing the sound,
the film is passed in front of a light beam which effects the light
falling on a light-sensitive cell, which in turn varies the current
to correspond with the original voice wave. The device seems
destined to make the talking motion picture a reality. The
purity of the voice reproduction is remarkable and it is free from
the inherent characteristic defects of most mechanical contri-
vances for voice reproduction. To demonstrate this feature of
purity Mr. Hoxie gave a short prepared speech from the ad-
joining room, once vocally and once reproduced on the pallo-
photophone. He asked the audience to guess which was vocal
and which was reproduced and the raising of hands showed the
audience about equally divided in their opinions.

Following this demonstration Mr. Jack Arnold gave mono-
logues with many entertaining stories and Mr. Albert Baker
gave amusing examples of ventriloquism. This concluded the
formal program.

DINNER DANCE

The convention closed Friday evening with the annual dinner -
dance at the Hotel Astor. This function was attended by over
500 guests, which makes it the best attended dinner -dance in the
history of the Institute.

INSPECTION TRIPS

Many small parties during the convention and on the Satur-
day following made visits of inspection to various plants and
laboratories in and around New York City, which had courte-
ously been opened to members and guests of the convention.
Among the plants so visited were the Pennsylvania Machine
Switching Station, the New York Telephone Company, the Bell
System Research Laboratories, the American Telephone and
Telegraph Broadcasting Station, Power Plants of the Inter -
borough Rapid Transit Company, the New York Edison Co.,
the Power Station of the United Electric Light & Power Co., the
Essex Power Station of the Public Service Electric Company and
the Electrical Testing Laboratories. On Friday afternoon a
number of the lady guests were entertained at the laboratories
of Good Housekeeping Magazine, where tea was served.

Ethics of the Engineering Profession
A reprint of the Code of Principles of Professional Con -

duet, adopted by the A. I. E. E. in 1912, has recently been
published and is available for free distribution upon application
to the secretary of the Institute. This brings to mind the
decided trend during the past few years toward the formula-
tion and adoption of codes of ethics by numerous organizations
in different, fields of activity. Such codes have become impor-
tant agencies in upholding high ideals in the constantly broaden-
ing social, economic and industrial relations of the various
groups concerned.

The engineering profession was slow to adopt such codes,
because of the prevalence of the more general view that an ad-
herence to the (lolden Rule would meet all the requirements,
without formulating specific applications to the engineering
The broadening concept of the profession, due to its increasing
contacts with the varied activities of life, gradually brought about
a realization that a simple statement of desirable procedure in
the more common relations of groups and individuals within the
profession, would be very helpful, particularly to the younger
engineers.

These views, stimulated by the presidential address of Dr.
Schuyler S. Wheeler on "Engineering Honor" presented before
the A. I. E. E. in 1906, led to the adoption of the Code by the
A. I. E. E. in 1912. Ten years later, namely, in March 1922, the
Board of Directors of the Institute adopted resolutions reaffirm-
ing adherence to the Code, which "had served its purpose effec-
tively during the past ten years." At the same time the Direc-
tors adopted a resolution providing that "in addition to its
function of formulating and administering a code, it shall be the
duty of the Committee on Code of Principles of Professional
Conduct to advise inquirers respecting questions of proper pro-
fessional conduct, and to examine into and investigate any
practise of any member of this Institute which may be regarded
as prejudicial to the welfare of the Institute, the engineering
profession, or of the community, and to report its actions and
recommendations to the Board of Directors, which shall take
such action thereon as it may deem proper." Acting under this
resolution, the Institute's committee has investigated matters
coming within the scope of the Code and concerning members
of the Institute, and appropriate action was taken in each
instance.

Since the adoption of the Code by the Institute in 1912, several
other engineering societies have also adopted codes of conduct,
including the national societies of civil and mechanical engineers;
and these other societies have also established committees or
other agencies for the administration and enforcement of such
codes.

An interesting feature which is clearly brought out by a com-
parison of the more recently adopted codes with the original, is
that viewed all together they form strong indorsement of the
principle of standardization. Some of these codes were prepared
independently, purely in response to the demand for briefer
and simpler statements of the leading principles; but after
these had passed through the hands of the many who assisted
with criticisms, etc., and were brought out in their respective
final forms, their resemblance to the Code of the Electrical
Institute is striking. They not only cover practically the
same subjects and are expressed in substantially the same lan-
guage, but their authors have seen fit, after much consideration,
to make their general structure, that is, the division of
subjects and the arrangement, follow very closely the A. I. E. E.
Code of 1912.

Southern Virginia Section Organized
On January 22, 1923 the organization meeting of the Southern

Virginia Section of the A. I. E. E. was held at Richmond, Va.
The meeting was called to order by W. C. Bell and the following
Executive Committee was elected: W. C. Bell, Chairman;
H. C. Leonard, Secretary; C. H. Quinn, W. S. Rodman, L. W.
Webb. By-laws were adopted and resolutions passed advocating
cooperation. with various other engineering societies in the State
in the formation of a Technical Council. An informal discussion
of plans for the ensuing year followed.

Scholarship in Electrical Engineering at
Columbia University

The governing bodies of Columbia University have placed at
the disposal of the American Institute of Electrical Engineers
a scholarship in Electrical Engineering in the Schools of Mines,
Engineering and Chemistry of Columbia University. The
scholarship pays $350 toward the annual tuition foes which
vary from $340 to $360, according to the details of the course
selected. Reappointment of the student to the scholarship for
the completion of his course is conditioned upon the maintenance
of a good standing in his work.

To be eligible for the scholarship, the candidate recommended
will have to moot the regular admission requirements, in regard
to which full information will he sent without charge upon appli-
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cation to the Secretary of the University or to the Secretary of
the Institute.

In a letter addressed to the Secretary of the Institute, an
applicant for this scholarship should set.forth his qualifications
(age, place of birth, education, reference to any other activities,
such as athletics or working way through college, references and

' photograph). A committee composed of Messrs. Francis
Blossom, F. B. Jewett and W. I. Slichter will consider the
applications and will notify the authorities of Columbia Univer-
sity of their selection of a candidate. The last day for the filing
of applications for the year 192.3-24 will be June 1, 1923.

The course at the Columbia School of Mines, Engineering
and Chemistry, is 3 years in length and is on a graduate basis.
A candidate for admission must have had something of a general
education, including considerable work in mathematics, physics
and chemistry. Three years of preparatory work in a good col-
lege or scientific school should be sufficient, if special attention
has been given to the three preparatory subjects mentioned.
A college graduate, with a Bachelor of Science degree in engi-
neering, can generally qualify to advantage. The candidate is
admitted on the basis of his previous collegiate record, and with-
out undergoing special examinations. Other qualifications being
equal, members of Student Branches of the A. I. E. E. will be
given preference.

The purpose of this advanced course is to produce a high
type of engineer, trained in the humanities as well as in the
fundamentals of his profession. It is hoped that members will
show a keen interest in this scholarship, which will insure the
choice of a candidate of the highest qualifications.

Scholarship in Electrical Engineering at
Stanford University

Through the generous gift of Mr. there is
available in the Electrical Engineering Department of Stanford
University for the academic year 1923-24 a scholarship carrying
a stipend of $500. This scholarship is designated by the authori-
ties of the University the "Elwell Scholarship."

The purpose of the scholarship is to assist some young man
of intellectual promise, but of limited means, in undertaking a
year of graduate study in the Electrical Engineering Department
of Stanford University. However, it is expected that the holder
of the Elwell Scholarship shall be supplied with sufficient funds
so that, with the assistance of the $500 stipend attached to the
scholarship, he may be supported in a fair degree of comfort
without being compelled, during such times as the University
is in session, to du remunerative work to add to his income.

It is required that an applicant shall have gained, at leaz:t.
the degree of Bachelor of Science in Electrical Engineering or its
equivalent. However, applications will lie considered from those
who have received the degree of Bachelor of Science, or its
equivalent, in 11%Iee Mining, or Chemical Engineer-
ing. For both classes of applicants, this year's work normally
leads to the degree of Engineer in Electrical Engineering.

Each application should set forth as far as may be practicable
the plans of the applicant relating to, his proposed program of
studies, and also in relation to his probable choice of work fol-
lowing the year at Stanford. The applicant should request
several persons who are competent to judge of his character
and of his intellectual ability to write directly to the university
in support of his application. An essential part of every applica-
tion is a transcript of all the grades made by the applicant in
his previous college courses. This transcript must be an original
document issued and certified by the registrar (or corresponding
officer) of the college concerned. Address all correspondence to
Professor Harris J. Ryan, Executive, Electrical Engineering
Department. Stanford University, California.

Future Section Meetings
Baltimore. -March 18, 1923. Subject: "Wired Wireless."

Speaker: Mr. R. D. Duncan, Jr.
April 20, 1923. Subject: "Insulator Design and Manu-

facture." Speaker: Mr. K. A. Hawley.
Boston. -March 13, 1923. Subject: "Design of Transform-

ers and Other Features of the Queenston Plant at Niagara
Falls." by Mr. M. E. Skinner and "The Trend of Power Trans-
former Development," by Mr. M. 0. Troy.

March 30. 1923. Joint meeting with the New England Sec-
tion of the Illuminating Engineering Society. Subject: "The
History of Artificial Illumination from the Dawn of Civilization
to the Present Time." Speaker: Dr. M. Luckiesh.

April 16. 1923. Subject: "The Panama Canal -Operation,
Traffic and Future," by Brig. -Gen. Chester Harding, U. S. A.,
retired.

Chicago. -March 19, 1923. Joint meeting of the Western
Society of Engineers. Subject : "Industrial Research."
Speaker: Mr. C. E. Skinner

Cleveland. -March 22, 1923. Subject: "Motors, Bearings.
Brakes, Clutches, Control." Speaker: Mr. MacCutcheon.

April 19. 1923. Subject: "Manufacture of Copper Wire and
Cable." Speaker: Mr. C. F. Hood.

Detroit -Ann Arbor. -March 16, 1923. Associate Technical
Society Meeting. sponsored by A. I. E. E.

April 13. 1923. Speaker to be announced.
Minneapolis. -March 16. 1923. Subject: "National and

International Standardization." Speaker: Mr. C. E. Skinner.
April 2, 1923. Subject: "Carrier Current Telephony."

Speaker: Mr. H. A. Affel.
Philadelphia. -March 12, 1923. Subject: "Recent Devel-

opments in Thermionic Tubes." Speaker: Mr. Saul Dushman.
April 9, 1923. Subject: "Arrester Protection." Speaker:

Major Malcolm MacLaren.
Pittsfield. -March 15. 1923. Subject: "Vacuum Tubes and

Their Application." Speaker: Dr. Irving Langmuir.
March 29. 1923. Subject to be announced. Speaker:

Mr. G. Faecioli.
Rochester. -March 23, 1923. Subject : "Relay Protection."

Speaker: Mr. Hunting.
April 27. 1923. Subject : "Economics of Railway Electrifica-

tion." Speaker to be announced.
Seattle. --March 21, 1923. Subject: ".k Radio Stunt

Night." Speaker: Mr. J. D. Ross.
March 23. 1923. Subject: "Power Factor Correction."

Speaker: Mr. F. F. Ambuhl.
April 6, 1923. Joint meeting with the Engineering Institute

of Canada at Hamilton. Speaker not chosen.
April ls, 1923. Subject: "The Columbia Basin Project."

Speaker: Mr. 'Willis T. Batcheller.
April 20. 1923. Subject and speaker not chosen.
Washington. D. C. -March 13, 1923. Subject: "Elec-

trical Equipment on Automotive Vehicles." Speaker: Mr. J. H.
Hunt.

Worcester. -March 15, 1923. Subject : "The Development
of Illumination." Speaker: Mr. W. D'A. Ryan.

April 12, 1923. Subject and speaker to be announced later.

Bombay Association of Institution of
Engineers Holds First Annual Meeting

The First Annual Meeting of the Bombay Association of the
Institution of Engineers (India) was held on November 28 and
29 at Bombay. Two papers were presented: "The Advantages
and Disadvantages of the Intercepting Trap in the Drainage
System in Bombay," by K. B. Dadyburjor, and "Pulverized
Coal as a Fuel," by T. S. Dawson. There were two inspec-
tion trips, and a dinner on the last evening at the Taj Mahal
Palace Hotel.
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Societe des Ingenieurs Civils de France
Some months ago the United Engineering Society adopted

a resolution offering the facilities of meeting rooms in the
Engineering Societies Building, New York, to the members of
the American Section of the French Society of Civil Engineers.
The invitation was accepted and a few meetings have been held.

Recently the French society has returned this courtesy by
extending to the American engineers in Paris the privilege of the
use of the rooms of that society for such occasional meetings as
may be held.

This exchange of courtesies will naturally tend to enhance the
already cordial relations existing between the American and
French engineering societies.

Annual Meeting Date of the Electric Power
Club

The next annual meeting of the Electric Power Club will be
held on June 11th to 14th, inclusive, at the Homestead, Hot
Springs, Virginia, where this Association was organized in 1908.

It is expected that a considerable amount of important stand-
ardization of electric power apparatus will be effected at that
meeting, because the new edition of the Electric Power Club
Handbook will be published soon thereafter, and all the different
sections of the club are working to accomplish as much as pos-
sible this Spring, in order to get their work into the new Hand-
book.
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ENGINEERS AS PUBLIC LEADERS
The colleges of the country are urged to "point engineers

toward leadership in public affairs" in a report submitted to the
Federated American Engineering Societies by its Committee
on Industrial Ideals, of which Prof. Joseph W. Roe, head of the
Department of Industrial Engineering at New York University,
is chairman.

The report stresses the need of the engineer in public life,
asserting that he must aid in removing the difficulties of the
material world which he has created. Carrying out the idea
expressed by Edwin Ludlow, past -president of the American
Institute of Mining and Metallurgical Engineers, that "this is

an engineer's country but a lawyer's government," the report
continues:

"For a century, engineers have directed their energy toward
the utilization of the physical forces and the materials of nature.
The developments which they have brought about have created
an epoch in human history.

"While these developments have been of inestimable benefit,
and modern society could not exist without them, they have
introduced many public problems and social readjustments, so
closely related to the engineer's activities, that it is increasingly
evident he must assume an active part in their solution.

"Recognizing this growing need, the engineers of the country
formed the Federated American Engineering Societies. primarily
to place their knowledge and training at the public service on all
public matters affecting engineering, or affected by it.

"Engineering education, reflecting closely the attitude of
engineers heretofore, has confined its work almost exclusively to
scientific and technical training, giving little, if any attention to
the social and human aspects of engineering enterprises.

"The Federated American Engineering Societies, therefore,
speaking for the engineering profession, urges upon engineering
colleges an increased attention to the social aspects of 'engineering
activities, and a broadening of their technical training, in every
way possible, to develop in engineering students the spirit of,
and a capacity for, active leadership, not only in industry but in
public affairs."

The other members of the committee, whose report has been
adopted by the governing body of the Federation, are: Mortimer
E. Cooley, Dean of the Engineering Schools of the University
of Michigan and successor of Herbert Hoover as president of the
Federation; Prof. C. F. Scott of Yale University and J. C. Ral-
ston of Spokane, Wash.

Dean Cooley, in making public the report, declared that the
American engineering profession "was on the eve of great
developments, not so much in the engineering as in the social
sense." The engineer, he added, was going to take the place
in the world to which he was entitled. It was probable, he said,
that the Federation would soon undertake another national
public service ranking in importance with the Report of Waste in
Industry and the Report on the Two -Shift Day.
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NATIONAL RESEARCH COUNCIL

APPARATUS AND SUPPLIES FOR RESEARCH
Is an instrument for my present need available or must I

design one? Where may a specified type of apparatus be ob-
tained? Where may plans for laboratory construction and ideas
about special equipment be had? What are the best sources of
certain chemical or other supplies for research? These are
samples of recurrent questions from the research laboratory.

This is obviously an era of research accompanied by phenomen-
ally successful application of results to engineering and other
types of industrial need. The hundreds of research laboratories
which now exist in this country are making heavy demand on
manufacturers and distributors of research equipment and
supplies.

With the purpose of helping to meet the growing demand for
information the Research Information Service of the National
Research Council has assembled catalogues and lists of research
appliances issued by makers and dealers. Publications of nearly
500 domestic firms and nearly 200 foreign firms are now on file.
They have been classified for effective use and a subject catalogue
of apparatus has been prepared. The Serviceh as also an up-
to-date list of manufacturers and distributors of research
chemicals.

If the Service cannot supply just the information that you
desire it ordinarily can at least put you in touch with some such
useful source of information as manufacturer, dealer or designer.

Electrical engineers and investigators who desire assistance
in locating special instruments, apparatus or supplies for use
in their laboratories are invited to avail themselves of the re-
sources of this organization.

The appropriate address for inquiries is Information Service,
National Research Council, Washington, D. C.

English Metallurgist Lectures at American
Colleges

Dr. Walter Rosenhain, head of the metallurgical department
of the National Physical Laboratory at Teddington, England,
has arrived in America to address universities, engineering socie-
ties and other organizations, it is announced by the Federated
American Engineering Societies.

On February 19, Dr. Rosenhain spoke before the Metals Di-
vision of the American Institute of Mining and Metallurgical
Engineers at 4 p. m. in the Engineering Societies Building, 29
West 39th Street. His subject was "Solid Solutions."

During February Dr. Rosenhain visited Lehigh University
and Franklin Institute at Philadelphia. He spoke at Columbia
University on February 23, and on February 26, 27 and 28 he
was at Yale. In March he will be heard by the Production Club
of Waterbury, Conn.

Other places in Dr. Rosenhain's itinerary include: Massachu-
setts Institute of Technology, March 5, 6 and 7; Corning, N. Y.,



9-1 INSTITUTE AND RI' LATE!) AC1'IV1.11E8 Journal .1. 1 E. E.

Mundt 10; Case Sehool of Applied seioneo, cloveland, March
1'2 and 13; University of Michigan, March 1,1, IS and 10;
Detroit, March 17, 18 and 19, addressing the American Society
fur Steel Treating on the 19th; University of Illinois, March 2(1,
21 and 22; Chieago, March 23 and 24; Toledo, 0., March 26;
Dayton, O., Engineers' Club, March 27; Huntington, \Vest Va.,
March 28; Charleston, West Va., March 29; Pittsburgh, March
30; Washington, D. C., April 1-5.
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Dr. New York 11.11111.111Mi eu lsuuut'4'te,I
with the annual tint -hug of the .1inerieith Ie Iituteof Mintwand
Metallurgical Engineers.

Following are the subji.ets of the lectures delivered by Dr.
Itosenhain: "Hardness and Hardening," "The Structure and
Constitution of Alloys," "Strain and Friusture in Metals,"
"Aluminum Alloys," and "NI etallu rg lea! Itesearch at. the
National Physical I.:Woratory, Englund."

Engineering Societies I I wary
The library is a cooperative activity of the American Institute of Electrical Engineers, the American Society of

Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the A meriran Society of Mechani-
cal Engineers. It is administered for these Founder Societies by 11w United Engineering Sociily, as a public reference
library of engineering and the allied sciences. It contains 160,000 volumes and pamphlets and receives currently
most of the important periodicals in its field. It is housed in the Engineering Societies Building, 29 West Thirty-
ninth St., New York.

In order to place the resources of the Library al the disposal of those unable to visit it in person, the Library is
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance.
Charges sufficient to cover the cost of this work are made.

The Director of the Library will gladly give information concerning charges for the various kinds of service to
those interested. In asking for information, letters should be made as definite as possible, so that the investigator may
understand clearly what is desired.

The library is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during
July and August when the hours are 9 a. in. to 6 p. m.

EXTRACTS FROM ANNUAL REPORT FOR 1922
During the past year the Engineering Societies Library has

enjoyed a quiet growth along lines explained in previous reports
and there has been no new departures of any considerable
magnitude. The recataloging of the collection is steadily pro-
gressing and from the results obtained it is evident that previous
estimates of the library contents were too large. Considerable
duplication existed and much material has been found no longer
worth preserving.

Estimates of the library collection on Dec. 31, 1922, show the
following figures:

The income and expenses of the Library during 1922 were as
follows:

Volumes 117,308
Pamphlets 32,419
Maps and Plans 1,576
Manuscript Bibliographies 3,904

Total

General Operation

INcome, 1922
Appropriations:

Founder Societies
*United Engineering Society
National Electric Light Association
Carnegie Corporation

Endowment Fund

Total

EXPENSES, 1922

Salaries $19,631.58
Books 1,349.94
Binding 3,281.61
Periodicals 2,602 .28
Supplies & Miscellaneous 1,373 .43
Equipment 732.58
Insurance 842.56

Operating Surplus
Operating deficit December 31, 1921 $60 . 63
tinterest accrued on Endowment Fund 1921,

charged off during 1922 1,246.14 1,306 .77

155,207

$22.000 . 00
306.05

1,000 .00
2.900 .00
4,914.70

$31,120.75

29,813 .98

Operating balance

$1,306.77

$00.00

Recataloging
iNcol.m, 1922

Appropriations:
Founder Societies $10,000.00
Carnegie Corporation 7 100.00
Miscellaneous Receipts 275 . 75

Total $17,375 75

EXPENSES, 1922
Salaries $14,248.28

Operating surplus $3,127.47
Operating deficit December 31, 1920 $1,950.49
Operating deficit December 31, 1921 1,106.15 3,056. 64

Operating balance $70 . 83

Service Bureau
AMOUNT BILLED

Search Dept.
Photoprint Dept.

Total

EXPENSES, 1922

$9,411.81
5,421. 19

$14,833 00

Salaries, Searchers $7,990 . 66
Salaries, Photographers 3,143 .19
Supplies, Search 719.08
Supplies, Photographic 1,473 .20 S13.326.13

Operating surplus $1,506 . 87
Operating deficits, December 31, 1921

Search Department 929.02
Photoprint Department 17.16

Accounts written off 417.53 1.363.71

Operating balance $143 18

Condition of Accounts Receivable
Search Department $1,906.28
Photoprint Department 258.35

$2,164.63
Accounts written off 417.53

Net accounts receivable, December 31, 1922 $1,747.10
Accounts receivable, December 31, 1921 2,111 .25

The complete annual report may be obtained by applying
to the Director of the Library, Engineering Societies Building,
33 West 39th St., New York.

To remove deficit caused by change of accounting from accrual to
cash basis.

(Because of change from accrual to cash basis.
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BOOK NOTICES, JANUARY 1-31, 1923.
Unless otherwise specified, books in this list have been pre-

sented by the publishers. The Society does not assume re-
sponsibility for any statements made; these are taken from the
preface or the text of the book.

All the books listed may be consulted in the Engineering
Societies Library.

ANNUAIRE DU BUREAU DES LONGITUDES. 1923.

By France: Bureau des Longitudes. Paris, Gauthier-Villars
et Cie, [1922]. 860 pp., por., maps, tables, 6 x 4 in., paper.

) 6 fr. 5o.
This convenient reference book has appeared annually for 128

years. The volume for 1923, like its predecessors, covers a wide
field of statistical information, astronomical, physical, geo-
graphical and social. Five star maps are included, and an
extensive review of the climate of France.

BIBLIOGRAPHICAL HISTORY OF ELECTRICITY AND MAGNETISM.

By Paul Fleury Mottelay. Lond., Charles Griffin & Co.,
1 Phila., J. B. Lippincott Co., 1922. 673 pp., plate, por., 10 x 6
i in., cloth.

(Gift of J. B. Lippincott Co.)
This work is the definitive edition of the author's "Chrono-

logical History of Magnetism, Electricity and the Telegraph,"
which had tentative publication (1891-1892) in the Electrical
World and other journals. Since that publication it has under-
gone a thorough revision and a very large number of new refer-
ences has been added.

The volume contains a series of references, arranged chrono-
logically, to writings upon electrical science. A period of 4458
years is covered, from 2637 B. C., the earliest date when history
notes anything resembling the application of the magnetic
influence, to 1821, when Faraday discovered electromagnetism.
Each entry gives a concise account of the work of an investi-
gator, and a list of the authorities consulted by the author. The
volume is a remarkable example of erudition and industry, which
will be welcomed as a guide to the records of the earlier workers
and writers.

THE DYNAMO, ITS THEORY, DESIGN AND MANUFACTURE. VOL. 1.

By C. C. Hawkins. 6th edition. London & N. Y., Isaac
Pitman & Sons, 1922. 615 pp., illus., diagrs., 9 x 6 in., cloth.
$6.00.

A standard British text of comprehensive character, covering
both direct and alternating -current generators. In this revision
greater space is given to the treatment of the electromotive force
of the dynamo by vectorial methods, the theory of armature
winding has been reconsidered and expanded and greater promi-
nence is given to drum armatures. A section on the oscillation of
a mechanical system, a discussion of the compressive stress on the
mica plates in high-speed commutators and the winding of shunt
coils with two sizes of wire are among the new matters that have
been added. The book has been largely rewritten and carefully
revised.

ELECTRICAL ENGINEERING LABORATORY EXPERIMENTS.

By C. W. Ricker & Carlton E. Tucker. 1st edition. N. Y. &
Lond., McGraw-Hill Book Co., 1922. 310 pp., diagrs., 9 x 6
in., cloth. $2.25.

To make laboratory teaching effective, the student should be
carefully supervised at the beginning of his course in order that he
may learn as rapidly as possible the fundamentals of electrical
testing and use them as tools for his more advanced work. He
should then be assigned work that will require original thinking
and be required to rely more or less upon his own resources.

In preparing this book the writers have kept these thoughts in
mind. The text is intended to be flexible enough for adaptation
to almost any course. It has grown out of extended experience
in the Massachusetts Institute of Technology.

ELEMENTARY INTERNAL COMBUSTION ENGINES.

By J. W. Kershaw. 2d edition; Lond. & N. Y., Longmans,
Green & Co., 1922. 211 pp., diagrams., 7 x 5 in., cloth. $1.75.

An elementary account of the construction and working of oil
and gas engines and power -gas producers, intended as an intro-
duction to more advanced books.

EXPERIMENTAL ELECTRICAL ENGINEERING AND MANUAL FOR
ELECTRICAL TESTING. VOL. 1.

By Vladimir Karapetoff. 3rd edition. N. Y., John Wiley &
Sons; Lond., Chapman & Hall, 1922. 795 pp., illus., diagrs.,
9 x 6 in., cloth. $6.00.

This textbook on the testing of electrical machinery is based on
the course of instruction given by the author at Cornell Univer-
sity,but the selection of material has been modified by comparison
with the courses in other colleges, so that the book presents a
composite picture of what is actually taught in the electrical
laboratories in this country.

This edition has been completely revised and reset. Volume
one contains all elementary experiments and is sufficient for the
needs of general students. Volume two contains advanced work
needed by students of electrical engineering.

INTERNAL-COMBUSTION ENGINES.

By J. Okill. Lond., & N. Y., Isaac Pitman & Sons, [1922].
(Pitman's Common Commodities and Industries). 126 pp.,
illus., 7 x 5 in., cloth. $1.00.

A review of the development and construction of the various
types of internal combustion engines, written to show how gas
and oil engines stand as competitors to steam for all power
purposes, and to discuss some of the power requirements that are
beyond the scope of the steam engine.

LABOR TURNOVER IN INDUSTRY.

By Paul Frederick Brissenden & Emil Frankel. N. Y.,
Macmillan Co., 1922. 215 pp., tables, 9 x 6 in., cloth. $3.50.

The questions discussed in this work include the general extent
of labor mobility; labor mobility in individual plants and in
special groups within the work force, causes of turnover, seasonal
influences, effects of length of service, responsibility for insta-
bility. The investigation is based on statistics collected for the
United States Bureau of Labor Statistics, from over 260 es-
tablishments employing over 500,000 workers. The problem is
treated primarily from the point of view of the individual
establishment.

MACHINERY FOUNDATIONS AND ERECTION.

By Terrell Croft. 1st edition. N. Y. & Lond., McGraw-
Hill Book Co., 1923. 691 pp., illus., diagrs., 8 x 6 in., cloth.
$5.00.

Section one of this book considers the general requirements
that foundations for machinery must meet. This statement of
fundamentals is immediately followed by divisions treating of the
design and properties of the different components of foundations,
such as anchor -bolts, anchor -plates and anchors. Following these
come instructions on the installation and reconstruction of
foundations.

The divisions in the next group give specific information on
the design and construction of foundations for certain types of
machinery, including steam engines, and turbines, boilers,
waterwheels, electrical machinery, hammers and planers. The
concluding divisions explain methods for erecting machinery.

The book is written for practical men, and avoids the use of
higher mathematics. Little has been written previously on the
subject.

OIL POWER.

By Sydney H. North. Lond., & N. Y., Isaac Pitman & Sons,
1922. (Pitman's Common Commodities and Industries).
122 pp., illus., tables, 7 x 5 in., cloth. $1.00.

A concise, yet comprehensive account of the use of oil for
power production, which covers the subject in a general manner,
without attempting great detail on its many aspects. Intended
for engineers, shipowners and users of fuel. Gives special
attention to the economic advantages of oil.

VECTOR CALCULUS, WITH APPLICATIONS TO PHYSICS.

By James Byrnie Shaw. N. Y., D. Van Nostrand Co., 1922.
314 pp., 8 x 5 in., cloth. $3.50.

Embodies the author's lectures to graduate students. The
attempt has been to give a text to the mathematical student on
the one hand, in which every physical term beyond mere ele-
mentary terms is carefully defined. On the other hand for the
physical student there is a large collection of examples and
exercises which will show him the utility of the mathematical
methods. The system adopted is algebraic.



296 INSTITUTE AND RELATED ACTIVITIES Journal A. I. E. E.

United Engineering Society Extracts from
Treasurer's Report for 1922

The following extracts are taken from the report of the Treas-
urer of the United Engineering Society, covering the calendar
year 1922:

CASH STATEMENT, YEAR 1922

RECEIPTS
Cash on hand January 1, 1922 $14,219.35
from Founders & Associates $138,294 . 27

Societies not in Building 17,811 .17
Various Accounts 41,994.08
L. S. B. Photo Dept. 5,515 .06
L. S..B. Search Dept 9,274 .28 212,888.86

44

PAYMENTS

For Operating Payroll
" Operating Expenses
" Equip. Repairs & Alterations
" Misc. Incl. Taxes
" Library

$46,919 . 31
37,225 . 22
10,195 . 56
53,144 . 50
56,868. 73

Cash on hand January 1, 1923

Distributed as follows:

Operating Cash
General Reserve Fund, Uninvested Principal
Library Endowment Fund Uninvested Principal
Engineering Foundation Fund Uninvested Principal
Depreciation & Renewal Fund Uninvested Principal
John Fritz Medal Fund, Income

$227,108.21

204,353 .32

$22,754.89

$13,250.01
2,500 . 00

313 . 65
446.33

5,920 . 84
324.06

SUMMARY OF FUNDS, DECEMBER 31, 1922
Depreciation & Renewal Fund
General Reserve Fund
Library Endowment Fund
Engineering Foundation Fund
John Fritz Medal Fund

$22,754.89

$133,233 . 69
10,000.00
93,357.40

502,074. 80
3,500 . 00

Total $742,165.89

ASSETS AND LIABILITIES

December 31, 1922

ASSETS

Property
Land
Building
Equipment

Founders' Preliminary Expenses

Investments Engineering Foundation
Libiary
Depreciation and Renewal. . .

General Reserve

Operating Cash
Library Petty Cash
Accounts Receivable

LIABILITIES
Founders Equity in Property
Engineering Foundation Fund
Library Endowment Fund
Depreciation & Renewal Fund
General Reserve Fund
Deferred Credits-unexpended balance in

International Dinner Fund

Library Income for year 1923
Balance in Activity Accounts

*Total of Actual Expenditures.

$540,000 . 00
1,361,969.51

33,171 .16
24,000 .00

13,350 .01
50.00

3,869.65

$54.89

200.00

*$1,959,140 . 67

502,074 . 80
93,357. 40

133,233 . 69
10,000.00

17,269. 66

$2,715,076.22

$1,959,140 . 67
502,074. 80
93,357 . 40

133,233 . 69
10,000.00

254.89
17,014.77

$2,715,076.22
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C. H. MArrHEws is now connected with the Hudson Coal Co.,
Scranton, Pa. His former work was with M. A. Hanna & Co.,
Cleveland, O.

J. E. BROKEMYR has resigned from the Utah Power & Light
Company to become associated with the Drafting Department,
Stone & Webster, Inc., Boston, Mass.

H. W. BROWN has accepted a position with the Postum Cereal
Co., Battle Creek, Mich. He was formerly with the American
Agricultural Chemical Co., Detroit, Mich.

N. B. AMBLER has resigned from the employ of the Toronto
Power Company, Ltd., Niagara Falls, Ont., to accept a position
with McClellan & Junkersfeld, 45 William St., New York City.

H. S. RUSSELL, until recently with the St. Joseph Railway,
Light, Heat & Power Company, St. Joseph, Mo., has accepted
a position with the Virginian Power Company, Charleston, W.
Va.

E. A. GRAHAM, formerly connected with the Electric Bond &
Share Company, 71 Broadway, New York City, has accepted a
position with the Compania Electrica de Cienfuegos, Cienfuegos,
Cuba.

J. L. STANNARD has been appointed Chief Engineer of the Lake
Cushman Power Project for the city of Tacoma, Wash., resigning
from his present position with Grant Smith & Co., San Fran-
cisco, Cal.

WALLACE W. BRIGGS has severed his connection with the
Westinghouse Lamp Co., New York City, to become Vice -Presi-
dent of the United States Gasoline Mfg. Co., 165 Broadway, New
York City.

H. TABOSSI has accepted a position with the General Electric
Company in South America as commercial engineer, having held
a similar position with the British Thomson -Houston Co., Ltd.,
in Rugby, England.

CHASE DONALDSON, formerly appraisal engineer with the
American Gas & Electric Company, has resigned and is now an
investigator for security issues with Hayden, Stone & Company,
25 Broad St., New York City.

V. Y. DAVOUD is now with the Engineering Department of the
Electric Bond and Share Company, 71 Broadway, New York
City. His former position was with the Utah Power & Light
Company, Salt Lake City, Utah.

0. E. BURLEEN has accepted the western management of the
Graham & Norton Company, 126 -11th Ave., New York City, with
headquarters in Chicago, Ill. He was formerly with the Elevator
Supply Company, St. Louis, Mo.

ANDREW J. MCGREGOR has become associated with the
McGraw-Hill Company as Markets and Research Engineer on
Power. He was formerly with Roy D. Lillibridge, Inc., New
York City as Technical Advertising Engineer.

G. B. NIcHoLs has opened an office at 300 Madison Ave., New
York City, as Designing and Consluting Engineer, specializing
in public buildings. He has been for ten years Chief Engineer
in the Department of Architecture, New York State.

JOHN 0. MONTIGNANI, formerly Engineer of Electric Distri-
bution and Division Superintendent with the Rochester Gas &
Electric Corporation, is now employed with the Westchester
Lighting Co., Mt. Vernon, N. Y., as Assistant Electrical
Engineer.

JOHN M. BOND has resigned as Head of the Car Equipment
Test Department of the Interborough Rapid Transit and New
York Railways Companies, New York, to accept a position as
Sales Engineer for the National Carbon Company, Carbon
Products Division, Chicago, Ill.

W. G. WATSON, Managing Director of W. G. Watson & Co.,
Ltd., Electrical Engineers and Merchants, Sydney, Australia, will
visit America on business, arriving by the "Niagara" at Vancouver
on March 24th. Letters should be addressed to him c/o
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Hotpoint Division of the Edison Electric Applicance Co., Inc.,
Los Angeles, Cal., and after March 24th, c/o G. J. Mitchell
Corporation, 3240 W. Lake St., Chicago, Ill.

J. ROWLAND BIssurs has recently resigned as Manager,
Transportation Department, United States Chamber of Com-
merce, for consulting engineering practise in transportation and
its related economic and civic problems, During his two years
in Washington, Mr. Bibbins devoted special study to the whole
group of transport agencies-railway, traction, highway, etc.
in connection with legislation and public policy.

Obituary
ROBERT E. CHETWOOD, Plant Engineer of the Western Union

Telegraph Company, died on Thursday, January 25, 1923.
Mr. Chetwood who was born in Elizabeth, N. J., February 15,
1873 was a graduate in electrical engineering of Lehigh Univer-
sity, class of 1895. He immediately entered the Engineering
Dept. of the A. T. & T. Co., specializing in the construction and
maintenance of the outside plant. He left the A. T. & T. in 1910
to become Engineer of Construction for the Western Union
Telegraph Co. Eventually be became Plant Engineer in charge
of the engineering design of the entire plant including buildings
and equipment. He held that position at the time of his death.
Mr. Chetwood entered the A. I. E. E. as an Associate in 1903

and transferred to Member in 1912. He was a member of the
Telegraphy and Telephony Committee from 1916 to 1921 then
becoming Chairman for the year 1922-23. He was also a mem-
ber of the Meetings and Papers Committee for 1922-23.

Addresses Wanted
A list of members whose mail has been returned by the Postal

Authorities is given below, together with the addresses as they
now appear on the Institute records. Any member knowing the
present address of any of these members is requested to commu-
nicate with the Secretary at 33 West 39th Street.
1.-William R. Dwyer, 134 N. Lowell Ave., Syracuse, N. Y.
2.-Young-Tsieh Huang, c/o J. W. Dietz, Western Electric Co.,

195 Broadway, New York, N. Y.
3.-Charles H. Hollenbeek, 7 Virginia Ave., W. Orange, N. J.
4.-J. M. Mercer, Bristol House, Holburn Viaduct, London,

E. C., England.
5.-Robert W. Merritt, 845 So. Gramercy Place, Los Angeles,

Calif.
6.-Thomas H. Parker, 1839 Tulare Street, Fresno, Calif.
7.-Geo. P. Portejoie, National Farming Mach. Ltd., Mont-

magnY, P. Q., Can.
8.-J. M. Quinlan, 269 Beach Walk, Honolulu, T. H.
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PAST SECTION MEETINGS

Baltimore.-January 19, 1923. Subject: "Automatic Sub-
stations." Speaker: Mr. C. M. Davis. Attendance 56.

Boston.-January 9, 1923. Subject: "The Doble Method of
Testing Insulators." Speaker: Mr. Frank C. Doble. Joint
meeting with the Electrical Engineering Society of M. I. T.

Attendance 150.
Chicago.-January 15, 1923. Subject: "Self -Starting Syn-

chronous Motors as Applied to the Industry for Power Factor
Correction and Industrial Installations." Speaker: Mr. S. H.
Mortensen. Attendance 150.

February 5, 1923. Subject: "Antennae Design." Speaker:
Mr. Frank Conrad, Asst. Chief Engineer of the Westinghouse
Electric & Mfg. Co.

Cincinnati.-January 11, 1923. Subject: "Alternating -
Current Generators." Speaker: Mr. R. B. Williamson, of the
Allis-Chalmers Company. Attendance 71.

Cleveland.-January 23, 1923. Subject: "The Physical
Nature of Speech and Hearing." Speaker: Dr. R. L. Jones, of
the Western Electric Co. Attendance 300.

February 15, 1923.-A joint meeting of the Cleveland Section
of the Institute and the Cleveland Chapter of the Illuminating
Engineering Society was started at 7 p. m. on the evening of
February 15, 1923 with a dinner to the 100 members of both
societies present, as guests of the National Lamp Works. A
paper was then presented by E. A. Anderson and 0. F. Haas,
Eng'g. Dept., National Lamp Works on the subject "Modern
Street Lighting Plans for a Large City." The Membership
Committee then reported 85 new applications, while quota was
set at 60, Cleveland being first Section to reach its quota. The
largest incandescent lamp in the country was then shown, rated
at 30 kw., 120 -volts, using approximately 40 horse power. A
group photograph was taken by the light of the lamp mounted
outside the window.

Connecticut.-January 30, 1923. Mr. Calvin W. Rite,
Secretary of the A. S. M. E., gave a lecture on his recent trip to
South America as a representative to the International Engi-
neering Congress at Rio de Janiero. Attendance 85.

Denver.-January 26, 1923. Dr. Plumb spoke on radio com-
munication, illustrating his talk with motion pictures loaned by
the Western Electric Co. Attendance 60.

Detroit Ann-Arbor.-December 8, 1922. Subject: "The_
Social and Economic Significance of Engineering Developments
in Simultaneous Telegraphy and Telephony." Speaker: Mr.
R. D. Parker. Attendance 85.

January 10,  1923. Subject: "The Trend of Modern Motor
Research." Speaker: Mr. E. B. Craft. Attendance 74.

Erie.-January 16, 1923. Subject: "History, Theory and
Use of X -Ray." Speaker: Dr. E. G. Weibel. Attendance 90.

Fort Wayne.-January 18, 1923. Subject: "Magnetic
Materials." Speaker: Mr. W. E. Ruder of the General Electric
Co. Attendance 80.

Indianapolis-Lafayette.-January 25, 1923. Subject: "Ob-
ligations of the Public to the Utilities." Speaker: Hon. Edward
N: Hurley. Attendance 500.

Ithaca.-January 18, 1923. Subject: "The Present Status
of Railway Electrification." Speaker: N. W. Storer. Attend-
ance 60.

Los Angeles.-December 19, 1922. Subject: "Rules of
Overhead Line Construction." Speaker: Mr. J. E. McCaffrey.
Attendance 54.

Lynn.-January 17, 1923. Subject: "Some Uncommon
Aspects of Metallurgy." Speaker: Dr. F. S. Hoyt of the General
Electric Co. Attendance 150.

Madison, Wis.-January 31, 1923. Subject: "Protective
Relays and Continuity of Service." Speaker: Mr. L. N.
Crichton of the Westinghouse Electric & Mfg. Co.
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Milwaukee. -September 20, 1922. Subject: "The Design of
the Largest Hydroelectric Power Plant in the World." Speaker:
Mr. William M. White of the Allis-Chalmers Co. Attendance
250.

October 18, 1922. Subject: "Synchronous Motors for Power
Factor Correction and Industrial Application." Speaker: Mr.
S. H. Mortensen. Attendance 250.

November 22, 1922. Subject: "The Welded Intired Pressure
Vessel as Used in the Refrigeration Industry." Speaker: Prof.
R. J. Roark. Attendance 180.

December 20, 1922. Subject: "100 -Ton -Miles per Gallon of
Gasoline." Speaker: Mr. H. L. Horning. Attendance 340.

January 11, 1923. Subject: "Industrial Research." Speaker:
Mr. E. B. Craft of the Western Electric Co. Attendance 600.

Minnesota. -January 10, 1923. Subject: "Seine Aspects of
Railway Electrification." Speaker: Mr. Ernest Marshall.
Attendance 25.

Panama. -January 27, 1923. Subject: "The Wonders of
the X -Ray." Speaker: Dr. Leroy S. Tonsend. Attendance 55.

Philadelphia. -January 8, 1923. Subject: "Wind Pressure
Characteristics of Wires and Cylindrical Rods in Various Form-
ations." Speaker: Mr. W. C. Wagner. Attendance 154.

February 12, 1923. Subject: "Recent Developments in
Electrical Engineering with Particular Reference to Practise."
Speaker: Mr. L. W. W. Morrow, of the Electrical World.
Attendance 97.

Pittsfield. -December 21, 1922. Subject: "The Rewards of
Labor." Speaker: Dr. Harry A. Garfield, President of Williams
College. Attendance 100.

January 3, 1923. Lecture -Recital by Prof. Vladimir Karape-
toff and Miss Viola M. Tuttle of Ithaca, N. Y. Attendance 350.

January 4, 1923. Subject: "Resonance and Oscillations."
Speaker: Prof. Karapetoff of Cornell University. Attendance
150.

January 18, 1923. Subject: "The History and Development
of the Falls for Power Purposes." Speaker: Mr. J. L. Harper.
Attendance 300.

February 8, 1923. Subject: "Fundamental Considerations in
the Design of Large Transformers." Speaker: Mr. F. F. Brand.
Attendance 150.

Providence. -February 2, 1923. Subject: "Seeing but not
Observing." Speaker: Mr. Wm. H. Blood, jr., of Stone &
Webster, Inc. Attendance 60.

Rochester. -January 26, 1923. Subject: "Storage Bat-
teries." Speaker: Mr. J. H. Tracey, of the Electric Storage
Battery Company. Attendance 50.

Seattle. -December 20, 1922. Subject: "Electric Heating."
Speaker: Prof. Edgar Allan Loew, Associate Professor of Electrical
Engineering, University of Washington. Attendance 35.

Schenectady. -January 5, 1923. Subject: "Resonance and
Oscillations." Speaker: Prof. Vladimir Karapetoff, Professor
of Electrical Engineering, Cornell University. Attendance 240.

January 19, 1923. Subject: "Are Welding as Applied to
Shipbuilding." Speaker: Mr. J. A. Seede. Attendance 160.

Springfield. -January 16, 1923. Subject: "The Engineers."
Speaker: Mr. E. H. Sniffen, of the Westinghouse Electric & Mfg.
Co. Attendance 75.

St. Louis. -January 24, 1923. Subject: "Radio Telephony."
Speaker: Prof. R. S. Glasgow, of Washington University.
Attendance 79.

Syracuse. -January 29, 1923. Subject: "Highway Lighting."
Speaker: Mr. L. F. Heckman, of the Westinghouse Elec. & Mfg.
Co. Attendance 50.

Toledo. --January 10, 11)23. Subject: "Automatic ydro-
electric Stations." Speaker: Mr. It. J. Wonsley, of the Westing.
house Elec. & Mfg. Co. A timid:wee 22.

Toronto. -January 12, 1923. Subject: "Industrial Heating
by Electric Heat as Applied by Use of the Metallic Electric
Resistor." Speaker: Mr. Otis, of the General Electric Co.
Attendance 51.

Utah. -January 31, 1923. Subject: "Industrial and House
Wiring." Speaker: Mr. F. D. Winegar. Attendance 86.

Vancouver. -January 5, 1926. Subject: "Radio." Speaker:
Mr. R. M. Ballo, of the British Columbia Electric Railway
Company.

Washington, D. C. -January 9, 1923. Subject: "American
and European Practise on Large Generator Construction."
Speaker: Mr. Frank D. Newbury. Attendance 173.

Worcester. -January 18, 1923. Subject: "The New England
Power System -Economic Aspects, Financial Structure, Organi-
zation." Speaker: Mr. S. C. Moore, of the New England Power
Company. Attendance 96.

PAST BRANCH MEETINGS
Alabama Polytechnic Institute. -January 13, 1923.

There was a talk by Mr. W. W. Foster, a senior, on "Human
Relations in Industry." and Mr. K. H. Stough gave a talk on
"Getting Close to the Public." Attendance 21.

February 3, 1923. Subject: "Developments in Electrical
Engineering During 1922." Speaker: Mr. P. S. Timberlake.
Attendance 16.

University of Arkansas. -January 30, 1923. Business
meeting. Attendance 15.

Bucknell University." January 24, 1923. An illustrated
lecture "The Advantages and Opportunities of a Public Service
Corporation" was given by Mr. 0. R. Esbach of the Bell Tele-
phone Co., the lecture being accompanied by the showing of
slides. Attendance 41.

California Institute of Technology. -January 17, 1923.
Subject: "High -Voltage Transformers" with special reference to
a 1000-kv. transformer soon to be installed at this Institute.
Attendance 30.

Carnegie Institute of Technology. -January 11, 1923.
Subject: "Meters and Metering." Speaker: Mr. Thomas Pitzer
of the West Penn Power Company. Attendance 85.

Case School of Applied Science. -January 12, 1923.
Subject: "The Explanation of Various Radio Circuits." Attend-
ance 50.

Clemson College. -February 8, 1923. Subject: "The
Chippewa-Queenston Development." Part I -Hydraulic Devel-
opment, by Mr. A. N. Shedley. Part II. -Generators, by Mr.
J. H. Webb. Part III. -Arrangement for Handling 500,000 -kw.
Load, by Mr. D. B. Jones. General discussion of water power
development was given by Prof. F. T. Dargan. Attendance 30.

University of Colorado. -January 17, 1923. A two -reel
motion picture "The Audion" was shown by the courtesy of the
Western Electric Company. There was an explanation by Mr.
Russell H. Lindsay. Attendance 135.

University of Colorado. -January 29, 1923. There was a
talk by Mr. H. T. Plum, one of the Vice -Presidents of the A. I. E.
E., on "Education." Attendance 50.

February 7, 1923. Two student speakers gave talks on the
Panama Canal and high-powered vacuum tubes. Attendance 20.
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Cooper Union. -February 3, 1923. Subject: "TheTelephone
Cable, Its Application and Use." Speaker: Mr. George B.
Thomas. Attendance 60.

Drexel Institute. -December 11, 1922. Subject: "The
Eleetro-Steam Boiler." Speaker: Mr. P. H. Falter. Attend-
ance 28.

January 1, 1923. Subject: "Furnishing Telephone Service
to a City Like Philadelphia." Speaker: Mr. J. R. MacGregor.
Attendance 51.

Kansas State College. -January 15, 1923. Subject: "Sew-
age Disposal." Speaker: Mr. C. A. Howland. Attendance 65.

University of Kansas. -January 11, 1923. Subject: "The
Northeast Power Station. -Kansas City, Mo." Speaker: Mr.
F. S. Dewey. Attendance 44.

January 16, 1923. Illustrated lecture on "Control Systems,"
by Mr. E. F. Siphers, of the Westinghouse Electric & Mfg. Co.
Attendance 60.

University of Kentucky. -January 25, 1923. Subject:
"Power Development on the Mississippi River." Speaker: Mr.
E. A. Bureau. Attendance 20.

Lafayette College. -December 16, 1922. Reviews and dis-
cussions taken from current engineering periodicals. Attendance
21.

January 9, 1923. Review and discussion of current periodicals
by students. Attendance 20.

January 20,1923. Review and discussion of current periodicals
by students. Attendance 20.

Lewis Institute. -January 17, 1923. Business meeting.
Attendance 14.

Marquette University. -January 18, 1923. Subject:
"Vacuum Tubes and Their Applications." Speaker: Mr. Geo.
Baumbach. Attendance 38.

School of Engineering, Milwaukee. -January 26, 1923.
Subject: "Lamp Manufacturing." by Mr. F. G. Kaufman and
"The Engineer and the Public", by Mr. J. A. Havlick. Attend-
ance 27.

University of Minnesota. -January 24, 1923. Moving
pictures and a short talk by Mr. 0. E. Seiler, of the Phoenix
Life Insurance Co. Attendance 61.

University of Missouri. -January 15, 1923. Subject:
"The Romance of Electricity." Speaker: Prof. M. P. Weinbach.
Attendance 45.

Montana State College. -January 16, 1923. There was an
illustrated lecture by Mr. H. A. Houston of the Westinghouse
Electric & Mfg. Co. on "Mechanical Equipment of Electric
Locomotives." Attendance 141.

North Carolina College. -February 6, 1923. Subject
"Radio Transmission." Speaker: Mr. C. W. Norman.

University of North Dakota. -January 15, 1923. There
was a talk by Prof. D. R. Jenkins on "The Future of the Electrical
Engineering Graduate" and a paper by Prof. Thomas Matthews
on "Electric Utility Rates." Attendance 17.

Ohio Northern University. -January 25, 1923. An illus-
trated lecture was given by Mr. C. E. Weitz of the National
Lamp Works, Cleveland, Ohio, on "Illumination." Attendance
35.

Ohio State University.-Jimuary 12, 1923. Presentation
of the Joseph Sullivant Medal of the Ohio State University to
Benjamin G. Lamme. Attendance 700.

January 26, 1923. Subject: "The Design of the Outside
Telephone Plant." Speaker: Mr. E. F. Biggert. Attendance
150.

University of Oklahoma. -January 16, 1923. Illustrated
lecture on rotary conductors was given by E. G. Reid. Attend-
ance 24.

Oregon Agricultural College. -January 17, 1923. One reel
picture "The Conductor" was shown by courtesy of the General
Electric Co. Attendance 30.

University of Notre Dame. -January 22, 1923. Mr. John
Scaron gave a report of an inspection trip to the hydroelectric
power plant at Berrieu Springs, Mich. There was a paper by
Mr. James I. Smith on "Automatic Substations." Attendance
21

University of Southern California. -January 17, 1923.
Subject: "The Design of High -Tension Protective Devices."
Speaker: Mr. Lloyd Hunt. Attendance 17.

Oregon Agricultural College. -January 31, 1923. Business
meeting. Attendance 37.

University of Pennsylvania. -October 13, 1922. Combined
meeting of the Electrical, Mechanical and Civil Societies, at
which time the heads of the departments addressed the students.
Attendance 39.

November 8, 1923. Subject: "The Frankford Elevated."
Speaker: Mr. Dodd. Attendance 45.

University of Pittsburgh. -January 5 1923. Prof. H. E.
Dyche spoke on the advantages and purposes of the A. I. E. E.
Attendance 34.

January 7 1923. Subjects: "The Theory and Uses of the
Vacuum Tubes " by Mr. J. 0. Kleber and "Calibration on
Apparatus Loss in Terms of Standard Cable." Speaker:
Mr. F. R. Gorman. Attendance 34.

January 19 1923. Subject: "What Constitutes a Man."
Speaker: Mr. Wm. M. Bradshaw.

Purdue University. -January 23, 1923. Subject: "Eco-
nomic Conditions of Today," by Mr. W. V. Owen, and "Elec-
tric Railway Problems" by Mr. C. R. Seybold. Attendance 45.

Rutgers College. -January 11, 1923. Three student papers
were given: "Eight -Hour Day vs. Twelve -Hour Day," by Mr.
K. C. Angleman, "Effect of Electrical Engineering on Industries,"
by Mr. Riley, and "The Chippewa Development," by Mr. Buck.
Attendance 17.

Stanford University. -January 16, 1923. Social meeting.
Attendance 35.

.January 23, 1923. Business meeting. Attendance 28.

Swarthmore College. -January 12, 1923. There was an
illustrated lecture on "The Story of Asbestos." Attendance 40.

January 19, 1923. Business meeting. Attendance 20.
February 2, 1923. Business meeting. Attendance 9.
February 9, 1923. Business meeting. Attendance 10.

University of Virginia. -January 11, 1923. Business meet-
ing. Attendance 13.

January 18, 1923. Subject: "Distribution of Current for
Light & Power," by Mr. R. B. Patterson, and "The Manufacture
of Insulated Wires and Cables for Electrical Conductors and of
Insulating Tapes." Lantern slides and moving pictures were
shown. Attendance 39.

Virginia Polytechnic Institute. -January 22, 1923. Sub-
ject: "The G. E. Type of Electric Locomotive." Speaker: Mr.
T. F. Cofer. Attendance 45.

University of Washington. -January 16, 1923. Subject:
"Electric Locomotives." Speaker: Mr. V. H. Houston. Lan tern
slides illustrated the talk. Attendance 82.

University of Wisconsin. -January 10, 1923. Mr. Moon,
of the Westinghouse Electric & Mfg. Co. gave a short talk on the
accomplishments of the Westinghouse Corporation. Attendance
27.
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Employment Service Bulletin
OPPORTUNITIES.-- Desirable opportunities for service from responsible sources are announced in this Bulle-

tin, and no charge therefor is made.
MEN AVAILABLE-Under this heading brief announcements will be published without charge to the members.

Announcements will not be repeated except upon request received after a period of three months, during which period
names and records will remain in the active files.

NOTE.-Notices for the JOURNAL should be addressed EMPLOYMENT SERVICE, 33 West 39th
Street, New York, N. Y., the employment clearing house of the National Societies of Civil, Mechanical, Mining and
Electrical Engineers.

Notices for the JOURNAL are not acknowledged by personal letter, but if received prior to the 16th of the month
will appear in the issue of the following month.

All replies to either "Opportunities" or "Services Available" should be addressed to the key number indicated in
each case and forwarded to EMPLOYMENT SERVICE, as above.

Replies received by the bureau after the position to which they refer has been filled will not be .forwarded, and will
be held by the bureau for one month only.

OPPORTUNITIES
ELECTRICAL MAINTENANCE MEN for

work at, mine and mill sites. Knowledge of
Spanish and some technical training preferred.
Application by letter. Salary not stated. Loca-
tion, Chile. R-161.

STEAM PLANT SUPERINTENDENT.
Want high grade technical graduate who has had
direct experience in supervision and operation of
public utility steam electric stations. Must have
executive ability and be capable of handling men.
Expect opening near future superintendent of
power in charge of transmission system and plants
for superintendent of steam station having
45,000 kw. installed. Location, center and south-
west. Man experienced in handling up-to-date
equipment and capable maintaining in equip-
ment and economical operation desired. Appli-
cation by letter giving full details, education and
experience. State nationality, age, references
and salary desired. R-170.

SALES MANAGER with radio experience to
handle sales throughout United States and
Canada. Experienced men only considered.
Application in person. Salary not. stated.
Headquarters. N. Y. C. R-183. (An invest-
ment will be necessary.)

ELECTRICAL ENGINEERING GRADU-
ATE with experience selling motors for sales work.
Application by letter. Salary not stated. Loca-
tion, Ohio. R-184.

DRAFTSMAN with street main and cable
layout. Experience desirable. Application in
person. Salary not stated. Location, N. Y. C.
R-188.

ELECTRICAL DRAFTSMAN accustomed to
layout and substation work, including trans-
formers, oil switchboard, substation control,
subway lighting. Two years' experience. Appli-
cation in person. Location. N. Y. C. R-190.

ELECTRICAL ENGINEER for sales work
to sell course for civil service school. Leads fur-
nished. Evening work. Application by letter.
Commission basis. Headquarters, New York
City. R-199.

ASSISTANT ELECTRICAL FOREMAN.
Preferably technical graduate 25-35 years of age.
Several years of operating experience in modern
power station, preferably with one of the large
companies in the large cities. Westinghouse
or G. E. test experience desirable but not neces-
sary. Electric construction experience desirable
but not necessary. Good personality. Ability
to handle men. Application by letter. Salary
not stated. Location, N. Y C. R-202.

INSTRUCTOR in Electrical Engineering for
September, 1923. Application by letter. Loca-
tion, South. R-203.

ENGINEER of appearance and personality to
work in statistical department. Must be good
letterer. Application in person. N. Y. C.
R-216.

RECENT E. E. graduate familiar with electric
lighting circuits to work out lighting problem.
Application in person. Location, N. J. R-218.

CONSTRUCTION ELECTRICAL ENGI-
NEER. 4-5 years' experience since leaving school.
Power plant construction and design along elec-
trical engineering lines. Application by letter.
Location, Tenn. & Carolina. R-220.

SALES ENGINEER to sell insulating var-
nishes and compounds. Middle western and
eastern territory. Application by letter stating
qualifications and experience. R-223.

MAN who has had experience in designing small
simple machines that can be produced in quantity
at low cost. We want a man who is thoroughly
rounded in all mechanical principles and can
apply these in the simplest and most direct way to
get required results. The machine we want
designed is a simple printing machine. Salary
not stated. Application by letter. Location,
New York. R-229.

YOUNG ELECTRICAL ENGINEER familiar
with substation construction, calculations, draft-
ing, etc. Application in person. Location,
N. Y. C. R-246.

SALES ENGINEER who has contact with all
the good builders, architects, engineers, industrial
plants, etc., one who can procure business for us
on the strength of his own name and reputation.
Salary of such man would practically be without
limit based entirely on his own efforts. Applica-
tion by letter. Headquarters, New York City.
R-254.

DRAFTSMAN familiar with car and locomo-
tive construction and design. Application by
letter. Location, West Virginia. R-255.

RECENT ELECTRICAL ENGINEERING
GRADUATE to act as assistant to designer of
fractional horse power motors. Application by
letter. Salary not stated. Location, Ohio.
R-256.

SEVERAL RECENT GRADUATE ELEC-
TRICAL ENGINEERS to enter a public utility
organization with intention of advancing to
responsible positions in its various departments.
Men are preferred who have had a year or two of
experience such as a manufacturer's test course
or experience with public utilities. These men
would be started with statistical work in the
general superintendent's office. Now need man
to supervise private telephone line, a man for
inspection work around high-tension apparatus
and men for construction, engineering (civil,
electrical and hydraulic), and in fact in almost
every one of the departments of a power com-

pany. Application by letter. Location, New
York State. R-257.

MANUFACTURERS REPRESENTATIVE
who is an engineer and well acquainted with trade
in New York City, to take over account of large,
well established manufacturing plant, located in
Eastern Pennsylvania. Must be capable of
selling marine, mining, conveying, hoisting and
special machinery also grey iron and bronze
castings. Present sales gives an assured income
but will expect considerable new business. Must
have own office and work on commission basis.
Application by letter. R-261.

INDUSTRIAL ENGINEER of broad experi-
ence in manufacture of woolen blankets or woolen
cloth, and capable of analyzing the operating
conditions of woolen mills, and making recommen-
dations for improvements in their operating
efficiency. Prefer man between 35-50 years of
age. Application by letter. Salary not stated.
Location not stated. R-267.

PRODUCTION MANAGER to take charge
of plant manufacturing insulating varnish. Must
have knowledge of dies of formulas for shellac
composition and economical operation. Applica-
tion by letter. Salary not stated. Location.
N. Y. C. R-272.

AMBITIOUS YOUNG American Connecticut
man preferred. Technical graduate, character,
address and intelligence must rank high. Con-
nection will develop into sales engineering work
with established New England machinery distribu-
tor. No interview granted without detailed
application. Salary not stated. Location, Conn.
R'286.

SINGLE MAN for research work, in cement
plant. Combustion experience essential. Appli-
cation by letter stating age, education and ex-
perience. Location, Illinois. R-302.

DISTRICT MANAGER with sales experience
not over 30 years old for company manufacturing
induction motors and welders. Application by
letter. Salary not stated. Location. Michigan.
R-303.

TOOL DESIGNER preferably college gradu-
ate with mechanical experience. Must be able
to handle work to an advantage and to design
tools which will produce our class of work eco-
nomically. The class of work which is made in
this plant is 90 per cent brass and is practically
instrument work made on an interchangeable
basis. Application by letter. Salary not stated.
Location, N. J. R-312.

FIRST-CLASS CHECKER for automotive
equipment engineering dept. Should have good
foundation in mathematics and machine design,
together with 8-10 years' drawing room experience.
It is preferable that about 5 years' of the drawing
room experience be on starting, lighting and
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ignition, although men with experience on small
commercial electric motors, and generators manu-
factured on quantity basis, would be given con-
sideration. Application by letter. Salary not
stated. Location, Mass. R-313.

LICENSED RADIO OPERATOR with some
electrical maintenance experience around a power
house. Application by letter. Salary not stated.
Location, Pa. R-317.

POWER PLANT DRAFTSMAN, qualified
to make layouts of such equipment. including
boilers, stokers. turbines, pumps and other power
plant auxiliaries. Broad, thorough grasp of piping
layouts is essential; electrical experience, while
desirable, is not necessary. Work is under direc-
tion of power engineer and need not be technical
graduate, though preference given to man with
such training, if experience were satisfactory.
Application by letter. Salary not stated. Loca-
tion. N.J. R-331.

MAN with 5 or more years' teaching experience
in Physics to take charge of department. Even-
ing work only. 4 nights per week. Application
by letter. Location, N. Y. C. R-333.

ENGINEER with broad knowledge of springs
and thoroughly posted on steels, to analyze spring
problems of truck manufacturers. Must have
personal clientele in this line. Application by
letter. Salary not stated. Location, Mass.
R-347.

TECHNICAL GRADUATE who is not out
of school more than 2 or 3 years. willing to go into
research test department and work on develop-
ment of induction motors. Such man will
he offered an opportunity for advancement which
will depend upon his abilities. Not absolutely
necessary that man have induction motor ex-
perience but he must have a thorough technical.
education and some experience along manufactur-
ing lines. Application by letter. Salary to
start will be moderate. Location, Ohio. R-358.

ELECTRICAL ENGINEER with several
years' experience on design, development and
application of small or medium size industrial
motors. Must be able to obtain independent
results by analysis and experiment. Permanent
position with old established company. Applica-
tion by letter stating experience fully. Salary
not stated. Location, Pennsylvania. R-368.

ELECTRICAL DISTRIBUTION ENGI-
NEER to he responsible for design and inspection
of distribution and transmission line construction,
and for improvement in existing system in numer-
ous medium sized towns principally in New York
and Pennsylvania. Require first class man.
Application by letter stating experience fully.
salary demired. Location. N. Y. C. R-387.

INSTRUCTOR in Electrical Engineering for
year Sept. 1923 ---June 1924 by leading university
in Southwest.. Duties will comprise class and
laboratory work and possibly handling of some
work in surveying and drawing Recent gradu-
ate with some practical experience desired. A p-
pliestion by letter giving complete chronological
account of training( and experience with references.
R-391.

ELECTRICAL DESIGNER. Recent gradu-
ate required for test department of large electrical
public utility corporation. Work Includes tests
on Meet rival apparatus and machinery In various
mations. on supplies. on cable systems; on Nis-
i .rs' premises, and a widely diversified range
for broad experience. Application by letter.
Location not stated. R-4211.

YSICA LABORATORY requires the
services of a technically trained young WWI. II is
not necessary I hul he be experienced. but must he
properly trained In earry nig nn physleal laboratory
testa, In making observations, and In recording
data. Application by letter. Salary nit staled
Location, New York. R-439.

DESIGNER for drafting on precise hist romeot
work. Man out of college Iwo years will hi' ()11-

sidered. Must be an American citizen Ex-
perienced men only considered. Application in
person. Salary not stated. Location, N. Y.
R-446.

EXECUTIVE with collapsable tube experience
for finishing department. Only man with this
experience considered. Application by letter.
Location, N. J. R-447.

YOUNG MAN with sufficient drafting and
designing experience to take charge of work of
several detailers in connection with the designing
of turbo -generators for headlights and farm
lighting equipment. Position should lead to that
of chief electrical or mechanical engineer within
a year or so. Application by letter. Salary not
stated. Location. Indiana. R-449.

YOUNG TECHNICAL GRADUATE IN
ELECTRICAL ENGINEERING to take charge
of the electrical laboratory of our engineering
department. Work will consist of testing brushes
on automobile equipment, small meters. slip
rings and generators Will be expected to work
with research department in developing and
testing new materials. Good opportunity for
right man to develop into a brush engineer. One
or two years' experience with small electrical
machinery is desirable but not necessary. Appli-
cation by letter. Salary not stated. Location,
Penn. R-434.

AN ELECTRIC MANUFACTURING com-
pany needs men for test work in its laboratory.
Work is largely on measuring instruments. Op-
portunities for experience and advancement are
very good. The test positions can easily lead to
development work for well qualified men. Men
of some experience in the handling of test equip-
ment are desired. Application by letter. Loca-
tion, New England. R-451.

TRANSMISSION LINE DRAFTSMAN
wanted by a large power company in Western
Penna. Must he able to work up all field notes,
use sage tables and charts and design structures
for long spans. Prefer one who could qualify
as squad chief. Application by letter. R-458.

MEN AVAILABLE

TECHNICAL GRADUATE, Nine years'
experience as resident, plant and general electrical
engineer. Desires position with established com-
pany ase stimator, contractor's follow-up man,
installation road representative, or salesman along
engineering lines in the metropolitan district.
E-4154.

TECHNICAL GRADUATE, Electrical Engi-
neering course, 1921, desires a sales or technical
position in any capacity. Five years' of good
practical electrical experience in designing, shop
work and testing. At present engaged In La Salle
business administration course. E-4155.

OPERATING SUPERINTENDENT, techni-
cal graduate, age 3 I . 10 years' experience, available
for hydro and steam electric system; experienced in
construction, operation, and maintenance of high-
tension transmission lines both pole and steel
tower, substations and central station aim:11.a!
At present assistant operating superintendent on
large system in Southeast. Desires change with
wider remponsibilit les. Native American, married.
E-4156.

YOUNG ENG I N it desires opportunity with
hydroelectric company as an assistant to general
manager or superintendent. M T. graduate
1921, with some designing experience and some
imminent; experience Dettlrem permanent. position.
Age 23, unmarricd Best references. E-41117.

V A LU AT 10 N Nt .IN HEIL. le.leci rical gradu-
ate of the ittilvelmy of Wisconsin. Ten years'
experience; 'Three yeitl'M nrl MI.1.1r1M1.1111.1, servimi, and
valuation work with state commission: Iwo years
interensful operation of coed ined gas, electric, and
heating 1111114; and 11 vc years (011111Sirchil vullua-
Ilon or iiI111111.14 In 1,1(1.1.1111 I. eimarliy. capable of

taking complete charge of large valuations, special
reports, and engineering investigations relating to
public utilities. Age 35; married. Location
desired depends on opportunity offered. E-4158'

MECHANICAL AND POWER ENGINEER.
Technical graduate, B. S. and M. E. eight years
broad experience in machine shop, sugar engi-
neering, industrial and power plant practise, opera-
tion, design, layout, calculations, heat balance,
utilization and distribution of steam, water, coal.
power, etc., investigation, reports. Executive and
business ability. E-4159.

INSTRUMENT ENGINEER. Have long
experience in manufacture. development and sale
in electrical measuring instruments. E. E. gradu-
ate, best of references. Would like position as
engineer or in manufacturing. E-4180.

RADIO ENGINEER. B. S. degree; over ten
years' personal experience in research and devel-
opment work in radio; actual shop and plant ex-
perience; three years experience as special sales
engineer for large manufacturing corporation; have
been through the Alexander Hamilton business
course; three foreign languages; capable of per-
forming or directing performance of research or
engineering development, especially with reference
to receiving equipment. Will consider only high
grade engineering or technical executive position.
E-4161.

CHIEF ENGINEER OR CONSULTI NC;
ENGINEER. 23 years' experience in design and
manufacture of all kinds of electric machinery.
Many years' experience in handling men and in
dealing with customers. Originator of systems for
efficient cooperation of departments. Organizer
of operation of departments. Organizer of engi-
neering and testing departments of one of the
largest manufacturing concerns. Designer of
several lines of the best known polyphase and
single-phase motors and generators. Pioneer in
design and manufacture of automobile starters and
generators. Numerous practical patents. Fac-
ulty member of large university. Author of many
scientific papers. Fellow A. I. E. E. E-4162.

MECHANICAL ENGINEER. Technical
graduate, B. S.. M. E., Assoc. A. I. E. E., 4 years'
experience power station and general construction
as designer, inspector and valuation work past
eleven years on fire protection work, making sur-
veys and preparing reports. Married. At
present employed. E-4163.

MARINE ENGINEER (License as chief engi-
neer for unlimited tonnage), with1M. S. degree in
electric engineering from Columbia University,
also six years' practical experience at. sea in marine
and electrical engineering. Desires change.
Opportunity for advancement, and future is of
primary importance. E-4164.

ELECTRICAL ENGINEER '22 and B. S. '21
desires a change of position. Has had 14 months'
experience as a test man, development man and
draughtsman. 9 months were spent at this work
in radio. Would like to connect with a responsible
firm In or near New York City. Starting salary
81800. E-4165.

INDUSTRIAL ELECTRICAL ENGINEER,
Associate A. 1. E. E. Technical education;
married. Age 35,15 years' experience ht Industrial
power generation, distribution and maintenance.
Have also had charge of maintenance department
of a large industrial concern, where I superintended
the work of a staff of 40. Available at any
E-41011.

V A LU A 141.E MAN AVAILABLE. As presi-
dent, general manager, worlcm manager, consulting
or supervising engineer. Excellent training for
position with large general eonsulting engineering,
bond, banking, trust or other financial corporation
In investigation and reorganization work. supe-
rior education and experience in public utility,
mining, smelting, ritilreat I, foundry, machine,
metal ploellinift iikitiitiniehiril and nl her 1,1(1101(410N.
EXI)1.11, nt OrgiiiiiZiti tniministrailon



302 INSTITUTE AND RELATED ACTIVITIES .Journal A. I. E. E.

and economical operation and production.
E-4167.

EXECUTIVE -SALES ENGINEER. success-
fully representing a New York City manufacturer
in eastern city selling marine goods, desires to
locate in New York. Wishes to represent as
Branch or District Manager or Assistant, a manu-
facturer of electrical appliances, machine tools or
sheet metal products. Familiar with factory
production, electrical, radio and mechanical
appliances and installations. Unquestioned proof
of sales ability. E-4168.

TECHNICAL GRADUATE B. S. in Electrical
Engineering. Age 34 desires position as designing
and developing engineer. 18 months electrical
testing 8 months transformer engineer. 12 years
all around machinist and tool maker. Would also
consider position as master -mechanic or assistant
master -mechanic in an industrial plant. Salary
depends on location. E-4169.

ELECTRICAL ENGINEER, Graduate. also
college graduate. 5 years electrical and mechanical
research and development, instrument standardi-
zation and expert pyrometric experience. Will
consider position where previous experience is
valuable or connection with corporation or con-
sulting engineer desiring a young man willing to
tackle any kind of engineering job. At present
employed. Salary adjustable to locality and
value of previous training. Age 30, married.
E-4170.

ELECTRICAL ENGINEER. B. S. degree. age
32, single. Four years' practical experience along
lines of light and power distribution and industrial
installations and maintenance. For past three
years has been assistant professor of mathematics
and electrical engineering in New England. Now
desires to make a change and to locate in the
Southern States or in California. Would consider
either teaching or industrial offer. Salary 53000.
E-4171.

SUPERINTENDENT OR CHIEF -OPERA-
TOR OF HYDRO PLANT. transmission and
distribution system, wishes to make change.
Technical and practical experience. competent to
take entire charge of plant. construction. opera-
tion and maintenance. Married, age 41. refer-
ences upon request. E-4172.

POWER ENGINEER desires work in central
states, north or south. Now i charge of po%er
system design. improvement. and operation for a
New York consulting and management engineering
firm specializing in industrial work in New Eng-
land. Experienced in meeting. working with.
and getting cooperation from all grades of men
from operators to directors. Will be glad to refer
you to present and past employers, in public
utility and manufacturing work and to arrange
for Interview. E-4173.

ASSISTANT PROFESSORSHIP in ELEC-
TRICAL ENGINEERING wanted by technical
graduate of six years' experience in research and
teaching. Memlxr Sigma Xi. Degree M. E.
Available Sept. 1. 1923. Nlinimum salary 52600.
E-4174.

ELECTRICAL AND HYDRAULIC ENGI-
NEER technical graduate, age 37. married. 12
years' experience in engineering and operation
high -voltage central station, water, and gas public
utilities desires executive engineering or operation
position where initiative. ability and industry will
lead to advancement. At present employed.
Salary partly contingent on location. Prefer
middle Eastern states. E-4175.

CHIEF ELECTRICIAN technical graduate.
age 33. 10 years' experience on construction and
maintenance of power plant, substation and in-
dustrial plant installations, desires a position with
responsibilities and opportunities of advancement.
E-4176.

YOUNG MAN, age 27, as assistant to executive,
excellent technical education. 3 years with
steamship auditing dept.. and 7 years in mainte-

nance department of large public utility. First
class references. Employed, but available on
short notice. E-4177.

ELECTRICIAN MAINTENANCE AND
CONSTRUCTION FOREMAN. 12 years'
experience on power switchboards. Automatic
control, electric cranes, elevators, a -c. and d -e.
motors. generators. etc., in large industrial plant.
Good draftsman and tracer on large automatic
motor control boards. At present employed.
New York or New Jersey preferred. Minimum
salary 82500. E-4178.

ELECTRICAL ENGINEER, technical gradu-
ate. member A. I. E. E., married. twenty years'
experience, construction. maintenance and opera-
tion of hydro -electric and steam plants, a -c. and
d -c., transmission lines 44.000 -volt, distribution.
public utility and electric railways. Several
years manager and chief engineer for electric
light and power companies, desires position as
Manager. Superintendent or Electrical Engineer.
Available on short notice. E-4179.

ELECTRICIAN. age 25 with eight years'
experience in marine maintenance, substation.
construction and repairs. Desire' opportunity
with advancement. E-4180.

ENGINEER at present on installation work in
Nevada, desires position in the West. Age 39.
Married. 17 years' experience on isolated plant
design. installation and construction in towns.
mills and mines, and department stores. In-
dustrial applications of electric motive power a
specialty. Correspondence solicited. E-4181.

INSTRUCTORSHIP, M. I. T. Graduate.1922.
desires to enter teaching as a profession. Has had
some teaching experience At present employed
in engineering work. Would like to teach Heat
Engineering or some Electrical Engineering sub-
ject. with chance to study for higher degree.
available on short notice. E--1152.

SALESMAN or responsible position in Sales
or Credit Dept.. of Manufacturer of electrical
products. Young married man. age 29. four years'
similar experience in concern manufacturing
electrical power apparatus. Now employed but
present employers contemplate retiring. Experi-
ence covers selling. credit. collections. estimates.
quotation. preparation of sales literature. and
handling correspondence. Can direct others.
Present location near New York City. North-
eastern U. S. desired hut can go anywhere.
E -41g3.

DISTRIBUTION ENGINEER. technical
graduate with five years' experience. Desires
permanent connect ion with opport unit y prefera bly
as assistant to engineer or superintendent with
fair-sized property. At present employed as super-
intendent of small utility. Age 26. married.
Scandinavian. Location immaterial if good
opportunity is at hand. Available in about four
%seeks. (rood references as to aliiiit) and char-
acter. E -41 S4.

E LE('T R I CA I. ENGIN EE . gradu-
ate. with additional training in railroad a ork.
Eight years' experience on electrical design and
supervision of construction on large industrial
layouts and power plants. Desires opportunity for
permanent position with an electric railway.
public utility. or consulting engineer. E-4155.

SUPT. of SUBSTATION ilk ASSISTANT
TO SUPT. OF DISTRIBUTION desires similar
position west of Chicago. Technical graduate.
Five years in operation. maintenance and con-
struction of substations. Tuo years in the engi-
neering dept. Two years steam and gasoline
engine experience... Available on toes week;
notice. Age 32. Married. E-4156.

ELECTRICAL ENGINEERING STUDENT
in 4th year of a night course, 5 years' mechanical
drafting experience, desires position with elec-
trical concern in New York City. Available
on one weeks' notice. E-4187.

ELECTRICAL ENGINEER desires position
with consulting engineer or public utility cor-
poration. Thoroughly experienced in design of
generating and transformer stations including
switchboards, connection diagrams, reinforced
concrete structures, conduit etc. Also telephone
and signal systems. Age 32. married. Avail-
able 30 days. E-4188.

ENGINEER, available after June 1 1923.
Practical man. Fifteen years' experience in
power house and substation operation, mainten-
ance, and construction. At present employed in
Hawaiian Islands but desire change. Would pre-
fer location in South America. Anything rea-
sonable considered. E-4189.

DISTRIBUTION ENGINEER, age 33. tech-
nical education. 13 years' experience. 8 years of
which has been in distribution work with large
central stations. desires a change. Has made a
study of distribution economics, and is familiar
with the best practise. Location preferred. West
or Northwest. E-4190.

SALES ENGINEER Graduate Eiectrical
Engineer: age 34: aggressive: live wire. 8 years'
experience selling building and electrical supplies
to dealers and jobbers. Has large following among
architects, builders and engineers in New York and
Long Island. Highest references supplied upon
interview. and will supply car to cover territory.
E-4191.

ENGINEER for testing, development or design
work on electrical or mechanical apparatus.
Technical graduate. Four years of experience in
testing and development of electro-mechanical
apparatus with large engineering concern. Experi-
enced with physical properties of metals and
insulation materials. 26 years of age. Head of
family. Desire permanent connection. E-4192.

ELECTRICAL ENGINEER. 1923 graduate
of large Eastern University, desires position with
power company or electric manufacturing com-
pan) in the middle west or California. Four
years' practical experience. Age 26, married.
Available July 1st. E-4193.

ELECTRICAL ENGINEER graduating in
May 1923 from Case School of Applied Science.
Cleveland, Ohio. desires an opportunity in the
manufacturing field or in power house construc-
tion and design. Also very much interested in
illumination having received a one year course
given by the Nela Park organization. E-4194.

ELECTRICAL ENGINEER, technical gradu-
ate. G. E. Test. 10 years superintendent of utility.
handling transmis.sion, distribution and sale of
electric light and power and gas, desires change to
straight engineering in either central station
property or industrial plant. Age 36, married.
Experienced in supply and utilization of large
power. E-4195.

RESEARCH ASSISTANT. Graduate in
Physics and Engineering. Desires position afford-
ing opportunity for research as applied to engi-
neering. Some experience in pure research.
At present graduate student. Age 22. Member
American Physical Soc. E-4196.

WIRE CHIEF, at liberty in April: seventeen
years experience in the electrical business. eight
years of which has been purely telephone work.
Specialize in Western Electric telephone equip-
ment. both common hatter) andLocationmagneto-abroad. preferably in a Spanish speaking
country. Age 33. married. present salary $3600.
E-4197.

ELECTRICAL. ENGINEER: Cornell gradu-
ate, middle-aged. ten years experience as E. E. on
large steam road: five years as Superintendent of
public utility plants: five years in Government
service on railroad valuation, and three years
experience in appraisal work of public utilities:
married: excellent health. Location immaterial:
available on short notice: would like to connect
with a going concern. E-4198.
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MEMBERSHIP-Applications, Elections, Transfers, Etc.

ASSOCIATES ELECTED FEBRUARY 15. 1923
*ALFERY, HENRY FRANK, Erecting Engi-

neer, Allis Chalmers Mfg. Co., Milwaukee,
Wis.

*ALLEN, C. EDWARD, Asst. Power Apparatus
Engineer, Western Electric Co., 84 Marion
St., Seattle, Wash.

ALLEN, DAVID E., Cadet Engineer, Syracuse
Lighting Co., Syracuse, N. Y.

*ALLEN, LAWRENCE HERMAN, Engineer.
Western Electric Co., Inc.. 463 West St.,
New York, N. Y.; res.. East Orange, N. J.

ALLEN, WALTER R., Sales Engineer, General
Electric Co., 1301 Pierce Bldg., St. Louis,
Mo.

*ANDERSON, JOHN WHITE. 3rd. Design
Calculator, Philadelphia Electric Co., 1000
Chestnut St., Philadelphia, Pa.: res., Cam-
den, N. J.

*ANGEL, HARRY HERMAN, Motor Control
Engineer. Maryland Plant, Bethlehem Steel
Co., 513 D St., Sparrows Point, Md.

BABER, JAMES EARL, Electrical Engineer,
Galesburg Railway. Light & Power Co..
Galesburg, Ill.

BALLARD, JOHN ADAMS. Capt., Signal
Corps, U. S. Army. Asst. Prof. of Military
Science. University of Wisconsin, Madison,
Wis.

BALTZER, JOHN BERTRAM, Instrument
Maintenance, United Railways Co., 3869
Park Ave., St. Louis, Mo.

BANGS, HAROLD HOYT, Asst. Manager.
Home Electric Co., Hendersonville. N. C.

*BAXTER, RALPH HERMAN, Field Engineer,
Southwestern Bell Tel. Co., 354 Boatmens
Bank Bldg., St. Louis, Mo.

*BENTLEY, ALBERT NELSON, Service &
Meter Man, San Joaquin Light & Power
Corp., San Joaquin, Calif.

BERGH, FREDRIK GEORG. Messrs. Electro-
motor. S. A., Apartado 480. Mexico D. F.,
Mex.

BERGLING, JOHN L., Substation Operator,
Potomac Electric Power Co., 14th and C
Sts., N. W., Washington, D. C.; res., Hyatts-
ville, Md.

BERRY, EARLE ALBERT, Electrical Drafts-
man, D. P. Robinson & Co., Inc., 308 Market
St., New Orleans, Li.

BESPALOW, JACK A., 745 Trinity Ave.. New
York, N. Y.

BEST, KENCHEON HANKS, Engineer &
Inspector, Public Service Co. of N. Illinois.
10 East Illinois St., Chicago Heights, Ill.

*BEYER, CLAUDE F., Electrical Engineer,
General Electric Co., 1841 Broadway, Ft.
Wayne, Ind.

BIGGERT, EDWARD FABER, Outside Plant
Engineer, The Ohio Bell Telephone Co.,
4300 Euclid Ave., Cleveland, Ohio.

130DEN, WILLIAM HARRISON, Sales Repre-
sentative, In Charge Contract Div., Westing-
house Elec. & Mfg. Co., East Springfield
Works, Springfield, Mass.

BOWLER, FRANK IVERSON, Electrical Engi-
neer, Central Hudson Gas & Electric Co.,
50 Market Street, Poughkeepsie, N. Y.

*BOWMAN, PHILIP GEORGE, Testing Dept.
General Electric Co., Schenectady, N. Y.;
Pittsfield, Mass.

B R AE ST R UP, CARL BJORN , Engineering
Dept., Western Electric Co.. 463 West St.,
New York, N. Y.

BRANT, BRONSON, Electrical Engineering
Dept., Detroit Edison Co., 2000 Second Ave.,
Detroit, Mich.

*BRENNECKE, ROBERT A., General Tester,
New York Edison Co., 92 Vandam St.. New
York, N. Y.

iiiii I iiiiii

-BROKAW, CHARLES A., Radio Development
Work, General Electric Co., Schenectady,
N. Y.

BROOKS, BERNARD W., Chief Electrician,
Richmond Light & Railroad Co., Livingston
Power House, West New Brighton, S. I.,
N. Y.

*BROWN. EARLE McKENZIE, Asst., Electrical
Laboratory, Mechanics Dept.. University of
California, Berkeley; 3921 Agua Vista Ave..
Oakland, Calif.

BROWN, J. STANLEY, Electrical Designer &
Engineer, Dwight P. Robinson, Inc., Market
& S. Peters St.. New Orleans, La.

BURKHART. GEORGE J., Relay Engineer.
The Milwaukee Electric Railway & Light
Co.. Milwaukee, Wis.

BURTNETT, ROBERT M. M., Engineering
Dept., United Electric Light & Power Co.,
130 East 15th St., New York; res., Mt. Ver-
non, N. Y.

CAHALL, FRED BYARD, Transformer Engg.
Dept., General Electric Co., Pittsfield, Mass.

CAHILL, WALTER J., Chief Load Dispatcher,
Adirondack Power & Light Corp., 2518
Broadway, Watervliet; res., Troy, N. Y.

*CALAME, CARROLL E., Camp Lineman, S.
California Edison Co., Big Creek, Calif.:
res., Stillwater, Okla.

*CARPENTER. CHARLES BENJAMIN, Grad-
uate Student, Stanford University, Stan-
ford University, Calif.

CARSWELL, ROBERT McCLEAN, Capt.,
Coast Artillery Corps., U. S. A. Army;
Mass. Inst. of Technology, Cambridge:
res., Brookline, Mass.

*CASE, HENRY R., Engineer, Southern Cali-
fornia Telephone Co., 309 E. 8th St., Los
Angeles; res., Pasadena, Calif.

CATTELL, GILBERT WOODHULL, Asst.
Radio Inspector, Navy Dept., Radio Labora-
tory, Mare Island, Navy Yard, Vallejo,
Calif.

*CHEN, LI, Student Engineer, General Electric
Co., Schenectady, N. Y.

CLAYTON, LAWRENCE LOCKE, Capt.,
Signal Corps., U. S. Army: Asst. Professor,
Military Science & Tactics, Mass. Inst. of
Tech., Cambridge, Mass.

CONROY, JOSEPH MATTHEW, Engineer,
Marconi Wireless Co., 173 William St.,
Montreal, Que., Canada.

*COOLEY, GILBERT, Estimator, Northern
States Power Co., 76 W. 3rd St., St.Paul.
Minn.

*CROW, 0 SLER GILBERT, Electrical Engineer,
West Virginia Engineering Co., Mullen,
W. Va.

DANNEBAUM, OTTO, Electrical Draftsman,
Bureau of Power & Light, 207 So. Broad-
way, Los Angeles, Calif.

DATER, ALFRED WARNER, President, The
Stamford Gas & Electric Co., 11-17 Bank St,
Stamford, Conn.

DAVIDSON, ROSS WILSON, Asst. Electrical
Engineer, Electric Bond & Share Co., 71
Broadway, New York, N. Y.

*DEFANDORF, FRANCIS MARION, Asst.
Physicist, Bureau of Standards, Washington,
D. C.; res., Garrett Park, Md.

DICKEY, CLIFFORD EUGENE, Transmission
Inspector, Southwestern Bell Telephone Co.,
Boatmen's Bank Bldg., St. Louis, Mo.

DOLCH, BRUCE EUGENE, Sales Engineer,
Standard Underground Cable Co., 1182
Arcade Bldg., St. Louis, Mo.

*DOMINGUES, FRANCIS JOSEPH, Engineer,
Stone & Webster, Inc., 147 Milk St., Boston,
Mass.

*DOUKAS, SAMUEL JAMES, Engineer, Plant
Dept., Pacific Tel. & Tel. Co., 408 Artisans
Bldg., Portland, Ore.

*DRESSLER, CARL A., Electrician, 214 10th
St., College Point. L. I., N. Y.

DRIY, JOHN ALFRED, Chief Mechanical
Engineer, The Emerson Electric Mfg. Co.,
2018 Washington Ave.. St. Louis. Mo.

DUNBAR, CLYDE MILLARD, Substation
Operator, Potomac Electric Power Co.,
450 Washington . St., N. W., Washington,
D. C.

*DUNBAR, JOHN ROBERT, Graduate Student
Mass. Institute of Technology, Cambridge
39, Mass.

DUNLAP, ROBERT LESLIE, Engineering
Asst., Bell Telephone Co. of Penna., 261 N.
Broad St., Philadelphia, Pa.

EASTMAN, WALTER LANE, Telephone Engi-
neer, The Ohio Bell Telephone Co., 4300
Euclid Ave., Cleveland, Ohio.

EDSALL, ROBERT GILL, Testing Dept..
Westinghouse Elec. & Mfg. Co., E. Pitts-
burgh; res.. Braddock, 15a.

*EDWARDS, PAUL G., Tester, American Tel.
& Tel. Co., 33 N. 3rd St., Columbus. Ohio.

EIDE, RANDOLPH, General Supt. of Traffic,
The Ohio Bell Telephone Co., 4300 Euclid
Ave., Cleveland. Ohio.

EISELE, HERMAN J., Telephone Engineer,
American Tel. & Tel. Co., 311 W. Washing-
ton St., Chicago,

*EPSTEIN, MONROE E., Engineering Dept..
Duquesne Light Co., Pittsburgh, Pa.

*FAIRCHILD, F. EARLE, Dept. of Develop-
ment & Research, American Tel. & Tel. Co.,
195 Broadway, New York, N. Y.; Phoenix-
ville, Pa.

*FISCHER, RAYMOND CHANDLER. Trans-
mission & Protection Dept., Pacific Tel. &
Tel. Co., Sheldon Bldg., San Francisco,
Calif.

FLEMING, ERWIN, Educational Dept., West-
inghouse Elec. & Mfg. Co., E. Pittsburgh;
res., Wilkinsburg, Pa.

*FOREMAN, WILLIAM THORNTON, Inves-
tigator, Western Electric Co. Inc., Haw-
thorne Station, Chicago, Ill.

FORSTER, WILLIAM DICKSON, Asst. Engi-
neer, Bell Tel. Co. of Penn., 261 N. Broad
St., Philadelphia, Pa.

FOSTER, RONALD MARTIN, Dept., of
Development & Research, American Tel.
& Tel. Co., 195 Broadway, New York, N. Y.

FRANKLIN, HARRY F., Assistant Supervisor
of Construction; International Railways of
C. A., Guatemala City, Guatemala.

FRITZ, HARRY REINHART, Transmission
Engineer, Southwestern Bell Telephone Co.,
1150 Boatmen's Bank Bldg., St. Louis, Mo.

*GAIGE, LISLE E., Engg. Dept., Western Elec-
tric Co., 463 West St., New York, N. Y.;
res., Hackensack, N. J.

GALIZIA, JOHN D., Electrician, Kings Highway
Electrical Co., 1412 Kings Highway, Brook-
lyn, N. Y.

GARMAN, CHARLES PENROSE, Junior
Electrical Engineer, Bureau of Power &
Light, 207 S. Broadway, Los Angeles, Calif.

GATHRIGHT, W. E., Manager, Western Elec-
tric Co., 230 Lee St., Atlanta, Ga.

*GODDARD, MYRON CHARLES, Circuit
Analist, Western Electric Co., Inc., 463 West.
St., Now York, N. Y.; res., Montclair, N. J.

GOFF, HAROLD W., Engineer, Western Electric
Co., 483 West St., New York, N. Y.

*GOSS, HAROLD R., The Ideal Electric & Mfg.
Co., Mansfield, Ohio.

GRAY, SAMUEL McKINLEY, Technical As-
sistant, Electrical Testing Laboratories, 80th
St. & East End Ave., New York, N. Y.
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GUY, ROBERT RUSSELL, Tester. Westing-

house Elec. & Mfg. Co., E. Pittsburgh, Pa.
II ART, ROLA NI) I., Chief. Maximum Demand

Motor Division, Philadelphia Electric Co ,
2301 Market St., Philadelphia. Pa., res.,
W. Collingswood, N. J.

II A RVEY, HERBERT AUSTIN, Electrical
Draftsman, Bureau of Power and Light, Los
Angeles, Calif.

*HAUGH, HENRY A., Jr., Instructor, Electrical
Engineering Dept., Yalo University, 10
Hillhouse Ave., Now Haven, Conn.

*HAYDEN, HENRY TWEED, JR., Electrician
Todd Construction & Dry Dock Corp., 717
S. M. St., Tacoma, Wash.

*HAYFORD, BENJAMIN IRVIN, Switchboard
Engineering Dept., Westinghouse Elec. &
Mfg. Co., E. Pittsburgh; res., 'Wilkinsburg.
Pa.

HAYNEN, JOSEPH RILEY, Salesman, Electric
Appliance Co., 408 Canal St.., New Orleans,
La.

IIEIM, RICHARD M., Dist. Manager. Electrical
Engineers Equipment Co., 2617 Union Cen-
tral Bldg.. Cincinnati, Ohio.

HERF, REX EAE, Electrician, Great Western
Power Co., 307 First St., Napa, Calif.

HERSAM, EUGENE C., Shift Engineer. Radio
Corporation of America, Kahuku, Oahu, T. H.

HICKS, THOMAS RUSSELL, Tester, Telephone
Machine Switching, Western Electric Co.,
Philadelphia, Pa.

*HILL, ALLAN W., Engineer, Materials &
Process Dept., Westinghouse Electric & Mfg.
Co., E. Pittsburgh, Pa.

HILLHOUSE, ALBERT SIDNEY. Consulting
Telephone Engineer, 1028 Ferris Bldg.,
Columbus. Ohio.

HIRTH, ANDER, Draftsman, Westchester
Lighting Co., 2nd Ave. & 1st St.. Mt.
Vernon, N. Y.

HITNER, GEORGE WILLIAM, Chief Electri-
cian, American Plate Glass Co., James City,

HOFFMAN, EDWIN SUMNER, Control Engi-
neering Dept., Westinghouse Elec. & Mfg.
Co., E. Pittsburgh, Pa.

*HOLLISTER, GEORGE EDDY. Junior Engi-
neer, Testing Dept., General Electric Co.,
Schenectady. N. Y.

HOLST, LEIF, Draftsman, New York Edison
Co., 130 E. 15th St., New York, N. Y.

HUDAK, JOHN L., Jr., Electric Motor & Repair
Co., 60-62 Iron St., Akron; res., Kenmore,
Ohio.

HUGGINS, BURTON E., Engineer, Direct
Current Dept., General Electric Co., Schenec-
tady, N. Y.

HUME, SAMUEL ELLIOTT, Foreman of
Electrical Censt.liction, Public Service Pro-
duction Company, Newark, N. J.

*HURLBERT, JAMES DANIEL, Student Engi-
neer. Alabama Power Co., Gorgas, Ala.

HURST, HARRY M., Service Dispatcher,
Duquesne Light Co., 501 Chamber of Com-
merce Bldg.. Pittsburgh, Pa.

*JENKINS. CHARLES FREDERICK, Motor
Engineering Dept.. Westinghouse Electric
& Mfg. Co., E. Pittsburgh; res., Wilkins -
burg, Pa.

JENKINS, MILLARD C., General Toll Line
Supt., Southwestern Bell Telephone Co., 953
Boatmen's Bank Bldg., St. Louis, Mo.

JEPSON, MARK B., Technical Dept., American
Tel. & Tel. Co., 416 7th Ave., Pittsburgh,
Pa.

*JOHNSON, EDWARD LEIGHTON, Tester,
Brooklyn Edison Co., 569 Fulton St., Brook-
lyn, N. Y.

JOHNSTON, RICHARD JOSEPH, Electrical
Aide, Navy Dept., 1101 Euclid St., Wash-
ington. D. C.

*KEEN, ROYAL FRANKLIN. Inspector.
General Electric Co., Ft. Wayne. Ind.

 K ELLER, WILLIAM A ltNo, Loud Dispatcher.
Pittsburgh Railways Co 435 Sixth A
Pittsburgh, Pa.

K E SE I., 11 E itil E RT, Asst Chief Engineer,
Fairbanks, 11orse & Co . , Indianapolis.
Works, Indianapolis, Ind.

* K LEI N, ALEXAN DE it, Rodman for I lie
Borough President of Manhattan, New Turk,
N Y.

KLINE. C. HOW AHD. Transformer Engineering
Dept., General Electric Co., Pittsfield, Mass.

*KLOPP, NORMAN FRANCIS, Electrical
Engineer, Meter Laboratory, Union Gas &
Electric Co., Cincinnati, Ohio.

KNUTH, HARVEY G., Electrical Construction
& Inspection, Nenno Contracting Co.;
Rochester Gas & 'Electric Corp., Rochester,
N. Y.

KOENIG, W. J., Engineering Dept., American
Tel. & Tel. Co., 823 Boatmen's Bank Bldg.,
St. Louis, Mo.

LALLIER, WESLEY CHARLES, Transmission
Engineer, Wisconsin Telephone Co., 418
Broadway, Milwaukee, Wis.

LAMBERTON, HUGH DAVID, Electrical
Foreman, J. Coughlan & Sons, Vancouver,
B. C.

LANGE, EDWARD HENRY, Asst. Professor,
Electrical Engineering & Physics, U. S.
Naval Academy, Annapolis, Md.

LAW SON, RALPH HILLMAN, Asst. Electrical
Foreman. United Electric Light & Power Co..
134th St. & Locust Ave., New York, N. Y.

LEGLER, EDWARD V., Commercial Engineer.
Switchboard Sales Dept., General Electric
Co., Schenectady, N. Y.

LEWIS. JOHN E., Student, School of Engi-
neering of Milwaukee. Milwaukee, Wis.

*LIDDLE, RALPH WESLEY, Commonwealth
Edison Co., Chicago. Ill.

LITTLE, DOUGLAS HUBBARD, Chief Elec-
trician, Campbell Soup Co.. 32 No, Front St.,
Camden; res., Westmont, N. J.

*LITTLE, J. HERMAN, Engineer. Pacific Tel. &
Tel. Co.. 408 Sheldon Bldg , San Francisco.
Calif.

*LUFT. ERNEST WALTER, Engineering Dept.,
Skagit River Project, City of Seattle, Rock-
port, Wash.

*LUNGE, GEORGE SCOTT, Electrical Test
Course, General Electric Co , Schenectady.
N. Y.

*LYNCH, WILLIAM WRIGHT, Educational
Dept., Westinghouse Electric & Mfg. Co..
E. Pittsburgh; res., Wilkinsburg, Pa.

MAGEE, JAMES C.. Works Manager, National
Conduit & Cable Co., Hastings-on -Hudson,
N. Y

MAHON, WALTER, Charge of Commercial
Test, Habirshaw Electric Cable Co., Yonkers.N. Y.

*MAITLAND, THOMAS JAMES, Technical
Employee, American Tel. & Tel. Co.. 240
Bourse Bldg., Philadelphia; res., W. Phila-
delphia. Pa.

*MALE, ARTHUR N., Switchboard Engineer,
So. California Tel. Co., 740 So. Olive St.,
Los Angeles, Calif.

*MARTINEZ-CARRANZA, LAURO. Engineer,
Belden y Martin C., Apartado 361, Monter-
rey, N. L., Mex.

MARTZ, GUY EARL, Power Division, SaltRiver Valley Water Users Association,
Phoenix, Ariz.

MATSUKI, SADAKI, Designing Engineer,
Yasukawa Electric Works, Kurosaki-machi,
Fukuoka -ken, Japan.

McCANN, JOHN P., Asst. Supt. of Distribu-
tion, New England Power Co., 35 Harvard
St., Worcester, Mass.

McGEEHAN, WILLIAM LEO, Foreman. The
Foundation Co., 106 21st, Warwood,
Wheeling, W. Va

NIcLARN, ERNEST STEWART, Engineering
Dept., International Western Electric Co..
463 West St., New York, N. Y.

MENU'!', LEItoY ERNEST. iturnmaii, Dunillor
Condenser & Radio Corp., IN W. 4th 141 ,

New York. N. Y.
M I LLEit, GLENN B.. Service Engineer. West-

inghouse Elec. & Mfg. Co., Industrial Bldg.
501 E. Preston Si Baltimore. Mil.

NI I L LER, IIE N Y ICA , Tester, Western
Electrie Co., 109 W. eltelion Ave Phila
delphia, Pa.

NI I LLEIL KENNETH WILLIAM, Electrical
Mechanic, Olty of Seattle. Skagit River
Power Development, Rockport, Wash.

NI I SSIMER, CARROLL, Traffic Engineer, Bell
Telephone Co. of Penn., 261 N. Broad Mt
Philadelphia, Pa.

MOESE, RICHARD C., Electrician, General
Electric Service Shops, 509 E. Illinois Ht.
Chicago, Ill.

NIOHR, FRANK CHARLES, Supervisor of
Leased Lines, Ohio Bell Telephone Co., 4300
Euclid Ave., Cleveland, Ohio.

MOLES, FRANK J., Radio Operator, University
of Nebraska, Lincoln, Nob.

*MOLSKNESS, NELS S., Telephone Engineer,
Western Electric Co., Chicago, Ill; Colman,
S. Dakota.

*MOORE, PAUL, Load Dispatcher, San Joaquin
Light & Power Corp.. 349 Thesta St..
Fresno, Calif.

*NIORGAN, HARRY ROBSON, Chief Operator.
Taunton Substation. Chicago. Milwaukee
& St. Paul Ry. Co., Kittita,s; res., Seattle,
Wash.

MORRILL, ETHELBERT BELKNAP. Elec-
trical Engineer, City Engineer's Office, City
Hall, San Francisco, Calif.

MORRIS, EARLE HEDDERICIL Chief Engi-
neer, Board of Railroad Commissioners,
State of North Dakota. Bismark, N. Dak.

NAUDAIN, WILLIS A., Meter Repair Man, Wil-
mington & Philadelphia Traction Co.. Wil-
mington, Del.

*NELSON, CYRIL BARTON, Estimator, Paci-
fic Gas & Electric Co., 812 Howard St...
San Francisco; res., Berkeley, Calif.

*NEWTON, WILLIAM EATON, Student Engi-
neer, General Electric Co., Schenectady.
N. Y.

OSTERMAN, WILLIAM, Operator, Philadel-
phia Rapid Transit Co., 623 N. Front St..
Philadelphia, Pa.

PAIGE, ANDREW FRANKLIN, Salesman.
Westinghouse Elec. & Mfg. Co.. 82 Worthing-
ton St., Springfield, Mass.

PARRY, CHARLES EDMOND, General Equip-
ment Supervisor, Southwestern Bell Tele-
phone Co., 953 Boatmen's Bank Bldg., St.
Louis, Mo.

*PARSONS, RICHARD JEROME, Engineer,
Automotive Engineering Dept., Westing-
house Elec. & Mfg. Co., E. Pittsburgh;
res., Turtle Creek, Pa.

PATRICK, CHARLES E., Substation Wireman.
Union Electric Light & Power Co., 315 No.
12th St., St. Louis, Mo.

PATTERSON, JAMES ROLAND, Requisition
Engineer, General Electric Co., Pittsfield.
Mass.

PENDLETON, ARVID MARCY, 1403. 30th
St., N. W.. Washington. D. C.

PETERSON, WILLIAM SIMON, Electrical
Draftsman, Los Angeles Bureau of Power &
Light, 207 S. Broadway, Los Angeles, Calif.

PETKE, EUGENE J.. Draughtsman, Engi-
neering Dept., New York Edison Co.. 130
E. 15th St., New York, N. Y.

PITTMAN, RALPH RICHARD. Supt.. Light
& Water Dept.. The Pine Bluff Co., 411
Main St., Pine Bluff, Ark.

*PLUMB, HAROLD J.. Asst.. to Supt. of Opera-
tion, Consumers Power Co.. Jackson. Mich.

POOL, ALFRED DUNNING. Sales Dept..
Wagner Electric Corp.. 6400 Plymouth Ave..
St. Louis, Mo.
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*PORTER, FREDERICK MEREDITH. Asst.
Commercial Manager. Penn. Edison Co..
Easton. Pa.

*PORTER. RUSSELL WOLCOT, University of
Colorado, Operator Western Light & Power
Co., Boulder, Colo.

*PRESTON, RAY WALLACE, 1st Class Elec-
trician, Southern California Edison Co., No. 3
Substation, 670 Moulton St., Los Angeles,
Calif.

*PRICE. CLARENCE R.. Sales Engineer.
Century Electric Co., 902 Wood Bldg., 56
W. Randolph St., Milwaukee, Wis.

*PRICE, KARL D., Assistant in Electrical Engi-
neering. Ohio State University. Columbus.
Ohio.

PRICE, PERCY A., Telephone Engineer, Ohio
Bell Telephone Co., 4300 Euclid Ave.. Cleve-
land, Ohio.

PRIEST, CHARLES LEROY, Machine Switch-
ing Installation Foreman, Western Electric
Co., Inc., 397 Hudson St., New York; res..
Rye. N. Y.

PUSEY, PARKER ELMO, Power Inspector.
Western Electric Co.. 104 Broad St., New
York; res.. Brooklyn, N. Y.

QUARLES, DONALD A., Telephone Trans-
mission Engineering. Western Electric Co
463 West St., New York, N. Y.

RATHMER, FELIX MARTIN, Shop Supt..
Miller & Smythe Electric Co.,113 Market St..
Youngstown. Ohio.

RENSHAW, RICHARD A.. Engineer, Long
Lines Dept., American Tel. & Tel. Co., 195
Broadway, N. Y.; res.. Great Neck, N. Y.

RIMMEY, JOHN F.. Substation Operator.
Potomac Electric Power Co.. 14th & "B" Sts.
S. W., Washington. D. C.

ROBERTS, LOWDEN S., Plant Engineer,
Southwestern Bell Tel. Co., 354 Boatmen's
Bank Bldg., St. Louis, Mo.

RODGERS. JAMES ALEXANDER, Com-
mercial Engineer, Emerson Electric Mfg. Co..
St. Louis, Mo.

ROLE, MAURICE H.. Designing Draftsman.
Watertown Arsenal, Watertown; res., Rox-
bury, Mass.

SCHENCK, LE ROY, Salesman, Western Elec-
tric Co.. 64 Park Place, Newark; res., Maple-
wood, N. J.

*SCHMICH, John Emil, Equipment Attendent,
American Tel. & Tel. Co.. 185 Pearl St.,
Hartford, Conn; res., Bethlehem, Pa.

SCHNEIDER, CARL NICHOLAS, Electrical
Draughtsman. Charles E. Knox Associates,
101 Park Ave.. New York. N. Y.

SCHNEIDER, WALTER GEORGE, Valuation
Engineer, Ohio Bell Telephone Co., 4300
Euclid Ave., Cleveland, Ohio.

SCHNURE, FRED OSCAR, Asst. Supt., Elec-
trical Dept., Bethlehem Steel Co.. Maryland
Plant, Sparrows Point, Md.

SCOTT, JAMES P., Engineering Dept., General
Electric Co., St. Louis. Mo.

SCOTT, L. WILSON, Local Engineer, General
Electric Co., Charlestown, W. Va.

*SHAFFER, RALPH LEROY. Draftsman.
Northern Ohio Traction & Light Co., Termi-
nal Bldg., Akron, Ohio.

*SHAW. ALFRED EUGENE, Research Labora-
tory, General Electric Co., Schenectady,
N. Y.; res., Boston, Meet'

SHEPHERD, HENRY ADDISON, Electrician.
Consolidated Mining and Smelting Co., Ltd..
Trail, B. C.

*SHINKLE, JAY BLODGETT, Student, Engi-
neering School of Milwaukee; 415 Marshall
St., Milwaukee, Wis.

*SHOUSE, JOHN FELIX, Sales Engineer,
General Electric Co., 1301 Pierce Bldg., St.
Louis. Mo.

SICHER, JAKE. Engineering Dept.. Southern
California Edison Co., 2nd & Boylston Sts.,
Los Angeles. Calif.

SIEWART, HERBERT P., Test Engineer. Alex-
andria Light & Power Co., 524 King St.,
Alexandria, Va.

*SIMONS. MAYRANT. Cadet Engineer. Syra-
cuse Lighting Co.. Syracuse, N. Y.

*SKILLMAN, JOHN MALCOLM, Engineering
Dept., General Electric Co., 627 Greenwich
Ste., New York, N. Y.

SLOCUM. CHESTER C.. Long Lines Engi-
neering Dept., American Tel. & Tel. Co., 195
Broadway, New York, N. Y.; res., Westfield.
N. J.

*SMITH, IRVING RUMRILL, Engineering
Dept.. Westinghouse Elec. & Mfg. Co., E.
Pittsburgh; res., Wilkinsburgh, Pa.

SMITH, THOMAS DUNN, Central Office
Engineer. Western Electric Ce..3541 Flournoy
St., Chicago, Ill.

SMITH. WALTER, Asst. Superintendent.
Washington Coast Utilities, Wentachee,
Wash.

SMITH, WALTER LEWIS, Junior Electrical
Engineer, Dept. of Public Service. Bureau of
Power & Light. City of Los Angeles, 207
S. Broadway. Los Angeles. Calif.

*SNIDER, HOWARD N., Junior Test Engineer.
Industrial Controller Co.. 886 Greenbush
St., Milwaukee. Wis.

SOMERVILLE. THOMAS DONALD. Testing
Dept., Westinghouse Electric & Mfg. Co..
E. Pittsburgh; res., Tuttle Creek, Pa.

*SORENSON, H EL.MER, Line Estimator. The
Milwaukee Electric Railway & Light Co..
Public Service Bldg., Milwaukee; res..
Whitefish Bay. Wis.

*STAMPER, HAMILTON ALAN, Inspector of
Maintenance, Operation & Equipment, Pub-
lic Service Commission, 49 Lafayette St.,
New York: res., Brooklyn, N. Y.

*STATHAS, PERICLES P., Senior, College of
Engineering, Marquette University, 602
State St., Milwaukee, Wis.

STEWART. CHARLES CLEMENCE, General
Traffic Supervisor, Canadian National Tele-
graphs, 40 Richmond St.. W.. Toronto. Ont.

*STROM, ALBERT PAUL, Instructor. Electrical
Engineering Dept., Purdue University. W.
Lafayette. Ind.

*STUMPF, WALTER. Chief Engineer, The

UHL, FREDERICK, Division Traffic Supt..
American Tel. & Tel. Co.. 4300 Euclid Ave..
Cleveland, Ohio.

UNDERHILL, JOHN V.. Mechanical Drafts-
man, Nassau Light & Power Company,
Glenwood, L. I., N. Y.

VANDEVORT, JOHN HALBERT, Supervisor
of Electricity, Fortification Division,
Panama Canal, Balboa. C. Z.

VAN HOOK, ERRETT, Engineer, Georgia Rail-
way & Power Co.. 454 Electric & Gas Bldg..
Atlanta. Ga.

VEVERKA, FRANK, Foreman. Electrical Con-
struction, United Hudson Electric Corp.,
751 Elton Ave., New York, N. Y.

VOIGT, EDWARD ALBERT, Inspector. Brook-
lyn Edison Co., 569 Fulton St., Brooklyn;
res., Richmond Hill, N. Y.

*WALKER. CEDRIC JOSEPH, Electrical
Construction, The New England Power Co..
35 Harvard St.. Worcester. Mass; Brattle-
boro, Vt.

WATERS, BARRETT. President. Kentucky
Power Co., Brooksville, Ky. and 307 1st
National Bank Bldg., Cincinnati, Ohio.

WEINGARTNER, CHARLES R., Electrical
Engineer, General Electric Co., Witherspoon
Bldg., Philadelphia, Pa.

WENTY. OLIVER HENRY, In Charge of Elec-
trical Design. Power Drafting Dept., Bureau
of Power & Light, City of Los Angeles. 207
S. Broadway, Los Angeles, Calif.

WHISLER, GEORGE M.. Resident Electrical
Engineer, Westinghouse High Voltage Insu-
lator Co.. Derry. Pa.

WILDER, ROBERT FARNSWORTH, Supt.
of Distribution, The Twin State Gas & Elec.
Co.. Dover. N. H.

*WILLIAMS, ARTHUR LIONEL, Junior Elec-
trical Engineer, Bureau of Power & Light.
City of Los Angeles. 207 So. Broadway, Los
Angeles, Calif.

WILSON, ARCHIBALD F., Supervisor of
Plant Operations, The Ohio Bell Telephone
Co., 4300 Euclid Ave., Cleveland, Ohio.

WILT, MELVIN C., Engineering Dept., National
Black & Decker Mfg. Co.. Towson Heights: Lamp Works of General Electric Co., Nela
res., Towson. Md. Park, Cleveland, Ohio.

SULLY, ROBERT BRYANT. Testing Dept.. WISNER, RAYMOND REX, Electrical Engi-
General Electric Co.. Schenectady, N. Y. neer, Stone & Webster, Inc., 147 Milk St.

SUMMERS. GUY MELVIN, General Repair Boston, Mass.
Man, North East Service. Inc., 391 Lyell *WOLLAM, GERALD ZENUS, Student, Univ-
Ave.. Rochester, N. Y. ersity of California, Berkeley, Calif.

SVITAVSKY, ROBERT I.. Electrical Engineer. WOODMANSEE, WALTER L.. Head Electri-
The Milwaukee Electric Railway & Light cian. American Steel & Wire Co., South
Co.. Milwaukee. Wis. Works, 767 Milbury St., Worcester, Mass.

SYMES, ALFRED N., Fundamental Plan Engi- WOODS, ARTHUR JAMES, Constructionneer, The Ohio Bell Telephone Co.. 4300 Engineer, General Electric Co.. 84 State St.,
Euclid Ave., Cleveland, Ohio. Boston, Mass.

SYMONDS, CLARENCE' MORTON, Substa- *WYCHE, PHILIP LUDWELL, Mechanical
Lion Operator. Potomac Electric Power Co.. Draughtsman, Denver Tramway Co., Den -
Washington. D. C.: res.. Arlington. Va ver, Colo.

*TENNEY, HARRY WILLIS. M. & P. Engi- YOUNG, PHILIP C., Erecting Engineer, Serv-
neering Dept., Westinghouse Elec. & Mfg. ice Dept., Canadian Westinghouse Co..Co., E. Pittsburgh: res.. Wilkinsburg. Pa. Hamilton, Ont., Can.

*TERMAN, FREDERICK E., Student. Mass. *YOUNG, W. FORREST, Engineer, Duquesne
Institute of Technology. 426 Newbury St.. Light Co., 435 Sixth Ave., Pittsburgh, Pa.
Boston, Mass. ZAHM, JOSEPH JOHN, Draftsman, Dept. of*THOMAS, ALBERT GALLATIN. Student. Docks, New York City, Pier "A," North
Mass. Institute of Technology, Cambridge. River, New York: res.. Brooklyn, N. Y.
Mass: res., Lynchburg. Va. Total 244.

*THOMPSON. ELMER OLAF, Dept. of *Formerly Enrolled Students.
Development & Research, American Tel.
& Tel. Co., 195 Broadway, New York. N. Y.

TILLOTSON, NOYES D.. Switchboard Design-
ing Dept., General Electric Co., Schenec- BIRDSALL, WILFRED THOMAS. Consulting
Lady, N. Y. Engineer. 41 N. Fullerton Ave., Montclair.

*TURNER, EDMUND THOMAS. Supt.. of N. J.
Construction, North American Illuminating BROWN. HARRY FARNSWORTH, Asst.
& Engineering Co., 778 Rogers Ave., Brook- Electrical Engineer, N. Y. N. H. & H. R. R.,
lyn, N. Y. 323 Railroad Station, New Haven, Conn.

TYLER. CHARLES LEE. Chief Electrician,
Wentz Co.. Markle Bank Bldg., Hazleton,
Pa.

ASSOCIATES REELECTED
FEBRUARY 15, 1923

HOLLAND, MAURICE, Chief, Industrial Engi-
neering Branch, McCook Field, Dayton.
Ohio.
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JOHNSON, ALEXANDER LAUGHLIN. Asst
Electrical Engineer, West Penn Power Co..
14 Wood St., Pittsburgh, Pa.

KELLEY, WALTER F., Engineering Dept.,
Western Electric Co., New York, N. Y.

NI I ',LER, CLAYTON A., Engineering Dept..
Adirondack Power & Light Corp., Schenec-
tady, N. Y.

SHEPHERD, GEORGE. Electrician, Durant
Motors of Canada Ltd., Leaside; res.,
Toronto, Ont., Can.

WEEKS, HAROLD EASTMAN, Capt., Air
Service, Officers Reserve Corps., Army &
Navy Club, Washington, 1). C.

MEMBERS ELECTED
FEBRUARY 13, 1923

CHAPIN, CARL KENNETH, Bureau of Power
& Light, Dept. of Public Service, City of
Los Angeles, 207 So. Broadway. Los Ange-
les: res., Pasadena, Calif.

CRAPO, CHARLES AMBROSE. Engineer of
Equipment & Buildings, Mountain States
Tel. & Tel. Co., Denver, Colo.

DEERING, JOHN JOSEPH, Manager, Norton
Office, West Virginia Engineering Co.,
Norton, Va.

DICKEY, ROBERT WILLIAM, Associate.
Professor of Electrical Engineering, Washing-
ton & Lee University, Lexington, Va.

FLETCHER, HARVEY. Dept. Head, Trans-
mission Research, Western Electric Co.,
463 West St., New York, N. Y.

HIBBARD, LLOYD JAMES. Railway Equip-
ment Engineer, Engineering Dept.. Westing-
house Elec. & Mfg. Co., E. Pittsburgh, Pa.

KING, ROBERT WALDO, Electrical Engineer,
American Tel. & Tel. Co., 195 Broadway.
New York, N. Y.

LYNG, JOHN JOSEPH, Apparatus Develop-
ment Engineer, Western Electric Co., 463
West St., New York. N. Y.

MAXFIELD. JOSEPH PEASE, Development
Engineer, Western Electric Co., 463 West
St., New York, N. Y.; res., Maplewood, N. J.

OBERLANDER, FELIX REID, Electrical
Engineer, Garfield Smelting Co., Garfield:
res., Salt Lake City, Utah.

PORTNELL, JAMES ROY. Superintendent,
Electrical Distribution, Union Electric Light
& Power Co. 315 N. 12th St., St., Louis, Mo.

TOENSFELDT, RALF THOMAS, Electrical
Engineer, Dept. of Public Utilities, City of
St. Louis, 311 City Hall. St. Louis. Mo.

WILLIAMSON, BERT ALFRED. Electrolysis
Engineer, Los Angeles Gas & Electric Corp.,
Los Angeles, Calif.

TRANSFERRED TO GRADE OF FELLOW
FEBRUARY 15, 1923

PECK. BERT H., General Manager, Southern
Illinois Light & Power Co., St. Louis. Mo.

TRANSFERRED TO GRADE OF MEMBER
FEBRUARY 15, 1923

BERN, EMIL G., Switchboard Engineer, General
Electric Co., Schenectady, N. Y.

BOWDITCH, ROY, Electrical Engineer, West
Virginia Engineering Co.. Norton, Va.

MURNAN, J. A., Electrical Superintendent,
Motive Power Dept., Interborough Rapid
Transit Co., New York, N. Y.

WOLF, H. CARL, Chief Engineer, Public Service
Commission of Maryland, Baltimore, Md.

RECOMMENDED FOR TRANSFER
The Board of Examiners, at its meetings held

January 15 and February 9, 1923, recommended
the following members of the Institute for transfer
to the grades of membership indicated. Any ob-
jection to these transfers should be filed at once
with the Secretary.

To Grade of Fellow
KEBLER, LEONARD, President. Ward Leonard

Electric Co., Mt. Vernon, N. Y.

To Grades of Member
AFFEL, IIE It111 A N A., Engineer, Dept. of

Development and lieNtqlreil. American Tele-
phone & Telegraph Co., New York, N. Y.

BROWN, R. A., General Superintendent, city
Electric Light & Street Railway Depart-
ments, Calgary, Alberta, Canada.

CIAVI`Olt, EDWARD 111., Electrical Engineer,
Westinghouse Electric S.: 1M fg. ('o., East
Pittsburgh, Pa.

DEAN 8, WI LLI AM, Chief Engineer, Sundt'
Electric Co.. Newark, N. J.

JOHNSON, ARTHUR F., Chief Electrical
Draftsman, Brooklyn Edison Co.. Brooklyn,
N. Y.

MAYER, GEORGE H., Supt. Telegraph,
Minneapolis, St. Paul & Sault Ste. Marie
R. R. Co., Stevens Point, Wis.

NOTVEST, 0. ROBERT, Electrical Engineer &
Manufacturers' Agent, Cleveland, O.

ROWLAND, HERBERT H., Chief Engineer.
Moody Engineering Co. inc., Secretary,
Moody Construction Co.. Inc., New York,
N. Y.

SCHEALER, SAMUEL R., Associate Professor
of Electrical Engineering, Lehigh University,
Bethlehem. Pa.

SPOONER, THOMAS, Research Engineer.
Westinghouse Electric & Mfg. Co., East
Pittsburgh, Pa.

WATTS, EGBERT M., Patent Work (Tem-
porarily), Canadian General Electric Co.,
Toronto, Ont.

APPLICATIONS FOR ELECTION
Applications have been received by the Secre-

tary from the following candidates for election
to membership in the Institute, the list indicating
the geographical district and Section in which the
applicant is at present located. Unless other-
wise indicated, the applicant has applied for
admission as an Associate. If the applicant has
applied for direct admission to a higher grade
than Associate, the grade follows immediately
after the name. Any member objecting to the
election of any of these candidates should so
inform the Secretary before March 31. 1923.
Adams, Ira J.. New York, N. Y.
Aird, Alanson W., Port Jefferson, N. Y.
Arkinson, Thomas J., New York, N. Y.
Armstrong, Thomas W., Johnstown, Pa.
Ashley, David P., New York, N. Y.
Avendano, Julio. Now York, N. Y.
Banister, William C., Milwaukee.
Bank. Martin L., Chicago, Ill.
Barron, Donald W., New York, N. Y.
Barton, Fred B., Montreal, Que
Bass, Alexander H., Philadelphia. Pa.
Bass, Percy B., Newark, N. J.
Baum, Edwin K.. Stanford University, Calif.
Begoon, George F., New York, N. Y.
Belknap, J. Harrison, Corvallis, Ore.
Bell. Emerson DeWs. New York. N. Y.
Benz, Bernhard, Portland, Ore.
Berelkoff, Anatol P., Schenectady, N. Y.
Bergman, Earl, Youngstown, Ohio.
Best, Gerald Martin, San Francisco, Calif
Beverage, Harold H., Belmar, N. J.
Bissiri. Alfio, Los Angeles, Calif.
Black, John C., Bentonville, Ark.
Blain, James G.. Cleveland, Ohio.
Blodget, Hugh Y., Deadwood, S. Dakota.
Bonney, Alva A., Portland, Ore.
Briggs, Elmer C., Cleveland, Ohio.
Broach, Keator T., New York, N. Y.
Brooks. Guy W., Buffalo, N. Y.
Brown, Melvin P.. New York, N. Y.
Browning, Kenneth W., Salt Lake City, Utah.
Buckheit, William, New York. N. Y.
Buckley. Harry G.. Jr., Brooklyn. N. V.
Bullen, Charles V., Stillwater, Okla.
Burgett, James E., Warwood, W. Va.
Burkholder. John C.. Jr., New York, N. Y.
Cadwallader. Asa G., Columbus, Ohio.
Capen, William H., (Member), New York. N. Y.
Carlson, George E., (Member), Chicago, Ill.
Carroll. G. Rees, Woodlawn. Pa.

Case Everett W., Pittsburgh. Pa.
Chathan. Francis M. Jr., Salisbury, Md
Chesebro, Milton IC., Spokane, Wash.
('hittick, William A., Milwaukee, wig.
Clark, Orson B., Pittsburgh, Pa.
Clarke, DaCosta M., Philadelphia, Pa
Clarke, Edith, Scheneetady. N. Y.
Clement, Lewis M., (Member), New York, N Y.
Cole, Clarence H., I Member), Jamestown. N. Y.
('ole. Howard W., Ilentown, Pa
Collette, Reginald e ' , New York, N. Y.
Comiskey, Walter V., New York, N. Y.
Connery, Alder F., New York. N. Y.
Conrad, Frank L., (Member), Chicago, Ill.
Cooper, Alfred M., Kansas City, Mo.
Cosmenky, G. Francis, New York, N Y
Cox, Francis A., New York. N. Y.
Cureton, Francis H., New York, N. Y.
Doan, Charles E.. Now York. N. Y.
Dean, Charles S., Boston, Mass.
I/odor. William K., Kingston Ont.
Dixon, Walter C., (Member), E. Pittsburgls, Ps.
Donahue, John C., Boston, Mass.
Dreher, Carl, New York, N. Y.
Dreyer, John F., Jr., Hoboken, N. J.
Dummel, Robert G.. San Francisco, Calif.
Dunn, Charles P., (Member), Portland, Ors.
Dyke, Minor B., Akron, Ohio.
Eaton, Earle. Detroit. Mich.
Ego, William W., Chicago. Ill.
Ellis, William G., Philadelphia, Pa.
Everist, Thomas B., Philadelphia, Pa.
Eyre, James R., (Member), Iowa City, Iowa.
Falknor, Frank B.. E. Pittsburgh. Pa.
Farnsworth , Arthur J., (Member), Los Angeles,

Calif.
Feather. Robert J. B., Columbus, Ohio.
Fell, Robert A., E. Pittsburgh, Pa.
Fey, Charles F., Long Island City. N. V.
Fitch, James H., Cleveland, Ohio.
Fitzgerald. John, W Lynn, Mass.
Fly°, William L., New York, N. Y.
Fox, Arthur W.. (Member), Hartford. Conn.
Garrison, Dwight, Philadelphia, Pa.
Gerringer, Harold LeR., Reading, Pa.
Glendening, William R., Nelsonville. Ohio.
Gloslie, Christian, Dawson, Y. T.
Graham, Tom, Salisbury. Md.
Graham. Rhodes T., Porterville, Calif.
Granau. Edgar L., Woonsocket, R. I.
Griffiths, Clarence M., New York. N. Y.
Guenther, Felix G. H., Madison, Wis.
Gustafson, Edgar H., Cleveland. Ohio.
Hagen, Roy C., Butte, Mont.
Halpern, Henry H., New York, N. Y.
Hamilton, Hance L., Columbus, Ohio.
Hamilton. Harold C., Boston, Mass.
Hammond, Herbert H., Boston, Mass.
Hand, Ellsworth J., Washington, D. C
Hannum, Dane M., New York. N. Y.
Hansell, Clarence W., New York. N. Y.
Harter, Leslie J., Cleveland, Ohio.
Haug, Andrew J., Seattle, Wash.
Heistad, Rolf, Los Angeles, Calif.
Herzog, Eugene, New York, N. Y.
Hill, Arthur P., Los Angeles. Calif
Hillegass, J. B., Erie, Pa.
Hillier, Clifford G., Boston, Mass.
Hobbs. George V., Baltimore. Md.
Hobson, C. C., Portland, Ore.
Hodge, William E., Lynn, Mass.
Hoffman, Samuel 0., San Francisco, Calif.
Holm. Charles L., Cleveland, Ohio.
Holman. John A., Cleveland, Ohio.
Hoover, William J., (Member), Ft. William, Ont.
Hopson, William H., Portland, Ore.
Hubbard, Francis A., (Member), New York, N. Y.
Hull, Burt G., (Fellow), Detroit, Mich.
Humrickhouse, Ralph R., Cleveland, Ohio.
Huntington, Ernest K., Rochester, N. Y.
Hurd. Howard H., Cleveland, Ohio
Huston. Claude B., Schenectady. N. Y.
Hutcheson, James P., Cleveland, Ohio.
Irvine, C. Nes, Zanesville, Ohio.
Jenkins, Paul S., (Member), Detroit, Mich.
Jeynes, Paul H., Ansonia, Conn.
Johansen, Theodore R., New York, N. Y.
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Johnston. Jack F.. Portland. Ore.
Jones. Leland. Grace. Idaho.
infer, Waiter. Schenectady. N. V
Kaiser. Alexander A . Philadelphia. Pa.
Keller. Joseph M.. Erie. Pa.
Kempson. James M.. Schenectady. N. Y
Kent. Harold I).. New York. N. Y.
Kerr. Clarence L., Schenectady. N Y
Ketcham. E D.. Albany. N. Y.
King, Elmer D.. Detroit. Mich.
Kinney. Clair Y.. Detroit. Mich.
Kinzie. P. Alexander. Denver. Colo.
Kishpaugh. Arthur W.. New York. N. Y
Knight. Montgomery. Cambridge. Mass
Knowles. Arthur W.. Worcester. Mass
Kuhn. Clarence W., Cincinnati. Ohio
Lang, Harold C., Clarksburg. W. Va
Leach. Dallas A.. Cleveland. Ohio
Leaven. George H . Salem. Ore.
Leconte. Robert A.. New York. N. V.
Lenz. Andrew H.. Cleveland. Ohio.
Loving. Orville 0., Powell. Wyoming
Lund, Carl E . E. Orange. N J.
NlaeLend. Hector J., Edmonton. Alta Canada.
Magnuson. John E.. Duluth. Minn.
Marquis. Vernon M.. Schenectady. N Y
Marshall. Walter W.. W. Allis. Wis.
Mathes. Charles E., Toledo, Ohio
Mattson, Walter A., W Lynn. Mass
McKay. Herbert. St. Catharines. (tnt
McMichael. Frank fi .

Pittsburgh. Pa
MeN-111. Clarence E Philadelphia. Pa.
McNerney. Adelbert M.. Cleveland. Ohio.
Mechling. Eugene B.. Philadelphia, Pa.
%resin. Clarence E.. Detroit. Mich
Mitchell. ('lair D.. Bloomfleld. N. J.
Montgomery, John A., Columbus. Ohio
Moody. Harry L . Philadelphia, Pa.
Moore, Charles E.. Jr.. Baltimore. Md.
Morgan. Kenneth F.. Pasadena, Calif
Morse. William O. Schenectady, N V
Moulton, Bruce (.4 , Jackson, Mich.
1.1taehlig. Ralph E . Boston. Mass
Murphy, Matthew F.. Portland. Ore
Murray. Frederick .1 . New York. N 1

Myers Warren K . Huntingdon Pa
Neuter. Otto. Toledo. Ohio
Noertker, Joseph A.. Cincinnati, Ohio
I ). Brien . Laurence A., Jemey City, N .1.

Olmsted. Irl L.. Portland. Ore.
Orr. Robert (' , .ir . New York. N V
()swan. Cyrus W. Seattle. Wash
Pew -trek, Thomay. E , Clarkdale Ariz.

Pennell Robert 0 New York. N
Pfatiltz Christian E Riverhead. I. I N V

Phillips. Frank D.. Schenectady. N
Pierre, Glen K (Member), Iowa City Iona
Powell Carroll A . New Haven. Conn
Prossor. Donald K , New York. N N

Quigley. William J. Hay Mbor N
Nadel I,. Cleveland, Ohio
lityalIng. Arthur. 'Member) Pit odoirvi. I'.,

Head, lien S 'Member). 1 letIver Colo
hied ( Cincinnati
Reardon Pi ,rtotief 11 Boston Ma..
Rey Waiter .1 111111.8.11k1....

Hite Harry .1 Jersey City N .1

Itienatra Petrue.1 'Allernber New Norl,
Riley .fames It New York N I.

Itoever, Frank Cincinnati, litho
lioloff In V Vl IA rip Ind
Hook.. Alt, PIM,. Allel)
Itiowitiwk., I .liftyr A Cleveland I11,11.

IC. /1.1. '
Metl0/11Ci SO) N

1(.1,1016111 I' Vt W 11,11

U miss. II I 11.%.1411,1 1/16ii

%/tingwin 1 It Chatham. Ma«.
marts,ItY I).. i ,,! ort,
melsoti, York N

Kelmlir. int., II .11 A I (its
It:,; I' '.iii .ilif

Wr,tt Hoyts I

Niel), Is' It.. i..ti
/41.1.1.1111.8/. V13.1.1. II 1

shut.. Ralph NI J. I I %or
*breve. Chalky. T '11 Hum. J

Manus . Tok urbly N 1 ork N 1

Smith. Everett H.. New York, N. Y.
Smith. Frank S.. Cleveland, Ohio.
Smith. Harry S. Pittsfield. Mass
Sorenson. Charles N.. Clarinda. Iowa.
Spofford. Franklin D., New York. N. Y
Sterne, William C., Denver, Colo.
Stewart. Ronald B.. San Francisco. Calif.
Stocksidale. Theodore R.. (Member). Newark,

N. J.
Stokes, Beni. B., Jr.. Atlanta. Ga
Stormzand, Harold A., Detroit. Mich.
Strauss. Jacob S., New York, N. Y.
Strong, Lewis B., Brooklyn. N. Y.
Strum, Frederick C. C., Franklin. N. H.
Stuart, Robert B., Mare Island. Calif.
Summers, Edwin S., Warwood, Wheeling. W Va.
Teich. Quintin C., Ft.. Wayne, Ind.
Tench. Walter L., Port Jefferson. N. Y.
Thomas. Harry M.. Oakland. Calif.
Thorhurn. James M , Cleveland, Ohio.
Tischer, Herman A.. Cincinnati, Ohio
Truran. Walter W.. New York. N. Y.
Turnpaugh. Walter S., (Member). Monterrey,

N. L., Mex.
Tuttle, Howell A.. Toronto. Ont.
Tuttle, Willis H., Los Angeles, Calif.
Utt, Orville G., Cleveland, Ohio.
Valle, Horace S., Chicago, Ill.
Varney, Herbert V., Toledo. Ohio.
yenning. F. J.. Keokuk. Iowa.
Victoreen, John A. Cleveland, Ohio.
Vogel, Frederick M., W. Lynn. Mass.
Wade, Elmer J.. Pittsfield, Mass.
Wager, Lewis B., Finitwood, Pa.
Walsh. Joseph F.. New York. N. 1'.
Walton. Edwin F.. Portland, Ore.
Watson. Leroy F., San Francisco, Calif.
Wilson. Ray H., Tulsa. Okla.
Wilder, Laurence R., (Member). New York, N. V.

Wiles, Glenn E., E. Pittsburgh. Pa.
Wilson. Carl H., Detroit, Mich.
Winkley, Erastis E.. (Member), Lynn. Mass.
Witt.hun. William C., Montreal, Que.
Wolfson. Henry M.. New York. N. Y.
Wood, Harry G.. (Member), New York, N. Y.

Woodhead. John W., Vancouver. B. C.
Woodward. Guy F.. Worcester, Mass.
Yelton Paul H., Riverside. Calif.
Young, .1. Harold, New York. N. Y.
Young. Louis H.. Elk River, Idaho.
Ziegler, Edward F Brooklyn. N. Y.
Total 211

Foreign
1kasaka. Toshi. Shibuya. Tokyo. Japan.
Badhnlvalla, .1 N., Stretford. Manchester. Eng.
Christianson. Theodore C , Trafford ('ark, Man-

chester. Eng.
Curry. Aubrey R., Chimuleaniata. Chile, S A.

Geerling. William E., Johannesburg. S. Africa.
Ilat ton. Frank. Santo Domingo city, Santo

Doming()
Henry. Edward, Christchurch, N. Z.
11611cm. It 1111061111611. N. Z

Item. Tanehant, Shlnagawa. 'Tokyo,
1.1111/1. .1 Fed/Tier, San Strilvairleir Hip of 4/11-

watior
lellorile, '41ftrilec It Trafford Park,

Eng
stout. ( I 1 Fl.rf ,1'enrit S, \
Total It

rTiir)rnirs rnit()I,s.ri) rEhRuntil
111167 I lirerle lehi dn.. \Io1,lnnn 511111.

1 1/ 11'.1.1 W11114.0.$ Northern iir.11

11)104 Kuhns v 11 I/111,, Son -I boil) Vol%
16470 Clourtoloti Kokrito sOi%lui. 11 .1ll oh. 04

ti,t;i I nrl..II N Minn' Ii Ii sl Inoltute
of 'I hnology

11,11',' Itorn..1.1 - I ills. 1.111 of VI o.h.lti
1017.1 Tolo.4 I t,u ,tier I'. I 'hut

hooliiy%
11)1,1 \ 1.'111104;ot I I' 1;k44 iif Torii
11'.1;i'i Hook John I 1 iili I olio *II y

MI ill ir1111111, \I 'oll,ve '1
lei. i Weayet, %fried 11 y a 'Sior

Tritiopi

16475 Hoefle, Alois. State College of Washington
16479 Findley, Runnel L.. University of Missouri
16450 Foltz, Joseph P.. University of Missouri
16451 Linney, Ralph W.. University of Missouri
16452 Herrington, Harold W., University of

Kansas
16488 Price, Myron H.. University of Kansas
16484 Baker, Ackland J., Queens University
16485 Stevens. Thomas A.. Northeastern Univ.
16486 Neumann, Adelbert (i.. University of Wis.
16487 Hopler. Elliott S.. Bucknell University
16488 Slepian. Arthur, Harvard University
16489 Jadot, Albert. Cornell University
16490 Shiroyan, Haig, Cornell University
16491 Sunico, Francisco. Cornell University
16492 Hayes, Ewan R.. Mass. institute of Tech
16493 Drazen, A. Michael. Mass. Institute of

Technology
16494 GITIleeyxas, Thomas G.. A & NI. College of

16495 Behar, Angelo, Mass. Institute of Tech.
16496 Morrison, Raymond D.. Worcester Poly-

technic Institute
16497 Todd. Edward E., Jr., Alabama Polytech-

nic Institute
16498 Stevenson. Adlai R.. Alabama Polytechnic

Institute
16499 Stevenson. Joe W..

Institute
16500 Heath, William P..

institute
16501 Turner, Warren C.,

Institute
16502 Miller, Henry K

Institute
165413 Hays, Arthur C..

Institute
111504 Gam hie. Cary it..

Institute
16505 Bevis, James F..

Institute
16506 Ambrose, Julian NI.

of Milwaukee
16507 Nelson, Earl E.. School of Engineering of

Milwaukee
16508 Strom, W., school of Engineering of Mil-

waukee
16509 Bartell, Elmer, School of Engineering of

Milwaukee
16511) Kress, Fred C., School of Engineering of

Nillwaukee
16511 Foulk, Richard K.. School cif Engineering

of Milwaukee
111512 l'omailti, Ernest. School of Engineering or

ilwatikee
111513 oalitip, W. titalron. School of Engineering

of Milwaukee
16511 NIIIIIrf`, Sidney A . School of Engineering

of Alilwaiikee
1(1515 Freiiliwilli's* E(11,111,1 , School of Engineer

ing of Milwaukee
165111 Nnzario %worth) .1 . School of Engineering

of Nillsalikee
16517 1.10W(.1'n. S14111110 141.11.11.1 of 1.:11111110.1.1.111.1

Milwaukee'
16516 Stearns, Adhiw \ sit ICnglncerfng

tif NI liwritikv.
16519 Losie, Willis le. 1.1111 emit ), of Michigan
111521) Wilco... Harry I.. I 'ti15.1/..11 of '511011pm
1011121 Lucius, Clarence IC .

I'niveralli of Michigan
IfiriZi 111)44111w Albert s UtIlveridt \ 1 lehlitito

111523 NI mitipy Ititheri II l'nlyirdly of \
111/524 Merlon. Ilenry .1 I tilverilt1 of \Ilrhlgnn
I Itt.2ri 1/wen. hurl II 1. ol% \1111tigan
1115211 ThIclionn \ I oh v of 1)11
I haolToir I iliorgt, 'I' Ito.111111.

111'. ilionui I ' ksi 1,1011ot.,
lo Ingo 1 nuourrl I ko,Iotoi 1,10 huh

I 1, Ow, l'i.1.`1' 1`, 0.1.0111` 111..111111..

111-.11 \ 1%.)11.111. 111..111111c

liv.1 11 1% 11,111' hist it 11111`

I I IIii1..It I1.1) .'1.1 I. key I flat lint,
I Ir. 11 1'i1111 16+,1110u

1'. Li., 1'0'16 iiiie
16:. 19 11,1 Ilar11 IC Kit.lone 111411111(1,
Ili% I; I laso...o klooo. IN I iiilyermi

Pills.[Illis It le-hro /I F I'nlvnrdlr sit N11611

Alabama Polytechnic

Alabama Polytechnic

Alabama Polytechnic

Alabama Polytechnic

.5Iabama Poly'technie

Alabama Polytechnic

Alabama Polytechnic

School of Engineering
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16539 Kulor, John J., Central Technical School
16540 McRoberts, Joseph A., Central Technical

School (Toronto)
16541 Belfrey, Ralph S., Central Technical School

(Toronto)
16542 Wotton, Norman H., Central Technical

School (Toronto)
16543 Thompson, Roy. Central Technical School

(Toronto)
16544 Terry, Alexander, University of Colorado
16545 Ralston, Albert A., University of Illinois
16546 Kubiak, Henry J., Drexel Institute
16547 Hopper, Richard H., Oregon State Agri-

cultural College
16548 Kietzmann, Edward H., University of Wis-

consin
16549 Holton, Theodore R., Worcester Poly-

technic Institute
16550 Fenner, Lawrence G., California Institute

of Technology
16551 Krupy, Alexander J.. Mass. Institute of

Technology
16552 Whitby, Lewis S., Pennsylvania State Coll.
16553 Middleton. Walter C.. Alabama Poly-

technic Institute
16554 Hunt, Orville D., State College of Wash.
16555 O'Neil. Horace T., State College of Wash.
16556 Maughmer, Glenn F., State College of

Washington
16557 Lundquist, Robert E., State College of

Washington
16558 Schultz, Stanley M., University of Maine
16559 Cawvey, Clarence E., University of Illinois
16560 Voris, Henry L. J., University of Illinois
16561 Oliver. Rudolph S., Jr., Georgia School of

Technology
16562 Quallins, George A., Georgia School of

Technology
16563 Moore, Lauriston G., Jr., Georgia School of

Technology
16564 McGee, Herbert S., Georgia School of

Technology
16565 Johnson, Marion, Georgia School of Tech.
16566 Cox, Burns C., Georgia School of Tech.
16567 Blakey, Lawrence M., Georgia School of

Technology
16568 Parker, John S., Brown University
16569 Kuhlman, Roy F., University of Colorado
16570 Paden, Ralph P., University of Colorado
16571 Campiglia. Eugene J., University of

Colorado
16572 Horger, Oscar J., Carnegie Institute of

Technology
16573 Greene, Harry A., Jr., Stanford University
16574 Stray, George R., Stanford University
16575 Shepherd, Theodor H., Stanford University
16576 Johnson, Richard E., Stanford University
16577 Sortor, Charles H., Stanford University
16578 Lane, John C., Stanford University
16579 Young, Wilmer W., Stanford University
16580 De Vault, Aylett F.. Stanford University
16581 Bush, Loren S., Stanford University
17582 John, Harold T., Stanford University
16583 Sandretto, Paul J. B.. Stanford University
16584 Meyer, Charles L.. Stanford University
16585 Trummer. David J.. Stanford University
16586 Peavy, Claude E., Stanford University
16587 Smith, Lemuel C., Jr., Stanford University
16588 Puteamp, William J., Stanford University
16589 Lee, William G.. Jr., Stanford University
16590. Swanson, Oscar J., Carnegie Institute of

Technology
16591 Long, Le Roy W., Pennsylvania State Coll.
16592 Hays. Lloyd D.. Marquette University
16593 Benton, Andrew, Marquette University
16594 Russell, Charles C.. Jr.,Northeastern Univ.
16595 Butterworth, Percy T., Northeastern Univ.
16596 Bingham, Lloyd A., Northeastern Univ.
16597 Churchill. Thomas C. D., University of

Toronto
16598 Cetilbourn, Edward R.. University of

Alabama
16599 Martz, Clyde J.. University of Alabama
16600 Hagler, Clyde E., University of Alabama
16601 Sobel, James A.. University of Alabama
16602 Graham, William F., University of Ala.
16603 Weston, Carl A., University of Alabama

16604 Billeter, Julius C., University of Utah
16605 Silver, Moraleo W., University of Utah
16606 West, Harold R., University of Utah
16607 Robertson, George B. M., Drexel Institute
16608 0 lendinning, William, Massachusetts Insti-

tute of Technology
16609 Daley, Charles M.. Jr., Clarkson College of

Technology
16610 Shelley, Harry S., Drexel Institute
1(1(111 Colvin, H. R., Massachusetts Institute of

Technology
16612 Flick, Sheldon E., University of Kentucky
16613 Taylor. Cloyde E., University of Kentucky
16614 Fitzgerald, William Francis, Purdue Univ.
16615 Everett, James W., Purdue University
16616 Erickson, Edward H., Purdue University
16617 Ryan, Ralph A., Purdue University
16618 Gaines. Stanley III, Carnegie Institute of

Technology
16619 Muckenhoupt, Carl F.. Massachusetts

Institute of Tech.
16620 Hill, George A., University of Wisconsin
16621 Horgan. Joseph L., Cooper Union
16622 Miers, Wesley S., A. & M. College of Texas
16623 Stewart, Sturtevant, University of Wis.
16624 Remington, Arthur E., University of Wash.
16625 Mills, C. A., University of Toronto
16626 Shanks, John C., Oregon State Agricultural

College
16627 Skinner, David W., Nlass. Institute of

Technology
16628 Bennington. Robert .1.. University of Mo,
16629 Fuqua. B. Ellsworth, University of Mo.
16630 Miller, Charles R., University of Missouri
16631 Barr, Neil K.. University of Missouri
16632 Neal, Harry N., University of Missouri
16633 Kiesling, Paul W., University of Missouri
16634 Maxwell, Marvin V.. University of Mo.
16635 McDaniel, Otto S.. University of Missouri
16636 Chou, Tzu-hsu, Worcester Polytechnic

Institute
16637 Maxwell. George W.. Northeastern Univ.
16638 Zook, Richard Mc( ran ti . Pennsylvania

State College
16639 Bricker, Elijah E., Oregon state Agricul-

tural College
16640 Thayer, Sheldon Z., Oregon State Agricul-

tural College
16641 Crafts, Harold W., Northeastern University
16642 Reed, Robert F.. Northeastern University
16643 Kellogg, Paul M.. Mass. Institute of Tech.
16644 Potter. Winthrop F.. Mass. Institute of

Technology
16645 Cleaveland, Vincent M., University of N.

Dakota
16646 Myrand, Lloyd A.,University of N. Dakota
16647 Briggs. Albert F., University of N. Dakota
16648 Rowe, Cecil E., University of Arkansas
16649 Conner, George W., Jr., Keystone Institute
16650 Adams, Harry G., Keystone Institute
16651 Warner, David A., Keystone Institute
16652 Snyder, Martin B., Keystone Institute
16653 Parrish, Earl E.. Keystone Institute
16654 Devlin. James J., Keystone Institute
16655 Shollenberger, Howard A.. Keystone Inst.
16656 Wiggins, John B., University of Minnesota
16657 Jones, Evett A.. North Carolina State Coll.
16658 Craig, Arthur B., Mass. Institute of Tech.
16659 Lundin, Erik H.. Northeastern University
16660 Stone. C. V. V.. Cornell University
16661 Broughton, William 0.. Cornell University
16662 Crosthwaite, George N.. Cornell University
16663 Bonner. Walter F.. Columbia University
16664 Altfflisch, Oliver W.. State University of

Iowa
16665 Miller, Gordon E.. State University of Iowa
16666 Von Hoene. Clifford, State University of

Iowa
16667 Oakleaf. A. Reuben. State University of

Iowa
16668 Mead. Edgar R., State University of Iowa
16669 Gerard, Harold L.. State University of Iowa
16670 Hummer, John W., State University of

Iowa
16671 Geymer. Homer H., Armour Inst. of Tech.
16672 Goodmanson. John H.. Armour Inst. of

Technology

16073 Peckham, James 0., Armour Inst. of Tech.
1(1674 Finkelstein, Louis M., Armour Inst. of

Technology
1(1675 Haskell, Leslie C., Armour Inst. of Tech.
16676 Desmond, William F., Armour Inst. of

Technology
16677 Mansfield, John R., Armour Inst. of Tech.
16678 Buck, Cecil J., Armour Inst. of Technology
16679 Elwood, Daniel H., University of Minn.
16680 Reeve, Howard E., University of Minnesota
16681 Ryan, Robert M., University of Minn.
16682 Nelson, Edgar M., University of Minnesota
16683 Sheekman, Harvey Z., University of Minn.
16684 Carlson, Edward, Jr., Mass. Institute of

Technology
1(1685 Besdansky, Morris P., Mass. Institute of

Technology
16686 Sweet, Karl A., Mass. Institute of Tech.
16687 Goldberg, Charles J., Drexel Inst.
16688 Galbraith. Samuel N., Michigan Agri-

cultural College
16689 Anderson, Adolph, University of Wash.
16690 Chitty, Lyman M.. University of Wash.
16691 Price, Harry J., University of Washington
16692 Swanson, Verne J., University of Wash.
16693 Holmes. Stephen D., Lewis Institute
16694 Tong, Chung, Lewis Institute
16695 Schroeder, Frank W.. Lewis Institute
16696 McAllister, Louis W., Lewis Institute
16697 Lynn. Forest LaV., California Inst. of

Technology
16698 Beeson, Martin L., California Inst. of

Technology
16699 Stern, C. Bernhard, California Inst. of

Technology
16700 Elmore, Roy 0.. California Inst. of Tech.
16701 Jeremiah, Frederick, California Inst. of

Technology
16702 Bass Nelson I., A. & M. College of Texas
16703 Smith, Eric R., Oregon Agricultural College
16704 Schaefer, John P.. University of Maryland
16705 Weckwerth, Herbert F., University of Wis.
16706 Nattress, David I., University of Toronto
16707 Kaplan, Carl, Pennsylvania State College
16708 Domingues, Louis, Mass. Inst. of Tech.
16709 Macnabb, Vernon C.. Stevens Inst.

Technology
16710 Lee, Edward M.. Mass. Inst. of Technology
16711 Thompson, J. Howard, Jr.. Swarthmore

College
16712 Shaler, Paul NI., Kansas State Agr. College
16713 Tulloch, Douglass F. Northeastern Univ.
16714 Frost. George, Northeastern University
16715 Hoffman. Harry J., Northeastern Univ.
16716 Flippin, A. W., Oregon Agricultural College
16717 Harrington. Frank C.. Northeastern Univ.
16718 Westenberger, Arthur, Cooper Union
16719 Contino, Nicholas, Cooper Union
16720 Thompson, Harry E.. Cooper Union
16721 Perley, George T., Northeastern University
16722 Foster, H. Bliss, Northeastern University
16723 Coleman. James F.. Clemson Agricultural

College
16724 Speer, George M., Clemson Agricultural

College
16725 Sams, James H.. Jr.. Clemson Agricultural

College
16726 Moore, William H.. Clemson Agricultural

College
16727 Roberts. Oscar A., Clemson Agricultural

College
16728 Leach. Marion R.. Clemson Agricultural

College
16729 Swearingen. Clifford B.. University of

issouri

16730 Wilson, Donald. University of I issouri
16731 Hammond. Cleon C.. Northeastern Univ.
16732 Kramer. Allan R.. Lehigh University
16733 Green, K. W., Lehigh University
16734 Jackson. John E.. Massachusetts Institute

of Technology
16735 Leavitt. Howard L.. Northeastern Univ.
16736 Landkramer, Othmar F.. University of

Wisconsin
16737 Crane. Roland A.. Worcester Polytechnic

Institute
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t 16738 von Hecht, August, Oregon Institute of
Technology

16739 Nelson, Elmer R.. Oregon Institute of
Technology

16740 Wilson, Robert E.. Oregon Institute of
Technology

16741 Clark, Raymond F.. Northeastern Univ.
16742 Matsu°, Kenzo, Massachusetts Institute of

Technology
16743 Menard, Raymond R., University of Vt.
16744 Cony, Constantine J., Carnegie Institute

of Technology
16745 Stevens, Breese J., Mass. Institute of

Technology
16746 Luecke, Theodore E., Rice Institute
16747 Stratton, Julius A., Mass. Institute of

Technology
16748 Specht, Edward J., University of Idaho
16749 Gustafson, Orien A., University of Idaho
16750 Smith. LeRoy A., University of Idaho
16751 Weseley, Milford D., Armour Inst. of Tech.
16752 Gibson, Floyd A., State University of Iowa
16753 Andrews, Sidney, Mass. Institute of Tech.
16754 Fishman, Abraham, Drexel Institute
16755 Austin, Richard H., Jr., Washington Univ.
16756 Charlton, 0. E., Mass. Inst. Tech.
16757 Geiker, J. Alfred, Drexel Institute
16758 Downs, Russell E., Columbia University
16759 Paxton, Robert, Rensselaer Polytechnic

Institute
16760 Rietz, Earl, Rensselaer Polytechnic Inst.
16761 Buchanan, Howard S., Rensselaer Poly-

technic Institute
16762 Roach, Francis D., Rensselaer Polytechnic

Institute
16763 Palmer, John H., Rensselaer Polytechnic

Institute
16764 Drake, Walter M., Rensselaer Polytechnic

Institute
16765 O'Neil, Charles A., Rensselaer Polytechnic

Institute

16766 Siniapinin, Nikolai M., Rensselaer Poly-
technic Institute

16767 Taylor, Alfred L., Rennselaer Polytechnic
Institute

16768 Gardner, M. Vernon, Rensselaer Poly-
technic Institute

16769 Davidson, Joseph, Rensselaer Polytechnic
Institute

16770 Waugh, John E., Rensselaer Polytechnic
Institute

16771 Ehrenreich, Raymond, Rensselaer Poly-
technic Institute

16772 Tuite, Edgar J., Rensselaer Polytechnic
Institute

16773 Colligan, Arthur L., Rensselaer Poly-
technic Institute

16774 Holleran, John T., Rensselaer Polytechnic
Institute

16775 Goldenson, Moses A., Rensselaer Poly-
technic Institute

16778 Scheel, Elwyn, Kansas State Agricultural
College

16777 Clements, Verne 0., Kansas State Agri-
cultural College

16778 Gilbert, Merton L., Northeastern Univ.
16779 Giersch, Otto L., University of North Caro.
16780 Dellinger, Everette E., University of North

Carolina
16781 Shepard, Thomas H., Jr., University of

North Carolina
16782 Ross, Harold L., University of North Caro.
16783 Harding, William K., University of North

Carolina
16784 Smith, Charles F., University of North

Carolina
16785 Seyffert, George F.,Jr., University of North

Carolina
16786 Pruitt, Basil A., Clemson A. & M. College
16787 Shealy, Alexander N., Clemson A. & M.

College
16788 Williams, Eldridge B., Clemson A. & M.

College
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NEW CATALOGUES AND OTHER PUBLICATIONS
Mailed to interested readers by issuing companies.

Coal Hoisting Equipment.-Bulletin 4, 12 pp. Describes
the coal unloading, storage and hoisting plant at the Hell Gate
Station of the United Electric Light & Power Company. The
Maine Electric Co., Portland, Maine.

Copper Clad Steel Wire for Radio Use.-Folder. De-
scribes the application of "Copperweld" in radio installations for
antenna, lead-in and ground wire, and ground rods. Also con-
tains the Underwriters' rules for receiving stations, 1922 re-
vision. Copper Clad Steel Co., Rankin, Penna.

Radio Instruments.-Bulletins recently published on
electrical and radio laboratory apparatus are contained in a
binder distributed by the General Radio Company, Cambridge
(39) Mass. Among the equipment described are Variable Air
Condensers, Vernier Condensers, Standard Condensers, Decade
Condensers, Variometers, Standards of Inductance, Standards
of Resistance, Decade Resistance Boxes, Wavemeters, Decade
Bridges, Capacity Bridges, Slide Wire Bridges, Audibility Meters,
Hot Wire Meters, Galvanometers, Thermo -Couples, Telephone
Transformers, Ratio Arm Boxes, Audio Oscillators, Power
Amplifiers, Amplifier Units and miscellaneous apparatus.

NOTES OF. THE INDUSTRY
Hall Bros. Cedar Company, have moved their general office

from Jacksonville, Texas, to Coeur d' Alene, Idaho, and will
engage in the manufacture and wholesaling of Western Red Cedar
Poles, Posts and Piling.

Large Volume of Steam Turbine Business for Westing -
house.-In the last few months orders have been received for
steam turbine generators aggregating nearly 600,000 kw. by the
Westinghouse Electric & Manufacturing Company, East
Pittsburgh. These machines have been purchased by the
leading central stations and large industrial plants located
all over the country. Included in these orders is the largest
turbine ever built by the company, a 62,500 kv-a. generator
for the Brooklyn Edison Company, and the machine with
the highest steam pressure, 500 lbs., 50,000 kw., for the
Commonwealth Edison Company. Commenting on this large
amount of business, Mr. E. H. Sniffin, Manager, Power Sales
Department of the Westinghouse Company ,stated that the amount
of steam turbine business which will be done this year will only be
limited by the manufacturing capacity. Production during the
coming year will be very large. Sections of the plant in which
these large machines are built have been working at full capacity
since last summer. Previous to that time, there was a dearth
of new business covering an eighteen -month period. This
condition brings out the ever -recurring fact that steam turbines
are purchased when the money market is easy and finances can
be obtained to build new plants and add new equipment to
existing stations. At other times central stations must give the
best possible service with equipment available, irrespective
of demand. This condition shows an unsatisfactory situa-
tion, especially in the face of the fact that the increase in the
demand for energy is fairly constant and can be predicted. When
the central stations can more uniformly carry on their re-
quired construction the electrical industry will be on a sounder
basis.

The Gibb Instrument Company, Bay City, Mich., maker
of electric welding equipment, has increased its authorized capital
stock from $75,000 to $175,000. Of the increase $40,000 has
been sold at par to provide increased manufacturing facilities
and to take care of a rapidly increasing business.

High -Heat Mica Plate.-The New England Mica Company,
Waltham, Mass., has perfected a process for the manufacture of

built-up mica, which has been placed on the market under the
trade name of Y-26 High -Heat Mica Plate. It is claimed for the
new product that not only are the insulating properties of
natural mica retained, but that it can be produced in large quan-
tities in sheets of any thickness to sell at a very low price.

Associated Spring Corporation, New York.-Announee-
ment is made of the incorporation, under the laws of the State of
New York, of the Associated Spring Corporation, in which the
following concerns unite: The Wallace Barnes Company,
Bristol, Conn., The Wm. D. Gibson Company, Chicago, Ill.,
Raymond Manufacturing Company, Corry, Penna., Barnes -
Gibson -Raymond, Inc., Detroit, Mich., The Wallace Barnes
Company, Ltd., Hamilton, Ont.

Loud Speaker.-To meet the demand for a moderately -
priced loud speaker, the Bristol Company, Waterbury, Conn.,
has placed on the market a new loud speaker horn, under the
trade name "Audiophone Jr.," which is used for radio receiving.
It is equally satisfactory for both instrumental and vocal music,
also speeches, announcements, etc. In addition to radio recep-
tion this loud speaker is used to amplify phonograph records of
all kinds. Another important application of the loud speaker is
for call -systems in large offices, for paging in hotels, etc. No
separate storage battery for magnetizing current is required. In
order to make the horn suitable for all types of radio amplifier
circuits, a transformer is mounted in the base.

New Savings Plan for Employees.-Securities of a number
of important public utility companies are made part of an
interesting new savings plan for General Electric Company
employees through the formation of the G. E. Employees
Securities Corporation, details of which have been made public
by President Gerard Swope. A particularly interesting feature
is that employees will themselves have a voice in the Securities
Corporation by virtue of electing seven bond directors. The
G. E. Company chooses eight directors representing the stock of
corporation. Outlining the plan, President Swope, the in a for-
mal announcement, said in part:

"In the past three years many thousands of our employees
have, in addition to the purchase of about 50,000 shares of the
company's capital stock, subscribed for over $5,000,000 of
Employees 7 Per Cent Investment Bonds. This gratifying
result has led the Board of Directors to adopt a broader plan,
enabling employees to continue and extend the habits of saving
thus formed.

"With the thought in mind that the employees might wish to
become interested not only in the General Electric but also in
the securities of the public utilities which the General Electric
Company serves, a new company, the G. E. Employees Securi-
ties Corporation, has been formed to invest its funds in the stock
of the General Electric Company and in the securities of public
utility companies. The G. E. Employees Securities Corpora-
tion will issue: $5,000,000 of 6 per cent fifty-year bonds; and
$10,000,000 shares of no par value capital stock. The General
Electric Company will subscribe for the entire issues of bonds and
stock. The stock will be retained by the General Electric
Company, but the bonds will be sold to employees."

The bonds will be registered and issued in multiples of $10.
Payments may be made by deductions from wages in one year.
The maximum amount for which any employee may subscribe
is $500 per year. An attractive feature is that the General
Electric Company agrees with the original holder of bonds that
so long as he remains in the service of the Company, it will pay
at the same time the interest is paid, an additional 2% per annum,
making a total of 8% per annum in the value thereof. The
company has issued detailed regulations governing the holding of
these securities.
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jrme is the great test.
Lihe most efficient and
permanent insulation)
.known is

KERITE liff2Fj&LATBELE COMPANY
NEW YORK CHICAGO
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Some Users of
Acme Magnet Wire

Atwater Kent Mfg. Co.
Azor Motor Mfg. Co.
Century Electric Co.
Dayton Engineering Laborator-

ies Co.
Delco-Light Co.
Diehl Mfg. Co.
Domestic Electric Co.
Eisemann Magneto Corporation
Electric Auto-Lite Corp.
Electric Specialty Co.
Electrical Products Mfg. Co.
Emerson Electric Mfg. Co.
Eureka Vacuum Cleaner Co.
Ford Motor Co.
Gray & Davis, Inc.
Hamilton Beach Mfg. Co.
Holtzer-Cabot Electric Co.
Hoover Suction Sweeper Co.
Klaxon Co.
Robbins & Myers Co.
Sangamo Electric Co.
Sunlight Elec. Mfg. Co.
U. S. Auto Supply Co.
Wagner Electric Corporation
Western Cartridge Co.
Westinghouse Elec. & Mfg. Co.

Acme Wire Products
"Enamelite," plain enameled Mag-

net Wire; "Cottonite," Cotton -covered
Enamelite; " Silkenite," Silk -covered
Enamelite; Single and Double Cotton
Magnet Wire; Single and Double Silk
Magnet Wire. We also have a complete
organization for thc winding of coils in
large production quantities.

Acme Electrical Insulations
Flexible Varnished tubing in all

standard sizes and colors.

Acme Radio Specialties
Audio Transformer windings.
Radio Frequency windings.
Magnet windings for Head Sets.
Enameled wire-especially the fin-

est sizes, 40-44 B & S gauge.
Silk and cotton -covered magnet wire.
Enameled Aerial wire-single wire

and stranded

You can't
treat an armature
as you would a trunk

When your thingi won't go in
your trunk, you can jump on the
lid-and the stuff goes in the space.

Coils are different. Operators
.:an't be hammering down lumpy,
bumpy coils because the wire is so
poorly made that the specified
turns won't go in without bulging.

Acme Wire is made in the full
realization of what happens when
magnet wire is not made up to
the highest possible standard of
winding performance. Acme Wire
"goes in the space." It is so uni-
form in thickness, so free from
lumps; knots, and imperfections
that the operator can work rapidly
and without interruption. The
specified number of turns can be
gotten in without having to ham-
mer down bulges, or to replace
defective wire. More windings
can be made per day, and fewer
windings are rejected.

Since the beginnings of the mag-

net wire industry, Acme has pio-
neered in the development of silk-
and cotton -covered enamel wire-
a combination that represents the
highest degree of efficiency in
winding and on the finished job.
Acme men can solve vexations
wire problems through their ex-
perience with every type of winding
gained in the Acme plant. This is
another reason for the Acme slogan,
"It goes in the space." Acme men
know the difficulties of the wire
user, and have produced wire that
overcomes these difficulties.

Purchasing agents who keep in
close touch with their winding
departments, as well as engineers
who work out the specifications
and cost figures on coils and wind-
ings of all sorts, find that it pays
to use Acme Wire-for its uniform
quality of copper and insulation,
and its exceptional economy in the
winding machines.

Illustrated Catalog on Request to Engineers,
Purchasing Agents, Executives and Operators.

THE ACME WIRE CO., New Haven, Conn.
NEW YORK CLEVELAND CHICAGO

Acirteliirire
It goes in the space"

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Ball Bearings Reduce Losses
Due to Rotation in Electrical Machinery

COMMERCIAL efficiencies as high as
98 to 99 percent have been obtained

in transformers, a purely stationary piece
of electrical apparatus. On the other
hand the best efficiencies that have been
obtained from motors and generators
range from 90 to 96 percent, depending
on size.

Most of the loss that occurs in rotating
electrical machinery is due to rotation,
which gives rise to windage, bearing fric-
tion, brush friction and air -gap losses.

THE SKAYEF BALL
Supervised by 5KF INDUSTRIES

Normal View

Bearing friction losses, and often air -
gap losses, can be substantially reduced
by mounting the rotor on 5 iCF- marked
self -aligning ball bearings. With this type
of bearing, friction is reduced at least 50
percent, and since no appreciable wear
occurs, the air -gap may be made as small
as desired.

Because of the efficiency, compactness
and freedom from bearing troubles and
oil damage, experienced users insist on
ball bearing equipment.

BEARING COMPANY
, INC.. 165 Broadway, New York City

The SELF
ALIGNING

BA LL
BEARING

Deflected View

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.

HALL
HEARINGS
The Highest Expression
of the Bearing Principle
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Wateree Power Station 87,500 K. V. A. Lookout Shoals Power Station
23,400 K. V. A.

Steam Turbines and Generators

Power Generating and Distribution Equipment

Type "AN" Squirrel Cage

ALLIS-CHALMERS
PRODUCTS

Eleettical Machinery
Steam Turbines
Steam Engines

Gas and Oil Engines
Hydraulic Turbines

Crushing and Cement
Machinery

Mining Machinery

Prime movers of all types,
Steam Turbines, Steam En-
gines, Hydraulic Turbines, Gas
and Oil Engines, together with
a full line of generators for each
type.

Auxiliary equipment, consis-
ting of Transformers, Motor-
generator sets, Converters,
Switchboards, etc.

Motors, both Direct and Al-
ternating Current, for every
kind of application.

A complete line of high-grade
Transmission Machinery;
Pulleys, Shafting, Hangers,
Couplings, etc.

Send for Bulletins

7

Power Transformers

ALLIS -CHALMERS
PRODUCTS

Flour and Saw Mdl Machinery
Power Tranarris,sion Machinery
Pumping Enritnes-Ceninhursi Pump.

Stearn and Electric Hoists
Air Comprcssors Air BrakesMILWAUKEE', WISCONSIN. U.S.A.

District Offices in All Leading Cities.
Agricultural Machinery

Condensers

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.

MANUFACTURING COMPANY
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MEMO
If we can do one thing on this page

it's worth what it costs

O

And that thing is to remind you that TEXACO can
supply your every oil and grease requirement.

There is a TEXACO LUBRICANT for Every Purpose]

We said that we wanted to do one thing,
but we'll steal a little space for another.

And that is to give you the opportunity of getting
our Magazine "Lubrication." This magazine, pub-
lished by the Texas Company, contains technical,
authoritative articles covering the use of lubricants
in many industries.
Anyone, whose business or profession guarantees

his substantial interest in this important branch of
engineering practise, may receive it.
Thus the, present list includes: Engineers, mechani-
cal executives, purchasing agents, technical libraries,
universities-and YOU, when you reach for your
pen or pencil and do the necessary.

Free Subscription Blank

THE TEXAS COMPANY, U. S. A.
Texaco Petroleum Products

Dept. EE, 17 Battery Place, New York City

Kindly rout me on the mailing list to receive your magazine
"LUBRICATION" Free for one year beginning with the January numher.

Name

Street.

City State

Please mention the JOURNAL of the A. I. L. E. when writing to advertisers.
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Consumers Power Co. Jackson, Mich,
Photo shows "P&H" Guaranteed Penetration
Process Poles in their lines at Battle Creek
Mich.

.\ DV 1,', ICI' ISI NC, SI,;( "1'1 (IN

Service!
Actual service in power, and
telephone and telegraph lines
in different parts of the nation,
service under widely different
climatic conditions, and in all
kinds of weather and atmo-
spheric conditions-that's the
final and most important test
of pole reliability and durability.

That's the kind of service you
know you can expect from high
grade cedar poles properly Butt-
Treated.

Journal A. I. E. 1.:.

MeV 84. II"
Guaranteed

Penetrationkrcess
guarantees in writing, a full one-half
inch uniform penetration of the preser-
vative throughout the ground -line area.
The Butt -Treating price is refunded on
any pole that does not test up to that
definite specified result.
In this guaranteed one-half inch penetration,
combined with the quality of the poles, you
have the reason why "P & H" poles stand
up better and last longer. It pays to insist
on getting the genuine "P & H."
We produce and sell Butt -Treated and un-
treated Northern White and Western Red
Cedar Poles; -we can give you any form of
Butt-Treatment;-and we are the originators
of the Guaranteed Penetration Process-
the "P & H. -

Prompt Shipment-yards conveniently
located throughout the North Central
and Western States.
Get the facts about Butt Treatment. Write
for illustrated folder.

Copyright, 1922 by P. & H. Co.

PAGE AND HILL, Co.
MILAN S , 14 IN NI.

New York, N. Y. 50 Church St.
Chicago, I11., 19 So. LaSalle St.

Grand Rapids, Mich., Powers Bldg.
Kansas City, Mo. 717 Bryant Bldg. Houston, Texas, 1111 Carter Bldg.
Omaha, Neb., 513 Electric Bldg. Dallas, Texas, 311 Sumpter Bldg.

Buffalo, N. Y. 950 Ellicott Sq. Bldg
Louisville, Ky. 1416 Starks Bldg.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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DOSSERT
Solderless
Connectors

Tapping
offs branch

circuit
by

ineans
of Dossert

Connectors

Dossert
Connectors

used is Lint barfor rnaking
taps.

How a cable splice is made with

Dossert Connectors.

Photographs from plant of Great Falls (Montana) Power Co.

How to Solve Your Difficult Problems
in Wiring and Cable Work

Wiring and cable problems are all
in the day's work, but just so surely
as they crop up just so surely can
they be solved at a saving in time,
labor and materials of installation.

No matter what service, great or
small, there is a Dossert Connector
that will do the work more easily,
more quickly and for less money -7
and will give a better connection.
Dossert Connectors assure that the
connections and terminals are
doing their part to maintain an

unimpeded flow of current with
minimum heat losses. A Dossert
Connector will not heat as much as
the cable which it connects when
the cable is heavily overloaded.
Labor is time and time is money;
Dossert Connectors save time and 
hence save labor. This item alone
justifies their selection over any
other type of connection.
Don't let this wiring question puz-
zle you. The answer to it is clear.

Write for Catalog No. 15

DOSSERT & COMPANY
H. B. LOGAN, President, 242 West 41st Street, New York

77777.1 rerl 77174
k4k

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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Look For This Label
On The Pulleys You Buy

oun. ess iny
gin% geet in

(ROCKWOOD PAPER PULLEYS
Reduce belt slip  Decrease belt tension

Transmit more power
lower total cost of drive . due to

narrower belts.

EACH Rockwood Paper Pulley is registered and
labeled, that you may know whether the Paper

Pulley you are buying conforms to the high Rockwood
standards. Pietured above .is the mark of identification
on all Rockwood Paper Pulleys the Rockwood
quality label. For your own protection, look for this
label on the pulleys you buy.

For forty years the name Rockwood has stood for the
best in Paper Pulleys. And today, ninety percent of
the eleetric motors are equipped with Rockwood Paper
Pulleys at the faetory. So naturally, most users think
all Paper Pulleys are Rockwood Pulleys.

But there are unscrupulous imitators, trying to make
sales on the enviable reputation Rockwood has built
into Paper Pulleys. And unless you get Rockwood
Paper Pulleys, you will not get the best for your money- the service and satisfaetion that only Rockwood
Paper Pulleys can give.

So always order by name -"Rockwood Paper Pulleys"
-and see that the pulleys you get carry the Rockwood
quality label.

THE ROCKWOOD MFG. COMPANY 1947 English Avenue., Indianapolis, U.S.A.

All the Power-All the Time

ROCKWOOD Ani/Ig
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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- and the investment
experts found the money

The accompanying advertise-
ment appears in general maga-
zines read by millions.

It stresses the investment ex-
perts' okeh of electric light
and power companies' securi-
ties. It is an okeh based on
earnings past, present and
future and by men who con-
sider "safety" a basic virtue.

A million dollars
to find your hat

Published in
the interest of Elec.

triad Development by
an Institution that will

be helped by what-
ever helps the

Industry.

Hats have a way of getting mislaid, yet
you probably wouldn't care to set aside a

million dollars to find yours.

So it is interesting to know that some
other people have done this for you-have
invested millions so that 3 ou may locate
anything in the dark, and enjoy many
other conveniences night and day.

The electric light company in your town
never lets its fires die out. Boilers and
generators are always on the job. Miles
of distributing mains are ready for the
snap of your switch.

It took money to construct this equip-
ment. It takes money to keep it in order.
It will take more equipment and more
money to answer the growing demand for
electricity.

Light and power-how could we get
along without them? But some of us may
have to, unless the electric companies get
more money to extend their service.

You can help here. Do what over
1,500,000 other Americans have done,
what banks and insurance companies are
doing. Invest in the securities of some
sound electric light and power company.

Talk this over with your banker. Check
up on your own. company. If it qualifies,
here is an opportunity to make a wise
investment and at the same time keep
your electric service at top notch.

estern Electric
Company

Since 1869 makers and distributor!
of electrical tquipmert

Number 34 of a series

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Clear the Lime!

As the powerful railroad snow
plow clears the line when traffic
is blocked by winter drifts-so
does the rugged, dependable construc-
tion of the CONDIT Type 0-1 Outdoor
Oil Circuit Breaker enable you to clear
your transmission and distribution lines

-sectionalize your system-isolate trou-
ble-when emergency hits your over-
head. Conservatively designed, sturdily
built, weatherproof, the CONDIT Type
0-1 is a switch on which you can equally
rely to withstand the attacks of storm
and sleet, and the stresses of opening
high power circuits.

CONDIT ELECTRICAL MFG. CO.
Manufacturers of Electrical Protective Devices

BOSTON 27, MASS..
NolIfitrn Rear* Company

LAMED

Sole Distributor for the Dominion of Canada

NI

CONDIT 04.
Outdoor

Oil Circuit Breaker

SPECIFICATIONS:
15,000 and 25,000 Volts up
to 600 Amperes. Self-contain-
ed, tripping transformers for
automatic operation. Manu-
ally or electrically operated.

IT
122-47

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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0-B Designs Improve the Lines

11

POWER DIRECTED
TOURISTS trot across the conti-

nent and stand in awe while the
geysers gather steam and hot water
from hidden boilers and send them
forth in a beautiful stream which
shoots high in the air-and is gone.

And then the travelers come home to
work and use, in a dozen ways, the
power of man-made steam converted
into light, into heat, into power. They
like to watch the geysers but they
can't get along without useable power,
available power, power directed to
make their work easier.

Electrical power does the work of the
world because it can be so well di-
rected. And in the direction of elec-
tricity O -B Insulators play a major role.

The Ohio Brass Co.
Mansfield U. S.A.

New York Philadelphia Pittsburgh Charleston,W Va Chicago Los Angeles San Francisco Paris, France

Products Trolley Material, Rail Bonds, Electric Railway Car Equipment, High Tension Porcelain Insulators, Third Rail Insulators

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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et%9, CABLE TERMINAL DEVICES Lo.r-_,

The G ,t3L W
Catalog No. 11
Illustrates the
Complete Line

Ask for a Copy

POTHEADS,DISTRIBUTION BOXE

The practical application of the G & W
Disconnecting Idea enables a distribution
system to be laid out most economically-
saving duplication and still giving greater
flexibility than can be otherwise obtained.

Extensions can be rapidly effected, loads
transferred and the maintenance of con-
tinuous service simplified.

USE G & W POTHEADS
For emergency connections to adjoining(;5 circuits-
For making rapid tests without cutting of

cables-
For transformer connections when the

expense of an oil switch is not justi-
fied-

Use them in any other way that your
specific conditions may require.

G&W ELECTRIC SPECIALTY CO.
Chicago Illinois

Representatives in All Principal Cities

G W ELECTRIC SPECIALTY CO.

MOLONEY
TRANSFORMERS

for
Power and Substation Service

The exacting service required of transformers
in the Large Power and Substation Field calls
for Quality of the highest order.
Moloney Power Transformers are designed
and built with the idea of not just meeting,
but of exceeding the requirements of this field
of service. Supreme Quality is built into
every part of a Moloney Power Transformer.

Write for Catalogs No. 217 and 218
describing Moloney Power Transformers.

3

a
a

a

a
S

Moloney Electric Company
Manufacturers of Transformers Only

Factories: ISt. Louis, Mo. Windsor, Canada g
mOffices in All Principal Cities 1
a

unuunnuuuupuwuwmnmmpinuunmuuuuumuumpuunmmupmuwmuwmununmuunnuunuuuuumuuunuumnnnnunnnnwuwuru!uunumui.umuuuuuuuumuuunun

Please mention the JOURNAL of the A. I. E. E. when witing to advertisers.
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Permanent Rigidity- Without Cement

ARC -OVER VALUES on Substa-
tion Equipment must be higher
than ARC -OVER VALUES on
line insulators. These rugged
pillars of strength are accepted by
engineers as the most satisfactory
means of readily proportioning all

ARC -OVER VALUES. No
cement to crack or crumble under
vibration or mechanical impact.

Specify Jeffery - Dewitt
Catalog A-254 Post Type
Insulators for your
switches and bus supports

Cat. No. A-254.

Jeffery - Dewitt Insulator Co.
50 Church St. New York, N. Y.

Faatory, Kenova, W. Va.
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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"It was a grand idea
to arrange a book with such useful in-
formation to assist men running into ball
bearing problems," says a Dayton engineer.

The New Departure Engineering Refer-
ence Book on Ball Bearings referred to
contains 158 practical applications to elec-
trical and other machinery, illustrated by
drawings and text matter describing salient
points.

Free to engineers and designers who request it on
their official letterheads.

NEW DEPARTURE MFG. COMPANY
Chicago BRISTOL, CONN - Detroit

ENGINEERING FOUNDATION
Established

Administered under the auspices of the American Societies of

Civil, Electrical, Mechanical and Mining Engineers

Offers to memhers of the
American Institute of Electrical Engineers:

The Report for the Foundation's Eighth Year.
Research Narratives, published semi-monthly.

Requests should be addressed to

ENGINEERING FOUNDATION
Alfred D. Flinn, Director

29 West 39th Street New York

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Rubber Covered Wires and Cables
National Electrical Code Standard

FOR
FACTORIES AND

OFFICE BUILDINGS

FOR
SCHOOLS AND

PUBLIC BUILDINGS

Complete detail specifications for your files upon request.
Ask for Simcore Specifications No. 2053.

SIMPLEX \IriiRE &CABE @
MANUFACTURERS

201 DEVONSHIRE ST BOSTON 9
15 SOUTH DESPLAINES ST., CHICAGO
612 HOWARD ST., SAN FRANCISCO

i. AP

LARGE MULTI -UNIT TYPE DISTRIBUTING JUNCTION BOX

STANDARD Cable Junction Boxes insure maximum economy, con-
venience and flexibility in the installation and operation of under-
ground electric cable systems. Their special bimetallic connecting

nipples provide, among other advantages, positive protection to the cable insulation
from moisture and reduction in the risk and cost of jointing cables to the box.

If you are interested in effective devices of this kind write our nearest office for further

information.

BOSTON
NEW YORK

Standard Underground Cable Co.
PHILADELPHIA
WASHINGTON

ATLANTA CHICAGO ST. LOUIS
PITTSBURGH DETROIT SEATTLE

Los ANGELES
SAN FRANCISCO

FOR CANADA: STANDARD UNDERGROUND CABLE CO. OF CANADA. LIMITED, HAMILTON, ONT.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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A New Portable Oil Testing Set

Ready for carrying-weight
complete, about .co lb.

op!rt!111111'

Ready for Serv'oe-The set may be supplied
from lighting circuits of 110 volts, 50 to 140 cycles.

Especially for Field Use
Here is a set for the small station where the amount of
transformer oil to be cared for does not justify an elaborate
equipment or for the larger operating companies for routine
testing of oil in transformers at substations and distant
points. Because of its portability and ease of operation,
the quality of oil in drums at the time transformers are
being filled may be checked.

This set may pay for itself the first time you install trans-
formers by eliminating any drums of oil which may have
collected water in transit and storage, thereby saving the
expense of filtering all of the oil, which could easily be
contaminated in this way.

The oil testing cup, which contains the disc spark gap and
the oil to be tested, has been specially designed so that
only one pint of oil is necessary to meet the test specifica-
tions of the A.S.T.M.

TrEll El EC 116 C
Schenectady, N.Y
General Office Company all large cities

Sales Offices in

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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A new 2300 -volt Oxide Film Arrester

Tested By.Years of SeiVice

Out -door In -door

Single -pole Design to Save Space
The indoor type is of considerable advantage in crowded
stations or substations. It can be simply mounted on pipe
frame work, using space that is sometimes more readily
available than is space for floor or platform mounting. The
single pole construction also simplifies the wiring.
In the outdoor type, the active elements are mounted in a
wooden box furnished with cross -arm hangers and arranged
so the line entrance can be made from either side. With this
arrester, the highest obtainable degree of protection can be
given to outlying transformers, and this is particularly desir-
able for large apparatus serving industrial concerns that
require absolutely continuous service.
These arresters are suitable for 4100 -volt grounded Y circuits.
Remember that no speculation is involved in the purchase
of Oxide Film Arresters. Seven years of successful operation
have demonstrated their ability to protect.

elnAcz-ra,
General 011 i cc
Schenectady, N.V.

Electric
elnri pany Sales Offic(?s in

all large cities

Please mention the jOURNAI. nl the A. I. when writing to advertisers.
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Bates Steel Poles
and Public Interest
Do your installations
favorably impress and in-
terest the investing public?

The stability of your in-
stallation, using Bates Steel
Poles as the backbone of
your construction, will re-
flect the solidity of your
organization.

Numerous pole users have
built lines on Bates Steel
Poles with lower initial
costs per mile of completed
line than if substitute poles
had been used.

Bates engineers will gladly
co-operate with you in
your planning.

9 771 TDates ,xpandel2jiteel ruSS @.

208 So. La Salle St., Chicado, 111,

E. --

........

KE
The distribution of
electrical energy is
too vitally allied
with the welfare of
the nation to be
guarded by any but
the highest grade
insulators.

Locke Insulator Corporation
Victor, N. Y.

Over a quarter of a century manufac-
turers of electrical porcelain for high-
tension electrical power transmission.

FACTORIES
Victor, N. Y. Baltimore, Md.

3
1

SAG & TENSION CHARTS
also

LOADING TABLES & WIRE TABLES
for

ARISTOS

IsFikscon %Lop
TRADE MARK REG.U.S. PAT OFF.

WIRE & STRAND
ARE NOW AVAILABLE

The main office trill be pleased to send you a copy
upon request.

COPPERWELD-MADE BY THE MOLTEN WELDING PROCESS

OMER LAD

F

NEW YORK SALES OFFICE rru,wLCHICAGO SALES OFFICE .4

30 CHURCH STREET. NEW YORK 129 S. JEFFERSON ST..CHICAGO E--=
T.- MAIN OFFICE AND WORKS: BRADDOCK P 0. RANKIN. PA. .1
-1--- a

T.-.

ANACONDA
BARE COPPER

WIRE

STRANDED CON-
DUCTORS OF ANY
DESIRED CAPACITY

TROLLEY WIRE

Anaconda Copper
Mining Company

ROLL/Na /1/LLS DEP.7:

545 Conway BIdJ, Chic*

u Ore to Finfaed Product

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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When Old Man Winter is on the job;
when ice, snow and sleet are everywhere;
that is the time when electric light and
power service must "stand the gaff."

Service must not be interrupted. The
lines must be kept clear at all costs.

Very important is the matter of Insu-
lation. If all parts of the system are
properly insulated, there is less danger of
breakdowns.

M I NERALLAC INSULATING COMPOUNDS
have proved reliable and satisfactory for many years.

mmERAum ELEcriuc COMPANY
1045 Washington Blvd., Chicago. III.

Es

a

Besides possessing in the highest degree all
these essential factors, Kuhlman Transformers
are long lived. Mechanically and electrically
they are designed to last.

Thirty years devoted solely to transformer
building has taught us
how.

Kuhlman Transformers
are made in standard
sires or built to specifi-
cations. Prompt de-
liveries of transformers
for all purposes.

Bulietins on request.

Kuhlman
Electric Company

Bay City, Michigan

ECIE EZZAM
TRANSPORNMRS

lnuuunn ih it Him

For Distribution
SPRING construction plans call for added

distribution lines and all necessary equipment.

New power and distribution transformers
must be installed. The safety, reliability and
economy in operation of various types will deter-
mine your selection.

i dutimmussomonniumiummumtsonwimimisininnimpuminniiiimmi

K. -

Please mention the JOURNAL of the A.

R. & I. E.
INTERCHANGEABLE UNIT

CHOKE COILS

Cylindrical
Choke
Coil

DESIGNED to "choke" or "reflect back"
voltage surges that tend to destroy

apparatus connected to the system.
All R. & I. E. Choke Coils have ample current
capacity and protective power-are mounted
on R. & I. E. Interchangeable Units and are
thoroughly insulated.
Ruggedly built in two different designs -
triangular and cylindrical and for all standard
voltages.

Write for descriptive bulletins

RAILWAY AND INDUSTRIAL
ENGINEERING CO.

GREENSBURG - PENNA.
Triangular

Choke
Coil

Lapp Insulators
do not fail

LAPP INSULATOR CO., Inc.
LE ROY, N. Y.

Sales Representatives
SAN FRANCISCO, S. H. Lanyon, 509 New Call Bldg.

- DENVER, 0. H. Davidson Equipt. Co., 1633 Tremont St.
ST. LOUI &Commercial Electrical Supply Co..Broad & Spruce Sts.
MINNEAPOLIS, J. E. Sumpter Co., 222 Security Bldg.
DETROIT, F. R. Jennings Co., 805 Ford Bldg.
INDIANAPOLIS, W. D. Hamer Co., 518 Trac. Terminal Bldg.
PITTSBURGH, Union Electric Co., 933 Liberty Ave.
BUFFALO, Robertson -Cataract Electric Co.
CHARLOTTE, N. C., J. W. Fraser Co.
PHILADELPHIA, Rumsey Electric Co., 1007 Arch St.
NEW YORK CITY, Shield Electric Co., 149 Broadway
BOSTON, Wetmore -Savage Co.. 76 Pearl St.
WELLINGTON, New Zealand, Jas. J. Niven & Co.

I. E. E. when writing to advertisers.
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"AMERICAN BRAND"

Weatherproof Copper Wire and Cables

"AMERICAN BRAND'
WEATHERPROOF WIRE AND CABLES

HAS NO EQUAL

Superior "AMERICAN
BRAND" Weather-proof
Wire meets all the re-
quirements of the
National Electric Code
Standard, and has never
been known to fail under
any test.

American Insulated Wire & Cable Co.
954 West 21st Street, Chicago
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I ELECTRICAL WIRES_-
AND CABLES

 WIRE ROPE WIRE STRAND
WELDING WIRE

i John A. Roebling's Sons Co.
Trenton, New Jersey

WI111111111111111111111111

ATLANTIC
INSULATED WIRES

DOLPHIN Insulated Wire
A code wire of high quality known for its
great dielectric strength and resiliency,
and used for its dependability and maxi-

mum service. Built on the same lines as the widely known and
used "Neptune" -30% para: and "Triton"- High grade.

=2:

Atlantic Insulated Wire & Cable Co.
Sales Office: Factory:

52 Vanderbilt Ave., New York Stamford, Conn.
District Sales Offices: 419 Perry Bldg., Philadelphia, Pa.

Baltimore, Md., Electrical Sales Co., 2 E. Redwood St.; Pittsburgh, Pa., g
W. A. McCombs & Co., Keenan Bldg.; Boston, Mass., A. D. Stein, E-156 Purchase St.; Chicago, Ill., Geo. C. Richards & Co., 557 W.
Monroe St.; St. Paul, Minn., Rank & Goodell, Merchants Bank Bldg.:
San Francisco, Cal., Electric Agencies Company, 56 Natoma St. s

WIRE PRODUCTS i
For Varied Applications

-1-'We manufacture many types of wires, cords
E.and cables for specific uses. Among them are:

Rubber Covered Wire-Solid Conductor, Stranded gConductor, Flexible Conductor, Extra Flexible Conductor.
Lamp Cords, Reinforced Cords, Heater Cord, Brew- s

ery Cord, Canvasite Cord, Packinghouse Cord, Deck -2-

m Cable, Stage Cable, Border Light Cable,- Flexible F.
Armored Cable, Elevator Lighting Cable, Elevator Oper-
ating Cable, Elevator Annunciator Cable. Switchboard
Cables, Telephone Wire, Flameproof Wires and Cables, .-1-

Railway Signal Wires, High Voltage Wires and ff
Cables. Automobile Ignition Cables, Automobile Light-
ing Cables, Automobile Starting Cables, Automobile E

I Charging Cables. Moving Picture Machine Cable. E

Boston Insulated Wire al Cable Co.
al Main Office and Factory: EDorchester District Boston, Mass. -I

Canadian Branch, Office and Factory, Hamilton, Ont. m:
=E ll11111111111111111111111110111111111111ffinlifiliiiiIIIIIIiiiIiiiii IL r,1,1.;1 I, .1 : ,niiimiuiiinilifitifliiiiiiiiiiiiiitiiiiiIiiiiiiiiiiiiiiiiiiiiiiiIi0
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Science Abstracts
All electrical engineers actively engaged in the practice of their pro-

fession should subscribe to "Science Abstracts."

Published monthly by the Institution of
Electrical Engineers, London, in associa-
tion with the Physical Society of London,
and with the cooperation of the American
Institute of Electrical Engineers, the Ameri-
can Physical Society and the American
Electrochemical Society, they constitute an
invaluable reference library.

Through "Science Abstracts" engineers
are enabled to keep in touch with engineer-
ing progress throughout the world, as one
hundred and sixty publications, in various
languages, are regularly searched and
abstracted. "Science Abstracts" are pub-
lished in two sections, as follows:

"A"-PHYSICS-deals with electricity, magnetism, light,
heat, sound, astromony, chemical physics.

"B"-ELECTRICAL ENGINEERING-deals with electrical
plant, power transmission, traction, lighting, tele-
graphy, telephony, wireless telegraphy, prime movers,
engineering materials, electrochemistry.

Through special arrangement, members of the A. I.E. E.
may subscribe to "Science Abstracts" at the reduced.rate
of 35.00 for each section, and $10 for both. Rates to non-
members are $7.50 for each section and $12.50 for both.

Subscriptions should start with the January issue.
The first volume was issued in 189S. Back numbers are
available, and further information regarding these can be
obtained upon application to Institute headquarters

American Institute of Electrical Engineers
33 West 39th Street, New York

EM11111111111111111111111111111111111111111MHIIIM11111111111111111H1rE;
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CEDAR POLES
E
E -
g.-

. _,...

E ' 1..*IFOOP OhtlE-a
ff

2
- NORTHERN WHITE CEDAR

.,

_

E--

-s-

_ WESTERN RED CEDAR g_

.E.
.
=- - PLAIN OR TREATED BUTTS.

=
E - g

CEDAR POLES NORTHERN WREDHITE
Prompt shipments guaranteed. g.E:

a

a- WES
---1-

Ask for our delivered prices. -g

PLAIN OR BUTT -TREATED
1 T. M. PARTRIDGE LUMBER CO. E

Satisfaction Guacanteed
. -

.4 -
THE MAC GILLIS & GIBBS COMPANY

Milwaukee, Wis.
729 - 32 Lumber Exchange,

MINNEAPOLIS, MINN.

,,,,,,,,,,,,,,,,,,,,,,,........iiiiiiiiiiiiiiiiii.,,,,,,,,,,,,,,,,,,.....,,,mmoinmirnimin..........c÷:
Far and High, T & M i
Switch Quality Prevails 1

s

SWITCHES
of the type illustrated here, are

-/ used at the copper refining plants of the Chile
Exploration Company near Lake Titicata, Chile.
Our South American neighbors recognize quality!

As Lake Titicata is the highest lake in the
world, it may well be said that the quality of
T & M Switches is elevated far above any others g
now on the market.

Sketches and cost of our various types of dis-
connecting and heavy duty switches and of switch
locks gladly submitted. -a

14,000 A 07Pere. Thoner & Martens E

roo Volt
g

D. C. Switch 463 Commercial Street, BOSTON, MASS..E
=

=
.7-

=

BENNETT

g a

Electro CS-ERviC0 Company
g >

MARIETTA, GA.
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SURGE
ARRESTERS

Ideal Protection E

Ruggedness
Simplicity

Write for
Bulletins and
Questionnaire

Unit No. 1162
was designed for

g light -duty Line
Construction,
Dead -Ends and for
Important Spans.

No. 1162 units will assemble with the regular
THOMAS L1NK-TYPE Hewlett Metal Fittings.

I THE R. THOMAS & SONS CO.
EAST LIVERPOOL, OHIO

New York Boston Chicago London
72:
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2300 to 200,000 volts .t

K -P -F POLE TOP SWITCHES
P

INSURE uninterrupted service by frequently 2-

sectionalizing with K -P -F pole -top switches. t...

To serve every user with power for his indi-
g
g power companies are depending more and more -#-

vidual needs and to insure against interruptions, 2

-2
on sectionalizing switches.

-5. 1 ..)
Today power companies are using with unusual E

success and economy K -P -F pole -top switches as g
I

- -, ,,
their standard for both disconnecting and sec- 2

---. L ----r, -1---7S<:... tionalizing purposes.
0 K -P -F switches are ruggedly constructed to give E

- ) constant service under severe operating conditions. g
.--7- 1 ' Their installation is extremely simple and the cost is I

reduced to a minimum by eliminating the use of ex-

I-" tra deadends, line hardware and special structures. g
,. The constantly increasing demand for them is g

A,, will gladly refer you to users of this equipment if g
indicative of their efficiency and economy and we

. i
--

i \ interested. Write for Bulletin K-105 -z-

s
g

K -P -F ELECTRIC COMPANY
3 POLE TRIPLE Disc K -P -F SWITCH 33,000 TO 45,000 VOLTS (Closed position). 37 Stevenson St., San Francisco

'7IlIl

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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It's Quality
" HEMCO" Made It Famous

1
Divisions of

BAKELITE CORPORATION

BAKELITE
General Bakelite Co.

8 West 40th St. New York

Condensite
Condensite Co. of America

Bloomfield, N. J.

&DMANOL
Redmanol Chemical

Products Co.
636-678 West 22nd St.

41.Chicago, 111""`

At a time when similar electrical
specialties were made of porcelain
or composition, and were selling
largely on a price basis, the Hemco
Manufacturing Company produced
their "HEMCO" Twin-Lite Plug,
of Condensite molding material.
Though selling at a higher price,
its sale soon outstripped all others
because of its strength, lightness,
and attractive appearance.
Have you ever considered the
phenolic resin materials, Bakelite,
Condensite, or Redmanol from
this point of view?

Write for a copy of Booklet D.

BAKELITE
CORPORATION

Address the Divisions

7ee Material Qfd Thousand Uses
jr,IIIIi11111111111111111111111.111111111111111,1.1.11,,,h.1,1,.1,....
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li=1 LAVA '°*i)11.1

B

a

T. -

Electrical appliances cannot be too
intricate to incorporate LAVA parts.

Where insulators of accurate di-
mensions and dielectric strength are
required use LAVA.

Ask for Krucsi's book "LAVA"

AMERICAN LAVA CORPORATION rt-

:.--.

27-67 Williamson Street i
CHATTANOOGA, TENNESSEE

1 --Manufacturers of Heat -Resistant Insulators

ommumumommommlionsompommimummumumummullummoinumwmito
Please mention the JOURNAL of the

An Unusual
Equipment

for an unusual
Service

The National Vulcanized I Way ( wiipasiy is the
result of the consolidation of three large and well-
known fibre manufactories.

Three -fold service
The present organization offers to manufacturers

unprecedented fibre service -a service with three-
fold equipment for speedy production, three -fold
facilities for quick deliveries and a three -fold reputation

Make it of
Vul-cot Fibre

The guaranteed purity of Vul-cot Fibre- its strength,
toughness and work -ability has made it a part of the
products of a host of well-known manufacturers. If
there is a place for fibre in your product either in a
very minor or very important position --this unusual ex-
perience in the manufacture of all sorts of fibre articles
and parts, this unusual service is at your command.

National Vulcanized Fibre Co.
Wilmington, Delaware

=Moulded Insulation',
Push Buttons-Switch Keys- Bushings-
Radio Parts -- Knobs - Novelties - Etc.

Metal Specialties
Eyelets-Stampings--Bu t tons Etc.

Send Blue Prints or Samples for Quotations

_ Waterbury Button Co.
Established 1812

Waterbury, Conn.
3 New York Boston Chicago San Francisco Toronto. Ont.

Diamnid-F

Use Diamond Fibre
Wherever the job in hand demands a tough, service -giving material of great strength, light weight and
high dielectric qualities use Diamond Fibre. We pro-
duce this remarkable raw material in easy -to -handle

SHEETS - RODS - TUBES
ready for all machining processes or fully machined to
your own specifications. Write for samples and full
information.

Diamond State Fibre Company
Bridgeport (near Philadelphia), Pa.

For Canada: Diamond State Fibre Company of Canada,
245 Carlaw Ave., Toronto, Ont.

A. I. E. E. when writing to advertisers.
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*arid Wire
andWinding;er

have for over twelve years been standard

3 among electrical manufacturers due to

E their dependable quality and reasonable

E price. Find out the economy and im-
1 provement we can effect for you.

Write today for prices and samples.

; Dudlo
Manufacturing.

.1! Company
44+"C\ Fort Wayne, Ind.

JIIIIIIII IIII II II II IIII II II II II II II II II IIII I VIII II I

I III II III II 1111111 IIIIIIII II IIIIIIIIIIIIIIIIIIIIIIIII VIII 1111111 III 1111111 IIIIIIIIiIII VIII II VIII VIII
IIIIIIIIII II 1111111 1111111 MINI u 111X111 II IIII IIII Nllllllllllllli

USE COLD MOLDED MATERIAL
To Reduce the Cost of Your Molded Parts
The Alco method of cold molding electrical parts and auto-

motive units reduces cost and produces work of the finest
quality.

In order that electrical manufacturers may better know the
Aico process we have established an engineering and designing
department and placed it at their disposal. A request for
additional information will receive the prompt attention of
this department.

AMERICAN INSULATOR CORPORATION E
New Freedom, Penna.

New York Branch Offices Montreal
52 Vanderbilt Ave. 3 St. Nicholas St. E

Chicago Oakland, Cal. .4

i 564-570 W. Monroe St. 1560 Webster St. --4

I

IRVINGTON INSULATION
Oiled Paper Varnished Cambric Oiled Silk

Black & Yellow Varnished Cambric
Folded Varnished Papers
Condenser Dielectric Papers
Flexible Varnished Tubing
Special Adhesive Papers
Bottle Cap Papers
Insulating Varnishes
Irv -O -Slot Insulation

IRVINGTON VARNISH D. INSULATOR CO.

a

a

a

Established 1905
Main Office and Factory

=_- Irvington, New Jersey, U. S. A.

Asbestos Insulated Wires and Cables

AS a result of suggestions made by the Rock-
bestos Engineering Department several con-

cerns are saving thousands of dollars annually. It
is quite possible we can point out ways to similar
savings for you.

A conference with a Rockbestos Engineer costs
nothing-nor does it obligate you in the slightest.

We know Rockbestos Wire is the best wire made
-its superiority can be easily demonstrated. And
we are anxious that ROCKBESTOS SERVICE
measure up to the standard of our product. If we
can be of any assistance, call on us. If you wish
information about the following Rockbestos
Products, write us.

Heater Cord Magnet Wire
Fixture Wire Stove Wire
Switchboard Wire Motion Picture Cable

Also Improved
Radio Head Set Cords

ROCKBESTOS PRODUCTS
C OR P OR A T I 0 N

Sales Promotion Department G
NEW HAVEN. CONN.

I Belden Coil Windings
E No matter how good the wire you use there are

losses that can be avoided only by having your coils

made by the wire manufacturer.

E Let our representative explain how Belden Coil

Winding Service can save you money.

=

-12-

a Belden Manufacturing Company
= 2300 South Western Avenue

g.

CHICAGO E
E

a
Eastern Office and Warehouse, Metuchen, N. J. EE

111iiiiiii11111111111111111111iMIE
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a- . Pyramid Brand

a

a

a

a

ELECTRICAL SLATE
for

Switchboards, Panelboards, Fuse
Blocks, Bus Bar 'Supports, etc.

_AU 0.17

i"i r 'P1Y

LATE.ZA4=46

THE STRUCTURAL SLATE CO
Pen Argyll. Penna.

Comprehensive Data on Electrical, Chemical and

1

Physical Properties of Pennsylvania Slate sent on request

miummoimomminmilimmiimmimitiminmimmoilmimiumummiumoomimmilmonnumonouninimmommummote
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Electrical Inamunenta.Meters and Circuit 51-coker,
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Note
TheThe
Studs

On all Roller - Smith circuit breakers over 1,200
amperes capacity the laminations run straightthrough from the free ends, which are split to re -a ceive the bus -bars, to the contact plate. There areno joints in between. This means maximum ca-
pacity with minimum heating.

No circuit breakers have as few parts as the Roller -E Smith.
Send for Bulletin No. A E-530.

-.4 'E MAIN OFFICE OP'
-. nit)i, WORKS:

12 Park Place, NEW YORK Bethlehem, Penna.
I Offices in Principal Cities in U. S. and Canada
a

LLER-SMFFIR COMP

a

a

a

a

a

I

TUNGS'1EN conta(
points have proved

superiority in many
applications. Fansteel
tungsten points have

been standard for quality

for eight years.

FANSTEEL PRODUCTS
COMPANY, INC.

NORTH CHICAGO, ILL

Tantalum,
Molybdenum
Wires and
Sheets.

(Send for
(Data Sheets,
(('are Dept. BE

MARINE RULES of the A.I.E.E.
Recommended Practise for
Electrical Installations on Shipboard

THE Marine Rules have been drawn up to serve as a guide
for the equipment of merchant ships with electrical
apparatus for lighting, signaling, communication and

power, but not including propulsion. They indicate what is
considered the best engineering practise with reference to safety
of the personnel and of the ship itself, as well as reliability and
'durability of the apparatus. These rules are intended to
supplement the STANDARDS of the A. I. E. E., which should
be followed wherever applicable. Published December, 1920.

Linen covered, 97 pp., price, $1.00 per copy, with discount of 25% to
members of the A. I. E. E., dealers, and purchasers of ten or more copies.

AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS
33 West 39th Street, New York

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
tiloi!t:1111111'lliil111i1111111111111111101111111H11111111M11111111IF
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The Last Word in Air Washers!
Stone & Webster,-Byllesby Engineering and Manage-
ment Corp., and J. G. White Engineering Corp. are three
of the prominent engineering concerns that have specified
and purchased SPRACO Type "V" Air Washers for
numerous installations.

TYPE V
SPRACO AIR WASHER
Uses same air over-rewashing and recooling.
Enables generator to run indefinitely without cleaning.

for turbo -generators
SPRACO "VERTICAL"

tir Washing and Cooling Equipment
for the New Enclosed System of Ventilation

Important Advantages
(1) Increases reliability of generator unit, elim-

inating shutdowns.
(2) Secures long period of contact between hot air

and cool water through VERTICAL discharge of Spray.
(3) Automatic control for air inlet and discharge

dampers insures absolute safety under emergency
conditions.

Our Engineering Department will submit, without obligation,
recommendations, with proposal on a washer for the enclosed
system of ventilation, on receipt of essential information. The
Spray Engineering Company are also pioneer manufacturers of
Horizontal Air Washers (non -recirculating air type) for condition-
ing the ventilating air for turbo -generators.

Engineers for
Spray Cooling Systems
Irrigation Systems
Aerating Reservoirs
Air Conditioning
Gas Washing

a

a

a

a

a

a

S

No complicated parts
to go wrong and

cause trouble
The marked simplicity
in design and ruggedness
of construction are
salient features of

TRADE MORK

BRISTOL'S
Recording

Voltmeters
In fact, these are distinctive
characteristics of all 
Bristol's instruments. There
are no delicate or compli-
cated parts in our Electrical
instruments, to break or get
out of order.
It is their assured aceurNcy
and lasting dependability
which have made I heir
world-wide reputation -

caused their world-wide
adoption.

THE BRISTOL COMPANY
Waterbury, Conn.

Manch Offices:
Boston New York Detroit Pittsburgh

Philadelphia Chicago St. Louis San Francisco

Where shall we
send your copy of
ralalo fl BC -1501.

'";wilowww Dimon tit um ow own u ilowwwww

Please mention the JOURNAL of the

For full particulars
Write Dept. AW-69

0/4" Manufacturers of
Air Washing Equipment
Spray Cooling Equipment
Paint Spraying Equipment
Flow Meters
Park Sprinklers
Self Cleaning Strainers

SPRACO PRODUCES

SPRAY ENGINEERING CO.
60 High St., Boston, Mass.

A

3

3

a

a

I
S

3

I

S
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SPHERICAL
PHOTOMETERS

40"-60" and 80" SPHERES

Using the Built In
SHARP -MILLER PHOTOMETER

Seale range 40 - 4500 lumens

Calibrated by The Electrical Testing Laboratories
No dark room required

COMPLETELY EQUIPPED FOR
MULTIPLE AND STREET SERIES LAMPS

CENTRAL STATIONS
MAINTAIN YOUR STREET LIGHTING
REQUIREMENTS UP TO STANDARD

Send for Catalog No. 82

Foote, Pierson & Co., Inc.
160-162 Duane St., New York City

I I I If II
I I
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PROFESSIONAL ENGINEERING DIRECTORY
For Consultants in the Fields of Engineering, arid Related Arts and Scien(es

Established 1857

ALEXANDER & DOWELL
Attorneys at Law

PATENT, TRADEMARK AND
COPYRIGHT CASES

902 F Street, N. W. Washington, D. C.

AMBURSEN DAMS
Hydroelectric Developments

Water Supply and Irrigation Dams
DAMS ON DIFFICULT FOUNDATIONS

AMBURSEN CONSTRUCTION CO.
Incorporated

Grand Central Terminal, New York
Kansas City, Mo. Atlanta, Ga.

THE AMERICAN APPRAISAL CO. I
Valuations and Reports

of
Public utility, industrial
and all other properties

Rate Cases Condemnation Suits
Reorganizations Liquidations

NEW YORK MILWAUKEE
1896 And Principal Cities 1922

THE ARNOLD COMPANY
Engineers

Constructors
Electrical - Civil - - Mechanical

CHICAGO
105 So. La Salle St.

ROBERT BAHAMON
Mechanical and Electrical Engineer

Assoc., A. I. E. E.
Consulting, Contracts, Construction

and Agencies

BOGOTA, COLOMBIA, S. A.

LESTER E. BARRETT
Attorney at Law

Electrical and Chemical Patents

629 F Street, North West
Washington, D. C.

W. S. BARSTOW & CO.
Incorporated

Consulting and
Construction Engineers

Public Service Properties
Financed and Managed

60 Pine St, New York.

BATTEY & KIPP

CHEYNEY AND WESCHLER
CONSULTING ENGINEERS

Electrical Utility Systems. Power
Plants. Mechanical and Electrical

Equipment of Buildings and
Industrial Plants.

MILLS BLDG. WASHINGTON, D. C.

WALTER G. CLARK
Consulting Engineer

Electrical, Mining and Industrial
Reports

Supervision of Organization and Arrange-
ments for Financing

8 WEST 40th STREET NEW YORK

EDWARD E. CLEMENT
Fellow A. I. E. E.

Attorney and Expert
in Patent Causes.

Soliciting, Consultation, Reports,
Opinions.

McLachlen Bldg., Washington, D. C.
700 10th St., N. W.

ROBERT E. DENIKE, Inc.

Electrical Engineers
and Constructors

NEW YORK CITY

Fellow A. I. E. E. Member A. S. M. E.
W. N. DICKINSON

Consulting Analyst
BUSINESS AND ENGINEERING

PROJECTS ANALYZED
Aeolian Hall, 33 W. 42d St., New York City

Telephones:
Longacre 8196 Longacre 8645

CHARLES C. EGBERT
Engineer

Hydroelectric Power Development
Reports, Construction, Supervision

NIAGARA FALLS, N. Y.

DAVID V. FENNESSY

Consulting Power Engineer

MILLS BUILDING EL PASO, TEXAS

MONTAGUE FERRY

Edward F. Croker
Ex -Chief N. Y.

Fire Dept.

Chas. W. Mitchell
11.1e, trierl
Engineer

FIRE PROTECTION ENGINEERS
Fire Alarm Engineers & Contractors

Fire Drills, Fire Appliances and Equipment

22 W. 30th St. New York, N. Y.

FORD, BACON & DAVIS
Incorporated

ENGINEERS

115 Broadway, New York

Philadelphia Chicago San Francisco

THE FOUNDATION COMPANY
Engineering Construction

120 LIBERTY ST. CITY OF NEW YORK
Offices in Principal Cities

Steam and Hydro -electric Developments
Transmission Lines Rail way Structures

Industrial and Chemical Plants
Superstructures as well as Substructures

FRANK F. FOWLE & CO.

Electrical and Mechanical
Engineers

MONADNOCK BUILDING CHICAGO

JOSEPH D. R. FREED

Consulting Radio Engineer
Designs - Reports - Tests

255 FOURTH AVE. NEW YORK

FREYN,BRASSERT & COMPANY
Chicago Philadelphia

Consulting and Constructing
Engineers

Gas, Steam and Hydro -Electric Power Plante
Electrification of Rolling Mills

Fuel, Oil, Tar, Gas Combustion Engineering
Design and Construction of

Electric Furnace Installations

FULLER ENGINEERING
COMPANY

Engineers and Constructors
Designs Estimates

PULVERIZED COAL PLANTS
and burning equipment for Steam Boilers,
Locomotive Boilers and Industrial Furnaces

FULLERTON, PA.
50 Church Street New York

WILLIAM S. HIGBIE
Incorporated Electrical Engineer

ENGINEERS ENGINEERING AND PURCHASING E

:.1.Complete Industrial Plants
Design-Manufacture-ConstructionDesiPower Plants & Electrical Installations

Own Shops -1

Engineering Reports, Analyses & Appraisals Own Yard for Handling
123 W. Madison Street CHICAGO 114 LIBERTY ST. NEW YORK CITY E=

s
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RADIO ENGINEERING

38 South Dearborn Street Chicago
50 Church Street New York
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PROFESSIONAL ENGINEERING
a

DIRECTORY
For Consultants in the Fields of Engineering, and Related Arts and Sciences

Dugald C. Jackson
Edward L. Moreland

JACKSON & MORELAND

CONSULTING ENGINEERS

887 Washington St. Boston, Mass.

J. KAPPEYNE
Consulting Engineer

Valuations, Examinations and Reports.
Operating and Rate Investigations

909 Comstock Ave., SYRACUSE, N. Y.

E. S. LINCOLN, INC.
Consulting Electrical Engineers

Designs Investigations Reports

Electrical Research Laboratory

534 Congress St. PORTLAND, MAINE

J. N. MAHONEY
Consulting Engineer

Fellow A. I. E. E. Mem. Am. Soc. M. E.
Design, Supervision, Specifications, Reports

Specialist in Electrical Power Switching and
Protective Equipment, Industrial and

Railway Control and Brake
Equipment

815 -77th STREET BROOKLYN, N. Y.

MCCLELLAN & JUNKERSFELD
Incorporated

Engineering and Construction

New York Philadelphia
45 William St. 112 South 16th St.

W. E. MOORE & CO.
Engineers

Plans and Specifications for
Hydroelectric and Steam Power Plants
Industrial Plants and Electric Furnaces

Union Bank Building Pittsburgh, Pa.

POWER PLANT SAVINGS
Electrical, Steam and Refrigeration
Equipment Tested and Reconstructed

WM. G. MURRELL & CO.
EFFICIENCY ENGINEERS

1672 Broad way New York City.

N. J. NEALL

Consulting Engineer

NEILER, RICH & CO.
Electrical and Mechanical

Engineers
Consulting, Designing and

Supervising

Manhattan Building - - - Chicago

J. P. NIKONOW
Mechanical and Electrical Engineer

PATENT ATTORNEY

Mem. A. I. E. E., A. S. M. E.
and S. A. E.

3425 Giles P1. NEW YORK CITY

OPHULS & HILL, Inc.
Formerly Ophuls, Hill & McCreery, Inc.

CONSULTING ENGINEERS
112-114 WEST 42d ST., NEW YORK CITY

Ice Making and Refrigeration
Investigations and Reports

I. S. PRENNER
of the Philadelphia Bar

Mem. A. I. E. E., S. A. M. E.

Technical Patent Expert

1328 Chestnut St. PHILADELPHIA

PUBLIC SERVICE
PRODUCTION COMPANY

Engineers and Constructors
Design and Construction of Power Plants,

Substations and Industrial Plants.
Examinations and Reports, Valuation and

Management of Public Utilities.
80 PARK PLACE NEWARK, N. J.

RICHARDSON & GAY
CONSULTING ENGINEERS
990 Devonshire Street BOSTON

Steam, Electrical, Hydraulic, Industrial
Developments-Building Equipment-

Investigations-Reports.
Edward B. Richardson Harry Gay

DWIGHT P. ROBINSON
& COMPANY

Incorporated
Design and Construction of

Power Developments, Electric
Railways, Industrial Plants
126 East 46th Street, New York

Chicago Youngstown Dallas
Los Angeles Montreal Rio de Janiero

SANDERSON & PORTER
Engineers

Reports Designs

for Construction Management

Electrical and Industrial Properties
Hydro -electric Developments

Railway, Light and Power Properties

12 PEARL STREET BOSTON, MASS. Chicago New York San Francisco

SARGENT & LUNDY
Incorporated

Mechanical and Electrical
Engineers

1412 Edison Bldg., 72 West Adams Street
CHICAGO, ILLINOIS

ADOLF P. C. SCHRAMM, E.E.
Mem. S. A. E. Assoc. A. I. E. E.

Consulting Engineer
Fractional Horse Power Motors

Designs
Manufacturing Methods and Processes

Labor Saving Devices

ADRIAN, MICHIGAN

SESSIONS ENGINEERING
COMPANY
Engineers on

Power Plant Design & Industrial
Betterments
Electrification

140 SO. DEARBORN ST. CHICAGO

FREDERICK G. SIMPSON
Electrical Engineer

Reports, Designs, Specifications.
Electric Power

and
Industrial Developments.

RADIO COMMUNICATION SYSTEMS,
Telegraph and Telephone.

3801 L. C. Smith Bldg. Seattle, Wash.

SPRAY ENGINEERING CO.
Engineers and Manufacturers

Spray Cooling Systems - Irrigation Systems
Aerating Reservoirs - Air Conditioning
Gas Washing Pneumatic Paint Spraying

Spray Problems of All Kinds
Consulting Laboratory

60 HIGH STREET BOSTON

JOHN A. STEVENS, Engineer
Power Plants

Transmission Lines - Sub -stations
Hydro -electric Stations

Consultation - Analysis - Design
Supervision of Construction

Purchased Power Contracts Negotiated
LOWELL, MASSACHUSETTS

Cleveland Fall River

William M. Stockbridge Victor D. Borst

STOCKBRIDGE & BORST

Patent Lawyers

41 PARK ROW NEW YORK CITY

STONE & WEBSTER
Incorporated

Examinations Reports Appraisals
on

Industrial and Public Service
Properties

NEW YORK BOSTON CHICAGO

a

2

a

a

N

a

(Cards continued on next page)
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PROFESSIONAL ENGINEERING DIREC'T'ORY
For Consultants in the Fields of Engineering, and Related Arts and Sciences

PERCY H. THOMAS
Consulting Engineer
ELECTRIC POWER

Generation - Transmission
Applications

120 BROADWAY NEW YORK

UNITED GAS & ELECTRIC
ENGINEERING CORPORATION
Engineers Management
Construction Appraisals

Reports, Estimates and Specifications
Now supervising the Engineering
and Operation of 32 Public Utility
Properties located in 12 states

61 BROADWAY NEW YORK CITY

VIELE, BLACKWELL &BUCK
Engineers

Designs and Construction
Hydroelectric and Steam Power Plants

Transmission Systems Industrial Plants
Reports Appraisals

49 WALL STREET NEW YORK

THE J. G. WHITE
ENGINEERING CORPORATION

Engineers- Constructors
Industrial Plants, Buildings, Steam Power
Plants,Water Powers,Gas Plants,Steam &
Electric Railroads, Transmission Systems.
49 EXCHANGE PLACE NEW YORK

GARDNER S. WILLIAMS
Mem. Am. Inst. Cons. Eng. Mem. Am. S. C. E.

Consulting Engineer

Hydroelectric Developments
Investigations and Reports

Cornwell Bldg. ANN ARBOR, MICH.

WOODMANSEE-DAVIDSON
ENGINEERING COMPANY

Consulting Engineers
784 Continental & Commercial Bank Bldg.

CHICAGO, ILL.

EUGENE C. WOODRUFF, Ph.D
Member ATER. and A.E.R.A

Fellow A.A.A.S.

Electric Railway Engineering
Automobile Engineering

STATE COLLEGE PENNSYLVANIA

J. G. WRAY & CO.
Engineers

J. G. Wray, Fellow A.I.E.E.

Utilities and Industrial
Appraisals Construction
Plans Organization
Financial Investigations

Cyrus G. Hill

Properties
Rate Surveys
Estimates
Management

1217 First National Bank Bldg., Chicago

To be printed in the following

issue, copy for cards must be
received by the 15th of the month.

T.-.- ELECTRICAL
TESTING

LABORATORIES
-=-

80th Street and East End Ave.
NEW YORK

(3)

Inspections - Tests - Research
Tests may be used by the purchaser for the following purposes:

(1) To determine the quality of competing samples. This enables the purchaftof the best quality for the money.
(2) To make sure that shipments comply with specifications. This makes possiblethe assurance to the customer that shipments match buying samples.

To furnish an impartial decision in case of disputes between purchaser and
manufacturer.

Testing place the whole buying problem on a sound basis.

a

E

A Great Engineering Library

It contains 150,000 volumes and receives 1500 period- The Library can also supply photoprint copies of
E.

icials relating to civil, mining, mechanical and electri- any articles appearing in engineering journals, old --;--

cal engineering, metallurgy and industrial chemistry. or recent. Prices for any services will be quoted on g.E EA staff of experienced investigators is available application.
E-

E-E
E_

At Your ServiceE- E-

E-
Es_
E_E-

EE
E

it

THE Engineering Societies Library, 33 West 39th to make searches upon engineering subjects. prepare
St., New York, is a reference library for engi- lists of references and translate engineering publi-

neers, directed by the national engineering societies. ' cations from foreign languages.

is your
name on our

mailing list for
bulletins and

catalog?

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.

Morganite
Brush Co., Inc.

519 W. 38th St.
New York
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JAMES G. BIDDLE
ELECTRICAL INSTRUMENTS

1211-13 ARCH ST.. PHILADELPHIA

a

TYPE 213

2 1000 CYCLE OSCILLATOR
A 1000 cycle alternating current supply source for bridge

and similar measurement work. Its wave form is remarkably
free from harmonics, a very important feature for most alter-
nating current bridge work.

Provision is made for output voltages of 0.5, 1.5 and 5 with
corresponding currents of 100, 40 and 12 milliamperes re-
spectively. It will operate successfully with input voltages of
from 4 to R. Since it is self starting, it may be placed in a
sound proof box or located at some distant point and controlled
from the place where the measurements are being made. This
is important where balances are indicated by the null method.

Particularly adapted for college laboratories where con-
tinuous operation without attention or adjustment is desired.

Circuit Diagram and Complete
Description in Bulletin 706E.

PRICE $32 00

GENERAL RADIO CO.
Manufacturers of

ELECTRICAL AND RADIO LABORATORY APPARATUS
Massachusetts Avenue and Windsor Street

CAMBRIDGE 39 MASSACHUSETTS

a
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JAGABI RHEOSTATS
are provided with sliding contacts which permit
very small and gradual variations from zero to full
rating.

Tube Rheostats are made in three different sizes,
with lengths of 8", 16" and 20" respectively; and are
supplied in "single", "verticle", "double", "universal"
and "Dodge" types. Stone Rheostats are 8" long,
and are available in "single", "double" and "universal"
types.

For Single Tube Rheostats the resistance values
may be as high as 14,000 ohms, with current capacity
of 0.2 ampere; or as low as 0.34 ohm with current
capacity of 25 amperes.

Jagabi Rheostats meet a very definite need in Research,
Educational and Industrial work; especially as they
combine a high degree of reliability with moderate prices.

Write for bulletin .1-980.

Please mention the JOURNAL of the A. I.
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Solving Industrial
Transformer Problems

a

a

-E7

The
I

40 IC-va. 100,000 Volt
Transformer for

Cottrell Precipitation

WITH the ever -widening scope
of industrial activity there
arise many process -develop-

ment problems requiring special
transformers for laboratory and ex-
perimental work.

Not only are we prepared to fill

your requirements with respect to
laboratory transformers, but we can
undertake to study your transformer
needs throughout the development
of a process to the commercial
stage.

Electrical engineers and others are
invited to confer or correspond with
us on any difficult transformer prob-

lem. Our special-
ized skill and knowl-
edge-the result of
years of study and
experience gained in
the design of great
numbers of effici-
ently operating pres-
ent-day instal-
lations -are at your
service.

76 Emmet Street, Newark, N. J.
American Transformer Co.

a

For Radio Enthusiasts and Engineers
Again, we'll devote a little space to the Amor Tran

because so many readers of the JOURNAL have expressed
their interest in this recently developed super audio fre-
quency amplifying transformer. The Amer Tran will prove
a revelation to radio fans, as its amplifying power is far
greater and distortion much less than any device now on the
market. If you have not already done so, write for descrip-
tive Bulletin 975, which includes an unusual chart of tho
audibility amplification of this new transformer, and musical
scale. T lie Amer Tran is moderately priced, and is distrib-
uted through jobbers and retailers.
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E. E. when writing to advertisers.
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Classified Advertiser's Index for Buyers
Manufacturers and agents for machinery and supplies used in the electrical and allied industries.

Note: For reference to the advertisements see the Alphabetical List of Advertisers on page 38.
AIR COMPRESSORS

Allis-Chalmers Mfg. Co., Milwaukee, Wis.
General Electric Co., Schenectady, N. Y.
Western Electric Co., All Principal Cities

AMMETERS, VOLTMETERS.
(See INSTRUMENTS, ELECTRICAL)

ARMATURE WINDING APPARATUS
Armature Coil Equipment Co., Cleveland

BATTERY CHARGING APPARATUS
General Electric Co., Schenectady., N. Y.
Western Electric Co.,All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

BEADS, INSULATING
Martindale Electric Co., The, Cleveland

BEARINGS, BALL
New Departure Mfg. Co., The, Bristol, Conn.
Norma Co. of America, L. I. City, N. Y.
S. K. F. Industries, New York

BOOKS, TECHNICAL
Wiley, John & Sons, Inc., New York

BOXES, FUSE
General Electric Co., Schenectady, N. Y.
Metropolitan Device Corp., Brooklyn? N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
BOXES, JUNCTION

G & W Elec. Specialty Co., Chicago
Metropolitan Device Corp., Brooklyn, N. Y.
Standard Underground Cable Co., Pittsburgh

BRAKES CAR
Allis-Chalmers Mfg. Co., Milwaukee, Wis.
General Electric Co., Schenectady, N. Y.

BRUSHES, COMMUTATOR
Carbon

Morganite Brush Co. Inc., New York
National Carbon Co., Inc., Cleveland
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Copper Graphite

Morganite Brush Co. Inc., New York
National Carbon Co., Inc., Cleveland
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

BUS BAR FITTINGS
General Electric Co., Schenectady, N. Y.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

CABLE ACCESSORIES
Dossert & Co., New York
G & W Electric Specialty Co., Chicago, Ill.
General Electric Co., Schenectady, N. Y.
Minerallac Electric Co., Chicago
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

CABLES
(See WIRES AND CABLES)

CABLEWAYS
Roebling's Sons Co., John A., Trenton, N. J.

CAMBRIC, VARNISHED
Irvington Varnish & Ins. Co., Irvington, N. J.

CARBON BRUSHES
(See BRUSHES COMMUTATOR)

CEDAR POLES
MacGillis & Gibbs Co., Milwaukee, Wis.
Naugle Pole and Tie Co., Chicago
Page & Hill Co., Minneapolis, Minn
Partridge Lumber Co., T. M., Minneapolis
Western Electric. Co., All Principal Cities

CIRCUIT BREAKERS
Condit Electrical Mfg. Co., So. Boston, Mass.
Cutter Company, The, Philadelphia
General Electric Co., Schenectady, N. Y.
Roller -Smith Co., New York
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

COIL WINDING APPARATUS
Armature Coil Equipment Co., Cleveland

COILS, MAGNET
Acme Wire Co., New Haven, Conn.
Belden Mfg. Co, Chicago, Ill.
Dudlo Mfg. Co., Ft. Wayne, Ind.
General Electric Co., Schenectady, N. Y.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

CONDENSATION PRODUCTS
Bakelite Corporation, New York
Condensite Co. of America, Bloomfield, N. J.
General Bakelite Co, New York
Redmanol Chemical Products Co., Chicago

Please mention

CONDENSERS
Allis-Chalmers Mfg. Co., Milwaukee
General Electric Co., Schenectady, N. Y.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

CONDUIT, UNDERGROUND FIBRE
Western Electric Co., All Principal Cities

CONNECTORS, SOLDERLESS
Dossert & Co., New York, N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
CONNECTORS AND TERMINALS

Dossert & Co., New York
G & W Electric Specialty Co., Chicago, Ill.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
CONTACTS TUNGSTEN

Fansteel Products Co., Inc.,North Chicagoan.
General Electric Co., Schenectady, N. Y.

CONTROLLERS
General Electric Co., Schenectady, N. Y.
Rowan Controller Co., Baltimore
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
CONVERTERS

Allis-Chalmers Mfg. Co., Milwaukee
Northwestern Electric Co., Chicago
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
COPPER CLAD WIRE

Copper Clad Steel Co., Rankin, Pa.
Standard Underground Cable Co. Pittsburgh
Western Electric Co., All Principal Cities

CUT-OUTS
Condit Electrical Mfg. Co., S. Boston, Mass.
General Electric Co.chenectady, N. Y.

Co.,CG & W Elec. Spec. Chicago
Metropolitan Device Corp., Brooklyn, N. Y.
Thoner & Martens, Boston
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
DRAWING MATERIALS

Keuffel & Esser, Hoboken, N. J.
DYNAMOS

(See GENERATORS AND MOTORS)
ELECTRIFICATION SUPPLIES, STEAM

ROAD
General Electric Co., Schenectady, N. Y.
Ohio Brass Co., Mansfield, Ohio
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
ENGINEERS, CONSULTING AND CON-

TRACTING
(See PROFESSIONAL ENGINEERING

DIRECTORY)

ENGINES
Gas & Gasoline

Allis-Chalmers Mfg. Co., Milwaukee
Oil

Allis-Chalmers Mfg. Co., Milwaukee
Steam

Allis Chalmers Mfg. Co., Milwaukee

FANS, MOTOR
Century Electric Co., St. Louis
General Electric Co., Schenectady, N. Y.
Star Electric Motor Co. Newark, N. J.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

FARM LIGHTING GENERATORS
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

FIBRE
Diamond State Fibre Co., Bridgeport, Pa.
National Vulcanized Fibre Co., Wilmington,

Del.

FURNACES, ELECTRIC
General Electric Co., Schenectady, N. Y.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

FUSES
Enclosed Refillable

6Ceneral Electric Co., Schenectady, N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Enclosed Non -Refillable

General Electric Co., Schenectady, N. Y.
Western Electric Co., All Principal Cities

Open Link
General Electric Co., Schenectady, N. Y.
Metropolitan Device Corp. Brooklyn, N. Y.
Western Electric Co., All Principal Cities

FUSES- .Continued
high Trit,ion

Metropolitan Device Corp., Brooklyn N. Y.
Railway & Industrial Engg. Co.,Greens-

burg, Pa.
Western Electric Co., All Principal Cities

GEARS, FIBRE
Diamond State Fibre Co., Bridgeport, Conn.
General Electric Co., Schenectady, N. Y.

GENERATORS AND MOTORS
Allis-Chalmers Mfg. Co., Milwaukee, Wis.
Century Electric Co., St. Louis, Mo.
Electro-Dynamic Co., Bayonne, N. J.
General Electric Co., Schenectady, N. Y.
Northwestern Electric Co., Chicago
Star Electric Motor Co., Newark, N. J.
Wagner Electric Corp., St. Louis
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
GENERATING STATION EQUIPMENT

Allis-Chalmers Mfg. Co.. Milwaukee
General Electric Co., Schenectady, N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
GRINDERS, COMMUTATOR

Martindale Electric Co., The, Cleveland.
GROUND RODS

Copper Clad Steel Co., Rankin, Pa.
Western Electric Co., All Principal Cities

HEADLIGHTS
Ohio Brass Co., Mansfield, 0.

HEATERS, INDUSTRIAL
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
HEATING ELEMENTS

General Electric Co., Schenectady, N. Y.
Wiegand Company, Edwin L., Pittsburgh

INDICATORS, SPEED
Biddle, James G., Philadelphia
Roller -Smith Co., New York

INSTRUMENTS, ELECTRICAL
Graphic

Biddle, James G., Philadelphia
Bristol Co., The, Waterbury, Conn.
Ferranti, Ltd., London, Eng.
General Electric Co., Schenectady, N. Y.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Indicating

Ferranti, Ltd., London, Eng.
General Electric Co., Schenectady, N. Y.
Roller -Smith Co., New York
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Integrating

Biddle, James G., Philadelphia
Duncan Elec. Mfg. Co. Lafayette, Ind.
Ferranti, Ltd., London, Eng.
General Electric Co., Schenectady, N. Y.
Roller -Smith Co., New York
Sewickley Elec. Mfg. Co., Sewickley, Pa.
States Co., The, Hartford, Conn.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Repairing and Testing

Electrical Testing Laboratories, New York
Scientific, Laboratory, Testing

Biddle, James G., Philadelphia
Foote, Pierson & Co., Inc., New York
General Electric Co., Schenectady, N. Y.
Leeds & Northrup Co., Philadelphia
Metropolitan Device Corp., Brooklyn, N. Y.
Roller -Smith Co., New York
States Co., The, Hartford, Conn.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Telegraph

Foote, Pierson & Co., Inc., New York
Waterbury Button Co., Waterbury, Conn.
Western Electric Co., All Principal Cities

Wireless
Acme Apparatus Co., Cambridge, Mass.
General Radio Co., Cambridge, Mass.
Waterbury Button Co., Waterbury, Conn.

INSULATING MATERIALS
Cloth

Irvington Varnish & Ins. Co., Irvington, N.J.
Minerallac Electric Co., Chicago
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Composition

American Insulator Corp, New Freedom, Pa.
Bakelite Corporation, New York
Belden Mfg. Co., Chicago
Condensite Co., of America, Bloomfield, N.J.
General Bakelite Co., New York
Redmanol Chemical Products Co., Chicago
Waterbury Button Co., Waterbury, Conn.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

the JOURNAL of the A. I. E. E. when writing to advertisers.
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and

Increases Production! Reduces Maintenance!
Assures Protection!

E. M. Willey, Chief Engineer of the
Manz Engraving Co., Chicago, says:

"The motors on our printing presses are protected from overload by
23 U-RE-LITES of 5 to 7% H. P. capacity. The first installation was made
in June 1922, and the very satisfactory results led to three re -orders.

"Before we installed the U-RE-LITE the men running the presses would
start them by throwing the controller lever rapidly across the contacts.
This would strain the insulation of the windings and burn the brushes and
commutators, requiring frequent repairs. With the U-RE-LITES the
power can only be applied gradually, and the brushes and commutators
now require practically no attention. We estimate that maintenance costs
have been cut in half.

"If the men tried to start a motor with a brake on, we might have to put
in 4 or 5 fuses in half an hour, which meant lost time for the machine and
its operator. If a motor was burnt out by improper starting, it took two
hours to get the press in operation again. By preventing such losses in
production the U-RE-LITES save their cost many times over every year. -

The U-RE-LITE displaces the fused
safety switch entirely, and has been
passed for both fire and accident by the
National Board of Fire Underwriters.

Send for your copy of PROTECTION UP-TO-DATE
100 pages- 50 illustrations absolutely free!

71C'

ESTABLItillE1) IM88
UTTER COMPAN4

PHILADELPHIA

1829 Hamilton Street

Please mention the JOURNAL. of the A. I. E. E. when writing to advertisers.
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Classified Advertiser's Index for
INSULATING MATERIALS-Contr,n.nt

Compounds
Minerallac Electric Co., Chicago
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Fibre
Diamond State Fibre Co., Bridgeport, Pa.
National Vulcanized Fibre Co., Wilmington,

Del.
Lava

American Lava Co., Chattanooga, Tenn.
Paper

Irvington Varnish & Ins. Co., Irvington, N. J.
Silk

Irvington Varnish & Ins. Co., Irvington, N. J.
Slate.

Structural Slate Co., The, Pen Argyl, Pa.
Tape

Belden Mfg. Co., Chicago
Minerallac Electric Co., Chicago
Okonite Co., The, New York
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Varnishes

General Electric Co., Schenectady, N. Y.
Irvington Varnish & Ins. Co., Irvington, N. J.
Minerallac Electric Co., Chicago

INSULATORS, HIGH TENSION
Composition

General Electric Co., Schenectady, N. Y.
Glass

Hemingray Glass Co., Muncie, Ind.
Porcelain

General Electric Co., Schenectady, N. Y.
Jeffrey -Dewitt Insulator Co., Kenova, W. Va.
Lapp insulator Co., Inc., LeRoy, N. Y.
Locke Insulator Mfg. Co., Victor, N. 1".
Ohio Brass Co., Mansfield, 0.
Thomas & Sons Co., R., East Liverpool, 0.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

INSULATORS, TELEPHONE & TELEGRAPH
Hemingray Glass Co., Muncie, Ind.
Western Electric Co., All Principal Cities

LAMP GUARDS
Western Electric Co., All Principal Cities

LAVA
American Lava Co., Chattanooga, Tenn.

LIGHTNING ARRESTERS
Electro Service Co., Marietta, Ga.
General Electric Co., Schenectady, N. Y.
Railway & Industrial Engg. Co., Greens-

burg, Pa.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

LOCOMOTIVES, ELECTRIC
General Electric Co., Schenectady, N. Y.
Westinghouse Elec. & Mfg. Co., E. Pitts.

burgh

LUBRICANTS
Texas Co., The, New York

MAGNET WIRE
Acme Wire Co., New Haven, Conn.
Belden Mfg. Co., Chicago
Dudlo Mfg. Co., Ft. Wayne, Ind.
Roebling's Sons Co., J. A., Trenton, N. J.
Western Electric Co., All Principal Cities

METERS, ELECTRICAL
(See INSTRUMENTS, ELECTRICAL)

METER LOADING DEVICES
States Co., The, Hartford, Conn.

MOLDED INSULATION
American Insulator Corp., New Freedom, Pa.
Bakelite Corporation, New York
Belden Mfg. Co., Chicago
Condensite Co. of America, Bloomfield, N. J.
General Bakelite Co., New York
Redmanol Chemical Products Co., Chicago
Waterbury Button Co., Waterbury, Conn.
Westinghouse Elec. & Mfg. Co., E. Pitts-
burgh

MOLYBDENUM
Fansteel Products Co., Inc., North Chicago,

Ill.

MOTORS
(See GENERATORS AND MOTORS)

PANEL BOARDS
(See SWITCHBOARDS)

PATENT ATTORNEYS

(See
PROF
TORY)ESSIONAL

ENGINEERING
EC

PHASE MODIFYING APPARATUS
States Co., The, Hartford, Conn.

PHOTOMETERS-SPHERES
Foote, Pierson & Co., Inc., New York

PLUGS
General Electric Co., Schenectady, N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

POLES, STEEL
Bates Expanded Steel Truss Co., Chicago
Western Electric Co., All Principal Cities

POLES-TIES, WOOD
MacGillis & Gibbs Co., Milwaukee, Wis.
Naugle Pole & Tie Co., Chicago
Page & Hill Co., Minneapolis, Minn.
Patridge Lumber Co., T. M., Minneapolis
Valentine -Clark Co., Minneapolis, Minn.
Western Electric Co., All Principal Cities

POTHEADS
G & W Electric Specialty Co., Chicago
Standard Underground Cable Co., Pittsburgh
Thoner & Martens, Boston
Western Electric Co., All Principal Cities

PROTECTIVE DEVICES
Metropolitan Device Corp., Brooklyn, N. Y.
Western Electric Co., All Principal Cities

PULLEYS, PAPER
Rockwood Mfg. Co., The, Indianapolis

PUMPS
Allis-Chalmers Mfg. Co., Milwaukee
Goulds Mfg. Co., Seneca Falls, N. Y.

PYROMETERS
Leeds & Northrup Co., Philadelphia

RADIO INSULATING PARTS
Waterbury Button Co., Waterbury, Conn.

RADIO LABORATORY APPARATUS
Acme Apparatus Co., Cambridge, Mass.
General Radio Co., Cambridge, Mass.
Waterbury Button Co., Waterbury, Conn.
Westinghouse Elec. & Mfg. Co., E. Pitts-
burgh

RAILWAY SUPPLIES, ELECTRIC
General Electric Co., Schenectady, N. Y.
Ohio Brass Co., Mansfield, 0.
Western Electric Co., AU Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
REACTANCE COILS

Metropolitan Device Corp., Brooklyn, N. Y.
RECTIFIERS

General Electric Co., Schenectady, N. Y.
Wagner Electric Mfg. Co., St. Louis
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

REGULATORS, VOLTAGE
General Electric Co., Schenectady, N. Y.
States Co., The, Hartford, Conn.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

RESISTANCE ELEMENTS
General Electric Co., Schenectady, N. Y.
Wiegand Company, Edwin L., Pittsburgh

RHEOSTATS
Biddle, James G., Philadelphia, Pa.
General Electric Co., Schenectady, N. Y.
Waterbury Button Co., Waterbury, Conn.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

ROPE, WIRE
Roebling's Sons Co., John A., Trenton, N. J.

SEARCHLIGHTS
General Electric Co., Schenectady, N. Y.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

SLATE
Structural Slate Co., The, Pen Argyl, Pa.

SLOTTING EQUIPMENT, COMMUTATOR
Hand and Motor Driven

Martindale Electric Co., The, Cleveland.

SOCKETS AND RECEPTACLES
General Electric Co., Schenectady, N. Y.
Waterbury Button Co., Waterbury, Conn.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

SOLENOIDS
Acme Wire Co., New Haven, Conn.
Belden Mfg. Co., Chicago
Dudlo Mfg. Co., Ft. Wayne, Ind.
General Electric Co., Schenectady, N. Y.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

STOKERS, MECHANICAL
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

Buyers-Continued.
STONES, COMMUTATOR

Martindale Electric Co., The, Cleveland.

SUB -STATIONS
Electro Service Co., Marietta, Ga.
General Electric Co. Schenectady,'N. Y.
Railway & Industrial Engg. Co., Greens -burgh, Pa.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

SWITCHBOARDS
Allis-Chalmers Mfg. Co., MilwaukeeffiVis.
Condit Electrical Mfg. Co., So. Boston, Mass.
General Electric Co., Schenectady, N. Y.
Metropolitan Device Corp., Brooklyn, N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

SWITCHES
Automatic Time

Ferranti, Ltd., London, Eng.
General Electric Co., Schenectady, N. Y.
Minerallac Electric Co., Chicago
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Disconnecting

Condit Elec. & Mfg. Co., So. Boston
General Electric Co., Schenectady, N. Y.
K -P -F Elec. Co., San Francisco
Railway & Ind. Engg. Co., Greensburg, Pa.
Thoner & Martens, Boston

Fuse
General Electric Co., Schenectady, N. Y.
Metropolitan Device Corp., Brooklyn, N. Y.
Thoner & Martens, Boston

Knife
Condit Elec. & Mfg. Co., So. Boston, Mass.
Cutter Company, The, Philadelphia
General Electric Co., Schenectady, N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Oil

Condit Elec. & Mfg. Co., So. Boston, Mass.
General Electric Co., Schenectady, N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Remote Control

Condit Elec. & Mfg. Co., So. Boston
General Electric Co., Schenectady, N. Y.
Railway & Ind. Engg. Co., Greensburg, Pa.
Rowan Controller Co., Baltimore
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

TACHOMETERS
Biddle, James G., Philadelphia

TANTALUM
Fansteel Products Co., Inc., North Chicago,

Ill.

TELEGRAPH APPARATUS
Foote, Pierson & Co., Inc., New York
Western Electric Co., All Principal Cities

TELEPHONE EQUIPMENT
Western Electric Co., All Principal Cities

TESTING LABORATORIES
Electrical Testing Labs., New York

TOWERS, TRANSMISSION
Bates Expanded Steel Truss Co., Chicago
Western Electric Co., All Principal Cities

TRANSFORMERS
Acme Apparatus Co., Cambridge, Mass.
Allis-Chalmers Mfg. Co., Milwaukee, Wis.
American Transformer Co., Newark N. J.
Duncan Elec. Mfg. Co., Lafayette, Ind.
Ferranti, Ltd., London, Eng.
General Electric Co., Schenectady, N. Y.
Kuhlman Electric Co., Bay City, Mich.
Moloney Electric Co., St. Louis
Pittsburgh Transformer Co., Pittsburgh
Wagner Elec. Corp., St. Louis
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Factory

American Transformer Co., Newark, N. J.
Kuhlman Electric Co., Bay City, Mich.
Moloney Electric Co., St. Louis, Mo.
Pittsburgh Transformer Co., Pittsburgh
Wagner Elec. Corp., St. Louis
Western Electric Co., All Principal Cities

Furnace
Allis-Chalmers Mfg. Co., Milwaukee
American Transformer Co., Newark, N. J.
Moloney Electric Co., St. Louis
Pittsburgh Transformer Co., Pittsburgh

Metering
American Transformer Co., Newark, N. J.
Ferranti, Ltd., London, Eng.
Pittsburgh Transformer Co., Pittsburgh, Pa.

Mill Type
Pittsburgh Transformer Co., Pittsburgh

Street Lighting
Kuhlman Electric Co., Bay City, Mich.
Western Electric Co., All Principal Cities

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Have you a hard job
for a motor?

PERHAPS it is in a location where dust, dirt or
other foreign matter hinders the motor.

Or perhaps you have a location where the temperature
is high-where the motor probably has to fight for
every breath. Or maybe the drive is such that every
bit of rated horsepower has to be delivered at all times.

If you have such a job, then you will be interested in
the Pow -R -full Motor. You will be interested in its
capacity for taking in air, and in the efficient way it

uses that air.
This directed draft feature provides cool running under
conditions that might otherwise be considered severe.
And combined with the exceptionally large shafts, the
improved bearings and insulation, together with a
liberality throughout the design, this directed draft
feature makes the Pow-R -full Motor the logical choice

for a difficult drive.
Bulletin 1296 illustrates and describes the many unique
advantages of the Wagner Pow -R -full Motor. Ask for

a free cony.

WainixEledn'c.00 rporation
Saint bauis , Missouri ,TT, S.A.

PowAkfull Motor
Heavy Dut 40° Double Rahn

4420-12

Please mention the JOURNAL of the A. I. E. L. when writing to advertisers.
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I Keep off the slippery hills

I
of doubtful investment unless you
are prepared to suffer the almost
inevitable consequences of broken
hopes and shattered ambitions.

Treasury Savings Certificates

will protect you against financial
skidding when you need to hold
firm at a time of some sudden de-
mand for ready cash.

Your Postmaster has them on sale and
will give you full information about
them.

3

United States Government Savings System
Second Federal Reserve District

97 Maiden Lane - New York City

Classified Advertiser's Index for Buy ers-Continued.
TROLLEY LINE MATERIALS

Ohio Brass Co., Mansfield, 0.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

TURBINES, HYDRAULIC
Allis-Chalmers Mfg. Co., Milwaukee

TURBINES, STEAM
Allis-Chalmers Mfg. Co., Milwaukee, Wis.
General Electric Co., Schenectady, N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

TURBO -GENERATORS
Allis-Chalmers Mfg. Co., Milwaukee, Wis.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

VARNISHES, INSULATING
General Electric Co., Schenectady, N. Y.
Irvington Varnish & Ins. Co., Irvington, N. J.
Minerallac Electric Co., Chicago
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh, Pa.

WELDING EQUIPMENT, ELECTRICAL
General Electric Co., Schenectady, N. Y.
Ohio Brass Co., Mansfield, 0.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

WIRELESS APPARATUS
Acme Apparatus Co., Cambridge, Mass.
General Radio Co., Cambridge, Mass.
Waterbury Button Co., Waterbury, Conn.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

WIRES AND CABLES
Armored Cable

Belden Mfg. Co., Chicago
Boston Ins. Wire & Cable Co., Boston
General Electric Co., Schenectady, N. Y
Kerite Ins. Wire & Cable Co., New York
Okonite Company, The, Passaic, N. J.
Roebling's Sons Co., John A., Trenton, N. J.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Asbestos Covered
Belden Mfg. Co., Chicago
Rockbestos Products Corp., New Haven,

Conn.
Auto

Belden Mfg. Co., Chicago
Boston. Ins. Wire & Cable Co., Boston
General Electric Co., Schenectady, N. Y.
Kerite Ins. Wire & Cable Co., New York
Roebling's Sons Co., John A., Trenton, N. J.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Bare Copper
American Copper Products Corp., New York
American Ins. Wire & Cable Co., Chicago
Anaconda Copper Mining Co., Chicago
Belden Mfg. Co., Chicago
Copper Clad Steel Co., Rankin, Pa.
Roebling's Sons Co., John A., Trenton, N. J.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Copper Clad
American Copper Products Corp., New York
Copper Clad Steel Co., Rankin, Pa.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Flexible Cord
Belden Mfg. Co., Chicago
Boston Ins. Wire & Cable Co., Boston
General Electric Co., Schenectady, N. Y.
Okonite Company, The, Passaic, N. J.
Roebling's Sons Co., John A., Trenton, N. J.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Fuse
General Electric Co., Schenectady, N. Y.
Roebling's Sons Co., John A., Trenton, N.
Western Electric Co., All Principal Cities
Lead Covered (paper and varnished

cambric insulated)
Atlantic Ins. Wire & Cable Co., New York
General Electric Co., Schenectady, N. Y.
Kerite Ins. Wire & Cable Co., New York
Okonite Company, The, Passaic, N. J.
Roebling's Sons Co., John A., Trenton, N.
Simplex Wire & Cable Co., Boston
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

J.

Please mention the JOURNAL of the A. I. E. E. when writing to

Magnet
Acme Wire Co., New Haven, Conn.
Belden Mfg. Co., Chicago
Dudlo Mfg. Co., Fort Wayne, Ind.
General Electric Co., Schenectady, N. Y.
Rockbestos Products Corp., New Haven

Conn.
Roebling's Sons Co., John A., Trenton, N. J.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principa, Cities

Rubber Insulated
Atlantic Ins. Wire & Cable Co., New York
Belden Mfg. Co., Chicago
Boston Ins. Wire & Cable Co., Boston
General Electric Co., Schenectady, N. Y.
Kerite Ins. Wire & Cable Co., New York
Okonite Company, The, Passaic, N. J.
Roebling's Sons Co., John A., Trenton, N. J
Simplex Wire & Cable Co., Boston
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Trolley
American Copper Products Corp., New York
Anaconda Copper Mining Co., Chicago
Copper Clad Steel Co., Rankin, Pa.
Roebling's Sons Co., John A., Trenton, N. J.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Weatherproof
American Copper Products Corp., New York
American Ins. Wire & Cable Co., Chicago
Copper Clad Steel Co., Rankin, Pa.
General Electric Co., Schenectady, N. Y.
Kerite Ins. Wire & Cable Co., New York
Okonite Company, The, Passaic, N. J.
Roebling's Sons Co., John A., Trenton, N. J.
Simplex Wire & Cable Co., Boston, Mass.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

advertisers.
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"We find the use of States tables of great
advantage in testing meters. They are econom-
ical, save current, and are accurate, so that we
consider them absolutely dependable."

Yours truly,
HARTFORD ELECTRIC LIGHT CO.

Harry S. Thomson.

And they have 5 of our
Test Tables in use now

Ask for Cat. No. 1, Section 3TATES
THE COMPANY 74 Francis Ave., Hartford, Conn.
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The ideal direct cur-
E

E

g. i ( 1. i 1 1,
rent watthour meter.
A pioneer in the service
with a record for un-
stinted accuracy, and a

..k.- F.... .7. ---2 i.,,, reputation for depend-
-.i. ability under all con- p_ -E

=

Z -L -A, ditions that naturally
M.6. CFISMWP

VEtVji ? recommends it to fasti-o

dious engineers who de-
mand the best in the art.

-

DUNCANDUNCAN
MODEL E

DUNCAN ELECTRIC MF6.CO.
Lafayette, Ind.
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Here is the New CHROMALOX
Heavy Duty Range Unit -

Sectional View of Assembled Chromalox
Heavy Duly Range Unit

Here Are Its Features :
1. Cooking surface smooth turned and chain [erred.
2. Compressed infusible high temperature insulating material. (Note the

perfect jnint with the plate.]
3. Section through resistor ribbon of extra high temperature heater alloy.

The resistor is entirely sealed providing protection from the oxidizing in-
fluence of air. Mechanical injury and movement of the resistor is prevented.
This means safety from grounded circuits.

4. Heavy plate of heat insulating material underneath the heating disc
throws all the heat upward for useful work.

5. Adapter body, a light but sturdy casting.
6. Non -corroding asbestos insulated lead wires.
7. Three outside terminals.
8. Terminal cover protects against short circuits. and accidental shocks.
9. Triplex asbestos insulated ranKe conductor.

10. Four studs hold heat insulating material in place and two fasten element
to adapter body.

11. Heating prate has special joint to prevent heat waste by conduction.
These units can be furnished as shown up to 2000 watts in an 8 in. plate.

Edwin L. Wiegand Co.
Manufacturer and Patentee,

Pittsburgh, Pa.

C
Durable

ALOX
1,4 G eLem EN

Trade Mark Beg. U. S. Pat. Of Efficient

H
a

A. L E. E. ..MEMBERSHIP BADGES

Large Pin

ACTUAL SIZE

Small Pin

ACTUAL SIZE

Vest
Pin

Vest
Pin

Charm Button
(solid back)

Scarf Button
Pin (screw ha, I.,

PRICES OF BADGES

Size

Large
Large
Large

Small
Small
Small

Styli,- Back
Vest Pin
Charm

Lapel Button
(Solid Back)

Vest Pin
Scarf Pin

Lapel Button
(Plated Screw Back)

Style
Price No.

$4.50 1

4.50 2

6.00 3

3.00 4

3.50 5

3.00 6

THE membership of the Institute is privileged to wear the

official badge of the society in the various styles shown
herein.

All the membership badges are of solid 14k gold. 'excepting
the small size lapel button, the screw back of which is of plated

gold. The enameled background is maroon for Associates and
blue for Members, with letters and border in gold. The Fellow
badge is the reverse in color of that provided for Members.

.74

and

-

and should indicate Badge Style Number (see price -list) desired.

Upon transfer to the Member grade an Associate badge
(large size only) can be reenameled blue at a cost of $1.00.
The small badges and the large size Member badges cannot be

reenameled; a credit of $.75 for a small badge and $1.00 for a
large badge ($1.25 for large lapel button) will be allowed, how-

ever, upon the return of a badge to Institute Headquarters, to
apply as part payment for a new badge. This credit is also
allowed to those members who desire to exchange a large

badge for the smaller size.

size

Orders for badges should be accompanied by remittance

American Institute of Electrical Engineers
33 West 39th Street, New York

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Westinghouse
Turbine Generators

The Value of Westinghouse Service
The power user appreciates that a com-

mercial transaction, such as the purchasing
of power generating apparatus, is satisfac-
tory only when the service which precedes
the sale continues until every operating con-
dition and requirement is fully met.

It should bring you a feeling of security to
know that Westinghouse service includes
the careful selection, skillful designing and
proper manufacturing of the apparatus fur-
nished, and furthermore, assures a mutual
interest in its installation and operation.

I t is this spirit of service which dominates
all Westinghouse transactions, that has con-
tributed much to the success and the prom-
inence of Westinghouse Turbine Generating
equipment in capacities from one to 70,000
kilowatts.

Westinghouse Electric& Manufacturing Co.
East Pittsburgh, Pa.

Sales Offices in All Principal American Cities

1000 kw. Westing-
house Turbine -Gen-
erator; 3 phase, 60
cycle, 480 volts;
served by a Westing-
house Surface Con-
denser. Installed in
the plant of the Wilk-
esbarre Lace Mfg.
Co.iWilkesbarre, Pa.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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FIN clre electric station

Railway substation

Switching
substation

A remote operator
controls, over two wires, with the Westinghouse Supervisory
Control, an almost unlimited number of stations.

The proven practices of automatic telephony are here em-
ployed for the most complete manipulation and supervision
of stations from a single point.
Unlimited combinations of control are available. The most
simple of these is the one developed for the control of a
number of small hydro electric generating stations over a
pair of telephone wires which are also used for conversation.

The familiar automatic telephone dispatching dial, tele-
phone receiver, and line key are used for dispatching. An
assembly of standard telephone switchboard relays and
rotary switches constitute the receiving end.

For a detailed description of this equipment as applied to
your own requirements, write to our nearest district office.

Westinghouse Electric & Manufacturing Co.
East Pittsburgh Pennsylvania

\

Westinghouse
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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A. I. E. E. STANDARDS
1922 Edition

THE Standards give definitions of electrical terms, technical
data, standard performance, specifications for tests of elec-
trical machinery, standard voltages and frequencies, and

general recommendations, as adopted by the Standards Com-
mittee and approved by the Board of Directors of the A. I. E. E.

A number of changes and additions have been made in the 1922
edition, the most important of which are mentioned below.

A new chapter is included presenting standards for Storage
Batteries.

In Chapter I an additional class of insulating materials has
been provided.

Definitions have been given in Chapter III of "power factor,"
distinguishing between "momentary" and "average" power
factor, and of the "normal voltage of a system." The term
"Oersted" has been adopted for the unit of magnetic inductance,
and the term "electrical tension" has been adopted for use as an
alternative to "voltage" in cases where the electric potential is
not expressed in volts.

In Chapter VI a distinction is made between "full capacity
taps" and "reduced capacity taps" of transformers.

To Chapter VII there have been added a considerable number
of definitions of different types of power control relays and of the
qualifying terms applied to them. A slight modification has
been made in the temperature limits for circuit breakers, relays
and switches.

In Chapter VIII the Corona voltmeter is recognized as a satis-
factory form of crest voltmeter.

To Chapter XII have been added a number of definitions, for
the most part referring to machine switching telephone apparatus.

Flexible fabrikoid leather covers, 192 pp. Indexed. Price $2.00
per copy, with 25% discount to members of the A. I. E. E., and
to dealers and purchasers of ten or more copies.

American Institute of Electrical Engineers
33 West 39th Street, New York

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Engineering Societies

Building
29 West 39th Street, New York, N. Y.

A Convenient Place
for

Technical Meetings, Conventions,

Commencement Exercises, Lectures
and Concerts

ITS HALLS ARE AVAILABLE
TO YOUR ORGANIZATION

A WELL APPOINTED AUDITORIUM
Seating 875 Persons

Three Smaller Halls
Seating 90, 225 and 500 Persons
Can Be Thrown Into One Room

Accommodating 800 Persons

COMMITTEE AND CONFERENCE ROOMS
TO ACCOMMODATE 25 PERSONS

Motion Picture and Stereopticon Machines available

FOR RESERVATIONS OR INFORMATION APPLY TO

aa

HANDBOOK
FOR

ELECTRICAL
ENGINEERS

HAROLD RENDER
EDITOR -Di CHIEF

SECOND
EDITION

J 0 1 piA x

SONS

THE BUILDING MANAGER

ENDER

Books
of the
Wiley

Standard
The New "PENDER"

Handbook for

Electrical Engineers
Second Edition, Right Up to date
2263 pages. Illus. Flexible, $6.00.

Direct -Current Machinery
By HAROLD PENDER

314 pages. 6 by 9. 146 figures. Cloth, $3 . 00.

Experimental Electrical Engineering
Vol. I. Third Edition.

By V. KARAPETOFF
795 pages. 6 by 9. 391 figures. Cloth, $6.00.

Ask to see them on Free Examination terms.

FREE EXAMINATION COUPON
John Wiley & Sons. Inc., 432 Fourth Ave., N. Y. City.

Gentlemen: Kindly send me the following books for 10 days'
free examination
I agree to remit the prices of the books within 10 days after their
receipt or return them postpaid.
Name
Address
I am a member of

(State what Society) JAIEE 3-23

THE 17 black
degrees of

VENUS PENCILS
enables you to
meet every con-
dition of super-
lative work, from
the hairline of
a dimensional
projection, to
the careful
shading of
a sketch.

17 Black degrees
3 Copying

For bold heavy lines
6B -5B -4B -3B

For writing, sketching
2B-B-HB-F-H

For clean fine lines
2H-3HAH-5H-6H

For delicate, thin lines
7H -8H -9H

Plain Ends, doz. $1.00
RubberEnds,doz.$1.20

At Stationers and
Stores throughout

the World

American
LeadPencilCo.
204 5th Ave.,N.Y.

and London, Eng.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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HIGH STATIC TORQUE
is demanded of motors used
in connection with pumps,
air compressors, etc. This
requisite is present in all

Ratings I 8 to 40 111".

Repulsion Start m
Induction Single Phase 010 I 0 RS

Temperature rise not more than 40° C.

CENTURY ELECTRIC COMPANY
ST. LOUIS, MO., U. S. A.

Sales Offices in Principal Cities
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5Vaugle Doles

You get just exactly what you pay for.

When you buy NAUGLE POLES,
service and quality are not "extras."
Just recently one of our customers
wrote to a prospect:

"We buy most of our poles from the
Naugle Pole & Tie Co., and you will find
that these people will give you jam-up
service in every way."

"In every way" includes everything
that the word SERVICE implies. It
does not stop when your order is
loaded in 24 hours. Your shipment
is traced by wire and you are advised
of passings.

Quality is not sacrificed for quick
shipment. Three inspections assure
you of first class stock, and satis-
faction is guaranteed.

Northern and Western Cedar
Butt -treated or plain

NAUGLE POLE
& TIE CO.

5 So. Wabash Ave., Chicago
BRANCHES: Niw York, Couinboa, 0., KI111/111,4 City, Spo-
kane, Itomi on. MAIN YARDS: 'Chicago, I'inconning,Mien., them Bay, Wia,
PENTREX and treating Monts at theme Ykills
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for TURBO-GENERATORS.Turbo-Generators

-- Transformers-
Automatic stations- and other elec-
trical equipment must be protected
from dirt and dust. That is an ad-
mitted fact.
MIDWEST AIR FILTERS can
be subjected to the closest investiga-
tion-to check up the record of this
type of air filter, with the assistance
of our staff of specialists, is rather a
simple task.
Then why not make this investiga-
tion -NOW - There is, naturally,
no obligation on your part for any-
thing we may contribute towards
assisting you, because MIDWEST
has the actual record of preventing
the enormous damage done to elec-
trical equipment by dirt and dust.

r
ESTER
EFFICIENCY

Proof that MIDWEST has
Stood the Test of rime

is the Best Answer.
The man who buys-installs-
and operates MIDWEST AIR
FILTERS, can best tell the story
of tested efficiency.-The test of
time is the best efficiency test.-Over
4000 users in this country and
abroad is the test record that
MIDWEST presents to you.

Ask
For the Book

"They Know Us"

Also Descriptive Literature F- i .

MIDWEST STEEL & SUPPLY COMPANY
(INC.)

Executive Offices: 28 West 44th Street, New York City
Branches in all Principal Cities

MIDWEST STEEL & SUPPLY CO.TS:
Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.



RIVESVILLE POWER STATION
Monongahela Valley Traction Co. RIVESVILLE, W. VA.

Sanderson & Porkr, Engineers

OKONITE VARNISHED CAMBRIC
WIRES AND CABLES

'1' 11 14; ()K()NITE COMPANY, Passaic, New Jersey
isconroiwrr,D IN$4
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OIL FILLING TAP.

LEAD SLEEVE.

Metropolitan Subway Cable Rack with
Porcelain Insulators

D. C. Cable Testing Ammeter with
laminated loop

IMPREGNAT ING WICK.

1.:OPPER LatouNcHN6 GAUZE.

PAPER INSULATION BELL

PAPER INSULATION AROUND EACH coNoucroft

FILLER.

CONNECTORS- TAPERED END.

MILL RISULATION.,

Detailed View Metropolitan
011-1;111,41 Cable Joint

Plan Your Spring
Construction
Program Now -

But in doing so plan rightly by
specifying equipment that is
permanent-safe and lasting.

Plan for future years by install-
ing Metropolitan cable racks- junction boxes - supports,
measuring devices, etc., now.
Get our prices and the recommendations qJ
our engineers. They'll both help and they'll
both save you time and trouble. Use the
coupon.

Metropolitan Device Corp.
1250 Atlantic Avenue

Brooklyn, N. Y.

METROPOLITAN DEVICE CORPORATION,
1250 Atlantic Ave.. Brooklyn, N. Y.

Gentlemen: Please send me on 30 days' approval for trial
the following: If satis-
factory I will send you order covering material sent

Name of Company

By

Address

Check items on whichiyou desire information and prices.
Reactance Coils
Meter Service Switches
Standardized,( Switches
Fuses

Cable Sleeves and
Terminals

Sectionalizing Units
Duct Shields

0
LJ

L_J

Cable Rack and Hooks Heavily Galvanized

Secondary Rack


