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Ground Selector for Ungrounded Three -Phase
Distribution Systems

P. ACKERMAN
Associate. A. I. E. E.

Shawinigan Water and Power Co., Montreal, Que.

Review of the Subject.-Ever since three-phase distribution
has been known, a controversy has been going on with respect to the

relative merits of grounded and ungrounded neutral. The inability
of locating and isolating a ground fault is the chief disadvantage
of the ungrounded neutral system, this being the reason why lately
the grounded neutral has been given preference.

The purpose of the so-called ground selector is to provide means to
permit the selective clearance of a ground fault in an ungrounded
neutral system. The device thus eliminates the mentioned dis-
advantage and raises the ungrounded neutral system to the same oper-

ating standard as the grounded neutral system, retaining al the same

time the many other advantages inherent to the ungrounded system.
The paper describes the functioning of the ground selector and

compares in detail the two systems. Two ground selector installa-
tions on largely different systems are described and the practical
operating results are reported and discussed.

The conclusion is reached that the ungrounded neutral system
equipped with a ground selector combines the advantages of the
ungrounded and grounded neutral systems without being afflicted
with their respective disadvantages.

INTRODUCTION

THE question of the advisability of operating three-
phase distribution systems grounded or un-
grounded has, within the past ten years, formed

one of the liveliest subjects for discussion among trans-
mission engineers. The reason for the greatly diver-
sified opinion on this subject is chiefly due to the fact
that either principle has its pronounced advantages
and disadvantages.

In the early days of three-phase transmission the
ungrounded system was used almost exclusively except
where it was developed as a four -wire system.

With the increase in transmission and distribution
voltages, insulation troubles started to multiply.
Grounds started to develop quite frequently. It was
then discovered that the ungrounded system was at an
extreme disadvantage, particularly in case of extensive
distributing systems, because there was no means
available to detect and select the faulty feeder. More-
over the grounded phase produced a 73 per cent voltage
rise between ground and the two sound phases. Such
dynamic overvoltage, sometimes aggravated by reson-
ance effects from an unstable arc at the point of fault,
usually resulted in secondary breakdowns of weak
insulation at entirely different parts of the system.
Thus a short circuit developed disturbing the whole
system and extending 'the damage unnecessarily to
other parts of the system. A ground, left on the system
for any appreciable time, was found to also have its
weakening effect on the whole metallically intercon-
nected system and would thus prepare for future
troubles. It was soon discovered, therefore, that
continuing to operate on a ground fault was detri-
mental. .

Improvements were suggested such as Creighton's
7'o be presented at the,Spring Convention, Pittsburgh, A Aril

24-26, 199,3.
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arc suppressor to render the ungrounded system safer.
These improvements however failed chiefly in view of
the fact that they aimed at the less vital disadvantage
of the ungrounded system, namely the suppression of
an arcing ground. They offered no solution, however,
for detecting and selecting a faulty feeder.

As a result of this weakness of the ungrounded system
the operating engineer's ' opinion gradually expressed
in favor of the grounded system despite many dis-
advantages in regard to transformer connections. In
the grounded system every ground meant a short cir-
cuit thus supplying the current necessary to operate
relays and assure clearance of the faulty feeders. Thus
the grounded system offered a natural solution for the
most troublesome feature of the ungrounded system.

Today the stage has been reached where the general
opinion is overwhelmingly in favor of the grounded
system. Many operating companies, which have
operated ungrounded in the past, have changed in
recent years to grounded systems by devising various
means of grounding.

The writer, being connected with a large distribution
system with delta -connected transformers was, some
years ago, confronted with the same problem of over-
coming the serious conditions created by a ground on
the ungrounded system as described above. Circum-
stances were such that grounding, either by changing to
star -connected transformers or by providing an artifi-
cial grounding scheme, was not readily possible. He
was forced therefore to the development of another
scheme which is hereafter called "ground selector."

The purpose of this paper is to give a brief descrip-
tion of this scheme, to point out its advantages sub-
stantiated by actual operating records and to show how
the ungrounded system equipped with a ground selector
retains practically all inherent advantages of the un-
grounded system and at the same time assures the same
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effectiveness of clearing grounded lines as would be the
case with the grounded system.

DESCRIPTION OF THE GROUND SELECTOR'
A ground, occurring on a non -grounded distribution

system, will be felt over the whole system. There is
normally no means available to locate the faulty line
except by disconnecting alternately individual sections
of the system and observing whether the ground disap-
pears. Such cut -and -try, method is rather slow and
always necessitates the momentary interruption of a
larger part of the system than necessary, since many of
the sound feeders may first be disconnected until the
faulty feeder is located. The ground will cause a 73
per cent increase of voltage on the two sound phases to
ground, and if left on for any length of time may cause
the breakdown of another weak spot at an entirely
different part of the system.

To reduce to a minimum the damaging effect of a
ground, it is essential to provide means to have the
grounded section cut out selectively and within the
shortest possible time.

The ground selector has been developed to accom-
plish such selective and immediate clearance of a
grounded feeder.

The fundamental idea of the ground selector is to
produce intentionally a short circuit immediately after
a ground develops on the system. This is accomplished
by automatically grounding one of the sound phases at
the main station bus by means of closing an oil switch,
immediately upon the occurrence of a ground. Thus a
complete phase -to -phase short circuit is produced and
as a result overload current will flow into the faulty
line, as if the line were on short circuit. Accordingly
the ordinary overload protection will enter into action
and disconnect the faulty line. As soon as the faulty
feeder has cleared itself, the ground switch will open
automatically and thus restore the system to normal
condition.

Figure 1 shows schematically the principal features
of the device. P 1-P 2-P 3 are single-phase potential
transformers with their primary connected in star and
with the star point grounded. The secondary of these
transformers is connected to overvoltage relays R 1,
R 2 and R 3, which latter, two in joint action, close the
ground switches. The so-called transfer relays T 1 and
T 2 are provided to assure an automatic clearance of
the ground switch after the faulty line has cleared, as
will be explained later.

Normally the three phases of the system will be
balanced to ground, and as a result the potential on the
transformer P 1, P 2 and P 3 will be the same and equal
58 per cent of the voltage between wires. A ground
on one phase will tend to lower the voltage on the

1. Original description in "Relay Protective Features of the
Toronto Power Co's. Transmission and Distribution System"
by P. Ackerman, Journal, Engineering Institute of Canada,
April, 1921.

transformer, which corresponds with the grounded
phase, and at the time the voltage on the other
two phases will tend to rise toward a value equal
to line voltage, that is 1.73 times normal voltage to
ground. This overvoltage on the two sound phases is
made use of to trip the two corresponding overvoltage
relays and thus cause, by their joint closure, the auto-
matic closing of one of the ground switches.

For instance a ground on phase (1) will cause a high
voltage on phases (2) and (3). The joint trip of relays
I? 2 and R 3 will close the ground switch phase (3) thus
causing a complete short-circuit between phases (1)
and (3) and causing the faulty line to clear on overload.
After the faulty feeder is cleared from the system a
ground would remain due to the ground switch still
being in closed position. In our particular example the
ground would remain on phase (3) due to ground
switch (3) remaining closed. The overvoltage relays
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of phase (1) and (2) would therefore trip and close
ground switch (1) thus causing a bus bar short circuit if
no special provision were made as by the installation of a
transfer relay, to prevent such action.

The transfer relay blocks the closing circuit of the
second ground switch immediately upon the closing of
the first ground switch, and at same time prepares for
the tripping of the ground switch which has been closed.
When ground switch (3) closes, it energizes the coil of
the transfer relay (T 2) throwing the lever over into the
other contact position. In this position of the lever
high voltage on phase (1) and (2) due to ground switch
(3) being in closed position, will trip the ground switch
(3) and thus re-establish normal conditions instead of
closing wrongly the ground switch (1). Transfer relay
(1) will in a similar manner prevent the closing of
ground switch (3) and assure the opening of ground
switch (1) when overvoltage relays R 2 and R 3 will
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trip after a ground on phases (2) or (3) has been cleared,
leaving ground switch (1) closed.

The above is a description of the essential features of

the ground selector.
Various other features had to be embodied to make

the device practical. These additional features are not
shown in the schematic diagram but may be briefly
discussed in the following:

The sketch shows three overvoltage relays only, and
no provision to prevent these relays tripping on three-
phase overvoltages, as may occur from various reasons.
Such action would not be harmful in itself, since none
of the ground switches would be able to close. The
closing circuits would be ruptured instantly by the
transfer relays upon the initial energizing of the cir-
cuits. However, their action would unnecessarily
alarm the operator and necessitate the re -setting of the
device. For this reason a balance potential relay has
been introduced which only responds to an unbalance
of potential to ground.

This relay keeps the actuation of the phase over -
voltage relays blocked so long as it is not actuated it-
self. It therefore prevents the device from getting
into action during three-phase overvoltage.

As a precautionary measure for any unexpected
action on the part of the ground selector, the ground
switches are equipped with overload relays, set suffi-
ciently high for the line protection to clear before the
ground switch opens.

As a further precaution, each ground switch is pro-
vided with complete electric control which enables the
operator to actuate the ground switches by hand, if
necessity arises.

A hand blocking switch is also provided by means of
which the automatic features of the device can be
stopped without, however, interfering with the hand
control of the ground switches.

A ground resistance is provided in series with the
ground switches. This resistance is purposely made
low so as to influence only slightly the magnitude of
distant short circuits, but having a tendency to hold
up the bus voltage for grounds very close to the station.

The ground selector will operate once only and will
have to be reset by hand by moving the transfer relay
into the original position before it is ready for new
action. This, however, does not cause any inconven-
ience, and has been found preferable to an automatic
resetting which latter might cause trouble should a
ground develop into a short circuit and clear the feeder
before the ground switch has been closed completely.

From this description it will be noticed that the name
"ground selector" is not quite correct, since it is actually
the relay protection that selects the ground, whereas the
device is a means only to create the condition which
will enable the relays to act and select the grounded
line. Nevertheless the name was adopted as being the
most descriptive.

COMPARISON OF UNGROUNDED AND GROUNDED SYSTEMS

To fully appreciate the problem involved and the
advantage derived from the ground selector it will be
desirable to compare the characteristic features of
grounded and ungrounded system under various opera-
ting conditions.

The following table tries to cover in a concise form,
the behavior of the various possible operating methods,
showing in the last column for each operating condition
the scheme which is considered advantageous.

In going over Table I, it will be noticed that most of
the items indicate that the ungrounded system equip-
ped with ground selector proves in practically every
respect advantageous or equal to the grounded system.

One item only may prove pronouncedly advantageous
for the grounded system that is cost of grounding where
Y = connected transformers are in existence (see item
26). In this respect it may be pointed out however,
that in many instances this saving compared with the
cost of a ground selector may be more than offset by
other inconveniences such as ineffective relay protection
or loss of flexibility in the use of different transformer
connections.

Some other items indicate that the grounded system
appears to offer some advantage over the ungrounded
system equipped with the ground selector.

It will be worth while to further analyze these items.
Item 7 points out the possibility of line switching

causing a momentary shifting of the neutral should the
three phases not close simultaneously. It is well
realized today that damage to insulation is a function
of magnitude of voltage and its duration; in other words,
it does not only require high voltage, but the voltage
must also last a certain time before it actually is able to
do damage. A switching surge is of. such brief duration
and of rather limited voltage magnitude, so that the
possibility of serious voltage stresses from switching
surges is more problematic than real. Practical
experience also plainly shows that troubles are hardly
ever experienced at times of switching except in cases
of very depreciated insulation which may barely be
able to stand normal voltage.

Item 8 points out the fact that solidly grounded
systems can have much more sensitivity set arresters
than ungrounded systems. This is no doubt an ad-
vantage, but in view of the fact of the standard prac-
tise of a test voltage of two times line voltage for one
minute on all equipment, the general improvement in
design of transformer windings to withstand steep wave
front impulses and the possibility of sensitive adjust-
ment of arresters close to line voltage, this drawback of
the ungrounded system should not be so serious.

Item 12 shows how, in case of the ground selector on
the ungrounded system, the overvoltage on two phases
created by a ground on the third phase cannot be avoided .

The duration of this overvoltage is, however, so short
and the overvoltage of such limited nature that any
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TABLE I

COMPARISON OF GROUNDED SYSTEM WITH UNGROUNDED SYSTEM EQUIPPED WITH GROUND SELECTOR

Reference
No.

Operating
Condition

A
Grounded System

B
Ungrounded System with

Ground Selector
Advantageous

Scheme
I Normal conditions

(a) Transformer
connections.

1 Flexibility of connec-
tions.

Requires '/v transformation to enable
grounding of all systems. Danger
from third harmonics which can only
be overcome by tertiary delta winding.

Permits use of any kind of transformer
connection. Y, . L T . A
No danger from third harmonic.

B

Complications in-
volved.

Delta systems have danger from third
harmonic eliminated. but' require
special grounding transformer.

Ground selector equipment adds corn-
I plication.

3 Advantage of Y con-
nection.

Star transformer will have larger con-
ductors making trf. mechanically
stronger and providing larger electro-
static capacity between turns which
improves high frequency stresses.
This, however, only important at
voltages higher than 60.000 volts.

By using delta connection on low-tension
side and star on high-tension, same
advantages can he obtained from star
winding.

4 (b) Inductive inter-
ference.

Residuals can be reduced but never
completely eliminated.

Residuals can be eliminated by proper
transpositions.

B

5 (c) Effect from static
charges.

Static charges on wires are drained off
through ground connection.

Static charges can accumulate. Should ef-
fectively be taken care of by corona leak-
age or effective overvoltage protection.

6 (d) Voltage to
ground.

Phase voltage to ground remains con-
stant. but increased leakage may
cause increased local heating and thus
rapidly work toward a complete break-
down. since there is not only limited
capacity current flowing. but actual
dynamic current.

Unbalanced capacity to ground or un-
balanced leakage to ground during
foggy weather may cause slight shifting
of neutral point adjusting to a new
equilibrium. With fair insulation this
should not prove serious.

7 (e) Effects from
switching.

Phase voltage to ground will remain
constant.

Switching is liable to shift neutral when. A
individual phases close slightly in suc- (apparently)
cession.

8 (f) Setting of arres- Arresters can be set in relation to fix
tens.

I ground voltage, which will be lower
than on ungrounded system. Setting
therefore. more effective.

Arresters must be set in relation to line A
voltage to avoid discharge in case of (apparently
ground.

II Abnormal Condi-
, tions.

9

10

(a) Effect on system.

Permanent ground (1
wire to ground.)

Develops instantly into short. Faulty
feeder is cleared by relay causing par-
tial interruption.

Ground operates ground selector. As,a
result short circuit develops. Faulty
feeder is cleared by relay causing par-
tial interruption.

Self -clearing momen-
tary ground. (1

Develops instantly into short. Will
actuate relays and .cause partial in -

wire to ground). terruption. Interruption may be
saved by arc extinguisher, but short-
circuit disturbance cannot be avoided.

If ground clears before ground selector
switch closes, no dynamic voltage dis-
turbance will result and in consequence
no interruption to any part of the sys-
tem.

11 Short circuit between
phases.

Short circuit will be cleared by relays. Short circuit will be cleared by relays.

12 (b) Voltage stresses
in case of ground.
(1 wire to ground).

With solidly or low -resistance grounded
neutral no extra voltage stress is ex-
erted on any of the windings.

The ground causes a voltage rise to full
line voltage on sound phases for about
half second until ground selector switch
is closed. After the short-circuited
feeder is cleared, the ground left on the
system by the closed ground selector
switch, will cause again opposite
phases to rise to full voltage for 3-4 sec.
until ground switch has opened.

(c) Inductive inter-
ference.

B

A
(apparently)

13 Ground
(1 wire to ground)

Short circuit with ground return will
create heavy electro-magnetic inter-
ference to telephone lines. This can-
not be prevented. but damage can be
reduced by clearing short circuit by
quick relay action.

The electrostatic interference, preceding
the short until ground selector switch
closed, will be small. The short circuit
which follows will have the same
serious effect as in case of grounded
system.
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Reference
No.

Operating A

Condition Grounded System

B
Ungrounded System with

Ground Selector
Advantageous

Scheme

14 Short between phases Inductive interference will be small be-
without touching cause of the neutralizing effect of feed

ground. i and return wire.

Same condition as on grounded system.

15 Shorts of two phases Will constitute two single phase shorts
through ground. 120° out of phase with resultant cur-

rent passing back through ground to
grounded neutral. Will result in
heavy electro-magnetic interference.

Will,constitute a single-phase short with
metallic return so that.inductive inter -
ference becomes neutralized.

B

(d) Permissible emer-
gency conditions.

16 Disabled single phase
transformer.

Y/ A Transformers can be operated with
one trf. disconnected, if step-up and
step-down transformers have grounded
neutral. This condition, however,
will create serious electrostatic and
electro-magnetic interference.

A/A Transformers, if using single-phase
units, . will permit operation on open
delta, with one single-phase transformer
disconnected.

B

17 Disabled line wire. Y Permits operation with two wires only,
provided step-up and step-down trans-
formers have grounded neutral. Cre-
ates, however, serious electro-static
and electro-magnetic interference.

A Could be operated with two wires if
ground was used as third wire. Volt-
age between wires and ground would
be increased by 73 per cent. Arrange -
ment would create serious electrostatic
and electro-magnetic interference.

A
Advantage in excep-

tional cases only.

18 (e) Danger of second- No such danger because of fixed voltage
ary breakdowns to ground.
in case of a ground.

Hazard of cross short circuit very small
because of ground condition lasting
only for a very brief period.

. A
(apparently)

19 (f) High -resistance
ground.

Occasionally high resistance grounds
develop. Only 58 per cent of normal
line voltage will be across the fault
causing danger of insufficient current
to actuate relays.

Ground selector when closing will throw
full 100 per cent line voltage across
fault, so that current will be 1.73 times
greater, under similar conditions than
in case of grounded neutral. As result
more definite relay action is assured.

B

20 (g) No. of troubles. Larger number of voltage disturbances
and partial interruptions is to be ex-
pected since every ground represents
a short circuit.

Smaller number of voltage disturbances
and partial interruptions is to be ex-
pected since momentary self -clearing
grounds not affecting system.

B

21 (h) Adaptability to
existing systems.

Y -Connected transformers permit easily
grounding of neutral point.

Ground selector can be easily installed on
bus -bar of one of main stations irrespec-
tive of existing transformer connections.

22

'

A Systems require special kind of
grounding scheme, which will be par-
ticularly expensive if to be of low im-
pedance to assure sufficient current for
relay action.

Ground selector can be easily installed on
bus -bar of one of main stations irrespec-
tive of existing transformer connections.

B

23
.

(i) Limiting effect on
system in case of
ground.

Disturbance can be limited by ground
resistance or high impedance of
grounding transformer as far as relay
protection will permit.

Disturbance can be limited at liberty by
ground resistance in circuit with the
ground selector switches.

24 (k) Short circuit
stresses on equip-
ment.

In case of all transformer neutrals of
parallel operated transformers being
grounded, the short-circuit stress will
be equally distributed between all the
transformers.

Ground selector providing a direct short
circuit across phases of the system will
divide the short-circuit stress equally
among parallel operated transformer
and generator equipment.

25

26

Whore only one generator or one trans-
. former is grounded or where special

grounding transformer is used, the
total short-circuit stress will have
to be taken up by the respective unit.

Ground selector providing a direct short
circuit across phases of the system will
divide the short-circuit stress equally
among parallel operated transformer
and generator equipment.

B

(I) Cost. Whore transformers aro star -connected
so that system can he grounded by
grounding the transformer neutral,
the expense will be very small,

The ground selector will require oil
switches, potential transformers,
ground resistances and some relay
equipment which will involve a smal-
ler or larger expenditure depending on
the operating voltage.

A

27 Where a special grounding equipment
must be provided, the expense may
!worm considerable.

The ground selector will require oil
switches, potential transformers,
ground resistances and some relay
equipment which will involve a smal-
ler or larger expenditure depending on
the (Inept.. le tr Ifni I n Ern
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fair insulation of the system should be able to resist
this stress without harm. Nevertheless the fact re-
mains that this condition is liable to invite cross short
circuits to some weak point of the system (see Item 18).
The insulation giving thus away, however, would have
to be so weak that such cross short circuit and the
weeding out of such point would only be desirable.
Operating results of the ground selector bear out the
above contention.

Regarding the danger of high -frequency surges
created by an arcing ground at the point of fault, it may
be pointed out that in the writer's opinion the existence
of the arcing ground should be extremely rare.

Puncture of insulation, be it puncture of an insulator
or a cable, most frequently cause permanent grounds.
In either case the current passes through a very oc-
cluded and short path, so that the heat concentration
is enormous and in consequence the local resistance of
the path must be zero and paramount to a solid ground.
In case of a punctured cable the heat must also instantly
char the organic insulation so that a carbonized short-
circuit path will be formed.

The only conceivable conditions which may create
arcing grounds would be a puncture under oil or an
open arc over a broken insulator or any gap the break-
down point of which would just about correspond to
the line voltage or surge voltage. Under such condition
the arc would naturally become very unstable and
would thus be able to form an arcing ground. The
experience with the ground selector does not indicate
any danger from this source, not even in cases of swing-
ing grounds which sometimes are causing arcs at inter-
vals of a few minutes, and which no doubt create the
most unstable arc.

Operating experience with the ground selector indi-
cates that the disadvantage of momentary overvoltage
on the sound phases is practically negligible except in
case of very depreciated insulation.

Item 17 indicates the advantage of the star grounded
system of permitting maintaining operation over two
wires using ground as return wire. Inductive inter-
ference from such method of operation will be so serious
that this method could only be applied in special cases
where the lines are running in isolated territory far
away from telephone and telegraph lines.

From the above it will be noticed that the few items
which appear to speak for the grounded system are of
minor importance and turn out to offer in actual prac-
tise a very small advantage over the ungrounded system
equipped with ground selector.

From the foregoing it follows that the most important
advantages of the ungrounded system combined with
ground selector, compared with grounded system, are:

a. Flexibility in the use of transformer connections.
b. Reduced number of system disturbances and

partial interruptions because of the ability of momen-
tary grounds to be self clearing.

c. Easier adaptability of the ground selector, partic-

ularly to existing systcur , %11 la-CA/MI..0 ell I nillte-
formers.

d. Prevent ion of concentrated short-circuit stresses
on individual apparatus, such as might be the case with
special grounding transformers or in systems where only
individual apparatus are grounded.

e. Reduced inductive interferences.
f. Increased voltage across the point of fault which

is particularly advantageous in ease of long lines to
supply sufficient ground current despite the increased
reactance due to the ground return circuit; in case of
high -resistance grounds the higher dynamic voltage
will also assist in breaking down the fault sufficiently
to supply current for effective relay action.

OPERATING RESULTS

Hereafter two cases are described where the ground
selector has been effectively in service for a few years.
The two cases are particularly interesting in that they
represent about the most extreme cases of type of
distribution and voltage where the ground selector may
be applied. A brief description of the respective sys-
tems and the reasons for adopting the ground selector
are given in each case.

12,000 -VOLT TORONTO DISTRIBUTION OF THE TORONTO
POWER COMPANY

Fig. 2 shows a single line diagram of the distributing
system. The power is received at 90,000 volts and is
stepped down to 12,000 volts by Y/A transformer
banks, the low-tension system being operated
ungrounded.

Ground

Selector

12000 Volt Te minal Bus

90,000 Volt Receiving Bus

2

SUBSTATIONS

c Rotary Stations (3000 to 5000 KW )
er Ind Motor Station (3000 KW .I

oo Synch Reg Changer Sta,14000 KW )
o Steam Turbine Sta (19000 KW .I

12000 Volt Underground

D)stnbution (24 Cables)

(Distance between substations)
and terminal ranges between
2 end 3 Miles

The 12,000 -volt distribution consists of about 80
miles undergrounded cables and about 80 miles over-
head lines. All overhead lines are wooden pole con-
struction with wooden cross -arms and ungrounded steel
pins and some of them are of considerable length, pas-
sing out into rural districts. Grounds were quite
frequent, many of them being self clearing without
causing any disturbance to the system. Permanent
grounds, however, always caused serious disturbances
and interruptions to the system until located. On
several occasions the system was completely paralyzed
due to secondary breakdowns developing on account of
the overvoltage on the opposite phases created by a
ground.

In fact such secondary breakdowns or so-called
cross -short circuits were so much feared, that the
practise established itself that the whole station was
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cleared immediately upon indication of a permanent
ground, and then the system was started again byclosing
one feeder at a time, leaving out the feeder, which
made the ground reappear. With this procedure
secondary breakdowns could usually be avoided al-
though it meant a complete shutdown of the system.

It was realized that something hid to be done to im-
prove this situation and it was then that the idea of the
ground selector developed. This was as far back as
1916. It was realized, however, that the scheme would
only be beneficial if the overload protection of the
distribution were effective and dependable. In an
endeavor of putting first the short-circuit protection of
the distribution into shape, the installation of the
ground selector was delayed until September, 1918.

The main reasons in this particular case for adopting
the ground selector in preference to some permanent
grounding scheme were as follows:

1. The ground selector was cheaper and simpler to
install, since existing spare feeder switches could be
used for the purpose and since the ground current could
be adjusted to any desired value to suit relay require-
ments.

A grounding scheme would have involved either a
costly grounding transformer of very low impedance
to ensure sufficient current to actuate the ordinary
overload protection, or a less costly grounding trans-
former of higher impedance, in which case however the
ground current would have been so limited that a
special ground protection would have been required
which in itself would have offered serious difficulties and
expense if the same selectiveness and effectiveness was
to be obtained for grounds as for shorts circuit.

2. The ground selector promised, for reason of the
time lag, of closing the ground switch, to allow self
clearing grounds to clear without disturbance to the
system.

It was originally intended to provide dead artificial
grounds, so as to obtain identical current conditions for
grounds and short circuits to assure effective relay
action under all conditions. However, it was finally
decided to introduce a very low ground resistance in
form of a large water rheostat which, hardly affected
the magnitude of the fault current under most limited
current conditions in case of distant grounds, but which
offered the great advantage of keeping up the bus -bar
voltage for grounds close to the terminal station, thus
helping to keep the synchronous load in step.

The ground selector was put in service in 1918 and has
proved very effective and beneficial as following opera-
ting records will indicate:

Table II shows an operating record of the ground
selector, showing the number and kind of troubles it had
to clear.

Table III shows a summary of troubles experienced on
the 12,000 -volt distribution. This table indicates
particularly the large number of self -clearing grounds
without disturbance to the system, which shows a

decided advantage over a permanently grounded
system.

It may be pointed out that since the installation of
the ground selector not a single secondary breakdown,
causing a cross short circuit to some other point of the
system, has been experienced.

TABLE II
OPERATING RECORD OF GROUND SELECTOR OF 12,000=

VOLT TORONTO DISTRIBUTION

Sept.
to

Dec.
1918 1919 1920 1921

(A) Grounded feeders effectively cleared by
action of groudd selector and respective
feeder protection.

1. Permanent troubles.
Cable troubles 4 1 /
Bad insulators 4 4 1

Bad apparatus (current trans-
formers, Power transformers,
oil switches, etc.) 5 6 3

Operator's fault 1 1

Miscellaneous 2

Total permanent troubles 16 11 6
2. Transient troubles.

Lightning 3 4 3
Unknown 8 15 15 19
Miscellaneous 1 4

Total transient troubles .. . 7 18 19 26

Total of grounded feeders
cleared 7 34 30 32

(B) Momentary self -clearing grounds, start-
ing ground selector without developing
into

1. Ground switch closing and open-
ing momentarily 4 10 10 26

2. Momentary ground relay ener-
gization of too short duration to
start ground selector switch . 2 7 8 13

Total self -clearing grounds.. 6 17 18 39

(C) Testing faulty feeders 5 15 3

TABLE III
SUMMARY OF TROUBLES OF 12,000 -VOLT

TORONTO DISTRIBUTION

1. Grounds cleared by ground selec-

1919 1920 1921

N
Per
cent N

Per
cent N

Per
cent

tor 34 30 30 31 32 23.
2. Grounds, self -clearing, without

disturbance to voltage and
without partial interruptions... 17 15 18 18 39 29

3. Short circuits 63 55 50 51 86 48

Grand total 114 100 98 100 137 100

In all cases the trouble and partial interruption re-
mained confined to the faulty feeder.

With the exception of one case the nature of the
ground was always of sufficiently low resistance to pro-
duce sufficient ground current to effectively trip the
relays. In the case which did not clear the feeder the
ground current was sufficient to be distinctly noticed as
overload on the respective line ammeter, enabling the
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operator to clear the feeder by hand without serious
disturbance to the system.

In practically all cases the grounded feeders were
cleared without serious disturbance to the load and
without dropping other load than the one of the feeder
in trouble.

In two cases 30 per cent to 50 per cent of the whole
system load was lost, but in both cases the reason was
that the arc 'produced by the ground current at the
point of fault spread into the other phases and thus
caused a three-phase short circuit before the feeder had,
time to clear.

The ground selector has proves fully up to expecta-
tion in eliminating cross short circuits and offering a
means to effectively clear grounded feeders without
interruption to other parts of the system.

It has, moreover, simplified operation of the Toronto
distribution since it permits parallel operation of the
whole distribution at all times, whereas before, the
system had to be sectionalized whenever a ground
occurred in an endeavor to sectionalize and localize the
ground.

50,000 -VOLT 30 CYCLES DISTRIBUTION SYSTEM OF THE
SHAWINIGAN. WATER AND POWER COMPANY

Fig. 3 shows a single wire diagram of this system. It
is of a completely different nature to the Toronto sys-
tem.
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e

58 Miles
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Ground

Selector
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150,000 CM Al

FIG. 3

%

16 Miles

Synchr.

Condensers
14000 KVA)

Frequency Changers

3000 KVA.

Syrichr. Motors
3000 KVA

The lines were of the first ones built at this voltage.
The lines are of wooden pole construction with wooden
cross -arms and wooden pins. Each pole is grounded by
a ground wire running down the pole and being wound
around the butt of the pole. The insulator pins, how-
ever, are not grounded. No overhead ground wire is
provided. The ground at each pole is therefore en-
tirely dependent on local ground conditions. The
50,000 -volt system is fed from a two-phase power house
by means of Scott -connected step-up transformers.

Grounds were causing serious tie-ups due to general
weakening of the old insulator.

Grounding of the system was then seriously con-
sidered to eliminate this serious state of conditions, but
in going further into the matter preference was finally
given to the ground selector.

It would have been comparatively easy to tap the
neutral point of the Scott -connected ttansformers and
thus provide a grounded neutral at the power house end.

POI{ 1)1STItIBUTION Journal A. I. E. E.

The double line protection, however, basing on a
principle requiring the back feed from synchronous
machinery of the receiving end, would have become
ineffective for grounds with only the generating station
neutral being grounded. To make the double line
protection effective also for grounds would have neces-
sitated change to  star -connected transformers with
neutral grounds at all stations with synchronous ma-
chines. This was not considered desirable since it would
have eliminated the possibility of running the trans-
former bank open delta in case of trouble in one of the
single-phase units. The ground selector on the other
hand assured'proper double line protection without need
of any change in the existing layout.

A further important point in favor of the ground
selector was the fact that it produced 1.73 times greater
voltage across the point of fault compared with a
grounded neutral system.

It was felt that this increased voltage would materi-
ally aid in completing any insulation breakdown to a
state of low -resistance ground and would assist in in-
creasing the ground current, thus assisting effective
relay action. This was considered particularly im-
portant in view of the uncertain ground conditions
and in view of the very long lines with excessive re-
actance drop which tended to limit the fault current.

The ground selector was installed in September, 1919,
and the following gives an operating record of the
device:

TABLE IV

OPERATING RECORDS OF GROUND SELECTOR OF
50,000 VOLT SHAWINIGAN SYSTEM

(A) Grounded lines effectively cleared by action of
ground selector and respective line protection.

1. Permanent troubles
2. Transient troubles

Total of grounded lines cleared

Sept.
to

I Dec.
1919 1920 1921

8

7 8
12 13
19 21

(B) Momentary self -clearing grounds.
Starting ground selector signal only, without
short, or closing ground switch causing a
momentary self -clearing short circuit 10 9

(C) Testing faulty feeders 5 7 1 1

(D) Grounds, where ground selector unable to clear
line either because of high -resistance ground
or because of ground selector not locking when
closing 1 2

(E) Grounds developing into cross short circuits due'
to harmless flashover 26 11

Table IV gives a summary of the actions of the ground
selector.

Table V shows the number of troubles cleared by the
ground selector in relation to the number of other
troubles.

It will be noticed that the results do not look as
satisfactory as those shown in Tables II and III.
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Considering however the character of the system, it

must be realized that the results are rather better than

expected.
The momentary self -clearing grounds are of a smaller

percentage than in case of Table III of the 12,000-volt

system, so that the advantage compared with a per-
manently grounded system is not so pronounced.

High -resistance grounds, where the ground selector
was unable to produce sufficient current to operate re-

lays are also somewhat more numerous than in case of

TABLE V

SUMMARY OF TROUBLES OF 50,000 -VOLT
SHAWINIGAN SYSTEM

1920 1921.

N
Per
cent

Per
N cent

Feeders cleared by ground selector 19 14 21 22

Momentary self -clearing grounds 10 7 9 9

Grounds where ground selector not effective. 1 1 2 2

Grounds developing into cross short circuits
but without permanently disabling line 26 19 11 12

Short circuits 81 59 53 55

Grand total 137 100 96 100

the Toronto system. There were however only three
cases of this nature compared with forty-eight cases
where sufficient ground current was developed to ac-
tuate relays, which means only 6 per cent ineffective-
ness. In view of the uncertain ground condition along
the line this must be considered an unexpectedly good

result.
The number of secondary breakdowns, causing a

cross short circuit to some other part of the system is,
as seen from Table V, still undesirably large. It is to
the credit of the ground selector, however, that only
one of these cross short circuits actually caused a per-
manent insulation damage. All other cross short
circuits were harmless flashovers traceable to asbestos
mining districts caused by insulators whose flashover
had been reduced by a combination of broken skirts
from blasting and asbestos dust coating having become
moist from fog or slight rain. Considerable trouble from
flashovers in this district is experienced under normal
voltage conditions and it is well known that sometimes
insulators may be on the system unobserved which may
barely be able to resist the normal operating voltage;
so that the least voltage disturbance will cause the
insulators to flashover.

The large number of cross short circuits is therefore
less an indication of a weakness of the ground selector
in that respect than a weakness in the insulation of the
system at these points and has to be remedied by in-
creasing the local safety factor of flashover even under
conditions of broken skirts.

The operating results of this system indicate, similar
to the Toronto system, the ability of the ground selector
to avoid secondary breakdowns, as long as the system
has only fair insulation, and to provide sufficient current
to effectively clear faulty lines.

CONCLUSION

The operating results show conclusively that the
ground selector will improve the ungrounded system to
the same state of perfection as claimed for the grounded
system without having to resort to an artificial ground-
ing method.

The operating results show that the ground selector
prevents permanent secondary breakdowns and permits
clearance of grounded lines as effectively as the grounded

system. Besides this, the ungrounded system retains
the advantage of less numerous voltage disturbances
and partial interruptions and the flexibility of permis-
sible transformer connections.

The ungrounded system, combined with ground
selector and equipped with an effective relay protection
should prove therefore_ advantageous compared with
the grounded system, at least as far as large distributing
systems are concerned and for voltages, not exceeding
60,000 -volts.

This conclusion does not necessarily apply to parallel
trunk lines where grounded neutral at both ends may
prove cheapest and best.

It also does not apply to any system exceeding 60,000 -
volts since the complication and cost may become

excessive.
Each individual case, of course, will have to be studied

on its own merits to arrive at a conclusion of the most
desirable arrangement.

COMMERCIAL BROADCASTING IN
GERMANY

After four months of experimenting, the Express
Service Company (Eildienst Gesellschaft) Berlin, has
begun a daily service of financial and commercial news
broadcasting to subscribers in various parts of Germany,
according to a report to the Department of Commerce
from Consul E. V. Richardson, Berlin. This company
is financed by German capital and is purely a tirivate
undertaking. Having arranged with the national
government for the use of the radio station at Koenigs-
wusterhausen on a limited basis for a definite period, a
regular service of financial news is received from the
United States, Switzerland, Sweden, and other c un-
tries, via the high power station at Nauen, Germany.

This information is broadcasted immediately by
radio telephone to subscribers of the company. These
number at present about 800 and are mostly banks and
industrial institutions located in some 200 towns and
cities. It is expected that New York quotations
handled by this service will be available generally to
subscribers within ten minutes of their dispatch.

Each subscriber rents from the company the neces-
sary receiving apparatus, paying for the service itself
an annual fee of 300,000 marks, and for the apparatus
an annual rental of approximately 200,000 marks.
There are two I/2 -hour schedules daily, beginning at
9:30 A. M. and 5:00 P. M.
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Review of the Subject-From the earliest, forms of tele-
phone switchboards to the modern types, the development of the
switchboard has been marked by the increasing use of automatic
methods to supplement the manual operation wherever this would
result in better service to the public or more efficient operation.

In addition to all that has been done in developing and introducing
automatic operations with manual switchboards, it has been found
desirable and practicable to go further in the direction of introducing
automatic operation in the telephone plant and a machine switching

system has been developed in which the balk of the connections are
established without the aid of an operator.

The complexity of a large metropolitan area and the exacting
requirements which a machine switching system must meet are
outlined briefly, and the system which has been developed to meet
these requirements is described.

The application of the system to a typical large metropolitan areaand the means provided for permitting its gradual introduction intothe existing plant are discussed.

IT is the purpose of this paper to outline briefly
certain important developments in connection with
machine switching telephone systems and to discuss

the application of the results of these developments to
the problem of providing telephone service in large
metropolitan areas.

The telephone was invented in 1876. Amost imme-
diately thereafter it was recognized that, for it to attain
its greatest field of usefulness, switchboards and switch-
ing centers would have to be established for effecting
interconnection between subscriber's lines.

Professor Bell's vision of the future was given in a
statement to prospective investors. He said:

;`It is conceivable that cables of telephone wires could be laid
underground, or suspended overhead, communicating by branch
wires with private dwellings, country houses, shops, manufac-
tories, etc., etc.-uniting them through the main cable with a
central office where the wires could be connected as desired,
establishing direct communication between any two places in the
city. Such a plan as this, though impracticable at the present
moment, will, I firmly believe, be the outcome of the introduction
of the telephone to the public. Not only so, but I believe in the
future wires will unite the head offices in different cities, and a
man in one part of the country may communicate by word of
mouth with another in a distant part.

"Believing, as I do, that such a scheme will be the ultimate
result of the telephone to the public, I will impress upon you all
the advisability of keeping this end in view, that all present
arrangements of the telephone may be eventually realized in this
grand system."

EARLY DEVELOPMENTS

The only apparatus available at that time for this
purpose was that employed in telegraph, messenger,
fireand burglar alarm services. Some of this apparatus,
such as wire, insulators, batteries, annunciators, etc.,
was found to be useful in the new art; other apparatus
had to be developed. The switchboards of that day
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employed this apparatus. They were small in size,
and could accommodate only a limited number of lines.

It soon became evident that the requirements of
the telephone exchange service demanded signaling and
switching equipment different from that employed in
any of the other branches of the electrical industry, and
it became necessary to create an entirely new art, in-
volving many branches of science, before commercial
telephone service could be given on an adequate scale.
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FIG. 1-EARLY TYPE SWITCHBOARD

The switchboards grew from small boards, capable . of
handling a few lines, as shown in Fig. 1, to the very com-
plex arrangements providing signaling, switching, and
transmission facilities for as many as ten thousand lines
in a single board, of the type shown in Fig. 2.

As the subscribers increased in number it was found
that beyond a certain point it was no longer practicable
or economical to have all of the subscribers' lines
brought to one center. It was therefore necessary to
have several centers, the number depending upon many
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factors, the most important of which are the size and
telephone needs of the community.

The consequence of all this is that in large metropoli-
tan areas the number of centers is large, and the
trunking system complex, as each center must be pro-
vided either directly or indirectly with trunks to every
other center.

As an illustration, take the New York Metropolitan
area, shown in Fig. 3, where the telephone plant is of

FIG. 2-MODERN TYPE COMMON BATTERY SWITCHBOARD

the greatest intricacy because of the very large number
of subscribers served. There are at the present time
158 central office switchboards, many of them having
equipment for 10,000 lines. These offices and the
associated plant provide for intercommunication be-
tween 1,400,000 telephones, and approximately two

3 M A P SHOWING LOCATION OF CENTRAL OFFIC EH IN NEW
YORK METROPOLITAN AREA

trillion possible connections. It is estimated that by
the year 1940 there will be 300 central office switch-
boards within the New York Metropolitan area, serving
some 3,300,000 telephones-- .or nearly two and a half
times the present number.

MANUAL SWITCHBOARDS

The system most commonly employed today for
connecting subscribers' lines together is the so-called
"manual" system; that is, a system in which operators
are employed to make the actual connections between
subscribers' lines, although so many of the functions are
performed automatically that, except in name, it is to a
large degree automatic.

It is a long step from the early switchboards to the
modern common battery multiple manual switchboards.
The history of the development of switchboard equip-
ment and apparatus shows that enormous progress has
been made in this art in a comparatively few years.
As the telephone subscribers have grown in number and
as the amount and complexity of the traffic have in-
creased, it has been only by the most intensive develop-
ment that it has been possible to keep ahead of the
demand for telephone service, and that telephone
engineers have been able to get the speed, efficiency and
accuracy that are obtained today in so-called manual
operation. It is worthy of note in this connection that
the attainment of these ends was made possible by the
extensive introduction of automatic features.

A very brief description at this point of the type of
manual switchboard more commonly employed will be
helpful.

In this switchboard the subscriber's line terminates
at the central office in so-called "jacks." Associated

FIG. 4-DIAGRAM SHOWING MANUAL INTEROFFICE CONNECTION

with each line is a lamp, individual to it, which auto-
matically lights when the subscriber removes his
receiver from the hook. This serves as a signal to the
operator that a connection is desired.

The operator answers this call by inserting one end
of a cord in the jack associated with the calling sub-
scriber's line, operates a listening key which connects
her telephone set to the subscriber's line, and asks for
the number desired. When this is obtained the operator
completes the connection by inserting the other end of
the cord in the jack of the desired subscriber's line,
and the subscriber's bell is rung. Suitable lamp sig nals
are provided so that the operator may know when the
called subscriber answers, when either subscriber desi res
further attention, or when either or both of them have
finished talking and have hung up their receivers.

If the subscriber desired is connected to a distant
office, the operator receiving the call would, instead of
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plugging directly into the subscriber's line, directly
connect the subscriber's line to a trunk terminating in
the desired office, where the connection would be com-
pleted by a second operator, known as the "B" operator,
as shown in Fig. 4. Such communication between the
two operators as is necessary to establish this connection
takes place over a special pair of wires known as a "call
circuit."

The method, of which the above is a bare outline, is
that used in completing ordinary connections. Dif-
ferent arrangements and different operating methods
have to be provided for handling short haul toll calls,
long distance calls, calls from coin boxes, and calls of
many other kinds.

In the simplest types of manual systems, the sub-
scriber, in order to signal the central office, turns a crank
thus operating a magneto generator. This throws a
drop in front of an operator at the central office. In
the switchboards developed to meet the needs of the
larger areas, electric lamps are substituted for the drop,
and relays automatically controlled by the subscriber
bring them into play at the proper time. Electric lamps
which serve as visual signals to the operator to indicate
the status of the connection are also associated with the
cords that the operator uses for connecting subscribers
together. The operation of these lamps is automatic
and is under the control of the switchhook at the
subscriber's station.

Many other arrangements of an automatic character
have been developed and are used as occasion requires-
not merely becaUse they are automatic in character
but only when it has been established that they make
for better service to the public or for efficiency and
economy of operation, or both. Among these may be
mentioned automatic ringing, automatic listening, and
many forms of automatic signaling. Many of these
arrangements are highly ingenious and contribute
greatly to the efficiency and economy of operation.
Thus, the trend of switchboard development has been
more and more in the direction of automatic operation
and automatic methods.

In addition to all that has been done in developing
and introducing automatic operation with so-called
manual switchboards, it has been felt for a long time
that in large and complex telephone areas, such for
example as New York City, the time would ultimately
come when it would be desirable to go further in the
direction of introducing automatic operation in the
telephone system. This whole matter has been the
subject of much thought on the part of engineers of the
Bell System and, as a result, there has been developed
and recently put into operation a system in which the
work of establishing most of the local connections is
done entirely by machinery.

The introduction of this system will eventually make
a considerable reduction in the telephone company's
requirements for operators which are becoming .more
difficult to fulfill year by year. Operators will be re-

quired, however, to handle toll and many special classes
of local calls and for this reason, together with the
constant growth of the business and the considerably
period of time that will be required to introduce the
new system completely, we can expect little or no re-
duction in the present operating forces for some time
to come, and no operator will find herself out of employ-
ment on account of the introduction of the machine
switching system.

MACHINE SWITCHING

It is the purpose of this paper to describe this system
sufficiently in detail to give a general picture of it, but
because of the limitation as to space no attempt will be
made to go into the intricacies of circuits and apparatus,
which doubtlss would be of interest only to the
telephone engineering specialists.

Among other requirements, the following must
receive special consideration in the design of a machine
switching system.

The functions to be performed by the telephone
subscriber in getting a connection must be simple and
easily understood.

It must work efficiently and with accuracy and
speed, and of course must be capable of handling the
various types of calls that the subscriber wishes to make.

The system must not require modifications in the
existing rate structure, otherwise than desirable. If
the rate structure calls for message register operation,
coin boxes, etc., means must be provided for automatic-
ally operating the register and collecting the coins on
such calls, and for preventing a charge on calls not
answered, calls for free lines, busy lines, etc.

The system should employ, as nearly as practicable,
the conventional numbering scheme.

It should work with the existing telephone network,
so that its introduction does not require wholesale
number changes and extensive rearrangement or the
abandonment of existing switchboards or other plant.
Its introduction must, of necessity, be on a gradual
basis.

It must be sufficiently flexible in design to care for
growth and such changing traffic conditions as occur
from time to time.

In large telephone areas, such as the New York
Metropolitan area, there is a great variety of calls to be
handled and many different classes of service furnished
the public, such as message rate, flat rate, official, coin
box, non -attended pay station, attended pay station,
special services such as information, etc. Not only
individual lines but party lines, and private branch
exchanges must be cared for, and provision must be
made for thousands of toll messages which must be
recorded, supervised and timed.

A call originating in a machine switching office in
New York City may have as its destination any one of a
great number of points. It may be for another sub-
scriber in the same office or for one in another nearby
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machine switching or manual office; it may be for one of
a large number of surburban toll points, or it may be to
some point in a distant city.

The machine switching system, which is the subject
of this paper, meets these requirements. After long -
continued laboratory experiments, supplemented by
field trials, power -driven apparatus of the panel type has
been found to be the most suitable, and is now in success-
ful operation in New York City and in other large cities
in the country.

GENERAL PLAN OF OPERATION

At the expense of some repetition it seems desirable,
in order to give as clear an understanding as possible

FIG. 5 -DESK STAND EQUIPPED WITH.DIAL

as to the operation of the system, to first give a brief
outline of how the call is handled and a description of
the more important elements of the equipment, before
going into a detailed description of the operation of the
system.

The subscriber's station is equipped with the usual
form of telephone instrument and, in addition, with a

FIG. 6 -SUBSCRIBER'S DIAL

calling device known as a "dial," mounted at the base
of the desk stand, as shown in Fig. 5. This dial has ten
finger holes bearing letters and figures, as shown in
Fig. 6.

In making a call the subscriber will, of course, first
refer to the telephone directory. He will find in the

directory a listing that is only slightly different from
that to which he is accustomed. Typical samples of
this new form of telephone listing for New York City
are shown in Fig. 7. As will be noted, these conform
to the present manual listings, except that the first
three letters of the office name are set out prominently.
This numbering system will be discussed later in this
paper.

Having secured the desired telephone number from
the directory, which we will assume is "ACAdemy
1234," the subscriber will first remove his receiver from
the hook and will hear the so-called "dial tone," which
indicates that the apparatus is ready to receive the call.
He will then insert his finger in the hole over the letter
A, rotate the dial until the finger comes in contact with
the metal stop shown in the picture, then release the
dial, which will automatically return to normal. He
will repeat this operation for the letters C and A, and
in turn for the four numerals, 1, 2, 3, 4.

This operation of dialing on the part of the subscriber
is exactly the same, whether the telephone number he
desires is in a manual or in a machine switching office.

FIG.
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7 -TYPICAL EXAMPLES OF NEW FORM OF LISTING TELE-
PHONE NUMBERS

Similarly, the method employed by a subscriber who
is connected to a manual office in getting a subscriber
connected to a machine switching office, is the same as
though the desired subscriber were connected to another
manual office.

The progress of a call originating in a machine
switching office is briefly as follows:

As will be seen from Fig. 8, the line of the calling
subscriber, whom we will assume to be a subscriber in
the Academy office, appears in a so-called "line finder"
frame. When the subscriber's receiver is removed from
the switchhook preparatory to dialing, the line is
selected by a "line finder" and connected to an idle
"sender" by means of a "sender -selector."

Upon completion of these operations which take but
a fraction of a second, the dial tone is sent out to the
calling subscriber as previously mentioned. When the
subscriber dials, electrical impulses on a decimal basis
are transmitted to the sender which receives and
registers them, translating them in turn to the proper
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basis for the control of the selectors which are not
operated on a decimal basis. The sender automatically
causes the particular "district selector" which is
permanently associated with the line finder originally
used, to select a trunk to the office desired.

Assuming that the call is for a subscriber in the same
office, Academy, the trunk chosen will terminate at an
"incoming selector" frame and the sender above referred
to will cause the call to be routed through the incoming
selector to a final selector, and thence to the particular
line desired. When the connection is thus completed,
audible signals will be sent back to the calling subscribei
to indicate that the station is being rung or that the
line is busy.

If the call had been for a subscriber in another
machine switching office, namely, Pennsylvania, the
call would be routed from the district selector to the
office desired, either directly or through an "office
selector" in case the total number of trunks to all offices
is too large to be placed on the district selector mulitple.
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FIG. 8-DIAGRAM SHOWING CONNECTIONS FROM MACHINE
SWITCHING TO MACHINE SWITCHING, MACHINE SWITCHING TO
MANUAL AND MANUAL TO MACHINE SWITCHING.

These trunks terminate on incoming selectors at the
Pennsylvania office which select the subscriber's line
through final selectors, as described above.

If the call is for a subscriber connected to, say, the
Worth Office, which is a manual office, the call would be
routed from a district selector directly or through an
office selector to the "B" board in the Worth Office,
where the number desired appears in front of the
operator at a "call indicator position" in the form of
visible numbers on the keyshelf. The operator is
advised of the trunk to which the call is connected by
suitable signals, and the call is completed by plugging
this trunk into the desired subscriber's line.

Calls originating in a manual office and intended for
a machine switching office reach the machine switching
office over trunks from the "A" operators in the manual
office. At the machine switching end these trunks
terminate in incoming selectors, which have access to
the final selectors on which the subscriber's lines are

located. The selectors are under the control of a special
group of senders, and operators are provided with suitable
keys for setting up in these senders the number of the
desired subscriber. These operators at the machine
switching office receive the information as to the desired
number from "A" operators in the distant manual office,
exactly as is done in the case of manual operation.

The introduction of machine switching equipment
does not require radical changes in private branch
exchanges. The private branch exchange is provided
with dials, and calls to the central office are dialed by
the private branch exchange attendant or by the exten-
sion user in the same way that the ordinary subscriber
dials. No change in the private branch exchange is
required for handling incoming calls. An idle trunk
in the private branch exchange group is selected by the
mechanism in the machine switching office, in much the
same way as an individual subscriber's line is selected.

NUMBERING SYSTEM

One of the unique advantages of the plan developed
for designating telephone numbers, to which reference
has already been made, is that it does not necessitate
the abandonment of the existing manual listings. It
requires no change except that the first three letters of
the office name are set out more prominently. Simple
as this change in the form of listing appears, until it was
developed by the Bell System no satisfactory method
of designating telephone numbers for machine switching
offices in large cities was known.

Many plans' had been proposed, to all of which there
were serious objections. Some of them required chang-
ing the whole system of manual designation, others the
use of combinations difficult for the subscriber to use.
In small cities a numbering plan employing only digits
is sometimes practicable, but in such a large area as we
are considering, such a plan would involve seven digits.
The subscriber's number would take the form of say
786-3549. Such numbers would be difficult for opera-
tors to use and for the subscribers to carry in mind and
would require that every subscriber's number in the
entire area be changed before the first machine switch-
ing office could be cut into service. With the new
system, the subscriber's number and office in general
remains as before. It is necessary to change only a few
conflicting office names in order to make them fit into
the system.

DESCRIPTION OF THE EQUIPMENT

A detailed description of each unit employed in this
system would be impracticable, in this connection, but
a brief description of the more important ones will be
of interest.

Sender. The use of the sender makes practicable the
introduction of machine switching in large metropolitan
areas where, of necessity, the service conditions are
extremely complex. It is, in effect, the brains of the
system, dealing with the subscriber and controlling the
selection until the 'destination is reached, as an
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operator deals with the subscriber and controls the
selection in a manual system. The number dialed
conveys the same information to the sender in a
machine switching system as the number spoken by the
subscriber does to an operator in a manual system.

The sender is an arrangement of relays, sequence
switches, and selectors, so worked out as to perform the
following more important functions:

1. It receives a succession of electrical impulses
from the subscriber's dial which are on a decimal basis,
stores them and translates them to a non -decimal basis,
corresponding to the particular group of lines and
trunks that is involved in the path of the call.

2. It controls selecting mechanisms which build up
the connection to the called party in such a manner that
each mechanism is given the exact time required to per-
form its functions without any waste of time, independ-
ently of the rate received from the dial.

3. It makes the central office designations entirely
independent of the arrangement of the trunk groups on
the selector frames. This is a very important matter,
inasmuch as it allows the selectors to be used to full
efficiency. It provides the desired flexibility for growth
and permits any desirable rearrangement of the trunks
on the selector frames that the telephone company
may find desirable at any time.

4. The sender is capable of distinguishing the class
of office at which the connection terminates. That is,
if the call is to terminate at a mechanical office, the
sender will arrange to govern the selection accordingly.
If the call is to terminate at a manual office, the sender
recognizes this and arranges to send ,out impulses to the
call indicator equipment in the manual office.

5. For the completion of certain calls, traffic con-
ditions require the introduction of tandem centers as
discussed later. The sender recognizes calls to  be
routed via tandem centers and arranges to handle these
correctly. The tandem center may be manual or it
may be mechanical, and the control must be determined
accordingly.

6. Certain senders are arranged to serve lines sup-
plied with coin boxes. These senders are arranged to
make a test to determine whether a coin has been
deposited and do not allow the connection to be cut
through so, that conversation can take place until the
coin is deposited. If the subscriber does not deposit
the coin, after a reasonable time has elapsed the sender
connects an operator to the subscriber, and this operator
notifies the subscriber of his omission. After the coin
has been deposited, the sender allows the called sub-
scriber to be rung and permits the conversation. In
case the called subscriber is busy or does not answer, or
if the call is to a free line, the sender returns the coin
to the calling party. If the called party answers, the
sender causes the coin to be collected.

The sender makes a test of the calling line after the
subscriber has completed dialing, to insure the deposit
of the coin, and recognizes whether a coin has actually

been deposited or whether some abnormal condition
exists; in which case the call will be routed to an operator
who causes an investigation to be made.

7. In large areas, such as the New York Metropoli-
tan area, there are distant points, connection to which
requires toll charges. In such cases the subscriber is
instructed to. dial a special operator who will ascertain
his wishes, complete the call, and make the proper
charge. Should a subscriber attempt to dial outside
of his own local service area, his call will automatically
be routed to an operator.

Panel Type Selecting Mechanism. An important
mechanism of a machine switching system is the se-
lector and its associated multiple bank. It is a device by
means of which trunks or lines are connected together

FIG. 9 -VIEW OF THE SELECTOR

as required. It performs the same function as the
switchboard cord and plug which in a manual exchange
can be plugged by the operator into any one of a number
of jacks which are the terminals of trunks or lines.

Fig. 9 shows the mechanical elements of the selectors.
The movable member corresponds to the cord and plug
of the manual system and the fixed terminals or multi-
ple, to which the movable member can make connection,
corresponds to the jacks of the manual system.

Fig. 10 shows the fixed terminals or multiple to
which the selectors connect. This multiple consists of
flat punchings about 3 feet long and 1 inch wide over-
all. Each of these strips has lugs on each side with
which the selectors can make contact. In this partic-
ular panel, three hundred of these strips are piled one
above the other, separated by insulation, and securely
bolted together, forming a panel about 15 inches high.
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This panel provides a multiple consisting of "tip,"
"ring" and "sleeve" connection for one hundred lines
appearing sixty times; that is, thirty on each side. The
insulating material consists of special impregnated
paper and is of such a nature that, after the panel is
assembled and baked, it becomes inert and is not ad -

Fla. 9A-VIEW OF THE SELECTOR

versely affected by any conditions met with in a central
office. It is thispanel which has given the name to the
system.

As shown in Fig. '9, the selector consists of a metal

FIG. 10-SELECTOR MULTIPLE BANK

tube supported in bearings allowing vertical motion and
carrying five sets of brushes. Each one of the five sets
of brushes is arranged to make connections to the tip,
ring and sleeve terminals of the panel banks before
which it normally stands, and the tip, ring and sleeve
contact members of all five of these brushes are multi-

plied together. They are normally free from contact
with the terminals, but any set may be tripped me-
chanically, so that that set will contact successively
over terminals as the selector rises.

A friction clutch is provided at the base of each
selector, so arranged that the selector can be raised or
lowered by power supplied by a constantly rotating
small motor, common to 60 selectors. A magnet is also
provided for tripping, by means of a rotating rod, any
one of the five sets of brushes into mechanical engage-
ment with the terminals. In choosing a trunk or line,
that one of the five sets of brushes which has access to
the panel in which the desired trunk or line happens
to be, is tripped so that it makes contact with the bank

FIG. 11-CO NI NI UTA TOR FOR CONTROLLING VERTICAL MOVE-
MENT OF SELECTING MECHANISM

terminals before it. The selector then moves upward,
under the proper control, until the tripped brush engages
the desired line or trunk. The selector is then held in
this position by a pawl associated with the clutch.
When the connection is to be taken down, the pawl is
withdrawn, and the selector is carried back by means of
the power drive controlled by the clutch. When the
selector reaches its normal position the tripped brush
is reset.

Selectors used for different purposes are arranged
to move their brushes upward at different speeds. The
speed most commonly employed moves the brushes over
the terminals at the rate of 60 trunks per second. At
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the top of the frame, just above the fifth bank, are
located commutators as shown in Fig. 11, one for each
selector. The multiple wiring of the brushes on the
selector leads to other brushes which move over strips
on these commutators, and thereby completes the con-
nection from the movable selector to the rest of the
circuit, thus avoiding flexible wire connections with

FIG. 12-SEQUENCE SWITCH ASSEMBLY

their attendant troubles. This commutator, also,
performs the more important service of controlling the
travel of the selector. Brushes moving over conducting
segments separated by insulation produce impulses

FIG. 13-SELECTOR FRAME COMPLETELY EQUIPPED

which, when sent back to the sender, indicate to it the
exact position of the selecting mechanism.

Sequence Switch. Another device of great importance
is the "sequence switch," shown in detail in Fig. 12.
It is operated through an electromagnetic switch from
the same motor that drives the selectors.

The sequence switch may be described as a circuit
controller or device whose function is to establish
in a definite sequence such circuit conditions as are
required in the operation of the system. It is made up
of circular disks called cams mounted rigidly on a shaft.
The plates of the cams are cut so that brushes come in

FIG. 14-GROUP OF TYPICAL SELECTOR FRAMES

contact with the plates only when the circuit is to be
closed. The sequence switch can be stopped at any
one of eighteen different positions as required, by the
simple opening of the electromagnetic clutch.

There are many of these sequence switches used in
this system, and the arrangement of cutting the cams
varies, depending upon the particular circuit combina-
tions which it is desired to establish.

Selector Frames. Fig. 13 shows thirty selectors with
all of the associated mechanism mounted upon one side
of a frame ready for operation in an exchange. Both
sides of the frame are alike. Five panels of 100 lines
each are mounted in this frame, one above the other,
giving a total capacity of 500 trunks or lines. Thirty
selectors, each capable of making connection with any
one of the 500 trunks or lines, are placed adjacent to
each other on each side of these panels; the entire
frame thereby having a capacity of sixty selectors, each
of which has access to 500 trunks or lines.

Immediately to the right of the selectors are the
sequence switches and, under protective covers, such
relays as are used in connection with the selectors upon
the frame shown.



328 ('RAFT, MOREHOUSE AND CHARLESWORTH Journal A. I. E. E.

Selecting apparatus of this general type, but differing
in details of design, is used during the different stages
of the call as line finders, district selectors, incoming
selectors and final selectors, reference to which has been
made before. Fig. 14 shows a section of a machine
switching office with some of the typical frames.

The use of apparatus of the substantial construction
just described is made possible only through the use
of the sender which receives impulses from the sub-
scriber at the rate they are dialed and receives impulses
from the selecting mechanism at the rate it is traveling.
This obviates the necessity for restrictions in the design
of either the dialing circuit or the selecting circuit, such
as would be necessary if they were tied together.

Power Supply Arrangements. Since most of the
operations normally required in handling a call in a
machine switching office are carried out mechanically,
it is evident that a considerably larger amount of power
is required than with the manual system. Selectors and
sequence switches are propelled mechanically by rotating

FIG. 15-POWER MACHINE AND CONTROL EQUIPMENT FOR Two
10,000 -LINE UNITS

shafts driven continuously by small motors mounted
on each frame.

The use of small motors on each frame gives a flexible
and reliable source of power particularly since the
motors now being used are of the special "duplex" type
developed for the purpose. They consist of two motor
elements in one frame, one element being normally
driven from the commercial power service and the other
being driven by the telephone reserve storage battery
to which it is automatically connected by a relay inside
the motor when the regular power fails. A power
failure, therefore, causes no interruption to the drive.
The selectors are arranged so that not more than .half
in any one group are driven by the same motor which
insures continuous service in case of motor failure.

The main power requirement is for direct current at
about 24 and 48 volts which is furnished from motor
generator sets (Fig. 15) of special construction to reduce
noise, converting the commerical alternating or direct
power current into current which is regulated as to

voltage and is free from variations ,which would cause
noise in the telephone circuits.

Storage batteries (Fig. 16) floating across the current
supply bus -bars insure regulation. In addition to
stabilizing the voltage and reducing noise interference
from the machines and between telephone circuits, the

FIG. 16 BATTERY ROOM FOR Two 10,000 -LINE UNITS

batteries perform the important function of keeping the
exchange in operation during interruptions to the com-
mercial power service. Small motor generators furnish
current for ringing subscribers' bells and drive commu-
tators supplying various tones and signals. Batteries
or machines supply current for operating coin boxes and

FIG. 17-165 H. P. GAS ENGINE GENERATING SET FOR
EMERGENCY USE

pulse machines provide impulses for the operation of
certain of the machine switching apparatus.

Whenever practicable, two or more commercial
power services from independent generating stations are
secured, either of which will keep the office supplied.
Where independent generating systems are not available
a reserve gas engine supply (Fig. 17) is installed to take
the place of the incoming power service, such engine
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also being equipped for emergency operation on
gasoline.

All of the essential power machines and batteries
are provided in duplicate and as indicated, are arranged
to come into action automatically wherever this is
necessary to insure continuity of service in the event
of loss of power or trouble with any of the power equip-
ment. Alarms are provided to detect variations in
battery voltage, blowing of fuses, stopping of machines
or any failure of service on all power busses which feed
energy to the telephone or signaling circuits. The
power plant is thus designed to give an uninterrupted
energy supply at all times even when the usual sources
of power may have been temporarily discontinued.

DETAILED PLAN OF OPERATION

The following will give in some detail the plan of
operation for handling typical calls between various
types of offices in a large metropolitan area such as
New York City.

Calls Originating in Machine Switching Offices. Fig.
18 shows schematically the path of a call originating
in a machine switching office. The pair of wires of a
subscriber's line is attached to one of the sets of fixed
terminals in a panel bank appearing before a group of
selectors of the type which has been described. By
putting fewer lines in these panels and increasing the
number of selector brushes, we attain the speed neces-
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FIG. 18 -DIAGRAM OF LINE FINDER, DISTRICT AND OFFICE
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sary at this stage of the connection. These selectors
are called "line finders," since their function is to find
calling lines. The terminals correspond to the answer-
ing jacks and the selectors to the "A" operators'
answering cords of the manual system.

When the subscriber removes his receiver, he closes
the circuit of his line, causing a relay at the central
office in series with his line, to operate. This relay
causes an idle line finder, having access to his line, to
trip the proper brush and then move upward to his
line. At the same time a sender selector attached to
that line finder is choosing, out of a common group,
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an idle sender. The sender selector is a small selector
of a type in which the brushes are driven by a magnet
over contacts arranged as shown in Fig. 19.

The sender having been attached in this manner to
the calling line, a low humming sound, known as the
dial tone, is heard by the subscriber, advising him that
the mechanism is ready for him to dial. The entire
sequence of events just described takes place in a
fraction of a second, so that ordinarily the subscriber
finds the dial tone when the receiver reaches his ear.

FIG. 19 -SENDER SELECTOR

The subscriber now dials the required letters of the
office name, and the numerals of the called number.

The pulses from the dial come over the subscriber's
line through the line finder and sender selector to the
sender which records and translates them to control
the setting up of the connection. As soon as the con-
nection has been established, the sender is released
and is ready to be used for a new call, being kept in
use only a few seconds for each call. .

The first step in completing the connection is to
choose an idre trunk in the proper direction. To the
nearby offices there are groups of direct trunks, whereas
the more distant offices are reached through tandem
centers described later.

The line finder leads to the movable element of a
panel selector known as a "district selector." This
district selector has capacity for 450 working outgoing
trunks, the other 50 trunks being used for control
purposes. In a small city 450 trunks would be suf-
ficient to reach all points, but in the case of the New
York offices 450 outgoing trunks are not sufficient.
Accordingly, only a few of the trunk groups outgoing
from these offices leave directly from the district select-
ors. To obtain access to the remaining trunks there
are, on every district selector frame, groups of trunks
leading to so-called "office selectors." These office
selectors are of the panel type and each has a capacity
for 450 outgoing trunks.

The path of a call through a district and office se-
lector will now be traced. The district selector starts
upward under the control of the sender. As the dis-
trict selector moves upward, it produces pulses by
means of the brushes which slide over the commutator
at the top of the selector. These pulses are transmitted
back to the sender, and are there counted. When the
sender has counted the number of pulses which indicates
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to it that the district selector has proceeded to the
proper position, the sender opens the fundamental
circuit to the selector and causes it to stop. This
method of controlling the movement of the selector is
termed the reverse control method.

The first selection made chooses the set of brushes
to be tripped into engagement with the terminals.
Assume, as shown in Fig. 18, the desired trunk appears
on the second panel from the bottom. Therefore,
the district selector is allowed to make two pulses and
is then stopped by the sender. The brush -tripping
device is thus set in position to trip the second brush,
and the selector is started again by a signal from the
sender, which operation completes the process of trip-
ping the brush.

The selector now continues upward, making a pulse
for every group of trunks which it passes over, until,
having reached the desired group, as indicated by the
number of pulses counted by the sender, it is again
stopped by the sender at the beginning of this group.
The selector is now started again, and this time under
its own control, hunts for an idle trunk in the group.
Busy trunks are grounded on the third or signaling
terminals, whereas idle trunks are open. A testing
relay, associated with the selector, keeps the selector
moving upward until a trunk with an open third wire
is found, whereupon the selector stops, makes connec-
tion with this trunk, and renders it busy to other select-
ors by grounding the signaling strip.

This trunk, as indicated in Fig. 18, leads to an office
selector. The same process is repeated by the office
selector, under control of the sender, to trip first the
proper brush, then choose the proper group, and finally
to choose an idle trunk in the group. The connection
is now extended to an outgoing trunk. The sender
still remains attached to the connection, since it must
still control the further setting up of the connection.

The sizes of the working trunk groups on district
and office selectors can vary from 5 to 90, depending
upon the traffic to be handled.

Calls Between Machine Switching Offices. If the call
is for a subscriber in a machine switching office it is
completed as shown in Fig. 20. This figure shows a
diagram of the apparatus used to connect an incoming
full mechanical trunk to a subscriber's line, whether
this line is in the originating machine switching office
or in another which must be reached over interoffice
trunks.

The incoming trunk to the machine switching office
terminates on an "incoming selector," which is of the
type already described. The machine switching office
has a capacity for 10,000 numbers, but the incoming
selector has capacity of only 500 trunks, so that the
same arrangement is employed as on the district select-
ors; that is, the incoming selector chooses one of a
number of other selectors, called "final selectors,"
which have access to the subscribers' lines. Since each
group of final selectors has access to 500 subscribers,

20 groups of finals will be necessary to care for the full
10,000 numbers.. On the incoming selector frames,
therefore, appear 20 groups of trunks, each group lead-
ing to a different frame of final selectors.

The method of selection is the same as described for
the district and office selectors; that is, first the incom-
ing selector, under control of the sender in the origina-
ting office, trips the proper brush, chooses the proper
group, and finally chooses an idle trunk leading to a
final selector. The final selector then goes through
the process of brush, group, and subscriber's terminal
selection. The terminal selection is under the control
of the sender which counts line by line in the group of
ten, until the desired one is reached. If the called
line is idle, it is rung, and the calling subscriber is ad-
vised of that fact by hearing the audible ringing signal.
If the called line is busy it is not connected, but an
intermittent buzz, recognized as the busy signal, is
sent back to the calling subscriber. If the called num-
ber is that of a P. B. X. having several trunks, the final
selector automatically hunts for an idle one. If the
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FIG. 20-DIAGRAM OF INCOMING AND FINAL FRAMES

final selector, of ter testing all the P. B. X. trunks finds
them all busy, it sends back the busy signal.

As soon as the called line is reached, the sender is
dropped from the circuit to be available for another
connection. It is not held during the period of ring-
ing, during the time that the busy signal is being given,
if the line is busy, or during any part of the period of
conversation.

It will be noted that the method of selection is not
on a decimal basis. The first selection is to choose one
of five brushes on the incoming selector as already
explained; that is, we choose that particular fifth of
the terminals in which the called line happens to be,
and since 1/5 of 10,000 is 2000, we choose the 2000
group desired. The next selection is by groups of 500,
which is again non -decimal. This "translation," as
it is called, of the number from the decimal notation,
as dialed by the subscriber, into the notation as needed
by the selectors, is taken care of very simply in the
senders.
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Calls from Machine Switching to Manual Offices.

Calls from machine switching to manual offices are
handled at the manual office on call indicator "B"
positions. Fig. 21 shows a diagram of the equipment
used to connect such a call to a subscriber in the manual
office.

The call progresses through the district and office
selector in the same manner as described for the machine
switching call, but the trunk which it takes up leads to

FIG. 21-DIAGRAM OF CONNECTION FROM MACHINE SWITCHING
TO MANUAL

a call indicator "B" position in the manual office
selected. The operator is notified that a call has
reached her position by the lighting of a lamp associated
wit h the cord and plug in which the incoming trunk
terminates. Upon perceiving this signal, she presses
a display key associated with that trunk, and thereupon

FIG. 22-INCOMING TRUNK POSITION IN A MANUAL OFFICE
ARRANGED FOR CALL INDICATOR OPERATION

the called subscriber's number is displayed on a bank
of numbered lamps located on this operator's keyboard.
The operator picks up the plug, tests the called line and,
if it is found idle, plugs in; or, if it is found busy, she
plugs into a special jack which is arranged to send the

TELEPHONE SYSTEM

intermittent busy tone back to the calling subscriber.
The called subscriber's number is displayed in the

following manner. Associated with the operator's
position, and with her call indicator, is a group of

relays. When the display key is depressed, this
group of relays is attached to the trunk. The sender
which has meanwhile been waiting on the connection,
is thereby given a signal, and sends the number called
by means of code pulses which are received by the group
of relays. These relays, in turn, light the set of lamps
on the call indicator corresponding to the digits of the
called number, as shown in Figs. 22 and 23. The code
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FIG. 23-CALL INDICATOR AT AN INCOMING TRUNK POSITION
IN A MANUAL OFFICE

pulses employed for sending this called number are
positive and negative, strong and weak, and are trans-
lated by the sender from the decimal dial pulses to this
type of pulse to reduce the time required and to
simplify the receiving apparatus.

Incoming Calls from Manual to Machine Switching
Offices. Calls from manual offices are handled at the
machine switching office on the cordless "B" positions.

l'anierne Frei Pm".

lwit

`no* Jack
Prommoc iwk Kty

1

V.t.,040 11.41.17''I. , .110.4110
JP,

NM

ArV

FOjRDLESS

teal

--- -StilYAL-
A BOARD

5l'ar

B BOARD

Fq tEll
FIG. 24-DIAGRAM OF A CONNECTION FROM A MANUAL TO A

MACHINE SWITCHING OFFICE

Fig. 24 shows a diagram of the equipment used to con-
nect a call originating, in a manual office destined for a
subscriber in a machine switching office. Such a call
is answered by the "A" operator in the manual office
in the usual manner. She takes up the call circuit by
depressing her call circuit key to the machine switching
office desired, passes the called subscriber's number, and
receives a trunk assignment in exactly the same manner
as if the call were going to another manual office. The
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cordless "B" operator, upon assigning a trunk, presses
the assignment key of that trunk, which temporarily
attaches her keyboard to a sender and simultaneously
to the incoming trunk which she has assigned. As
shown in Fig. 24, the incoming trunk terminates on an
incoming selector which has access to final selectors on
which the called number appears, in the same manner as
described before.

The operator now sets up on her numbered keys the
number desired, and this information is transmitted
immediately to the sender. These keys, which lock
mechanically, are released after a fraction of a second

FIG. 25-CORDLESS "B" POSITIONS IN MACHINE SW ITCH'S u
OFFICE

by a magnet controlled by the sender and are ready for
the next call. The "B" operator's sender now controls
the incoming and final selectors in the same manner as
the subscribers' senders, causing the incoming selector
to choose an idle trunk to a final selector having access
to the desired group of 500 numbers. The final
selector reaches its destination in the manner previously
described and, as soon as the line is found, the sender is
released.

Fig. 25 shows a line of cordless positions. The
section at the left is the cable turning section, having
nothing to do with the operation of the board.

Manual Positions Required in Machine Switching
Offices. While regular calls between two subscribers
will be completed in this system without the aid of
operators, certain classes of calls, such as toll calls to
suburban points and calls for discontinued or changed
numbers, etc., will require the assistance of an operator.
Special manual positions are therefore provided in the
machine switching office for this service. These
positions also care for cases where the subscriber may
need the assistance of an operator for other reasons
than the above, and are in addition to the cordless "B"
positions previously described.

The operators are called "Special Service Operators."
The subscriber signals them by dialing "Zero," which
on the dial is also marked with the word "Operator."
The connection then progresses in the same general
manner, through the district and office selectors, as for
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any originating call. An idle trunk appearing on t he
office select or leading to an answering jack before the
special service operator is chosen and the sender
released. Should a subscriber in any local service area
dial a subscriber in another area, the sender will auto-
matically route the call to a special service operator.

The special service operator in large areas has before
her a number of cord circuits having one end termi-
nating in a cord and plug. She also has upon a key-
board a set of keys similar to those described for the
cordless "B" position, except that there are additional
strips of keys upon which she can write up an office code.
The operator answers the subscriber by inserting one
of the plugs in the answering jack and, having ascer-
tained the desires of the subscriber, directs the connec-
tion to the proper destination by setting up on her keys
the proper numerical code. Senders are furnished for
these positions so that, as soon as the information from
the keyboard has been registered on the sender, the keys
are released and are ready for another call.

The other end of the special service operator's cord
circuit terminates in a district selector which, either
directly or through other selectors, has access not only
to trunks which the subscriber himself might call, but
also to trunks leading to more distant offices which he
cannot dial directly because they are toll points.

Tandem Operation. There are about 158 central
offices in the area shown on the map, Fig. 3. While it
is an essential requirement that any subscriber con-
nected to any of these able to reach any sub-
scriber connected to any other office, it is obvious that
to furnish trunks from each office direct to every other
office would require a great number of long trunks in
small groups carrying a very light load most of the time.

FIG. 26-TYPICAL TANDEM TRUNKING PLAN

In order to eliminate the inefficiency that such an
arrangement would entail, it has been the practise in
manual operation to handle the traffic from one part
of the area to another part of the area over main trunk
routes. The collecting and distributing points on these
trunk routes are known as "tandem centers," and the
plan of operation is known as "tandem operation."

Fig. 26 shows an arrangement of offices in a typical
tandem trunking plan. Offices marked M are local
offices, either manual or machine switching. The office
marked T is a tandem office. If a call is originated
by a subscriber in office M-1 for a subscriber in offices
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M-4, M-5, or M-6, to which no direct trunks are pro-
vided, the call is routed at office M-1 to trunks termi-
nating at tandem office T. At this point they are
connected to trunks leading to the proper office, where
the connection is completed to the desired 'subscriber
in the usual manner. Likewise, calls from offices M-2
and M-3 are completed over the same groups of trunks
rom the tandem office T to offices M-4, M-5, or M-6.

The plan described above is typical of that followed
in the New York Metropolitan area for many years, the
completion of the call being controlled at the tandem
office by operators.

The machine switching system is not only adapted
to fit into the existing tandem plan, either when used in
the local central office or at the tandem office, but also
makes available possibilities for considerably extending
the field of usefulness of the tandem system, due to
certain advantages in handling calls at tandem points
by the use of machinery.

The use of a sender at the machine switching office
which is capable of routing a call in any way desired
permits locating the selectors which have access to the
interoffice trunks at any convenient point either at the

i'1(:. 27 -TANDEM TRUNKING PLAN SHOWING DISTANT OFFICE
SELECTOR

originating office or at some distant point. In other
words, the tandem office T shown on Fig. 26 may con-
sist of a group of office selectors such as have been de-
scribed previously. In this case the trunks from offices
M-1, M-2 and M-3 would lead from district selectors
in these offices to the office selectors at office T which
would select, under control of the sender in the origi-
nating office, an idle trunk to office M-4, M-5, or M-6, as
desired. At the terminating office the call would be
completed through incoming and finals if it is a machine
switching office, or call indicator "B" positions if it is a
manual office, exactly as described previously.

If the number of points to be reached through the
tandem office is greater than the capacity of a group of
office selectors, a group of district selectors may be
provided at the tandem office which have access to
groups of office selectors located at the same office or at
some distant point, as described above.

Fig. 27 shows schematically a tandem plan using the
above method. Tandem office T is provided with dis-
trict selectors on which terminate trunks from local
offices M-1, M-2 and M-3. These selectors have

access to office selectors in the same office through which
offices M-4 and M-5 are reached, and to office selectors
located in the distant tandem office T-1 through which
offices M-6 and M-7 are reached.

To handle calls at a machine switching tandem office
originating from manual offices, operators are required
at the tandem office. These operators handle calls in
much the same manner as cordless "B" operators in a
machine switching office, as already described. The
operator receives the desired office name and number
from the originating operator over a call circuit and sets
it up on her keyboard, which is similar to the cordless
"B" board, except that it has office keys in addition to
the numerical keys. The number is received by a
sender which then controls the operation of the selecting
mechanism in the tandem office and other offices
through which the call may pass, to the desired local
office and subscriber's line.

Many different combinations of the above are possible
and are employed when desired.

MAINTENANCE

As will have become apparent from the descrip-
tion already given there is, in the machine switching
telephone central office, a large amount of appara-
tus which, in order to insure service of good qual-
ity, must be maintained in proper working condi-
tion. Consequently, the subject of maintenance has
been very carefully kept in mind throughout the design
of the system. For instance, all new pieces of apparatus
used in this system have been subjected to the most
rigid tests to insure that they will have a satisfactory
life and that their margins of adjustment will be ade-
quate.

When maintaining machine switching equipment, the
main reliance is placed on preventive measures, so that
incipient faults will be detected and corrected before
they have got to the point of interfering with service.
Ingenious automatic testing arrangements have been
designed to aid in this preventive maintenance work.
They subject the various circuits in the exchange to
routine tests, and are arranged so that they will auto-
matically test all of the circuits, one by one, under
conditions more severe than they will ever be called
upon to meet in service. In case some feature of any
circuit has deteriorated from its normal standard of
adjustment-which includes a wide margin-so that it
will not meet this severe testing condition, the testing
apparatus automatically stops and by supervisory
lamps indicate the location of the trouble. An audible
alarm is also sounded which notifies the maintenance
man responsible that something requiring his attention
has been found. The circuit in trouble may still be
capable of giving service, but is below the standard set
and may soon give service trouble if not corrected.

As applied to the sender, for example,the automatic
routine test equipment picks up each sender in turn and
puts it through its regular process of operation, under
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conditions more severe than are encountered in practise.
If the sender under test meets the operating conditions
without failure, the sender is dropped and the test
equipment moves to the next sender. If any trouble
develops an alarm is given, which summons the main-
tenance man who is able to determine by the condition
of the apparatus the location of potential trouble.

The operation of the testing equipment may be varied
by suitable keys, so that all the features of each sender
may be tested once, or so that any one feature of the
sender may be tested as many times as desired.

All the equipment in the office occurs in groups, and
arrangements are made for readily taking out of service
for readjustment any piece of apparatus which may
have been found to have potential trouble-the other
members of the group continuing to handle the calls.

APPLICATION

In the preceding pages there has been briefly
described a switching system which meets the exac-
ting and complex requirements of telephone service
in the largest cities and in which, so far as is practicable,
the various switching operations are performed auto-
matically. Only such operators are required in connec-
tion with this system as are necessary for handling
special classes of service and certain operations in con-
nection with the interchange of calls between manual
and machine switching central offices during the trans-
ition period.

Variations in the arrangements which have been
described have been developed and are available for use
whenever the conditions warrant. An illustration of
this is the so-called key indicator, which permits the
handling of calls from manual to machine switching
offices without the aid of the cordless "B" operators.
This is effected by providing the operators in the manual
offices with special keys and equipment for controlling
directly the selection of the subscriber's line in the
machine switching office.

This machine switching system marks a very im-
portant advance in a development which began shortly
-fter the telephone was invented, and which has been
most vigorously prosecuted by the engineers of the Bell
System from then to the present time. Throughout
this entire development period the tendency has been
to introduce automatic methods and apparatus when-
ever they gave a better result to the public, or whenever
they were attended by an economy of any kind.

How this system works has been briefly explained.
What arrangements are provided for handling regular
machine switching calls, calls to and from existing
manual offices, private branch exchanges, etc., has been
described. How the introduction of this system into a
telephone network is affected will now be discussed briefly.

Obviously, the problem of introducing machine
switching equipment into such an extensive and com-
plex structure as is the telephone plant of a big city,
is a large one. It is impracticable to introduce it all

at once. Its introduction must be effected gradually
and this is accomplished by using it for growth and such
replacements as are necessary, later extending its use
as conditions warrant.

The fundamental engineering studies which have to
be made and which must precede the manufacture and
installation of the equipment for a machine switching
office are, in all important respects, the same as those
which must precede the manufacture and installation
of the equipment in a new manual office. They involve
a careful study of the telephone needs of the area, with
a view to determining ultimately the quantities of the
different kinds of arrangements necessary to give the
service. This requires a study of the commercial
requirements at the time when the equipment should be
cut over and for several years thereafter. Data must be
collected as to the probable rates of calling, the average
duration of the calls and the amount of trunking to and
from other offices.

With these data available, the size and arrangement
of the trunk groups on the selector frames, the number,
grouping and type of selectors and senders required, and
the size of the power plant can be determined. From
this the cabling arrangement can be worked out, and
suitable floor plans prepared.

Manufacturing specifications can then be prepared in
accordance with which the equipment of the office is
manufactured and installed. Before the equipment is
cut into service, the various arrangements are
thoroughly tested individually, and when in proper
condition the whole is checked up by making complete
operation tests.

If time and space permitted, it would be of interest
to discuss the methods of actually cutting the equip-
ment into service, and the comprehensive program
which is worked out for the training of the employees
who are to handle the equipment and advising the
public which is to use it. All these matters are of the
utmost importance. and must be carried out systemati-
cally in order that there may be no reactions on the
general service at the time of the cut-over.

LIGHT SUPPRESSES CRIME
Lights in dark parts of certain cities would do more

to suppress crime than three times the present number
of policemen, declared Prof. William J. Drisko at
M. I. T. More than 600 persons attended his lecture
on "Illuminants and Illumination," in the popular
science series given by the Society of Arts.

Better lighting, furthermore, stimulates clean habits
of living, he said., eliminates imperfect sanitary condi-
tions, cuts down the number of accidents in industry
and everyday life and increases industrial production in
both quantity and quality. He pointed out that proper
lighting has a great economic value in keeping men
at skilled occupations for a longer period, due to lesser
eye strain, than prevails under improper conditions.



Some Fuel Determinations Made on Locomotives
Operated by the Southern Pacific System

BY A. H. BABCOCK
Fellow, A. I. E. E.

Electrical Engineer, Southern Pacific Railroad, San Francisco. Cal.

WHENEVER electrification of steam railways on a
large scale is advocated, one of the principal
arguments advanced is the large saving in fuel

sure to result therefrom; in fact, this was the initial
point of attack in the early days of the art-the early
1890's, for exampleHong before overtime of train and
engine crews had become the very real expense in train
operation it is today. Many attempts to get accurate
information on locomotive fuel consumption have been
made during the intervening years, for comparison with
known electric locomotive performance.

Fuel consumptions of steam locomotives using coal
cannot be analyzed as can those of electric locomotives,
because it is impossible to obtain accurate measure-
ments. When fuel oil is used, the possible accuracy of
such measurements more nearly approaches that of
electric operation, and much more precise determina-
tions are possible.

By the use of accurately calibrated oil meters; by
locating with reference to track conditions, points at
which meter readings shall be taken; by choosing an
engine that has shown an average fuel performance
under widely different operating conditions; by giving
this engine loads as closely as possible to its rating; and
by not changing the train consist over the run, an accur-
ate measure of fuel consumption for any given piece of
track-over a mountain, for example-can be had.

In connection with and bearing directly upon electri-
fication possibilities, such a study has been made of the
track over the Tehachapi Pass, where topographical
and operating conditions are severe; also they are
representative of Mountain Railways on the West
Coast.' .

Engine No. 3614 was selected because the records of
the Fuel Bureau showed it to be an "average performer"
in through freight service. Its characteristics are
given in detail, Figs. .1 and 2. On every run a
different engine crew handled the train, the selec-
tion being by the usual "first in, first out" method
standard on the railway. A trained observer rode the
engine and made all the readings. The train weights,
taken from the yardmaster's reports at the initial points,
were corrected, during the runs, for fuel and water con-
sumed.

Mr. Geo. McCormick, General Superintendent Mo-
tive Power, Southern Pacific Lines, afforded every
facility of his department in the prosecution of the

1. See also TRANSACTIONS, A. I. E. E., Vol. XXXII, p. 1845,
"Mountain Railway Electrification"-Babcock.

To be presented at the Spring Convention, Pittsburgh, Pa.,
April 24-26, 1923.

work; he prepared the engine and made valuable
suggestions.

The division officials inconvenienced themselves many
times to permit a single engine train to run without
change of load over a congested piece of track.

Mr. William Hood, for many years Chief Engineer,
Southern Pacific Co., who located and constructed
this line, named the points at which the track conditions
change in significant fashion. It was found during the
test runs that all engineers handled the trains very
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FIG. 1-SPECIFICATIONS
Cylinders 27% in. x 32 in. Stroke
Weight on drivers 273,000 lb.
Weight on front truck 29,000 lb.
Weight on trailing truck 46,000 lb.
Weight of engine loaded 348.000 lb.
Driving axle journals, front 10 in. x 20 in.
Driving axle journals, main 12 in. x 22 in.
Driving axle journals, others 10 in. x 13 in.
Trailing truck, journals 8 in. x 14 in.
Engine truck journals 6 in. x 12 in.
Boiler tubes, diam. of 2 in. and 5% in.
Boiler tubes, length of 20 ft. 6 in.
Boiler tubes, number of 2 -in. 279
Boiler tubes, number of 5% in. 40
Heating surface of boiler tubes 4130 sq. ft.
Heating surface of super heater 972 sq. ft.
Equiv. H. S. of superheater 1458 sq. ft.
Heating surface of firebox 327 sq. ft.
Equiv. heating surface, total 5915 sq. ft.
Fire box, length inside 120-15/16 in.
Fire box, width inside 753%. in.
Water space sides, back and front 5 in.
Grate area 63 sq. ft.
Boiler pressure 200 lb.
Equiv. heating surf. to cyl. vol. 269
Adhesive wt. to equiv. H. S. 46.2
Tractive effort to adhesive wt 0 . 2392
Adhesive wt. to tractive effort 4.18
Adhesive wt. to total wt. 0.785
Tractive effort x diam. of drivers to equiv. heating

surface 695.0
Equiv. H. S. to tractive effort 0.0906
Total wt. to equiv. H. S. 58.8
Equiv. heat surf. to grate area 93.9
Tractive power (M. E. P. 85 per cent) 63,300

much alike, changing throttle or cutoff at or near the
flags that had been placed at the points selected by Mr.
Hood; from which it was evident that the points so
chosen were really representative. The positions of all
these reference points are given in Fig. 3. Meter
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readings and times were recorded at all grade changes,
(marked by these flags, or by the natural marks at such
points), and at all starts and stops. The fuel oil was
metered through a new two-inch duplex piston type
meter that had been calibrated by weight measure-
ments corrected for temperature. In the final analysis
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Dirnenstons and Weights For Loaded Tender

2 -10,000 -GALLON CYLINDRICAL TENDER
SPECIFICATIONS

Capacity of fuel oil 3120 gal.
Capacity of water 10,030 gal.
Weight of tender empty 64,900 lb.
Weight of 10,030 gallons of water 83,600 lb.
Weight of 3120 gallons of fuel oil 24,960 lb.
Weight of tender loaded 173,460 lb.
Tender axle journals 6 in. x 11 in.
Weight of truck 8,580 lb.
Height from top of rail to bottom of tank (loaded

tender) 2 ft. 934 in.
Height from top of rail to center of gravity (loaded

tender)
Width over front steps 9 ft. 6 in.
Width over back steps 10 ft. 2 r, in.
Extreme width over end sills 9 ft. 10 in.
Diameter of tank outside 8 ft. y, in.
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all fuel measurements were reduced to 60 deg. fahr.
Approximate water measurements were made, not to
determine evaporation, but as correction factors on the
train tonnage. Similar fuel corrections were made.
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The train tonnage, then, is gross weight of train from
engine pilot to caboose markers, everything included.

The result is a complete record of fuel consumption
beginning with the enginehouse firing up and standby
fuel consumption until the engine was called; while
standing outside the house waiting for the train, test-
ing brakes, during acceleration, running up and down
the various grades, holding the train in sidings, and

finally running down hill over long stretches of steep
grade.

In the ordinary system of fuel records all fuel con-
sumed in firing up, standing in the enginehouse and on
the outgoing track up to the time the engineer assumes
responsibility, 1. e., thirty minutes before he is called
to leave the terminal, is charged to enginehouse service;
all consumed from that time until the engine is placed
on the incoming track at the end of the run is charged
to road service.

Such records, brought probably to the highest state
of perfection in the practise of the Southern Pacific Co.,
give merely a method of distribution of charges between
departments, provided a basis of comparison between
present and past performances quite sufficient for
economic operation in pre-war days, but by no means
adequate in these days of intensive economic studies.
No details of performance are uncovered.

These may be divided into three groups:
1. Variation of fuel used in firing up with respect

to feed water temperatures., i. e., losses independent of
the manner in which the engine is used after steam is
raised.

2. Fuel burned in holding the engine under steam at
terminals or on the road; i. e., losses dependent upon
operating staff efficiency rather than upon tonnage, and
independent of speed.

3. Fuel consumption while moving; accelerating,
running, entering and leaving sidings, etc., all of which
are dependent largely upon tonnage, and speed. With
known tonnage, as in these tests, the ton -mile fuel cost
becomes known over widely varying road and running
conditions.

Group 1. For this determination the boiler was filled
to 1/3 gage glass, (engine in enginehouse), with water at
120 deg. fahr. Steam for oil atomizer and blower was
taken from the house steam lines until the boiler pressure
reached 70 lb. gage. Fig. 4. shows fuel with respect
to boiler water temperature and steam "gage pressure.
A second curve shows fuel consumption with time.
Evidently not all the heat in the fuel reached the water
at first because of the cold firebox lining.

From other tests it has been determined that the
atomizer and blower add 14 per cent to the fuel con-
sumption. Therefore, if 14 per cent of the 84 gal. used
up to the time when the boiler furnished its own steam
for these purposes be added to the 119 gal. metered to
the burner to bring the boiler pressure up to 200 lb.
gage, we have 131 gal., total fuel used to raise steam
with feed water at 120 deg. fahr.

If it be assumed, as seems reasonable all things con-
sidered, that the fuel consumption for all practical pur-
poses is proportional to the rise in temperature, the fuel
per degree rise is 47 (210-120), or 0.522 gal.; from
which then can be determined value of storing the heat
from boilers being blown down for washing, to use in
firing up other engines for the road. Thus, to fire up
with feed water at 60 deg., ordinary hydrant water,
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costs 1.14 [(0.522 (212 - 60) + (84 - 47)1 + (119 - 84)
= 167 gal. Similarly for 180 deg. feed water, from a
hot water boiler washing and filling plant; 1.14 [0.522
(212 - 180) ± (84 - 47) I ± (119 - 84) = 96 gal.

With fuel oil at $1.50 per bbl. the 71 gal. saved per
engine fired up amounts to $2.54, but the money saved
by such procedure is even more than is apparent from
the figures, because the time of turning an engine
washed and filled with hot water is, by record, 3M hours
less than the 7 JA to 8 hours required when cold water is
used. Heavy power represents an investment worth
at least $4,00 per hour. It could not be rented for this
figure. Hence the time saved adds $14.00 per engine
turned to the fuel saved, and the total economy then is
$16.54 per engine turned.

Group 2. The upward branch of the time -oil curve,
Fig. 4, shows the fuel required to hold an engine
under steam while standing in the enginehouse where
these tests were made, to be 60 (159 - 119)/ (246 - 108)
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= 17.4 gal. per hour. It is fairly representative of
large engines standing in a well kept enginehouse, no
auxiliaries running.

Power of this class has air reverse gear; hence, if the
engine is standing where occasional movements must be
made, at least one air pump must be cut in. During the
tests it was determined by placing this engine in the
open yard, that oil was used at the average rate of 36.6
gal. per hour. Air temperatures during this period
ranged, roughly, from 20 deg. to 50 deg. fahr., therefore
36.6 - 17.4 = 19.2 gal. is the excess fuel consumed per
engine -hour when standing in the open in ordinary
weather.

Similarly, the fuel cost of standing on sidings with
full tonnage train, is found to be 42.8 gal. per hour.
Since no steam was used for heating in either case,
42.8 - 36.6 = 6.2 gal. is the fuel cost per hour of main-
taining air pressure in the train line, ready for service.

Group 3. The results obtained for the first two
groups are evident upon even a cursory study of the

curves; but to obtain results for the third group a more
rigid treatment is necessary. The reduction of the test
observations in these determinations occupied many
weeks full time of the two observers, (who rode the
engine alternately during the tests), Mr. C .M. Barbour
and Mr. R. S. Twogood, Assistant Engineers, Southern
Pacific Company. Mr. Twogood is responsible for the
details of the test and the analysis of the results. To
him acknowledgments are due for the following pages,
most of which are either taken literally or abstracted
freely from his report.

In the reductions of the observations, the fuel oil
density is taken at 0.96; the heat content 18,000 B. t. u.
per pound. The constants to correct the meter read-
ings for meter error and to reduce to standard tempera-
ture, 60 deg. fahr., are:

Oil Temperature Meter Constant

130 deg. 0.949
120 0.952
110 0.956
100 0.959
90 0.965

The time, fuel meter reading, fuel temperature, and
location of train, were recorded at every start, grade
change or other important point, and stop. The
speeds were determined by counting engine driver
revolutions. All grade changes at other than station
points were marked by white flags-see profile, P. S.
321. Grade compensation for curvature is applied at
0.04 per cent grade per degree of curvature. The
equivalent grades eastbound and westbound for the
same section of track obviously are of opposite sign, and
of different numerical value.

From the log sheets of the trip were tabulated: fuel
metered, fuel consumed, fuel and water in tender; time
running at normal speed, running slowly and standing.
These sheets then were reduced to show . for every sec-
tion of the track: the train weight corrected for fuel and
water consumed, the times between sidings, running
through sidings, running between stations or flag points,
and standing. Then by combination of these elements
there were deduced: Total train resistances, horse power
hours at drivers, thermal horse power -hours based on
actual average thermal efficiency for the trip, and com-
puted fuel vs. actual fuel burned. Based on Schmidt's
tables, the train resistance for level tangent track was
taken at 7 lb. per ton. The average thermal efficiency
was determined from the total horse power -hours and
the fuel burned when moving over sections where the
total resistance was positive. A fair average standard
time and fuel used to fire up, stand by, test air, and put
engine away, were assumed for ail trips.

The average gallons of fuel per thousand ton -miles,
in both directions, for every section of track, but not
corrected for variations in speed within a section, were
determined under actual operating conditions of the
test, and are shown in Fig 5. plotted against equiva-
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lent grade; wherein the curve as drawn has been ad-
justed to give fuel requirements for constant speed.
Thus is shown the fuel cost of acceleration, and how, in
the stop, provided the brakes are not used, a large pro-
portion of the work done in acceleration is made useful
in moving the train over the track. This is indicated
by points on the left of the curve; points on the right
show increase fuel consumptions during acceleration.

It will be of interest to follow a train from Kern
Junction to Summit. All freight trains stop at Kern
Junction to check the register, and for orders. The.
grade from Kern Junction to Magunden being light, the
acceleration is high, and the speed at Magunden
averaged about 38 miles per hour. According to the
curve the fuel consumption per 1000 ton -miles on a
0.1 per cent grade at constant speed would be 10.25
gallons. The actual fuel consumption as shown by
"A" is 16.29 gallons. The difference (16.29 - 10.25
= 6.04) represents the fuel cost of acceleration. The
grade from Magunden to Edison is 0.83 per cent. The
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speed of the train was reduced from about 38 miles to
30 miles per hour. According to the curve the fuel
consumption should be 20.75 gallons, but the actual
fuel consumption is 16.43 gallons. The difference
(20.75 - 16.43 = 4.32) represents the fuel saved by
using a part of the kinetic energy in the train. From
Edison to Flag No. 1 the grade is increased to 1.16 per
cent, the speed of the train is reduced to about 26 miles
per hour, and point "C" is at the left of the curve.
From Flag No. 1 to Flag No.2 the grade is -1.22 per cent,
the speed of the train is increased to 38 miles per hour,
the kinetic energy is increased, and point "D" is at the
right of the curve. From Flag No. 2 to Flag No. 3 the
grade is 0.89 per cent, the speed is reduced to 31 miles
per hour, and point "E" is at the left of the curve.
From Flag No. 3 to Flag No. 4 the grade is 2.21 per
cent, the speed is reduced to 17 miles per hour, and
point "F" is at the left of the curve. From Flag No. 4
to Flag No. 5 the grade is 1.14 per cent, the speed
is increased to 20 miles per hour, and point "G" is at the

right of the curve. From Flag No. 5 to Flag No..6 the
grade is 2.31 per cent, the distance is over 23 miles, the
drop in speed from 20 to 12 miles per hour has very
little effect on the total fuel burned, and point "H" is on
the curve. From Flag No. 6 to Tehachapi, the grade
is 1.24 per cent, and although the train accelerated after
passing Flag No. 6, which would tend to increase the
fuel consumption, the train was brought to rest at
Tehachapi and the kinetic energy in the train offset a
part of the fuel that would have been burned at constant
speed, and point "I" falls to the left of the curve. From
Tehachapi to Summit the grade is 0.62 per cent. The
train started from rest, therefore due to acceleration
point "J" falls to the right of the curve. It is of interest
to note that the actual test data illustrate the well
known fact that kinetic energy can be exchanged for
fuel and fuel for kinetic energy.

It is not considered that the results of this test
should be depended upon for slight grades either positive
or negative, because there is no section of level track
between Bakersfield and Mojave. The curve has
therefore been drawn with solid lines for grades greater
than 0.5 per cent, both positive and negative, and dotted
between these two grades. The dotted part of the
curve should not be depended upon for accurate results.

A locomotive of lower thermal efficiency than the No.
3614 would burn more fuel for any given grade than
that shown on the curve. The result would be a
flatter curve. On the other hand a locomotive of
higher thermal efficiency would burn less fuel than
shown and the curve would be steeper. It is, therefore,
apparent that the slope of the curve is a function of the
efficiency, and the steeper the curve the higher the
efficiency.

From the curve, the fuel required per 1000 ton -miles
on a 2 per cent grade equals 38.0 gallons, and for a one
per cent grade equals 23.3 gallons. The difference
(38.0 - 23.3 = 14.7) represents the fuel burned moving
a 1000 ton train one mile over a one per cent grade with-
out friction; because both the 38.0 and the 23.3 gallons
are for grade resistance plus train friction, the train
friction being the same in each case, the difference .is
for a differential grade resistance of one per cent. A
one per cent grade resistance is 20 pounds per ton.
Then the work done in moving the given train one mile
over a one per cent grade without friction equals 20 X
1000 x 5280 = 105,600,000 foot pounds. This re-
quired 14.7 gallons of fuel or 14.7 X 8 X 18,000 X
778.1 = 1,647,082,080 foot pounds. The thermal effi-
ciency equals 105,600,000/1,647,082,080 = 0.0641, or
6.41 per cent. It will be seen at once that this method
of determining engine thermal efficiency is independent
of train resistance at driver tires which, at best, is
difficult to determine accurately.

The method used above for determining efficiency is
based on a known weight of train, a known grade
resistance and test values for fuel consumption, and
should be very nearly correct.
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The fuel burned on a one per cent grade for grade and
train resistance is 23.3 gallons. If the train resistance
equals X then:

(20 + X)/X = 23.3/(23.3 - 14.7)
. From which X equals 11.7 pounds per ton.

This does not check with the assumed 7 pounds per
ton, shown in Table V, because the 7 pounds covers
only rolling friction, and the 11.7 pounds is for rolling
friction plus locomotive internal friction, such as pistons,
valves, and other engine parts. If Schmidt's 7 pounds
is correct for the rolling friction then the difference,
(11.7 - 7), 4.7, is the locomotive internal friction; this
friction for the given train of 1000 tons is equal to a
drawbar pull of 4.7 x 1000 = 4700 pounds, or about
9.0 per cent of the total drawbar pull on the maximum
grade of 2.31 per cent from Flag No. 5 to Flag No. 6.

As the negative grade increases, the fuel consumption
is reduced until the negative grade resistance is numeri-
cally equal to the total frictional resistance of train and
engine. The minimum fuel consumption of 2.5 gallons
per mile as shown on the curve represents standby
losses and should be about equal to the fuel burned
standing on a siding with the train, which is 42.8 gallons
per hour. Then 42.8 / 2.5 = 17.1 is the drifting speed
of the train in miles per hour, that corresponds to the
minimum consumption of fuel. The down grade speed
limit for freight trains by order is 18 miles per hour.
Evidently, then, there is a good compliance with orders.
For heavy negative grades the fuel consumption is again
increased, for pumping air for braking purposes.

The over-all efficiency determined by this test was
5.57 per cent. It is the ratio of the integrated foot-
pounds of work done by the engine whenever the draw-
bar pull was positive, to the total energy in the fuel used
over the same time. Apparently it is constant for all
grades greater than 0.5 per cent.

For a long time it has been known that drifting as
much as possible saves fuel. Except on positive grades
only, seldom is it possible to drift to rest. Fig. 6
gives a measure of the saving that may be made by
taking advantage of favorable opportunities. The
kinetic energy, in terms of fuel, in a 1000 ton train
moving at 50 miles per hour equals 27.74 gallons. If
the engineer makes a sudden stop by heavy braking the
greater part of this 27.74 gallons is lost in heat at the
brake shoes. If his train schedule will permit him to
drift down to 25 miles per hour before applying brakes
the fuel equivalent for kinetic energy is 6.93 gallons,
and 20.81 gallons of fuel will be saved. The curve
shows that drifting to one-half of the normal running
speed before applying brakes saves 75 per cent of the
fuel equivalent for kinetic energy.

There has been much discussion of the question which
train should take siding, when trains meet on a single-
track line, that the maximum fuel economy should
result. Many elements, other than fuel, enter into the
total cost. The fuel burned chargeable to the meet is
for two purposes; first for slowing down or stopping to

throw switches, and second, for standby while waiting
for the other train. The standby losses depend upon
time rather than tonnage and have been discussed
previously in the second group of factors.

As long as every movement of the train is in the
normal direction that the train is traveling, only the
extra fuel required for slow -downs or stops should be
charged against the meet. Table III gives gallons
of fuel burned running through sidings, distance in feet
through sidings, weight of train, gallons of fuel that
would have been burned moving the same distance on
the main line, and the extra fuel burned. An analysis
of results indicates that taking siding on a heavy grade
was quite different from taking siding on a medium
grade. The first group in Table No. 3 is for grades over
2 per cent, and the second group for grades less than12
per cent. The average fuel cost of taking siding on
grades of over 2 per cent is 18.3 gallons. For grades
materially less than 2 per cent no extra fuel was burned.
The trains do not move at a speed of over 12 miles per
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hour up heavy grades, so that the fuel required for
acceleration is less than 2 gallons per 1000 ton train.
Brakes are applied to hold the train rather than to stop
the train. It is believed therefore that the extra fuel
burned taking siding on heavy grades is due to the fact
that the slow, heavy starting and pulling works the engine
beyond its most efficient point, and in several cases the
locomotive slipped its wheels. On light grades a freight
train moves at a speed of 20 to 35 miles per hour. But
trains take siding at low speed on all grades. The
drawbar pull per ton is greater at high speed than at low
speed, and the fuel saved by moving through sidings at
a low and more efficient speed offsets the fuel loss due
to braking. It is felt that these results should be ap-
plied in general with caution, because fuel used varied
between wide limits.

The engineer is held responsible for the fuel charged
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TABLE I.
(MADE AND CURVATURE-TEHACHAPI

EASTBOUND

Location
Distance

Miles
Rise
Feet

Total
Curvature

Degrees

Average
Oracle

Per cent
From To

Jet. Magunden 3.4 17.8 .. 0.10inden Edison 3.1 135.7 .. 0.83on Flag 1 5.62 342.9 17.5 1.161 Flag 2 1.004 -88.9 99.3 -1.302 Flag 3 6.225 268.9 589.5 0.823 Flag 4 0.892 89.0 376.3 1.894 Flag 5 2.179 115.0 417.5 1.005 Flag 6 23.355 2575.0 6751.0 2.096 Tehachapi 1.225 79.5 17.6 1.23chapl Summit 1.8 58.5 .. 0.62nit Flag 7 2.078 -46.0 .. -0.427 Flag 8 1.136 -65.0 13.6 -1.0S8 Proctor 1.486 5.5 40.4 0.07or Flag 9 1.488 -39.5 .. -0.509 Flag 10 0.852 -80.0 98.3 -1.7810 Flag 11 1.914 -50.0 27.9 -0.5011 Flag 12 I 8.637 -960.00 547.7 -2.10

Average
Curvature

Degrees
- -

0.06
1.9

1.8

8.0
3.6
5.48
0.3

0.2
0.6

2.2
0.3
1.2

Per cent tirade,
Correction Equivalent

for tirade
Curvature* Per cent

- -
0.10
0.8:3
1.16

0.08 -1.22
0.07 0.89
0.32 2.21
0.14 1.14
0.22 2.31
0.01 1.24

0.62
-0.42

0.01 -1.07
0.02 0.09

-0.50
0.09 -1.69
0.01 -0.49
0.05 -2.05Total distance 67.8

*Correction for curvature is 0.04 per cent grade for each degree of average curvature.

TABLE 1 (Continued)

WESTBOUND

Location
Distance

Miles
Rise
Feet

Total
Curvature

Degrees

Average
Grade

Per cent

Average
Curvature

Degrees

Per cent Grade
Correction

for
Curvature

Equivalent
Grade

Per cent
From I To

Flag 12 Flag 11 8.637 960.0 547.7 2.10 1.2 0.05 2.15Flag 11 Flag 10 1.914 50.0 27.9 0.50 0.3 0.01 0.51Flag 10 Flag 9 0.852 80.0 98.3 1.78 2.2 0.09 1.87Flag 9 Proctor 1.488 39.5 0.50 0.50Proctor Flag 8 1.486 -5.5 46.4 -0.07 0.6 0.02 -0.05Flag 8 Flag 7 1.136 65.0 13.6 1.08 0.2 0.01 1.09Flag 7 Summit 2.078 46.0 0.42 0.42Summit Tehachapi 1.8 -58.5 -0.62 -0.62Tehachapi Flag 6 1.225 -79.5 17.5 -1.23 0.3 0.01 -1.22Flag 6 Flag 5 23.355 -2575.0 6751.0 -2.09 5.48 0.22 -1.87Flag 5 Flag 4 2.179 -115.00 417.5 -1.00 3.6 0.14 -0.86Flag 4 Flag 3 0.892 -89.0 376.3 -1.89 8.0 0.32 -1.57Flag 3 Flag 2 6.225 -268.9 589.5 -0.82 1.8 0.07 -0.75Flag 2 Flag 1 1.004 68.9 99.3 1.30 1.9 0.08 1.38Flag 1. Edison 5.62 -342.9 17.5 -1.16 0.06 -1.16Edison Magunden 3.1 -135.7 -0.83 -0.83Magunden Kern 3.4 -17.8 -0.10 -0.10

TABLE II.
FUEL PER 1000 TON-MILES-TEHACHAPI

Section

Gallons of Fuel per 1000
Ton -Miles

Eastbound Westbound

Kern Jet. Magunden 16.29 6.31
Magunden Edison 16.43 2.93
Edison Flag 1 20.86 3.13
Flag 1 Flag 2 6.11 21.03
Flag 2 Flag 3 16.31 3.50
Flag 3 Flag 4 30.71 2.24
Flag 4 Flag 5 26.39 3.35
Flag 5 Flag 6 42.43 2.77
Flag 6 Tehachapi 23.17 4.71
Tehachapi Summit 20.59 4.24
Summit Flag 7 5.62 15.19
Flag 7 Flag 8 1.62 15.33
Flag 8 Proctor 6.73 11.27
Proctor Flag 9 4.35 22.14
Flag 9 Flag 10 2.70 27.17
Flag 10 Flag 11 4.30 19.82
Flag 11 Flag 12 3.06 46.56

to road service. Part of this fuel is burned in the
actual progression of the train; the remainder is burned
in locomotive or train movements incident thereto.
The fuel burned in actual train movements depends
upon the efficiency of the locomotive and the skill of
the engineer. The fuel burned for miscellaneous pur-
poses depends upon traffic conditions and the general
efficiency of the division organization in handling
traffic. In this discussion the ratio between the fuel
burned moving the train and the total fuel charged to
road service is called "Operating Efficiency, Fuel."
The operating efficiencies for each trip, averages east-
bound and westbound, and for all test trips, are shown
in Table IV.

Such a ratio is a measure of the operating efficiency
of the division organization. The high value deter-
mined by this test, 92.5 per cent, indicates a cooperation
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TABLE III.

FUEL COST OF MEET PER 1000 TON TRAIN-TEHACHAPI

Fuel Fuel for

Burned Distance Equivalent Fuel

Through Through Weight Fuel per Distance Cost of

Siding Siding of Train 1000 Tons Main Line Meet
Station

Trip Gallons Feet Tons Gallons Gallons Gallons

GRADES OVER 2 PER CENT
2-E 44 4374 1030 42.7 34.Q 8.7 Allard

Woodford
4-E 70 4544 1018 68.8 35.2 33.6

Woodford
6-E 45 4544 1001 45.0 35.2 9.8

Woodford
7-E 45 4544 1021 44.0 35.2 8.8.

Woodford
8--E 51 4544 1018 50.2 35.2 15.0

Rowen
9-E 89 5468 1020 87.2 42.4 44.8

Cable9-E 45 4291 1019 44.2 33.4 10.8
Warren

3-W 40 4013 1067 37.5 31.1 6.4
Fram

7-W 65 4287 1089 59.7 33.2 26.5

__. .

Totals 9283
Average 1031 18.3 per 1000 ton train.

LIGHT GRADES

1-E
1-E
4-E
8-W

25
18
21
22

4411
4305
4411
5315

1021
1016
1020
1064

24.5
17.7
20.6
20.6

20.0
26.1
20.0
22.2

4.5
6.4
0.6

-1.6

Bena
Union
Bena
Cameron

Total -2.9
Average -0.7

TABLE IV.
OPERATING EFFICIENCY-FUEL-TEHACHAPI

Ratio between fuel burned moving train and total fuel burned from 30
minutes before leaving initial terminal until 10 minutes after arrival at
home terminal.

Trip
Operating
Efficiency
Per Cent

1-E 92.6
2-E 96.1
3-E 96.5
4-E 93.9
6-E 89.5
7-E 95.1
8-E 95.7
9-E 95.2

Average Eastbound 94.3
1-W 88.3
3-W 90.7
4-W 87.1
5-W 87.7
6-W 93.0
7-W 89.6
8-W 85.1

Average Westbound 88.7
Weighted Average

Eastbound and
Westbound 92.5

between dispatchers and train crews not often realized.
It indicates also a very small margin of possible gain
between steam locomotives, well handled, and the
theoretical limit of the electric locomotive, 100 per cent
less engine auxiliaries. A second track would un-
doubtedly raise this ratio; but single-track operation
does not excuse a low efficiency.

Many changes have been made in locomotive design
during the past few years. Larger units, higher boiler
pressure, superheaters, and, more recently, the addition
of feed water heaters and boosters, have gone a long
way toward increasing efficiency. Though the loco-
motive used for this test is one of the well known types
for heavy mountain service, and was tested under its
most economical load, yet the average thermal efficiency
is legs than 6 per cent; hence a slight numerical increase in

this efficiency would result in a tremendous saving in
fuel. For example, the Super Power Survey showed an
expected fuel saving of 67 per cent in freight service,
which means a thermal efficiency of about 8.5 per cent.
Whether in electric service such a point is within reach,
others must determine. In making such comparisons
it is necessary to take account of the ratio, revenue
freight weight to total train weight. In this study it
was 0.743. In electric service it may be very different.
The mechanical engineers of this country will hardly
admit that they are satisfied with even the best engine
yet designed. The efficiency determined during this test

TABLE V.
LOCOMOTIVE THERMAL EFFICIENCY-TEHACHAPI

FOR A TRAIN OF 1000 TONS -EASTBOUND

Location Distance
Equiva-

lent
Grade

Per Cent
C

tirade
Resist-
ance

Lb./Ton
D

C X 20

Total
Resist -
ance

Lb./Ton
E

D + 7
From To

Miles
A

Feet
B

Firing up 90 min.. .. . . .. .. . .

Standby 60 min. . . .. ..
Testing air 30 min. .. .. ..
Bakersfield Kern Jct. 0.7 3700 0.07 1.4 8.4
Kern Jct. Magunden 3.4 17950 0.1 2.0 9.0
Magunden Edison 3.1 16370 0.83 16.6 23.6
Edison Flag 1 5.62 29670 1.16 23.2 30.2
Flag 1 Flag 2 1.004 5300 -1.22 -24.4 -17.4
Flag 2 Flag 3 6.225 32860 0.89 17.8 24.8
Flag 3 Flag 4 0.892 4710 2.21 44.2 51.2
Flag 4 Flag 5 2.179 11500 1.14 22,8 29.8
Flag 5 Flag 6 23.355 123300 2.31 46.2 53.2
Flag 6 Tehachapi 1.225 6470 1.24 24.8 31.8
Tehachapi Summit 1.8 9500 0.62 12.4 19.4
Summit Flag 7 2.078 10970 -0.42 -8.4 -1.4
Flag 7 Flag 8 1.136 6000 -1.07 -21.4 -14.4
Flag 8 Proctor 1.486 7850 0.09 1.8 8.8
Proctor Flag 9 1.488 7860 -0.50 -10.0 -3.0
Flag 9 Flag 10 0.852 4500 -1.69 -33.8 -26.8
Flag 10 Flag 11 1.914 10100 -0.49 -9.8 -2.8
Flag 11 Flag 12 8.637 45600 -2.05 -41.0 -34.0
Flag 12 Mojave 0.709 3740 . -1.15 -23.0 -16.0
Mojave to Enginehouse 60 min. . .. . .

Standing at Stations 80 min. .... .. ..
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is lower than many published values, but, as a rule,
such tests are made with picked locomotives, especially
adjusted for the test and operated by the best crews.

It is not desired to give the impression that the values
of factors given as the result of this investigation are
absolute and applicable to all conditions. It is believed
that this method of testing attacks the problem from
an entirely different angle, from which it is possible to
make, of certain factors, analysis in detail that has not
been possible by other methods.

TABLE V. PART 2
EASTBOUND

Distance
Miles

A

Total
Weight

of Train
Tons

F

Total
Tractive
Effort
Pounds

G
E X F

Million
Ft. Lb.

at Drivers
Constant

Speed
H

B X G/106

H. P. Hrs.
at Drivers
Constant

Speed
I

H/1.98

Thermal
H. P. Hrs.

for 5.57
Per cent
Efficiency
J+ only
1/0.0557

Computed
Fuel

Gallons
K

J/0.0176.5

.. .. .. 90.0.. .. .. 20.0.. .. .. .. 21.00.7 1000 8400 31.1 15.7 281.8 4.93.4 1000 9000 161.6 81.6 1464.0 25.53.1 1000 23600 386.3 195.1 3502.0 60.95.62 1000 30200 896.0 452.6 8121.0 141.41.004 1000 -17400 -92.2 -46.6 .. 6.06.225 1000 24800 815.0 411.7 7390.0 128.60.892 1000 51200 281.2 121.8 2186.0 38.12.179 1000 29800 342.7 173.1 3106.5 54.123.355 1000 53200 6559.0 3312.0 59455.0 1034.71.225 1000 31800 205.3 103.9 1865.0 32.51.8 1000 19400 184.3 93.1 1671.0 29.12.078 1000 -1400 -15.4 -7.8 .. 11.01.136 1000 -14400 -86.4 -43.6 .. 2.51.486 1000 8800 69.1 34.9 626.3 10.91.488 1000 -3000 -23.6 -11.9 .. 7.00.852 1000 =26800 -120.6 -60.9 2.51.914 1000 -2800 -28.3 -14.3 .. 8.58.637 1000 -34000 -1551.0 -783.0 .. 29.70.709 1000 -16000 -59.8 -30.2 .. 4.7
. .. 20.0

.. 57.0

1840.6

TABLE V. PART 3
LOCOMOTIVE THERMAL EFFICIENCY-TEHACHAPI

FOR A TRAIN OF 1000 TONS -WESTBOUND

Location Distance

Feet
B

Equiva-
lent

Grade
Per Cent

C

Grade
Resist-
ance

Lb/Ton
D

C

Total
Resist -
ance

Lb/Ton
E

D +7
From To

Miles
A

Firing up 60 min ..
Standby 30 min. . .. .. ..
Testing air 30 min .. .. .. .. ..
Mojave Flag 12 0.709 3740 1.15 23.0 30.0
Flag 12 Flag 11 8.637 45600 2.15 43.0 50.0
Flag 11 Flag 10 1.914 10100 0.51 10.2 17.2
Flag 10 Flag 9 0.852 4500 1.87 37.4 44.4
Flag 9 Proctor 1.488 7860 0.50 10.0 17.0
Proctor Flag 8 1.486 7850 -0.05 -1.0 6.0
Flag 8 Flag 7 1.136 6000 1.09 21.8 28.8
Flag 7 Summit 2.078 10970 0.42 8.4 15.4
Summit Tehachapi 1.8 9500 -0.62 -12.4 -5.4
Tehachapi Flag 6 1.225 6470 -1.22 -24.4 -17.4
Flag 6 Flag 5 23.355 123300 -1.87 -37.4 -30.4
Flag 5 Flag 4 2.179 11500 -0.86 -17.2 -10.2
Flag 4 Flag 3 0.892 4710 -1.57 -31.4 -24.4
Flag 3 Flag 2 6.225 32860 -0.75 -15.0 -8.0
Flag 2 Flag 1 1.004 5300 1.38 27.6 34.6
Flag 1 Edison 5.62 29670 -1.16 -23.2 -16.2
Edison Magunden 3.1 16370 -0.83 -16.6 -9.6
Magunden Kern Jct. 3.4 17950 -0.10 -2.0 .5.0
Kern Jct. Bakersfield 0.7 3700 -0.07 -1.4 5.6
Bakersfield to Enginehouse 60 min .. .. ..
ar.,...ii,....t at:of-Inn 166 min .. .. ..

TABLE
WESTBOUND

V. PART 4

Thermal
Total Total Ft. Lb. II. I'. firs. H. P. Hrs.

Weight. Tractive at Drivers at Drivers for 5.57 ComputedDistance or Train Effort Constant Constant Per cent FuelMiles Tons Pounds Speed Speed Efficiency Gallons
A (; Ii 1 I + only K

E x B x 106 11/1.98 1/0.0557 J/0.01765

90.0
10.0
21.00.709 1000 30000 112.2 50.7 1017.5 17.78.637 1000 50000 2281.0 1151.5 20670.0 259.71.914 1000 17200 173.8 87.7 1574.7 27.40.852 1000 44400 199.3 101.0 1811.3 3161.488 1000 17000 . 133.6 67.5 1211.2 21.11.486 1000 6000 47.1 23.8 427.1 7.41.136 1000 28800 172.8 87.3 1566.7 27.32.078 1000 15400 169.0 85.3 1531.7 26.61.8 1000 -5400 -51.3 -25.9 9.91.225 1000 -17400 -112.6 -56.9 6.823.355 1000 -30400 -3748.0 -1892.5 86.22.179 1000 -10200 -117.3 -59.2 9.10.892 1000 -24400 -115.0 -58.0 2.16.225 1000 -8000 -262.9 -132.8 26.01.004 1000 34600 183.4 92.6 166.7 28.95.62 1000 -16200 -480.7 -242.7 24.23.1 1000 -9600 -157.2 -79.3 10.53.4 1000 5000 89.8 45.3 813.7 14.10.7 1000 5600 20.7 10.5 187.8 3.3

20.0
75.5

956.4

Undiscriminating application of the results of this
study easily may produce extremely inaccurate results;
for example, where the conditions surrounding the
particular problem bear only a remote resemblance to
those of the line over which the tests were made.
Weather, grade, service and many other conditions have
their effect upon train operation. Similar tests should
be made in passenger and freight, mountain and valley
service, also with other types of power.

LIST OF FACTORS
Unit Value

First Group
Fuel to fire up with water at 60 deg. fahr.. Gallons 167
Fuel to fire up with water at 120 deg. fahr. Gallons 131
Fuel to fire up with water at 180 deg. fahr. Gallons 96

Second Group
Fuel to hold under steam, in enginehouse,

without auxiliaries -per hour
Fuel to hold under steam, out-of-doors,

with auxiliaries -per hour
Fuel to hold train. on siding-per hour.. .

Third Group
Train resistance -Hood & Schmidt
Total train and locomotive resistance-

level track
Average overall thermal efficiency
Maximum overall thermal efficiency .

Fuel per 1000 ton miles per per -cent grade
without friction

Locomotive internal friction in terms of
maximum drawbar pull

Fuel cost of meet per 1000 ton train on
grades of 2 per cent or over

.Fuel cost of meet per 1000 ton train on
light grades

Average Operating Efficiency -Fuel

Gallons 17.4

Gallons 36.6
Gallons 42.8

Pounds 7

Pounds 11.7
Per cent. 5.57
Per cent 6.41

Gallons 14.7

Per cent 9

Gallons 18.3

Gallons 0.0
Per cent 92.5



The Production of Porcelain for Electrical Insulation -I
BY FRANK H. RIDDLE

Associate of A. I. E. E.
Director of Research, Champion Porcelain Company and Jeffery-Dewitt Insulator Company

President of the American Ceramic Society

Review of the Subject.-This series of articles is presented
with a view of acquainting the electrical engineer with the coin-,
position of porcelain, the raw materials, and processes employed
in its manufacture, and with the structure and the physical prop-
erties of the finished product. The principles underlying the art
will be discussed as well as the reasons for using certain materials
or certain processes.

Recent developments in porcelain for automotive purposes have

clearly demonstrated that the transmission porcelain of the future
will be an improvement over that of the porcelain of today, provided
however, that the consumer of transmission porcelain will be willing
to pay the increased cost, or provided the manufacturer will be able
to lower his cost on the improved product when sufficiently developed.

The fact that the porcelain used in transmission work today would
make only inferior spark plugs makes it safe to predict this future
improvement in transmission porcelain.

The present article deals briefly with the history of porcelain andl
its definition.

Generally porcelain is irade of a mixture of ground feldspar, a
mineral which melts to glass and makes the porcelain vitreous when
fired; clay which makes it possible to form the unfired porcelain
and have it retain its shape; and fine silica sand or quartz which acts
as a filler or non -plastic material. These three materials are
mentioned several times before they are described in detail but this
brief description is sufficient for the present.

The beginning of a description of ceramic raw materials is
given.

The writer wishes to -express his thanks to Mr. A. V. Bleininger
for his cooperation and suggestions in pre paring these articles.
Also to Prof. Albert Peck for his ussiNtuocc in preparing and dis-
cussing the photomicrographs.

* * *

HISTORY

PORCELAIN is known to have been made by the
Chinese about 1000 years ago. They developed
the art to a high plane of artistic excellence. It

was this porcelain, which, when brought to Europe,
caused many potters in a number of countries to at-
tempt its reproduction. - For centuries these attempts
proved unsuccessful and the best that could be done by
the Italian, French, and Dutch schools of artisans and
artists was to create a type of faience pottery in which
the coarse color of the clay body was hidden by an
opaque, white enamel containing tin oxide. It was not
until 1709 that Boettcher discovered the use of kaolin
and first made a yellowish but vitrified material which
could be considered a type of porcelain. In England
Josiah Wedgwood in 1759 produced a type of semi -
vitreous pottery, known as Queens Ware. In France
at a much later date a frit porcelain was made in which
kaolin and ground quartz were cemented together in
firing by means of a fusible glass or frit. The knowledge
of the art of porcelain making soon spread over Europe
and finally resulted in two types: the so-called hard
porcelain of continental Europe, composed of kaolin
or clay, ground quartz. and feldspar, a mixture which is
vitrified at about 1400 deg. cent. (2552 deg. fahr. a
bright white heat) ; and the bone china of England,
consisting of white burning clay, feldspar, introduced
through the so-called Cornish stone, and calcined or
burned bone ash. The latter porcelain known as bone
china is caused to vitrify at about 1280 deg. cent.
(2336. deg. Fahr.). For electrical purposes only the
hard porcelain is used in Europe; however, the American
product although made at slightly lower temperatures
than 1400 deg. cent. is considered superior.

In the United States porcelain for electrical insulation
was developed about 1895 from the so-called semi -
vitreous tableware, composed approximately of 50 per

cent of kaolin and 'ball clay, 14 per cent of feldspar and
36 per cent of ground quartz. By reducing the con-
tent of quartz and increasing that of feldspar, a vitrified
body was produced which matured at about 1330 deg.
cent. (2426 deg. fahr.). In such a composition the
amounts of feldspar and quartz are approximately 30
and 20 per cent respectively.

FIG. 1-CLAY MINING OPERATION
Usually clays have to be washed or cleansed before being shipped to the

consumer. Sand and other coarse particles are settled out in water. the
fine clay being floated and later de -watered.

DEFINITION OF PORCELAIN

The general composition of porcelain has already
been indicated as being essentially a mixture of clay
substance, principally kaolin, feldspar and quartz.
These minerals, intimately blended, are fired to a
temperature at which the feldspar fuses to a glass and
in doing so cements together the two more refractory
constituents. Porcelain may thus be said to be an
agglomerate of clay and quartz held together in a
matrix of molten feldspar at least as far as the lower
firing temperatures of the usual tableware porcelains
are concerned. Such a mass is non-absorbent, i. e.,
when immersed in water, even under diminished pres-
sure, practically none is taken up. Again, thin sections
of the material transmit some light thus showing that
there is present a continuous translucent glass phase.

343
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These two qualities then are peculiar to porcelain.
The color of the material is generally but not necessarily
white. Examining a thin petrographic section' of
porcelain under the microscope, especially with polarized
light,' we are able to discern the fragments of fine
quartz surrounded by glass and clay substance which
may or may not be dissociated into a new crystalline
mineral constituent. It will also be noted that the
quartz grains are subject to a solution process inasmuch
as many of them have lost their sharp edges and have
become rounded. Indeed, very fine grains may disap-
pear altogether. It is evident therefore that the feld-
spar glass behaves as a powerful solvent, tending to
dissolve the quartz. This solution may actually be
carried to completion in high fire porcelains.

At the temperatures to which transmission porcelain
is burned 1350 deg. cent. to 1390 deg. cent. (2462 deg.
fahr. to 2502 deg. fahr.) the solution of the quartz
has become quite noticeable and the crystalline de-
velopment shows more distinctly particularly at the
higher temperature mentioned..

. Parallel with the dissolving of the quartz goes the
dissociation of the clay substance into a new and fre-
quently crystalline compound, sillimanite,3 (sil'li-man-
ite) which may be plainly recognized under the mi-
troscope.

But both the solution of quartz and the formation of
sillimanite are not necessary qualifications of a porce-

1. A thin transparent section of the specimen (about 0.001
inch thick) for use under the microscope for studying the struc-
ture and mineralogical constituents of same.

2. "Mineralogy" by Kraus and Hunt, p. 107 state in part as
follows:

"Nature of Polarized Light-According to the undulatory
theory, light is assumed to be a form of energy transmitted in
waves in the ether, which pervades all things and space. The
propagation of light takes place according to the laws of wave
motion, the ether particles vibrating at right angles to the direc-
tion of propagation. The velocity of propagation has been
determined to be about 186,000 miles per second.

"In the ease of ordinary light, the vibration of the ether
particles takes place in a plane at right angles to the direction in
Which the light is propagated, but the vibration direction in this
plane is constantly changing.

"In plane polarized light, the vibrations take place in a definite
direction within the plane and at right angles to the direction of
propagation. Plane polarized light may be produced in three
ways."

Certain substances are transparent to vibrations in one plane,
and opaque to those in the plane at right angles to this, so that in
transmitting the light those vibrations are selected to which this
plane corresponds. The plane of polarization is altered or
rotated by the passage of polarized light through a quartz crystal
built into the microscope. Owing to interferences, crystals show
remarkable colors when polarized light is passed through them and
it is hence valuable in the investigation of rock structure.

3. Sillimanite will be described in detail later. It is of
interest at this time to note briefly that clay contains one atom
of alumina and two of silica and that, at the proper firing tem-
perature this breaks up or dissociates into the sillimanite crystal
made up of one atom of alumina and one atom of silica, the other
atom of silica going into solution in the glassy feldspar.

A1203, 2 SiO2 + heat = A1203, SiO2 (Sillimanite) Si02

lain, nor is it necessary that feldspar should be present
or even quartz. It is quite possible to produce the
incipient fusion required by means of other fluxes and
it is equally true that quartz may be replaced by other
mineral constituents of a more or less inert nature.
Clay, on the other hand, is a necessary component
since its presence is indispensable in the initial molding
of the ware. We might define porcelain then to be a
ceramic product usually light colored, which is com-
pletely vitrified and is translucent in thin sections.

It is evident from what has already been said that
porcelains may have a wide range of composition and
that hence there must necessarily be a variety of types
which possess certain characteristics. As the composi-
tion varies so must also the firing temperature vary
since it is evident that a material carrying a high per-
centage of feldspar can be matured, or properly fired to
a vitreous porcelain, at a lower temperature than one
with less flux. Accordingly we may have porcelains
high or low in clay substance, high or low in fluxes and

FIG. 2-QUARRYING FELDSPAR.
This material is later ground extremely fine and incorporated into the

mixture with clay and ground quartz. It acts as a flux melting to a glass.
when the ware is tired in kilns, and not only binding or cementing the
particles of clay and quartz together to form porcelain but also actually
dissolving part of the other ingredients and forming new compounds.

high or low in quartz. The properties of one porcelain
shade into those of another with gradual changes in
composition.

CERAMIC RAW MATERIALS

The principal raw materials of porcelain are clay,
feldspar and quartz but there are to be considered also
other constituents, such as calcium carbonate, mag-
nesium carbonate, alumina, zirconium oxide, zir-
conium silicate and sillimanite, which are coming into
use for special purposes in the modern development of
the art.

CLAYS

There are to be considered principally two types,
the less plastic, very white burning materials known as
kaolins or china clays, and the very plastic, creamish
or yellow burning, ball clays.

The kaolins may again be divided into two classes,
those of primary, geological origin and those laid down
as secondary deposits. The former type of kaolin is
found in contact with the parent, igneous rock, from
which it has been formed through natural decomposition
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processes. It is generally accepted that these clays are
formed from the feldspar minerals which may be repre-
sented by the mineral orthoclase or microcline, K2 0
A1203 6Si02. The feldspar, through leaching processes,
is finally converted to the hydrous mineral, A1203
2Si02 2H20, known as kaolin, corresponding to the
percentage composition of 47 silica, 39 alumina and 14
of chemically combined water. The decomposition
process extends usually to the surface depths of the
original granite or other type of igenous rock but in
some localities as in Cornwall, England, the gaseous
-agencies at work arose from deep seated sources. In
this locality therefore the deposits are deeper than
those found in the United States, in North Carolina,
Maryland and Pennsylvania.

The primary kaolins are composed of crystalline
kaolin fragments but to a still greater extent of particles
which are so small that they can be barely recognized
under the high -power microscope and which cling to-
gether to form aggregates or clusters. The plasticity
or the property which enables the kaolin to be molded is
sufficient for the purpose but the bonding power of the
material, that is, its power to cement together inert,
non -plastic particles is quite feeble. This is to be
ascribed to the fact that the component particles; while
very small, still are larger than those making up the
other types of clay and are of the order of 0.005 mm.
(0.0002 inch) in diameter. We are dealing hence with
a coarsely dispersed system of clay grains, and the
mass requires about 30 per cent of water, expressed in
terms of the dry weight of the clay in assuming the
plastic state. A clay is said to be in the plastic state
when it is wet enough to be modeled into any desired
shape. These kaolins yield up their water readily upon
drying and contract in volume, proportionately to the
amount of water evaporated, down to the point at
which the clay particles come in actual contact. The
water which is driven off during the contraction is
called shrinkage water and that remaining, pore water,
as it fills the pores between the particles of clay after
they have come in contact. The rate of evaporation
of most of the water held by clay is practically equal to
that of free water.

The kaolins laid down as secondary deposits are
primary materials removed from the original place of
deposition by the action of water currents. During
this transportation process the clays necessarily come
in contact with iron carrying minerals and hence become
more or less contaminated by them. In addition the
attrition and grinding action involved has brought about
a decided reduction in the fineness of the grains, causing
the clays to become more plastic and workable. Such
secondary kaolin deposits are those of Georgia and
Florida. The clay particles in these are not only
exceedingly fine but also of remarkable uniformity in
size which, however, is not a desirable condition, since
it does not contribute towards maximum bonding
power. As a result we find that these clays are stronger

than the kaolins or china clays but much inferior in this
respect to the so-called ball clays. The shrinkage of
the secondary kaolins upon drying is quite large,
amounting to about 30 per cent of the original volume.
As a result they are inclined to crack or check under the
strain of this large contraction unless the drying
operation is carefully controlled.

The plastic bond or ball clays constitute the third
group of clays used in the manufacture of porcelain and
they represent by far the most powerful cementing
materials for the bonding together of the non -plastic
components. These clays are not only secondary clays,
geologically speaking, but have been laid down either
simultaneously with or in contact with material high
in carbon of vegetable origin. In addition to the great
inherent fineness of these clay grains the presence of this
carbonaceous matter has resulted in building up not
only well -developed plasticity but great bonding power
as well. These materials, owing to the transporting

FIG. 3-PHOTOMICROGRAPH OF A THIN SECTION OF INSULATOR
PORCELAIN MAGNIFIED 150 TIMES

This shows coarsely ground flint partly dissolved. AlsO fairly large and
numerous areas of sil-11-man-lte needle crystals embedded in a glassy matrix
of molten feldspar and other ingredients which have been dissolved. The
sillimanite is a product developed from the clay during firing and its charac-
ter and quantity has a marked effect upon the finished product. The black
spots are holes in the porcelain which is ground exceedingly thin for micro-
scopic examination.

processes they have undergone and their mode of
sedimentation in swampy regions, have accumulated
considerable amounts of iron and some other impurities
and hence fire to a creamish or yellowish color. For the
same reason, they fire to a dense structure at a com-
paratively low temperature unlike the kaolins which are
refractory in nature and remain porous even at high
furnace temperatures.

It is the chief function of these clays to bond to-
gether the non -plastic components of the porcelain
and to impart to the mixture sufficient strength to
withstand handling in the dry state. The mechanical
strength of the ball clays may be illustrated by the fact
that bars made from a one to one mixture of such a clay
and a non -plastic may show a transverse strength of as
much as 600 pounds per square inch. Owing to the
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creamish or grayish color which they impart to the
porcelain the amount of ball clay used is limited to
the smallest amount possible. The best types of these
plastic bonding materials are the ball clays from North
and South Devonshire, and Dorset, England. There
are also ball clays found in Tennessee and Kentucky.

Owing to the dense structure the 'water of plasticity
escapes from -the ball clays at a much lower rate than is
the case with the more open grained kaolins and the
drying process must hence be conducted 'with still
greater care.

The . fluxes present in these clays cause them to
vitrify at a relatively low temperature and for this
reason they promote also the vitrification of the porce-
lain mixture to which they have been added.

The following are typical analyses of various clays:

Theoretical
analysis of

China Clays
or

Ball or
Plastic

pure
Kaolinite

Kaolins Clays

(a) (b) (a) (b)

Silica 46.5 45.0 51.4 47.4 50.5
Alumina 39.6 37.8 28.8 34.2 32.8
iron Oxide 1.2 1.1 1.4 1.3
Titanium Oxide 0.1 1.5 1.1 0.9
Calcium Oxide 0.2 0.2 0.4 0.6
Magnesium Oxide 0.2 0.4 0.6 0.4
Potassium Oxide 1.5 0.8 1.8 3.6
Sodium Oxide 1.3 1.8 0.8 0.9
Water of Crystallization.. 13.9 12.8 14.0 12.4 9.2

Total 100.0 100.1 100.0 100.1 100.2

"GREAT WESTERN GATEWAY"
Structure Which Will Span Mohawk River at Schenectady

N. Y., to Have Illumination System of Great Beauty
and Exceptional Efficiency

In keeping with its importance as a link in one of the
country's principal routes of vehicular traffic, the great
concrete bridge which the State of New York is con-
structing across the Mohawk river between Schenectady
and the village of Scotia will be one of the best lighted
structures of the kind in the world.

Ornamental luminous arc lamps held by brackets
attached to obelisks rising from the bridge will be used,
both the lamps and the brackets being of bronze. The
lamps will be of 1500 candle -power, 6.6 amperes, and will
be enclosed in eight -panel globes. The obelisks to
which the brackets will be fastened will rise from the
parapets of the bridge to a height of 21 feet, and will be
spaced at intervals of approximately 100 feet. They
will be placed opposite one another, not staggered. The
height of the light source above the roadway will be 17
feet. Not only will there be an abundant supply of
light on the roadway, but the lanterns will present a
beautiful appearance to those approaching the bridge.
This lighting is a continuation of the luminous arc
system now in use on State Street. The lamps will
consume 532 watts. Current will be carried to the
lamps by No. 8 cable, rubber covered and lead sheathed,

leading to the bases of the obelisks through conduit
installed in the concrete. Standard absolute cutouts
will be installed.

It is predicted that the lighting system will attract
the interest and attention of engineers from far and wide
as it will exemplify the very best in bridge illumination.
Plans for it were worked out by State Engineer and
Surveyor Frank M. Williams in conjunction with the
Illuminating Engineering Laboratory of the General
Electric Company at Schenectady.

LIGHTING UNIT

The bridge will be 4515 feet long. It is of reinforced
concrete construction, and will cost about $2,500,000,
the state defraying the expense and the city of Schenec-
tady and the village of Scotia aiding in the matter of
approaches. It is expected that it will be completed by
autumn of next year.

Since the days of Indian traders and pioneers,
Schenectady has been the portal through which west-
bound travel and commerce has entered the pass
through the Appalachians made by the Mohawk river.

VIEW OF BRIDGE AS IT WILL APPEAR WHEN COMPLETED

Hence this structure is appropriately called the "Great
Western Gateway Bridge."

It will replace the present inadequate and unsatis-
factory bridge constructed over 40 years ago, which
occupies the site of the original structure, built in 1808,
and which necessitates a detour around three sides of
an irregular oblong. The new bridge will lead directly
from the foot of State Street, Schenectady's main
business thoroughfare, to the principal street of Scotia,
which continues into the highway to Amsterdam and
the west.



Public Address Systems
BY I. W. GREEN and

Member, A. I. E. E.
wept. of Development and Research, Amer. Tel and Tel. Co.

THIS paper aims to present the problems encoun-
tered in the development of electrical systems for
amplifying the voices of public speakers' and

music; and to describe the equipment as brought to a
commercial state and now in use in the United States
and various other countries.

The two main requirements of a successful public
address or loud speaking system are, first, that it shall
reproduce the sounds, such as speech or music, faith-
fully; and second, that this faithful reproduction shall
be loud enough and sufficiently well distributed, for all
of the audience to hear it comfortably. Most of the
development work has been directed toward obtaining
these two results under the various conditions which
surround the operation of these systems.

The faithful and natural reproduction of sound
depends upon many factors, of which the following are
some of the more important: The acoustics of the space
in which the sound originates, the characteristic of the
loud speaking system itself and the acoustics of the
space in which the sound is reproduced. Where the
sound is picked up and reproduced in the same space,
as is the case when the speaker is using one of these
systems to address a large audience locally, there is a
reaction between the horns and the transmitter or pick-
up mechanism which is controlled by the acoustic con-
ditions under which the system is operated.

ACOUSTICS OF THE SPACE

In connection with the acoustics of the space in
which the sound originates, or in which it is reproduced,
four factors stand out. These concern the effects of
reverberation, of echo, of resonance, and of diffraction.
In the specific cases, where the sound is reproduced in
the same space or room in which it originates, another
effect is encountered, which has generally been termed
"singing," and is evidenced if sufficiently great by the
emission of a continuous note from the equipment.

Reverberation is caused by reflection and is evidenced
by the persistence of the sound after its source has
ceased emitting. When the reverberation in the
space in which the initial sound is being picked up is
sufficient to cause one sound to hang over and become
mingled with succeeding sounds, in other words, so
that the sound from . one syllable interferes with that
of the succeeding syllable, it is practically impossible
to improve the acoustic conditions solely by the use
of the public address system. In such a case, the first
procedure is to place material which absorbs sound in
the space. The purpose of this absorbing material is to
lower the time required for the sound to die away after
the source ceases to emit. The amount which any

Presented at the Midwinter Convention of the A. I. E. E.,
New York, N. Y., February 14-17, 195J$.

J. P. MAXFIELD
Eng. Dept., Western Elec. Co., Inc.

given material lowers the time of reverberation de-
pends not only upon the amount of material introduced,
but also upon its disposition within the space.

The term "echo" applies to a similar phenomenon,
but is generally used where there is sufficient time lag
between the reflected sound and that originally emitted,
so that two distinct impressions reach the ear.'

The troubles encountered from echoes usually occur
only in large buildings or large open spaces surrounded
by buildings, trees, or other obstacles and are generally
associated with interferences with the reproduced
sound rather than with the original sound. There are
cases, however, particularly in auditoriums, where
some of the walls or ceiling are large curved surfaces,
in which case localized echoes may result. The
speaker's voice or extraneous sounds from the audience
may be reflected from one or more of these surfaces to
focus spots where the volume of sound is consequently
abnormally great. It is important, therefore, that the
transmitter which is picking up the sound shall not be
located at one of these spots. These points of localized
echo are particularly troublesome also when they occur
in the space occupied by the audience. Under these
conditions not only is the sound intensity too great, but
the character of the sound is altered and very often
badly confused. The avoidance of such difficulties
is a matter of test and the proper arrangement of the
reproducing mechanism, as will be seen later in some
detail.

The effect of resonance seldom occurs in connection
with the amplified and reproduced sound, inasmuch as
the spaces dealt with are large and their natural fre-
quencies are too low to be troublesome. Resonance
usually becomes of importance in connection with
mounting the pick-up apparatus or transmitter. It
generally results from attempts to conceal the trans-
mitter by placing it in some form of small enclosure.
The best form of housing from an acoustic standpoint
consists of a screen cover which protects the instrument
from being struck or injured but in no way affects the
sound reaching it.

Resonance produces a distortion which it has been
customary to consider as of two varieties. First, there
is an unequal amplification of sounds of various fre-
quencies and second, there is the introduction of tran-
sients. These transients occur whenever the sound
changes but are most easily recognized audibly by their
continuation after the source has ceased emitting.
They also have frequency characteristics which depend
not only on the sound which started them but also upon
the character of the resonant portioA of the system.

The troubles introduced by diffraction are seldom of
1. Collected Papers on Acoustics, Wallace Clement Sabine,

Harvard University Press, 1922.
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very great importance except where the sound is re-
flected from regularly spaced reflectors or passed
through regularly spaced openings. Quite serious
diffraction troubles have been encountered when opera-
ting a loud speaker in a large field, surrounded by an
 open work board fence, the trouble being evidenced
by very distinct areas, particularly at the outskirts of
the audience where the sounds were badly distorted.

The difficulties' encountered as a result of "singing"
form one of the most troublesome problems connected
with the actual operation of these systems. When a
portion of the sound emitted by the projectors reaches
the transmitter with sufficient intensity, that its repro-
duction is as great as the originally emitted sound from
the projectors, and with such phase relation that it
tends to aid the original sound, the systeni will emit a
continuous note. Moreover, when the portion of the
sound from the projectors which reaches the transmitter
is not sufficient to cause a continuous note, it may be
sufficient to cause considerable distortion of the speech
or music. In excessively reverberant halls these con-
ditions are often fulfilled when the actual amplification
is so small that the people at the distant points are
scarcely able to hear the speaker. In all cases in our
experience the difficulty has been sufficiently overcome
by properly placing the transmitter with respect to
the projectors. The situation is very much helped by
the presence of the audience, which adds considerably
to .the acoustic damping of the room.

It will be seen, therefore, that the acoustic conditions
of the space in which loud speakers are used are of
considerable importance.

CHARACTERISTICS OF THE SYSTEM

The first requirement of the system itself is that it
shall reproduce speech or music faithfully. A system
is said to do this, or in other words, its quality is called
perfect, when the reproduced sound contains all of the
frequencies, but no others, contained in the original
sound striking the "pick-up" mechanism, and when
these frequencies have the same relative intensities that
they had in the original.

An imperfect or distorting system is one which fails
to fulfill this requirement. There are two main types
of distortion which had to be considered; the first being
the unequal amplification of the system for the various
frequencies constituting the sound and the second being
the introduction of frequencies not present in the original
sound. For simplicity of discussion, this last class will
be divided in three parts, namely: the effect of transients,
the effect of asymmetric distortion and the effect of
disturbing noises.

The effect of transients has already been mentioned
in connection with acoustics and they, of course, pro-
duce the same type of distortion whether they occur in
the acoustic or the electrical system. Transients occur
whenever the sound changes either in pitch or intensity,
and are introduced at the beginning and ending of each

speech sound. This modification of the characteristics
of the speech sounds acts to lower the intelligibility.
It probably causes more trouble in speech transmission
than the fact that the sound continues after the source
ceases.

Asymmetric distortion affects one half of the wave
differently from its other half. This causes the intro-
duction of frequencies which, in some cases, produce very
serious disrurbances in the transmission of music and
speech. The most noticeable troubles are from the
formation of sum and difference tones.' Such tones are
likely to give rise to dissonances with the other sounds
occurring in the music. In the case of speech asym-
metric distortion manifests itself by a lower intelligi-
bility.

The effect of foreign noises sometimes encountered is
twofold. First, they influence the ability of the listener
to hear the characteristic speech sounds and
hence tend to lower the intelligibility. Secondly, the
constant attempt of the hearer to sort out the speech
sounds or music through the disturbing noises tires him
appreciably. In order that this strain shall be inap-
preciable, it is desirable that the sound delivered by the
system shall be at a power level at least 10,000
times that of the noise.

The second general requirement which is placed on
a successful system is that it shall deliver its faithful
reproduction loud enough for all the audience to hear it
comfortably and enough above noise for good intel-
ligibility. In this connection there have arisen one or
two interesting points bearing on the psychology of
hearing. One of the most striking of these is concerned
with the coordination between hearing and seeing.
Although the projectors are usually mounted twenty
or more feet above the speaker's head, and in some
exceptional cases, slightly to one side of him, the
majority of the audience is conscious of only one source
of sound, and that appears to be the speaker himself.

This phenomenon is so marked that in several cases
the question has been raised in the minds of the lis-
teners as to whether the system was functioning. They
could only be convinced that it was by having it shut
down for a few seconds when their inability to hear
made them realize how successfully the system could
operate.

Another of these psychological phenomena deals
with the apparent distortion of the voice when its
intensity at the ears of the listener is too great or too
small. If the speaker is talking in a normal conversa-
tional tone, his voice contains a larger percentage of
low frequencies than is the case when he is raising his
voice to a considerable volume. If the loud speaker so
amplifies this voice that it reaches the audience with
such volume that their instinct tells them that the
speaker should be shouting, the system appears to
make his voice sound quite heavy and somewhat

2. Origin of Combination Tones in Microphone -Telephone
Circuits. E. Waetzmann, Annalen der Physik, Vol. 42, 1913.
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unnatural. It has been found necessary, therefore,
to so regulate the amount of amplification that the
people at the furthest portion of the hall can hear com-
fortably and the volume of sound should not be permitted
to become any louder than necessary to meet this con-
dition. On the other hand, if the volume is insuf-
ficiently loud, certain of the weaker speech sounds are
entirely lost, and it becomes difficult to understand.3

SOLUTION OF THE PROBLEM

With these considerations in mind it may be interest-
ing to take a brief survey of the whole problem and the
method by which the solution was reached. Two
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general methods of attack were considered. The first
was to attempt to make each unit of the system faith-
fully reproduce its input, while the second was to make
any distortions of one part of the system, cancel those
of another portion, so that the complete system would
operate satisfactorily. In either case, it was desirable
to keep each unit free from asymmetric distortion, as
this type of distortion cannot be easily compensated for.

While it would probably have been simpler to follow
the second line of attack, the greatly increased flexibil-
ity of a system in which each part is correct in itself was
of sufficient value to cause the attempt to be made that
way. When it is realized that these systems, to be
commercially successful, must be capable of operating
for various sized audiences, ranging possibly from one
thousand to several hundred thousand, that they must
be used in connection with long distance telephone
lines, as well as with either radio broadcasting or receiv-
ing stations, the desire for flexibility can be understood.'

As a result of attempting the development in the
manner already described, there has resulted a system
which involves four functional units; a "pick-up"
mechanism or transmitter unit, a preliminary amplifier
unit, commonly called the speech input equipment,
a second amplifier unit commonly called the power
amplifier, and a receiver -projector unit for transform -

3. Physical Examination of Hearing R. L. Wegel, Proceedings
of the National Academy of Sciences, Volume 8, Number 7,
July 1922.

4. Use of Public Address Systems with Telephone Lines,
W. H. Martin and A. B. Clark. Presented before A. I. E. E.
Feb. 14, 192:3.

ing the amplified currents back into sound, and properly
distributing it throughout the space to be covered.

It may be interesting at this place to determine how
successfully these various units and the system as a
whole fulfill the requirements of equal sensitivity to
all frequencies within the important speech or music
range. Fig. 1 shows the relative sensitiveness of the
transmitter as a function of frequency. The ordinates
are proportional to the logarithm of the power delivered
for constant sound pressure at the diaphragm and the
abscissa to the logarithm of the frequencies employed.
The lower of the two figures refers to the condenser
transmitter with its associated input amplifier.' The
upper refers to. the push-pull carbon -type transmitter.
These transmitters will be described in detail later.

Fig. 2 shows a similar curve for the complete amplifier
system, comprising a three -stage speech input amplifier,
and a power stage capable of delivering approximately
40 watts of speech frequency electrical power without
distortion. In connection with these amplifiers a sharp
distinction should be made between their gain rating,
or amplification, and their overload or power rating.
Gain measures the power amplification which can be
obtained provided the input is small enough so that the
equipment at the output end is not overloaded. Over-
load or power rating refers to the maximum power which
can be supplied by the amplifier without causing
distortion of the currents being amplified. Although
the power rating of power equipment is usually deter-
mined by the heat which can be dissipated, a marked
distortion of wave form takes place when the iron in any.
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of the apparatus is worked beyond the straight line
portion of the magnetization curve. In the case of
amplifiers, the maximum power obtainable is limited
by the power output at which distortion occurs rather
than by the heat which can be dissipated.

Fig. 3 shows a chart for the characteristics of the
complete system, including the carbon transmitter, the
speech input and power amplifiers and the receiver
projector unit.

In connection with the requirements for equal

5. The Sensitivity and Precision of the Electrostatic, Trans-
mitter for Measurement of Sound Intensities. E. C. Won to,
Physical w, N. S. Vol. 19, No. 5, May 1922.
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amplification of all frequencies, it is interesting to note
that a system, which does not fail to reproduce equally
all frequencies in the speech range by more than a ratio
of 10 to 1 in reproduced power, is indistinguishable,
from a perfect system or from the speaker, himself.
It seems probable that this effect is, in some way,
connected with variations in the frequency sensitiveness
curve of normal ears. Normal ears show a sensitiveness
variation with frequency as great as 10 to 1 and the
frequencies of maximum sensitiveness vary materially
from one individual to another.°
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It has been found that in order to transmit speech
with entire satisfaction for loud speaker purposes, that
is, sufficiently well so that the audience is not aware of
the contribution of the mechanical equipment, it is
necessary for the system to operate with essentially
uniform amplification over a range of frequencies from
200 to 4000 cycles. While there are, in speech, fre-
quencies slightly outside of this range, the loss in
naturalness and intelligibility by the system's failure to
reproduce them, is slight.'

While no such frequency range is required for intelli-
gibility only, it has been found that systems not cover-
ing substantially this frequency range, sound unnatural.
When the lower frequencies are missing, the reproduction
-sounds "tinny." When the higher frequencies are mis-
sing it sounds heavy and muffled. The requirements
for thoroughly natural reproduction of music are
probably more severe, particularly in the low -frequency
region, than are the similar requirements for speech,
but, at the present time, complete data are not available
to indicate the contribution of these frequencies to
naturalness.

In connection with the flexibility of the system, it is
interesting to note that the speech input equipment has
been designed to raise the power delivered by the trans-
mitter to such an extent that it is sufficient for long
distance telephone transmission or for the operation of
a radio transmitting set. The power amplifier is

6. Frequency Sensitiveness of Normal Ears, by H. Fletcher
and R. L. Wegel, Physical Review, July 1922.

7. The Nature of Speech and its Interpretation. Harvey
Fletcher, Journal of the Franklin Institute, Vol. 193, No. 6, June
1922.

designed to receive power at approximately this level
and deliver it to the projector units sufficiently ampli-
fied to operate them satisfactorily.

FUTURE DEVELOPMENT

In viewing the loud speaker field from the point of
view of future development there are two lines of
attack along which work is being done, and which give
promise of success. These are the improvements in
frequency characteristics and increase in the range of
loudness which the system can accommodate satisfac-
torily.

The improvement to be expected from a more uni-
form frequency characteristic is mainly an increase in
naturalness, especially where music is being reproduced.
A slight increase in intelligibility may be hoped for,
although this factor is of little importance, as the pitesent
system is satisfactory in this respect.

The other improvement mentioned, namely, the
volume range, is probably the more difficult, but is
necessary before music can be reproduced in a perfect
manner. Rough experimental data indicate that the
loudness in an orchestra selection may vary from one
part of the selection to another by a ratio as great as
50,000 to 1. While the present equipment does not
operate with entire satisfaction over this range of loud-
ness, it has been found relatively easy to obtain good
results by manual adjustment of the amplification
during the rendering of the selection. If the gain is

FIG. 4

varied in small enough steps, the change is not notice-
able to the listeners.

An increase in the loudness range would render the
manual adjustment unnecessary and would make the
reproduction a faithful duplicate of the music as actually
played.

TECHNICAL DESCRIPTION OF THE SYSTEM
The foregoing discussion having described the require-

ments which must be met in order that the public address
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system shall successfully transmit speech and music,
the system in its commercial form will now be described.
In order to make clear the arrangement of the equip-
ment, a typical installation is shown in Fig. 4, this being
an installation where the audience and speaker are in
the open air, and where no connection is made with the
long distance lines. It might be well to state here
that with the equipment shown an audience of 700,000
can be adequately covered.

Some of the sound leaving the speaker's mouth is
picked up by the transmitter, on a reading -desk type
of pedestal, which is normally mounted at the front of

theiplatform.

FIG. 5

The feeble currents from this transmitter are led by
carefully shielded leads to the amplifiers in the control
room, which is usually located directly beneath or to
one side of the speaker's stand. A floor space of not
more than 125 square feet is required for this room, even
in the case where it is desirable to transmit phonograph
music to the audience between speeches.

The amplifier and power supply equipment is shown
on the two panels in the center of the control room.
The amplified speech currents are led from these ampli-
fiers to the receiver projector units, which, in this case,
are arranged on the super -structure above the speaker's
platform. This position is most desirable, as the
illusion produced is such that the voice appears to come
from the speaker rather than from the projectors, a
factor, the importance of which has already been men-
tioned. Moreover in this position the acoustic coup-
ling between the transmitter and the projector is a
minimum, permitting the operation of the system at a
satisfactory degree of amplification with an ample
margin below the point where singing troubles are
encountered.

A public address equipment, similar to that just
described, but with a somewhat lower power output,
has been developed for use at the smaller open air
meetings, and in all but the largest indoor auditoriums.
Fig. No. 5 shows one of these equipments, mounted on
an automobile truck, which has been employed at a
number of points in the eastern part of the United
States. This smaller system has characteristics equally

as good as the larger system in regard to faithful
reproduction of speech. and music, with a power out-
put in the order of one -tenth as great. An audience
of 50,000 can be adequately covered at an outdoor
meeting with this system.

Fig. No. 6 is a schematic arrangement of the equip-
ment at an installation of the type shown in Fig. 4.
At the extreme left are the transmitters where the sound
waves are picked up. The output from these trans-
mitters is taken to a switching panel where means are
provided for cutting in the various transmitters. From
this panel the transmitter currents are taken to the
transmitter amplifier, which is capable of amplifying
them to a power level suitable for input to the power
amplifier, or for connection to the long distance lines,
in those eases where the speeches are transmitted to
distant audiences. It is also suitable where connec-
tion is to be made to a radio station for broadcasting
the speeches. The power amplifier is shown just to the
right of the transmitter amplifier. Below it is indicated
the power supply equipment by which the commercial
power is converted to a form suitable for the vacuum
tubes in both amplifiers. The output from the power
amplifier is taken through a panel where switches and
a multi -step auto -transformer are provided for the
regulation of several projector circuits. Just above
this panel is an indicating instrument, known as the
volume indicator, provided in order that the operator
may know what volume output is being delivered to
the projectors.
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The projectors, at the extreme right of the figure,
consist of the motor or receiver unit transforming the
speech currents into sound waves, and a horn to provide
the proper distribution of the sound.

It is interesting to note the power amplification
which is obtained in the larger of the two systems from
the transmitter to the projectors. Referring to Fig.
No. 6, a chart will be seen which indicates the power
levels through the system drawn to a scale based on
miles of standard telephone cable, our usual reference
unit. The output of the high quality transmitter is
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of the order of 65 miles below zero level, this latter being
the output from a standard telephone set connected to
a common battery central office by a line of zero
resistance. Expressed in watts the output of this
transmitter under average conditions of use with the
public address system is of the order of 10 8 watts.
Incidentally, this is of the same order as the speech
power picked up by the transmitter, or in other words,
the transmitter does not amplify the speech power
received by it as is the case with the transmitter
used for regular telephone service.

This very minute amount of power in passing through
the transmitter amplifier may be amplified about
120,000,000 times. Expressed in terms of telephone
power levels, this is 17 miles above the zero level
previously mentioned, or a few tenths of a watt.

The power amplifier serves to increase this power
from a level of 17 miles to about 40 miles, the latter
corresponding to about 40 watts. This power is then
distributed to the projectors, the amount consumed by
each projector, of course, depending upon the number
connected.

An idea of what this amount of power at speech
frequencies means may be given by the statement that
it is sufficient to operate at a volume level slightly above
that considered commercial all of the 12,000,000 tele-
phone receivers in use in the Bell system if these were
directly connected to the amplifier.

In describing the various pieces of equipment which
together make up the system, we will follow the order
in which the power is carried through the system from
the transmitter to the receiver -projector units where the
amplified sound waves are propagated.

TRANSMITTERS

In the early work on the public address system, an
air -damped, stretched diaphragm condenser transmitter
was employed, having a thin steel diaphragm about
2% inches in diameter, constituting one plate of the
condenser. The other plate was a rigid disk, the dielec-
tric being an air film 1/1000 of an inch in thickness.
Due to the stretching of the diaphragm and the stiff-
ness of the air film, the diaphragm of this transmitter
had a natural period of approximately 8000 cycles per
second which is well above the important frequencies
in the voice range. This high natural period, in con-
junction with the damping due to the thin film of air,
resulted in a transmitter of very high quality of repro-
duction. However, its extremely small capacity (in
the order of 400 micro-microfarads) made it necessary
to use leads of very low capacity between the trans-
mitter and the first amplifier, and due to the high
impedance of the transmitter and its associated input
circuit to voice frequency currents, these leads were
very susceptible to electrostatic and electromagnetic
induction. It was necessary to limit them to a length
of 25 feet, and to provide complete shielding. More-
over the output of this transmitter was less than one

five -thousandth of that of the transmitter now used,
and for the early installations of the system, it was
necessary to provide a preliminary amplifier beneath
or to one side of the speaker's stand in order to keel)
the transmitter leads short and to provide sufficient.
power to properly operate the main amplifiers. Work
was therefore undertaken to provide a transmitter,
having quality practically as good as the condenser
transmitter, volume output sufficient to operate the
main amplifiers, and not requiring the elaborate pre-
cautions as to shielding the leads.

The high quality transmitter which was the result
of this development work is of the granular carbon type
with two variable resistance elements, one on each
side of the diaphragm and is commonly known as a
push-pull transmitter. I t has nearly the same high
quality reproduction characteristics as the condenser
transmitter, due to the use of the same stretched
diaphragm and air damping structure. It introduces
no appreciable distortion over the range of frequencies
required for good reproduction of speech, but 'it must
be understood, that this quality was obtained only at

511

1----4---1111i11111

1111110-11111

111

the sacrifice of sensitiveness, the latter being in the order
of 1/1000th that of the transmitter used at telephone
stations in the Bell system. With the multi -stage
vacuum tube amplifiers available this low volume ef-
ficiency is not serious and in fact we are using this
transmitter for what is known as distant talking, i. e.,
the speaker may be at a distance of five or six feet from
the transmitter. ' This is, of course, necessary 'in any
transmitter suitable for public address work as it is not
possible to greatly limit the movement of the speakers,
nor can they be required to use a hand transmitter.
It might be well to point out that this sacrifice in volume
efficiency in order to gain high quality is possible at
the transmitting end of the system, but not at the
opposite end where the electrical power is transformed
into sound waves and propagated, as the device at this
point must be capable of handling large amounts of
power with minimum distortion.

Referring to Fig. No. 7 which is a cut -away view of
this push-pull high quality carbon transmitter, the
granular carbon chambers will be seen. The elec-
trical path through each of these variable resistance
elements is from the rear carbon electrode through the
carbon granules to a gold-plated area on the diaphragm
itself. The resistance of this path is about 100 ohms
and as the two buttons are in series for the telephone
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currents, the transmitter is designed to work into an
impedance of 200 ohms. The double button construc-
tion almost completely eliminates the distortion caused
by the non-linear nature of the pressure -resistance
characteristics of granular carbon.

As this instrument has a practically flat frequency
characteristic no collecting horn or mouth piece is
used with it as resonance is introduced by such cham-
bers, with accompanying distortion. To insure the
insulation of the transmitter from building vibrations,
a simple spring suspension has been provided. To
protect the transmitter from injury, two types of trans-
mitter mountings have been used, both arranged for the
suspension of the transmitter in a screen-enclosed
space-the first adapted to take a single transmitter
for indoor use only, while the second for outdbor use,
mounts two transmitters within a double screen en-
closure to prevent any noise effects due to winds.
This second type is arranged to attach to a simple
pedestal -type of reading desk, which it has been found
desirable to provide as there is a slight tendency for the
speaker to remain fairly close to the desk. In this
connection it is interesting to note that we have found
a small rug, so placed as to cover the area which the
speaker should occupy during the delivery of his speech,
is of great assistance in this regard, as he unconsciously
confines himself to the area of this rug. Both of these
measures to insure the speaker remaining in proper
relation to the transmitter, are supplemented, wherever
possible, by an explanation of the system to all the
speakers previous to the actual performance.

TRANSMITTER SWITCHING PANEL

Resuming the path of the speech currents through the
system, the output from the transmitters is taken to
a panel designed to enable the operator to switch
quickly from one transmitter to another, as with some
public functions, the speeches are made at different
points during the ceremonies. This switch is arranged
to short-circuit the output of the power amplifier when
passing from one transmitter to another, to prevent
clicks in the projectors. In certain cases, the equip-
ment is arranged to permit two or more transmitters
to be connected to the amplifiers at one time, as is
desirable when solo singers and an orchestra are to be
picked up in a theatre, with proper adjustment of their
respective volumes.

The amplifier equipment has been built in four units
which may be grouped as necessary under the various
conditions encountered in commercial installations.
The proper amplifiers are determined, first, by the
source of the voice frequency current to be amplified,
that is whether a distant talking or a close talking
transmitter is to be used, or whether the speeches are
brought in over a telephone line, and secondly, the size
of the space in which the amplified sounds are to be
delivered to the audience. It was found that four
units would provide for all the conditions occurring in

practise, two of these being speech input or transmitter
amplifiers with different gains and two being power
amplifiers of different power ratings. These units and
other equipment used with the system, are made up in
panels, of uniform width, in order that the proper equip-
ment for any installation may be assembled on two
vertical angle iron racks arranged to be fastened to the
control room floor.

SPEECH INPUT AMPLIFIER -FIRST TYPE

The first of the speech input amplifiers is shown
schematically in the upper part of Fig. 8. It is a three -
stage amplifier. Two potentiometers provide adjust-
ment of the gain over a large range, and switching ar-
rangements allow the output to be connected directly
to the input of the power amplifier, when the program is
to be transmitted to a local audience; or to be con-
nected, through a transformer of proper impedance, to
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the long distance lines when the program is to be trans-
mitted to a distant audience, or to a radio -broadcasting
station. The filaments of the tubes are supplied from
a 12 -volt storage battery, while the plate circuits obtain
direct current at 350 volts from the power supply equip-
ment mentioned later. Arrangements are also provided
for using 130 volts instead of 350 volts under certain
conditions. The proper grid potentials are obtained
by utilizing the drop over a resistance in the filament
circuits of the first two tubes, and for the third tube
small dry cells furnish the grid potential. The maximum
gain with this amplifier is 85 miles, which expressed as a
power ratio is 1.2 x 108. The maximum power out-
put is approximately 3/10 of a watt. The front and
rear views of this amplifier, mounted on the supporting
rack, are shown in Fig. 13, where the gain regulating
potentiometer, the rheostats for controlling the filament
and transmitter currents, the three tube mountings
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with protective gratings and the jacks which permit the
connection of instruments for determining the current
flow in the filament plate and transmitter circuits, will
be noted. Great care was taken in the design of this
amplifier to obtain as nearly as possible equal amplifi-
cation of all frequencies in the important voice
range. The transformers, and the retardation coils in
the plate circuits were chosen with this consideration
in mind.

POWER AMPLIFIERS

For practically all of the larger installations the
maximum power possible with the system is required
and the output from the transmitter -amplifier is taken
directly to the high power amplifier. Referring to Fig.
9 it will be seen that this is a four -tube amplifier so
connected that but one stage of amplification is obtained.
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Usually alternating current at 12 to 14 volts is used for
heating the filaments of these tubes, the latter being
connected in what we know as a push-pull arrangement.
It will be seen that each side of the push-pull arrange-
ment consists of two power tubes in multiple. It is
interesting to note that this push-pull arrangement of
the tubes will deliver somewhat more power for
equal quality than the same number of tubes
connected in the ordinary multiple arrangement, as the
tubes may be worked beyond the straight part of their
characteristic. The grid potential is chosen to permit
the largest variation of current without distortion and
is obtained from a group of small flashlight batteries.

The output transformer at the right of the figure is
designed to match accurately the impedance of the
tubes to that of the number of receiver -projector units
which has been found to give the greatest flexibility

under the varying conditions of commercial operation.
This amplifier, speaking in telephone terms is
worked at a gain of 23 miles, a power amplification ratio
of about 200. Its maximum power output is about
40 watts. The plate circuits of the tubes are supplied
at a d -c. potential of 750 volts. As has been pointed
out previously, this amplifier gives a practically uniform
gain for all the important frequencies in the voice range.
This high -power amplifier is shown mounted on the
supporting rack, in Fig. 13. The apparatus on the
rear of the panel is protected with a sheet metal cover
and integral with this cover is a disconnecting switch,
which, when the cover is removed, cuts off the high
potential from all the exposed parts on the set.

For indoor installations where the audience is small
the polker output given by the high-power amplifier is
not required and a medium -power amplifier has been
developed for this use. It is arranged to connect
directly to the transmitter amplifier and the output is
taken to the projectors through the volume con Lrol
panel. It is worked at a gain of 17 miles or a power
amplification ratio of about 33. The maximum output
is about 4 watts, or about one -tenth of the power
obtainable from the high -power amplifier.

The schematic of this amplifier, is shown in Fig. 9.
The input coil is the same as is used in the high -power
amplifier. The push-pull connection of the tubes is
also used in this amplifier, although but two power tubes
are used. The filaments of these tubes are supplied
from a 12 -volt storage battery while the plate circuits
are supplied at 350 volts direct current from a motor
generator set which will be described later.

SPEECH INPUT AMPLIFIER-SECOND TYPE

A speaker using the system may read his speech from
his home or office and in such cases it is unnecessary to
use the push-pull carbon transmitter in the distant-
talking manner. For use when this transmitter is
spoken into from a distance of a few inches, a second
form of speech input amplifier has been made available
having a gain of the proper value to supply either of the
power amplifiers, or a long distance line if desired.
This gain is relatively small as the output of the trans-
mitter when used for close talking is about 10,000 times
that when it is used for distant talking.

Fig. S shows the schematic of this amplifier which is
a single -stage one, employing one tube and having the
same over -load characteristic as the first form of speech-

input amplifier. A two-way switch permits the con-
nection of the transmitter or an incoming long distance
line to the amplifier. To the right of this switch is a
potentiometer for regulation of the gain. To the right
of the tube is a second two-way switch for connecting
the output either to the power amplifier or through an
output transformer to an outgoing long distance line.
The power supply for the tubes and transmitters, is the
same as was described under the first form of speech in-
put amplifier.
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The switching means provided on this amplifier allow
it to be used in a number of ways. Announcements
from a close talking transmitter may be made from the
projectors through a power amplifier or may be sent
out on the telephone lines to a distant public address
system installation or a radio-broadcasting station.
In addition to these uses, incoming speech over the long
distance lines may be put out on the projectors through
the power amplifier or may be sent out on the long
distance lines to a distant installation.

VOLUME CONTROL

As discussed heretofore, it is necessary to give the
operator control of the volume put out by each pro-
jector or group of projectors. The equipment provided
for this purpose is mounted on a panel uniform with the
others and consists essentially of an auto -transformer
connected across the output of the power amplifier with
11 taps multipled to the contacts of eight dial switches,
the arrangement being shown schematically in Fig. 10.
Seven of the dials control projector circuits on each of
which one or more projectors may be grouped, the
eighth dial being reserved for controlling the volume of

FIG. 10

the operator's monitoring projector in the control room.
A key is associated with each dial for opening the circuit
and a master key is provided for cutting off all of the
projectors simultaneously.

The device shown as "Volume Indicator" in this figure
consists of a vacuum tube detector bridged across the
output terminals of the power amplifier. The rectified
current is taken to a sensitive direct -current meter
of the moving coil type, the degree of deflection of this
meter measuring the output from the power amplifier
when connected at a proper place in the circuit. The
deflections of the meter therefore serve as a basis for
determining the adjustment required on the transmitter-
amplifier to give the required output when switching
from one transmitter to another or for different speakers.

RECEIVER-PROJECTORS

From the control panel the power is taken to the
projectors, each of these consisting of a loud -speaking
receiver mechanism to transform the speech -currents
into sound waves, and a horn to distribute the hound.
The receiver is so designed that it will carry several
watts with small distortion. It is shown in Fig. 11
where it will be seen that a light spring -supported iron
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armature is mounted between the poles of a permanent
magnet and passes through the center of the coils
carrying the voice currents. A light connecting link
ties one end of this armature to the diaphragm which is
of impregnated cloth, corrugated to permit vibrations
of large amplitude. A stamped metal cover protects
the parts from mechanical injury, and a cast iron case,
in which the whole assembly mounts, is provided for
protection against moisture.

One of these receivers equipped with the largest pro-
jector provided, will carry without serious distortion

FIG. 11

or overheating, power which is about 27 miles above the
zero level. With this output, it is possible to project
speech a distance of 1000 feet under ordinary weather
conditions and this has been done at several instal-
lations.

On account of the different conditions encountered
in installations three types of horns have been used,
shown in Fig. 12. Where it is necessary to project the
sound to great distances, a tapering wooden horn. is
used, of rectangular cross section, 10-1/2 feet long, the

FIG. 12

walls being stiffened to prevent lateral vibration. For
most installations these large horns are not required,
and two types of fibre horns are used. One of these is
straight in the body, with a flaring open end, while
the other used in the control room, is bent.

The grouping of projector units on the volume con-
trol switches differs with the type of installation. In
outdoor performances, the necessity of correcting the
volume in certain directions due to varying winds
makes it advisable to group adjacent projectors on a
single switch. This is not the case with indoor per-
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formances, as no wind effects are possible. Instead,
symmetrically placed projectors which will always
require equal volume are grouped on a single switch.

POwER SUPPLY EQUIPMENT
In order to convert the commercial electric power

supply to forms suitable for supplying the filament and
plate current for the vacuum tubes in the amplifiers,

FIG. 13

two types of power equipment have been made avail-
able. When the installation is of a size requiring the
high -power amplifier, a vacuum tube rectifier taking its
supply at 110 or 220 volts, 60 cycles, and delivering
750 volts direct current for the plate circuits is em-
ployed. A potentiometer arrangement provides a
direct -current supply at 350 volts for the speech -input
amplifier tubes. Full wave rectification is obtained
and a filter consisting of a large series reactance coil

FIG. 14A

and bridged condensers is used to render the direct -
current output suitable for this use. Included in
the power equipment is a step-down transformer for
supplying the filament of the power amplifier. For
the larger installations, employing the rectifier, the
total power drawn from the commercial supply is 1500
watts.

For installations of a size not requiring the use of
the high -power amplifier, a compact motor generator

set is provided consisting of a 350 -volt d -e. generator
driven by a suitable motor, the total power drawn from
the supply mains being about 600 watts. A low -voltage
generator for supplying direct current at 12 volts for
the operation of the amplifier tubes is incorporated in
this motor generator set. A filter is necessary and a
reactance coil and a 12 -volt storage battery is floated
across its output. This supplies the transmitters and

the tube filaments. The necessary indicating neters
are provided on a meter panel for observing the volt-
ages and currents of all the items of equipment which
do not have individual meters associated with them.

OBSERVING SYSTEM

In addition to the monitoring projector provided in
the control room for the guidance of the operator, it
has been found necessary in all but the simplest instal-

lations to provide observing stations at various points
in the audience. The observers stationed at these
points are equipped with portable telephone sets, by
which they may immediately communicate with the
operator, who is provided with a telephone set consisting
of a head receiver and a breast transmitter. The
value 'of these observation stations for regulation of
output volume during a program will be apparent.

In the case of an open air performance a variable
wind may make it necessary to increase the volume of
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certain projectors and decrease the volume of others
in order to cover the audience uniformly. Without the
observers, the control operator would be unable to
take care of these changes.

Considerable preparation is required where the equip-
ment is being used for the first time, in order that the
performance of the public address system installation
will be of the highest order. Where the acoustic con-
ditions are unfavorable it is necessary to make tests

FIG. 16A

with various arrangements of the projectors, in order
to determine the most satisfactory one. It has been
found advisable to carry out the entire program pre-
vious to the performance in order that the operating
force may become familiar with the sequence.

CONCLUSION

The usefulness of such systems is very well illustrated
by a few of the results which have actually been ob-

no. 16s

tained. Fig. 14 shows a crowd of approximately
125,000 people, every one of whom was able to hear
clearly and distinctly all of the words spoken in Presi-
dent Harding's inaugural address in March 1921. This
crowd was relatively small, compared with the crowd
which could be accommodated by one of the larger
type systems. Some insight into the number of people
which could be accommodated can be gained from the
fact that such a system will cover comfortably a com-
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plete circle whose diameter is 2000 feet when the
projector units are placed at the center.

One of the largest and most successful uses to which
this equipment has been put took place on Armistice
Day in 1921 when 20,000 people in San Francisco,
35,000 people at Madison Square Garden, New York
City, and approximately 100,000 people at Arlington
Cemetery near Washington joined in the impressive
ceremonies which took place at the burial of the Un-

FIG. 17A

known .Soldier. Figs. 15, 16 and 17 are views at the
three cities, during the ceremonies.

Some of the other uses which have been made of the
public address system are the Republican and Demo-
cratic Conventions prior to the last presidential elec-
tion, after -dinner speaking in large ballrooms and in
halls where speakers have to address large audiences.

FIG. 17B

There is one more application of this type of equipment
which is gaining rapidly in its use. This last is the
application of the speech input equipment to radio
broadcasting. The broadcasting of the opera, Aida,
from the Kingsbridge Armory, and of the Philharmonic
Concerts from the Great Hall of the College of the City
of New York are two of the successful uses where music
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and speech were concered, while broadcasting of the
results of the football games from the various distant
cities indicate possibilities for the dissemination of
interesting information'.

The social and economic possibilities of the system
are scarcely realized by the public as a whole at the
present time, when the method resorted to for reaching
large numbers of people is usually the printed word.
While this method is effective, it leaves much to be
desired in that the personal touch between the man with
ideas and the people to receive them is entirely lost.
The difficulty for any but those possessing the strongest
voices to reach an appreciable number of people at one
time has led to a decline in oratory as a means of
conveying public messages to large numbers, for it is not
always the man with the best ideas or the best ability
of presenting them, who is blessed with a powerful voice.
A system such as the one which has just been described
enables the speaker, even though his voice be relatively
weak, to address at one time and in one gathering,
several hundred thousand persons, and if the system
be used in connection with long distance telephone lines
or radio broadcasting, the number which may be reached
is increased almost indefinitely. The value of such a
situation can hardly be overrated in times of national
emergency or stress, when it is necessary for those in
responsible positions in the Government to get their
message to the people directly.

The development of the apparatus just described has
been the result of the efforts of such a large number of
investigators working cooperatively that no attempt
has been made to acknowledge the individual contri-
butions.

CONFERENCE OF ENGINEERS OF
STATE UTILITY COMMISSIONS

For more than ten years the Bureau of Standards
has been giving active study to various problems con-
nected with the operation and regulation of public
utility services. This work has been done in coopera-
tion with utility companies as well as city and state
officials who are concerned with these problems. Since
the practise of exercising control of utilities through
state commissions has spread rapidly, the Bureau's
relations with such commissions have become more
and more important. While these relations have
been very cordial and mutually helpful, it has
been considered desirable to arrange for some more
formal method of contact with engineers of the
commissions.

In connection with a meeting of the Sectional Com-
8. Use of Public Address Systems with Telephone Lines.

W. H. Martin and A. B. Clark.

mittee which is revising the Nat ional Electrical Safety
Code, representat 'vet; from seven state comnission...
visited the Bureau in Decetnber 1922, and an informal
meeting was held to consider the best method of pro-
cedure for a larger conference. In accordance with
decisions then reached, arrangements were completed
for a general conference of engineers on March 2 and
:3 at the Department of Commerce and the Bureau of
Standards. More than thirty engineers, representing,
various state commissions, attended this conference.
The Bureau believes that this opportunity for discus-
sion between engineers from the various states will be
of material assistance to them in meeting problems
which are more or less common to all.

The program for the conference was confined strictly
to engineering problems. A number of commission
engineers presented papers on matters in which they
have had special experience. These included the
"Grading of Public Utilities," which was discussed by
Mr. C. B. Hayden, Assistant Engineer of the Wiscon-
sin Railroad Commission, and Mr: J. Howard Mathews,
Service Engineer, Illinois Commerce Commission;
"The Public Interest in Heating Value Standards for
Gas" on which Mr. S. A. Covell, Gas Engineer of the
Maryland Public Service Commission, and Mr. C. R.
Vanneman, Chief Engineer, New York Public Service
Commission spoke; and the "Conservation of Natural
Gas" discussed by Mr. James Imboden, Chief Engineer
of the West Virginia Public Service Commission, and
Mr. L. G. White, Chief Engineer of the Ohio Public
Service Commission.

There was also a general discussion on the "Ground-
ing of Electrical Circuits" with an introduction by
M. G. Lloyd, Electrical Engineer of the Bureau, and
on the problem of "Inductive Interference" introduced
by Burton McCullom, Electrical Engineer of the
Bureau. On the subject of inductive interference, the
discussion covered in particular the question of methods
by which the inductive interference problem can be
attacked effectively. This problem is a very large and
complex one, and the conference made no attempt
to discuss the merits of different remedies for the dif-
ficulties which have arisen. It  is understood that
considerable progress has recently been made toward
the cooperative study of this problem, by the various
utilities whose interests are more or less in conflict,
and it is hoped that discussion of this matter by state
engineers may develop some method by which state
authorities and the Bureau can also cooperate effect-
ively with the utilities.

Future conferences similar to this first one will
be arranged to be held in various parts of the
country in order to facilitate attendance by state
engineers.
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7'he combination of the public address system and the telephone line makes it possible for a speaker to address simul-

taneously audiences located at a number of places. This paper discusses various applications of this combination, states

the requirements for the lines, shows the circuit arrangements used and describes some of the importdnt operating features.

A description is given of the system used on Armistice Day, 1921, when large audiences at Arlington, New York
and San Francisco joined in the ceremonies attending the Burial of the Unknown Soldier at the National Cemetery at

Arlington, Virginia.
The application of the public address system apparatus and methods to radio broadcasting is also briqly discussed.

THE public address system which is described in
a paper by I. W. Green and J. P. Maxfield, was
developed and first used for the purpose of extend-

ing the range of the voice of a speaker addressing an
audience. With the aid of this system enormous
crowds extending from the speaker's stand to points
a thousand feet and more distant have in reality be-
come an audience and have easily understood the
speaker whose unaided voice covered only that portion
of the crowd within a hundred feet or so from him.

When this system, consisting of a high quality tele-
phone transmitter, distortionless multi -stage vacuum
tube amplifiers, powerful loud speaking receivers and
projectors, had so shown its capabilities, in reproducing
speech sounds, a logical extension of its application
was to use it with telephone lines. By connecting the
transmitting and receiving elements of the public
address system through a suitable telephone line a
system is provided whereby a speaker can address
an audience at a distant point. Also with a complete
public address system at the point where the speaker
is located, connected by lines to receiving elements of
the public address system located at one or more dis-
tant points, the speaker is enabled to address a large
local audience and to be heard simultaneously by audi-
ences at one or more remote points. This last arrange-
ment was first used on Armistice Day, 1921, when
audiences at Arlington, New York and San Francisco
joined together in the ceremonies attending the burial
of the Unknown Soldier at the National Cemetery at
Arlington, Virginia.

By means of the public address system, the meeting
of this Institute at New York, at which this paper is
presented is attended and participated in by Institute
members at a meeting in Chicago. This is the first
occasion on which complete public address systems
installed at meetings in two cities have been connected
together by telephone lines so that speakers at each
meeting address the local and distant audiences
simultaneously.

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

With the transmitting element of the public address
system working into the radio transmitter of a broad-
casting station and with the receiving elements of the
system connected to the output of the radio receiving
sets, a system is provided whereby a number of people
can be reached by each radio receiver.

The combination of these wire and radio communica-
tion channels with the elements of the public address
system is, therefore, without limit in the number of
persons who may be reached simultaneously by one
speaker. Such combinations may prove extremely
serviceable for occasions of nation-wide interest and
importance.

The public address system apparatus has been used
not only for transmitting speech sounds but also for
music, both vocal and instrumental. The paper'
describing the public address system has pointed out
that the requirements for such a system are that for
a wide frequency range it be practically distortionless,
that is, transmit and reproduce with equal efficiency
all frequencies in that range. This requirement must
apply likewise to lines which are used with the loud
speaker system. It has been found that a circuit which
transmits without material distortion the frequency
range from about 400 to 2000 cycles, can be used with
the public address system to reproduce speech sounds
which are fairly understandable under favorable condi-
tions, although sounding unnatural. In general it is
important to extend this range at both ends in order
to improve the intelligibility of the sounds and
increase the naturalness. For vocal and for some types
of instrumental music the melody can be reproduced
with the above frequency range, but these tones also
are lacking in naturalness. Since some of the musical
instruments are used to produce tones three and even
four octaves below middle C, it is evident that the
proper reproduction of music requires a further exten-
sion of the lower limit of the transmitted band than
does speech. While the fundamentals of the higher
musical tones lie in general in the range mentioned
above, it is the harmonics in musical tones which dis-

1. Green and Maxfield, "Public Address System."
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tinguish those produced by different instruments and
which give what musicians term "brilliance." The
true reproduction of many musical selections requires
the distortionless transmission of a frequency band of
from about 16 cycles to above 5000 cycles. Many
musical selections, however, employ only a part of this
range and accordingly can be satisfactorily reproduced
by systems not transmitting the whole range. Also,
even with slight distortion obtained with somewhat
narrower ranges, reproductions may be given which
are agreeable to many popular audiences.

LINE REQUIREMENTS

In general the same line requirements which make for
satisfactory transmission of speech over commercial
telephone circuits also make for satisfactory transmis-
sion when telephone circuits are associated with loud
speakers. There is this difference however. The
loud speakers tend to make the line distortion much
more noticeable and serious. Speech transmitted
over a particular telephone line is; in general, more
difficult to understand when listening to loud speakers
than when listening to telephone receivers.

In commercial telephone service the main require-
ment is intelligibility while, with the loud speaker,
the naturalness of the reproduced speech sounds is
very important. People are accustomed to hearing
transmission through the air with very little distortion
and naturally expect the same results with loud
speakers.

The above constitute the reasons why, for trans-
mitting voice currents over telephone lines with loud
speakers, it is necessary to pay unusual attention to the
electrical characteristics of the lines. Evidently when
music is to be transmitted, particularly music of a
fairly high grade, it is necessary to place even more
severe electrical requirements on the lines.

An analysis of what constitutes the electrical require-
ments of a telephone line which make for good trans-
mission, particularly when loud speakers are employed,
will now be given.

In the first place, as explained above, it is essential
that a sufficiently broad frequency range be trans-
mitted. As explained in another paper2 it is not suf-
ficient -that a telephone circuit transmit sustained
alternating currents within a given frequency range.
It must also transmit short pulses of alternating
currents within the proper frequency range without
introducing oscillations of its own or "transient effects."
This requires that loaded circuits for loud speaker use
have a high cut-off frequency and hence have the fre-
quencies of the predominant natural oscillations high.
It has been found that when the cut-off frequency of
loaded circuits is about 5000 cycles, good results are
secured with loud speakers.

The two types of telephone circuit which best meet

2. Clark, Telephone Transmission over Long Cable Circuits,
JOURNAL of A. I. E. E., January, 1923.

the requirements of transmitting a broad band of
frequencies, both when sustained and when applied
in short pulses, are non -loaded open -wire lines and
extra -light loaded cable circuits. These are suitable
for transmission over very long distances. For trans-
mission over short distances, say from one point in
a city to another point in the same city, non -loaded
cable circuits equipped with distortion networks or
attenuation equalizers for equalizing the attenuation,
give good results.

A good idea of the range of frequencies which can be
transmitted over high grade telephone circuits can be
secured from Fig. 1, which shows the transmission
efficiency at different frequencies for the New York -
San Francisco circuit. This circuit is a non -loaded
No. 8 B. W. G. open wire line equipped with twelve
telephone repeaters and is 3400 miles long. Its fre-
quency characteristic meets very well the requirements
for easy understanding of voice transmission although
it causes some loss of naturalness.

The frequency range which can be transmitted with
approximately constant efficiency is limited at the lower
end by the fact that composite sets are employed in
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FIG. 1 -TRANSMISSION CHARACTERISTIC OF TRANSCONTI-
NENTAL CIRCUIT -NEW YORK TO SAN FRANCISCO

order to make it possible to superpose direct current
telegraph circuits. The elimination of these composite
sets would make it possible to improve the transmission
of low frequencies and thus improve the operation of
the circuit in connection with loud speakers. The
resulting improvement, however, would not be of
importance for commercial telephone service and would
render it more difficult to avoid noise on circuits exposed
to induction from paralleling power or telegraph
circuits.

At high frequencies the range is limited because
these same wires are equipped with apparatus to permit
super -position of multiplex carrier telegraph circuits
above the voice range. This limitation also is not
important for commercial telephone service although
it is of importance for loud speaker use. To raise the
upper limit of the voice transmission range would re-
quire giving up some of these facilities.

Fig. 2 will give an idea of how the distortion intro-
duced by a length of non -loaded cable can be corrected
by employing distortion networks or attenuation
equalizers. This figure shows the transmission fre-
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quency characteristic of about 10 miles of non -loaded
No. 19 A. W. G. cable. Curve A, in the figure, shows the
characteristic when uncorrected, while Curve B shows
the characteristic for the circuit when equipped with
an attenuation equalizer.

After choosing the proper types of telephone circuits
for use in connection with loud speakers, there remains
to be considered a number of other important matters.

The maintaining of the telephone power within proper
limits at different points in the circuit is very important.
The power must not be allowed to become too weak,
otherwise the extraneous power induced from parallel-
ing circuits would tend to obliterate the telephone
transmission. On the other hand, the telephone
power must not be amplified to such an extent that the
telephone repeaters will be overloaded or severe cross-
talk be induced into paralleling circuits.

To keep the telephone power throughout the circuit
between the above limits, requires careful study and
adjustment. For handling regular telephone connec-
tions, the circuits are laid out and equipped with
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FIG. 2-TRANSMISSION CHARACTERISTIC OF No. 19

NON -LOADED CABLE CIRCUIT
A-Without Attenuation Equalizer
B-With Attenuation Equalizer
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repeaters at proper points so that each circuit will be
able to handle the varying volumes applied at the
terminals when different subscribers are connected
without getting into serious difficulties. When loud
speakers are employed it is necessary to maintain the
volume at the terminals of the toll lines at least within
these limits and it is preferable to do somewhat better
than this.

With the public address system, the high quality
transmitter which picks up the sound at the sending end
is usually associated with an amplifier whose adjust-
ment is varied, depending on the output of voice cur-
rents from the transmitter. In order to obtain the
proper adjustment of this amplifier, it is necessary to
have some means for quickly indicating the volume of
transmission. For this purpose, there has been devel-
oped a device which is called a "volume indicator."
This consists of an amplifier detector working into a
direct -current meter. With this volume indicator
connected across the output of the transmitter amplifier,
the volume of transmission delivered to the line is
indicated by the deflections on the meter. By ad-
justing the amplifier, therefore, to keep the deflections

of this meter reasonably constant at some deflection

.
determined by previous calibration, it is practicable
to keep the telephone power within the required limits.
Obviously, this same device may also be employed to
keep the telephone power constant at any other point
in the system.

While the necessity for keeping the power applied to
the toll lines within proper limits cannot be over-
emphasized, it should also be noted that this is not
sufficient. It is also essential that all parts of the toll
circuit, including the repeaters, be maintained at
prescribed efficiency so that the power levels at all
intermediate points in the circuit will also be kept
within proper limits. Long telephone lines are designed
with special emphasis on this matter of constant
efficiency so that, in general, no special precautions are
required when using these circuits in connection with
loud speakers.

In another paper,' the "echo" effects which may
occur on long telephone circuits are explained. When
setting up two-way circuits for loud speaker use, it is
necessary to pay particular attention to effects of this
sort. Furthermore, there is another source tending to
produce echoes in circuits arranged for two-way use with
loud speakers. This is the tendency for the sound deliv-
ered from the loud speaker projectors to enter the sen-
sitive transmitter and be returned to the distant end of
the circuit as an echo. Owing to the relatively slow
velocity of transmission of sound through air the lag in
such an echo may be great enough to be serious, although
the line is a short one with high transmission velocity.
It is, therefore, evident that this coupling through the
air between the loud speaker projector and the trans-
mitter must be kept small. If a very sensitive trans-
mitter arranged so that a speaker may stand several feet
away from it is employed, this problem becomes even
more difficult.

There is one thing more that remains to be considered:
the necessity for special operation. When a large
number of people are assembled at some point to hear
an address delivered at a distant point, it is evident that
delay in establishing the connections cannot be tolerated.
It is, therefore, necessary to establish such connections
ahead of time and it is usually also necessary to set up
spare circuits for use in case of failure of the regular
circuits. A special operating force is required for
checking up the circuits, establishing the connections
when required, and making the necessary adjustments.
Rehearsals are necessary on important occasions to in-
sure proper functioning of the circuits and proper co-
ordination of the handling of the circuits with the
programs at different points.

TYPICAL CIRCUIT COMBINATIONS OF PUBLIC ADDRESS
SYSTEM AND LINES

Following are a number of typical combinations of
the public address system and telephone lines. The

3. Clark, Im..
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combinations by means of which one-way service may
be rendered, are given first, following which certain
combinations for giving two-way service are discussed.

By one-way service is meant service in which no
provision is made for anyone in the distant audience to
talk to the place where the speaker is located. Two-
way service provides for speakers at either of two or
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FIG. 3-ONE-WAY CONNECTION TO POINT IN SA ME CITY

more points:addressing-all of the other points. This is
similar to the two-way service rendered by regular
telephone circuits.

Fig. 3 shows the circuit arrangement which would
be used when a speaker at one point in a city, for exam-
ple, at his office, is to address an audience at another
point in the same city. A high quality close talking
transmitter T, together with a fixed gain single -stage
amplifier A, are provided at the point where the speaker
is located. This combination is designed to deliver to
the line the same amount of power as a commercial
type  substation set. Connecting this point with the
point at which the audience is gathered is a non -loaded
cable circuit. To correct for the distortion in this cable
circuit, an attenuation equalizer E is provided. The
apparatus at the point where the audience is located is
the equipment of the public address system without the
transmitter and its associated amplifier. In Fig. 3, B
is the amplifier for delivering sufficient power to the
group of loud speaker projectors indicated by R. A
volume indicator V associated with the amplifier B is
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FIG. 4-ONE-WAY CONNECTION TO POINT IN DISTANT CITY

used in maintaining constant the volume of sound
delivered from the projectors.

Fig. 4 shows the circuit combination required when
a connection is to be established to a distant city where
the loud speaking receivers are located. In the city
where the speaker is located, connection is made to the
toll office by means of a non -loaded cable circuit equip-
ped with an equalizer similar to Fig. 3. A volume
indicator V1 is associated with the amplifier C1 at the
toll office to enable proper adjustment of amplifier C1
to be made so that the power delivered to the toll line
will be within the proper limits. As explained above
if the volume at the toll office is allowed to become too
great, the telephone repeaters on the toll line will be
over -loaded and serious distortion will result, while if
the volume is allowed to become too weak, extraneous
noise and crosstalk will tend to obliterate the direct
transmission. If a distant talking transmitter is used

for the speaker, a multi -stage adjustable amplifier is
associated with it. In this case the volume indicator
is located at the output of this amplifier as shown by
the dotted lines in Fig. 4. When the volume indicator
is employed at this point it is necessary to take into
account the loss introduced by the non -loaded cable and
the equalizer El, together with the gain of the repeater
CI, in order to deliver volume within proper limits to the
toll line. The toll line, shown equipped with repeaters

D2, etc., extends to the toll office in the distant city.
At this point the amplifier C, is located, together with
another equalizer E2, for correcting the distortion in the
local non -loaded cable circuit. The apparatus at the
point where the audience is located is similar to that
shown in Fig. 3.

Fig. 5 shows the circuit combination employed when
a local address is to be given, while at the same time the
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Fin. 5-ONE-WAY CONNECTION FOR ADDRESSING LOCA1. AND
DISTANT AUDIENCES SIMULTANEOUSLY

same address is delivered to one or more distant points.
In order to allow the local audience to hear the address
by means of the loud speakers, the power amplifier B
supplying energy to these is bridged across the output
of the amplifier A associated with the transmitter T.
A volume indicator V, connected across the circuit at
the point where the bridge is made, makes it possible
to maintain constant volume both for the local loud
speakers and for the transmission applied to the toll
lines by suitable adjustment of amplifier A. At the
toll office means are indicated for connection to two
distant points X and Y. Owing to the fact that
amplifiers C1 and C2 are one-way devices, no inter-
actions can occur between lines X and Y or between these
lines and the local loud speaking system. The arrange -

FIG. 6-Two-wAy FOUR -WIRE CONNECTION FOR ADDRESS IN)
LOCAL AND DISTANT AUDIENCES

ments for reaching the distant points X and Y are
similar to the one illustrated in Fig. 4.

All of the circuit arrangements which have so far been
described are arranged simply so that a speaker may
address one or more local or distant points. When it is
desired that the speaker and the audience at the sending
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end be able to hear, also, a speaker at the distant point,
more complicated arrangements are required.

Fig. 6 shows a circuit arranged for such two-way
service, the line being operated on the four -wire princi-
ple, z. e., two separate transmission paths are provided,
one for transmission in each direction. The circuits
connecting transmitter T, with the projector group R2
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Fir.. 7 TWO-WAY TVI 0 -WIRE CONNECTION FOR ADDRESSING
LOCAL. AND DISTANT AUDIENCES

and transmitter T2 with the projector group R, are
similar to the circuit in Fig. 4. By-pass connections
F, and F2 are added at the two ends which allow part
of the output of each transmitter to pass into the local
loud speakers. These by-pass connections are so
arranged that transmission can pass only in the proper
direction. Two volume indicators are provided at each
end. Referring to the left-hand terminal, volume
indicator V, is provided to insure that power is supplied
to the toll line within the proper limits of volume, as
explained above. V, is provided to facilitate adjust-
ment of the by-pass circuit F, and of amplifier B, so as
to deliver proper volume from R, both for the local
talking and for the reception of the addresses from the
distant end of the circuit. The volume indicators V.
and V, at the right-hand end of the circuit have func-
tions similar to those of V, and V, respectively.

Fig. 7 is similar to Fig. 6 with the exception that the
toll line is of the two -wire type. At each end of the
toll line, which may, or may not, contain two-way
repeaters, transformers and networks N, and N2 are
placed for converting the two -wire circuit into a four -
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toll line. Practically all of the transmission from trans-
mitter T, to projector group R, and from transmitter
T2 to projector group R2 is delivered through the ad-
justable by-pass circuits F1 and F2, respectively.

For connections requiring to and fro conversations
between three or more points, all of which may be
equipped with loud speakers, intermediate points may
be connected to a two -wire telephone circuit by employ-
ing the arrangement shown in Fig. 8. A three -winding
transformer is inserted in the toll line which is so con-
structed that the impedance which it introduces into
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the circuit is small enough to avoid a serious irregular-
ity. Talking currents are put out on to the toll line
through this transformer. The received transmission
is obtained from a high impedance bridge across the
midpoints of two of the windings of the three -winding
transformer. Amplifiers CI and C2 introduce sufficient
gain to overcome the losses due to the inefficient coup-
ling with the telephone line. The rest of the circuit
at the intermediate point is the same as Figs. 6 and 7,
the local speaker being heard by his own audience by
means of transmission delivered through by-pass F.
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wire circuit. The equalized cable circuits at the two
ends thus form two sides of short four -wire circuits.
The conditions of balance between the networks and
the toll lines prevent more than a very small amount of
the direct transmission from each local transmitter
from entering the local loud speaking receiver circuit
at the points where the local circuits connect to the

St. -1",

T

A modification of the arrangement of Fig. 8 can, of
course, he used with a four -wire toll circuit.

ARRANGEMENTS FOR ARMISTICE DAY, 1921

Fig. 9 shows the circuit which was employed on
Armistice Day, 1921, when audiences of 100,000 people
at Arlington, :35,000 people at New York and 20,000
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people at San Francisco, joined in the services at the
burial of the Unknown Soldier. This was the first
time that audiences at more than one distant point
were simultaneously addressed from one point by means
of the public address system.

At Arlington three different transmitters T3 and
T4 were used for the different parts of the ceremonies.
T2 was used for the musical selections, T3 for the
speeches made in the amphitheatre, and T4 for the
speeches at the grave of the Unknown Soldier. Another
transmitter T1 was provided for the use of an announcer
who kept the audiences at New York and San Francisco
advised of the proceedings. The speech currents
leaving these transmitters were brought up to moderate
volume by means of amplifiers A2 and Al, the former
taking care in turn of the three different transmitters
employed during the ceremonies.

The voice currents from the transmitters which were
employed for the ceremonies, after paing through
amplifier A2, separated into two branches, one branch
going to the local amplifier B1, which supplied the local
loud speakers RI, the other going to the telephone
circuit through amplifier C,, switch S, and amplifier
C1. The switch Si was provided for connecting either
the announcing transmitter T1 or one of the transmit-
ters for picking up the ceremonies to the end of the
toll line. V, and V2 are volume indicators, V, being
employed to indicate that the proper power was being
put into the toll line, while V furnished an indication
of the volume which was being delivered by the pro-
jector group R,. During the ceremonies the amplifier
C2 was continuously adjusted so as to deliver proper
volume to the long distance telephone circuit. the
volume indicator V, making it possible to keep the
volume applied to the toll line within close limits.
At the same time independent adjustments were made
of the amplifier B, to take care of the varying conditions
introduced by the different talking conditions as well
as the varying conditions introduced by shifting of the
crowds listening to the ceremonies.

After leaving the amplifier C, at Arlington, the voice
currents first passed through a non -loaded section of
cable whose distortion was corrected by equalizer
E1. A non -loaded 8 -gage open -wire circuit carried
the voice currents to New York City. At this point,
the circuit again branched, one branch delivering
a part of the voice currents to the apparatus at Madison
Square Garden, the other branch going to San Francisco
over one of the non -loaded No. S gage transcontinental
circuits. The arrangements employed at Madison
Square Garden and at the Civic Auditorium in San
Francisco were similar, switches being provided at each
point to connect to the projector groups the circuit
from Arlington or from the local transmitter.

The difficulties involved in transmitting voice cur-
rents for the first time to loud speaker installations at
distant points, as well as the great importance of the
occasion, made it necessary to take elaborate pre-

cautions in order to insure the success of the under-
taking. The long distance telephone circuits were
carefully inspected ahead of time and all of the ampli-
fiers and other apparatus employed were subjected to
numerous careful tests. For checking the complete
circuit, alternating currents of different frequency were
applied at Arlington and measured simultaneously at
New York and San Francisco. The curve on Fig. 1
was obtained from the results of one of the measure-
ments made on this occasion.

To guard against possibility of failure of the circuits,
emergency circuits were provided, these emergency
circuits taking different routes wherever possible.
Fig. 10 shows the network of long distance circuits
which was set up for this occasion. The solid lines
in this figure indicate telephone circuits while the broken
lines indicate telegraph circuits. The latter were
for the purpose of transmitting orders between dif-
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ferent units of the operating organization at different
points.

At Arlington the nature of the ceremonies and the
place in which they were held presented many dif-
ficulties from the acoustic standpoint. The main
addresses were made in an open amphitheatre sur-
rounded by a double colonnade of marble. The
platform on which the speakers were located was
partially covered by a marble arch. The floor of the
amphitheatre is of cement on which are arranged
marble benches. Temporary seats also were placed
on top of the colonnade. During the ceremonies large
crowds surrounded the amphitheatre on all sides.
The arrangement of the amphitheatre and the sur-
roundings is shown by Fig. 11.

In order that the crowds outside of the amphitheatre
might hear the speakers, loud speaking receivers and
their associated projectors were placed on top of the
colonnade. They were arranged in four groups as
shown on Fig. 11, the projectors referred to, being
numbered from 1 to 21 inclusive. Those in the east
group were on top of the structure forming the main
entrance to the amphitheatre. The projectors were
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carefully directed to cover uniformly the area around
the amphitheatre and were supplied with sufficient
power so that the speaker could be heard for at least
a thousand feet from the outside of the amphitheatre.
It was found, however, that while these projectors
are highly directive, some of the sound from them could
be heard inside the amphitheatre. This sound leakage
at the western side was particularly serious because of
the fact that it reached the rear seats inside of the
amphitheatre sufficiently far enough ahead of the
corresponding sounds directly from the speaker to be
noticeable. To overcome this, the small projectors
29, 31, 32 and 34, placed on top of the arch over the
platform, were directed at the rear seats and given
sufficient volume output to overcome the sound
reaching these seats from the loud speakers on the
colonnade.

--0 Large Projecthr
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FIG: 11-ARRANGEMENT OF PROJECTORS AT ARLINGTON
AMPHITHEATRE

The adjustment of the power to these small projec-
tors required great care because if given too great
volume, bad reflections would be set up in the amphi-
theatre. On the other hand if this volume were not
great enough, the outside projectors would cause
serious interference. The small projectors 27 and 28
were used to overcome the sound leakage effects on
the top of the west side of the colonnade. The pro-
jectors 35 and 36 covered the top of the colonnade on
the east side.

Fig. 11 shows also the location of the three trans-
mitters used during the ceremonies, a, on the platform
for the speakers, b, in front of one of the boxes in which
were placed the singers and behind which was located
the band, and c, at the grave. When the transmitter
at the grave was tested it Was found that serious inter-
ference was obtained between the speaker's voice and
the sound from the projectors 16 to 19 inclusive. For

the ceremonies at the grave, therefore, these loud
speakers were disconnected and those numbered 22 to
26 used instead. Also in order to properly cover the
inside of the amphitheatre during the ceremonies at
the grave, the small projectors 30 and 33 were used.
These were located on the arch over the platform and
were directed at the front seats in the amphitheatre.

The projectors were divided up into a number of
small groups and so connected that the volume of
sound delivered by each group could be- varied without
affecting the other groups. This was necessary in
arriving at the power to be delivered by each pro-
jector to give uniform distribution and to avoid inter-
ference between different groups.

By means of these arrangements all parts of the cere-
monies were carried to all parts of the audience at the
National Cemetery and were also delivered by means
of the lines to the audiences in the distant cities.

At New York, a group of fifteen loud speakers was
used in Madison Square Garden to satisfactorily reach
all parts of the audience and a group of twenty-one
loud speakers was suspended outside the building for
the outside audience. At San Francisco, ten loud
speakers were used in the Civic Auditorium and seven
outside.

USE OF PUBLIC ADDRESS SYSTEM APPARATUS WITH
RADIO

When radio broadcasting came into general use, the
apparatus and methods which had been developed for
the public address system were applied to this new field
as it also demands high quality reproduction for speech
and music. The transmitters and amplifiers associated
with them in the public address system are used in radio
broadcasting studios for delivering speech frequency
electrical power to the radio transmitter. Loud speak-
ing receivers and amplifiers for delivering sufficient
power to operate them are used with many of the
radio receiving sets.

The methods which have been employed to connect
public address system transmitters with toll lines are
being used for the broadcasting by radio of speeches and
music given at points remote from the radio station.
In such cases the transmitter and its associated ampli-
fier are operated and controlled in the same way as
described above for toll lines. In some cases the radio
station is in the same city as the place where the speech
or music is given and in other cases the two have been
in different cities. In the first case the output of the
transmitter amplifier is carried to the radio station over
non -loaded cable circuits which are equalized by means
of distortion correction networks to have uniform
efficiency over a wide frequency range, in some cases up
to 5000 cycles. Where the two points are in different
cities, the non -loaded cable circuit goes to the toll office
and there is connected to the toll lines which are operated
in the same manner as described above for loud speaker
use.



For some of the higher grade music, such as that
given by symphony orchestras, the less efficient, but
slightly higher quality condenser type transmitter has
been used instead of the double button carbon type.
This requires the use of ana dditional two stage amplifier
in front of the regular three stage transmitter amplifier.

The output of the transmitter amplifiers is controlled
with the aid of a volume indicator bridged across the
output terminals of the amplifier. For best results,
particularly in reproducing music, it is necessary to
adjust the gain of these amplifiers to compensate
partially for the large range in the volume of the music.
If the amplifiers are set high enough in gain to send
through the low passages of the music with sufficient
volume so that it will override the static and the inter-
ference from other sending stations, the loud parts of
the music will seriously overload the radio transmitter
system, unless it is of very large capacity, and will in
general overload the receiving sets. Furthermore,
putting out these loud parts at the same relative level
with respect to the low passages as they are given by the
orchestra, makes the interference between radio
stations more serious. In some orchestral concerts the
power amplification of the transmitter amplifier has
been adjusted over a range of more than a hundred to
one, these changes being made, however, so that they
were not noticed by those listening to the concert by radio.

Proper volume control is very important in picking
up such music for radio broadcasting. The lack of such
control is responsible for many of the poor results that
are being obtained. In this connection, the location of
the transmitter with respect to the various instruments
in the orchestra or smaller combination of instruments,
so as to maintain in the reproduced music the proper
balance between the several parts is, of course, of great
importance.

An interesting illustration of the combination of the
public address system, telephone lines and radio broad-
casting was used in connection with reporting a foot-
ball game played in Chicago in the fall of 1922. By
means of high quality transmitters and amplifiers
located at the football field, announcements of the plays
and the applause of the spectators were delivered to
a cable circuit extending to the toll office in Chicago.
This circuit was connected there to a toll line to New
York where it delivered the telephonic currents to a
radio . broadcasting transmitter. In Park Row, in
New York City, was located a truck on which was
mounted a radio receiving set arranged to operate a
public address system. By this means the reports
of the plays of the football game in Chicago were deliv-
ered to a large crowd in the streets of New York.

The recently adopted standard sizes and tests for
dry cells and flash light batteries are given in a re,
vised edition of Circular 79 issued by the Bureau of
Standards. These tests and sizes were adopted by
a conference of the leading manufacturers, govern-
ment representatives, and large individual users.
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More than half the States of this country have for
a number of years had Motor Vehicle Tail -Light laws
in which are specified the minimum distance at which
the warning light itself should be visible, and also the
minimum distance at which the license tag should be
legible at night. Although the requirements of individ-
ual States vary considerably, the intent of these laws
is good; that is, to protect the motoring public, un-
fortunately, however, until very recently no serious
attempt has been made to strictly enforce tail -light
laws. As a result, tail -light design has been given
little thought.

It is not surprising then that the State of Massa-
chusetts upon taking up the matter of enforcement
found that not a single tail -light then in use met the
requirement that the license plate be legible at night
for a distance of 60 feet. It has been necessary, there-
fore, for all automobile manufacturers to redesign their
tail -light equipment and for the motoring public of
Massachusetts to provide itself with tail -lamps of
approved design.

To meet the legal requirements in this State tail -
lamps differing from approved designs must be sub-
mitted to the state laboratories for test and approval.
Specifications having a direct bearing on illumination
are:

1. Two- or four -candle power lamps only may be
used;

2. The lamp must be mounted above the center of
the number plate;

3. The filament of the lamp must be within a cer-
tain definite zone;

4. The window in the tail-lamp housing must be
covered with glass and of such size that light from the
entire filament will strike every part of a 1411 by 63/2
inch number plate and clear the bottom of the plate by
at least 11/2 inches.

The tail -light problem was discussed in a recent joint
meeting of Committees of the Illuminating Engineering
Society and Society of Automotive Engineers, with the
idea of developing and standardizing regulations very
similar to those in Massachusetts, but so worded
as not to impede progress along this line in the
way of new developments. It is expected that Massa-
chusetts will adopt these specifications when they are
published.

In view of the fact that other States have laws very
similar to those in Massachusetts, it is possible that
they also will become active on this matter. In any
event the action of Massachusetts in causing its 450,000
car owners to provide effective tail -light equipment and
automobile manufacturers to adopt approved tail -
lamp designs, will in time result in better rear number
plate illumination throughout all sections of the
country.



Colloid Chemistry*
BY WILDER D. BANCROFT

Professor of Physical Chemistry, Cornell University

THE Chairman of your Program Committee wrote
to me that he wished my talk to be a popular pres-
entation which would interest the members who

came to the meeting and also a profound discussion which
could be read with profit by the eighteen thousand mem-
bers who decided not to come. Either alternative is a
large order and the two are mutually inconsistent, so I
am not, likely to satisfy anybody. Your Chairman evi-
dently forgot that, if I were to tell you all the things
which I consider interesting about the theory of colloid
chemistry, I should keep going for several weeks. I

give my unfortunate class at least twenty-five lectures
at full speed on this very point. I am going to com-
promise tonight by telling you of a few things which
might reasonably be of interest to electrical engineers,
without making any attempt to cover the whole ground.

Speaking broadly, we can define colloid chemistry as
the chemistry of bubbles, drops, grains, filaments, and
films. These are things of which at least one dimension
is small. In other words colloid chemistry is the chem-
istry of materials in which the surface is large relatively
to the mass. For this reason one rather flippant person
suggested calling the subject superficial chemistry; but
some of us objected to the connotations.

Not so very long ago it was the fashion for the lec-
turer to present colloid chemistry as a succession of
miracles. It was said to constitute a separate world of
matter in which none of the facts of ordinary chemistry
are so. Barium sulphate and metallic gold are soluble
in water; metallic silver is blue, red, or yellow; globulin
has a gram molecular weight of 700,000; a suspension
of gamboge in water behaves like an ideal gas with a
molecular weight of 200,000 tons; colloidal platinum is
an inorganic ferment and is poisoned by potassium
cyanide or by corrosive sublimate; all systems are in a
state of flux undergoing irreversible changes.

Fortunately those days are over and we now try to
make the phenomena of colloid chemistry seem the
most obvious things in the world. If we start with
adsorption and the Brownian movements, everything
else follows fairly satisfactory; but these two concepts
have not been familiar ones to the chemist and are per-
haps quite unknown to the electrical engineer.

One property of every surface is that the surface tends
to condense upon itself everything else with which it
comes in contact in amounts which vary with the nature
and structure of the surface, the nature of the substance
in contact with the surface, the pressure, and the
temperature. This formation of a surface film with a
relatively high concentration is called adsorption. To
most of us that seems a harmless name for an observed

*Lecture presented at the A. I. E. E. Midwinter Convention,
February 16, 1922.

fact; but there are people who do not like it. A dis-
tinguished biological physicist from Cincinnati claims
that the crime of the century is not the demonetization
of silvgr, but the way in which colloid chemists sail
under the black flag of adsorption. This metaphor
seems to me a bit mixed but that is of no importance.
It is possible also that I may have misrepresented my
friend. It may be that the demonetization of silver
was the political crime of the last century and that
adsorption is the chemical crime of this century.

We know that adsorption takes place and that it is
specific; but we do not know why hydrogen or carbon
monoxide concentrate at, or are adsorbed by, a charcoal
surface, for instance. One explanation is that the
hydrogen or the carbon monoxide is attached to the
surface of the charcoal either by regular chemical
bonds or by contravalences, thus forming something
analogous to a chemical compound. We cannot go
any further than this because the carbon particles in
the charcoal hold to each other more firmly than they
do to the hydrogen, which would not be the case if
methane, acetylene, ethylene, or ethane had been
formed. For most purposes, however, it is quite
sufficient to know that hydrogen concentrates at, or
is adsorbed by, a charcoal surface without bothering
our heads as to the mechanism of the adsorption.

While the phenomena due to adsorption constitute
practically the whole thing in colloid chemistry, we
cannot dispense with the Brownian movements, when
we are dealing with fine particles suspended in a liquid.
If we drop a very fine particle of sand in water, the sand
will tend to sink because it is denser than the water.
According to the kinetic theory, the water molecules
are in violent motion and consequently will bombard
the sand particle continuously. If the particle is large
relatively to the molecule, the bombardment will have
relatively little effect upon it; but if the particle is very
small, it will be driven first one way and then another
by the buffeting of the water molecules. This actually
happens and, under the microscope, the finely -divided
particles of any solid may be seen moving continuously
in a zig-zag fashion. This phenomenon was first
observed in 1828 by an English botanist named Brown
and was named after him.

As would be expected from the theory, the Brownian
movements are less marked the larger the particles.
In fact, there is no perceptible motion when the particles
exceed 4 µ in diameter, while particles with diameters
of about 10µµ give apparent trajectories up to 20 A.
The speed of platinum particles having a diameter of
10-50µµ has been estimated by Svedberg at 200-
400 µ µ per second; but Perrin does not believe that
these estimates are accurate. With increasing vis-
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cosity of the liquid the Brownian movements decrease,
which is what one would expect on any hypothesis.

It is easy to see that the bombardment by the water
molecules will give rise to irregular movements; but I
should have supposed that the general effect wouldhave been equivalent to a fairly uniform bombard-
ment from all sides. This is not the case, however, and, for some mathematical reason which I have. never
understood, the statistical effect is a greater bombard-
ment from the bottom than from the top when the
suspended particle is denser than the liquid and , the
reverse when the particle is less dense. This is so
judiciously arranged that the force of gravity is bal-
anced and consequently this absolutely hit-or-miss
bombardment results in a practically uniform distri-
bution of the particles throughout the mass of the
liquid.

This practically uniform distribution occurs only
when the particles are very fine and consequently it
follows that we shall get a colloidal solution whenever
we have sufficiently fine particles and keep them fine.
If several of the fine particles agglomerate or coalesce
to form a large particle, the Brownian movements will
be unable to keep this larger particle suspended and it
will sink to the bottom or rise to the top as the case may
be.

There are two different ways in which we can keep
fine particles from coalescing or agglomerating. One
is to coat them with a suitable material film. You are
perfectly familiar with this on a somewhat larger scale
and under other conditions. You know that you can
buy a pasteboard box containing several separate doses
of a liquid medicine, castor oil for instance. The
separate masses of liquid do not run together because
each one is enclosed in a gelatine capsule. We can do
the same thing with suspended particles. We can coat
them with a film of gelatin or some other substance
which will keep them from coalescing. In some extreme
cases a film of adsorbed water or other liquid will
prevent agglomeration. Water seems to do this for
tannin. When pyroxylin is carried into apparent
solution by acetone, the separate particles are kept
from coalescing by a film of adsorbed acetone.

We can also keep suspended particles from coalescing
by charging them electrically all with the same sign,
in which case they tend to repel each other. If we have
suspended particles which adsorb hydrogen ions very
strongly and chlorine ions very slightly, we can stabi-
lize that colloidal solution by adding hydrochloric acid,
in which case the particles will all be charged positively
by the adsorbed hydrogen ions. If the particles adsorb
hydroxyl ions very strongly and sodium ions only
slightly, we can stabilize such a colloidal solution by
adding alkali. If we add caustic soda to hydrous
chromic oxide, the latter goes into apparent solution
and we get an apparently clear, green solution of what
used to be called sodium chromite. Nowadays we
know that it is a colloidal solution of chromic oxide, the

oxide particles being charged negatively by adsorbed
hydroxyl ions. Of course a colloidal solution which is
stabilized by the adsorption of an ion, will be precipi-
tated if we add an electrolyte which has a readily
adsorbable ion of the opposite sign from that which
stabilizes the solution. You are probably quite familiar
with Acheson aquadag which stays up admirably in
water but flocculates when salt is added.

Precipitation occurs on a large scale when muddy
rivers flow into the sea. When rain falls in a clay
country, the run-off is muddy. The Mississippi river
is very muddy at St. Louis; but there is a good deal of
relatively coarse clay in it, most of which settles out
gradually. At New Orleans the river normally has
much less clay than at St. Louis; but the clay particles
are very fine and show very little tendency to settle.
They are charged negatively by adsorbed hydroxyl
ions and that checks coalescence. When the river
flows into the Gulf of Mexico, the concentration of
sodium ions is so great in the salt water that it more
than makes up for the relatively- slight degree of
adsorption of the sodium ions and the adsorption of
these latter neutralizes the negative charge on the
clay which therefore precipitates, forming a delta. Of
course, there is some settling, due to the current be-
coming zero; but the chief factor in the formation of
deltas is the precipitation of the suspended clay by the
salts in the sea water.

At one time we used to distinguish between colloidal
solutions stabilized primarily by and those
which were not, calling the first suspension colloids and
the second emulsion colloids, the particles in the first
being solid and precipitated readily by electrolytes,
while the particles in the second were liquid and were
relatively insensitive to electrolytes. A classification
of this sort is valuable in the early days; but it empha-
sizes differences which are not real and consequently
such terms as suspension and emulsion colloids are now
practically obsolete. We can make oil suspensions
which are quite as sensitive to electrolytes as colloidal
gold. Colloidal sulphur, though charged negatively,
withstands high concentration of hydrochloric acid.
Gelatin solutions are not affected much by most salts;
but recent work shows that the hydrogen ion concentra-
tion is important. In other words, we get all gradations
and there is nothing to be gained by making arbitrary
distinctions.

Gelatin is interesting because certain special things
coagulate it and make it insoluble. Tannin is one and
chromic salts are another, If we add tannin or a
chromic salt to gelatin, we make it insoluble. This is
utilized technically in making leather. Vegetable
tanning consists in adding tannin to the hide substance,
which is very similar to gelatin and becomes insoluble.
In chrome tanning we make the hide substance in-
soluble by the addition of chromic salts. This phe-
nomenon is also made use of in certain photographic
processes. Bichromate has no effect on gelatin; but
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if a bichromated gelatin is exposed to light, there is a
reduction to a chromic salt and the gelatin therefore
becomes insoluble where the light has struck it.

Having explained what we mean by colloidal solu-
tions, I will take up a few cases of adsorption which
may be of interest to you. A striking illustration is
the gas mask in which the chief adsorbing agent is
charcoal, which is very specific in its action, adsorbing
certain substances much more strongly than others.
If charcoal had adsorbed air in preference to poison gases
it would have been useless as a protection against
these latter. It was necessary that the charcoal should
adsorb the toxic substances preferentially, that it
should adsorb them very completely, and that it should
adsorb them very rapidly. The requirements were
very severe. The air may take only one -tenth of a
second to pass through the canister and yet it may be
necessary in that space of time to reduce the concentra-
tion of the toxic gas from, say, 1000 parts per million
to 1 part per million or less. The charcoal developed
by the Chemical Warfare Service met that requirement
with a safe margin. In fact, in laboratory experi-
ments, it was shown that the charcoal will reduce the
very high concentration of 7000 parts per million of
chloropicrin, CC13 NO2, in a rapidly moving current
of air to less than 0.5 parts per million in something
under 0.3 seconds. This was, of course, a special
charcoal. On the first of July, 1917, the best charcoal
that we had would not stop chloropicrin for one minute
under the conditions of the standard test. The char-
coal, made on a small scale later, stood up at least 1200
minutes against chloropicrin under the same condition.
This gives an idea of what was done in the way of im-
provement, though the large-scale manufacture of
charcoal did not give so effective a product.

The early use of charcoal as an adsorbent was quite a
different one and runs back to the end of the eighteenth
century. Solutions of raw sugars are dark colored but
can be decolorized by treatment with charcoal. The
charcoal takes out nearly all the coloring matter and
only a little of the sugar and we therefore have a very
effective purification. Here too the chemist has
developed much better charcoals than were used origi-
nally. It is worth noting, however, that the charcoals
which are best in the gas mask are not the best for
decolorizing sugar. The two sets of service conditions
are quite different. Although contact catalysis in-
volves adsorption, it does not follow that the charcoal,
which is the best catalytic agent for making phosgene,
COC12, from carbon monoxide and chlorine, is either
the best charcoal for the gas mask or the best charcoal
for decolorizing sugar.

When decolorizing sugar, we are not interested in the
fact that, theoretically, the coloring matter, which is
removed from the sugar solution, changes the color of
the charcoal. We have other cases of adsorption in
which the important thing is the fixing of the coloring
matter on the adsorbing agent. If we dip a piece of

cloth in a suitable colored solution, and perhaps heat
the solution to boiling, the cloth will take some or all
of the coloring matter out of the solution and will be
dyed. We distinguish a number of different types of
dyes such as basic, acid, substantive, mordant, vat,
and sulphur dyes. Some of these are in true solution
and some are in colloidal solution; but in all these cases
we are dealing with an adsorption of the dye or of a
reduction product of the dye either by the fiber itself
or by the mordanted fiber, and the mordanting of a
fiber is also a case of adsorption.

When discussing charcoal, a reference was made to
the catalytic manufacture of phosgene. It has long
been known that porous materials accelerate certain
reactions and that this effect is specific. This accelera-
tion of reaction velocity by an undissolved substance
which undergoes no marked change itself, is known as
contact catalysis and is of the greatest value in technical
processes. The so-called contact sulphuric acid is made
by passing a mixture of carefully purified sulphur
dioxide and air over finely divided platinum at about
450 deg. In the synthesis of ammonia from hydrogen
and the nitrogen of the air, porous iron is the chief
catalyst, though other substances, known as promoters,
are added to increase the action of the iron. The
oxidation of ammonia to nitric acid is done in the
presence of platinum as catalytic agent, while nickel
is used chiefly in the hydrogenation of oils. In making
ethylene from alcohol as a preliminary stage in the
manufacture of mustard gas, either alumina or kaolin
is used as the catalytic agent. As yet, we do not know
how the catalytic agent activates the reacting substance
and we cannot predict at all what substances will make
the best catalyzers in any given case. If we ever get a
satisfactory theory of the subject, I think that catalytic
methods of making all sorts of chemical compounds will
drive out pretty nearly all the regular processes. The
plants act in that way now, their catalytic agents being
called enzymes.

If we have electrified particles, as we do in some of
our colloidal solutions, they will move under the in-
fluence of a direct current. As electrical engineers you
are familiar with the particular case of electrified solid
or liquid particles in air, which is known as the Cottrell
process for precipitating smokes. A high -voltage,
direct current passes from a point to a plate, ionizing
the air and charging the suspended particles, which are
carried to the plate and can there be scraped off. I
have seen the statement that, in the Washoe reduction
works of the Anaconda Copper Company, the Cottrell
process has been introduced on so large a scale that
the point electrodes consist of one hundred and eleven
miles of chains. The Cottrell process removes sus-
pended solids or liquids; but, of course, will not remove
a gas, such as sulphur dioxide for instance.

In the case of a colloidal solution, the charged parti-
cles will move with the current if they are charged
positively, through having adsorbed a cation, and they
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will move against the current if they are charged
negatively, owing to adsorption of an anion or to having
emitted a cation. This transference under electrical
stress consists in a motion of the particles relatively to
the water. If we should in any way hold the particles
stationary and leave the water free to move, we should
expect an electrical stress to cause the water to flow past
the particles, the water going to the anode if the par-
ticles are charged positively and to the cathode if the
particles are charged negatively. This can be realized
if we consolidate the particles into a porous diaphragm.
Suppose we have a porous cup in a beaker with one
electrode, the cathode, inside the cup and the other
electrode, the anode, outside the cup. If the diaphragm
is charged negatively, the liquid will flow through into
the porous cup, eventually causing it to overflow.
When the liquid passes through a diaphragm, the
phenomenon is called electrical endosmose; when the
suspended particles are carried through the liquid,
the phenomenon is called cataphoresis. The word
hylophoresis, or transport of matter, has been suggested
as the general term covering both cases; but it has not
yet been adopted.

Cataphoresis is the thing that has made electrolytic
lead refining commercially feasible. Glue, or some
similar material, is added to the bath and is carried to
the cathode, where it modifies the structure of the lead
so that it comes down as a fine-grained deposit and not
as feathery crystals. The use of so-called addition
agents is quite common in electro-plating and many of
these are colloidal. The commercial applications of
electrical endosmose have not been very successful as
yet. By placing peat between two electrodes and
passing a high -voltage current, the peat acts as a
diaphragm and the water is squeezed out electrically.
The water content of the peat can be reduced from
ninety to sixty-five per cent with a reasonable expendi-
ture of power; but the cost of getting the water content
down to twenty per cent has proved excessive. The
method is said to have been used successfully in drying
alizarine paste and things of that sort, where the value
of the product justified a greater expenditure for drying.

In addition to the adsorption of a gas or a liquid by a
solid, we may also have the adsorption of a solid by
solid. Several cases of this sort are of great interest to
the electrical engineer. Theoretically, aluminum
should be an utterly useless metal because it stands in
the electrochemical series near the alkali metals and
calcium, quite close to magnesium. We should expect
it to corrode rapidly under almost any conditions; but
that is not what happens. The reason that you can
use aluminum for transmission lines, when the price
of copper soars, is simply and solely because aluminum
as a metal is a successful failure. Its natural duty in
life is to corrode; but the oxide or hydroxide film which
is formed is adsorbed so strongly by the metal that it
protects the surface and thus stops further corrosion.

The only reason why an aluminum wire or sauce -pan
does not corrode is because the air and liquids do not
come in contact with the metal. If we amalgamate
aluminum, the oxide coating does not adhere and the
metal corrodes rapidly, giving us the so-called fibrous
alumina.

Nickel also becomes covered ordinarily with a
strongly adsorbed film of oxide or hydroxide and con-
sequently does not rust. In the case of iron the oxide
film is usually not coherent and consequently the metal
goes on rusting. It is possible, however, under special
conditions, to give iron a coating of the magnetic oxide
which protects the metal surprisingly well.

We speak of noble metals as ones that do not corrode
in the air; but it is an open question in my mind how
many metals can qualify under this definition. We
know that platinum black is always oxidized in contact
with air, which makes it probable that sheet platinum
has an oxide film on it. Under ordinary conditions
most of our metals do rust or corrode; but a good many
of them, fortunately for us, stop corroding because of
the formation of a protecting film. Zinc corrodes
superficially and we all know that a copper roof turns
green and then undergoes very little further change.
As I see it, the corrosion problem is to treat a metal so
that it will corrode to a limited extent and then stop.
In other words we must study the conditions which
cause the formation of a protecting film. Calorized
iron is one solution of the problem, phosphatized iron

and there are doubtless many more.
A protecting film is not always a desirable thing.

The difficulty in condensing zinc from zinc vapor is due
to the fact that any zinc oxide which is formed is ad-
sorbed strongly by the globules of liquid zinc as they
form and we get blue powder instead of cast zinc.
It is very difficult to melt aluminum scrap because of
the oxide film around each piece. You are familiar
with the fact that when dirty mercury is shaken, it
forms globules which do not coalesce because of films
of oxide or grease around each drop.

This brings us naturally to the question of emulsions,
which are drops of one liquid suspended in another
liquid. Since the two liquids in the ordinary emulsions
are usually water and some form of oil, it has become
customary to use the word oil for the non -aqueous
liquid even though, as in the case of benzene, it is not
strictly an oil. While we can make emulsions which
are stabilized by an adsorbed ion, most actual emul-
sions are stabilized by the use of an emulsifying agent
which forms a film around the drops of the suspended
liquid. To emulsify oil in water, we are apt to use a
sodium soap in the laboratory, while the pharmacist
uses gum acacia a great deal. We can emulsify water
in oil by using calcium soaps as in the case of some
lubricating greases or we can use rosin in the case of
paints in linseed oil. Whether we get water emulsified
in oil or oil emulsified in water depends on the nature
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of the emulsifying agent and not on the relative masses
of oil and water. Speaking broadly, an emulsifying
agent, which goes more readily into water than into oil,
will emulsify oil in water. The converse is also true.
Emulsions are very important physiologically because
Clowes has shown that protoplasm behaves in many
respects like oil and water emulsified by a mixture of
calcium and sodium soaps, the lipoid material being
considered as oil.

If we replace the oil in an emulsion by air or a gas, we
have a foam. You have probably seen advertisements
of Foamite as a means of putting out fire. This con-
sists of solutions of aluminum sulphate and sodium
bicarbonate to which has been added some organic
material such as licorice. When the two solutions are
mixed, the chemical reactions may be written, .
Al2(SO4)3 + 3NaHCO:, = A1202 + 3Na2SO4 + 6CO2
+ 3H20.
The alumina and licorice form a film round the bubbles
of carbon dioxide giving a very stable foam.

A more important application of foam is the ore
flotation process. If we shake up water to which .a
little oil has been added, we get a bubble of air sur-
rounded by an oil film. This bubble is fragile and
breaks on reaching the surface. If we have present a
sulphide ore with a siliceous gangue, the siliceous
gangue is wetted preferentially by water And the sul-
phide particles by the oil. The patent of the Minerals
Separation Company calls for the use of a fraction of
one per cent of oil per ton of ore. An ore pulp usually
runs about one ton of ore to four or five tons of water.
When air is beaten into this mass, the particles of the
sulphide ore go into the oil -water interface or into the
oil itself, stabilizing the film because we then have
practically armor -plated bubbles. The resulting froth
can be scraped or shovelled off. Since most of the
sulphide ore rises with the froth and since most of the
siliceous gangue stays in the water, a very effective
separation occurs. In most cases acidification of the
solution and rise of temperature increase the effective-
ness of the separation.

If the amount of air is insufficient, the oil may cause
the ore particles to agglomerate and sink. This was
patented by Cattermole; but it is not technically so
successful as the frothing process. If the amount of
air is excessive relatively to the ore, the number of
bubbles will be so great that the ore particles cannot
coat them sufficiently to armor -plate them and a
fragile froth will be formed. This principle is made
use of in the Callow process, in which air is introduced
in fine bubbles at the bottom of the cell. These bubbles
break as soon as they reach the surface and consequently
the ore particles must be removed before they settle
back. We can thus have clotted particles, armor-
plated bubbles, or fragile bubbles, according to the
conditions.

Coming back for a moment to emulsions, there is a

wonderful chance for somebody to discuss whether the
most important natural emulsion is milk or the rubber
latex. Milk is necessary to life in the early stages; but
pneumatic tires play a very important part later in
life. Milk is an emulsion of liquefied butter fat in
water which contains some other things. As obtained
from the cow, milk is not very satisfactory when con-
sidered solely as an emulsion, because a more concen-
trated emulsion known as cream rises fairly quickly.
If milk is passed through a homogenizer, the fat
globules are broken up into smaller, more nearly uni-
form drops and we get an emulsion which remains
unchanged when passed through an ordinary separator.
If the cow had been more efficient mechanically, it is
probable that skimmed milk would never have been
discovered. When the milk emulsion is broken up by
churning, the liquefied butter fat hardens into butter.
The rubber latex is the milky juice from various kinds
of rubber plants, chiefly trees and vines. It is an
emulsion of liquid rubber in water which contains other
things. The rubber emulsion can be broken down in
a great many ways. On the plantations it is usually
done by adding acetic acid. The liquefied rubber
hardens just as did the liquefied butter fat and the
product is raw rubber. One reason that we do not let
milk sour in order to get butter is that the caseine comes
down too. I do not know whether acid breaks the
butter emulsion and whether . one can get butter by
adding vinegar to cream.

Raw rubber is not a satisfactory product in itself
because it is too brittle when cold and too sticky when
warm. It has to be vulcanized, which usually means
heating with sulphur. Vulcanization is a problem of
adsorption. There is only one compound of sulphur
with rubber. It contains thirty-two per cent of
sulphur, has the formula C10 H16 S2, and is known as
hard rubber or ebonite. Ordinary vulcanized rubber
contains perhaps four per cent of combined sulphur and
must therefore consist chiefly of raw rubber with hard
rubber adsorbed on the surface of the raw rubber.
Most rubber chemists dispute this conclusion because
it is not possible to dissolve raw rubber out of vulcanized
rubber with the solvents which will carry pure raw
rubber into colloidal solution. This is not a serious
objection however because we have already seen that
a film of aluminum oxide keeps aluminum from being
acted on by things which corrode pure aluminum.

Electrical engineers are interested of course in insu-
lation problems. In addition to rubber we have three
other well-known substances which are valuable, each
in its own way: porcelain, artificial silk, and bakelite.
The manufacture of all these involves colloid chemistry ;
but a discussion of these substances would take me far
beyond any reasonable time limit. I hope, however,
that I have succeeded in showing you that colloid
chemistry is a subject which is of real interest to the
electrical engineer.
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Case II. Signal at an. Angle to Antenna, Zero Loss
A ntenna. So far we have considered only signal waves
traveling in the direction of the antenna. To calculate
the directive properties of the antenna, we must find the
effect of a signal of the same wave length and intensity
coming at an angle to the antenna. In the first place

FIG. 29-RELATIVE CURRENTS AT THE Two
ANTENNA

ENDS OF A WAVE

there will be a difference in the electromotive force E0
induced in a unit length of wire. In Fig. 30A, we
imagine ourselves looking down at two horizontal wires,
each of unit length, situated in the midst of a signal
wave whose magnetic lines are shown as dotted lines in
the figure. Only the magnetic lines in a very thin layer
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immediately over the plane of the wires are shown.
These magnetic lines have a horizontal movement
indicated by the arrow, and a downward movement
resulting from the forward tilt of the wave front. The
horizontal movement causes no cutting of the conductor.
Owing to the downward movement, the wires will be cut

by all of the lines which cross them in the figure. The
numbers of magnetic lines which cross wires No. 1 and
No. 2 are in the ratio 1 to cos 0, and the induced electro-
motive force per unit length will be in the same ratio.
Another point of view is illustrated in Fig. :30B, in
which we imagine ourselves as looking at the ends of
the magnetic lines, which now appear as dots. Here
the same two wires are shown, and the actual direction
of motion of the magnetic lines is indicated. Only
those lines within the region a will cut wire No. 2 which
appears in this projection as A' - B', while all those
in region b will cut No. 1, and the ratio of a to b is again
cos 0. We shall therefore multiply by cos 0 to take
account of the difference in induced electromotive
force. That is to say if a signal coming in the direction
of the antenna induces E0 volts per kilometer, a signal
of the same intensity coming from an angle 0 to the
antenna will induce E0 cos 0 volts per kilometer.

The angle which the signal direction makes with the
antenna also effects the time required for the wave front
to pass over the antenna, and therefore affects the
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FIG. 31-EFFECT OF SIGNAL ANGLE ON TIME REQUIRED FM(
WAVE TO TRAVERSE ANTENNA

relative phases of the electromotive forces induced in
the different parts of the antenna. From the time the
maximum electromotive force occurs at A to the time
the same thing occurs at X the wave has only to travel
a distance x cos 0 as indicated in Fig. 31, and this will

x cos 0
require seconds, where v is the velocity of the

signal wave. If the induced electromotive force at A
is e. = (E0 cos 0) sin w t then at X it will be

ex = (E0 cos 0) sin w (t x cos 0
(13)

v

Comparing (13) with (2) we see that we now have the

factor ---
cos 0 where we had simply v, and where we had

E0 we now have E., cos 0. Replacing v by
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changing u/v or ?I to n cos 0. Making these changes in
(11) gives us, for the current due to a signal coming
from a direction 0 from the antenna.

oEos 0 1/o - Z 8 (1 -n cos 0)
c sin 3 l (1 -n cos 0)

(14)
If the signal is traveling in the direction of the

antenna, 0 = 0, and cos 0 = 1, and (14) becomes the
same as (11). If the signal is from the opposite direc-
tion 0 = 180 deg., cos 0 = - 1 and (14) becomes the
same as (12).

FIG. 32-DIRECTIVE CURVE OF WAVE ANTENNA. A = 15 KM.
= 12 Km., a = .0, u = 0.8 v

Let us apply formula (14) to the calculation of the
directive curve of the antenna whose currents for
0 = 0 and 0 = 180 deg. were determined in Fig. 28.
The calculations are shown in Table I. Column IX,
multiplied by Eo/Z would give the currents correspond-
ing to the value assumed for Eo. To show directive
properties, however, it is more satisfactory to give the
current for any direction in terms of its ratio to the
current which the same signal would produce if it came
from the direction for which the antenna gives maximum
reception. Thus column X gives the relative current
strengths as found by dividing all the figures of column
IX by the largest figure in the column which is 5.6 and
corresponds to 0 = 0. Fig. 32 shows the directive
curve of the antenna, obtained by plotting the relative
currents as shown in column X radially at the corres-
ponding angles.

Case III. Line Losses Considered. The factor line
attenuation has so far been left out of account in order
to simplify the problem. We assumed that the current
at the end of the line, resulting froin a wave which
started at some point X, had the same strength as at
X, although of different phase.

In the case of bare copper wire on poles, the errors due
to ignoring line losses are not in general large enough to

give misleading results. There are many instances
however in which line losses are high or the antenna
unusually long, where these effects cannot be neglected.

When there are no reflections to cause standing wave
effects, the decrease in current strength as we go
farther from the source is expressed by the relation
Ix = Io C", in which /0 is the current strength at the
source, Ix the current at a distance x from the source,
'and a is the "attenuation constant" of the line. A
value of 0.05 per kilometer for a, means that the current
decreases about 5 per cent with every kilometer which
the wave travels.

In deriving equations (4) and (5), we regarded the
point X in Fig. 26 as the source of waves on the antenna.
We considered the current d iax and d ibx at the ends of
the line to have the same strength as the current d ix at
x, since we were treating the case of a zero loss line. We
now wish to consider a line on which there is attenua-
tion, so the current d ibx at the end B, which is (1 - x)
kilometers from the source, will be weaker than the cur-
rent d ix at X, in the ratio E- act - x), and the current
d iax at the end A, which is x kilometers from the source,
will be weaker in the ratio e- ". The phase relations
as before are those corresponding the time differences

1 x
seconds and -u seconds required for waves

to travel from X to B and X to A respectively. The

ex d x
current at X is d ix -

2 Z '
or substituting the value

am"

Z717.

141 to. --DETERMINATION OF END CURRENTS FOR LINE WITH
ATTENUATION

of ex given in (13)

d ix = Eo d2
Z
cos 0

sin co ( t -
The current at B will be

d lb, = 2 Z e
E_o d x cos 0 - a (1 - x)

sin Coi ( t -
l -x

u

v.)

x

(15)
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TABLE 1
DIRECTIVE CURVE OF WAVE ANTENNA ZERO ATTENUATION

&cos 0/ - sin 1 / 1 1

7: co (1 -u cos 0) ti_ -
It P

E0 cos 0
sin 180 deg. (1

20.524 (1 - 0.8 cos 0)

u cos 0

0 . 8 cos In

I II III IV V VI

2. Z o
.N o,

co z0
U C.)t.t

S A

7o. o A
0 0 0i 8

0
0
JO ' i i

CO = I

....
--' '-'

V
V .-. ,. tii'I VS .,)

= 0
X

0 1.00 0.8 0.2 0.105 36
20 0.94 0.752 0.248 0.13 44.8
40 0.766 0.612. 0.388 0.203 70
60 .0.50 0.40 0.60 0.314 108
80. 0.174 0.139 0.861 0.450 155
90 0 0 1.00 0.524 180

100 -0.174 - 0.139 1.139 0.596 205
120 - 0.50 - 0.40 1.40 0.734 252
140 - 0.766 - 0.612 1.612 0.845 290
160 - 0.94 - 0.752 1.752 0.918 315
180 - 1.00 - 0.80 1.80 0.945 324

Vector h =

VII

a

0.588
0.704
0.94
0.951
0.42:3
0

-0.423
- 0.951
- 0.94
- 0.707
- 0.588

TABLE It
DIRECTIVE CURVE OF WAVE

2 r cos

Eo COS 0 

2 Zia +./ 2,r
n X

(1 -n cos 0)1
1 - e

[ +a ./ --2 w (1 - n COS 8) I i
n X

VIII

1

5.6
5.4
4.62
3.02
0.94
0

- 0.71
- 1.29
- 1.11
- 0.77
- 0.622

Arranging Formula for Calculation of Magnitude and Substituting Numerical Values of Constants, we have
Eo cos e ! Vector Difference of 1.0 and 0.55

Magnitude I = at Angle 450 deg. - 0.8 cos el2 Z ,/ (0.05)2+ (0.654)2 (1 - 0.8 cos 0)2
I IV V VI

IX

X

5.6
5.08
3.54
1.51
0.164
0

0.124
0.645
0.85
0.724
0.622

/ - 12 kin
A - 15 km.
u = 0 8 v.
a = 0

1.00
0.91
0.63
0.27
0.03
0

0.022
0.115
0.152
0.129
0.111

= 12 km.
/ = 12 km.
u = 0.8 v.
a = 0.05
f a1 = 55

VII VIII IX I X XI

0
X
O

mol

0 1.00 0.80 0.2 0.131
20 0.940 0.752 0.248 0.162
40 0.766 0.613 0.387 0.253
60 0.50 0.40 0.6 0.393
80 0.1736 0.139 0.861 0.564

100 - 0.1736 - 0.139 1.139 0.744
120 - 0.50 - 0.40 1.40 0.916
140 - 0.766 - 0.613 1.613 1.055
160 - 0.94 - 0.752 1.752 1.146
180 - 1.00 - 0.80 1.80 1.18

0.140
0.169
0.258
0.396
0.566
0.745
0.916
1.055

1.146

1.18

P

O  x

V

90 1.14 8.14 8.14 1.0
112 1.31 7.75 7.3 0.896
174 1.55 6.0 4.6 0.565
270 1.14 2.89 1.45 0.178
388 0.58 1.02 0.177 0.022
513 1.51 2.03 0.35 0.0431
630 1.14 1.25 0.62 0.0762
726 0.45 0.427 0.326 0.040
789 0.96 0.838 0.78 0.0958
810 1.14 0.97 0.97 0.119
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and the current at A will be

d ixx = Z
E.) d2 Cos 0 a X (t - x/v - x/u) (16)

The total end currents may be found by dividing the
line into sections and drawing a series of vectors which
represent the end currents resulting from the induced
electromotive forces in the successive sections, as was
done in Fig. 28. In the present case the vectors will
differ progressively in length as well as in phase. Fig.
33 shows diagrams for finding the end currents for a
signal direction parallel to the antenna. The conditions
of the problem are the same as in the case of Fig. 28
except that for Fig. 33 an attenuation of 0.05 per
kilometer is assumed. The corresponding vectors in
the two figures have the same phase angles, but in
Fig. 33 the vectors form a spiral instead of a circular arc.

The total end currents can be found by integrating
equations (15) and (16) in their present form, but the
work is simplified if we make use of vector notation.

In what follows, the symbols in bold faced type,
such as E or I stand for vector quantities of the
form a + j b, or its equivalent. For reference a sum-
mary is appended showing typical operations with
vector quantities.

The induced volts per kilometer, E. = E0 cos 0 at the
end A of the antenna in Fig. 26, will be taken as the
reference vector and the phase angle of any current or
voltage means its angle of lead or lag with respect to E..

The induced voltage per kilometer, Ex at the point
X is of the same intensity as E. but lags behind E. by

x cos 0
co radians. Therefore the vector of Ex is of the

same length as that of E. but is rotated backward, or
x cos 0

clockwise co radians with respect to E.. This

backward rotation is accomplished by multiplying by
x cos 8

e"' , so that
x cos

Ex = E. e- Jw = (Eo cos 0)
X COS 0

W (17)

The voltage induced in d x kilometers of wire at X is
Ex d x, and this, acting through an impedance of 2 Z
ohms produces a current at X of

d iz -Ez d x Eo d x coS 0
e-

X COS 0
(18)-2Z = 2Z

The waves on the wire must travel (1 - x) kilometers
from X to reach the end B of the antenna. There-
fore compared with the current d i. at X, the current
d ibx at B, is smaller in the ratio e" " (frx) and retarded

x1 -
in phase by the angle w it- radians. Hence

d ibx = d Iz e-
rr

(I - e- " (1 - )

Combining exponents and substituting 13 for w/u we
have

- (a +j 13) (1 - x)
d ibx = d ix e (19)

Substituting in this the value of d ix shown in (18) we

have
E0 d x Cos 0 - 1 w, - a - J M(1-4

1 2Z I e

x cos 8

Combining exponents and collecting the x terms gives

d i bx =
Eod x cos 0

e-
2 Z

cos e
(a + j0) 1+ (a+jO -j 4077x f

(20)

The waves from X to A travel x kilometers on the wire,
and are reduced in intensity in the ratio E-ax and
retarded in phase by w x/u or 0 x radians. Therefore

d iox = d ix e-ale-jfix

-
(a + $)x= d ix e

1 Eo d X COS 0
e-

x (cog e)/x l - (a -I- 0) x

1 2Z 1 
Eo d X cos 0 - + 19 j wX (cos / (21)

2Z
The total current lb is the sum of all the currents

d ibx, corresponding to all values of X, or in other words
we integrate the expression (20) for d ibx between the
limits x = o and x = 1.

x

Ib - E0 cOs 0 - (a + 13) I + - x (cos 8)/vd x2Z
x -o

Performing the integration and substituting the
limits gives

Eo cos 0 e (" + 30) { e(a
I6=

(coy 8)/v - 1)
\2Z( a +2.0- j cos 0

v )
This expression gives the value of lb, but it is more

convenient for calculation if several changes are made
in its form.
Putting E- +J P) inside the parenthesis gives

j co 1 (cos 0)/v - e- (ot +
I,- Eo cos 0 NP

cosIb 02 Z(a\+j0 -
v

Taking e "' "'on 0)1" out of the parenthesis gives

b
cos 0r.0j w i (cose) /u 11 - e - (a + j a co:d(cos" o ) /r

)2 Z(co 0cx +j8 -j (.0:

w nSince co/v = = Q n, we may substitute

w cos 0j fi (1 -n cos 0) for j 0 - j , giving
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Eo cos 0 e- 1("8 8)/"{ 1 - {" j 13 (1

2 Z [a j (1 - n cos 0) ]

n cos 6) 1

(22)
A more satisfactory form of the equation for purposes

of calculation is obtained by separating the atten-
uation and phase angle factors in the expression

2w
X

-f a +; a (1 - n cos ) >I and substituting

7F
and

2
for fln X

This gives
lb =

E0 cos .( 2 r1/ h)coSet 1- ale -j

for co/v

2 ir 1

x (1 -n cos 0)

2 r2Zra+j
X

(1 -n cos 0]n
(22a)

This is the complete expression for the current at the
end B farthest from the signal source.

The total current at A is found similarly by inte-
grating expression (211 for d iaa between the limits
x = o, and x = 1

Ia = Eo cos 0
2Z

x =1
- - + x (cos e) iv

d x
x =0

E0 cos 0 { + j w I (cos 0) /cl

-2 Z [ a + 8 ± (.4

Substituting j a (1 n cos 0) for j
co cos 0j and

putting the - sign in the parenthesis, we have

-ia-l-if3(1 -1-ncosfi))11Eo COS 0 1 - e (23)
2 Z [a ± j 8 (1 ± n cos 0) ]

2 yr

Es) COS 0 {1 - ial 'TR 1 (1 + n cos 8)
(23a)

2Z[cr+j 2nr (1+ncos0)]
Discussion of Equations. Equations (22) and (23)

give the currents at the two ends of the antenna in their
relative magnitude and phase relations with respect to
the induced voltage per kilometer Ea, at the end A of
the antenna. The assumptions throughout are that
the antenna is straight and uniform and free from
reflections at the ends, and that the signal wave causes
no other electromotive forces in the circuit than that in
the horizontal wire. The assumption that the induced
electromotive force per unit length of conductor is the
same in all parts of the antenna, and is independent of
the amplitude of the wave on the wire, means that the
reduction in intensity of the space wave by divergence
or ground absorption has been neglected, and that no
saturation effect has been considered. The absorption
and divergence of the space wave may be estimated with
fair approximation, and in most cases with antennas of

or

moderate length, will be found to be negligible. No
evidence of saturation has so far come to the writers'
attention. In cases where the antenna has exceeded
the length which gave maximum signal, the limit to the
amplitude of the waves on the wire, has been set by the
velocity difference or the line losses.

It will be noticed that (22) is the same as (23) except
that the algebraic sign before the term cos 0 is reversed,
and the factor 6- iwI("s0)11) appears in the numerator
of (22). The latter term has no effect on magnitude
but effects the phase. If we should calculate the cur-
rent at the end nearest the signal source by using
formula (22) and assuming the signal to come from the
opposite direction, or in other words take 0 as 180 deg.
instead of 0 deg., we would get the same numerical
value for the current as though we had used equation
(23), but the phase angle would be different because in
(23) the phase is expressed with reference to the voltage
produced by the signal at the end nearest the source of
signal, whereas in using (22) and reversing 0 to find the
"back end" current, we refer the phase to that of the
signal voltage at the end farthest from the signal source.

We are concerned with the question of phase only
when currents from two or more sources are to be
combined. For example, in calculating the effects of
reflections or of voltages induced in the end verticals,
it would be necessary to know the phase relations of the
currents which are combined. Or when in order to put
out a disturbance coming from a certain direction, we
introduce in the receiving circuit a neutralizing current
from another source, it is necessary to take account of
the phases of the currents.

In making calculations of this kind we must watch the
algebraic sign as well as the phase of the vector, and the
following point should be kept in mind. An electro-
motive force is taken as positive if it acts in the direction
A to B in Fig. 26, and a current is positive in this direc-
tion. Therefore, if we should find that the vectors for
the back end and receiver end currents as figured by
equations (23) and (22) point in the same direction, it
would mean that the current at A is flowing from ground
to antenna at the instant that the current at B is flowing
from antenna to ground.

For figuring the simple directive curve of a wave
antenna which does not call for determining the phase
of the end currents, we may work entirely with equation
(22) omitting the factor E-iwl (cos 0)/v The expres-
sion in the bracket is a vector difference and may be
evaluated graphically or by use of the familiar formula
for the third side of a triangle when two sides and the
angle between them are given. We have two vectors,
one having a length 1, and the other having a length
E- a 1, and the angle between them is S (1 -n cos 0) 1

360 1
radians or -n

X
(1 -n cos 0) degrees. The vector dif-

360 1ference is 1 1 + (cc' 1)2 - 2 Cal cos
n

(1 - n cos 0)
X
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The expression a j fi (1. -n cos 0) in the denomi-
nator must be given in terms of its vector length
Va2 + 02 (1- n cos 1 U2.) in order to calculate the cur-
rent. Therefore, if the phase of the end current,
!relative to current or voltage in other parts of the
!antenna, is not sought, but only the magnitude of the
lend current, we may use the following formula, which
is obtained by making the changes just mentioned in
(22)

I. =
0 /

Eo cos 0 N +I 1(e 52 -2 e- a cosCOS -n (1- n cos 0)

2 Z a2 82 (1 -n cos 0)2 (24)

This equation becomes equivalent to (14) if the line has
no attenuation. If we set a = 0 in (24), and substi-

360 /
tute 8 / for we get,

I. - (Eo cos 0) V 2 - 2 cos 8 / (1 -n cos 0)
2 Z (1 -n cos 0)

Making use of the trigonometric relation 1 - cos a =

FIG. 34-CHART FOR EVALUATING

- { a 2r (1- u cos8))1 -e

2 sine 1/2 a we get under the radical in the numerator

sine 22- 2 cos / (1 -n cos 0) = 4 sm28 l (1 -n cos 0)
and with this substitution the expression reduces to

(Eo cos 0) sin 1y 8 1 (1 - n cos 0)
1" - Z 13 (1- n cos 0)

which is the same as (14).
Fig. 34 shows a chart for use in finding the value of

the vector difference in the bracket of (22). The radius
of the circle is taken as unity, ten centimeters being a
convenient radius. Scale divisions from 0 to 1 are
shown on one radius. From a point on this scale
corresponding in value to e" "1, we measure the dis-
tance to a point on the circumference corresponding to

the angle /
/ (1 -n cos 0) radians or

X
(1 -n cos 0)

ANTENNA
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degrees, and this measurement is the vector difference
sought.

Let us apply formula (22) to the calculation of the
directive curve of an antenna 12 kilometers long re-
ceiving a signal of 12 kilometers wave length, having an
attenuation constant a = 0.05 per kilometer, and a wave
velocity = 2.4 X 105 kilometers per second, or n = 0.8.
The calculations are shown in Table II. Since the

FIG. 35-DIRECTIVE CURVE OF. WAVE ANTENNA. X = 12 KM.,
1 = 12 KM., a = 0.05, u = 0.8 v

FIG. 36-DIRECTIVE CURRENT OF IDEAL WAVE ANTENNA, ONE
WAVE LENGTH LONG. a= 0, n = 1, 1 = 12, x = 12

purpose of the directive curve is to show the relative
receiver currents for diffdrent signal directions, the

Eo
factor which is the same for all directions, is
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omitted (or in other words assumed to have a value of 1)
and the relative currents shown in column XI are ob-
tained by dividing all the calculated currents of column
X by the largest one of those, which corresponds to

= 0. The corresponding directive curve is shown in
Fig. 35.

37-DIRECTIVE CURVE OF WAVE ANTENNA ONE HALFWAVE LENGTH LONG. = 12 KM., / = 6 KM., a = 0.05, n = 0.8v

FIG. 38-DIRECTIVE CURVE OF WAVE ANTENNA Two WAVE
LENGTHS LONG. = 12 KM., / = 24 KM., a = 0.05, u = 0.8:v

Figs. 32 to 38 bring out the effects of length, velocity
and attenuation on the directive properties of a wave
antenna. The value 0.05 per kilometer for a, and 0.8 v
for u, used in calculating Fig. 35, are mean values ob-
served for long waves (7000 to 25,000 meters) on bare

HEVER:WE, MCI.: AND KE1.1,0(11; .11ornal A I I.:

0.102 inch (0.259 cm.) diameter copper wire supporte
on poles. Fig. 36 shows the directive curve for a
antenna one wave length long on the assumption ofzero
attenuation and light velocity. By analogy with
transmission line practise, we have referred to a way
antenna as "ideal" if it has zero attenuation and ligh
velocity. While Fig. 36 was calculated for a 12 kilo
meter wave, the directive curve is applicable to an
antenna a wave length long, and having full velocit
and zero attenuation. The effect of length is shown
by a comparison of Figs. 37, 35 and 38, which show the
directive curves for antennas of the same constants and
1/2, 1 and 2 wave lengths long respectively. Fig. 39
compared with Fig. 35, shows the effect of reducing the
velocity from .8 v to .6 v on a one wave length antenna,
and Fig. 40 shows the effect of raising the velocity to
2 v. Fig. 41 is calculated for the same conditions as
Fig. 35, except that for Fig. 41, the line losses are twice
as high.

39 --DIRECTIVE CURVE OF Low VELOCITY WAVE ANTENNA.
a = 0.05,n =0.6,1 = 12, x = 12

Calculation of Phase Angle. Equation (22) is a vector
equation which determines the magnitude of 1 b and its
phase relation with respect to the reference vector E.
It should be recalled that E. is defined as the voltage
induced per kilometer of antenna at the end "A".
For convenience of discussion we will rewrite equation
(22a) here

E cos 0
Ib

0

2Z
2 x 1

> cos 2 r
1- a l

e-
(I - rs cos 0)

6 j n2 7rX
(1 -n cos 0)

(22a)
In order to find the phase angle of the entire expres-
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rion, we must first determine the phase angles of the
individual vectors of which it is a product.

E0 cos 0
The first term 2 Z

is a purely numerical multi-

,plier with zero phase angle, when we assume Z
/L/C and take E0 as having zero phase angle.

Fla. 40-DIRECTIVE CURVE OF WAVE ANTENNA WITH
gXVESSIVE HIGH VELOCITY. a = 0.05, n = 2.0, 1 = 12, x = 12

Fi(i. 41 --DiliEcTivE Cuitvg OE WAVE ANTENNA WITH HOW
ATTENUATION. a --,, 0.10, n = 0.8, I = 12, x = 12

The term e (2 w") C".0 is a unit vector having
2ir1.

a phase angle cos 0 radians or
360 1

- A cos 0

degrees.
The bracket is the difference of two vectors, the first

a unit vector with zero phase angle, and the second a
vector having the absolute value e""' and the phase

r ° 1
angle -

2 360
X

1 (1 -n cos 0) radians or - (1- n
n X n

cos 0°) degrees. The graphical method of finding the
magnitude and phase of this vector difference is
shown in Fig. 42. Here the unit vector of zero phase
angle 0 A is drawn horizontally to the right. The
vector 0 B is then drawn with the length e- a I and

360° 1
phase angle - n

(1 -n cos 0°). Then B A is the
X

vector difference sought. Its magnitude is determined
by measuring the length B A and its phase angle by
extending 0 A and B A and measuring the angle be-
tween them.

The magnitude of the denominator is
ff:

11110.

sae
fro

42-CHART FOR DETERMINING MAGNITUDE AND PHASE
a2 i2w

1-e e - To, ( - n cos 0 )

-

We have now determined the magnitude and phase
angles of the quantities in the numerator and denomi-
nator of the expression for lb.

The magnitude of I,, is obtained by performing the
arithmetical operations of multiplication and divisio n
using the absolute values of the vector quantities.

The phase angle of I,, is found by adding together the
phase angles of the two vectors occurring as a product
in the numerator and subtracting the phase angle of the
vector in the denominator.

As an example let us find the magnitude and phase
of the current lb, for an antenna of the following charac-
teristics:

(ir

X

2 r
n

(1 -n cos 0) 12

2r (1- nros 0)
and its phase angle tan-'

.v-,

7"
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Wave length X = 12 kilometers
Antenna length 1 = 12 kilometers
Attenuation constant a = 0.05 per kilometer
Space wave velocity v = 3 X 10' kilometer per second
Antenna wave velocity u = 2.4 X 10' kilometers per

second
Ratio n = u/v = 0.8 (numeric)

Ratio
2 Z

assumed = 1 ampere per kilometer

Angle at which signal strikes antenna = 0 degrees
If we substitute the above values in equation (22a)

using the form (absolute magnitude) /Phase angle, to
designate a vector quantity, we obtain

lb

{V- 360° cos 0} { 1/0° - 0 . 55/- 450° (1- 0 . 8 cos 0) } cos 0

V(0 . 05)2+ [0 . 654 (1- 0 . 8 cos0)]2/tai
1(0.654 (1-0.8 cos 9)/0.05)

If we substitute various values of 0 in this equation,
we obtain the magnitude and phase of lb as given in
Table III. The calculation of magnitudes is taken from
Table II, since the constants assumed are the same in
the two cases.

Equation (23) or (23a) is the vector equation which
determines the magnitude of la and its phase relation
with respect to the reference vector Ea. Equation
(23a) is

la, =
2 71-2 Z[a+5 (1 +ncos 0)1 (23a)

If we substitute the assumed numerical values we
obtain

Ia -

2 w
a - t + n cos 0)

Eo COS 0 {1 -

{1 - 0 . 55/- 450° (1 + 0.8 cos 0) } cos 0

N/ (0.05)2 + [0.654 (1 0.8 cos 0) ]2
/tan- 1 (0.654 (1 + 0.8 co, 0)/0.05)

If we substitute the various values of 0 in this equa-
tion, we obtain the magnitude and phase angle of the
current Ia given in Table IV.

Compensation of Back End Currents. An example of
a problem which requires the calculation of both the
magnitude and phase of the end currents is the deter-
mination of the directive curve of an antenna in which
the current due to waves coming from a particular
"back end" direction is "balanced out" by means of
some of the current from the other end of the antenna.

Let us imagine there is an intense source of disturb-
ance directly behind the antenna whose directive curve
is given in Fig. 35, and for which we have just calculated
the magnitude and phase of Ib and Ia, and that we wish
to neutralize the effect of this disturbance by an adjust-
ment of the damping circuit at A.

From equation (22) or Table III we have for 0 =
180 deg., lb = - 0.968 / ± 301 deg.

From equation (23) or Table IV we have for 0 =
180 deg., I. = - 8.15 /- 40 deg.

A fraction of L. is to be reflected in such phase that
will cancel lb in the receiver.

The current in receiver at B is lb = - 0.968 / 301

deg.
The required compensating current at B is 1,6

- 0.968 301 deg. - 180 = - 0.968 121 deg.

We have taken the compensating current as one half
cycle or 180 deg. behind lb in phase.

To allow for attenuation, and the time required for
propagation from A to B, we must produce by the
reflection at A, a current

C. =
- 0.968 /d- 121° + 450° = - 1 76/ + 571`

- a 1

The 450 deg. is the angle corresponding to the time
1

of propagation or 360°
n X

Thus at A we have available a current Ia = - 8.15
/- 40 deg. and wish to produce for the purpose of
compensation, a current Ica = - 1.76 / + 571 deg.

This represents a phase advance of 611 deg.
We cannot reflect a wave before it arrives at the

reflection point, which such a phase advance implies.
A current, however, which is two complete cycles be-
hind the desired value; that is, to say a current - 1 .76
/ ± 571 deg. - 720 deg. or - 1.76 /- 149 deg. will
give cancellation of all but the first two waves of the
train, and this current which is 109 deg. behind la
can be obtained by reflection. Experience has shown
that in spite of the failure to neutralize the first two
waves in a train, a very high degree of balance is ob-
tainable, both on signals and static.

The terminal impedance required to give a specified
reflection, may be determined from the vector relation

- 12 1 - 12/1iZ, = Z = Z
11 + 12 1 ± 12/1i

in which Z1 is the terminal impedance, Z the surge
impedance of the line, I1 the current due to the on-
coming wave and 12 the current due to the reflected
wave. In the present case I, is Ia and 12 is the desired
- 1.76 /- 149 deg.

Then
- 1.76 - 149°12/11 == 0.216/-109°
- 8.15 '-40°

(25)16

= - 0.070 - 0.204 j
1 - 12/ 11 = 1.070 + 0.204 j
1 + 12/1, = 0.930 - 0.2045

1 - 12/11 1.070 0 . 204 i 1 055 1- 0 450 j1 ± 12/1, 0.930 - 0.204 3
Substituting this value in (25) we have

Z, = Z (1.055 + 0.450 j)
If the line surge impedance Z is 500 ohms, (with zero

phase angle) the terminal impedance to give the desired
15. See page for derivation.
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TABLE III
MAGNITUDE AND PHASE OF //,

= 12 Km. a =0.05
x =12 Km. u =0.8v.

1 II III IV V VI VII VIII IX X XI XII XIII XIV XV XVI XVII
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>1 14
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0
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0 1.000 0.800 0.200 0.131 0.140 -90° 1.14 8.15 8.15 1.000 +29° 2.62 69.1° -40.1 -360 -400.1°
20 0.940 0.752 0.248 0.1625 0.1698 -112 1.30 7.65 7.18 0.880 +24° 3.25 72.9° -48.9 -338 -386.9°
40 0.766 0.613 0.387 0.253 0.258 -174.0 1.55 6.02 4.61 0.565 +2 ° 5.07 78.8° -78.8 -276 -352.8°
60 0.500 0.400 0.600 0.393 0.398 -270.0 1.14 2.88 1.44 0.177 -29° 7.85 82.7° -111.7 -180 -291.7°
80 0.174 0.139 0.861 0.563 0.565 -387 0.57 1.01 0.175 0.0215 +26° 11.30 85.0° -59 0 -62.6 -121.6°

100 -0.174 -0.139 1.139 0.744 0.745 -512 1.51 2.03 -0.353 -0.0433 +10° 14.9 86.2° -78.2 +62.6 -13.6°
120 -0.500 -0.400 1.400 0.916 0.916 -630 1.14 1.245 -0.623 -0.0765 -29° 18.30 86.9° -115.9 +180 +64.1'
140 -0.766 -0.613 1.613 1.055 1.055 -726 0.46 0.434 -0.333 -0.0408 +8° 21.10 87.3° -79.3 +276 +196.7'
160 -0.940 -0.752 1.752 1.146 1.146 -788 0.95 0.826 -0.778 -0.0955 +33° 22.90 87.5° -54.5 +338 +283.5'
180 -1.00 -0.800 1.800 1.176 1.176 -810 1.14 0.970 -0.970 -0.1185 +29° 23.6 87.60° -58.60 +360 +301.4'

TABLE IV
MAGNITUDE AND PHASE OF /4

/ = 12 km. a =05
X = 12 km. u =0.8o
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0 1.000 0.800 1.800 1.176 1.176 -810° 1.14 0.97 0.97 0.1185 +29° 23.6 +87.6 -58.6°
20 0.940 0.752 1.752 1.146 1.146 -788° 0.95 0.826 0.778 0.0955 +33° 22.9 +87.5 -54.5°
40 0.766 0.613 1.613 1.055 1.055 -726° 0.46 0.434 0.333 0.0408 +8° 21.1 +87.3 -79.3°
60 0.500 0.400 1.400 0.916 0.916 -630° 1.14 1.245 0.623 0.0765 -29° 18.3 +86.9 -115.9°
80 0.174 0.139 1.139 0.744 0.745 -512° 1.51 2.03 0.353 0.0433 +10° 14.9 +88.2 -76.2°

100 -0.174 -0.139 0.861 0.563 0.565 -387° 0.57 1.01 -0.175 -0.0215 +26° 11.3 +85.0 -59.0°
120 -0.500 -0.400 0.600 0.393 0.396 -270° 1.14 2.88 -1.44 -0.177 -29° 7.85 +82.7 -111.7°
140 -0.766 -0.613 0.387 0.253 0.258 -174° 1.55 6.02 -4.61 -0.565 +2° 5.07 +78.8 -76.8°
160 -0.940 -0.752 0.248 0.1625 0.1698 -112° 1.30 7.65 -7.18 -0.880 -F240 3.25 +72.9 -48.9*
180 -1.000 -0.800 0.200 0.131 0.140 -90° 1.14 8.15 -8.15 -1.000 -F290 2.62 +69.1 -40.1°

neutralization would be 500 (1.055 + 0.450 j) or 527
ohms of non -inductive resistance and 225 ohms of in-
ductive reactance.

Placing this impedance in the ground circuit at A
will cause a similar reflection of all waves of the same
length reaching A, whether due to a signal in line with
the antenna or to a disturbance coming from a different
direction. That is to say the reflected wave will in each
case be 0.216 of the magnitude of the oncoming wave,
and 109 deg. behind it in phase. When the reflected
wave reaches the end B, its amplitude will be reduced to

0.55 X 0.216 = 0.119 of that of I. and its phase will
be further retarded by 450 deg. giving a total lag of
559 deg. behind I. Thus to find the directive curve
of the antenna with the impedance described at A,
we calculate I. by equation (22), for each value of 0 deg.,
determining the phase angle of I. as well as its magni-
tude, multiply its magnitude by 0 . 119, retard its phase
by 559 deg. and find the resultant when it is added
vectorially to lb, calculated by formula (23) for the
same value of 0 deg.

(To be continued)
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BY FRASER JEFFBE1

Member, A. 1.
Allis-Chalmers Mfg. Co., Al

TUBE MILL CHARACTERISTICS

THE greatest problem presented in the application
of the electric motor for the individual drive of
the tube mill is found in the fairly large torque

required to bring it from rest up to its full operating
speed. When once up to speed the load is practically
constant, and only slight pulsations in the power re-
quirements can be noticed.

Comprised of a rotating cylinder, the tube mill is
filled to, or near, its center line with a grinding medium
such as flint pebbles, cast iron balls, forged steel balls,
and the material which is to be ground. The combina-

1(4.?L+; ,1

FIG. 1 -LONGITUDINAL SECTION OF A TWO -COMPARTMENT
TUBE MILL

tion of the grinding medium and the material to be
ground is usually termed "the charge."

A longitudinal section of a two -compartment mill
at rest, Fig. 1, giveS some idea as to the method of
mounting or set-up, and the comparatively large mass
that has to be moved in starting one of these mills.
As there is a number of different forms of mills and
methods of grinding, care has to be exercised in their
differentiation, in order that correct analyses may be
made.

One method of individual drive is through the medium
of a reduction -gear unit, the main gear of which is an
integral part of the tube mill proper, and a low -speed,
direct -connected motor. Where dust and dirt are
prevalent, the gears may be enclosed as in Fig. 12
and occasionally run in oil, although it is always ad-
vantageous to eliminate the foreign matter from the
surrounding air if possible.

Another method of individual drive is through the
medium of the gear unit, but a high-speed motor is
used and belted to a countershaft.

Group drive is used extensively and in cases of this
kind the tube mills are usually belted to a line shaft.
Such a method of drive presents a different problem
which may, however, be studied from a knowledge of
the requirements of each individual mill, and the results

then combined in such a manner that all overlapping
will be properly considered.

In order to gain a somewhat more comprehensive
idea as to the actual operating conditions, certain data
were obtained from a small working model of a ball
mill, one end of which was covered with glass so that
the action of the grinding medium could be observed
and photographed. No power data, however, were
obtained from this model. The results from photo-
graphs are shown in Fig. 2 and are as follows:

Fig. 2A. Mill at rest and the surface of the ball
charge in a horizontal position.

Fig. 2B. Mill at rest and the surface of the ball
charge at an angle just below that of repose.

Fig. 2c. Mill in operation at critical speed, left
hand rotation.

Fig. 2D. Mill in operation at critical speed, right
hand rotation.

Fig. 2E. Mill rotating above critical speed.
The critical speed referred to is such that the bulk of

the charge is carried to the highest possible point in the
mill before falling, and without any of it being carried

FIG. 2 -ACTION OF THE CHARGE IN A BALL MILL

around by centrifugal force. This gives the ideal
economical grinding speed if it were possible to run the
mill in such a manner, but slight variations in materials,
feed, level of charge, etc., are apt to create a condition
where the charge begins to shower and do no effective
grinding work by attrition. For these reasons the
actual operating speed is somewhat less than the critical

382
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speed, approximately 5 per cent to 7M per cent, and
,may be closely approximated from

S1 = 1600/d (1)

where S1 = calculated correct operating speed of tube
mill in rev. per min.

d = (diameter of mill in inches) - (thickness of
lining x 2)

In starting a mill of this kind it is seen, that in addi-
tion to first overcoming the static bearing friction, it
is also necessary actually to lift a certain amount of
the charge and material, and accelerate the mill to a
point corresponding to the line A B Fig. 2B, and then
eventually to the line A B Figs. 2c and D.

Some idea as to the static starting torque required
can be computed and checked against the figures given
in Table 8 of Williamson's1 paper referred to below.
It is also possible to compute within fairly close limits,
the speed -torque characteristics of the tube mill and
these, compared with those of the electric motor, will
show the limitations of the torque required for accelera-
tion.

For the type of tube mill under consideration, the
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no. 3-MULTIPLE FOR COEFFICIENT OF BEARING FRICTION

synchronous horse power to overcome the static bear-
ing friction at the instant of starting is:

2 r X Si
h. p. = 0.5 C,, X W, X rb/12 X 33,000 (2)

where h. p. = synchronous horse power, that is, the
power required if the mill were
actually running at its full speed, S1.

C,, = variable multiplier due to variable
bearing pressures. Take from curve
Fig. 3.

W, = total weight in pounds of all the re-
volving parts of the mill, including
the grinding medium and the
material to be ground.

r,, = radius in inches of the tube mill shaft
in its bearings.

= calculated correct speed of mill. Take
from formula (1).

0.5 = the coefficient of static friction for the
bearings in these types of mills.

While the above coefficient of 0.5 seems high it must
he remembered that ideal starting conditions can not

S,

I. Williamson. Electric Motors in the Cement Indamtry,
A. I. E. E. Pnoc., November 1918.

FOR DRIVING TUBE MILLS 383

be considered, also that the static friction of gear,
pinion shafts and bearings, belt countershafts and
bearings, etc. is included by this figure.

It is now possible to determine fairly accurately the
two points A and B Fig. 4 of the speed power and the
speed torque curves of the mill. The point A, which
is the static torque required to overcome the stand-
still friction, can be determined from formula (2) as
above, while the point B, which is the power required
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FIG. 4-CHARACTERISTIC SPEED HORSE POWER AND SPEED
CURVES OF A 7 FT. BY 22 FT. PLAIN TUBE MILL WITH FLINT
PEBBLES

to drive a tube mill for the dry grinding of limestone
and clinker at its correct operating speed Si is:

P1 = {[K (W +W.,)] X R/r + 0.00015 ID)
cos 01

X (3)2
cos (I) 2

For dry grinding only.
For wet grinding the power will be ap-

proximately 30 per cent less.
Where PI = horse power to operate mill at its correct

operating speed S1.
K = A constant = 0 . 00225 for a plain tube

mill with flint pebbles.
= 0.0027 for a plain tube

mill with ball pebbles
compartment.

= 0 . 0030 for ball pebbles
and compeb mills.

W = Weight of charge of pebbles or balls, in
pounds.

W, = Weight of material being ground in mill
in pounds.

w = Weight of the revolving elements of the
mill in pounds.

cos 41 = 30 deg. = 0.866.
cos 2 = To be taken from curve Fig. 6.

R = Distance in feet from center of mill to
center of gravity of mass W W,.

r = 0.0177d and is the distance in feet from
center of mill to center of gravity of
mass W W assuming it comes to
the center line of the mill.

2. Williamson's formula modified. loc. cit.
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For variations from the calculated operating speed
SI, the power required to operate the tube mill will
not vary as a straight line curve in direct proportion
to the speed as might be indicated from formula (4),
although the variation will not be very great. This
is due to the fact that the angle of the grinding medium
and the material to be ground varies from about 30
deg., from near zero speed to yi of the critical speed,
to 40 deg. or 45 deg. at the critical speed. This is

shown by reference to the various items of Fig. 2 and
further elucidated by Fig. 5.

The actual horse power curve of the mill between the
points B and D, Fig. 4, can, therefore, be closely deter -

mined from the following:
P2 = [K (W W,)]x R/r 0.00015 w)

cos 4)1

COS 02

. Williamson's formula modified. loe. oit.

x S2/S, x

TABLE I
Plain Tube Mills with Flint Pebbles -Dry Grinding

Operating in Portland Cement Plants with 20 Mesh Feed, Grinding to 95 per cent Through 100 Mesh and 80 per cent Through 200 Mesh

(4)1

Size
of

Mill

Operat-
big

Speed
Actual
- S2

Operating
Speed

Calculated
= S,

Form (1)

W
In Lb.

Form (4)

*Wm
In Lb.

Form (4)

w
In Lb.

Form (4)

Horse Power
Given in

Williamson's
Table 8

Calculated Horse
Power by

Form (2) & (4)
Bearing

Sizes
Inches

Total Wgt.
In Lb.
of Mill
= Wt.

Form (2)

Brg. Press
In Lb. Pen
Sq. in. Pro
Jetted Ares

To Start To Run To Start To Run
Form (2) Form (4)

3 ft. 6 in.x 20 ft. 40 40 9800 2980 15.720 60 35 to 40 55.2 39.8 10 f x 101 28,500 129
4ft. 0 in. x 20 ft. 35 34.8 11,600 3530 24,480 70 45 to 48 92 45.3 16 x 16 :39,610 77.5
4 ft. 6 1n.x 22 ft. 31 30.8 14,500 4400 33,735 85 55 to 60 109.5 57.4 15 x 15 52,635 117
5 ft. 0in.x 22 ft. 28 27.6 20,000 8080 39,420 120 75 to 80 122.8 77.9 15 x 18 65,500 121
5 ft. 6in. x 22 ft. 28 25 24,000 7300 47,581 150 95" 100 140.5 95.3 15 x 18 78,881 146
6 ft. 0 in. x 22 ft. 24 22.9 29,000 8820 57,322 185 115 " 125 201 115.5 20 x 18 95,142 132
7 ft. 0in.x 22 ft. 20 19.5 39,000 11,850 71,290 250 160 " 175 252 152 20 x 18 122,140 154

24 x 18
*Wm = 0 .304 W

The Above Figures are Based on the Charge & Material Level Being Carried at the Center Line of the Mill and Therefore R = r

Thickness of Shell Lining = 1 in. Iron
t Special Mill

TABLE II
Ball-Peb and Compeb Mills -Dry Grinding

Operating in Portland Cement Plant with 20 Mesh Feed Grinding, to 95 per cent through 100 Mesh and 80 per cent through 200 Mesh

Size
of

Mill

Operat-
ing

Speed
Actual

= S2

Operating
Speed

Calculated
= Si

Form (1)

W
In Lb.

Form (4)

*Wm
In Lb.

Foim (4)

w
In Lb.

Form (4)

Horse Power
Given in

Williamson's
Table 9

Calculated Horse
Power by

Form (2) & (4)
Bearing

Sizes
Inches

Total Wgt.
In Lb.
of Mill
= Wt.

Form (2)

Brg. Press,
In Lb. Per
Sq. in. Pro -
Jetted Area

To Start To Run To Start
Form (2)

To Run
Form (4)

5 ft.0in.x 5ft. 28 28.1 9000 1090 21,910 .. 52 54.4 49.6 15 x 18 32,000 59.3
5 ft. 0 in. x 10 ft. 284 28.1 18.000 2180 28,320 .. 96 87.7 96.5 15 x 18 48,500 90
5 ft. 0 in. x 15 ft. 28 28.1 27,000 3270 35,230 .. 143 1 155 143.5 20 x 20 85,500 82
5 ft.0 in. x 22 ft. 28 28.1 39,600 4800 44,862 210 244 209 24 x 20 89,262 106

20 x 20
5ft.6in.x 5 ft. 26 25.4 11,000 1330 24,970 .. 62 58.5 62.3 15 x 18 37,300 69.2
5 ft. 6 in. x 10 ft. 26 25.4 22,000 2660 34.190 .. 118 99.8 121.7 15 x 18 58,850 109
5 ft. 6 in. x 15 ft. 26 25.4 33,000 4000 41,881 177 174 180.7 20 x 20 78,881 98,5
5 ft. 6 in. x 22 ft. 26 25.4 48,500 5870 52,055 .. 260 270 264 24 x 20 106,425 121

20 x 20
6 ft.0in.x 5ft. 24 23.2 13,000 1570 32,630 .. 75 89.3 74.7 20 x 18 47,200 65.7
6 ft. 0 in. x 10 ft. 24 23.2 26,000 3150 40.850 143 140.5 144.7 20 x 18 70,000 97.2
6 ft. 0 in. x 15 ft. 24 23.2 39,000 4720 49,780 .. 215 200 215 20x 18 93,500 130
6 ft.0in.x 22 ft. 24 23.2 57.200 6920 61,030 316 :321 314 24 x 20 125,150 130.5
7 ft. 0 in. x 5 ft. 20 19.75 18,000 2180 42,320 .. 101 114 103 24 x 18 62.500 79

20 x 18
7 ft. 0 in. x 10 ft. 20 19.75 36,000 4350 52,650 199 181 200 24 x 18 93,000 117 5

20 x 18
7 ft.0in. x 15 ft. 20 19.75 54,000 6540 63,160 .. 298 258 298 24 x 18 123,700 156

20 x 18
7 ft. 0 in. x 22 ft. 20 19.75 79,200 9590 76,410 . . 438 369 434 24 x 24 165.200 143 . 5
8 ft.0in.x 5 ft. 18 17.2 23,500 2840 49,960 .. 130 129 125.7 24 x 24 76,300 66 2
8 ft. 0 in. x 10 ft. 18 17.2 47,000 5700 61,300 .. 257 205.5 262 24 x 24 114.000 99
8 ft.0in. x 15 ft. 18 17.2 70,500 8530 73,946 .. 386 292 391 24 x 24 152,976 133
8 ft.0in. x 22 ft. 18 17.2 103,300 12,600 90.130 567 458 563 28 x 28 206,030 132

*Wm = 0.121 W Thickness of Shell Lining = 1X in.
The Above Figures are Based on the Following

5 ft. 0 in. Dia. Mill -Charge & Material Level Within 6" of Center Line of Mill -1800 Lb. Initial Charge Per ft. Lgth. of Mill R = 1.28 r = 1.01
5 ft. 6 in. " " " 7" " " " " " 2200 " " " " " R =

46 44 446 ft. 0 in. " 2600 " " =
46 II 447 ft. 0 in. " " 10" " " 3600 " " R =

64 II 468 ft. 0 in. " 4700 " " R =

1.43
1.57
1.87
2.13

r

r

r

r

=
=

=
=

1.115

1.22

1.43

1.645
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Where symbols as used are the same as in formula (3)
and

Where P2 = horse power to operate mill at any speed

S2
S1 = calculated correct speed of mill. Take

from formula (1).
S2 = speed in rev. per min. for which P2 is to

be determined.
For plain tube mills with flint pebbles, the results as

checked against Table 8 in Williamson's paper, are as
shown in Table 1 while for ball pebbles and compeb
mills, the results compared to a representative number

FIG. 5-VARIATION IN ANGLE OF CHARGE ON A TUBE MILL

from Williamson's Table 9, are as shown by Table II.
These show some rather remarkable things. While it
is to be noted that the running power requirements can
be calculated within very close limits, the static start-
ing -torque requirements follow no set rule when com-
pared to the normal running torques of the various
mills. The general idea that a tube mill requires 125
per cent to 150 per cent of normal torque for starting
does not, therefore, always hold true. It is obvious
that the 7 by 15 ft. ball pebble mill, Table 2, having
practically the same weight and having the same size
bearings and running at the same speed as the 7 x 22 ft.
flint pebble mill, Table 1, should have the same static
starting torque. While the ball pebble mill requires
298 h. p. to operate it at normal speed, the flint pebble
mill requires only 152 h. p., but other things being
equal, there is no reason for specifying a motor with
characteristics suitable to start the former mill with
1.60 x 298 = 447 synchronous h. p. torque, and the
latter with only 1.50 / 152 = 228 synchronous h. p.
torque. The static torque requirements will be the
same in either case. The acceleration torques, how-
ever, will he entirely different.

Inasmuch as torque is:

112 x 33,000
27r x

Where 7' = Torque in pounds at 1 ft. radius.
P2 = h. p. for speed S2.
S2 .= Speed for h. p. P2.

A large part of the speed torque of the mill can be

(5)
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determined from that part B C of the curve B C D and
is as shown by partial curve B E of the curve B E A,
Fig. 4. These curves indicate that the horse power
required to drive any given mill varies fairly closely in
direct proportion to the speed, and the torque also
remains fairly constant.

Once the static is overcome and the tube mill is
started, the torque required drops off very quickly and
very considerably so that that part of the torque curve
from E to A, Fig. 4, which is not of any great importance
except in establishing the point A, can readily be as-
sumed, and is, therefore, shown by the dotted line. For
the sake of convenience, this part of the torque curve
can also be interpreted in terms of synchronous rather
than the actual horse power for which the dotted por-
tion C D of curve B C D is drawn. The complete power
curves of any given tube mill can thus be established
and calculated within reasonable limits.

APPLICATION OF THE SLIP -RING TYPE INDUCTION

MOTOR TO THE TUBE MILL
The speed torque curve of the slip -ring type and the

squirrel -cage type of polyphase induction motor is
well known, so that by super -imposing the starting
curves of any given size and type of motor on the
curves of any given size of tube mill, a good idea of the
combined conditions pertaining to starting may be

obtained.
Consider first the case of a slip -ring type induction

motor starting a tube mill, and let it be assumed that
the size of the motor is such as to correspond to the
figures as given in either Table I or Table II under the
column of horse powers required to run any given mill.

50 I 00

40 080
C., -

LC;

30 0.60

20 0.400
20 40

SPEED IN PERCENT OF THE OPERATING SPEED S

e ' \
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60 80 100 120

Flo. 6 --VARIATION IN ANGLE OF CHARGE WITH RESPECT TO
THE SPEED

This means that the motor size is not too small nor yet
too large for any particular mill that it is to operate.

Referring then to Fig. 7 the curve B E A indicates
the speed -torque curve of any given tube mill, calcu-
lated in accordance with the above methods.' Super-
imposed on this curve are the speed -torque curves of
the induction motor, which is of the correct size to
drive this given mill. These motor curves are indicated
by the curves D C, D A, D F, D G, D H, D I, D J and
D K and represent the different positions of the con -

4. Not() Out this viirvo Milli -lutes no illiLial stittio tor -
q oil of 150 f I. (4,10,, this is not thi, mcp1itinod
proviounly, or fivyry tills, mill.
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troller in starting in a regular sequence of 1, 2, 3, 4, 5,
6, etc.

If the secondary resistance unit is designed to give
the motor a speed -torque curve on the first starting
position of the controller of D C, it is apparent that the
motor will not develop enough torque to start the mill.
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FIG. 7-SLIP-RING INDUCTION MOTOR STARTING A TUBE \I 11.I.

It is, therefore, necessary to go to the second control
position which develops just enough torque to turn
the mill. It is thus seen that the control resistance
units, in order to be correct, should be designed to meet
the characteristics of any given tube mill so that the
motor will start the mill on the first controller step.
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FIG. 8-SQUIRREL-CAGE INDUCTION MOTOR STARTING A TUBE
MILL

The resulting speed torque curve can then he repre-
sented by the zig-zag line A L.

APPLICATION OF THE SQUIRREL -CAGE INDUCTION
MOTOR TO THE TUBE MILL

In comparison to this, consider now the starting
conditions of a squirrel -cage motor of the necessary
size and capacity to start and run the same tube mill,
to which the slip -ring motor was directly connected.
Assume that this squirrel -cage motor is termed a high -
torque motor and that it will develop 225 per cent of
full -load torque if it be possible to connect it directly
to the line. Assume also, that the potential starter
is connected so that the motor will be connected to the

10011 DRIVIN(; TUBle, MILLS Journal A. I. E.

highest tap, 85 per cent, (luring the initial starting
operation. The conditions are as shown by Fig. 8
and the resulting speed -torque curve is represented by
the zig-zag line C V W B.

COMPARISON OF SLIP -RING VERSUS SQUIRREL -

CAGE MOTOR APPLICATIONS TO THE TUBE M I LI

The comparative speed torque resultant curves of
slip -ring and squirrel -cage motors are as shown by
Fig. 9. A perusal of these curves shows that with the
slip -ring motor, the starting is accomplished in seven
distinct and separate steps (more or fewer steps can be
used because this depends entirely on the control
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apparatus) while with the squirrel -cage motor, the
starting is accomplished in only two separate steps.
It is obvious that this latter method can not help but
create a condition which is not ideal. The ideal start-
ing arrangement would be such as to provide a large
number of infinitesimally small starting positions,
each of which would create maximum torque with
minimum current and high power factor. These are
conditions exactly contrary to the squirrel -cage motor
and potential starter control, for here there are few
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starting points which create minimum or the necessary
torque with maximum current at extremely low power
factor.
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The comparative starting currents of the two dif-
ferent types of motors and for the particular case in
point, are shown by Fig. 10. From this it is readily
seen that with the slip -ring type motor the current
taken from the line never exceeds 150 per cent of the
full -load line current while with the squirrel -cage motor
the current taken from the line reaches a maximum of
370 per cent of the full -load line current. When it is
considered that the power factor of the slip -ring motor
under these conditions will always be fairly close to
the actual full -load running power factor of the motor
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SQUIRREL -CAGE INDUCTION MOTOR STATING A TUBE MILL

and that of the squirrel -cage motor will be as low as
35 per cent to 50 per cent throughout most of the start-
ing period, Fig. 11, it can readily be appreciated that
the latter type of motor creates an unreasonable de-
mand for current from the line. In addition, the unusu-
ally large starting currents set up electrical mechanical
stresses in the motor itself and mechanical stresses in
the drive and tube mill, which are necessarily derogatory
because the larger the currents the greater these stresses
and shocks will be. It is not generally considered good
practise to use a squirrel -cage motor, in sizes of 50-h. p.
and above, where the starting conditions necessitate
the use of as high a starting tap as 85 per cent, especially
when the machine has a high -torque rotor.

It is also apparent that due consideration should be
given to the fact that the high -torque squirrel -cage
motor will operate at lower efficiency than the slip -
ring motor. In large installations this can be capital-
ized into many thousands of dollars.

APPLICATION OF THE SYNCHRONOUS MOTOR

TO THE TUBE MILL

The use of the low -speed induction motor for driving
the tube mill has had the particular disadvantage in
that it operates at low power factor. For any given
frequency the lower the speed, the lower the power
factor will be. This is an inherent feature of the
induction motor that can not be overcome commer-
cially. On systems where the power demand for the
motors is large it generally results in increased rates

if power is being bought, or where power is generated
in the local plant itself, in loading -up the equipment
with a large wattless component which limits the true
capacity of the generator.

These various points are the chief factors which have
led to the use of the synchronous motor in quite a num-
ber of new installations which have been put into
service in the last one or two years. It is also a fact
that, if the speed required becomes low enough to
necessitate the use of a large number of poles in the
motor, a point is reached where the first cost, or out-
lay, required for the synchronous motor and all its
complements is actually less than that required for the
slip -ring type induction motor and all of its comple-
ments.

The self-starting synchronous motor while similar
in a way to the squirrel -cage induction motor, in that it
has poor starting torque characteristics, differs from
it in that when suitably applied, it can be made to
operate at unity power factor or to introduce leading
currents in the power system to which it is connected.

On account of the characteristics of the synchronous
motor not being particularly well adapted to over-
coming large static loads and accelerating them, it has
been deemed advisable to interpose a clutch, Fig. 12,
between the motor and the tube mill, provided the
motor is not made especially large for power factor cor-
rection reasons as well as to take care of the load without
a clutch. As the requirements under these conditions
merely necessitate the motor overcoming its own static

Fin. 12-SYNCHRONOUS MOTOR DRIVING A TUBE MILL THROUGH
A MAGNETIC CLUTCH AND GEAR REDUCTION UNIT

and idle losses, it does not necessarily have to have
high starting torque features, although this class of
motor can readily be made with characteristics com-
paring favorably with those of the squirrel -cage induc-
tion motor. If, however, the action of the clutch is
such as to grab the load suddenly, and this is not ad-
visable on account of the electrical and mechanical
shocks resulting therefrom, it is necessary that the
synchronous motor have high pull-out torque charac-
teristics. The ideal condition is to have the clutch with
a definite time -element action during the starting
period and as such it will impose no undue shocks, or
require abnormal pull-out torque characteristics on the
part of the driving motor.
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Review of the Subject: - The vector method is just as useful
in solving problems involving transient conditions in electric

circuits as it has proved to be when the currents and potentials are
steady sinusoids. As far as the writer is aware, the vector method

for determining transients in rotating electric machines was first
used by L. Dreyfus. Previously the method had been applied to
fixed combinations of resistances, inductances and capacitances
by Kennelly and others.

By making certain assumptions that are, however, quite reasonable
in many cases, the transient currents in nearly all of the common
types of electric machinery are damped sinusoids. Fortunately the
damping is exponential and is thus readily accounted for. It is
interesting to trace the development of the method. In the solution
of all problems in direct currents the potentials, currents, and

circuit constants are real numbers. In the corresponding problem
in which the applied potentials are steady sinusoids, these quantities
are all represented by complex numbers. In all other respects the
working out of the solution is identical with that followed in the
direct -current case. When the currents are damped sinusoids, they

and the potentials and the circuit constants can still be represented

by complex numbers. There is this difference, however; the vectors
which represent the currents and potentials shrink exponentially as
they rotate and the values of the circuit constants depend not only

upon the frequency of the current, but also upon its rate of shrinking.
Again the solution of any problem follows the same procedure that

would the corresponding one in which the currents are steady
sinusoids. In both the steady and damped sinusoidal cases the

circuit constants depend upon the angular velocity of the vectors
which represent the currents. In the former, the angular velocity is
purely imaginary while in the latter it is complex, the real part being
the rate at which the current vector shrinks and the imaginary
portion, its angular velocity. In electric machinery in which
rotating magnetic fields are produced, these fields shrink exponen-
tially as they rotate when the currents are damped sinusoid& I
these rotating magnetic fields are represented by vectors, the vectors

will have a complex angular velocity just as do the currents. The

e. m. f. which is produced by a steady sinusoidal variation of flux
lags the flux by 90 degrees, whereas if the flux variation is a damped
sinusoid, the angle of lag is less than 90 degrees, depending upon

the damping. The mathematical relation, however, is the same, Ms.,
the e. m. f. is proportional to the negative of the product of the flux

and its angular velocity. It is then readily appreciated that the
form of the solution for the transient state is the same as that which

is used for the steady state. Before the method can be expected to
give as accurate results as are obtained when predicting the steady
operation, considerable experimental data must be obtained in order
to determine the best methods of measuring the necessary constants,
for these may be somewhat different during the transient period than
during steady operation.

THE problem of calculating the transient currents in
alternating -current apparatus has rightly been
considered a difficult one. Fortunately, the

difficulty lies not so much in the problem itself as in the
inadequacy of the mathematical treatment that has been

employed. If a vector method of analysis is used, very
great difficulties are removed. This was first appre-
ciated by the author early in 1921 while studying the
paper "Short-circuit Current of Induction Motors and
Generators" by Doherty and Williamson. Later it
was found that the vector method had already been
developed by L. Dreyfus.' Notwithstanding this
previous publication, the subject was considered of
sufficient importance to warrant the presentation of
this paper.

As is the case with many other complex problems, the
method of attack is presented most clearly when certain
ideal conditions are assumed. These conditions are
that the resistances and inductances are constant and,
in the case of rotating machines, that the speed is con-
stant and that the space distribution of air -gap flux is

sinusoidal. After one is familiar with the method in
its simplest form, it may be possible to introduce re-
finements which will account for iron losses, variable
permeability and harmonics.

The form of the transient current in any system of
mutually inductive circuits isdetermined by the differen-
tial equations of the fall in electric pressure through

1. See Bibliography.
Presented at the Midwinter Convention of the A. I. E. E.,

New York, N. Y., February 14-17, 1923.

them. With the foregoing assumptions in regard to
the ideal character of the electric circuits, the differen-
tial equations which apply to most of the common
types of direct and alternating -current machinery may
be reduced to the form which is described as "linear
with constant coefficients." This being true, the
transient currents consist of one or more terms of the
general form:

i = / e -at sin ( co t 0)

The way in which this current varies depends upon
the values of a and w. There are four types of varia-
tions, only two of which occur as transients. If a and
w are both zero, it is a steady direct current of value,
I sin 0. If a is a positive quantity, as it always is, and

w is zero, it is a diminishing direct current of value,
I e-ai sin 0. If a is zero and w is a positive quantity,
it is a steady sinusoidal current of value, I sin
(w t 0). And finally, if neither a nor w are zero, it

is a diminishing sinusoidal current. In each of these
cases the current, whether steady or transient, may be
represented by a vector which in general has a length of '
I cat and which makes an angle of (w t 0) with the
horizontal axis. The projection of this vector on the
vertical axis is the instantaneous value of the current.
The four cases are illustrated in Fig. 1, a, b, c and d.

In each of the diagrams I marks the initial position
of the vector. In the first case (a) the vector is fixed

both in magnitude and in angular position. In the
second case (b) the magnitude of the vector diminishes
exponentially although its angular position does not
change. In the third case (c) the vector has a constant

:388
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iagnitude but rotates with an angular velocity of w.
n the fourth and general case (d) the magnitude of the
ector diminishes exponentially while it rotates at a
Dnstant angular velocity of w. Thus the general form
f transient current may be represented by a vector
rhich rotates at a constant angular velocity and whose
3rminus travels along a logarithmic spiral.
The velocity of the terminus of the vector has two

omponents, one along the vector and one perpendi-
ular to it. It is convenient to measure these component
elocities in multiples of the instantaneous length of the
.ector. The term angular velocity is thus appropriate.

is a broader meaning of angular velocity than is
rdinarily assigned to it, and for this reason, it is spoken
If as the generalized angular velocity. Differentiation
hows that the generalized angular velocity of this
rector is, m = (- a j w). See Fig. 2. Notice
hat the usual significance is attached to the symbol j.
t indicates that the vector j co, lags the vector, - a,
)y 90 degrees.

asC

I sin

I sin to.
C

Zero Axis
a

.9

Zero Axis

0

Zero Axis

b

Zero Axis

d

FIG. 1-THE END OF EACH VECTOR WHICH IS DRAWN FROM
ME ORIGIN IS INDICATED BY A LARGE PERIOD; THE END OF
SMALL VECTORS DRAWN FROM THESE PERIODS IS INDICATED
BY ARROWHEADS.

The form of the current variation is determined by
the generalized angular velocity; the magnitude is
ietermined by the coefficient I, and the phase, by the
angle, 0.

It is interesting to note that the current is passing
through a maximum value at the moment that the
current vector makes an angle arc tan a/ w with the
projection axis. This occurs when the vector is in
such a position that the angular velocity m, drawn
from its terminus, is perpendicular to the projection
axis. See Fig. 3. A steady sinusoidal current is
maximum at the moment that the vector representing
it lies in the projection axis.

The behavior of damped sinusoidal currents in
electric circuits, having resistance inductance and
capacitance, has been the subject of considerable
investigation, and is familiar, especially to those who
have been interested in radio communication. The
field of application of this theory, however, is much
broader than this, and may easily be extended to include

practically all electric machinery, both alternating and
direct -current.

Currents and pressures that have the same general-
ized angular velocity can, of course, be combined by the
customary principles of vector addition. The resulting
vector diagrams will then be similar to those which
apply to the steady state, save that the electromotive
forces due to induction, both self and mutual, are not
in time quadrature with the current, as we shall
presently see. It is further understood that, as they
rotate, all of the vectors shrink exponentially.

a.

0 Axis

FIG. 2

0 Axis

FIG. 3

Inasmuch as those who are interested in the opera-
tion of electric machinery have had little contact with
the theory of damped sinusoidal currents, it may be
well to show how these currents and the electric pres-
sures they produce can be represented by vectors.
In all of the following analyses any capacitance that
the circuit may possess will be disregarded. This, of
course, places a definite limitation upon the scope of
the analysis and prevents the discussion of certain
transient conditions, particularly those of relatively
high frequency, which are very important in trans-
mission circuits.

FIG. 4

When a current of the general form flows through a
non -reactive resistance the fall in potential is r I ca
sin (w t 0). This may be represented vectorially as
in Fig. 4. The fall in potential through an inductance
is: d i = -a L I E--"' sin ( t 0)

d t

(A) L / (-at cos ( t 0)
The first of these components may be represented by a
vector in opposition to the current vector, and the
second by a vector which leads the current by 90 degrees.
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See Fig. 4. In this figure and hereafter a line drawn
above a letter indicates that jt represents a current or
pressure of the general form.
Thus: V = (- a -Fjco)LI

or V = (r+mL)I
where m represents the generalized angular velocity of
the current vector; the generalized impedance is
(r m L).

In Fig. 4 notice that there is a rise in potential
through the circuit, numerically equal to a L I, which
is in time phase with the current. This indicates that
electric energy is being generated within the circuit, due
to the diminution of the magnetic field. The power so
generated, a L I2, partially supplies the copper loss,
/2 r, in the circuit. The vector representing the fall in
pressure due to self inductance leads the vector repre-
senting the current by arc tan a/ w more than 90 deg.
It is in this respect that the vector diagrams repre-
senting the transient state differ from those that
represent the steady state.

If the electric circuit is linked with a magnetic circuit
in which eddy current and hysteresis losses may occur,
it is customary, though strictly speaking it is incorrect,
to represent both the current and the magnetic flux by
vectors when they have a steady sinusoidal variation.

FIG. 5 FIG. 6

In this case the flux is represented as lagging the current
which produces it by a constant angle 0. See Fig. 5.
This is equivalent to assuming that the hysteresis loop
is an ellipse and that the eddy currents are all in time
quadrature with the flux in the core. The fall in
reactive pressure j w L I, leads the flux, , by 90 deg.,
but the current by an angle which is somewhat less.
This being the case, it is necessary to represent the
inductance by a complex number, i. e. L = Li -j L2;
where L2/Li = tan 13. Thus j w L / = j co (Li -j L2) /

= wL2I (.0 L I
Similarly if the current is of the general form,-and we
make the same assumption in regard to the constancy
of the phase angle between the flux and the current,-
the fall in pressure due to inductance is (- a j w)
(L1 -j L2) I, which may still be written m L I, under-
standing now that both m and L are complex numbers.
On expansion, this becomes [ (- a Li + w L2) +
(w L1 + a L2) ] I. If a Li equals w L2, i. e. if a/ co =
tan 0, the fall in pressure due to inductance is in exact
quadrature with the current and the energy given up

by the magnetic field due to its collapse is just sufficient
to supply the core losses. The power absorbed in the
coil is then equal to the copper loss. If, with the same
frequency, the rate of collapse of the magnetic field is
greater than this, the coil absorbs less power than the
copper loss.

If there is another electric circuit linking the same
magnetic core, the fall in electric pressure through it
produced by the action of the current in the first circuit
is j w M I. Notice that this is a vector which leads
the current vector by more than 90 deg. When there
are core losses in the mutual magnetic circuit the
mutual inductance, M,, might likewise be represented
by a complex number of the form, M1 -j M2.

Only considerable research can determine the value
of this suggestion that the self and mutual inductance
be represented by complex numbers when the currents
are decaying sinusoids. It should be noted that
there is a constant lag angle of flux with respect to
magnetizing current only if the hysteresis "loop" is a
diminishing ellipse such as shown in Fig. 6. This is,
of course, not true and whether it is justifiable can.
only be determined by experiment.

In any inductive circuit the current cannot immedi-
ately respond to an abrupt change in the magnitude
or form of the applied electromotive forces. There is
always a transient condition of current flow, the dura-
tion of which is determined by the inductance and
resistance of the circuit. Moreover, the form of this
transient flow is determined solely by these constants
and is wholly independent of the character of the
applied electromotive forces. The magnitude and
phase of the transient, however, are determined by
the initial and final values of the current in the circuit,
and these are fixed by the applied electromotive forces.

TWO CIRCUITS HAVING MUTUAL INDUCTANCE BUT NO
MOTION WITH RESPECT TO EACH OTHER

The simplest case we shall consider is that of a single-
phase transformer which is simultaneously short-cir-
cuited on both primary and secondary sides.

With the primary winding short-circuited the fall
in pressure through it is zero.

ri 11 m ± 12 m M =0 ,1)

ri and Li represent the resistance and self inductance,
not leakage inductance, of the primary. M is the
mutual inductance between primary and secondary.
Likewise:

12 r2 /2 m L2 +I,mM = 0 (2)

The primary and secondary currents have the same
form and thus the same generalized angular velocity.
Eliminating /1 and /2 from equations (1) and (2) gives:

(r1 m L1) (r2 m L2) = m2 M2
Expand and divide each term by Li L2 giving,

a m2 ± (k1 k2) m k1 k2 = 0 (3)

M2
where a = 1- k1 = :Li and k2 = r2 L2Li L2
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3y some writers a is called the leakage coefficient,
zhereas others define the leakage coefficient as

L, L2 Li L2 )
- 1. In the latter case

M2
M2

cr'
or 0" = . In a transformer in which1-c, 1 +

he resistance of the windings may be neglected this
eakage coefficient, o-, is the ratio of the current on
Ten circuit to that on short circuit with the same
applied potential. lc, and k2 are the reciprocals of the
,ime constants of the two windings on open circuit.

The solution for the generalized angular velocity is

k2 (ki k2)2 -4 a ki k2
= (4)

2v 2a
since CI is less than unity, the values of m are both real,
ind the transient current consists of two direct -current
2omponents one of which diminishes much faster than
the other. These currents may be represented by
vectors as in Fig. ls.

In this case, in which both windings are short-
circuited, there will be no current in either winding
after the transient has disappeared. Thus the only
current after short-circuit occurs is the transient. Let
the vectors /10 and /20 represent the primary and
secondary currents before short circuit occurs. Also
let .11' and I," represent the components of the transient
current in the primary and similarly for the secondary.
Then at the moment of short circuit, the sum of the
instantaneous values of the two transient components
must equal the instantaneous value of the initial
current in both primary and secondary. The transient
components might thus be represented by an indefi-
nitely great number of vectors since it is only necessary
that their projection on the given axis have specified
values. It is more convenient, however, if they are
chosen so that their vector sum is equal to the vector
representing the initial current before short circuit.
Thus we will write:

/10 = + I1" (5)

and /2 = 12' + 12" (6)

Remember that the vectors 1,', etc., are diminishing
exponentially and that this equality holds only at the
moment of short circuit. Further, notice that the
vectors /10 and /20 are drawn to represent the maximum
values of the currents before short circuit. Each of
these transient components must satisfy equations (1)
and (2). Substitute in equation (1) and write in the
following form:

also

r_( m' Li)
= - 12'm' M

(ri 1 ?re L,)
= - 12"m" Af

where m' and m" are the two values of m as indicated
by equation (4). If these equations are added and

- II') is substituted for 11" the solution for is:

m' m"
III =

also /1" =

(k1/m+ 1) I10
k1 (m' - m")

 N/ 1- Cr 1/2/L1 /20 (7)

m"

k1 (M."ne) (klIMI ± 1) 110

 V 1- v. V L2/L1 120 } (8)

The product of the two roots divided by their difference
is

m' m" k1 k2

m' -m" - (k1 k2)2 -4 cr k1 k2

In a transformer the ratio of the self -inductances of
the primary and secondary is practically equal to the
square of the ratio of the turns. Thus as is commonly
said, V L2/L1 120 is the secondary current referred to
the primary. In order to reduce these expressions to
a more understandable form, we will assume that k1
equals k2. This is very nearly true. If this is done the
two components of the primary current become:

= 1/2 (110 + 120) (9)

ii" = 1/2 (110 - 120) (10)

where 120 is now the secondary current referred to the
primary. The values of m reduce to:

rm' = - L M
r

L- M

where r and L are the resistance and self-inductance
of the primary winding, and M is the mutual inductance
on the assumption that both windings have the same
number of turns. In this case the difference of the
self and mutual inductances is the leakage inductance
of one winding. The two components of the transient
secondary current are similar to those of the primary.
Thus at the moment of short circuit each of the currents
in the two windings breaks up into two components,
one of which is one-half of the no-load current; (/10
+ /20) is the no-load current. This component decays
at a rate determined by the resistance and the sum of
the self and mutual inductances of the two windings.
It is due to the energy stored in the magnetic' core of
the transformer. Its rate of decay is much slower than
that of the other component. The latter's rate of
decay is determined by the resistance and leakage
inductance of the windings, and this component of
the currents is due to the energy stored in the leakage
field. The vector diagram and oscillograph record
are given in Fig. 7. In this figure the vectors I, and
/2, representing the primary and secondary currents,
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are rotating at an angular velocity of w. At the
moment of short circuit each of these vectors abruptly
stops and breaks up into two component vectors which
diminish at different rates.

The more usual transient condition would be one in
which the short circuit occurred on the secondary side
alone. In this case the current immediately after
short circuit consists of the transient current together
with the steady value of the short-circuit current. The
conditions that must be satisfied are now:

II° = 11' + Ii" (11)

and 120 = 121 + 12" + Inc2 (12)

Moment of
Short Circuit

Secondary
current

Primary
Current

FIG. 7

where Isci and I2 represent the steady values of the
short-circuit currents in the primary and secondary
windings. As before this is a vector equation which
holds only at the moment of short circuit. If these
steady short-circuit currents are transferred to the
left of the equality sign it is readily seen that the
values of the components of the transient currents
become:

all of these except the primary potential disappear and
in their place spring the steady short-circuit currents.
L.1 and I, and the transient currents /," and 12"o
The former continue to rotate at an angular velocity of
w without change in magnitude, while the latter remain
fixed in angular position but diminish exponentially at a
rate, a, depending upon the resistance and leakage
inductance of the windings. The arrows at the ends of
the vectors indicate the direction of their motion.
Observe that, at the moment of short circuit, the current
before short circuit is the vector sum of the steady
short-circuit current and the transient current. Since
the steady short-circuit current is from 10 to 25 times
the full -load current, it makes little difference whether
the short circuit comes at a time of full load or no load.
It may be a little more severe at no load. On account
of the excessive value of the steady short-circuit current,
the vectors representing it and the transient current are
essentially in phase opposition at the moment of short
circuit. Half a cycle after short circuit occurs the
vector /1 will thus have overtaken the stationary
vector I," and their vector sum will be a maximum. It
at once follows that short circuit is most severe when it
occurs at a moment that the steady short-circuit current
would be a maximum.' Since the steady short-circuit
current and applied potential are nearly in quadrature,
for example, the power factor of a certain 1000-kv-a.,
60 -cycle transformer is 0.15 at short circuit,-the worst
moment for a short circuit to occur is at about the time

/i' = 1/2 (I,0 + /20) - 1 2 (Lei + /3,2) (13)

/1" = 1 2 (I,° - 120) - 1 2 (/1 - /3,2) (14)
Isc

As before the secondary components are similar to the
primary components. It is now necessary to determine
the phase relation between the steady short-circuit
current and the current in the transformer before the
short circuit occurs.

In order to keep the diagrams as simple as possible,
we will make the customary assumption that the
primary and secondary currents are equal and in phase
opposition. In that case the first component of the
transient current is zero, and the second component
is equal to the current before short circuit minus the
steady  short-circuit current. [See equations (13)

and (14) ] with /10 = - 120 and /3,1 = - /2. The
error thus introduced is usually very slight. The
vector diagram at the moment of short circuit is given
in Fig. 8.

Before short circuit occurs only the four vectors
representing the primary and secondary potentials and
current appear. They are rotating at a uniform
angular velocity, w. At the instant after short circuit

FIG. 8

that the applied potential is passing through zero. In
the transformer just cited the ratio of the resistance to
the leakage inductance is 56 and thus in the time of one
half cycle the transient current will have fallen to

56

E-120 or 63 per cent of its initial value. Thus the
first current rush would be to a value which is 63 per
cent greater than the maximum value of the steady
short-circuit current which is itself more than 20 times
the maximum value of the full -load current. The

2. To determine the exact moment at which the short-cir-
cuit current would be a maximum involves the solution of a
mixed trigonometric and exponential equation, which is decidedly
not worth while in the present problem.
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orces between turns vary as the square of the current,
and thus the first shock on this transformer may be 265
)er cent of its ultimate maximum value.

When these forces have their maximum value they
)ccur one -one -hundred-and -twentieth (1/120) of a
;econd after short circuit in a sixty -cycle transformer
ind one -fiftieth (1/50) of a second after short-circuit in

twenty -five -cycle transformer. Nevertheless with
transformers having the same short-circuit characteris-
tics (volts, amperes, and watts on short-circuit test), the
maximum forces that the windings must sustain are the
same for all frequencies.

If the transformer is but a portion of the electric
circuit in which the transient takes place the character-
istic equations (1) and (2) must be written:

11 r1 11 m LI ± 12mM = Vi (15)

r2 12 in L2 + nsi M V2

V! and V2 are the transient potentials which appear at
the terminals of the transformer. If the transformer
has a relatively small exciting current little error will
be made if it is treated like a simple inductive reactance.
In this case the relation between the primary and
secondary pressures is much simpler.

VI - 11(R m L) = a V2 (17)

R and L are the equivalent resistance and leakage
inductance of the two windings and a is the ratio of
transformation at no load.

(16)

TWO CIRCUITS HAVING MUTUAL INDUCTANCE, IN ONE
OF WHICH THERE IS A COMMUTATED ROTATIONAL

E. M. F.

Before turning our attention to polyphase rotating
machines, it might be well to consider briefly the direct -
current dynamo of either the shunt or compound type.
This apparatus is in some respects quite similar to the
transformer. It has two circuits which are mutually
inductive, the armature and series field forming one and
the shunt field the other. There is this difference,
however: an electromotive force is generated in the
armature circuit by its rotation in a magnetic field that
is due to the joint action of the current in both circuits.
With constant speed this generated e. m. f., is pro-
portional to the magnetic field. The relation between
the magnetic field and the currents in the armature and
shunt field circuits which produce it is similar to the
well-known hysteresis loop, for which there is no simple
mathematical expression. In some problems in which
the exciting current is a steady alternating one, it has
been found convenient, however, to assume that this
hysteresis loop is an ellipse. If this assumption should
prove sufficiently accurate in the present case also, it
will simplify the problem greatly, for as has been
already suggested, we may then represent the magnetic
field and the rotational e. m. f. which it produces, to-
gether with the net exciting ampere -turns by vectors
even when these quantities are damped sinusoids, i. e.,

of the general form. This vector relation is shown in
Fig. 9, which is drawn for the steady state.

The flux, 0, and the rotational e. m. f. E which is
proportional to it, lag the exciting current I by a con-
stant angle 3. Thus we may write

E = (K2- j K2) I (18)
or E = K I

where K is a complex number, K1 - j K2, having the
dimensions of resistance. The vector equation shows
that when the instantaneous value of the current is zero

Net Mag-
netizing E

Rotational

FIG. 9

0
Air Gap

FIG. 10

the generated e. m. f. is K2 I. This is generally
referred to as the residual voltage. At the moment
that the current has its greatest value the rotational
e. m. f. is K1 I. If the exciting current is going through
a steady cyclic variation, it is a simple matter to
determine these two components of the e. m. f. See

Fig. 10. When the current is a damped sinusoid, how-
ever, the vector representing it is shorter at the moment
that it is perpendicular to the time axis than it was
earlier in the cycle when the current was passing through

CCarc tan -w

OAxis

FIG. 11

its maximum value. See Fig. 11. In this case the best
method of determining the constants K1 and K2, in
order to assure the greatest accuracy in the calculations
can only be determined by experiment.

Let II and /2 be the currents in the armature and
shunt field circuits and similarly, r1 and LI, the resist-
ance and self-induction of the one, and r2 and L2, the
same constants of the other. Also let M be the mutual
inductance between the two circuits. The e. m. f., E,
generated in the armature circuit by rotation is:

= K (NI/N2I1 12);
where N1 and N2 are the effective turns in each circuit
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acting on the main magnetic axis. Let N1/N2 = a.
Also let V be the rise in terminal pressure across both
the armature and shunt field circuits.
Then we have:

11mL1- I2mM
(armature circuit)

= (K a - r1 -m LI) ± (K -m M) (19)
also V = - 1.2 r2 - m L2 - I1mM

(shunt field circuit)
= - (r2 m L2) - 11 m M (20)

If these equations, (19) and (20), are solved for II and
12 we have:

V = E- -

=

r2 m L2 K -m M
(K a - r1- m L1) (r2 m L2) - (K -m M) m M V

and 12 =

Ka-r1-mL1+mM
(K a- r1- m Li) (r2 m L2) - (K -m M) m M V

The total net current delivered, I = I1 + 12, is
I=

ri r2 K (1 - a) + m (Li + L2 - 2 M) _
(K a - r1 -m L1) (r2 m L2) - (K -m M) m M V

The ratio of the fall in terminal potential, - V, to the
total current is the generalized impedance, Z, of the
dynamo. Thus we have:

(K -m M) m M - (K a- r1- m L1) (r2 +m L2)
ri + r2 + K (1- a) ± m (Li L2 - 2 M)

For further discussion of this problem the reader is
referred to the paper by Doherty on "Exciter Instabil-
ity" presented at the Pacific Coast Convention, August,
1922.

Two SYSTEMS OF BALANCED POLYPHASE CIRCUITS
HAVING A CONSTANT RELATIVE ANGULAR VELOCITY

The author believes that the simplest method of
presenting the analysis of the transient condition in
polyphase induction and synchronous machines is that
which considers the rotating magnetic fields in the air
gap and the reactions which they produce. When these
polyphase machines are operating under balanced
conditions, either steady or transient, the currents in
the several phases of the polyphase winding may be
represented by vectors of equal length equally spaced
with respect to each other. For the steady condition
the vectors are of constant length and rotate at a
constant angular velocity. This representation has
been used for many years. The only difference between
the steady and the transient condition is that the vec-
tors which represent the latter state diminish exponen-
tially as they rotate. If this conception of the transient
state is borne in mind the following analysis is readily

followed by anyone who is familiar with the steady
operation of these machines. In all that follows the
relative speed of the two windings is assumed to re-
main constant throughout the time considered. Since
the maximum current occurs within about a half -
cycle after the transient begins the angular velocity
of the moving part has little opportunity to change
before the first shock is over.

The parallel lines in Fig. 12 represent the uniform
air gap of a three-phase induction motor. The phase
belts of the stator conductors are indicated at the letters
a, b, c. The pole pitch is from -I- a to - a. If this
winding is properly designed, there will be very small
harmonics in the space distribution of the air -gap flux
density when the alternating currents are balanced.
We will neglect whatever harmonics may exist and
assume that this distribution may be represented by a
sinusoidal curve such as 0. The line X -X is the
axis of this curve. If the current in phase b lags that
in phase a by 120 deg. this magnetic field will move
toward the right at a constant angular velocity of w
radians per second; where w equals the frequency
of the alternating current multiplied by 2 r. On the
other hand, if the current in phase b leads that in phase

.a -c «ID -a «c

FIG. 12

a the field moves toward the left at the same velocity.
In all that follows we shall consider that a velocity
toward the right is positive and that one toward the
left is negative. Furthermore, the magnitude of the
field as well as its form, will not change as it moves,
and thus the field might be represented by a rotating
vector whose projection on a fixed axis indicates the
amount of flux linking any particular phase. The
angular displacement of this vector from the fixed axis
is always the angle between the axis of the moving
field and the axis of the phase considered. See Fig.
13. One of the most important points in the theory of
rotating fields that are produced in this manner in a
uniform air gap is that the flux through any phase is a
maximum at the moment that the current in that phase
is also a maximum. For example, when the current
in phase a is maximum the field is in the position Oa.
One sixth of a cycle later, the current in - c will be a
maximum and in the same time interval, the flux
distribution will have moved one sixth of two full pole
pitches toward the right and be a maximum through
this phase, - c. In a similar manner, it will have
moved into the position /3b by the time that the current
in phase b is a maximum. This can be represented
vectorially as in Fig. 13. The current and flux are
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represented by the rotating vectors I and (p. The
instantaneous value of the current in any phase or the
flux through that phase is the projection of the cor-
responding vector on the axis of that phase. In Fig.
13 the vectors are drawn for the time that the current
in phase - c has its maximum value. Notice that for
both the -phases a and b the currents in them and the
fluxes through them are each one half of their maxi-
mum values. There is this difference, however,
for while the values are decreasing for phase a they are
increasing for phase b, in which they will be a maxi-
mum 1/6 of a cycle later. Ordinarily, we are content
to know the current and flux in any one phase, a, for
example, and then the projection axes for the other
phases are not drawn.

Axis -phase h

Axis -phase a

FIG. 13

Axis -phase c

It may be convenient and possibly necessary in some
problems to consider magnetic fields that rotate to the
left, that is, with a negative angular velocity. In this
case the vector, (p, representing the flux through any
phase would likewise have a negative angular velocity
and would thus move in the clockwise direction. If
the trigonometric expressions for the instantaneous
currents in the phases are written it will be noticed that
giving a negative value to w is equivalent to reversing
the phase order of the currents. Such a reversal of
phase order reverses the direction of rotation of the
magnetic field produced by the current. If the current
vector in Fig. 13 is rotated in the negative or clock-
wise direction it will be noticed that the current in
phase b will lead that in phase a by one-third of a cycle,
that is the phase order of the currents is reversed. We
must be most careful, however, to remember that, if it
is necessary to combine or operate on these vectors,
whether they have positive or negative angular velocities
the operator j always indicates a phase rotation of one
quadrant in the positive or counter clockwise direction.
If this is not done we may become hopelessly confused.
If the air gap is not uniform, as is the case with salient
pole machines, the curve of flux density will alter both
its shape and magnitude as it rotates, but that is a
complication which it is well for the present to disregard,
leaving its consideration until some future time.

In general if the currents in the several phases of

a symmetrical n -phase winding have values equal to the
projections of a "current" vector on each of a system
of n equally spaced axes, the magnetic flux linking any
winding is equal to the projection of a "flux" vector,
which is drawn in phase with the "current" vector, on
the axis corresponding to that winding. This assumes
that the windings are so designed that there are essen-
tially no harmonics in the space distribution of the
magnetic field and that each winding will, if acting
alone, produce exactly the same flux per ampere.

If the currents are of the general form both the
"current" and "flux" vectors shrink exponentially as
they rotate. The space distribution of the magnetic
field is still sinusoidal at all times but its magnitude
diminishes as it moves through the air gap. Compare
Fig. 13 with Fig. 14. In the latter figure let us assume
that the currents took on the general form at the moment
that the flux distribution was at the point indicated by
the curve /3, and that their generalized angular velocity
is (- a j w). The equation of the maximum density
for any later position of the field such as filis : B. = 13,,e at;
where t is the time required for the field to move from
the position to fii, i. e., through an angular distance X.

The flux through any phase as well as the current in
it may still be represented by a vector although this
vector is now of the general type-that is, it shrinks
exponentially as it rotates. A current or flux variation
of the general form reaches its maximum value in any
phase at the moment that the vector which represents
it is still arc tan a/ w from the projection axis of this
phase. Because the field is shrinking as it rotates
the flux linking phase a is greater when the field is
in the position th than when it is in the position #2 at
which moment the axis of the field is coincident

+a -c +b -
1 -d --X

Pm 14

with the axis of the phase. See Fig. 15. Thus the
flux through any phase is a maximum at the moment
that the current in the phase is a maximum, but the flux
distribution is no longer directly opposite the phase
when this occurs, as was the case when the currents were
steady sinusoids.

It is then evident that even in the transient state the
flux through any phase and the current in that phase
may still be represented by coincident vectors.

The electromotive force generated by this rotating
field is the negative of the time rate of change of the
flux linkages. Thus, in general, when this time rate
of flux change in any phase is zero the e. m. f. is zero
and the flux linking the phase is a maximum. In Fig.
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16 the flux in phase a is a maximum when the vector
representing it is in the position shown. At this
moment the e. m. f. is zero and the vector, E, repre-
senting it must, therefore, be perpendicular to the pro-
jection axis. An additional proof of this is interesting
even if unnecessary. Consider Fig. 15. When the
field is in the position /31 the e. m. f. produced in the
phase a has two components, one due to the motion of
the field and the other due to its shrinking. The
motional e. m. f. is proportional to the velocity of. the
field and to the sine of the angle, w t, between the field
and the phase winding. If at the point + a, the

Axis of Field fii-N..1
Axis of Rhase a

Marc tan -c-c

FIG. 15 FIG. 16

direction of the flux density is upward and the motion of
the field is to the right the e. m. f. generated in the
belt, + a, is away from the observer. On the other
hand if the field within a circuit changes an e. m. f.
is set up which is proportional to the rate of change and
is in such a direction as to oppose the change. The
e. m. f. thus produced is proportional to a cos w t, and
is toward the observer in the belt of conductors + a.
If the angular displacement, w t, is so chosen that the
resulting e. m. f. is zero, w sin w t equals a cos w t.
That is to say, the angular displacement of the flux
distribution is arc tan a/ w. Observe that the fall in
potential, - E, leads the flux, by an angle, r 2
+ arc tan a/ w, just as does the fall in potential due to
self induction. Thus, in a polyphase winding we may
combine the fall in pressure due to the so-called leakage
flux in one phase with the fall in pressure in this phase
due to the mutual air -gap flux which is produced by all
phases. This is commonly done in the analysis of
synchronous machines and the resulting loss in pressure
is the so-called synchronous inductance, or reactance
drop. If L represents the synchronous inductance,
a transient current, I, having a generalized angular
velocity m, will produce a fall in potential of m LI.
This fall in potential is represented by a vector which
is 7r/2 + arc tan a/ w ahead of the current vector.

This conception of the action of a rotating field of
the transient type may be summarized as follows:
Consider two groups of symmetrical polyphase wind-
ings, a and b, the first of which is stationary and the
second, moving in the positive direction at an angular
velocity of p radians per sec. The projection axis for

Journal A. I. E. 11.

the stationary winding is stationary, while the projec-
tion axis for the moving winding is moving at the same
angular velocity, viz. p, as indicated in Fig. 17. If the
angular velocity of the currents in the stationary, or
a, winding, is w radians per sec., the relative angular
velocity of the magnetic field due to these currents
with respect to the b winding is (w - p) radians per
sec. in the positive direction. The flux linking any
phase of the b winding is a maximum arc tan

a before the flux vector lies in the projection
co -p

axis of this phase. If the field is moving with respect
to the b winding in the positive direction the flux will
be a maximum when the flux vector is at a'. See
Fig. 17. If the field is moving relatively in the nega-
tive direction, i. e. if p is greater than w, the flux will
be a maximum when the flux vector is at 4;.". At the
moment that the flux is a maximum through any phase,
the generated e. m. f. in this phase is zero and the
vector representing it will be at Eb' for a positive
relative angular velocity and at Es" for a negative
velocity. This generated e. m. f. is equal to the pro-
duct of the current in one phase of the a windings, the
relative generalized angular velocity with respect to
the b windings of the field that these currents produce,
and the mutual inductance between the a and b wind-
ings. The mutual inductance M can be measured as
follows: Fix the a and b windings with respect to each

other and send balanced polyphase currents through
either, the a for windings for example. The mutual
inductance M is the e. m. f. generated in one phase of
the other, or b winding, divided by the product of the
current in one phase of the a winding and angular
velocity of this current. By the time that the flux has

advanced 7r,'2 - arc tan a with respect to the
co -p

b windings, the generated e. m. f. will have reached its
maximum value, but the current will usually not reach
its maximum value until somewhat later depending
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upon the constants of the b windings and their terminal
pressure. In any case, however, the current will be

represented by a vector equal to Eb -Vbwhere
rb + m Lb

Vb is the terminal pressure, rb the resistance and Lb
the synchronous inductance of one of the b phases.
By the time the current in the winding has reached its
maximum value the field will have advanced a further
relative angle of 6. Thus whether the motion of the
a field is positive or negative, its action on the b wind-
ing will develop a field which will always lag the a
field in its motion with respect to the b winding. Con-
sider an induction machine in which the magnetic
field due to the stator, a windings, rotates in the
positive direction at w radians per sec. If the rotor
turns in the same direction at less than this synchronous
speed the relative motion of the stator field with respect
to the rotor is positive. The rotor component of
magnetic field actually and apparently lags the stator
field. If the rotor turns in the same direction at a
speed greater than synchronous, the relative motion
of the stator field with respect to the rotor is negative
and the rotor component of field apparently leads when
observed from the fixed stator, though it actually lags,
as would be observed from any point on the rotor
itself. It is interesting that these well-known facts
should apply to the transient state as well as to the
steady operating condition.

Having established these general principles in regard
to rotating fields during the transient state the solution
for the transient currents in an induction motor may
be written down without further explanation. If the
generalized angular velocity of the stator currents is
m the relative generalized angular velocity of the field
produced by these currents with respect to the rotor
is (m -j p). Since m = -a -I- j co and the relative
angular velocity of the stator magnetic field and the
rotor winding is ( - p), the generalized angular
velocity of the rotor currents is -a j (w - p), i. e.,
m -j p. The generalized angular velocity of the rotor
currents is thus m -j p, but the relative angular veloc-
ity with respect to the stator of the field produced 'by
them is Em -j p - (- j p) ], i. e., m. The second
(- j p) is the relative angular velocity of the stator
with respect to the rotor. Thus we have:

E2 = - (m -j P) M I1 (19)

El = -m M I2 (20)

E2 and RI are respectively the generated e. m. f. due
to the stator currents in the rotor and that due to the
rotor currents in the stator. The rotor current, 12, is:

12 = R2/Z2 (21)
where Z2 is the generalized self impedance of the rotor
calculated for a generalized angular velocity of m
-j p. The stator current I,, is:

- V1
11

Zi (22)

where Z1 is similarly the generalized self impedance of
the stator calculated for a generalized angular velocity
of m, and V1 is the transient terminal pressure of the
stator. Combining these four simple relations gives
the characteristic equation for the stator current of
an inductor motor during the transient period. That
is:

Z2
11 (23)

Z1 Z2 -m (m - p) M2

-
Z T

where - V1 is the fall in terminal pressure across one
phase of the stator. That is, it may be said that the
transient impedance of an induction machine is:

Zi Z2 - (M p) M2
ZT= (24)

Z2

The steady operating impedance is
Z1 Z2 -5 w (5 Co) p) M2

Zo - (25)
Z2

where Z1 = r1 + j w L1 and Z2 = r2 + j (co - p) L2.
If the transient occurs when the stator winding is
symmetrically short-circuited or if it occurs when the
stator is connected to a circuit whose resistance and
inductance are many times smaller than the similar
constants of the motor, the transient terminal pressure
of the stator is essentially zero. It is thus evident
that the transient impedance is also zero. Equating
the transient impedance Z T to zero gives the charac-
teristic equation for an induction motor and determines
the generalized angular velocity of the stator current.

Since Z1 = r1 + m L1 and Z2 = r2 + (m -j p) L2
equating the transient impedance to zero gives
(r1 + m L1) [r2 + (m - j p) L2] -m (m -j p) M2 = 0
Expanding and collecting terms and dividing by L1 L2
gives the following quadratic in m:

cr m2 ± (k1 k2 -j p cr) m kik2 -j p ki (26)
M2

where k1 = r1/L,, k2 = r2/L2 and cr = 1 -
.1.1 L2

Notice that this characteristic equation for the induc-
tion motor is identical with that for a transformer with
the exception of two terms, -jpo-m, and -5pki.
These terms, however, completely alter the form of the
transient. The solution for -the generalized angular
velocity, m, is:

m - 2a 2

V (lci + k2 -j P 07)2 - 4 a (ki k2 - P k 1) (27)2a
If k1 = k2, the quantity under the radical is real and
will be negative unless the equivalent resistance is
somewhat greater than the equivalent reactance as
measured with the rotor blocked, a most unusual con-
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dition except possibly in very small motors. Fur -

k, + k2
thermore the decrement

2
is very nearly equal

to the resistance of the stator winding divided by the
equivalent inductance, Lo, as determined from locked
saturation test. Thus under ordinary conditions the
two values of the generalized angular velocity are
approximately:

m' = - r1/Lo + j P (28)

m" = - r,/Lo j 0 (29)

These are the values given by Doherty and William-
son. The magnitude of the error is best shown by a
numerical example. The relative constants of a 25 -

cycle, 2600-h. p. induction motor are r1 = r2 = L1
= L2 and o- = 0.075. The equivalent leakage induct-
ance as calculated from these values is relatively Lo
= 0.0751. The approximate values of the generalized
angular velocity for a speed of 157 radians per sec. are:

m' = - 13.31 + j 157
m" = - 13.31 + 0

The values as calculated from the solution of the
characteristic equation are:

m' = - 13.33 + 155.8

m' = - 13.33 + 1.2

The error in the approximate values in this case at
least is very small.

The form of the generalized angular velocity shows
that the transient current during short circuit consists
of two components, one having a frequency slightly
below that corresponding to the speed of the motor,
and the other a very low frequency. Notice that the
sum of these frequencies always equals that correspond-
ing to the speed of the motor. If the ratios of resis-
tance to synchronous self inductance are not the same
for the stator and rotor windings the components
of the transient current will decay at different rates,
otherwise their rates of diminution are ordinarily equal.
During this transient short circuit the angular velocity
of the rotor is greater than the angular velocity of the
stator currents so that the machine is operating as an
induction generator. In this case, the sum of the angu-
lar velocities of the corresponding stator and rotor
component currents is equal to the angular velocity
of the rotor. In calculating the performance of an
induction machine under steady operating conditions
it is customary to use -an effective resistance of the
stator winding and a true, or ohmic, resistance of the
rotor winding. Similarly, it may prove more accurate
to use an effective resistance of stator and a true resist-
ance of rotor when calculating m', and, vice versa,
a true resistance of stator and an effective resistance
of rotor when calculating m". If, for example, the ratio
of effective to true resistance for both stator and rotor
is 1.5, the rate of decay of the transient currents is
about 25 per cent greater,3 than would be calculated

3. A. I. E. E. TRANSACTIONS, page 525.

by using the true resistances. Again, if the ratios of
true resigtance to synchronous self inductance are the
same for both stator and rotor, the rates of decay of
the two transient components would be slightly dif-
ferent if effective resistances are substituted for true
resistances as suggested.

Having determined the form of the transient it
remains only to determine its magnitude. The funda-
mental principle is that the current in any inductive
circuit cannot abruptly change its value. Thus, if
the currents in the stator and rotor windings immedi-
ately before the transient occurs are represented by the
vectors /10 and /2,3 in Fig. 18 the vector sum of the
currents in these windings immediately after the
transient begins must be respectively /10 and 120.
The case is somewhat different from the single-phase
transformer inasmuch as there are now two or more
stator or primary circuits and a corresponding number
of rotor or secondary circuits in which the instan-
taneous values of the currents immediately before and
after the transient begins must be the same. It has
already been pointed out that for any instantaneous
values of balanced polyphase currents in symmetrical
windings both the currents and the magnetic field
which they produce may be represented by vectors
in phase with each other. If the currents in the stator
and rotor windings do not abruptly change at the
moment that the transient begins, it is evident that the
component magnetic fields they produce in the air
gap do not change in magnitude or in position. That
is, the vectors which represent the component fields
produced by the stator and rotor currents do not change
at the moment that the transient begins. Since the
current vectors are in phase with the flux vectors they
also do not change abruptly. The general relation
that holds at the moment that the transient begins is:

/10 =I1,+ + I,, (30)

/2c, = 121 + 12" + 128 (31)

where /10 and /20 are the vectors representing the stator
and rotor currents before the transient begins; /I'
and /1" are the generalized vectors representing the
two transient components of the stator currents;
similarly /21 and /2" are the generalized vectors repre-
senting the transient components of the rotor current;
I and 128 are the vectors which represent the steady
currents in the stator and rotor which will exist alone
after the transient has disappeared. As it is more
convenient if the rotor currents are determined on the
basis of a one to one ratio of transformation this will
be done throughout. In this case L1 = L2, at least
approximately. The steady operating conditions be-
fore and after the transient occurs are sufficient to
determine the steady current vectors 1.10, /18P etc.
The following relations must hold for the transient
currents:

+ = I10 -
121 + 12" = 120 - 128
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and I," -

If an induction motor or generator is short-circuited
on all phases Il, and /2, are both zero since there will

ultimately be no current in the machine. If an induc-
tion motor or generator is connected to a line when it
carries no current, /10 and /20 are both zero. We shall
work out in detail only the first of these cases since
nothing is gained in generality by doing more.

Each of the transient components must satisfy the
vector relation:

(r1+mL1)I1+mMI2=0
and thus we may write:

(r1 + m' Li) 11, + m = 0 (32)

(r1 + m" Li) 11" + m" m /2" = 0 (33)

also at the moment of short circuit
1/' = /10 (34)

and 12' 12" = 120 (35)

Solving these four simultaneous equations for the
components of the transient currents in the stator
winding gives:

m' m"- [Min /20 (1/k1

+ 1 'm") /101

[M/r1 /20 (1/k1

m/

m"

m"- m'
+ 1/m') /Id

These expressions are readily reduced to understandable
forms if suitable approximations are made. If k1

= k2 = k the values of m' and m" are approximately

m' = - klcr + P (36)

mff = - k/cr + j 0 (37)

Also M = V1- o -L
= (1 - cr/2) L approximately

where L is the synchronous self inductance of either
the stator or rotor winding. The approximate values
of the transient components become:4

/1' = /10/2 - 1/0- I,
li" = 110/2 + 1/0 In-

The error in these values is well within 10 per cent
ordinarily. Notice that the transient currents depend
almost entirely upon the no-load current, In, and the
leakage coefficient, a. It makes little difference

4. More exact solutions for the component currents, based
on the approximate m are:

= 1 +j -k 1 /10/2 V 1 - n)
cr p

and II' =. + j k
p

k

) 1 -j -GrP 110/2

1 +j k

p

V 1 - a
a

In

whether short-circuit occurs at no-load or full load.
The first of these components rotates at approximately
synchronous speed while the second is practically
stationary. Each shrinks exponentially at the same
rate. The first maximum value of the transient cur-
rent in any phase is greatest if it occurs at such a time
that the transient components lie as nearly as possible
in the projection axis for that phase at the moment
that the transient begins. For, in that case, about
one-half a cycle later the first component will have
overtaken the second and the resulting projection on
the axis of the phase will have its greatest value. Dur-
ing this time, however, each of the components will have

k

shrunk to e P of their initial values. The first

Fie. 18

maximum current rush'may be to an approximate value
of

(38)

where In is the maximum value of the exciting current
before the transient begins. This approximate solu-
tion checks with that given by Doherty and William-
son although the latter is in a slightly different form.
The vector diagram is given in Fig. 18, which is drawn
at the moment that the transient begins. The pro-
jection axes of one phase of the stator winding and of one
phase of the rotor winding are shown. The former is
fixed in position while the latter rotates at a speed

2 In
o -

k

e a P
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equal to that of the rotor, viz., p radians per sec. When
s is the slip, p equals (1 - s) coo. Before the transient
begins only the vectors representing the stator and
rotor currents appear. They are rotating at a uniform
angular velocity, coo. At the moment of short circuit
both of these vectors vanish and in their places spring
the vectors which represent the transient currents.
The arrows at the ends of these vectors represent their
angular velocities.

SYMMETRICAL POLYPHASE AND SINGLE-PHASE SYSTEMS
MOVING WITH RESPECT TO EACH OTHER AT A

CONSTANT ANGULAR VELOCITY

The analysis of this problem is somewhat more
difficult than that of the preceding. When a polyphase
winding is acted upon by a rotating magnetic field
it reacts and produces another magnetic field which
always rotates at the same speed and in the same direc-
tion as does the first. This is not true of a single-
phase winding, however, and it is herein that the dif-
ficulty lies. When a single-phase winding is excited
by a rotating magnetic field, there is produced in it

FIG. 19 FIG. 20

an alternating current of a frequency corresponding
to their relative angular velocities. An alternating
current in a single-phase winding produces a magnetic
effect that is equivalent to two magnetic fields which
rotate in opposite directions with respect to the winding
at an angular velocity equal to that of the current in
the winding. This well-known method of analysis
is ascribed to Ferraris. The magnitude of each of
these fields is one-half of the maximum value of the
actual alternating field produced by the single-phase
current.

We have already established the relation that
exists between a rotating field and the field which may
be produced by its action on a polyphase winding. It
now becomes necessary to establish a corresponding
relation when the rotating field acts on a single-phase
winding. In Fig. 19 let la(15

represent a positively
rotating magnetic field which has a complex angular
velocity (- a + j w). The flux linking the single-
phase winding will be a maximum at the moment when

ia is in the position shown. The generated e. m. f.,
E, in the winding will be zero at this instant. By the

time that 1a has advanced (7r/2 - arc tan a/ co) this
generated e. m. f. will be a maximum. The current
however will not reach its maximum value until a time
still later that is determined by the generalized self im-
pedance of the single-phase winding. At the time that
the current is a maximum the vector representing it is arc
tan a/ w from the axis of the winding as shown in Fig.
20. At this moment one of the oppositely rotating
fields (/52a is coincident with the current and the other,
(T.2b, makes the same angle with but is on the other side

FIG. 21

of the axis of the winding. Of course, the axis of the
field due to a single-phase current always coincides
with the axis of the winding.

One of these oppositely rotating fields travels at the
same speed and in the same direction as does the initial
field, p 1 , while the other travels at the same speed
but in the opposite direction. The condition at a time
angle w t 6 after the current in the single-phase
winding is a maximum is shown in Fig. 21. The op-
positely rotating fields are represented by the vectors

-CC- j w

E/

-x- j w

lb

arc tan -

FIG. 22

STA2a and CP2b: the subscripts a and h indicate the direc-
tion of rotation. The constant phase relation between
4/3.1. and ¢2a will be determined presently.

If the first magnetic field had been rotating negatively
with a complex angular velocity of (- a -j w) the
flux linking the single-phase winding would have been
maximum at the moment shown in Fig. 22. By
the time the current had reached its maximum value
this field would have reached the position indicated in
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Fig. 23. The oppositely rotating components of the
single-phase field are now shown at gh2a are 4)2b. At a
time angle w t later the vectors shown in Fig. 23
will have moved to the positions shown in Fig. 24. It
is important to observe that the oppositely rotating
components of the single-phase field, are exactly the
same in Fig. 21 and in Fig. 24. That is, as far as the
reaction produced in the single-phase winding is con-
cerned, there is no difference between positively and
negatively rotating fields provided they are always
conjugate with respect to the axis of the single-phase
winding. In the case of polyphase windings we have
seen that positively and negatively rotating magnetic
fields produce quite different effects.

A magnetic field that rotates positively with respect
to a polyphase winding excites the latter so that it in
turn produces another field which rotates positively
and which lags behind the first by an angle determined
by the relative generalized angular velocity of the
rotating field and the polyphase winding, and the
resistance and . synchronous self inductance of the
latter. The reaction of the polyphase winding is

.a 

.g

\
X

arc --4--;Aarctan-Lt

i -arc to

CC-ju.,

-

FIG. 24

jw

often analyzed in the following manner: The alter-
nating current that is generated in each phase of the
polyphase winding produces two component fields
that are rotating in opposite directions with respect
to the winding. Those component fields due to the
different phases which rotate opposite to the exciting
field sum up to zero if the phase circuits are sym-
metrical. The other component fields that rotate
in the same direction as the exciting field are in space
phase with each other and their resultant is thus n
times any one component; where n is the number of
phases of the polyphase winding. That is, we may con-
sider that the current in each phase of a polyphase
winding consists of two equal components, hereafter
designated by the subscripts a and b, each equal to one-
half of the maximum phase current. These two compo-
nent currents produce equal but oppositely rotating mag-
netic fields. If the winding were single-phase each
of these magnetic fields would exist, but with a sym-
metrical polyphase winding only the fields exist which
rotate in the same direction as does the exciting field.
Those that rotate in the opposite direction neutralize
one another, so that their resultant is zero.
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Let M1 be the e. m. 1. generated in one phase of the
polyphase winding by one ampere of either the a or b
component of the single-phase current when varying
at the rate of one ampere per second. Similarly let
M. be the e. m. f. generated in the single-phase winding
by one ampere of the a component of the polyphase
current, provided that is the one which produces a
magnetic field, when varying at the rate of one ampere
per second. Thus defined the n -phase mutual induct-
ance is n times the single-phase mutual inductance.
If the single-phase winding is supplied with an alter-
nating current having an angular velocity of w and the
winding is rotated at this same velocity, w, with respect
to the polyphase winding, one of the oppositely rotating
fields due to the single-phase current will be stationary
with respect to the polyphase winding and thus will
generate no e. m. f. in it. The other field will rotate
at a relative angular velocity of 2 w and generate an
e. m. f., E, in each phase of the polyphase winding.
If the single-phase current is I, the single-phase mutual

E
inductance is M1 - 2 co //2

If the single- and

polyphase windings are fixed with respect to each other
and one phase of the latter is directly opposite the
former, the oppositely rotating fields produce equal
e. m. fs. in time phase with each other in this phase
of the polyphase winding. If E is still the e. m. f.
generated in this phase of the polyphase winding the
e. m. f. due to one of the component fields is E/2. and
the single-phase mutual inductance is as before M1

2 co 1/2
where I and co are the current and its

'

angular velocity in the single-phase winding. If the
two windings are fixed with respect to each other
and balanced currents of I amperes per phase are sup-
plied to the polyphase winding the polyphase mutual
inductance is the e. m. f. generated in the single-phase

WI
winding divided by 2 '

where w is the angular

velocity of the polyphase currents and I is the current
per phase. Thus measured, the n -phase mutual in-
ductance will be n times the single-phase inductance.

Let us assume that we have a three-phase winding
fixed in position and a single-phase winding which is
rotating in the positive direction at an angular velocity
of p radians per second. If the single-phase winding
carries a current having an angular velocity of w radians
per second there will be produced in the air -gap two
rotating fields, one traveling in the positive direction
at an angular velocity of (w p) and the other in the
negative direction at a velocity of (w - p) radians per
second. If p is greater than w both of these fields
travel in the positive direction. The following rela-
tions can be worked out on the assumption that co is
either greater or less than p. In accordance with the
established custom when analyzing polyphase induction
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motors and generators, we will choose the first of these
assumptions, viz., that w is greater than p.

The alternating current in the single-phase'winding
having an angular velocity, w, produces two oppositely
rotating fields each having this same angular velocity.
The single-phase winding, having a positive angular
velocity of p radians per second, gives to each of these
fields an added angular velocity, so that one rotates
positively with an angular velocity of w p and the
other negatively with angular velocity of w -p radians
per second. Each of these fields produces by its action
on the polyphase winding a rotating field which has the
same angular velocity. This is illustrated in Fig. 25.
In this figure Al represents the fixed axis of one phase
of the polyphase winding, and A2 represents the axis
of the single-phase winding; the latter having a posi-
tive angular velocity of p radians per second. The
oppositely rotating fields due to the single-phase cur-
rent, which has a complex angular velocity of -a

j w radians per second, are represented by the vec-

FIG. 25

tors ck2 and 4:02b. The former has an angular velocity
of -a + j (w p) and the latter a velocity of -a
-j (w - p) radians per second. Since these com-
ponent fields are proportional to the current in the
single-phase winding, this current can be divided into
similar components as indicated in the figure, 12. and

2b. Observe that each of these component currents
is one-half of the maximum value of the single-phase
current, and that at any moment the actual current
in the single-phase winding is their vector sum. The
first of these rotating fields, 4)2a, produces a cur-
rent in the short-circuited polyphase winding I ia where

- 72a MI (m p)I -

(39)

M1 is the single-phase mutual inductance, m =
-a-l-jcois the generalized angular velocity of the
single-phase current, r1 and L1 are respectively the

r1+(m+jp)Li
- 2. M (m + 2))

Z1 (m +jp)

resistance and synchronous self inductance of the
polyphase winding. The other rotating field
produces a current in the short-circuited polyphase
winding, fib, which has a negative angular velocity of

- p radians per second. In this case the current is:

-LP, M, j - p) 1
lb = (40)r + [- a -j ( - p)1 L,

Each of these polyphase currents produces two oppo-
sitely rotating component currents in the single-phase
winding. The sum of the components which rotate
in the same direction must of course be equal to the
initial components rotating in the corresponding direc-
tion that were assumed to exist, viz., /2 and 2b. By
the principle already established the rotating field due
to I,b, produces the same effect in the single-phase
winding as would a current of the same magnitude
which rotates positively and is always conjugate to
Jib with respect to the axis of the single-phase winding.
It is readily seen that this conjugate current, i is

- 20 M I [- a + ( p)1
r [- a j (co - p)) L,bc

- MI (m- j P)
ZI (m -ip)

(41)

The stator current 1,0 and the conjugate current I,b
which replaces I,b, both rotate positively and their
resultant effect on the single-phase winding is thus
the same as the effect of their vector sum. The posi-
tively rotating component of the single-phase current
is thus given by:

- (Ii. libc) 3 M1 (- a -I- j 0.))
r2 (- a + j w) L2

2a -
- (La + lib() 3 2 M m

Z2 m
(42)

These characteristic equations may be written thus:
110 Z I (ni +jp) + 12a M1 (m p) = 0 (43)

I1bc Z1 (m-jp) + 2.2 M1 (m p)

M
2a Z7 (m) (-11a 11bc)

3
m = 0

In these equations it is assumed that any impedance
outside the armature and field circuits is negligible,
otherwise the zeros at the right of the equality signs
would be replaced by the proper fall in terminal pres-
sure.

If I,a and 1- lb. as determined by the first two equations
are substituted in the third equation, the latter be-
comes, on dividing by 17..

Z2 (m) - 3/2 MI m
( MI (rn P)

Z (21-1p)

(44)

(45)

MI (m - P) =0 (46)
Z1 (m -)p)
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If the values of the impedances are substituted, this
reduces to the following cubic in m:

(k1 (1 + a) + k2) m2
o -

m3 +

(k12 + 2 ki k2 + a P2) m (kit P2) k2
a-

-0 

where k1 = r1/Li, k2 = r2/L2 and cr = 1 - 2 Li I/2

(47)

3 M12

r1 and r2 are the resistances of one phase of the poly-
phase winding and of the single-phase winding; L1

and L2 are the synchronous self-inductance of the
polyphase winding, and the self inductance of the
single-phase winding. At least one root of a cubic
equation must be real and since the coefficients are
all positive this root must be negative. This indicates
that one of the components of the single-phase current
is a diminishing direct current. The other roots of the
cubic equation are conjugate imaginaries. This indi-
cates two alternating currents, having positive and
negative angular velocities but the same rate of diminu-
tion. In the polyphase winding, however, the three
components of the current will all have different angu-
lar velocities. The first component of the single-phase
current will produce a current having an angular veloc-
ity of p radians per second and the same rate of diminu-
tion that it itself has. The second component of the
single-phase current, having a positive angular velocity
will produce a current which has an angular velocity
of approximately 2 p radians per second. The third
component of the single-phase current having a nega-
tive angular velocity, produces a current in the poly-
phase winding of very small angular velocity. The
sum of the angular velocities of these two latter com-
ponents of the polyphase current is exactly 2 p, and
each diminishes at the same rate as does the alternating
current in the single-phase winding.

A literal cubic equation is practically impossible
to solve but if numerical values are given to k1, k2 and
a, the real root can be found to any degree of approxi-
mation by Homer's method. The equation may then
be reduced to a quadratic, the roots of which can be
readily found. Approximate values of the roots may
be found as follows: The largest term in any of the
coefficients is p2. With a 60 -cycle machine this would
be 142,122. The ratios of resistance to self-inductance
k1 and k2, are of the order ten, while a. is of the order
one -tenth. For these values of kl, k2 and a the real
root of the characteristic equation is approximately

m = - k2/ (48)
The degree of approximation of course depends upon
the values of the constants. If k 1 = k2 = 1.0, a
= 0.1 and p = 377;

m = - 10.06
whereas the approximate value would be

m = 10.0

In this case the error is about one-half of one per cent;
which is better than the analysis warrants.

Since the sum of the roots must be the coefficient of
m2 in the characteristic equation with its sign changed
and since the remaining roots are conjugate imaginaries
of the form - a2 f j w we have

k1 (1 a) + k2
- k2/ - 2 az = -

That is:
k1 (1 + a)

a2 - 2 a.

(49)

(50)

Furthermore since the product of the roots is equal to
the last term in the characteristic equation we have:

a1 (a22 w2) (k12 4.. p2) k2/a
From this, the approximate value of co is seen to be

w V p2 (a22 k12)

a22 - k12
P -

For the assumed values of kb k2, a and p the calculated
values of a2 are w are:

a2 =

 approximately (51)

5.497
and w = 376.73
For the same values of the constants the approximate
 values of a2 and w are:

a2
1 X 1.12
2 X 0.1 - 5.50

5.52_
w = 377 - 2 X 377

= 376.96
It is readily appreciated that for such values of the
constants as were chosen the roots are approximately

m' = - k2/a (52)

my k1 (12 a)
± P (53)a

It may be desirable, however, to extend the analysis
so that it will apply to the case in which it is necessary
to consider the constants of circuits outside of the
machine itself. In that event the approximate values
of the roots may not be sufficiently accurate. Again
if the constants are considerably larger, as for example:

Let k1 = 15, k2 = 20, a = 0.15 and p = 377 the
actual values of m are:

m' = - 143.2 + jo
m" = - 52.57 ± j 360.3

The approximate values of m are:
m' = - 133.3
m" = - 57.5 ± 373

In this case the error in the approximate calculation is
quite considerable.

The general principle that determines the magnitude
of the various component currents is that the resulting
distribution of magnetic field in all parts of the machine
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cannot abruptly change, and what is even more im-
portant the component fields due to the different cur-
rents cannot abruptly change. That is, in mathemat-
ical language, the magnetic field at every point is a
continuous function of the time, and since the magnetic
fields are assumed to be proportional to the currents,
the latter are also continuous functions of the time.
If it were possible to construct mutually inductive
circuits which had a leakage coefficient of zero, the
currents in these circuits might abruptly change,
i. e., they might be discontinuous functions.

In order .to illustrate the method of determining
the component currents we will calculate their approxi-
mate values when the alternator is suddenly short-
circuited. The general method of treating the single-
phase current is to represent it by pairs of oppositely
rotating vectors. In the present problem there are two
such pairs one having no velocity and the other an
angular velocity of p radians per second. That is, the
transient current 121 in the single-phase winding may
be equated to four components:

.T2T = I2a1 126' 12a" ± 126" (54)

1201 and I21/ are conjugate and have zero velocity with
respect to the single-phase axis. /20" and I26" are con-
jugate and have an angular velocity of approximately
p radians per second with respect to the same axis.
Each of these transient components in the single-phase
winding is the cause of a corresponding component
in the polyphase winding. Thus, similarly:

lir = + 1.26' + lia" Ilb" (55)

110' and I16' both have the same angular velocity of
p radians per second, /la" has an angular  velocity of
approximately 2 p and 116" an angular velocity of
approximately zero radian per second.

The fundamental relation at the moment of short
circuit is that:

and

110 = I1= + I18

120 = 121 12,

(56)

(57)

where I10 is the current in the polyphase winding, before
short circuit and I', is the steady current after the
transient I1 T occasioned by the short circuit has dis-
appeared. 120 and 12, are similar values for the single-
phase winding.

If the field excitation is not changed at or after short
circuit 120 = 128 and thus the transient current in the
single-phase winding must be zero at the moment of
short circuit. Since the components of the single-
phase current are conjugate in pairs it follows that
at the moment of short circuit:

/2a1 I2a" (58)

and 126' = 26" (59)

The corresponding pairs of single- and polyphase
component currents must satisfy the two equations
(43) and (44), the a components satisfying (43) and the

/10" [ri + -

b components, (44). Thus:
[ri (- k2/a L1] 12a' M1 (- k2I a

+jP) =0
I ib' [r1 + (- k2/0' + j p) + /2b' MI (- k2/

= 0
(1 + a) \11

2a +) 2 P)LIJ

+ I 2a" M (- lc, (1 4- + j 2 p =0
2 a-

+ (- (12+0.a) LI)

(60)

(61)

(62)

-I- In" M1( - k1
(1 a)

= 0 (63)
2 a -

If each of these equations is divided by LI, it will be
seen that since k1 is much smaller than ki/ cr, k2/ a- or p,
the following relations between the polyphase and
single-phase components are approximately true:

lia' = - MI /LI 1.2a'

but

I lb' -= M 1 Ll 26'

la" = - MI L1.1 -2a"

(1 ± a)
116" - M1, L1 12b"(1 - a)

If the conditions set forth in equations (55), (58)
and (59) are applied to these four equations we have:

2a
= M1 ''L1 1 - I26'a-

(64)

If it is deemed necessary a more accurate value of
126' can be calculated by substituting in equations
(60) to (63) inclusive the actual values of the generalized
angular velocity as determined by equation (47) and
by recognizing that /261 and I 2b' are conjugate with
respect to the single-phase axis.

Since the current in the polyphase winding before
short circuit is much smaller than the steady short-
circuit current:

I1T = 1.18 approximately, at the moment of short
circuit. The steady short-circuit current is calculated
by dividing the e. m. f. generated in the polyphase
winding on open circuit by the synchronous impedance.
The open circuit e. m. f. is

E -jp M1 120 (65)
Since the resistance is much less than the synchronous
reactance the steady short-circuit current is approxi-
mately.

Ile
jpM1I20

j pLl
= - 311/L1 120

From this it follows that:

= /20
2 a-

(1 - a)

(66)

(67)
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The direct -current component of the single-phase
current has an initial value of 1231 + 212' which is

120
(1- cr)

. The alternating component of the

single-phase current is equal and opposite to this
initially, but one-half cycle later the vectors repre-
senting all of the component currents are in phase.
During this time, however, the direct and alternating
components have shrunk different amounts. The first
maximum value of the single-phase current will be,
approximately:

/20
(1 -

1

k2 r ki (1 + ,,) r

For k1 = k2 = 1, a- = 0.1, this is 17 120.
The component of the polyphase current which has

an angular velocity of p radians per second is 116'

1- cr
+ I lb' which initially equals I. The com-

ponent which has an angular velocity of approximately

1- a
2 p is lia" which initially equals - 2

I1,. The
cr

component which has a very small angUlar velocity is

I lb" which initially equals -
12

/is. The first
+
aa

of these components shrinks at a rate of k2/u while each

lc, (1 + a)
of the others shrinks at a rate of

2
No-

ticetice that initially the first component is opposite in
phase to each of the others. Thus one-half cycle after
the transient begins, the three components will be in
phase. If the transient begins at such a time that the
steady short-circuit current in one phase would natur-
ally be passing through its maximum value, this phase
will carry the maximum possible transient current
one-half cycle later. This maximum transient current
is approximately:

/ ,,
1 -a _I" w 1 (1 + n) ir

e° ____ eki 20 P

E P
2o

a a

(68)

(69)

for k1 = k2 = 1, = 0 . 1 this is 18 118, i. e. eighteen
times the maximum value of the steady short circuit
current.

Two SINGLE-PHASE WINDINGS HAVING A CON-
STANT RELATIVE ANGULAR VELOCITY

A current of angular velocity co in one single-phase
winding produces in the other winding currents having
angular velocities of w + p and w - p; where p is
the relative angular velocity of the two windings. Each
of these currents reacts on the first winding and pro-
duces additional currents having angular velocities of

w + 2 p and w - 2 p. These currents in turn produce
others in the second winding having angular velocities
of w + 3 p and w - 3 p, and so on ad infinitum. It
is then evident that the solution of this problem cannot
be reached by the method here developed unless all
but a few of the component currents are neglected.
The solution will not be attempted at this time.

Carson' has suggested a functional form of solution
of this problem and Dreyfus' also gives a solution based
on certain assumptions.

In conclusion the writer hardly needs to say that it
has been his sole purpose to show how certain low -

frequency transient conditions in electric machinery
may be analyzed by a vector method. Before accurate
results can be obtained by this method considerable
experimental work is probably necessary in order to 
determine the most satisfactory methods of measuring
the required constants. An interesting development
would be the solution of the transient conditions in
certain unsymmetrical arrangements of polyphase
machines similar to those so ably discussed by Mr.
Fortescue.7

Transient conditions may be the result of a variety
of causes, one of which is short circuit. The vector
method, however, is equally applicable in any case in
which the original premises are reasonably true.
The actual working out of a numerical solution is
rather complex and this has been purposely avoided in
order that the general principles might not be obscured
a mass of calculation. Furthermore, it seemed best
at this time not to attempt to generalize the theory
and present it in such form that it would apply to
combinations of electric machines that might even
be unsymmetrical.

Appendix
For those who are interested in comparing the vector

method of .solution with the differential equations which
apply to these problems the following development is
given.

Consider a symmetrically wound three-phase induc-
tion motor having Y -connected stator and rotor phases
as shown diagrammatically in Fig. 26. The stator and
rotor currents are represented by the letters x and y
respectively and their assumed positive directions are
indicated by the arrows. Fig. 27 shows a develop-
ment of the air gap. The progression of the phases,
1, 2 and 3 is toward the right for both stator and rotor,
and the latter moves at a constant angular velocity
of p radians per second toward the right.

Let r1, r2, L'1 and L2' represent the resistances and
self -inductances of one phase of stator and rotor
respectively.

Let M. represent the mutual inductance between any

5. Bibliography No. 7.
6. Bibliography No. 4.
2,. A. I. E. E. Vol. XXXVII, p. 1027.
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two phases of the stator. Due to symmetry these
three mutual inductances are equal.

Let Mt, represent the mutual inductances between
any two phases of the rotor. These mutual inductances
are likewise equal.

Let 2/3 M represent the maximum value of the
mutual inductance between one phase of the stator and
one phase of the rotor. At a time when the angular

FIG. 26

displacement of these phases of stator and rotor is
p t the momentary value of this mutual inductance
is 2/3 M cos p t, if the space distribution of the air -
gap flux density is sinusoidal. This assumption of a
sinusoidal distribution of flux density is not much in
error if the motor is well designed. It is also necessary
to assume that 7.1, r2, Li', L2', Mx) M and 2/3 M are
constant. This is commonly done in engineering prac-
tise.

Stator

711 120. -.4fTc2 eXa120.

1.3% Y2 Ya
pt 120 -4

Rotor

FIG. 27

With the stator phases short-circuited as indi-
cated in Fig. 26 the following differential equations
may be written,-considering first phases 1 and 2 and
then phases 2 and 3.

d d d
{ r1 x1 + L1' Mx

dtxi Mx d tX2 d t3

d
m d t [Yi 3 M cos p t+ y2 3 M cos (p t+ 120°)

2
+ th - -g- M cos (p 1 + 240°) ] }

, d x2 d X3 d XI- { ri X2 + Ll dt dt dt
d 2 2+ dt ---(y2 M cos p t + y3

3-
M cos (p t + 120°)

+y1 2M cos (p t + 240°) = 0 (1)

There is a negative sign before Mx for the reason that
positive currents in phases 2 and 3, for example,
produce a flux through phase 1 which is opposite in
direction to the flux that phase 1 produces through itself.

The equation which applies to phases 2 and 3 is:

x2 + L1'
d xd x2 d x3 1

dt dt dt
d 2 2

dt [y2 -3 M cos p + y3 -3M cos (p t+ 120°)

{ r1 x3 + L1'

d
i

d yi 2

-V3 d t
M lx, cos (pt- 30°)

+ x2 cos (p t - 90°) = 0 (5)

d Y 2
7-2 Y2 + L2

d t2
M

d t
[xi cos (p t + 90°)

.V 3

+ x2 cos (p t + 30°) ] = 0 (6)
The following treatment was suggested to the author

by Dr. F. L. Hitchcock as being the simplest method
of reducing these equations to one containing a single
variable.

c+yi32- M os (p t + 2A0 ) )

d x3 d x, d x3M
t dt - - M.

dt

M Mcos p 2+ y, 3- cos (p t + 120°)

+ y2
2-M cos (p t + 240°) 1 = 0 (2)

Since the sums of the stator and rotor currents are each
equal to zero, we may substitute:

= - xi - x2 and yb = - y1 - Y2
Also replace L1' + M, by Li. Multiply the second
equation by 2 and add it to the first; again, subtract
the second equation from the first. The results of
these operations are respectively:

dt' 2dv 3 M -d-t [y, cos (p t + 30 )

+ y2 cos (p t 90°) = 0 (3)

2

3 d t
M [y, cos (p t- 90°)

+ y2 cos (p t - 30°) = 0 (4)
By a similar procedure differential equations may be
written for phases 1 and 2 of the rotor. These equa-
tions will be found to be similar to (3) and (4) except
that the signs before the phase angles will be reversed.
Thus we will find that:

Ti +

r, x2 ± LI

r2y1+ L2 d t

d x2
dt

T d
d
tX1Let ri xi + Ldi = Z, x,

(Z, is an impedance operator)

Similarly

Also

And + L2
d t

If D and D-1 represent the direct and inverse dif-
ferential operators, we shall have on integrating equa-
tions (3) and (4):

D-1 Z1 x1 + 2/1/ 3 M [yi cos (pt 30°)

+ y2 cos (p t 90°] = 0
+ 2/N/ -3-M [yi cos (p t - 90°)

+ y2 cos (p t - 30°] = 0 (8)

Solve these two equations for yi and y,

d x2
dt
dyi
dt

d y2

r1 x2 + 1,1

r2 yi + L2

r2 Y2

x2

= Z1 x2

= Z2 yi

= Z2 Y2

(7)
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[cos (p t + 90°) Z1 x2

- cos (p t - 30 ) D-1 Z, xil (9)

2 = {cos (p t - 90°) D---1 Z, x,

- cos (p t+ 30°) D -t Z1 x21 (10)

Differentiation of equation (9) gives:

d y, 2
d = 3 m Leos (p1 + 90°) Z

- p sin (p t + 90°) D-1 Z1 x2 - cos (p t - 30°) Z1 xi
p sin (p t - 30°) D-' Z1 x1)

The expression for y2 may be differentiated in a like
manner.

2

= N/. 3 M

2

N/ 3 M

If the values of
d yi d y2

yl, y2, and -cr t- are now sub-

stituted in equations (5) and (6), the resulting equations
may be written as follows:

In order to simplify the writing of these equations
let:

cos (p t - 30°) = a sin (p 1 - 30°) =
cos (p t + 30°) = b sin (p t + 30°) = b,
cos (p t - 90°) = c sin (p t - 90°) = c,
cos (p t + 90°) =d sin (p t + 90°) = d,

Equation (5) becomes:
(- r2 + p L2 al) Z1 - L2 a Z

+ M2 (a D -p /01 x,
+ (r2 d - p L2 d1) D- Z1 + L2 d

+ M2 (c D -pc,)} x, = 0 (11)

Equation (6) becomes:

(r2 c- L2 p c1) D--i Z1 + L2 C Z
(- r2 b + L2 p bi) D-' Zi - L2b Z,

+ M2 (d D - p c11)1 xi +

+ M2 (b D - p1)1)} x2 = 0 (12)

In the process of eliminating xi and x2 from equations
(11) and (12) all of the harmonic terms in the coeffi-
cients vanish, giving as a final result:

(7.22 + L22 p2) (D-' Z1)2 + L22 Z12 + (D2 + p2) M4
+ 2 r2 L2 Z1 D -I Z1 - 2 (r2 D + p2 L2) M2 D-' Z1

-2M2L2Z1D = 0 (13)

Differentiate this equation twice, collect the terms
in descending powers of D and after dividing each,

M2
term by L12 L22, let 1 -

Li L2
= a, ri "Li = lc, and

r2,1.2 = k2. This gives:

cr2 D4 + 2 a (ki + k 2) D3 [ (k 1 4- k2)2 + 2 cr ki
p2 0.21 D2 + [2 k1 k2 (ki k2) ± 2 p2 ki a] D

+ k12 (k22 + p2) = 0 (14)

If equation (26) in the body of the paper is written
for the conjugate roots, i. e., for a negative value of the

rotor angular velocity it would be:
o- m2 + (k, + k2 + j p a) m + k2 + j p ki =0 (261)
The product of equations (26) and (261) will contain
all four roots, and will be found to be identical with the
differential equation (14).

This proves that the two methods are identical in
regard to the results they produce, and that, of the two,
the vector method is much less laborious. Further-
more, it is much simpler to determine the constants of
integration by the vector method.

SYNCHRONOUS ALTERNATOR

In .this case there is only one phase on the rotor,
piz. the field winding. Making the same assumptions
in regard to the resistances and inductances as were
made before, the following differential equations may
be written:

d + Md t d t

d x2 d
d t

+ m
di

d y + M
d t d t

(y cos p t) = 0

[y cos (p t - 120) J =0

[x, cos (p t - 30°)

+ x2 cos (p t - 90°) =0
If these equations are treated by the method already

outlined the resulting differential equation is:
o- D3 + (k1 + k2 k 1) D2 ± (k 12 + ki ks

+ a p2) D + k2 (k. + p2) =0
M2

In this case a = 1 - 3 2 Li L2

Again the equation obtained by the vector method and
the differential equation are identical.
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The Multiple Plant Method for the Equitable
Apportionment of Fixed Charges

BY GEORGE HOLMES MOORE
Associate, A. I. E. E.

Asst. Engineer, Dept. of Public Works. Olympia, Wash.

Review of the Subject. -11 is the intent of this discussion to
present, as simply as possible, a logical and fully reliable method
for computing the "fixed charge" portion of commodity rate sched-
ules. The hypothesis that the Service plus Quantity principle in
rate -making is widely applicable, even far beyond the field of utility
rates, emphasizes the necessity for an equitable basis for the com-
putation of both portions of this dual rate structure. Moreover,
.ince the billings of many customers, if computed sty -icily according
to the cost of service, would be only negligibly affected by their Quan-
tity use, the Service portion of their charge becomes of prime im-
portance.

The widely -used Peak Responsibility method, while undoubtedly
a first approximation to the correct procedure, leads at times to gross
inequity. The Eisenmenger method, while technically exact, is
tedious in application. The Multiple Plant method, here presented
for the first time, is believed to combine the virtues and eliminate the
vices of both these methods.

Moreover, since the Service plus Quantity principle was found to
control in so remote a field as the freight .schedule for car lots of
logs, it is entirely possible that the simple and equitable analysis
outlined below, may, with proper adaptations, become standard
in a wide variety of commodity rate -schedule computations.

ONE of the most intricate of the many perplexing
problems which are encountered in the construc-
tion of just and reasonable rate schedules is the

equitable apportionment of the "fixed" portion of
annual operating expense.

This is especially true in cases where energy which is
generated in hydroelectric plants is wholesaled to large
consumers; because, as Mr. Cravath points in his mono-
graph on Central Station Economics, "The kilowatt-
hour output in some cases is immaterial to the owner of
the plant, and the sum of the simultaneous demands of
the different consumers, at the time of the maximum
load on the station, determines the amount of business
which can be carried, and the consequent gross revenue."

The Peak Responsibility Method for fixed charge
apportionment was a logical outgrowth of the funda-
mental principle just discussed, but was soon found to
be only a first approximation to the desired just and
reasonable standard. Thus, Eisenmenger in his excel-
lent treatise on Central Station Rates, devotes several
pages to proving that the peak responsibility is not the
theoretically correct measure for the demand charge of
a certain consumer. Following which he covers a score
or more of pages with the development of an accurate
and adequate method of his own.

The Eisenmenger method, as thus outlined and devel-
oped, was a distinct advance over the peak responsibility
theory, which it may be confidently a_sPrted to have
superseded.

However, although the Eisenmenger method is

theoretically accurate and satisfactory, its practical
application to any given case is complicated and tedious
in the extreme. Thus, in order to obtain the proper
proportion of the fixed charge for any given consumer,
it is necessary to draw no less than seven successively
interdependent graphs, two of which are the respective
load curves of the consumer and of the system which
supplies him. And it is probably because of this
unwieldy characteristic that, although Eisenmenger
evolved his theory in 1914 and published a series of

articles explaining it in 1919, very little is known about
it even at the present date. But, in spite of its tedious-
ness, the essential excellence of the Eisenmenger theory
makes it a valuable tool for use in rate schedule con-
struction and has led to many attempts to simplify it
and to make it more readily workable.

The Quinan Method, which was published in the
Electrical Work/ of June 25, 1921, is one of the latest
and most successful of these efforts to attain the same
results as the Eisenmenger method but without its
attendant complexity. The Quinan method has the
same fundamentals as the Multiple Plant method, which
will now be presented at some length, but has certain
rather important divergences from it which will be
detailed later in this discussion.

The Multiple Plant Method. This method of fixed
charge apportionment contemplates the division of the
total generating capacity into any convenient number of
smaller generating plants which at time of peak load
are all operating in multiple. These multiple small
plants are identical in size, and are assumed to stand idle
until the system load requires them to come on. For
example, a generating plant capable of supplying a peak
of 10,000 kw. is considered as being composed of ten
unit plants, each having a generating capacity of 1000
kw. The system load at any hour of the day would be
carried by the requisite number of these unit plants
operating in multiple; as, for instance, one plant would
carry all loads up to and including 1000 kw., two plants
in multiple would carry loads above 1000 kw. up to and
including 2000 kw., and so on until all ten plants were
operating in multiple to carry all loads above 9000 kw.
up to and including the full generating capacity of
10,000 kw.

It is assumed for ease of calculation that the entire
annual fixed charges against any one of these unit plants
will be balanced by a continuing charge of $24.00 per
day; from which it follows that, for continuous operation
the fixed charge will be $1.00 per plant -hour.

Also, it is readily apparent that, if the unit plant
40.
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operates only twelve hours per day, the fixed charge will
amount to $2.00 per plant -hour; if only six hours, it will
be $4.00; if only four hours, $6.00; and finally, if the
unit plant operates only one hour per day, the operating
company must obtain $24.00 revenue for that one plant
hour of operation.

Consider now a ten -unit multiple plant, six of whose
units operate continuously; two operate twelve hours
per day; one operates six hours a day, and one operates
only during the four hours of a peak which extends from
4 :00 p. m. to 8:00 p. m. (See Fig. 1).

The load during any one of these four hours of peak
will be carried by ten identical plants operating for the
same period of one hour. Each of the first six of these
must earn only $1.00 per plant -hour; number seven and
number eight must earn $2.00 per plant hour; and num-
bers nine and ten must earn respectively $4.00 and
$6.00 per plant -hour of their operation.

The ten plants during each of the four hours of peak
must therefore earn the sum of $6.00 plus $4.00 plus
twice $2.00, plus six times $1.00, or a total of $20.00
per hour for all ten. And, since it has been found
practically impossible to  assign the high cost plant -
hours to any specific consumers, this $20.00 total is
averaged as $2.00 per plant -hour for each of the ten.

Thus, if consumer "A" uses 4000 kw., and "B" uses
6000 kw. during one of the peak hours, they will pay
respectively $8.00 and $12.00, or 40 per cent and 60 per
cent of the fixed charge as computed for that hour's use.

It is to be noted at this point, that if all energy use
could be condensed into one or more hours of a flat-
topped peak, the Peak Responsibility method would give
exactly the same results as those obtained by applying
the Eisenmenger or the Multiple Plant methods. And
further, that precisely because the "peak responsibility"
method takes no account of energy use at other hours
than those of the peak, it has been. necessary to evolve
better methods in order to secure an accurate computa-
tion of an equitable charge.

To illustrate how the Multiple Plant method takes
this into account, consider now the hour between 3:00
p. m. and 4:00 p. m. when nine of the ten plants are
operating in multiple. Plants numbers one to six must
earn $1.00 per plant -hour, numbers seven and eight
must earn $2.00 per plant -hour, and number nine must
earn $4.00 per plant -hour; which gives a total for the
nine plants of $14.00 per hour, or an average of $1.55
per plant -hour.

At this juncture, it is important to note that if con-
sumers "A" and "B" are not using energy during this
hour from 3:00 to 4:00 they will pay no portion of the
hourly charge; whereas, under the Peak Responsibility
theory, they would still be paying respectively 40 per
cent and 60 per cent of the total, while the consumers
actually using the energy during that hour, would be
getting it for nothing, an injustice which when thus
presented is at once obvious.

Continuing the process as above outlined until the

average plant -hour charge has been obtained for each hour
of the twenty-four, the computation of the equitable
daily charge of any consumer, whose load curve varies
by blocks of a thousand kilowatts per hour, becomes a
matter of simple addition.

And although it is unfortunately true that actual
load -curves do not vary by any such convenient blocks,
yet the method as herein presented will hold true and
reliable, regardless of the unit -plant -size and of the
time -period which must be chosen to fit any specific
load -curve, as will be evident from a study of the
tabulations appended hereto.

In fact, as applied to the load curve of a particular
large consumer, the customer's proportion of the fixed
charges was found by two variations of the Eisenmenger
method (i. e. the graphic and the arithmetic) to be
respectively 39.4 per cent and 39.8 per cent; while, by a
careful application of the multiple plant method in
which the added refinement of graduated multipliers
was introduced, the customer's proportion was found to
be 39.6 per cent.

The Weighted Average Demand Factor is the name
proposed for the percentage as above obtained. It is
defined to be the ratio of the "equivalent demand"
kilowatts of the consumer's load curve to the kilowatts
of the supplying company's system peak.

The equivalent demand kilowatts of the consumer,
as determined by any of the methods already discussed,
is thus seen to be a quantity which is different in size
from, but identical in application to the customer's
kilowatts of demand at time of peak as heretofore used
in the peak responsibility method.

The difference between the multiple plant and the
Quinan methods lies for the most part in two rather
important details. The first of these is that the plant -
hour is rigidly adhered to as a unit of measurement and
all reference to kilowatt-hours or to "area under the
curve" is sedulously avoided. This is because serious
error has resulted from the absurdly large quantities
which have been obtained for the top multipliers in the
triple column of the Quinan method when these precau-
tions were not observed.

A second point of difference is that all variations with-
in anhour's time-if an hour is the unit of time selected
-are smoothed down to the average value for that
hour.

A third point that is worthy of consideration is the
discovery that graduated multipliers should be used,
and that these should be interpolated from a curve
whose maximum is that resulting from only one hour's
use of the topmost plant.

The tabulation which follows shows the close agree-
ment of the values obtained by either method when
both are used with proper precautions. It does not,
however, show the certainty with, which the rigid
application of the multiple plant theory .as outlined
herein precludes the errors so easily possible with the
other. But, if proof of this ease of error is desired, a
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cent. The annual cost of natural lighting was found
for dwellings to be from 95 to 125 per cent of the annual
cost of electric lighting; for apartments, hotels, and
offices where artificial lighting is freely used during the
daytime, from 50 to 100 per cent; and for art galleries
about 135 per cent. In general it is seen that the costs
of daylight are at least of the same order of magnitude
as those of electric lighting. This knowledge should
make the consumer more considerate of his artificial
lighting bills. In fact, economic considerations indicate
that there will be many cases in the future where arti-
ficial lighting will supplant natural lighting entirely.

INITIAL AND ANNUAL COSTS OF NATURAL AND OF
ELECTRICAL LIGHTING

Description
Initial Cost Annual Cost

Natural Electric Natural Electric

I-Seven-room frame house with
hot-water heat and slightly above
average present standard of elec-
tric lighting equipment $601 $265 $93 475

II-Same as I, excepting brick con-
struction 505 265 86 75

HI-Seven-room brick house adequate
windows and electric lighting
equipment 658 610 111 120

IV-Five-room brick apartment, usual
windows but adequate electric
lighting 225 230 39 65

V-Modern hotel, room and bath ... . 161 115 14 14

VI-A suit of office rooms-
Without light -court 667 976 86 290
With light -court 1584 976 141 290

VII-Top-lighted paintings gallery, 33
x 115 ft. louvers for controlling
daylight; " adequate
lighting equipment above sub -
skylight 8017 4550

VIII-Top-lighted paintings gallery. 52
x 88 ft. without louvers but with
adequate artificial lighting equip-
ment above sub -skylight 3254 4088 577 479

IX-Side-lighted art gallery, 33 x 88
ft. windows on one side and pen-
dant artificial lighting units 3210 1800 308 214

ARCS AT FILAMENT RUPTURE IN GAS FILLED TUNG-
STEN LAMPS *

In the course of the life tests conducted on stationary
racks, arcs have been found to occur in a small per-
centage of gas filled tungsten filament lamps subjected

to normal burning.
The accompanying photograph

shows one of these arcs. The phe-
nomenon may be attributed to the
burning out or breakage of a lamp
filament which in failing draws an
arc across the hot gap between the
ends of the filament at the point of
rupture. Even in the smaller sizes

ARCS AT FILAMENT of gas filled lamps, these arcs are
RUPTURE sometimes as much as 1/2 inch

long. They persist for various periods; in one instance
one of these arcs in a 75-wattilamp lasted 14 hours.

After the arc has once been quenched due to the
Communicated by. Electrical Testing Laboratories.

shutting off of the current, it is not possible to re-estab-
lish it at the usual operating voltage of the lamps.
Such arcs of course have no ill effects in service.

CAPITAL OF MICHIGAN WILL HAVE FIRST ARCHI-
TECTURALLY UNIFORM LIGHTING SYSTEM

Lansing Adopts Plan Whereby Every Paved Street Will
Ultimately Be Lighted From Ornamental, Under-

ground -fed Standards-How the Needs of Each
Class of Streets Are to be Met

BY OSCAR E. SIILKELEY,

Superintendent, Board of Water and Electric Light Commis-
sioners

Lansing, the capital of Michigan, will be the first city
in the United States to have an architecturally uniform
system of street lighting units. A comprehensives,
scheme which will provide eventually for the illumina-
tion of every paved street by ornamental, underground
fed standards has been adopted, and the first 350 units
are now being installed. The lighting plan was formu-
lated by the writer in consultation with illuminating
engineers of the General Electric Company, and was an
outgrowth of a general feeling of dissatisfaction with
the existing boulevard lighting system which is not
only poorly designed but inefficient. It was realized
that the time was opportune for a change, while the
investment in existing lighting was still comparatively
small, involving no great loss by replacement, and before
making a substantial additional investment for extend-
ing the system, especially since the contemplated
extensions included the most important thoroughfares
in the city.

The scheme adopted divides the illumination into
five classes according to types of streets and their
lighting requirements, as follows:-

The principal business streets.
The secondary business streets.
The main boulevards and thoroughfares.
The secondary residential streets.
The parks, plazas and other open places.
The standards and lighting units on all streets will be

of the same architectural family and will harmonize
in design with one another and with their surroundings.
Thus the distressing variance in types that is so often
noticeable where a city's lighting equipment has been
acquired piecemeal will be absent in Lansing. On the
contrary, a novel and very pleasing uniformity in
appearance will characterize it.

This installation will be the first in which the design,
known by some as the Saratoga Unit, will be produced
in alabaster rippled glass, this pattern having heretofore
been restricted to globes having a diffusing surface.
This will give an added element of distinctiveness to
Lansing's new system.

Intensive lighting will be used in the main business
sections of Washington and Michigan avenues. In
these sections, standards 20 feet from ground to light
source, carrying two form 12 Novalux units with
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medium alabaster rippled globes and canopies, each
equipped with a 10,000 -lumen (1000 candle -tower), 20

ampere series Mazda lamp are proposed. In the bases
of the standards will be installed Type I. L. transformers

taps that will permit the future use of 15,000 -
lumen (1500 c. p.) lamps. This transformer raises the
6.6 ampere line current to 20 amperes. Not only will
this provide for the use of the more efficient high -current

lamp, but it will effectively insulate the pole from the
high voltage of the underground circuit and protect the
lamp from line surges.

The standards are to be spaced from 110 to 135 feet
apart and opposite each other. At present the business
district is inadequately lighted by obsolete cluster type
standards, although there are now nearly double the
number of standards contemplated in the new lighting
system.

Similar units to those just described will be installed
along secondary business streets, with the difference that
only one unit to a standard will be used. The standards
will be approximately 15 feet from the ground to the
light source. On the more important secondary streets
and on the principal streets beyond the two -light
standards, 10,000 -lumen (1000 c. p.) lamps are planned.
In other locations, 6000 -lumen lamps, with provisions
for the use later of 10,000 -lumen lamps, will be used.

The spacing of the units on these secondary streets
will vary with the width and importance of the street.
On the narrow ones, the standards will be staggered,
with one to each 55 to 75 feet of street. On wide streets
the standards will be placed opposite, at intervals of
from 100 to 125 feet.

The main boulevards and thoroughfares are the
principal routes for incoming and outgoing traffic, and
hence demand lighting that will make it possible to
drive an automobile through them at a moderate speed
without the use of bright headlights. In these in-
stallations 4000 -lumen (400 c. p.) Mazda lamps in a
Form 8 Novalux, polycase glassware will be used,
mounted on a King Manufacturing Company's French
design standard providing for a height of 13 feet to the
light source. The spacing will be approximately 100
feet at street intersections, increasing to a maximum of
140 feet.

Pennsylvania Avenue is an example of a broad boule-
vard having a beautiful grass parkway in the center,
ornamented with shrubs and flower designs, on either
side of which is a paved driveway. There will be a
single row of the boulevard type standards placed on the
center line of this parkway. There is, however, a sec-
tion of this boulevard south of Main Street where trolley
tracks will be placed in the central parking. There, the
lighting standards will be installed along the sidewalk
curb for the reason that if the units were mounted on
the double bracket trolley poles in the parking, there
would be an objectionable shadow on the street side of
the trolley cars, especially when a car stopped to dis-
charge or take on passengers.

The I L transformer used with these standards will
have a tap which will permit the use of a 6000 -lumen
(600 c. p.) lamp when increased traffic in certain loca-
tions necessitates such a change.

For the secondary residential streets the same stand-
ard as that to be used for the boulevard lighting, except
that it will be a little shorter, will be employed. It
will be equipped with the same lighting unit and a 2500 -
lumen (250 c. p.) Mazda lamp. The standards will
be installed at intervals of from 100 to 150 feet of street.

The main park drives will be equipped with lighting
of the boulevard type, and minor roads and walks with
standards like those used in the residential districts.
Plazas, playgrounds, etc., will be considered from the
standpoint of their individual needs and requirements
and will be lighted accordingly.

The details of this entire plan have been approved,
although its realization in the business district will
require the active cooperation of the business men.

When the installation is complete, Lansing will have
more than a modern and highly efficient lighting system.
On account of the uniformity of the types of standards
and lighting units selected, the general appearance of

the city will be greatly enhanced. Clearly it will be a
progressive step toward the "city beautiful" and will
harmonize completely with the city plan which was
recently developed for Lansing. Furthermore, the
plan is elastic in that it provides for the use of more
powerful lamps as the future needs of the city may
require.

The above briefly outlines the adopted plans for the
future lighting of the streets of Lansing. The installa-
tion on Pennsylvania Avenue has been completed and
is shown in the accompanying illustration. Groups of
ten standards each are connected to individual 2.4 kw.
type S. L. transformers which are fed by existing series
street lighting circuits.

A single conductor No. 8 B & S boulevard lighting cable
for 600 volts service is used. The cable has a 1/16 in.
varnished cambric insulation surrounded by a lead
sheath of 1/16 in. thickness, which in turn is covered
with 100 pound jute yarn not less than 5/64 in. thick,
thoroughly impregnated with a hot asphaltum com-
pound. Every length of cable was tested for five
minutes on an alternating electromotive force of 3000
volts and a fifteen foot sample of each length was
subjected to a test of 6000 volts. This is the specifi-
cation for what is known as 1250 volt cable.

Upon the installation of 87 of the 13 foot standards,
equipped with 400 candle -power lamps, the cost for labor
was $28.60, material $81.00, a total of $109.60 per stand-
ard. This includes the standard, lighting unit, under-
ground cable, S. L. transformer and their installation,
but does not include any charge for the existing series
circuits to which the S. L. transformers are connected or
the constant current transformers at the station. The
above is considered a moderate cost for so excellent an
installation.
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A. I. E. E. Spring Convention
PITTSBURGH, PA., APRIL 24-26

A royal welcome and fine program will be given the visiting
members of the American Institute of Electrical Engineers at
the national convention to be held in Pittsburgh, April 24-26.
The local convention committee has been very active, and in
cooperation with the Meetings and Papers Committee, has
arranged a technical program which should prove attractive to
all engineers, aside from the opportunities offered for visits to
engineering works in the Pittsburgh industrial district.

The keynote ofthe convention in its technical program will be
the operation, control and protection of transmission and dis-
tribution systems. The practises and operating experiences on
such systems as those of the Public Service Company of New Jer-
sey, The Philadelphia Electric Company and the Duquesne
Light Company will be presented at the meeting and in addition,
papers by specialists will discuss the fundamentals of the prob-
lems. The protective devices committee has assembled and
digested a great amount of field data which will appear in the
papers presented at the meeting.

Other features of the program will be papers devoted to elec-
tric furnaces, illumination, reactors, locomotive performance and
electric heating, and the papers should prove interesting to a
large group of operating engineers and also to stimulate good

discussions. The April convention has a program largely
presented by operating men on current problems and practises
in the central station and industrial fields and should afford the
profession some very valuable data and discussion.

Journal A. 1. le,.

One of the features of the eonvention will be the visit through
the works of the Westinghouse Company. The visitors will go
through all departments in small groups and also inspeet the
broadcasting station KDKA and its studio. After the plant
inspection there will ho a banquet and cabaret entertainment
furnished by the manufacturing company. In the laboratories
special arrangements have been made to demonstrate the testing
of lightning arresters; an interesting feature of these tests will
be the appheation of the oseillograph to the high -voltage dis-
charges.

Headquarters during the eon vention will he at the William
Penn Hotel, where, in addition to the meetings, arrangements
have been made for buffet lunches and a banquet which will be
held at 6:30 on the evening of Wednesday the 25th. Speakers
of national prominence will talk on national topics of vital sig-
nificance to the electrical industry and the engineering profes.
sion, so that the banquet should prove an unusually strong draw-
ing card.

Since the Pittsburgh district abounds in great manufacturing
establishments, arrangements have been made to visit these
works on Friday the 27th. Steel mills, coal mines, glass works,
insulator works and other industries will be inspected and in
addition, the Duquesne Light Company and the West Penn
Company invite the members to visit the power houses and
transmission line installations in their respective territories.
H. J. Heinz also invites the members to inspect the source of the
celebrated 57 varieties.

The program is as follows:

1.

PROGRAM
TUESDAY MORNING, APRIL 24

Registration and Committee Meetings.

TUESDAY AFTERNOON

TECHNICAL SESSION

Economical Value of Resistance in the Grounded Neutral, by
H. H. Dewey, Assoc. A. I. E. E., Power & Mining Engineer-
ing Dept., General Electric Co.

2. The Neutral Grounding Reactor, by W. W. Lewis, Member
A. I. E. E., Power & Mining Engineering Dept., General
Electric Co.

3. Operating Performance of a Petersen Coil, by J. M. Oliver,
Assoc. A. I. E. E., Operating Engineer, Alabama Power
Co., and W. W. Eberhardt, Assoc. A. I. E. E., Electrical
Engineer, Alabama Power Co.

4. Present Day Practises in Grounding of 7'ra n smission Systems
-Committee Report.
I. Systems Transmitting at Generated Voltage, by W. W.

Woodruff, Assoc. A. I. E. E., Philadelphia Electric Co.
II. Systems Transmitting at Higher than Generated Voltage,

by E. C. Stone, Member A. I. E. E., Duquesne Light
Co.

5.

6.

TUESDAY EVENING

TECHNICAL SESSION

Third Class Conductors and Mechanism of Arcing Ground, by
C. P. Steinmetz, Fellow A. I. E. E., Chief Consulting Engi-
neer, General Electric Co.

Surges on Transmission Lines, by J. Slepian, Assoc. A. I.
E. E., Research Engineer, Westinghouse E. & M. Co., and
J. F. Peters, Member A. I. E. E., Electrical Engineer, West-
inghouse E. & M. Co.

WEDNESDAY MORNING, APRIL 25

TECHNICAL SESSION

7. Some Fuel Determinations on the Southern Pacific System,
by A. H. Babcock, Fellow A. I. E. E., Electrical Engineer,
Southern Pacific Railroad.
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Some Problems in Electric Furnace Operation, by F. V.
Andreae, Assoc. A. I. E. E., Electrical Engineer, Anniston,
Alabama.

A New Electric Furnace, by A. N. Anderson, Vanadium Steel
Corp., and B. D. Saklatwalla, Vanadium Steel Corp.
Heating a Cotton. Weave Shed by Electricity, by C. T. Guild-

ford, Member A. I. E. E., Westinghouse Electric & Mfg.
Co.

Ill. New Applications of Electric Furnaces, by Frank Hodson,
President., Electric Furnace Construction Co.

WEDNESDAY AFTERNOON

TECHNICAL SESSION

12. Relay System of Duquesne Light Co., by H. P. Sleeper,
Assoc. A. I. E. E., Duquesne Light Co., Pittsburgh, Pa.

U. Ground Selector Relay Scheme, by P. Ackerman, Assoc.
A. I. E. E., Shawinigan Water & Power Co., Montreal, Can.

14. The Distance Relay for Automatically Sectionalizing Electrical
Netwosks, by L. N. Crichton, Member A. I. E. E., Westing-
house Electric & Mfg. Co.

'15. Lighting and Control Equipment for the Eastman Theater,
by F. A. Mott, Member A. I. E. E., Electrical Engineer,
Wheeler -Green Electric Co., Rochester, N. Y., and L A.
Jones.

WEDNESDAY EVENING

Banquet at William Penn Hotel.

THURSDAY MORNING, APRIL 26

TECHNICAL SESSION

16. Survey of Lightning Disturbances on a Distribution System,
by M. MacLaren, Assoc. A. I. E. E., Professor of Electrical
Engineering, Princeton University.

17. Experiences with Reactors, by N. L. Pollard, Fellow A. I.
E. E., Consulting Engineer, Public Service Electric Co.,
Newark, N. J.

18. Short -Circuit Forces on Reactor Supports, by R. E. Doherty,
Assoc. A. I. E. E., Designing Engineer, General Electric
Co., and F. H. Kierstead, Assoc. A. I. E. E.. Engineer,
General Electric Company.

19. Proposed Insulator Tests and Specifications, by the Working
Committee on Insulators of the Standards Committee,
P. Junkersfeld, Chairman.

THURSDAY AFTERNOON AND EVENING

Visit to plant of Westinghouse Electric & Mfg. Co. and dinner
at East Pittsburgh.

FRIDAY, APRIL 27

Visits to points of interest in the Pittsburgh district such as
power plants, substations, steel mills, glass works, machine
shops and universities, and insulator factories, pickle factory
and a coal mine.

The Annual Convention
COMMITTEES REPORT EXCELLENT PROGRESS IN PLANS

FOR SWAMPSCOTT MEETING
A tentative outline of the June Convention, which will be held

at Swampscott, Mass., June 25-29, 1923, was made by the Meet-
ings and Papers Committee at its meeting in New York on Fri-
day, March 23,1923.

Monday morning and afternoon will be devoted to the meeting
of the Section delegates, and in the evening there will be an
informal reception and dancing for the delegates.

On Tuesday morning President Jewett will give his annual
address, after which a leading educator will give an address on
"Trend in Education Systems." In the afternoon on Tuesday
there will be inspection trips, golf and tennis for the visitors.
In the evening will be held the President's reception, followed
by a dance.

Wednesday morning and afternoon will be devoted to technical
sessions. In the evening a beach party is planned for the
entertainment of the guests, followed by an informal dance.

On Thursday morning another technical session will be held,
and in the afternoon there will be a meeting of the Board of
Directors and a meeting which will consist of reports of the Tech-
nical Committee Chairman, after which golf, tennis and trips will
be arranged. In the evening Capt. Belknap will give an illus-
trated lecture on the "North Sea Mine Barrage."

On Friday morning another technical session will be held and
in the afternoon arrangements have been made for some interest-
ing inspection trips, tennis, golf, baseball and other sports. In
the evening there will be informal dancing.

One of the keynote sessions of the meeting will be devoted to
the practises and trend in steam power stations. Other topics
of major importance will be those concerning cable dielectrics,
use of thermo indicators in transformers, street lighting, and
communication.

At this Convention it is expected that a large attendance of
college professors will be had, because the annual meeting of the
Society for the Promotion of Engineering Education occurs a few
days previously at Ithaca, N. Y.

The committee is attempting to get a great deal of diversity
in the program and the arrangements for visits and facilities for
golf and tennis are excellent, so that the afternoons can be largely
devoted to sports and social affairs.

A. I. E. E. Directors Meeting
The regular meeting of the Board of Directors of the American

Institute of Electrical Engineers was held at Institute head-
quarters, New York, on Friday, March 16, 1923.

There were present: President Frank B. Jewett, New York;
Vice -President W. I. Slichter, New York; Managers E. B. Craft,
L. F. Morehouse, New York, F. F. Fowle, Chicago, H. M.
Hobart, Schenectady, G. L. Knight, Brooklyn, H. W. Smith,
Worcester, R. B. Williamson, Milwaukee; Secretary F. L. Hut-
chinson, New York.

Approval by the Finance Committee of monthly bills amount-
ing to $21,287.76 was ratified.

A request for financial cooperation in the publication of
International Critical Tables, under the auspices of the Inter-
national Research Council, was presented. Information was
presented showing it to be a valuable publication, toward which
other technical and scientific organizations of the country are
contributing; and upon the recommendation of the Finance
Committee, it was voted that an appropriation of $100 be made
toward this year's publication of the Critical Tables.

A report of the meeting of the Board of Examiners held March
12 was presented; and the actions taken at that meeting were
approved. Upon recommendation of the Board of Examiners
the following action was taken upon pending applications: 161
Students were ordered enrolled; 278 applicants were elected to
the grade of Associate; 11 applicants were elected to the grade
of Member; 12 applicants were transferred to the grade of Mem-
ber; 4 applicants were transferred to the grade of Fellow.

Upon recommendation of the Committee of Award of Institute
Prizes, the Board modified the conditions of award in order to
provide for the automatic placing in competition for the Trans-
mission Prize, of all eligible papers presented before the Institute
during the year, without the necessity of the authors specifically
placing their papers in competition; this change in procedure to
commence with the year 1922.

The report of the Tellers Committee of its canvass of the
nomination ballots received for the Institute offices to be filled at
the coming annual election, was presented; and the Board selected
the "Directors' Nominees," as listed elsewhere in this issue.

Reference to other matters discussed may be found in this and
future issues of the JOURNAL under suitable headings.
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RESOLUTIONS REGARDING INDICTMENT OF SEVEN MEN These valid ballots were counted and the result is show

ASSOCIATED WITH THE EMERGENCY CONSTRUCTION below
COMMITTEE OF THE COUNCIL OF NATIONAL DEFENSE

The following resolutions were adopted unanimously by the
Board of Directors of the American Institute of Electrical
Engineers at its meeting held March 16, 1923:

WHEREAS, the Board of Directors of the American Institute
of Electrical Engineers has learned through the public press of the
indictment of professional engineers of high standing for alleged
acts in connection with their work and efforts, which are pre-
sumed to have been in aid of their country in the great world
war, therefore be it

"RESOLVED: That the Board urge that the charges be tried
at the earliest possible moment in order that the guilty may be
punished and the innocent be freed of the serious accusations
which have been made against these men; and be it further

"REsoLvEn: That copies of these resolutions be sent to the
President and the Attorney General of the United States, and
printed in the JOURNAL of the Institute."

A. I. E. E. Annual Election
At the meeting of the Board of Directors of the Institute

held in New York, March 16, the report of the Committee of
Tellers, giving the result of its canvass of the nomination ballots
received for the offices to be filled at the coming annual election,
was presented.

This report included the names of all candidates eligible for
election, the names of those who received less than three per
cent of the total nomination vote having been eliminated, in
accordance with the requirements of the constitution.

The Board selected, by ballot, the following ticket of "Direc-
tors' Nominees" for the respective offices, in accordance with the
provisions of the constitution.

For Treasurer:
The election ballots were mailed to the entire membership

prior to April 1, in accordance with the constitution.
The report of the Committee of Tellers follows:

REPORT OF COMMITTEE OF TELLERS ON
NOMINATION BALLOTS

For President: Harris J. Ryan, Stanford University, Calif.

For Vice -Presidents: District No. 2 (Middle Eastern)
William F. James, Philadelphia, Pa.

District No. 4 (Southern)
H. E. Bussey, Atlanta, Ga.

District No. 6 (North Central)
Herbert S. Sands, Denver, Colo.

District No. 8 (Pacific)
J. E. Macdonald, Los Angeles, Calif.

District No. 10 (Canada)
S. E. M. Henderson, Toronto, Ont.

For Managers: H. P. Charles;worth, New York, N. Y.
William M. McConahey, Pittsburgh, Pa.
W. K. Vanderpoel, Newark, N. J.
George A. Hamilton, Elizabeth, N. J.

March 6, 1923

To the Board of Directors,
American Institute of Electrical Engineers

Gentlemen:
This Committee has counted and canvassed, in accordance

with Article VI of the Constitution, the nomination ballots
received for officers of the Institute for 1923-1924.

is as follows:
Total number of envelopes said to contain ballots,

The result

received from the Secretary 1989

Rejected on account of bearing no identifying name
on outer envelope 41

Rejected on account of having reached Secretary's
office after February 28... 48

Envelopes received containing no ballots 3 92

Leaving as valid ballots 1897

FOR PRESIDENT
Harris J. Ryan 1793

Scattering and blank 104

Total 1897

(The scattering vote was divided among 29 candidates, each
of whom received less than 3% of the total vote. Detailed
distribution of these votes is shown on the original tally sheets

filed in the Institute offices).

FOR VICE-PRESIDENTS
District

No. 2. Middle Eastern
Wm. F. James 1514

Scattering and blank. 383

No. 4. Southern
H. E. Bussey 1417

Scattering and blank... 480

No. 6. North Central
H. S. Sands 1500

F. W. Springer. 65

Scattering and blank 332

No. 8. Pacific
J. E. Macdonald 1523.

Robert Sibley. 66
Scattering and blank 308

No. 10. Canada
S. E. M. Henderson 1518
Scattering and blank... 379

(The scattering vote was divided among 46 candidates, each
of whom received less than 3% of the total vote. Detailed
distribution of these votes is shown on the original tally sheets
filed in the Institute offices).

FOR MANAGERS
Wm. M. McConahey 1527

W. K. Vanderpoel 1509

H. P. Charlesworth 460

Scattering and blank 2195

Total 5691

(The scattering vote was divided among 272 candidates, each
of whom received less than 3% of the total vote. Detailed
distribution of these votes is shown on the original tally sheets
filed in the Institute offices).

FOR TREASURER
G. A. Hamilton 1545

Scattering and blank 352

Total 1897

(The scattering vote was divided among 8 candidates, each of
whom received less than 3% of the total vote. Detailed distri-
bution of these votes is shown on the original tally sheets filed
in the Institute offices).

Respectfully submitted,
NORMAN T. KOHLHAAS, Chairman
E. W. Loomis
J. W. NOSTRAND
E. R. DE CASTILLO
LAWRANCE E. FROST

Committee of Tellers

A. I. E. E. Year Book
The A. I. E. E. 1923 Year Book is available to members with-

out charge, upon application to the secretary, 33 West 39th
Street, New York, N. Y.

The book contains an alphabetical and geographical catalog
of the membership, revised to January 1, 1923; also the consti-
tution, by-laws, lists of officers and committees, and much
additional information relating to the activities of the Institute.
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Revision of A. I. E. E. Standards
The Standards Committee of the A. I. E. E. has undertaken

a thorough revision of the A. I. E. E. Standards. The work of
revision is being carried.out on the basis of certain principles as
follows:

1. The Standards will be subdivided into separate sections,
each adequate to the needs of the machinery with which it
deals.

2. There will be sections relating to general principles,
technic of measurements, etC. such as:

General Principles upon which Temperature Limits are Based.
Standards for the Measurement of Test Voltages in Dielectric

Strength Tests.
Standard Definitions and Symbols.
3. Whenever practicable the same general order of arrange-

ment of the contents will be followed in each of the sections.
This order of arrangement is as follows:

Scope
Service conditions
Definitions
Rating
Temperature limits
Other limits to rating
-Efficiency
Dielectric strength and insulation resistance
Regulation
Variations in voltage, speed and frequency
Construction details, etc.
Twenty-seven sections with the following titles are being

prepared. (This division and the titles are not necessarily
final and 'may be subject to modifications).
Designating

number Title
1 General Principles upon which Temperature Limits are

Based.
2 Standard Definitions and Symbols.
3 Standards for the Measurement of Test Voltages in

Dielectric Strength Tests.
4 Standards for Direct -Current Generators and Motors

and Direct -Current Commutator Machines in
General.

5 Standards for Alternating -Current Synchronous Gener-
ators and Motors and Synchronous Machines in
General.

6 Standards for Synchronous Converters.
7 Standards for Induction Motors and Asynchronous

Machines in General.
8 Standards for Alternating -Current and Direct -Current

Fractional Horse Power Motors.
9 Standards for Railway Motors.

10 Standards for Prime Movers and Generator Units.
11 Standards for Power and Distributing Transformers.
12 Standards for Induction Regulators.
13 Standards for Instrument Transformers.
14 Standards for Control Apparatus.
15 Standards for Oil Circuit Breakers.
16 Standards for Air Circuit Breakers, Lever Switches,

Enclosed Lever Switches and Disconnecting Switches.
17 Standards for Bus Bar Supports, Ammeter Jacks, Poten-

tial Plugs, Test Plugs, Power Fuses and Potential
Transformer Fuses.

18 Standards for Switchboard Panels.
19 Standards for Lightning Arresters.
20 Standards for Electric Railways.
21 Standards for Wires and Cables.
22 Standards for Transmission Lines and Distribution Lines.
23 Standards for Meters and Instruments.
24 Standards for Telegraphy and Telephony.
25 Standards for Radio Communication.

26 Standards for Storage Batteries.
27 Standards for Illumination.

It is the intention of the Committee to concentrate on a few
sections which, when completed, will serve as models for the
others. These are:

3. Standards for the Measurement of Test Voltages in Dielec-

tric Strength Tests.
4. Standards for Direct -Current Generators and Motors

and Direct -Current Commutator Machines in General.
6. Standards for Synchronous Converters.
8. Standards for Alternating -Current and Direct -Current

Fractional Horse Power Motors.
11. Standards for Power and Distributing Transformers.
14. Standards for Control Apparatus.

The work is being carried on informally and suggestions are
welcome from all who are interested. Each section will be.
approved by a representative working committee before being
approved by the Standards Committee. It is proposed that
before final adoption each section shall be printed or otherwise
duplicated. Appropriate notice will then appear in the JOURNAL
so that any one interested may obtain copies and contribute
criticisms and suggestions.

COOPERATIVE MOVEMENT FOR STANDARDIZATION
IN THE ELECTRICAL INDUSTRY

For some time past, there has been a growing feeling in the
electrical field that the several electrical associations engaged in
standardization work should cooperate in presenting a single
set of electrical standards to the A. E. S. C. for approval as
American Standards. The lack of generally accepted Ameri-
can standards has been a considerable handicap to this country
in connection with international standardization, and has un-
doubtedly increased the difficulty of selling electrical products
abroad.

During the summer of 1922, a movement was started to
revise the A. I. E. E. Standards, subdividing them into a number
of separate pamphlets or sections, each covering completely the
standards for one kind of apparatus. An outline of this work is
referred to above.

These two movements-one to revise the A. I. E. E. Standards,
and the other to arrive at a single set of American Standards
through some cooperative effort-were joined in a resolution
adopted by the A. I. E. E. Standards Committee Nov. 10, 1922, and
approved by the A. I. E. E. Board of Directors Dec. 8, 1922.

The resolution follows:
The Standards Committee of the A. I. E. E. recognizes the need of a

single complete set of American Standards approved by the A. E. S. C.,
supported by the entire electrical industry, and acceptable to the public.

The Standards Committee is undertaking a revision of its present rules
mainly in form.

The Institute desires to contribute these revised Standards as part of
the suggested American Standards, and suggests that other organizations,
such as the Electric Power Club, the N. E. L. A., the A. M. E. S., and any
other organizations interested, may consider this an opportune time to
initiate a cooperative effort with this end in view.

To accomplish this result, the following procedure is suggested:
That each organization interested be asked to designate an official repre-

sentative to act with a representative of the A. I. E. E. These representa-
tives are to present such matter as their societies think should properly
be included in the suggested American Standards, and to pass judgment
on the resulting compilation. They will also refer the resulting compilation
(if In their respective judgments such reference is necessary) to their socie-
ties for approval before its submission to the A. E. S. C. for approval
as American Standard, according to the procedure which the A. E. S. C.
has established.

Thus far standards for certain electrical machinery and apparatus
only have reached a stage where the cooperative effort can take
tangible form and to deal with these, the N. E. L. A., the E. P. C.
the A. M. E. S., and the A. I. E. E. have appointed such official
representatives.. This Joint Committee has begun work and
has had under consideration a section of Standards for Control
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Apparatus. I t. is expected that this first section which is now
in the hands of a representative working committee will bo
ready for circulation to all those interested within a short
time.

PRELIMINARY DRAFT OF STANDARDS FOR
CONTROL APPARATUS

As announced above, work has been under way for some time
on the preparation of standards for Control Apparatus.

It is expected that sufficient progress will have been made so
that this section of the proposed revision will be in shape for
submission to the Standards Committee for approval as Institute
Standards at the meeting of the Committee to be held about May
eleventh.

It is expected that copies of the proposed Standards will be
available for distribution to all those interested by April 16th.
The Standards Committee requests that all interested engineers
secure copies by applying to the Secretary of the Institute and
give the Committee the benefit of their criticisms and sug-
gestions.

North Eastern District Establishes Prize for
Worthy Paper

The Executive Committee of Geographical District No. 1
(North Eastern) held a meeting in Worcester, Mass., on March
14 and approved the following rules of procedure relative to the
prize which the committee voted last December should be
awarded to the author of the most worthy paper presented at a
meeting of any Section in the District during the year:

RULES GOVERNING COMPETITION

1. This prize, established by the Sections in District No. 1 of the
American Institute of Electrical Engineers, shall consist of $25
cash, accompanied by a suitable certificate, to be awarded each
year to the author (or authors) of the paper which is designated
by a duly authorized Committee of Award as the most worthy
original paper presented during the Institute year (August 1
to July 31) at a meeting of any Section of District No. 1 by a
Fellow, Member, Associate or Enrolled Student of the Institute
who resides in District No. 1 and who has never had published
in the A. I. E. E. JOURNAL Or TRANSACTIONS a paper presented
before the Institute or any of its Sections.

2. In this competition, the Chairman of the Section at which the
author's paper is presented, shall by means of a written com-
munication, submit the paper to the District Vice President
prior to July 15 of the Institute year in which the paper was
presented.

3. A paper by joint authors is eligible for this competition, pro-
vided each author qualifies under these rules. A prize awarded
a joint paper shall be divided equally between the authors and
each author shall be awarded a suitable certificate.

4. The award shall be made by a Committee of Award consisting
of three members appointed by the District Vice President. The
Committee's interpretation of these rules, its selection of the
most worthy original paper and its award of prize shall be final.
The Committee may, in its judgment, omit awarding a prize in
the event that the quality of the papers submitted is not of a
standard that would justify publication in the JOURNAL or
TRANSACTIONS; whereupon the annual prize will be held with-
out further contributions from the Sections, until a satisfactory
series of papers has been submitted.

5. The prize shall be presented by the Regional Vice President,
or his delegate, at the first fall meeting of the Section at which
the paper was presented.

6. The paper shall be published in full or in abstract, in
the monthly JOURNAL or annual TRANSACTIONS of the Institute,
or both.

7. Manuscripts shall be submitted in triplicate and shall be
typewritten on one side of paper of approximately 8 M by 11 inches.

8. Papers submitted will he judged for (a) originality and
subject matter, (b) value as a contribution to electrical knowledge,
and (e) expression, technique, and English. The relative weight
to be assigned each of these factors shall he determined by the
Committee of Award.

Plans for Relief of Coal Situation
In a letter of March 8 from the Executive Secretary of the

Federated American Engineering Societies the Institute and its
individual members are requested to cooperate in any way
possible with the execution of a plan for the relief of the coal
shortage particularly as it applies to the domestic situation.
John Hays Hammond, Chairman of U. S. Coal Commission,
calls attention to a plan devised by a member of the Commission
for securing the storage of domestic coal. Under the plan an
employee submits to his company, prior to April 1, an estimate
of his winter fuel needs. Full payment for the coal to be made
by the company at any time delivery is effected, which delivery
is at the option of the retail dealer during the six months begin-
ning with April. The company is reimbursed by deducting the
cost of the coal from the employee's salary. The deductions,
however, are spread in equal installments over the six months
period. The employer can thus see to it that the dealer delivers
the maximum practicable amount of coal, at the best price and
early in the season. Employees, many of whom are accustomed
to buy in very small quantities and at maximum prices, make
substantial savings and are assured of sufficient coal when needed.

Since engineers are in a position to appreciate keenly the many
advantages which will accrue from a better functioning of the
coal industry, it would appear that this is an exceptional oppor-
tunity to do a public service. It is therefore urged that engi-
neers point out to their clients and employers the advantages
of the plan suggested and if such is done it is believed employers
will be willing to arrange for the domestic coal purchases of their
employees.

Future Section Meetings
Baltimore.-April 20, 1923. Subject: "Insulator Design

and Manufacture." Speaker: Mr. K. A. Hawley, Chief Engi-
neer, Locke Insulator Corp.

April 21, 1923. Inspection Trip to the Baltimore Plant of
the Locke Insulator Corp., Cromwell & Charles St., Baltimore,
Md.

May 18, 1923. Subject:  "Lighting of Factories and Office
Buildings." Speaker: Mr. Earl A. Anderson, Engineer, National
Lamp Works.

Boston.-April 16, 1923. Subject: "The Panama Canal-
Operation, Traffic and Future," by Brig. Gen. Chester Harding,
U. S. A., Retired, Ex -Governor of the Panama Canal.

May 15, 1923. Annual entertainment. Program to he an-
nounced.

Cleveland.-April 19, 1923. Subject: "Manufacture of
Copper Wire and Cable." Speaker: Mr. C. F. Hood, Superin-
tendent of the Electric Cable Factory of the American Steel &
Wire Co.

May 24, 1923. Annual meeting. Speaker: Dr. Jewett.
National President of the A. I. E. E.

Detroit -Ann Arbor.-April 13, 1923. Speaker to be an-
nounced.

May 11, 1923. Speaker to be announced.
June, 1923. Annual meeting and election of officers.
Erie.-May 14, 1923. Subject: "Sound," Speaker: Prof.

Dayton C. Miller, of the Case School of Applied Science.
Philadelphia.-April 9, 1923. Subject: "Lightning Pro-

tection." Speaker: Major Malcolm Ma.eLaren.
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May 14, 1923. Subject to be announced. Speaker: Mr. C.
Russell.
June 11, 1923. Annual meeting, McCall Field, Highland

'ark, Pa.
Seattle.-April 18, 1923. Subject: "The Columbia Basin

h-oject." Speaker: Mr. Willis T. Bateheller, Consulting Engi-
leer, Seattle, Wash.

May 16, 1923. Subject: "A Typical Installation of a Long
Distance Telephone Toll Cable" by members of the Engineering
,taff of the Pacific Telephone & Telegraph Co.

Toronto.-April 6, 1923. Joint meeting with the Engineering
Institute of Canada at Hamilton.

April 20, 1923. Annual business meeting.

Washington.-April 10, 1923. Subject: "Japanese Power
Development." Speaker: Mr. Stephen Q. Hayes, of the
Westinghouse Electric & Mfg. Co.

Worcester.-April 12, 1923. To be announced.

May 17, 1923. Annual meeting. Subject: To be announced.
Speaker: Dr. Jewett, President of the A. I. E. E.

..1.1111111.111..11111111 i,

American Engineering Standards Committee
iiiii 1 iiiii iiiiiiiiiiiiiiiiiii iiiiii 11111111 iiiiiiiiiiii 1 iiiiiiiiiii 11111 iiiiiii 1 iiiii 1111111111111111 iiiiiiiiiii 111111 iiiiii 1111111 iiiii 1 iiiii 1 iiiiii 11 iiiii

1923 YEAR BOOK OF THE AMERICAN ENGINEERING
STANDARDS COMMITTEE OFF THE PRESS

The 1923 Year Book of the A. E. S. C., which has just come
l 3ff the press, shows that great progress has been made during
the last year in standardization projects affecting electrical
industries. Of the thirty-five standards thus far approved by
the A. E. S. C., the following eleven are of special interest to the
electrical industries: National Electrical Code; Electrical
Safety Code; Code for Electricity Meters; Automobile Head -
lighting Specifications; Code of Lighting Factories, Mills and
other Work Places; Safety Code for the Protection of the
Heads and Eyes of Industrial Workers; Illuminating Engineer-
ing Nomenclature and Photometric Standards; Methods for
Battery Assay of Copper; Specifications for Electrolytic Copper
Wire Bars, Cakes, Slabs, Billets, Ingots and Ingot Bars; Speei-
fieations for Lake Copper Wire Bars, Cakes Slabs, Billets, Ingot
and Ingot Bars; and Specifications for Soft or Annealed Copper
Wire.

The report shows that at the end of the year a total of 121
industrial standardization projects were definitely under way
or had been completed and the standards approved. Of the
projects which have reached an official status, fifteen have to do
with electrical engineering; twenty-three with mechanical
engineering; twenty-one with civil engineering and the building

p trades; three with automotive subjects; twelve with transport;
one with ships and their machinery; fifteen with ferrous metals;
four with non-ferrous metals; twelve with chemical subjects;
two with textiles; four with mining; and nine projects with

i topics of a miscellaneous or general character.
Two hundred and seventy-five national bodies-technical,

industrial and governmental-are now cooperating in the work
of the A. E. S. C. through officially accredited representatives,
and more than nine hundred individuals are serving on the sec-
tional committees which carry on the actual standardization
work, the A. E. S. C. acting only as an administrative body.

The electrical industry is represented on the American Engi-
t neering Standards Committee by the American Institute of

Electrical Engineers, the Association of Edison Illuminating
Companies, the National Electrical Light Association, the
American Electric Railway Association, the Electrical Manu-
facturers Council, the Associated Manufacturers of Electrical
Supplies, the Electrical Manufacturers Club, and the Electric
Power Club.

One of the most important accomplishments of the year was
the development of a plan of cooperation between the Federal
Specifications Board-the body which develops the specifications
for all government purchases-and the A. E. S. C., by which
the specifications of the Board are submitted informally to the
A. E. S. C. before definite adoption. Dr. A. S. McAllister,
who has been serving as a special liaison officer of the Bureau
of Standards, has been designated by the chairman of the
Federal Specifications Board as liaison representative in the
cooperative work with the A. E. S. C.

ENGINEERS, SCIENTISTS AND EDITORS PLAN TO
STANDARDIZE SYMBOLS AND ABBREVIATIONS
A recent conference held in New York City under the auspices

of the American Engineering Standards Committee revealed
a sentiment among engineers, scientists, government officials,
business paper editors and industrial executives, emphatically
in favor of the unification of technical and scientific abbreviations
and symbols.

It was agreed on all sides that the standardization of abbrevia-
tions and symbols would result in inestimable mental economies.
The present situation with respect to the use of abbreviations
and symbols in engineering, scientific and other technical fields
is comparable to a language which has degenerated into a mul-
tiplicity of dialects each of which has to be translated for the
users of the others. Abbreviations and symbols constitute an
ever growing and important part of the language of engineers,
scientists, industrial editors and other technical men. The use
of one symbol or abbreviation for several different terms and the
use of several different symbols or abbreviations for one meaning
are, however, at present causing a great deal of confusion, mis-
understanding, and, often, serious errors.

The conference was called upon requests from the American
Institute of Electrical Engineers, the American Society of
Mechanical Engineers, and the Association of Edison Illumina-
ting Companies, to consider abbreviations and symbols, but after
some discussion of the subject it was thought desirable to include
as a part of the project, the graphical symbols which are used
in engineering drawings, diagrams, and the like, for representing
instruments and apparatus and components of them.

It was agreed that the cooperation of foreign standardizing
bodies should be sought, in the development of the work. The
importance of international uniformity in symbols is great on
account of the international character of much engineering and
scientific work, and the importance of reference books and
periodicals in foreign languages.

The work will go forward under a committee organization
developed in accordance with the rules and procedure of the
American Engineering Standards Committee.

Thirty-six representatives were present from as many organi-
zations, showing the diversity of interests involved in this
project.

CLOSER COOPERATION BETWEEN GOVERNMENT
AND INDUSTRY IN STANDARDIZATION WORK

Another important stop toward the elimination of differences
between specifications for government purchases and specifica-
tions for similar materials produced for the general commercial
market, was taken at the March meeting of the American
Engineering Standards Committee, when it was voted to accede
to the suggestion bf the Federal Specifications Board that the
A. E. S. C. submit to the Board for its information, all standards
which are being considered by the A. E. S. C. for approval.
In cases whore standards before the A. E. S. C. prove also of
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interest to any government department, the matter of their for-
mal approval as government standards may then be considered
by the Federal Specifications Board.

The Federal Board has for some time used the machinery of
the American Engineering Standards Committee to bring its
specifications into harmony with the best commercial practise,
thereby broadening its source of supply and lessening the cost
of production. Under this arrangement twenty-two specifica-
tions for government purchases have already been submitted to
industry for criticism in advance of their adoption by the
Federal Specifications Board.

Through the presence of seven departments of the federal
government in the membership of the American Engineering
Standards Committee the government has participated in the
formulation of industrial standards. Now industry has an
opportunity to participate, as an advisor. in the formulation of
government standards, thus minimising the possibilities of
duplicated effort in the field of standardization.

Following is a list of the federal specifications which have al-
ready been submitted for criticism to industry. through the med-
ium of the American Engineering Standards Committee: Hose for
Various Purposes '13 Specifications,. Wood Screws, Sterilizing
Equipment, Numbered Cotton Duck. Phosphor Tin, Silicon
Copper, Pig Lead. Creosote Oil, Asbestos Millboard, Insulated
Safes and Cabinets. Rubber Bands, Oil Suction and Discliarve
Huse, Snap Switches. Rigid Conduit, !.Enameled., Dry Cells.
Rubber Insulated Wires and Cables, Packing and Gaskets.
Manila Rope, Coal Tar Pitch for Roofing. Surfacing Materials
for Bituminous Built up Roofing. Sheathing Paper and Un-
impregnated Rag Roofing Felt, Coal Tar Saturated Rag Felt
for Roofing and Vaterproofing.

AMERICAN ENGINEERING COUNCIL

REPORT OF PATENTS COMMITTEE

the MCriCah /..41i!ill of Electrical Etip-
,terA: The. Patent- t'./Mmitt4.4- of American Engineering
council is glad to report that the Sterling-Lehlbach Bill for the
Reclassification of Governmental Salaries. H. R. h9'2S. became a
saw on March 4th, 1923. It raises the salaries of the Primary
Examiners to $L000.. which a ill enable the Patent Office to draw
a high class of men for its further appointments and ultimately
put the Patent (file, on a high plane. It equally benefits all
other professional and scientific employees of the Government,
including, of course. the engineers.

While the bill will not become effective until July, 1924. the
'ommissiuner of Patents writes that the Patent Office can wait,

as the Lampert Bill, which became a law in February, 19.22,
prevented its going to pieces. and, the Reclassification Bill ha'. ing
become a law, it a ill have an immediate stimulating effect.

The Patent Cominittes, of American Engineering Council
%%idles to thank the many engineers who responded to its re-
quests fur appeals to Congress to enact the bill. Their combined
influence was powerful and, with that brought to hear by the
Council, its officers and its committee on the Rtclassification
Bill, and by other organizations and individuate, had much to du
with the successful outcome. We belie% e that the passage of the
bill will, through its influence on the Patent Office. be of great
benefit to the progress and prosperity of our country.

The large part which the engineers acre able to play in this
accomplishment fully justifies the formation of the Federated
American Engineering Societies and the American Engineering
Council, and allows how essential they are to enable the engineers
o exert themselves as a class for the public good. Some of the
great societies which are members of the Federation could not,

Journal A. I. E. E.

under their constitutions, have appointed committees to take part
in legislative action, and even if they had power to appoint such
committees, no group of isolated committees could be as effective
as a single committee representing all the societies of the Federa-
tion, and in emergencies where the time available is very short,
as during a short session of Congress and particularly during the
closing days of a session, it would often be impossible to get any
action through a group of committees, while. a single committee
could act effectively.

Respectfully,
EDU IN J. PRINDLE.
Chairman, Patents Committee

American Engineering Council.
J. PARKE CHANNING,
Secretary, Patents Committee

American Engineering Council.
CHARLES A. TERRY
FRANK N. WATERMAN

Representatives of A. I. E. E. on
Patents Committee of

American Engineering Council.

MEETING OF EXECUTIVE BOARD OF F. A. E. S.
Many problems of prime importance to the nation and to the

engineering profession were considered by the Executive Board
of the American Engineering Council, governing body of the
Federated American Engineering Soeieties, at its last meeting,
which was held on March 23-2-I in Cincinnati.

The Board's sessions were held at the Ohio Mechanics Insti-
tute, President :Mortimer E. Cooley, presiding. On March 2'2.
at S p. m., the Com TM t tee on Procedure met at the Hotel Gibson.

President Cooley informed the Committee on Procedure at
its last meeting in New York City that at least a dozen engineer-
ing societies are about ready to join. President Cooley was
authorized to appoint a Committee on Increase in Membership,
John A. Stevens of Lowell. Mass., Chairman, and a Commit tee on
Transportation to advise the Executive Board at its Cincinnati
meeting as to whether or not there are any points in the problems
of the transportation of the United States to which the Federa-
tion could with propriety and effectiveness give attention, and
if se to submit a plan in it., report to the Executive Board.

Max Toltz of St. Paul was chosen chairman of the Trans-
fiortation Committee. Other members include Con M. Buck,
W. H. Hoyt. W. K. Hatt. Dean Perky, F. Walker and J. S.

The Committee on Procedure decided that the entire question
..f immigration was without the purview of the Federation and
that a cenunittee eould nut properly be appointed to study any
phase of it

Acting upon representation, from the Associated General
Contractors of America, to the effect that the seasonable aspects
of the building industry as well as climbing construction costs
were problems constituting an alarming situation, the committee
adopted a resolution -viewing with approval the proposed co-
operative movement to remove or reduce the element of season-
able demand in the eenstruction industry."

Willingness t Hanle a committee to cooperate soil sonic
resIxonsible agency that will direct the movement was expressvd.
President ('ooley was authorized to appoint a committee, should
he believe it necessary, to cooperate with some authoritative
instrumentality such as the American Construetion Connell or
the Associated General Contractors of Ameriea.

A "buyers' strike" is inevitable if the present trend of higher
prices continues, it was asserted in the statement of the con-
tractor-, signed by Managing Director Richard C. Marshall.
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The Committee on Procedure decided that the American
engineering Council would aid in any way within its power and
I eans in bringing about uniform safety legislation. The

I Immittee declined to take a stand on the ship subsidy bill,

hich, it was held, did not come within the scope of the Federa-
r on's activities.
i A communication from W. S. Moody stating that immigration
!strictions have so handicapped production that the nation's

t =menial growth was being hampered was considered by the
c ommittee. Suggesting that machinery be used to relieve the

f iortage of unskilled labor, Mr. Moody said;
"I offer for your consideration the proposition that the Coun-

1 make a thorough survey of industry and select several kinds
I work now done manually where great numbers of men could

i e replaced if power driven devices did the work.
1, "Having selected sufficient fields of such work to release say
00,000 or more bands, I would then have the Council recom-
tend to all industry that they associate for this purpose and
ontribute the necessary money to enable various suitable
ngineering organizations to undertake the development of
he necessary devices for performing this work.

"The developmental work should be undertaken by the engi-
.eering organization in the same intensive way that similar
iig production problems were taken up during the War, although
f course, with greater regard for reasonable economy."

The Committee voted to submit the question of undertaking
Al intensive study of labor-saving devices, as outlined by Mr.
vfoody, to the American Society of Mechanical Engineers.

Decision to undertake a nationwide coal storage investigation
vas reached and general endorsement of the plan for government

!reorganization submitted to Congress with the approval of

t president Harding and Cabinet, and continuance of the Commit-
/ A343 on Transportation, headed by Max Toltz of St. Paul, were
other outstanding features of the meeting.

The personnel of the committee to conduct the coal inquiry,
t which is to be made unless there is objection from the constit-
r tent societies, will he announced later by President Cooley.

"It is a very opportune moment for an engineering body care-
, !ully and painstakingly to survey the entire subject of the engi-
, leering and economic phases of coal storage," said the statement
r prepared for the consideration of the Executive Board outlining
She proposed scope of the work.

"It is known that both the Coal Commission and the Depart-
ment of Commerce will look with favor upon such a survey.
Each of the agencies is making studies of certain features of the
coal industry, but neither agency will be in a position to give
sufficient consideration to the engineering and economic phases
of coal storage. The work of the three agencies can be and will
he so coordinated as to avoid all duplication, confusion and
eon fl ict."

The object of the survey is 'to determine the facts relating to
i the engineering, chemical, and economic factors involved in, and
i their influence upon coal storage at the mine and by large and
tby other consumers of coal."

The Coal Commission, it was stated by Executive Secretary
IL. W. Wallace, was relying upon engineering methods and engi-
t neers. The opinion was expressed that the study, to he of the
? greatest benefit, should be completed not later than November 1.

"Many have contended," continued the statement to the
Executive Board, "that a larger practise of storing coal by
consumers would materially reduce the intermittent aspect of
the coal industry; would result in an ample supply of coal at all
times; would even up the demand for transportation facilities;
would enable a larger resort to water transportation; would
reduce operating and transportation expenses and, therefore,
would lead to a reduction in the cost of coal to the consumer.

"No adequate, comprehensive study of the various engineering
and economic factors has been made, whereby a definite con-
clusion relating to the various advantages claimed for coal storage

might be drawn. It is thought, therefore, that a careful study

of the engineering and economic phases of coal storage wouldbe
timely and important and would inevitably he of value to all
concerned."

In forming the committee it is believed that each of the follow-
ing groups should be represented: Coal mining (bituminous and
anthracite), the Bureau of Mines, transportation, public utilities,
equipment, economist, -chemical engineering. It was thought
that any other group or groups that may be able to contribute
scientific and fundamental information should he included. The
committee will develop the plans, direct the investigation, employ
the necessary assistance, and prepare and submit the report.
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ARCH DAM INVESTIGATION
At a meeting in San Francisco of the recentlyformed advisory

committee of the Engineering Foundation on the investigation of
arch dams, preliminary plans were laid for carrying on the work;
a number of existing dams from which useful information could
be obtained by making measurements were selected and the work
of making the measurements was assigned. A statement of the
organization and purposes of the committee was published in the
Engineering News -Record, November 16, 1922, p. 857. The
meeting held in San Francisco on February 26 was attended by
Professor C. Derleth, Jr., Chairman, F. E. Weymouth, M. M.
O'Shaughnessy, D. C. Henny, Wynn Meredith, R. P. McIntosh
and Fred A. Noetzli.

Provided sufficient funds are available, the committee proposes
to build later one or more small dams for experimental purposes
upon which tests can be made to try out various theories and
get information that could not be secured by pleasuring existing
dams. Particular attention will be given to deflections and
deformations caused by temperature changes as reservoir con-
ditions vary from full to empty.

Decision was made to make complete studies of deflections,
stresses, temperature effect, etc., on eight archand multiple arch
dams. Measurements on each of these dams will be under the
supervision of a local committee of four engineers and it is ex-
pected that the whole investigation will extend over a period of

two or three years.

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
communicate with the Secretary at 33 West 39th Street.

1.-W. De V. Boaley, 410 Artisans Bldg., Portland, Ore.
2.-G. Byberg, 641 Van Buren St., Milwaukee, Wis.
3.-John Hamilton, 2610 Lawrence St., Butte, Mont.
4.-T. J. Hodge, Dallas Pr. & Light Co., Park & Marina Sts.,

Dallas, Texas.
5.-Charles H. Hollenbock, 7 Virginia Ave., West Orange, N. J.
6.-Young-Tsieh Huang, c/o J. W. Dietz, Western Electric

Co., 195 Broadway, New York, N. Y.
7. --Albert H. Keys, Lawton, Olcla.
H. ---J. M. Quinlan, 269 Beach Walk, Honolulu, T. H.
9.-N. T. Sauerborn, 1206 Grape St., Syracuse, N. Y.

10.-James Wallace, 3951 Denker Ave., Los Angeles, Calif.
11. ---Tobias F. Ziegler, Torrington, Wyo.
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Engineering Societies Library
............. ...... .......

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 American Society of Mechani-
cal Engineers. It is administered for these Founder Societies by the United Engineering Society, as a public reference
library of engineering and the allied sciences. It contains 150,000 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 at 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. m .to 6 p. m.

BOOK NOTICES (FEB. 1-28, 1923).
Unless otherwise specified, books in this list have been pre-

sented by the publishers.'.The Society does not assume responsi-
bility for any statements made; these are taken from:the preface
or the text of thd book.

All the books listed may be consulted in the Engineering
Societies Library.
CONSTRUCTION ET EXPLOITATION DES GRANDES RESEAUX DE

TRANSPORT D'ENERGIE ELECTRIQUE A TRES HAUTE TENSION.
Compte-Rendu des Travaux de la Conference Internationale
tenue a Paris du 21 au 26 Novembre 1921. Paris, L'Union
des Syndicats de L'Electricite, 1922. 1176 pp., illus.,
diagrs., 10 x 7 in., cloth. 100 fr.

The reports of this conference are now available in a well -
printed volume of nearly twelve hunched pages containing a
review of its organization and purpose, a general report of its
activities and the text of the sixty-eight reports presented before
it. These reports include summaries of the legislation pertain-
ing to high-tenSion transmission in various countries, descrip-
tions of existing systems and projects, papers upon various
topics connected with the current production and transforma-
tion, the construction of high-tension lines, and the exploitation,
protection and safeguarding of transmission systems. The
conference was attended by delegates from twelve countries.
The papers and discussions give a wide survey of the present
development of high-tension transmission.
ELECTRICITY IN AGRICULTURE.

By Arthur H. Allen. Lond., & N. Y., Isaac Pitman & Sons,
1922. (Pitman's Technical Primers). 117 pp., illus., tables,
6 x 4 in., cloth. $.85.

A small book indicating briefly the various way in which
electricity can be used by the farmer for light and power purposes
and for eleetroculture, and the methods by which he can avail
himself of electricity. The book also calls to the attention of
central station managers the possibilities of the farmer as a
customer. Written for British farmers, it treats the questions
in the light of British conditions.
JAHRBUCH DER ELEKTROTECHNIK. 1920.

By Karl Strecker. Munchen u. Berlin, R. Oldenbourg, 1922.
232 pp., 10 x 7 in., boards. $1.80.

This Jahrbuch fulfills two purposes. It acts as an index to the
important articles on electrical engineering which appeared in
sixty prominent scientific periodicals, and it also provides con-
venient summaries of progress in various electrical fields, com-
piled by competent authorities. The present volume covers the
publications of the year 1920. The information is carefully
classified and good author and subject indexes are supplied,
making the volume useful for reference use.
LES MAREES ET LEUR UTILISATION INDUSTRIELLE.

By E. Fichot. Paris, Gauthier-Villars et Cie., 1923. (Science

et Civilization). 254 pp., 8 x 5 in., paper. 9 fr.
The work of a chief hydrographic engineer of the French navy,

this volume is a study of the possibility of using the energy of
waves, on a large scale, as a source of industrial power. The
author describes the action of the heavenly bodies on the waters
of the ocean, the undulatory movements of the ocean and the
formation and propagation of waves. This study of the theory
of waves is followed by an exposition of the projects intended to
utilize the waves as a source of power. The book is intended

not only for specialists, but also for legislators and others in-
terested in economic problems.
MEANING OF RELATIVITY.

By Albert Einstein. Princeton, Princeton University Press,
1923. 123 pp., 7 x 5 in., cloth. $2.00.

This volume presents, in a translation by Professor Edwin
Plimpton Adams, four lectures delivered by Dr. Einstein at
Princeton University, during May 1921. The first lecture is
upon Space and Time in Pre -Relativity Physics; the second upon
the "Theory of Special Relativity;" and the remaining two upon
the "General Theory of Relativity."
PLASTICS AND MOLDED ELECTRICAL INSULATION.

By Emile Hemming. N. Y., Chemical Catalog Co., 1923.
313 pp., illus., 9 x 6 in., cloth. $5.00.

This treatise is divided into two books. Book one, on plastics
in general, contains chapters on ceramic products, calcareous
cements and artificial stones, glass, casein products, and plastics
for road construction. Book two deals with molded electric
insulating materials, both organic and inorganic, describing their
properties, preparation and molding.

The book is intended for general readers and for specialists.
The essential general facts relating to each topic are presented in
readable form. Of great value are the extensive summaries of
the patent literature of the past twelve years.
PRACTICAL TESTS FOR THE ELECTRICAL LABORATORY.

By C. H. Johnson & R. P. Earle. N. Y., D. Van Nostrand
Co., 1923. 347 pp., diagrs., 8 x 5 in., cloth. $2.50.

This text aims to cover all branches of work that may be
attempted by students of average industrial high-school or
trades -school ability. The experiments involve apparatus of
direct interest to electrical workers in all industries. The
tests are selected to acquaint the student with the use and care
of apparatus, and are arranged so that large classes may he
taught with modest equipment.
PRINCIPLE OF RELATIVITY WITH APPLICATIONS TO PHYSICAL

SCIENCE.
By A. N. Whitehead. Cambridge, University Press, 1922.

190 pp., 9 x 6 in., cloth. lOs 6d. (Gift of Macmillan Co..
N. Y.)

This book is not an attempt to expound Einstein's theory, but
to set forth an alternative theory of relativity and to show the
results deducible from the application of the formulas assumed
for the gravitational and electro-magnetic fields. Dr. White-
head belidves that our experience requires and exhibits a basis
of uniformity, and that in the case of nature this basis exhibits
itself as the uniformity of spatio-temporal relations; a conclu-
sion that entirely cuts away the casual heterogeneity of these
relations which is the essential of Einstein's later theory. This
uniformity is essential to the outlook of the author. He finally
arrives at metrical formulas identical with those of Einstein's
earlier theory, but with entirely different meanings ascribed to
the algebraic symbols.
PRINCIPLES OF ELECTRIC SPARK IGNITION IN INTERNAL COM-

BUSTION ENGINES.
By J. D. Morgan. Lond., Crosby Lockwood & Son; N. Y.,

D. Van Nostrand Co., 1922. 94 pp., diagrs., 9 x 6 in., cloth.
$2.25.

In this little book an account is given of the scientific basis
of electric spark ignition. During recent years much research
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has been undertaken on ignition problems, the main results of
which, so far as they are of direct value to designers and students
of gasoline engines, are here brought together. The design and
constructional details of ignition apparatus have been excluded
from this discussion.
SCIENTIFIC MANAGEMENT.

By Horace Bookwalter Drury. 3d edition. N. Y., Columbia
University, 1922. (Studies in history, economics and public
law). 271 pp., 9 x 6 in., cloth. $2.75. (Gift of Longmans,
Green & Co., N. Y.)

t Dr. Drury's account of the development of scientific manage-
' ment appeared originally in. 1915. In 1918 a revised edition
I appeared which corrected the errors of the original edition and
f extended the account down to the latter date. The present
) edition is substantially a reprint of the 1918 edition, with e
t long introduction in which later tendencies and the present
i situation are described.

The volume is divided into two sections, historical and
I, critical. The historical section gives an account of the genesis
1 of scientific management, of the leaders in its development and
1, of the trades and plants that adopted it. The critical sec-

tion discusses its effect on productivity, on the labor problem
! and on the worker.
P THEORY OF ALLOTROPY.

By A. Smits. Lond., & N. Y., Longmans, Green & Co., 1922.
(Textbooks of physical chemistry). 397 pp., diagrs., tables

1 9 x 6 in., cloth. $7.00.
A detailed presentation of the theory of allotropy originated

by Dr. Smits in 1910. The author shows the way in which the
I phase rule is applied to elucidate the phenomena of allotropy,

sets forth the application of the theory to electromotive, photo -
1

chemical and electrochemical phenomena and summarizes the
experimental work carried out to examine it. A careful com-
pilation of our knowledge of the subject is given.

il TREATISE ON THE THEORY OF BESSEL FUNCTIONS.

1

By G. N. Watson. Cambridge, University Press, 1922.
804 pp., tables, 11 x 7 in., cloth. $16.00. (Gift of Macmillan
Co., N. Y.)

The author states that this book has been designed with two
objects in view. The first is the development of applications

1 of the fundamental processes of the theory of functions of com-
plex variables, for which purpose Bessel functions are admirably
adapted. The second is the compilation of a collection of
results which would be of value to the increasing number of
mathematicians and physicists who encounter Bessel functions
in the course of their researches. Such a collection seems to be
demanded by the greater abstruseness of properties of Bessel

, functions which have been required in recent years in various
problems of mathematical physics.

While the endeavor has been made to give an account of the
theory of Bessel functions which a pure mathematician would
regard as fairly complete, the author consequently has also
endeavored to include all formulas which, although without

, theoretical interest, are likely to be required in practical applica-
tions. A very full bibliography is included.

I TWELVE-HOUR SHIFT IN INDUSTRY.
By Federated American Engineering Societies. Committee

on Work -periods in Continuous Industry. N. Y., E. P. Dutton
1, & Co., 1922. 302 pp., tables, 8 x 6 in., cloth. $3.50.

The investigations reported upon in this volume were under-

!

taken by the Federated American Engineering Societies in 1921.
tl The objects were to ascertain the extent of two -shift work in

continuous -process industries other than the manufacture of
iron and steel, the experience of manufacturers who had changed
from two -shift operation to some other system, and to study the
technical aspects of changing from the two -shift to the three-
shift system in the iron and steel industry.

This volume includes a report on the first two points prepared
by Dr. Horace B. Drury and one on the third point by Mr.
Bradley Stoughton, as well as a brief general summary of the
conclusion to be drawn from their studies. These are favorable
to the two -shift system.
WECHSELSTROMERIEUGER.

By Franz Sallinger. Berlin U. Leipzig. Vereinigung wissen-
sehaftlicher Verleger, Walter do 0 ruyter & Co., 1922. 127 pp.,
diagrs., 6 x 4 in., boards. $.25.

This booklet is intended, on the one hand, as an introduction
to the subject of alternating -current dynamos, and on the other,
to give engineers without special electrical training, who are

connected with the construction or operation of these machines,
an understanding of their essential characteristics. A special
effort has therefore been made to explain these characteristics
simply and to derive the most used formulas and diagrams.

The windings are first explained, in connection with the
generation and calculation of the electromotive force and the
armature fields. After the vector diagrams have been derived,
the experimental proving and the method of operation are
treated. In conclusion data are given on the design, calculation
and construction of alternators, with examples of actual machines
which show bow the formulas and diagrams are used.
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H. S. HUGHES has been made manager of the United Electric
Company, Highland Falls, N. Y.

I. F. KINNARD has recently formed a connection as Research
Engineer with the West Lynn Works of the General Electric
Company, West Lynn, Mass.

H. T. TEAGUE, formerly with the Ohio Bell Telephone Co.
is now connected with the Western Electric Company, 195

 Broadway, New York, N. Y.
J. R. WERTH, commercial agent for the Oklahoma Gas &

Electric Co., has been appointed a consulting director of the
Coal Mining Institute of America.

T. Randall DuBois, formerly with the Birmingham Motors,
Ltd., Peterboro, Ont., is now with the engineering department
of the New York Central Railroad.

ALBERT G. CRAIG has changed his business affiliation from
the United Electric Light & Power Co., New York City, to
Popular Radio, Inc., New York City.

DEAN J. LOCKE, formerly Electrical Engineer with Albert S.
Richey, Worcester, Mass., has accepted a position with the
Public Service Railway Co., Newark, N. J.

J. W. YOUNG has terminated his work with the Hudson Coal
Co. of Scranton, Pa., to accept a position in the Electrical Sec-
tion of the Duquesne Light Co., Pittsburgh, Pa.

A. C. AMES has resigned as Chief Electrician of the Providence
Gas. Co., Providence, R. I. and has accepted the position of
Superintendent of Fire Alarms, Providence, R. I.

G. J. NEWTON has been appointed Chief Engineer of the
George Construction Co., Inc., Philadelphia, Pa. He will
have charge of all underground distribution work.

G. M. THOMPSON, for the last ten years Superintendent of the
Toronto Power Co., Ltd. of Niagara Falls, Ont., has resigned
to join McClellan & Junkersfeld, Inc., New York, N. Y.

J. B. HILL, who held the position as professor of Public Utility
Relations at the University of Iowa, is now General Manager
of the Lincoln Gas & Electric Light Co., Lincoln, Nebraska.

THOMAS R. WEYMOUTH, who gave up his position as Chief
Engineer of the United Natural Gas Co., Oil City, Pa. and has
become President of the Iroquois Gas Corporation, Buffalo,
N. Y.

A. M. BUCK, until recently a member of The Beeler Organiza-
tion, Consulting Engineers, has been made Associate Editor of
Electric Railway Journal, McGraw-Hill Publishing Co., New
York, N. Y.

LAWRENCE H. CONNELL is now working in the General Elec-
tric Company's Research Laboratory, Schenectady, N. Y.
He was formerly connected with the Samson Electric Company,
Boston, Mass.

V. ZWORYKIN, until recently Electrical Engineer with the
C & C Developing Company, Kansas City, Mo., is now in the
research department, of the Westinghouse Electric & Mfg. Co.,
Pittsburgh, Pa.

E. A. GuAlutm, who for the past nine years has been a member
of the engineering staff of l he Electric Bond & Share Co., has
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been appointed General Manager of that company's holdings
in Cienfuegos, Cuba.

BENSON M. JONES has resigned as a Service Engineer in the
Chicago district of the Westinghouse Electric & Mfg. Co. and
is now employed in the engineering department of the Duquesne
Light Co., Pittsburgh, Pa.

HARRISON D. PANTON has severed his connection with the
Carolina Power & Light Co., and its affiliated companies and
has opened an office at Raleigh, N. C., for the general practise
of electrical and mechanical engineering.

A. S. KALENBORN has recently bought a half interest in the
Welding Service & Supply Co., San Francisco, Cal., manufae,
turers of electrical apparatus. His former position was with
the Rieber Laboratories, San Francisco.

HADLEY F. FREEMAN has terminated his connection with the
Fisk Rubber Company and has formed, with H. E. Smith, the
firm of Smith and Freeman for the practise of patent law with
offices at 1372 Hanna Bldg., Cleveland, 0.

WILLIAM A. HARDING has become identified with the Southern
California Edison Co., at Big Creek Hydroelectric Plant, in
charge of the mechanical department. His former connection
was with the Celite Products Co., in Los Angeles.

HENRY HARSEIM and GEORGE W. SCUTT, both recently of
W. V. Pangborne & Co., Philadelphia, Pa., have formed a co-
partnership with Oliver S. Kern under the name of the Eastern
Electric Construction Co., Ltd., at Philadelphia, Pa.

J. ELMER HOUSLEY, who for the past year has been attached
to the Sales Office of the Aluminum Co. of America, Kansas
City, Mo., has returned to his former position as Electrical
Engineer with the Aluminum Ore Co., East St. Louis, Mo.

ROBERT A. STOTT has resigned as Assistant to the Electrical
Engineer of the United Electric Light & Power Co. of New York
City and has accepted a position as Personal Representative of the
President of the Potomac Public Service Co., Hagerstown, Md.

H. P. SLEEPER, formerly of the Supply Engineering Depart-
ment of the Westinghouse Electric & Mfg. Co., has entered the
employ of the Duquesne Light Co., Pittsburgh, in its engineering
department. He will handle the protective work of this com-
pany.

S. G. GASSAWAY, who for the last three years has maintained
consulting offices with Mr. W. G. Williams, specializing in
petroleum, has been appointed Field Superintendent of the
Production Department of the Lone Star Gas Co. for the State
of Oklahoma.

N. C. HUSTED, who has been with the Seyler Manufacturing
Co. of Pittsburgh, Pa. for some time, has returned to the Hub-
bard Pressed Steel Company, Niles, Ohio, as Manager. He had
been connected with this firm for several years prior to his
connection with the Seyler Manufacturing Co.

FREDERICK D. Nims, formerly Chief Operating Engineer with
the Mexican Light and Power Company, Mexico, D. F., Elec-
trical Engineer and General Superintendent of the Western
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Canada Power Company of Vancouver, and later President
and General Manager of the Washington Coast Utilities at
Seattle, has disposed of his interests in the last named company
and is now associated with Parsons, Todd & Co., Boston, as a
director in the corporation.

W. NELSON SMITH, consulting electrical engineer of the
Winnopeg Electric Railway Company and Member of the
Institute has just been presented by the Engineering Institute
of Canada with the Plummer Medal. This modal is presented
each year for the best paper on a chemical or a metallurgical
subject. The medal for 1921-22 was awarded to Mr. Smith as
joint author with Dr. Shipley of two papers presented during
1921 and 1922 on the self corrosion of cast iron and lead in
alkaline soils.

Obituary
WALKER G. WYLIE, M. D., gynecologist and famous surgeon,

died on March 13, 1923, at his home in New York City. He was
born at Chester. N. C. in 1849. At the age of sixteen he enlisted
in the Confederate Army, and after the war entered the Uni-
versity of South Carolina. Later he received his medical degree
from Bellevue Medical College. The next year he studied
hospital construction and nurses training abroad and it was from
his reports that the first nurses school was established in the
United States. Dr. Wylie was a member of the New York
Academy of Medicine, the New York County Medical Society,
the New York Pathological Society, the New York Obstetrical
Society, the American Gynecological Society, the Royal Society
of Medicine in London and the American Institute of Electrical
Engineers.

WILLIAM PENN WHITE, for the last eleven years with the
General Electric Company at its New York office, died recently
in Washington, D. C. Prior to his transfer to the New York
office, Mr. White had been connected with this company since
his graduation from Lehigh University,. He became an Associate
of the American Institute of Electrical Engineers in 1912.

FRED G. DIETERICH, solicitor of foreign and United States
patents, of Washington, D. C. died recently in Washington.
Mr. Dieterich was an Associate A. I. E. E.

WALTER SCHMIDT, President and General Manager of the
Western Precipitation Company of Los Angeles, Cal., died on
February 22, 1923. He became a Member, of the A. I. E. E. in
.June 1922.

SAMUEL L. NAPHTALY, Associate, A. I. E. E., died after a three
months' illness in San Francisco, June, 1922. Born and edu-
cated in California, he became associated with some of that
State's principal electri61 projects and was one of the projectors
of the Oakland and Antioch Railway. Later he became Vice -
President and General Manager of the Los Angeles Dry Dock
Company. In 1922 he entered the services of the Great Western
Power Company in San Francisco, where he was Vice -President
and General Manager until the time of his death. He was a
member of the Society of Naval Architects and Marine Engineers.

Past Section and Branch Meetings
llllll lllll lllllll lllllll llllllll

PAST SECTION MEETINGS
Baltimore.-February 9, 1923. Subject: "Important Prop-

erties of Insulating Materials and the Theory of Breakdown of
Insulation." Speaker: Mr. J. B. Whitehead. Discussion of
the paper followed. Previous to the meeting a dinner was held
at the Hopkins Club. Attendance 108.

Cincinnati.-February 8, 1923. Subject: "What and Why
of the Storage Battery." Speaker: Mr. J. H. Tracey, of the
Electric Storage Battery Company. Moving pictures were
shown and discussion followed. Attendance 75.

Columbus.-January 26, 1923. Subject: "The Fundamen-
tals of Good Lighting Practise." Speaker: Mr. A. D. Bell of
the General Electric Company. Attendance 32.

February 16, 1923. Business meeting.
February 23, 1923. Subject: "Electrical Equipment of Coal

Cutting and Loading Mechanism and Electric Mine Loco-
motives." Speaker: Mr. R. R. Dunlop, of the Jeffrey Mfg. Co.
Attendance 14.

Connecticut.-February 21, 1923. Joint meeting with the
Waterbury Branch, A. S. M. E. Subject: "Principles and
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actise of Industrial Heating." Speaker: Mr. J. A. Doyle,
ce-President of the W. S. Rockwell Co. of New York. Attend-

ee 90.
Denver. -February 16, 1923. Subject: "Possibilities of

enver as an Electrical City." Speaker: Mr. Frank N. Briggs.
;tendance 35.
Detroit -Ann Arbor. -February 19, 1923. Subject: "The
ubber Industry." Speaker: Mr. D. H. Baer, Chief Electrician
the Morgan & Wright Co. of Detroit. Attendance 66.
March 9, 1923. An open session meeting to which ladies were

vited. Subject: "Our Sun and others." Speaker: Prof.

. H. Curtis, Asst. Director of the Observatory of the University
Michigan and Professor of Astronomy. Attendance 215.
Fort Wayne. -February 15, 1923. Subject: "The Testing
aboratory." Speaker. Mr. W. Howard Miller. Attendance 55.
February 23, 1923. There was a trip through the plant of the
ortheast Power Station of the Kansas City Power & Light
ompany, where dinner was served, after which Mr. H. C. Black -
ell spoke on the work of this company. Attendance 55.
Kansas City. -March 6, 1923. Subject: "Water Power

'ossibilities of Southwestern Missouri." Speaker: Mr. E. L.
Villiams, District Engineer of the Water Resources Branch of the
1. S. Geological Survey. Attendance 14.
Lehigh Valley. -February 15, 1923. Subject: "Electric

"hermic Equipment for Industrial Purposes." Speaker: Mr.
I. D. Thomas. Attendance 35.

Los Angeles. -February 2, 1923. Subject: "Ceramic Devel-
pments of Porcelain Insulators." by Mr. Frank Riddle, President
f the American Ceramic Society, and "Modern Methods of

Tiring High -Voltage Porcelain." Attendance 52.
Lynn. -January 31, 1923. Subject: "Measurement of

?henomena of Short Duration." Speaker: Dr. Harvey L.
Curtis, of the Bureau of Standards, Washington, D. C. Attend-
ince 150.

New York Section. -The N. Y. Section of the Institute held
meeting at Institute headquarters, 33 West 39th St., New

York, on the evening of Wednesday, March 21, 1923. This
meeting was held jointly with the Metropolitan Sections of the
A. S. M. E., A. S. C. E. and A. I. M. E. The subject of the
meeting "Hydroelectric Power for New York" was presented
through the medium of a symposium, five speakers taking part,
mch covering a different phase of the subject. The first, "A
Coordinating Statement of the Problem" Col. Scheidenhelm,
Consulting Engineer, Mead and Scheidenhelm, N. Y.; "An
Approximation of Available Water Power and Cost of Delivery,"
W. S. Murray Consulting Engineer. Murray and Flood, N. Y.;
"Requirements of Service and Evolution of Hydro Power,"
G. A. Orrok, Consulting Engineer, New York Edison Co.:
"Quality of Hydro Service," F. A. Miner, Gen. Supt., Penn.
Water & Power Co., Baltimore; "Reliability of Long Distance

t Transmission," L. E. Imlay, Consulting Engineer, Niagara Falls
Power Co. A discussion followed which was opened by J. P.

iHogan, Consulting Engineer with Wm. Barclay Parsons, and
W. S. Finlay, Jr., Vice President, American Water Works & Elec.
Co., New York. A short general discussion from the floor fol-
lowed. The at tendance was about 875.

Philadelphia. -January 8, 1923. Subject: "Wind Shielding
; Effects of Lino Conductors in Groups." Speaker: Mr. R. B.
Mateer, of the Philadelphia Electric Co.

February 21, 1923. Subject: "Recent Developments in the
Electrical Industry." Speaker: Mr. L. W. W. Morrow, of the
Electrical World.

February 27, 1923. Afternoon session. Subject: "Milling
Cutters: The Influence of Differences in Design on Power Con-
sumption and Capacity," by Mr. James A. I fall and Mr. Benja-
min P. Graves; and "The Design and Construction of Large
Machine Tools," by Mr. George 11. Beuzon. Evening Session.
Subjects: "The History of the Machine Tool and its Effect on
Present Day Civilization," by Dean Dexter S. Kimball, and
"Some Features of the Eemioinic Situation of I lie Machine Tool

Industry," by Mr. Ernest F. DuBrul. There was an address by
Mr. John L. Harrington, President, A. S. M. E. Attendance at
afternoon session, 126; evening session 240.

March 3, 1923. Subject: "The Relation of the National
Electric Code to the Industrial Plan," by Mr. Dana Pierce. This

was a joint meeting with the Philadelphia Section of the Iron &

Steel Electrical Engineers. Attendance 115.
March 12, 1923. Subject: "Recent Development in. Ther-

mionic Tubes," Speaker: Mr. William G. Housekeeper. There

was a dinner preceding the meeting. Attendance 82.
Pittsburgh. -February 21, 1923. Subject: There was a

symposium on "Meters and Metering," in which Messrs. F. C.
Holtz, B. F. Cleaves, and J. A. Malady took part. Attendance
277.

Portland. -February 20, 1923. This meeting was under the
auspices of the Pacific Telephone & Telegraph Co., at which
there were several short speeches on the new machine switching
telephone system. Attendance 210.

Pittsfield. -February 15, 1923. Subject: "The Production
of Serviceable Iron Castings." Speaker: Dr. Moldenke. Attend-
ance 125.

March 2, 1923. Subject: "Behind the Screen with

the Movie Makers." Speaker: Dr. Rogers, Vice-president
and General Manager of the Picture Service Corp. Motion
pictures illustrated the lecture. Attendance 500.

March 8, 1923. Subject: "Impressions of Japan." Speaker:
Mr. W. W. Lewis, of the General Electric Company who has
just returned from several months stay in Japan. Attendance
250.

March 15, 1923. Subject: "Electron Emission from Heated
Metals." Speaker: Dr. Irving Langmuir, of the General
Electric Company. Attendance 175.

Providence. -March 2, 1923. Subject: "The Modern Oil
Circuit Breaker". Speaker: Mr. W. S. Edsall. Attendance 45.

Rochester. -February 23, 1923. Subject: "The Funda-
mentals of Speech Transmission." Speaker: Dr. Harvey
Fletcher. Attendance 130.

Schenectady. -February 2, 1923. Subject: "The Human
Voice and Its Electrical Transmission." Speaker: Mr. .John
Mills. Attendance 190.

Seattle. -January 15, 1923. Three moving picture films were
shown: "The Story of an Electric Meter," "Teaming up for
First Aid" and "Winning the Race Against Demand." Attend-
ance 45.

February 21, 1923. Subject: "The Queenston-Chippewa
Development." Speaker: Mr. R. L. Hearn. Attendance 68.

February 26, 1923. Subject: "The Elementary Theory of
Integrating and Demand Meters," Speaker: Mr. F. C. Holtz.
Moving pictures and lantern slides illustrated the lecture.
Attendance 48.

St. Louis. -February 28, 1923. Social meeting. Attendance
170.

Toledo. --February 16, 1923. Joint meeting with the A. S.
M. E. Section. Subjects: "Public Service Law and its Relation
to the Engineer," by Mr. M. C. Seeley, and "Leather Belting,"
by Mr. Louis W. Arny. Attendance 50.

March 9, 1923. Subject: "Industrial Floating." Speakers.
Mr. E. F. Collins, of the General Electric Co. Lantern slides
accompanied the talk. Attendance 32.

Toronto. -February 9, 1923. Subject: "Loud Speakers
and Public Address Systems." Speaker: Mr. 11. .1. Vennes, of
the Northern Electric Co. Attendance 105.

February 23, 1923. Subject: "Power Development at
Niagara and the St. Lawrence River." Speaker: Mr. 'I'. II.
Hogg. Attendance 108.

Urbana. --January 16, 1923. Subject: "Illumination -
Engineering and Sales." Speaker: Mr. J. R. Colville. Attend-
ance 45.

Utah. February 26, 1923. Subject,: "Lightning Arresters.',
Speakers: Mr. Plumb and Mr. Ashworth. A1,10mItinef. 100.
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Vancouver. -February 23,,1923. Subject: "Some Features
of the Valuation of Public Utilities Bearing Specially on Rate
Making." Speaker: Mr. C. W. Colvin. Attendance 16.

Washington, D. C. -February 13, 1923. Subject: "The
Physical Nature of Speech and Hearing." Speaker: Dr. R. L.
Jones, of the Western Electric Co. Attendance 175.

Worcester. -February 15, 1923. Subject: "Interior Wiring
and Illumination." Speaker: Prof. A. L. Cook, of Pratt Insti-
tute. There were illustrations by lantern slides. Attendance 40.

PAST BRANCH MEETINGS
Alabama Polytechnic Institute. -February 17, 1923.

subject: "The Necessity for Managerial Ability in the Practise
of Engineering." Speaker: Mr. A. Kling. There were talks
by Mr. R. C. Dickenson on "Starting Equipment for Motors"
and Dean J. J. Wilmore on "The New Engineering Building to
he Constructed at this Institute." Attendance 17.

March 3, 1923. Subjects: "What the World Expects of a
College Trained Man," by Dean Rupert Taylor, and a synopsis
of two addresses by Dr. J. A. L. Waddell delivered at Barcelona,
Spain, presented by Mr. Andrew Malone. Attendance 19.

University of Alabama. -March 6, 1923. The subjects of
''The Underwriter's Code," "The National Electric Code," and
"Static Charge and Discharge" were presented and discussed by
various students. Attendance 11. -

University of Arizona. -February 21, 1923. Mr. W. J.
Cressingham gave a talk on "The Development of the Bell Sys-
tem," accompanied by moving pictures. Mr. M. A. Schuele
gave a talk on the life of C. P. Steinmetz. Attendance 21.

Armour Institute of Technology. -February 15, 1923.
Subject: "A Problem in Engineering." Speaker: Prof. Nash.
Attendance 45.

March 1, 1923. Subjects: "Tools of the Brain Worker," by
Mr. H. K. Randall, and "Design of Telephone Circuits as Com-
pared with that of Power Circuits," by Mr. A. F. Grenell.
Attendance 43.

University of California. -February 7. 1923. Subject:
"Remote Control of a Newspaper Press." Speaker: Mr. R. P.
Thompson. Attendance 32.

February 21, 1923. Initiation of new members. Mr. Metcalf
gave a talk on the Magnavox. Attendance 72.

March 3, 1923. Inspection trip to the Patrero Substation of
the Pacific Gas & Electric Co. Attendance 35.

March 7, 1923. Inspection trip to the Oakland Exchange of
the Pacific Telephone & Telegraph Co. Attendance 49.

Carnegie Institute of Technology. -February 15, 1923.
Subject: "Power Development on the Orient." Speaker:
Mr. Stephen Hayes. Attendance 60.

Case School of Applied Science. -February 13, 1923. Sub-
ject: "The Design of an Outside Telephone Plant." Speaker:
Mr. E. F. Biggert. Attendance 23.

University of Cincinnati. -March 1, 1923. Subject: "The
West End Power Plant of the Union Gas and Electric Co."
Speaker: Mr. Wm. F. Demkle. Attendance 80.

Denver University. -March 8, 1923. Organization meet-
ing. The following officers were elected: Chairman, Mr.
Laurence W. Thomson; Vice -Chairman, Mr. C. A. Dingham;
Secretary and Treasurer, Mr. Ray Hoover. Nineteen students
were present, all of whom became charter members of the Branch.
The aims and activities of the A. I. E. E. were explakned to the
students by Dr. R. E. Nyswander, Professor of Physics and
Director of the School of Engineering at this university.

Iowa State College. -January 31, 1923. Joint meeting with
the Chemical Engineering Society. Subject: "The Relation of
Electricity to the Chemical Engineer." Speaker: Dr. 0. R.
Sweeney. The lecture was followed by a three -reel film entitled
"Triplex Process of Making Steel." Attendance 205.

February 7, 1923. Subject: "Transmission Line Develop-
ment in Iowa." Speaker: Mr. A. B. Campbell, Electrical

Engineer for the State Board of Railroad Commissioners for
Iowa. Attendance 144.

February 28, 1923. A five -reel moving picture was shown
entitled "From the Jungle to the Transmission Line." The
film was loaned by the Okonite Co. Attendance 88.

University of Iowa. -.January 29, 1923. Business meeting.
Attendance 50.

February 5, 1923. Subject : "Treatment of Run -Down
Storage Batteries," by Mr. Chas. Sullivan, "Influence of Horn
and Diaphragm on Sound Waves in a Radio Loud -Speaker,"
by Mr. H. E. Fetig, and "How a Telephone Call Goes Through
a Central Office," by Mr. H. K. Shore. Attendance 50.

February 12, 1923. Papers by various students were given on
the subjects of "Pitt River Power Development," "Interurban
Substations" and "Farm Power." Attendance 50.

Kansas State College. -February 26, 1923. Business meet-
ing. Attendance 49.

University of Kansas. -February 14, 1923. Subject:
"My Work with The American Telegraph and Telephone
Company." Speaker: Mr. Harold W. Anderson. Attendance 51.

March 1, 1923. Subject: "Automatic Substations." Speaker:
Mr. Clark Davis. Attendance 47.

Lafayette. -February 10, 1923. Review of subjects from
current periodicals given by various students. Attendance 21.

February 24, 1923. Prof. King gave a talk on the A. I. E. E.
Midwinter Convention. Attendance 20.

March 3, 1923. Review and discussion of current periodical,
by various students. Attendance 19.

March 10, 1923. Review of current periodicals by students.
Attendance 21.

Lewis Institute. -January 19, 1923. Shop trip through the
Chicago Theatre, Chicago, 111. Attendance 23.

February 11, 1923. Social meeting and initiation of new
members. Attendance 17.

February 23, 1923. Subject: "Recent Developments in Long
Distance Telephony." Speaker: Mr. W. C. Hall. Attendance
70.

Marquette University. -February 13, 1923. Subject: "The
Electrical Units and the Manner in Which They are Reproduced
and Maintained." Speaker: Prof. F. A. Kartak. Attendance
28.

Michigan Agricultural College. -January 31, 1923.
Subject: "Niagara Falls andthe Power Companies of Niagara."
Speaker: Mr. 0. D. Dales. There were moving pictures and
lantern slides were shown. Attendance 50.

February 23, 1923. Subject: "A Trip Through Japan and
China." Speaker: Mr. S. Q. Hayes. Attendance 33.

February 27, 1923. Subject: "The Economics of Engineering."
Speaker: Mr. H. P. Seelye, Distribution Engineer for the
Detroit Edison Co. Attendance 35.

University of Minnesota. -February 14, 1923. Subject:
"Central Station Problems." Speaker: Mr. F. D. Crocker,
Asst. Vice-president, Northern States Power Co. Attendance 60.

March 1, 1923. Subject. "Railway Electrification." Speaker:
Mr. E. R. Martin. Attendance 48.

University of Missouri. -February 12, 1923. Subject:
"Electricity on the Farm." Speaker: Mr. Neil K. Barr.
Attendance 19.

February 26, 1923. Subject: "Distribution Engineering."
Speaker: Mr. Paul W. Kiesling. A moving picture entitled
"Conquest of the Forest" was shown. Attendance 30.

March 8, 1923. An educational moving picture "King of the
Rails" was shown, after which there was a brief talk by Mr. H. C.
Feuers on "The Young Engineer Starting in Industry." Attend-
ance 30.

Montana State College, March 6, 1923. Subject: "Induct-
ive Interference in Telephone Transmission Lines." Speaker:
Mr. E. Hatterick. Attendance 120.



Ari11192:1 INSTITUTE AND RELATED ACTIVITIES 427

'University of North Dakota, February 26, 1923. Subject:
' eat Balance in Power Plants." Speaker: Prof. G. B. Wharen.

Ptendanee 17.
Northeastern University.-This branch was organized in

ibruary with the following officers: Chairman, Mr. Burton F.
Itene; Vice -Chairman, Mr. Levi G. Cushing; Secretary, Mr.
Ion F. Hubby; Asst. Secretary, Mr. Raymond I. Sawtell, all
rolled students of the A. I. E. E.
University of Notre Dame.-February 20, 1923. Subject:
/irect Vs. Alternating Current for Traction Purposes."

leaker: Mr. Francis X. Egan. Attendance 20.

March 5, 1923. Subject: "Storage Batteries." Speaker:
'r. Paul Sagstetter. There was also a talk by Dr. R. R. Mac-
(egor on the electrical possibilities in New Zealand. Attend -

t ce 30.
Ohio Northern University.-Engineers' Week, February

1-24, inc., during which time the lectures of electrical enginecr-
i; interest were "Telephone Engineering Cost Studies," by
]r. J. P. Kobrock and "Electrical Aids to Greater Production,"
1 Mr. G. A. Hughes.
I March 8, 1923. Subject: "The Theory of Radio Corn-
nunication." Speaker: Mr. Witzler. Attendance 14.

Ohio State University.-February 23, 1923. Subject:
iTtiquette." Speaker: Miss Elizabeth Conrad. Attendance

I Oklahoma A. & M. College.-February 8, 1923. Subject:
i low We Can Benefit Our School as an Organization." Speaker:
:r. F. A. Todd. There was also a talk on the benefits derived
DM membership in the A. I. E. E. Attendance 15.

1 University of Oklahoma.-March 8, 1923. Subjects:
itThe Keokuk Power Company," by Mr. John Wallis, "Descrip-
1 on of the Inspection Trip Through the Armour Packing Co.
; Chicago," by Mr. J. W. Lamar and "Description of a Trip

f hrough the Norburg Mfg. Co. at Milwaukee, and of the Nash
I toter Co.," by Mr. E. H. Reid. Attendance 20.

University of Pittsburgh.-January 26, 1923. Subject:
The Harvesting of Natural Ice." Speaker: Mr. R. B. Anthony.
ttendance 26.

' February 2, 1923. Subjects: "A Comparison of the Westing-
; .Juse Electric Locomotives and the General Electric Lecomo-
1 yes, Both of Which are Operated on the Chicago, Milwaukee
ad St. Paul R. R.," by Mr. G. T. Craig and "My Experiences

1 ith the Pittsburgh Transformer Co.", by Mr. W. T. Ackley.
ttendanee 31.
February 9, 1923. Subject: "The Operation of Oil Wells."

.y Mr. R. N. McMichael. Attendance 32.
February 16, 1923. This was a joint engineering meeting.
February 23, 1923. No meeting due to a 24 -hour efficiency

(''-
Purdue University. --February 13, 1923. Subject: "Univer-

tty Conditions in Scandinavia." Speaker: Mr. A. 'F. Strom.
'he lecture was illustrated with lantern slides. Attendance 22.

February 28, 1923. Subject: "Carrier Current Telegraph
iiil Telpplione Systems." by Mr. H. A. Affel, of the A. T. & T.
'e. A i tend:met, 95.

Rensselaer. February 13, 1923. Subject: "Magnesium, Its
4 an n rapt nil. and Use." Speaker: Mr. Safford K. Colby,
'ri.,-,iii,,ni of t I14. American Magnesium Corp. Attendance 165.

i Rutgers. February 15, 1923. Joint meeting with student
itranclies of A. S. C. E. and A. S. M. E. Subject: "Leonardo de
Thici." Speaker: Mr. John W. Lief). Attendance 150.

School of Engineering, Milwaukee, February 23, 1923.
subject: "Side of Illumination." Speaker: Mr. Leonard V.
fames. Attendance 32.

University of Southern California. -February 22, 1923.
Ilbjeel : "Thi. LIIKII MI NM Sot st and the 2'20 k v. Lines of

the Southern California Edison Co." Speaker: Mr. Mayer, of
the Southern California Edison Co. Attendance 10.

Stanford University.-February 20, 1923. Business meet-
ing. Attendance 16.

Swarthmore College.-February 23, 1923. Papers on the
following subjects were read: "Electrification of Steam Railways,
by Mr. Edward A. Green, "The Development in the Electrical
Industry During 1922," by Mr. J. Howard Thompson, and "Some
of the Elements of Air Flow in Electrical Machinery."
Attendance 10.

March 2, 1923. Dr. Fussell of the Engineering Dept. spoke on
the A. I. E. E. Midwinter Convention. Attendance 8.

March 9, 1923. Joint meeting with the student branches
of A. S. M. E. and A. S. C. E. Subject: "Stokers." Speaker:
Mr. Walter Strunk. Attendance 30.

Syracuse University.-February 16, 1923. Subjects: "Elec-
trification of Railroads," by Mr. Paul Moore, and "Alinement
Charts," by Mr. Sidney Maunder. Attendance 19.

February 23, 1923. Subject: "Electric Propulsion of Ships."
Speaker: Mr. Stafford. Attendance 18.

University of Texas.-February 5, 1923. Two moving
pictures were shown "Back of the Button" and "After Fish on
Horseback." Attendance 16.

Virginia Military Institute.-February 7, 1923. Subject:
"Electric Propulsion of Ships." Speaker: Mr. R. L. Gatewood.
Attendance 34.

February 15, 1923. Joint meeting with local branch of A. S.
M. E. Subject: "Scientific Use of Concrete." Speaker: Col.
H. C. Boyden. The lecture was illustrated. Attendance 100.

University of Virginia.-February 1, 1923. The following
papers were presented: "Some Advantages of Electrification of
Steam Railway Trunx Lines in This Country," by Mr. W. M.
Abbott, "A Narrow -Gage Electrified Railway in South America,"
by T. R. Bunting, "Old Water Wheels of Paris," by Mr. F. E.
Davis, and "Manner in Which Electric Shocks Affect the Human
Body," by Mr. M. A. Cohen. Attendance 16.

February 15, 1923. Subject: "Some Fundamentals of Modern
Artificial Illumination." Speaker: Mr. Samuel G. Hibben, of
the Westinghouse Electric & Mfg. Co. Attendance 44.

University of Washington.-February 6, 1923. Subject:
"Management Engineering." Speaker: Mr. William Russell.
Attendance 24.

March 6, 1923. Subject: "Recent Construction in Trans-
mission and Distribution." Speaker: Mr. Magnus T. Crawford,
of the Puget Sound Power & Light Co. Attendance 30.

West Virginia University.-February 26, 1923. Papers
were presented: "Voltage Drop Caused by a Blown Fuse in a
Three -Phase System," by Mr. R. K. Park, "The Autovalve
Lightning Arrester," by Messrs. Ira A. Pitsenberger and Ira 0.
Myers, "Mr. Edwin II. Armstrong and Radio Telephony," by
Mr. C. B. Hutson, "Transatlantic Radio Telephony," by Mr.
Charles Snyder, "Limitations of Thermo -couples," by Mr.
Alfred C'hobaurel, "Electrons and II ot Filament" by Mr. C. W.
Addis, "Comparison of A -C. and D.C. Systems," by Mr. Leo D.
'folder and "Artificial Rain Making," by Mr. C. R. 'Annie.
Attendance 27.

University of Wisconsin. --February 14, 1923. Election of
officers and other business. Attendance 43.

February 28, 1923. Subject: "Electron Tubes," Speaker:
M r. E. M. Terry, of the Physics Dept. Attendance 63.

Yale University. --February 21, 1923. Subject: "Electric
Light and Power, Yesterday, Today and Tomorrow." Speaker:
Mr. Ayleswort h, of the National Eleetric Light Association.
Attendance W.
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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

he held by the bureau for one month only.

OPPORTUNITIES
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. Appli-
cation by letter stating experience fully. Salary
not stated. Location. Pennsylvania. R -36S.

TRANSMISSION LINE DRAFTSMAN
wanted by a large power company in western
Penna. Must be able to work up all field notes.
use sag tables and charts and design structures for
long spans. Prefer one who could qualify as squad
chief. Application by letter Salary not stated.
R -45S.

PARTNER with engineering ability ready to
invest *10.000 part of which could be paid over a
period of several months. desired for long es-
tablished prosperous business. Owner of business
unable to care for present organization and ex-
pansion. Application by letter. Location. New
York City. R-462.

ELECTRICAL ENGINEER to act as illumi-
nating engineer. Must have at least seven years
public utilities experience. particularly research
work along illuminating lines. Position pernta-
nent. Application by letter Salary not stated.
Location. Pa. R-466.

ELECTRICAL ENGINEER to assist hand-
ling electrical work in connection with electrical
machinery breakdown insurance. Nlust not Is'
over 35 years of age. technical graduate preferred.
preferably man a ho has taken student course at
some one of the large electrical manufacturing
concerns. This should have been followed by
some operating experience. Serve

ability. Moderate salary until insurance prac-
tises have been learned. Application by 11.t ter.
Salary not stated Location. Nen England
R -4s6.

NsTRucnnt in Physics for the w.sion 1923-
192-1. It is expected to make the appointment to
the position permanent after one year s satisfac-
tory service. Must have had 2 years air graduate
study and I year of teaching experience. Addi-
tional study or experience in teaching or applied
science is desired. but not required. Duties will
be to share in giving the courses in Physics and
assist In the electrical engineering dept.. if fleets-
sary. Total scheduled hours of teaching aill not
he more than IS per week, and probably less.
Exact assignment to duty will depend `UMW% hat
on training and desires of the appointee. Appli-
cation by letter. Salary not stated_ Location.
South. R-489.

ELECTRICAL ENGINEER with a -c. and d -c.
motor experience to write specifications and make
changes In windings and redesign when necessary.
Experienced men only considered. Application
by letter. Salary not stated. Location, N. J.
R-491.

ELECTRICAL ENGINEERING GRADU-
ATES having not less than 7 years experience in
substation design. switchboard design, etc.
Application by letter. Location. Pa. R-492.

MAN experienced in lamp testirx to act as
inspector at manufacturing plant. representing
purchaser of large quantities. Prefer not to have
G -E man. Application by letter. Location.
Canada. 8-493.

TECHNICAL EDITOR in research laboratory
to review manuscripts of both technical and
popular nature. and act as editorial critic to a staff
of eighty scientists. Must have university
education. preferably in some branch of engineer-
ing. with special training in English: proven
ability in editorial work. or in the teaching of
English composition to engineers: familiarity with
publishers' and printers' requirements. keen per-
ception: tact unusual thoroughness. Application
by letter. Location. AVisconsin. R-500.

EXPERIENCED HYDROELECTRIC ENGI-
NEER for service' in Northern New York. Appli-
cation by letter. R-504.

MECHANICAL or ELECTRICAL ENGI-
NEER SALESNIAN to open office in Chicago as
exclusive rpresentative of well established me-
chanical equipment manufacturer. Excellent
opportunity to develop this territory to support a
considerable selling force. Nlan under 35 desired.
Application b) letter giving all necessary informa-
tion. Salary not stated. Headquarters. Pa.
R-517.

ENtil NEER aith central station and steam
power plant design. 3-5 years experience.
Some drafting. specification and operating
Knowledge of power plant equipment, valves.
piping. etc. essential. Application by letter.
Location. N. Y. C. II -524.

ELECTRICAL ENGINEER for pov.er plant
drafting. transmission lines. Applicatii.;n in per-
.,ain Location. Mar3land., R-529.

CHIEF EN1;INEER for 15.000-1: w . steam
plant. NI tut b. under 40 )cars _Application
b) letter. Lot -at ion. Pa. R-557.

GENERAL 1:111,1 EN! A N fur foundry. machine.
blacksmith. and car shop: employing 150-200
men on repairs and inanufaet tire of equipment for
coal mining operation. Age 25-35. technical
graduate preferrd. with practical knowledge of
branches indicated. and execut is e and production
experience. Application letter stating age.
education. experience. salary required and personal
data. Location, Pa.

CuMNIERCIAL SWITCHBoARD ENGI-
NEElf Capable of handling engineering anti
conmwreial features of negotiations involving
purchase of power station switchboards. and
modern high-powered oil snitching equipments,
including high voltage and outdoor equipments.
Application by letter giving training, experience
and state salary expected. Location, Pa. R-559.

DESIGNER for steam and electric power
plant. Present plant Is 25.000 kw. and is to be

built up into 50-60.000 kw. Application by letter
Salary not stated. Location. Wyoming. R-584.

RECENT GRADUATE. Civil, Electrical.
Industrial or Mechanical Engineering, for plan-
ning and scheduling work in Standardization
Division. Affords an excellent opportunity to
apply engineering training in a broad way, to
general business administration as well as learn
the various phases of publishing. If possible
desire a man who has had very little, if any, busi-
ness experience. Application by letter. Salary
not stated. Location. Pa. R-613.

DESIGNER with power house, substation and
electrical distribution experience, Must do own
drafting. Application by letter. Location.
Canada. R-627.

DRAFTSMAN experienced in power house and
substation layouts. Application by letter. Sal-

ary not stated. Location. Alabama. R-631.
ELECTRICAL DRAFTSMAN. Men with,

some experience designing and detailing in co
nection with the planning of electrical install
thin in generating stations and substatio
Application by letter giving age. experience an
salary wanted. Location. Illinois. R-632.

ELECTRICAL DRAFTSMEN on wiring an
substation equipment particularly pertaining to
coal mines. Application by letter. Salary not
stated. Location. Illinois. R-666.

SEVERAL ELECTRICAL ENGINEERS
exprienced on design and construction of electri-
cal distribution systems for work on perpetual
inventories of elcctrical plants. Knowledge of
accounting desirable. Need underground and
plant construction men. Application by letter.
Location. N. Y. C. R-665.

FORE NI A N a it h long experience in the manu-
facturing of high -voltage insulators (above
100.000 volts( particularly familiar with the
mechanical equipment of such manufacturing.
Application by letter. Salary notLocation.stated-N. Y. C. R-670.

Pill EM AN with thorough training and experi-
ence in the manufacture of high -voltage insulators
familiar with the chemical anti thermal processes
of the production. Application by letter. Salary
not stated. Location. N. V. C. R-671.

SPECIALIST in insulating materials, partic-
ularly familiar with bakelite. Application by
letter. Salary nut stated. Location. N. Y. C.
R-672.

ENGINEERING GRADUATES to fill posi-
tions i various departments of telephone com-
pany with good opportunity for advancement.
Should Ie nut more than four years out of college,
ambitious, have good common sense and engi-
neering ability. No previous experience is neces-
sary. Application by letter. Salary not stated.
Location. Pa. R-676.

GRADUATE IN ELEC'TRIC'AL ENGI-
NEERING with one or two years experience with
public utilities wanted as Assistant to Superin-
tendent of Transmission in charge of operatio
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and maintenance of transmission lines and sub-
stations for a large eastern public utility. Appli-
cation by letter. Salary not stated. R-695.

TECHNICAL GRADUATES, preferably
experienced along electric power plant work.
Application in person. Salary not stated.
Location, N. Y. C. R-714.

POWER PLANT DRAFTSMAN. Should be
able to lay out in detail complete power plant from
start to finish. Application by letter. Location,
Ill. R-716.

ELECTRICAL ENGINEERING EXECU-
TIVE. Must know all electrical supply houses in
N. Y. to take charge of entire plant. Sign

experience desirable. Application by letter.
Salary not stated. Location, N. Y. R-731.

ELECTRICAL ENGINEER. experienced
on construction and operation of electrical trans-
mission lines up to 22.000 volts, on 3 -phase.
Must be able to stay on as maintenance man.
Application by letter. Location, Va. R-732.

INSTRUCTORS in growing Electrical Engi-
neering Department of state institution of high
rank in Middle West. Positions will pay from
$160-180 per month, depending on experience
and training of those selected. Well recommended
graduates from good institutions of 1923 will be
considered, but applications are desired for one
of the openings from those with some teaching
experience. Application by letter giving refer-
ences in first letter and experience in chronological
order. R-824.

SALES MANAGER in full charge of the terri-
tory which consists of the western half of Pennsyl-
vania. a good portion of W. Virginia and part of

Ohio. Position does not require constant travel-
ing, although frequent visits into the territory are
necessary. Graduated electrical engineer, pre-
ferably with practical shop training. Salary and
bonus. Application by letter. Headquarters.
Wisconsin. R-820.

MEN AVAILABLE
ELECTRICAL LABORATORY ENGINEER,

14 years' experience electrical and magnetic
measurements, and general technical and research
work, desires position in charge of work, or as
assistant to party in charge. Have held re-
sponsible positions in past. Specialized consider-
ably on magnetic materials, (2 years at steel
mills; past member A. S. T. M. committee mag-
netic properties; etc.) Age 36, single, technical
education, minimum salary start $175.00. Eastern
locality preferred. E-4199.

ERECTION SUPERINTENDENT with
broad experience unloading transporting, install-
ing and repairing power house and substation
machinery, high-tension switch and bus structures,
switchboards, instruments, etc. Also extensive
industrial installations, both mechanical and
electrical including compressors cranes, blowers.
pumps, piping, etc. Technical education. For-
mer officer Engineer Corps, U. S. Army. Avail-
able immediately. E-4200.

PRACTICAL TECHNICAL ELECTRICAL
ENGINEER, 4 years' G. E. and Allis-Chalmers
Test, erecting and operating experience. Ex-
perienced superintendent of maintenance, power
and efficiency operation, desires position as
assistant superintendent, or superintendent of
power, maintenance or like responsible position.
A vallable, at once. E-4201

CHIEF ELECTRICAL DRAF'T'SMAN, tech-
nical graduate with several years' experience on
ship electrical plans, calculations, estimates and
In supervision of drafting force seeks new position
In similar or equivalent line. Available about
April I, 1923. Best of references. E-4202.

ELECTRICAL ENGINEER, age 20, univer-
sity technical graduate, 2 yearn' steam engineering
and eombustion experience In the U. S. Navy,
1 year power plant and substation design awl
layout, 5 years lighting and power design and
Installation for commercial and industrial plants.
Desires position with consulting engineer or

superintendent
E-4203.

YOUNG ELECTRICAL ENGINEER, receiv-
ing B. S. in E. E. degree from Iowa State in June
1923 and having some experience in power plant
practise and general contracting, would like
to become connected with a firm of electrical
contractors. Salary no object. Available June
15th. E-4204.

RESEARCH DIRECTOR. Engineer ex-
perienced in the managing of organized research,
desires to secure position as research director.
Can organize new research department or manage
one existing. Has managed large cooperative
research organization and has wide contacts
with engineers. E-4205.

RADIO ENGINEER desires permanent loca-
tion with radio research or manufacturing concern.
Several years contact with radio field; operating,
research, teaching and merchandising. Unques-
tionable references furnished. Managerial abil-
ity. Past 24 months employed as New Business
Manager of public utility operating over 60 mil,
6 -city, system. E-4206.

YOUNG MAN desires permanent position
in electrical department of a progressive concern.
25 years of age, university graduate with degree
in electrical engineering. Fifteen months' ex-
perience in General Electric test, followed by one
year as a practical electrician. Student of the
Alexander Hamilton Institute business course.
Available at once. Location not essential, west,
preferred. E-4207.

ELECTRICAL ENGINEER AND PHYSI-
CI ST. age 31, graduate and post -graduate degrees
from leading universities, at present Assistant
Professor of Electrical Engineering and Physics
in large institution, open for consideration of new
position. Thorough knowledge of mathematical
and experimental physics; research experience
includes period at Bureau of Standards and com-
mercial laboratory work, also experience as exam-
iner in Patent Office. Specialist in radio com-
munication. Member, American Physical
Society. Will consider responsible research
position or Associate Professorship. E-4208.

UNIVERSITY GRADUATE, receiving B. S.
in E. E. degree in June, 1923, desires connection
with a reliable manufacturing or consulting firm.
Knowledge of accounting and general business
training. Speaks foreign language. Hard
worker (self educated) . Age 25. Location
immaterial. Available June 15. E-4209.

ASSOCIATE PROFESSOR OF ELECTRI-
CAL ENGINEERING desired, $3200. Five
years' practical experience in central stations.
power plant, distribution and commercial
branches. Telephone engineering, switchboards,
cable testing. Seven years' responsible teaching.
Degree, M. E. 1910. Qualified to teach theory
and practise of Electrical Engineering, Commer-
cial Engineering and Communication Engineering.
E-4210.

ELECTRICAL ENGINEER, age 41, married,
graduate Cornell University, Westinghouse ap-
prentice, 17 years' experience in electric railway,
hydroelectric, mining and industrial applications,
and in electric property valuation work. Al
present in business tinder own name as consulting
electrical engineer on Pacific! Coast. Desires
position with well established firm of consulting
engineers or with contracting, mining or industrial
concern. E-4211.

ENGINEERING NIA N lt, with wide
experience, (1. E. test, G E. switchboard and
station layout design with prominent consulting
engineers, commercial work, design mid construc-
tion of distribution systems, now managing
successful municipal system, wishes to secure
management or responsible situation a it h larger
system. E-4212.

EX !WWII V E -SA LES EN( I N It, technical
graduate desires connection in sales department
of progressive manufacturing concern located
In middle west. Twelve years' experience in
executive arid sales work with largo electrical
manirfaxt urer. E-4213.

of electrical construction. MECHANICAL AND POWER ENGINEER,
B. S. and M. E. eight years' broad experience,
machine shop, metallurgy, sugar refinery design
and layout, industrial and power plant practise.
operation, design, layout, calculations, heat
balance, steam, water, power requirements, etc.
investigation, reports. Desires responsible con-
nection of high type. E-4214.

ELECTRICAL ENGINEER, technical gradu-
ate 1918, two years operation design, and con-
struction of electrical power plants, two and one
half years in design and manufacturing of switch-
boards and panel boards. Desires central station
work with private eompany, or with consulting
or contracting engineers. Location preferred,
Missouri or farther west. Age twenty nine,
married, salary $3600. E-4215.

PROFESSOR OF ELECTRICAL ENGI-
NEERING, with B. S. and E. E. degrees from
major universities, two years' post -graduate work.
Four years, factory test and design experience:
Eighteen months in charge of high-tension line
and substation construction. Eight years' con-
sulting and teaching experience. Age 38, mar-
ried. Desires more responsibility for Electrical
Design courses than now held. Available Sept.
1, 1923. E-4216.

YOUNG ELECTRICAL ENGINEER, single.
receiving M. S. degree from Mass. Inst. of Tech.
in June, wishes to become connected with some
power company having high-tension transmission
lines. Understands French, German and Spanish,
Student member of A. 1. E. E., 15 months G. E.
Co. test. Master's thesis is on a -c. transients on a
smooth artificial transmission line. E-4217.

PROFESSORSHIP OR ASSOCIATE PRO-
FESSORSHIP, desired in electrical engineering.
Two years power plant operation and mainte-
nance, Lt. signal corps, U. S. Army. Three years
teaching, last two in charge of Electrical Engi-
neering Lab6ratory instruction in well known
technical institution. 13. S. in E. E. and M. S.
E-4218.

ELECTRICAL ENGINEER, 25, married,
experienced in hydroelectric operation, electrical
maintenance, plant engineering and construction,
with initiative and executive ability, desires
position as electrical superintendent, or plant
engineer with manufacturing concern. 3 years'
G. E. test. Employed as Electrical Supt. and
Plant Engineer in paper mill. Preferably
Eastern States. E-4210.

ELECTRICAL ENG I NEER. Technical
graduate, 1912. Comprehensive experience in
responsible capacities with selection, installation
and operation of modern motor and control appli-
cations, and power generation, as applied to steel
mills. Desires permanent and responsible position
with progressive steel plant or similar organiza-
tion, or with established consulting electrical
engineer. Ago 33. Married. Member A. I.
& S. E. E. Registered Professional Engineer
State of Pennsylvania. At present employed.
E-4220.

SUPERINTENDENT. Electric light awl
power plant, water works, street railway, gas
plant, or combination of aboire utilities. Elec-
trical and Mechanical Engineer, 36 years old,
married; American. 12 years' practical ex-
perience, design, construction, valuation and
operation of above named utilities addition to
technical education, location, South, Middle West
or foreign. Salary S3000. Available on ten
(lays' notice. E-422 I .

ELECTRICAL ENGINEER. Technical
graduate, age 31, Westinghouse test and railway
engineering experience. Two years, operation
maintenance and construction substation, trans-
mission and distribution systems, rolling mills,
cranes and electric furnaces. Four years, instruc-
tor and assistant professor of Electrical Engineer-
ing. Available Jul3 1st, New York vicinity
preferred. E-4222.

SU M M It It E M PLO YMENT DESIRED BY
I N MT ItUCTO it IN ELECTRI CA ItNti I-
N E It Itl NG at well known state university in
middle west. Experience Includes Westinghouse
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student course and test floor work, radio work in
Air Service and two years of teaching in laboratory
and power plant design. Construction, design,
operation or other work desired with view of
permanent. connection in a year or two. Moder-
ate salary sufficient. E-4223.

CERTIFIED TECHNICAL PATENT EX-
PERT, patent investigator and patent specifica-
tion writer and prosecutor. Experienced lawyer.
Patent, solicitor, technical expert and engineer.
Act. Mem. the Society American Military Engi-
neers. Desires connection with opportunity to
earn $5000 per year. E-4224.

ELECTRICAL ENGINEER (M. E. and Ph.
B. degrees, -specialized in electrical engineering)
U. S. citizen: several years' practical experience:
desires associate or assistant professorship of elec-
trical engineering in North America or where the
English language is usually spoken: single;
age 38. E-4225.

MECHANICAL ENGINEER desires position
'as chief draftsman or engineer in charge of design,
32 years old. Cornell graduate, 1912. Seven
years designing, paper mills and hydroelectric
plants. Seven months construction superin-
tendent. Present salary $3000. E-4226.

ELECTRICAL ENGINEER, receiving B. S.
degree in June 1923. Four and one-half years
substation construction and maintenance and
power dispatching for large electric railway
system. One year at same work with large light.
and power company. Available July 1. Age 27.
E-4227.

TECHNICALLY EDUCATED MAN, 32
years of age, is looking for a business opportunity
in electrical line. Can invest up to 84000 and
services in a clean cut and paying business. The
best of references furnished and expected. Sales,
power or construction opportunity desired. E-
4228.

NIGHT WORK, Mechanical. Electrical Engi-
neer, employed through the day, would like 2-4
hours evening work in power house or as in-
structor. E-4229.

SALESMAN OR SOLICITOR for house wiring
contracts. Location. New York, New Jersey or
New England States. Compensation: salary
or commission. Technical school and electrical
experience. At present employed. Available
April 15th. E-4230.

SALES ENGINEER -34 years old, graduate
electrical engineer with personality and aggres-
siveness. Ten years' experience construction and

 selling building and electrical supplies. Large
acquaintance among architects. contractors, buil-
ders and dealers. Metropolitan and Long Island.
would like to become associated with a rated
concern. Will furnish car. E-4231.

ELECTRICAL CONSTRUCTION FORE-
MAN. Canadian. age 36. married. Twenty
years' experience construction, maintenance and
operation. Central stations. substations and

industrial plants. Both steam and hydroelectric.
Desires position in Canada, Niagara, district of
Ontario preferred. Best references. E-4232.

ELECTRICAL ENGINEER, technical gradu-
ate with 13. S. degree, and practically no experi-
ence, desires employment. Salary not primary
object. Willing to go anywhere. E-4233.

ELECTRICAL ENGINEER. Age 31. N I ar-

ried. Graduate 1916. Experienced with G. E.
coal mining concern, public utilities in layout,
design, construction of electrical structures for
power generation, transmission, application and
control. Desires connection with steel company
or concern having heavy, large scale power appli-
cations. Object of change, more responsibility.
Location, Pittsburgh or district. Salary, $3600.
E-4234.

ELECTRICAL ENGINEER, 1922 graduate,
seeks good opening with a concern, preferably in
N. Y. City. Experience in service division of
public utility company: at present employed.
Will consider both commercial and technical
positions. E-4235.

ELECTRICAL ENG I NEER. age 3.1. General
Electric test and 11 years' experience on the de-
sign, construction and operation of stations, sub-
stations, transmission and distribution systems.
Desires position with consulting engineer or large
holding company. E-4236.

ENGINEER -E. E., 1917. Westinghouse
test and engineering department. Industrial
engineering and teaching experience. Business
training. Desires position in executive capacity
or as betterment engineer. Available within
reasonable time. E-4237.

YOUNG MAN, twenty-six. E. E. degree 1921,
with engineering and business experience, wishes
to join an organization offering an opportunity for
a career in engineering or allied work. E-4238.

SALES ENGINEER -Experienced technical
graduate desires position as sales representative
or district agent in N. Y., N. J. or eastern Penna..
with well established company offering a high
grade electrical product of merit. Salary and
commission. Available one month. E-4239.

ELECTRICAL ENGINEER, age 30, technical
graduate, desires position. 8 years' experience,
exclusive college course, in construction, mainte-
nance and operation of hydroelectric and steam
plants, a -c. and d -c., storage battery. Diesel
motor plants and other oil -burning motors.
high -voltage transmission lines and light and
power distribution. At present employed but
available on short notice. Location immaterial.
no objection to going to foreign country. E-4240.

SALES ENGINEER AND REPRESENTA-
TIVE desires connection with manufacturer of
high and low-tension switching and distribution
equipment. Experienced in the design of sub-
stations and the sales of related equipment.
E-4241.

E LECT 'CAL ENGINEER, technical gradu-
ate, married. G. E. test and engineering and
four years In design, construction and operation
of large radio stations. Now employed but
desires change 1 o position where ho can make per-
manent residence. E-4242.

TECHNICAL GRADUATE, II. H. in E. E.:
Assoc. A. I. E. E.. age 25, single. Has broad
training in fractional horse power motor produc-
tion, designing and estimating on electrical
construction work. 1/esires position with a
concern where theoretical and practical training
can best be utilized. Willing worker, easy to get
along with. Location immaterial. E-4243.

MANAGER experienced In every branch of
electric public utility engineering, construction,
sales and management. Well versed in develop-
ment of industrial power business, production of
good service, satisfactory relations with customers
and public. Technical graduate. E-4244.

ELEC'T'RICALENGINEERING graduate.
at present and for the past three years success-
fully carrying on the design of large industrial
substations, a -c. and d -c. switchboards and safety
engineering work, and three years design of elec-
trical measuring and testing instruments. De-
sires connection with engineering or manufactur-
ing company anywhere in the east or middle west,
although middle eastern states preferred. Salary
dependent upon location. E-4245.

UNIVERSITY technical graduate receiving
degree of E. E. this June desires an opportunity
with an engineering firm, power company or elec-
trical apparatus manufacturing company. Now
completing teaching fellowship term of two years
at a middle west state university. Subject of
thesis: "The Application of Radio Telephony to
Power Transmission Lines." Willing to go any-
where. Can supply very good references. Age
24, unmarried. Available July 1st. E-4246.

MANUFACTURERS' SALES AGENT, thor-
oughly reliable, graduate engineer, age 37, with
established facilities (30 Church St., N. Y. C.)
experience. connections, ability and energy for
getting business on technical lines in New York
City district. seeks good line for immediate ex-
ploitation. E-4247.

EXECUTIVE. Construction, operation and
maintenance, electrical and mechanical equipment.
design, purchasing, also management of electrical
merchandising. and automotive lines. Wide
experience central station and industrial plants
economical handler of labor and material. E-4248

ELECTRICAL ENGINEER & MECHANI-
CAL DRAUG HTSMAN. University Tech. Grad.
(London) Assoc. A. I. E. E., 28, desires connec-
tion in San Francisco in vicinity with manufac-
turing or sales organization. 8 years practical
and technical experience in generations and
industrial applications of electricity. Some
experience instructing a -c. and d -c. arithmetic.
Employed but desires betterment. Salary $180
minimum. E-4249.
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MEMBERSHIP-Applications, Elections, Transfers, Etc.

ASSOCIATES ELECTED MARCH 16, 1923

ABBINK, JOHN, Business Manager. "Ingenieria
International." McGraw-Hill Co.. 10th Ave.
& 36th St.. New York, N. Y.

ACLY, HARRY MAURICE, Designing Me-
chanical Engineer. General Electric Co.,
Pittsfield. Mass.

ADAMS. MERLE J., Inspector of Automatic
Substations. Cleveland Railway Co., Cleve-
land. Ohio.

ALCUS, LEWD SCHERCK, Experimental
Tester, Century Electric Co.. 1827 Pine St.,
St. Louis, Mo.

ATJAN, JOHN, c/o A. L. McDonough, Rose St.,
Plainfield, N. J.

*ANDERSON, ARVID ENGLEBERT, Design-
ing Engineer. Switchboard Dept.. General
Electric Co., Schenectady, N. Y.

ANDERSON, ARVID E., Electrical Mechanic,
Potomac Electric Power Co., Washington:
res., Cleveland Park, D. C.

*ANDERSON, EDWARD S.. Engineer, Electri-
cal Construction, Minn. & Ontario Paper Co.,
International Falls, Minn.

ANDERSON, JOHN L., Instructor, Applied
Electricity, Tuskegee Institute, Tuskegee.Ala.

ANDERTON, ROBERT HYDE, Asst. Examiner
Division 26, U. S. Patent Office, Washington,
D. C.

ANTHONY. WILLIAM TIMMS, General Traffic
Engineer, Ohio Bell Telephone Co., 4300
Euclid Ave., Cleveland, Ohio.

BAGWELL, OMAR C., Transmission & Protec-
tion Engineer, The Ohio Bell Telephone Co.,
4300 Euclid Ave.. Cleveland, Ohio.

BANTHIN. JOHN FREDERICK. Inspector,
Motor Division. General Electric Co., Bridge-
port. Conn.

BARRY. WILLIAM G., General Commercial
Supt.. The Ohio Bell Telephone Co.. 4300
Euclid Ave., Cleveland, Ohio.

*BECK, HERBERT H., Student, University of
Wisconsin, Madison: res.. Fond du Lac, Wis.
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l*BECKER, MATTHEW MICHAEL. Electrical
Estimator, Novelty Electric Co., 154 W.
20th St., New York. N. Y.

BENNETT. ARTHUR FORESTER, Telephoen
Engineer, Western Electric Co., Inc., 463
West St.. New York: res.. Richmond Hill,
N. Y.

1.*BERG, HARRY ANDREW. Statistician &
Asst. to Supt. of Distribution, New York
State Gas & Electric Corp., 123 S. Cayuga
St.. Ithaca. N. Y.

:*BERG, LAWRENCE R., Tester, Puget Sound
Power & Light Co.,.7th & Olive Sts.. Seattle,
Wash.

*BERG, MARTIN H., Electrical Draftsman, The
Milwaukee Electric Railway & Light Co.. 327
Public Service Bldg., Milwaukee, Wis.

BERGEY, STANLEY LA RUE. Inspector of
Power Equipment, Western Electric Co.,
Inc., 104 Broad St.. New York; res., Brooklyn,
N. Y.

11 BERKELEY. BYRON HOWARD, Student.,
Pratt Institute; for mail, 143 St. James Place,
Brooklyn, N. Y.

B1EHL, GEORGE, Foreman, Manual & Semi -
Mechanical Installation, Western Electric
Co., 397 Hudson St., New York: res., Brook-
lyn, N. Y.

.BIGALOW, RALPH K., Stores Manager.
Western Electric Co., 6215 Carnegie Ave..
Cleveland. Ohio.

fl BILHEIMER, A. G. A., Chief Electrician. Dexter
Portland Cement Co., Nazareth, Pa.

IIBILLINGTON, HARRY CHARLES, Electri-
cian, Washington Mills, American Woolen
Co.. Lawrence, Mass.

*BLACK, HAROLD STEPHEN, Engineer,
1. Western Electric Co.. 463 West St., New York,

N. Y.
BOLLIER, GEORGE JULIUS, Switchboard

Engineer. The Pacific Tel. & Tel. Co., 835
Howard St.. San Francisco, Calif.

*BONORDEN, ALLEN RUDOLF, Engineer,
The Pacific Tel. & Tel. Co., 602 Sheldon
Bldg., San Francisco, Calif.

BOWEN, HERBERT REED,Div. Constr. Super-
intendent. Cleveland Telephone Co.. 6205
Carnegie Ave., Cleveland, Ohio.

BOWMAN, BRICE, Development Engineer, The
Ohio Bell Telephone Co., 4300 Euclid Ave..
Cleveland, Ohio.

BRATT, DONALD, Electrical Engineer, Power
Engineering Dept., Westinghouse Elec. &
Mfg. Co.. E. Pittsburgh, Pa.

BROGAN, ARTHUR RODDY, Electrical Tester,
Western Electric Co., 104 Broad St.. New
York, N. Y.; for mail, Brooklyn, N. Y.

BROWN, HENRY A., Foreman, Return Circuit
Dept., The Cleveland Railway Co.. 8104
Harvard Ave., Cleveland, Ohio.

BROWN, LEON M., Electrical Engineer, Engi-
i neering Dept.. Washington Water Power Co.,

Spokane, Wash.
BROWNRIGG, ABEL L., Patent Attorney,

Woolworth Bldg., New York, N. Y.
BUMBAUGH, HAROLD L., Student, Engineer-

ing Dept., Stanford University, Stanford
University, Calif.

BUTLER, FRANK A., Manager, Machinery
Dept., Orgill Bros. & Co., 505 Tennessee St.,
Memphis, Tenn.

BUTLER, SAM UEI. F., Telephone Engineer,
Western Electric Co., 463 West St., New
York, N. Y.

CAINE, ROBERT CLARENCE, Special Engi-
neer, Battery Mfg. Div., The Cooper Corp.,
Dunbar Place & B. & 0. R. It., Madison-
ville, Cincinnati, Ohio.

CAKE, HAROLD HASEurt NE, Draftsman,
Pacific Power & Light (Jo., (fiasco Bldg.,
Portland, Ore.

CA LLAHAN, JAMES J., Amt. Chief Operator,
Cleveland Railway (Jo., Cedar Ave. Substa-
tion, Cleveland, Ohio.

CA LLAWAY, ALLEN JOY, Sales Manager,
Western Electric Co., 41 W. Broadway, Malt
Lake City. Utah.

CAMPION, L. J., Division Commercial Engineer,
The Ohio Bell Telephone Co., 204 Electric
Bldg., Cleveland, Ohio.

CANNOCK, RICHARD HAROLD IVOR, Fore-
man, Telephone Dept., Cerro de Pasco Cop-
per Corp., Casilla 1141, Lima, Peru. S. A.

*CARNEY, JAMES CAMPBELL, Sales Engi-
neer, Cutler -Hammer Mfg. Co., 50 Church
St., New York. N. Y.

CARNEY, JOHN VINCENT. Electrician, I.
Stark & Co.. 346 Tompkins Ave.. Brooklyn,
N. Y.

CA SSERLY, JAMES F., Supt. of Supplies &
Motor Vehicles, The Ohio Bell Telephone Co.,
4300 Euclid Ave.. Cleveland, Ohio.

*COTTER, JAMES LAURENCE, in., Engineer.
Engineering Dept., Wagner Electric Corp..
St. Louis, Mo.

*CRAVEN, WILLIAM M., Office Engineer,
Alabama Power Co., Brown -Marx Bldg.,
Birmingham, Ala.

CSOHAR, STEPHEN FRANK. E. New Bruns-
wick, N. J.

*CULLUM, URIEL XERXES, Industrial Sales
Engineer, Westinghouse Elec. & Mfg. Co..
1212 Hamilton National Bank Bldg., Chatta-
nooga, Tenn.

*DANIELS, HAROLD CHAUNCEY. Engi-
neering Clerk, Monongahela Power & Rail-
way Co., Fairmont, W. Va.

*DANIEL. HOMER NEUHAUSER, Sales
Engineer, Century Electric Co., 1827 Pine
St., St. Louis. Aro.

DAVIES, LEO A., Manager, Western Electric
Co., Inc.. 6215 Carnegie Ave., Cleveland,
Ohio.

*DAY, HAROLD PATON SCOTT, Transmission
Engineer, Wisconsin Telephone Co., 418
Broadway, Milwaukee, Wis.

DEAL. RALPH CAMPBELL, Electrical Engi-
neer, Virginia -Western Power Co., Clifton
Forge, Va.

*DEMUTH. ORIN ANTON, Draftsman, Boeing
Airplane Co.. 330 W. Front St., Seattle,
Wash.

DENBIN, ADOLPH G., Testing Dept., The New
York Edison Co., 92 Vandam St., New York;
res.. Richmond Hill, N. Y.

DENNIS, ROBERT E., Asst. Chief Electrical
Engineer. Westchester Lighting Co., Mt.
Vernon, N. Y.

*DE SOIGNE, EDWARD, Student Engineer,
1, Boulevard du Nord, Namur, Belgium.

DE WEESE, FRED C., General Superintendent,
Eastern Minnesota Power Co., Pine City,
Minn.

DIBNER, BERNARD, Draftsman, Engineering
Dept., Adirondack Power & Light Corp.,
Schenectady, N. Y.

*DICIANNE, LEO JAMES, Student Engineer,
-Wagner Electric Corp., 6400 Plymouth Ave.,
St. Louis, Mo.

El SEN. .1., Electrical Research & 'resting,
National Conduit & Cable Co., Hastings -on -
Hudson; res., Yonkers, N. Y.

*ELDER, MAURICE EDSON, Construction of
Transmission Linos, 412 N. Main St., Ada,
Ohio.

ELLER, FREDERICK WILLIAM, Sales Engi-
neer, Kopplo Industrial Car & Equipment
Co., Room 315, 30 Church Mt., Now York;
res., Woodhaven. N. Y.

IPA RI3A N K S. HERBERT NORMAN, In-
structor, U. S. Marine Corps Signal Schools,
Quantico, Va.

*F E NSTERMAC II ER, WALTON SAMUEL,
Student Engineer, Wagner Electric Corp.,
St. Louis, Mo.

*FISKE, C AR LE S STEWART, Transformer
Engineering Dept., Westinghouse Elec. &
Mfg. Co., E. Pittsburgh; roe., Wilkinshurg,
Pa.

*FLOCOS, GEORGE N., Salesman, bloom &
Xldis Co., 514 Wylie Ave., Pittsburgh, Pa.

*PO REST, IIEN R Y CLARK, Draftsman.
American Locomotive Co., Schenectady,
N. Y.

FROTHINGHAM, SAMUEL, in., Electrical
Engineer, J. Livingston & Co., Inc., 70 E.
45th St., New York, N. Y.

FULLMAN, CHESTER ARTHUR, Electric
Trouble Man, United Verde Copper Co.,
Clarkdale, Ariz.

GALE, GUSTAVE WILLIAM, Trunk Engineer.
The Ohio Bell Telephone Co., 6215 Carnegie
Ave., Cleveland, Ohio.

*GEORGE, DARCY M., Draftsman, Pennsyl-
vania Power & Light Co., 835 Hamilton St.,
Allentown; res., Nazareth, Pa.

GOODE, JAMES T., Operator,  Substation.
Potomac Electric Power Co., 14th & C Sts.,
N. W., Washington, D. C.

GRAETER, GEORGE E., Chief Engineer, Ohio
Bell Telephone Co., 4300 Euclid Ave.,
Cleveland, Ohio.

GRAHAM, DAVID THOMPSON. Electrical
Instrument Maker, Leeds & Northrup Co.,
4901 Stenton Ave., Philadelphia, Pa.

GRAY, EMMONS T., Head of Engineering Dept.
Depew & Lancaster Light, Power & Conduit
Co., Lancaster, N. Y.

*GRIFFIN, SPENCER ALDEN, Electrical
Engineer, E. Springfield Works, Westing-
house Elec. & Mfg. Co., Springfield, Mass.

GRIMMONS, JOHN ALDRICH, Asst. to Elec-
trical Engineer, Malden Electric Co., 139
Pleasant St., Malden; res., Somerville, Mass.

*GRISWOLD, DEMETRIUS WILBUR, Asst.
Professor, Electrical Engineering Dept..
University of Santa Clara, Santa Clara.
Calif.

GUNDERSON, N. E., Sales Dept., Wagner
Electric Corp., 6400 Plymouth Ave., St.
Louis, Mo.

HAGEMANN, EDWIN CHARLES, Telephone
Engineer, General Development Laboratory,
Western Electric Co., 463 West St.,New York.
N. Y.

HAMILTON, ELVIN A., Chief Clerk, The Ohio
Bell Telephone Co., 4300 Euclid Ave.. Cleve-
land, Ohio.

HANNA, HARRY S., Rate Engineer, The Ohio
Bell Telephone Co., 4300 Euclid Ave., Cleve-
land, Ohio.

*HATCHER, CHARLES T., Asst. Engineer.
United Electric Light & Power Co., 130 E.
15th St.. New York, N. Y.

*HAYWARD, LAURENCE WILLIAM, Con-
struction Dept., General Electric Co., 84
State St., Boston, Mass.

*HEILMAN. RUSSELL HOWARD, Industrial
Fellow Mellon Institute, University of
Pittsburgh, Pittsburgh, Pa.

HEIMLICH, HERMAN ROBERT, Head Tester,
General Electric Co., Ft. Wayne, Ind.

HENNINGSEN, GLENN L., Salesman, States
Electric Service Co.,1011 Farnum St., Omaha,
Neb.

HERTZBERG, HARRY, In Charge of Engi-
neering Dept., Magnus Electric Co., Inc..
451 Greenwich St., New York; res., Brook-
lyn, N. Y.

*HEUBEL, FRANK NICHOLAS, Investigating
Engineer, Western Electric Co., 3346 W.
62nd P1., Chicago,

HIGGINS, RALPH, Electrical Engineer, Ohio
Insulator Co., Barberton, Ohio.

HILLMAN, AUGUST C., Engineer in Charge of
59th St. & 74th St., P. S., Intorborough
Rapid Transit Co., 600 W. 59th St., New
York; roe., Rutherford, N. J.

HINTZELMANN, CARL LUDWIG, Supervisor
of Methods & Results, The Ohio Boll Tele-
phone Co., 4300 Euclid Ave., Cleveland,
Ohio.

II TE SH UE , GEORGE PHILIP, Electrician,
West Penn Power Co., Pittsburgh; res.
Now Kensington, Pa.

110111', 110R AO E S., Di vision Plant Engineer,
Now England Tol. & Tel. Co.. 295 Worthing-
ton St., Springfield, Mass.
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HOLZ, WILLIAM EDWARD, Chief Clerk to
General Supt. of Plant, The Ohio Boll
Telephone Co., 4300 Euclid Ave., Cleveland,
Ohio.

HORN, KARL WILLARD, Central Office Serv-
ice, Western Electric Co., 0215 Carnegie
Ave., Cleveland, Ohio.

HOWDEN, HERBERT JAMES, Substation
Operator, Great Western Power Co., Antioch,
Calif.

*HUFF, CLAYTON WESLEY, Sales Engineer,
General Electric Co., 819 Spitzer Bldg.,
Toledo, Ohio.

*HUNTING, HAROLD STANLEY, Engineer-
ing Dept., Public Service Co., 129 N. Genesee
St., Waukegan, Ill.

*HUNTLEY, HAROLD R., Transmission Engi-
neer, Wisconsin Telephone Co., 418 Broad-
way, Milwaukee, Wis.

HUSTON, MARSHALL N., General Contract
Agent, Southwestern Bell Telephone Co.,
Boatmens Bank Bldg., St. Louis, Mo.

JENKINS, CHARLES HENRY, Technical
Asst., Underground System, Bureau of Power
& Light, City of Los Angeles, 207 S. Broad-
way, Los Angeles, Calif.

JOHNSON, ANDREW J., Power Inspector,
Western Electric Co., Inc., 104 Broad St..
New York, N. Y.; res., Arlington, N. J.

JOHNSON, FRANK C., Apprentice Electrician.
U. S. Navy Yards, Bremerton. Wash. .

*JONES, FREDERICK MAcLEAN, Testing
Dept., General Electric Co., Schenectady,
N. Y.

JONES, OSCAR I.. Chief Colliery Electrician.
Hudson Coal Co., 1705 N. Sumner Ave.,
Scranton, Pa.

JONES, PAUL ACIE, Operator, Potomac
Electric Power Co., 1001 Harvard St., N. W.,
Washington, D. C.

KAEHNI, WILLIAM L., Telephone Engineer,
American Tel. & Tel. Co., 4300 Euclid Ave.,
Cleveland, Ohio.

KARCHER, JOHN CLARENCE, Physicist,
Bureau of Standards, 305 N. W. Bldg.,
Washington, D. C.

*KARPF, LEON J., Electrical Draughtsman.
New York Edison Co., 15th St. & Irving Pl..
New York; res., Brooklyn, N. Y.

KENNY, THOMAS ALBERT, Circuit Analysis
Engineer, Western Electric Co., 151 -5th Ave.,
New York; res., Brooklyn, N. Y.

KING, GEORGE EDWIN, Control Engineering
Dept.. Westinghouse Elec. & Mfg. Co., E.
Pittsburgh; res., Wilkinsburgh, Pa.

KINZLY, NELSON T.. Engineer, Nashville
Railway & Light Co., Nashville, Tenn.

KNAPP, LESTER H., Asst. General Superin-
tendent. Mississippi River Power Co..
Keokuk, Iowa.

KOENITZ, ARTHUR CHARLES, Chief Engi-
neer, Wappler Electric Co., 162-182 Harris
Ave., Long Island City; res., New York. N. Y.

*KRATZER, ROY EDGAR. Testing Dept.,
Westinghouse Elec. & Mfg. Co., 912 South
Ave., Wilkinsburg, Pa.

LANE, R. H., Sales Dept.. Wagner Electric
Corp., 5644 Maple Ave.. St. Louis, Mo.

LAYTON, L. W., Div. Traffic Superintendent.
Ohio Bell Telephone Co., 4300 Euclid Ave.,
Cleveland, Ohio.

LEA, ROLAND A., Senior Electrical Distribu-
tion Engineer, Union Electric Light & Power
Co., 315 N. 12th St., St. Louis, Mo.

*LEE, STEWART, JR., Asst. in Electrical Engi-
neering Dept., Pennsylvania Railroad, Al-
toona, Pa.

LEH, HOWARD N., Superintendent, Phoenix
Portland Cement Co., Nazareth, Pa.

LEINARD, HOWARD ORVILLE, Asst. to
Vice -President, American Tel. & Tel. Co.,
4300 Euclid Ave., Cleveland, Ohio.

LENTZ, GEORGE W., Electrical Engineer,
General Electric Co., Pittsfield, Mass.

LEWIS, FRANK HILARY, Operator, Spokane
& Eastern Railway & Power Co., Spokane,
Wash.

LEWIS, HARRY HERBERT, State Electrical
Inspector, Dept of Labor & Industries,
Olympia; res., Seattle, Wash.

LINDAMAN, HARVEY W.. General Commer-
cial Supervisor, Ohio Bell Telephone Co.,
4300 Euclid Ave., Cleveland, Ohio.

LORANGER, JOHN GEORGE, Engineer, Ohio
Boll Telephone Co., 4300 Euclid Ave..
Cleveland, Ohio.

LOUGH, ALEXANDER I., Div. Maintenance
Superintendent, The Ohio Bell Telephone
Co., 6205 Carnegie Ave.. Cleveland. Ohio.

LYND, JOSEPH M., Substation Maintainer.
Illinois Traction System, Cor. 9th & Adams
Sts., Springfield, Ill.

LUTZ, WILLIAM g., Asst. Engineer. New York
Telephone Co., 104 Broad St., New York,
N. Y.

MACADAM, ANTHONY HUGH, Engineer of
Underground Construction,Westchester Light
Co., Mt. Vernon; res., Port Chester, N. Y.

MacLEOD, FRED WILLIAM, Switchboard
Man, Michigan State Tel. Co., 1725 -12th St.,
Detroit; res., Ferndale, Mich.

MANWARING, ROBERT A.. Manager, The
United Illuminating Co., 128 Temple St.,
New Haven. Conn.

*MARK, ISAAC, JR., Illuminating Engineer,
New York Edison Co., Irving Pl. & 15th St
New York, N. Y.

MARSHALL, WILLIAM R., Manager, Dist.
Office, Westinghouse Elec. & Mfg. Co..
Ellicott Sq. Bldg., Buffalo, N. Y.

MARTER, E. BUDD, 3rd, Asst. Grounding
Supervisor, Philadelphia Electric Co., 23rd
& Market Sts., Philadelphia. Pa.: res.,
Burlington, N. J.

*MARTIN, EDMUND BUTTS, Draftsman,
D. P. Robinson & Co., Inc.. 308 Market St..
New Orleans, La.

MASTERS, WILLIAM A., Inspector of Auto-
matic Substations, Cleveland Railway Co.,
Cleveland, Ohio.

MATERN, WILLIAM HERMAN. Student
Engineer, General Electric Co., Schenectady;
res.. Scotia, N. Y.

*MATTHEWS, ALFRED HOWARD, Engineer,
W. Virginia Engineering Co., Williamson,
W. Va.

McENTEE, LAWRENCE CAMERON, Arma-
ture Winder, Union Pacific Coal Co., Reliance.
Wyo.

*McILVAINE. HUBERT ALLAN, Electrical
Engineer, Vacuum Tube Div., National Lamp
Works, General Electric Co., Nela Park,
Cleveland, Ohio.

McLAUGHLIN, WILLIAM J., Manager. Engi-
neering Sales Dept., Electric Appliance Co..
701 W. Jackson Blvd., Chicago, Ill.

MECKLER, LOUIS M., Jr., Engineer, Distribu-
tion Dept., Public Service Electric Co., 80
Park Place, Newark; res., Elizabeth, N. J.

*MICRON, ALFRED EDGAR. Engineer,
Western Union Telegraph Co., 195 Broadway.
New York, N. Y.

MILLER, BROWNING BRUNE. Meterman,
United Railway Co., 39th & Park Ave., St.
Louis, Mo.

*MILLER. CHARLES E., Graduate Student.
Electrical Engineering, Stanford University,
Stanford University, Calif.

MILLS, CHARLES E., Drafting, C. Brandes,
Inc., 237 Lafayette St.. New York: res.,
Brooklyn, N. Y.

MOENCH, CHARLES FRED, Electrician,
Motor Testing Dept., Century Electric Co.,
19th & Pine Sts., St. Louis, Mo.

*MOORHOUSE, JOHN BERNARD, Electrical
Instructor, Okmulgee High School, Okmulgee
Okla.

MORRIS, DAVIS HARRINGTON, Asst. to.
Vice -President, The Ohio Bell Telephone Co.,
4300 Euclid Ave., Cleveland, Ohio.

MORRISON, GLENN KENDALL, Electrical
Draftsman, Great Western Power Co.. 530
Bush St.. San Francisco; res., Oakland,
Calif.

MOSS, SIDNEY WILLIAM, Sales Engineer,
DeLaval Separator Co., 165 Broadway, New
York, N. Y.

M 0 U LE , S. C., 1)1 vision Commercial Superin-
tendent, Ohio Bell Telephone Co., Cleveland,
Ohio.

MO WDA W A LLA FRAM ROM N USHER-
VANJO, 91, Bazaar Gate Street, Fort, Bom-
bay, India.

NAGY, FRAN K C.. Shop Supt., Harris Wright
Co.. :30 Liberty St.. Newark, N. J.

*NAIMAN, JULI US M., President & General
Manager, Hyperbo-Elec. Flow Motor Co.,
207 S. Green St., Chicago, Ill.

NAYLOR, CLARENCE (i., Electrical Instructor,
Atlantic City Vocational School & Evening
Technical School, Artie & Illinois Ayes.,
Atlantic City, N. J.

N EBE, WILLIAM (i., Dist. Plant Superinten-
dent, Long Lines Dept.. American Tel. &
Tel. Co., 518 N. Beaumont St., St. Louis, Mo.

NELSON, STANLEY F., Telephone Engineer,
Southern Bell Tel. & Tel. Co., 57% S. Pryor
St., Atlanta. Ga.

NEWM YER, A. I)., Owner & Manager, Ashville
Light & Power Co., Ashville, Ohio.

NOON E, MARTIN JOSEPH, Chief Colliery
Electrician, Hudson Coal Co., Baltimore No.
5 Colliery, Parsons; res., Wilkes-Barre, Pa.

*0130LER; MAX A., 1309 N. Maplewood Ave.,
Chicago, I11.

O'BRIAN, WILLIAM (OM, Asst., Electrical
Engineering Dept.. Consumers Power Co.,
Jackson, Mich.

OKAWA, CHUKICHI Resident, Electrical Engi-
neer, International General Electric Co.,
Schenectady, N. Y.

OLIVER, WILLIAM FRANKLIN. Telephone
Engineer, Southern Bell Tel. & Tel. Co., 78
S. Pryor St.. Atlanta, Ga.

O'MALLEY, THOMAS P., Manager, Electric
Storage Battery Co., Federal Reserve Bank
Bldg., St. Louis, Mo.

OWEN, GEORGE L.. Chief Colliery Electrician,
Hudson Coal Co., Clinton Colliery, Vandling,
Pa.

OWEN, HARRY: Chief Electrical Engineer,
Truxillo Railroad Co., Puerto Castilla.
Honduras, C. A.

*PANCOAST, DONALD F., Electrical Con-
tractor. 2114 Bunts Road, Lakewood, Ohio.

*PARNELL. ERIC, Illuminating Engineer,
Edison Electric Illuminating Co.. of Boston,
39 Boylston St., Boston; res., Medford. Mass.

*PEASE, ROBERT \i., Sales Engineer, Electric
Storage Battery Co., 1523-33 L St.. N. W.,
Washington, D. C.

PEA SLE E , WILLIAM ELLER Y. Installing
Substation Equipment. Potomac Electric
Power ('o., Washington. D. C.

PELHAM, WILBUR. Engineering Dept.. West-
ern Electric Co.. 46:3 West St., New York,
N. Y.

PENG ELLY, HARRY EDWARD, Partner,
Pengelly X -Ray Co., 220 La Salle Bldg.,
Minneapolis, Minn.

PEN UEL, WAYN E BAXTER. Telephone Equip-
ment Engineer, Southern Bell Tel. & Tel.
Co., 57%: S. Pryor St., Atlanta, Ga.

*PETERSON, HAROLD OLAF, Radio Engi-
neering Radio Corporation of America. Bel-
mar, N. J.

PEW, FRED VERNON, Line Supervisor. On-
tario Power Co., Niagara Falls. Ont., Can.

PITZER, THOMAS CLYDE, Superintendent
Service Div., West Penn Power Co., W. Penn
Bldg., 14 Wood St., Pittsburgh, Pa.

PLATT. CHARLES JOHN, JR., Supt., Cus-
tomer's Installation Div., Transmission &
Distribution Dept.. United Electric Light
& Power Co., 130 E. 15th St., New York,
N.Y.

POLLARD, THOMAS ROYLE, Demonstrator
in Electrical Engineering, School of Engi-
neering, Canterbury College, Christchurch,
N. Z.
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PUSHEE, JESSE MERRILL, Industrial Plant
Electrician. Monument Mills, Housatonic,
Mass.

RANGE, E. C., Electrical Foreman, Croton Dam,
Newaygo, Mich.

RATHGEBER, MORTIMER DEMOREST.
Electrical Operator. Potomac Electric Power
Co., 14th and C Sts., N. W., Washington,
D. C.

REED, CARL WILLIAM, Salesman. Pengelly
X -Ray Co., 220 La Salle Bldg., Minneapolis.
Minn.

RHODES, ROY WRIGLEY, Engineering Dept.,
Charles H. Tenney & Co., 200 Devonshire
St., Boston. Mass.

RICHARDS, LEE MALLERON, Engineer,
Century Electric Co., 1827 Pine St.,St. Louis.
Mo.

RIDDLE, FRANK H., Director of Research.
Champion Porcelain Co., Detroit, Mich.

ROBERTS, CECIL RAZELL. Chief Electrician
Winnipeg Public School Board, Cor. William
& Ellen. Winnipeg, Man., Can.

RODRIGUEZ, RODOLFO CID., Asst. to Chief
Electrician, National Railways of Mexico.
Planta Electrica, Estacion Colonia, Mexico
City, Mex.

ROMAN, EUSEBIO LATORRE, Graduate
Electrical Student, Westinghouse Elec. &
Mfg. Co., Westinghouse Agency, Santiago
de Chile, S. A.; for mail, Wilkinsburg. Pa.

ROSIN, WALTER E., Plant Electrolysis Engi-
neer, Wisconsin Telephone Co.. 418 Broad-
way, Milwaukee, Wis.

*ROUK, HOWARD DUBOIS, Electrical Fore-
man, Kingston Gas & Electric Co., 90 Grand
St., Kingston, N. Y.

RUSSELL, JOHN, JR., Asst. to Supt. of Electrical
Construction, Public Service Production Co..
86 Park Place, Newark, N. J.

*RUSSO, JULIO, Electrical Engineering Dept..
Westinghouse Elec. & Mfg. Co., 160 -7th St.,
Brooklyn, N. Y.

SATTERLEE, WILLIAM W.. Transformer
Engineer, Westinghouse Elec. & Mfg. Co.,
E. Pittsburgh; res.. Wilkinsburgh, Pa.

SAUNDERS, CECIL CLIFTON. Substation
Operator, Public Service Electric Co., Broad-
way & Atlantic Ave., Camden, N. J.

*SAYLES, EDGAR VAN SYCKEL, Electrical
Engineering Dept.. Consumers Power Co.,
Jackson, Mich.

*SCHILLING, PHILIP RICHMOND, Inspector
American Malleable Castings Ass'n., 94:4

Broadway, Albany; res., Troy, N. Y.
*SCHLETER, GEORGE HARRY. Electrical

Engineer, Fan Motor Dept.. Westinghouse
Elec. & Mfg. Co.. E. Pit I sburgh res..
Wilkinsburg, Pa.

SCHNIEDER, WILLIAM GEORGE, In Charge
of Electrical Testing Laboratories. Remy
Electric Co., Anderson, Ind.

SCHROEDER, HENRY J., Capt., Signal Corps
U. S. A.; Sheffield Scientific School, Yale
University. New Haven, Conn.

SCHULTIS, JOHN J., Electrician, Cleveland
Railway Co., Hanna Bldg., Cleveland, Ohio.

SCHULTZ, JOHN I)UNCAN. Shop Superinten-
dent, Western Electric Co., Inc.. 230 Lee,
Atlanta, Ga.

SCRIBNER, HAROLD WY N 1)11 A M . Student
in Engineering, Stanford Universi . Stanford
University, Calif.

*slIA KW-11IAFP, HAROLD 1 VA N, Power Engi-
neer, Binghamton Light, Heat & Power Co.,
172 Washington Mt.., Binghamton, N. Y.

SI1A PI RO, LEO, Student Engineer, Wagner
Electric Corp., 6100 Plymouth A ye., St.
Louis. Mo.

SHEA KLEY, CLARENCE FERDINAND,
Transmission Engineer, Went Penn Power Co.,
14 Wood St., Pittsburgh, Pa.

SI N ER, RA Ulf, Quarterman Electrician,
Puget Hound Navy Yard, Bremerton; res.,
Port Orchard, Wash.

SIMONS, JOHN J.. Asst. Engineer, United
Electric Light & Power Co., 130 E. 15th St.,
New York, N. Y.

SISMEY, ERIC DEANE, Manager, Oliver
Electric Co., Oliver; res.. Penticton, B. C.,
Can.

*SMART, WILLARD R.. Electrical Draftsman,
Southern California Edison Co., 1201 Boyls-
ton St., Los Angeles, Calif.

SMITH, CHARLES E., Draftsman, Engineering
Dept., Brooklyn Edison Co., Brooklyn, N. Y.

SMITH, CHESTER F., Transmission Tester.
Ohio Bell Telephone Co., 6205 Carnegie Ave.,
Cleveland, Ohio.

SMITH, EDWARD A., Head Draftsman,
Commonwealth Edison Co., 72 W. Adams
St., Chicago, Ill.

SMITH, GRANVILLE BYAM, Electrical Engi-
neer, Western Electric Co., 463 West St.,
New York, N. Y.

*SMITH, HARRY LOCKWOOD, 1480 Iranistan
Ave., Bridgeport, Conn.

SMITH, WILLIAM MINOR, JR., Substation
Operator, Potomac Electric Power Co.,
Washington. D. C.; res., Hyattsville, Md.

SNYDER, CECIL DENISE, Industrial Engi-
neer, Consolidated Gas Company of New
Jersey, 176 Broadway, Long Branch, N. J.

SORENSON, BERT NEMON, Switchboard
Attendant, Hydro -Electric Station, Billing -
ham Div., Puget Sound Power & Light Co.,
Glacier, Wash.

SPALDING, EDWARD H., Division Plant Engi-
neer, The Ohio Bell Telephone Co., 6215
Carnegie Ave., Cleveland, Ohio.

SPRAY, LESTER ELLSWORTH, Estimator,
Commercial Engineering Dept., Union Switch
& Signal Co., Swissvale, Pa.

STAKELY, HENRY COX, Construction Fore-
man, General Electric Co., Atlanta, Ga.

STANSBURY, WILLIAM FREDERICK,
Electrical Wireman, Potomac Electric Power
Co., 213 -14th St., N. W., Washington, D. C.

*STAUFFER, L. MAYNARD, Student, Stanford
University, Stanford University, Calif.

STEBBINS, ALDEN HERBERT, Electrical
Dept., The Edward Ford Plate Glass Co.,
Rossford; res., Toledo, Ohio.

STEUERWALD, JACOB JOHN, Electrical Fore-
man, Dwight P. Robinson & Co., Inc., Market
& So. Peters St., New Orleans, La. .

STROTT, J. CHARLES. Power Plant Designer,
Consolidated Gas. Elec. Lt. & Pr. Co.,
Monument & Constitution Sts., Baltimore,
Md.

SURRELL, ALLEN WESLEY, General Con-
tract Agent, The Ohio Bell Telephone Co.,
4300 Euclid Ave., Cleveland; res., Lakewood,
Ohio.

SWANK, ARTHUR JACKSON, Construction
Dept.., Pacific Gas & Electric Co.. 445 Sutter
St.. San Francisco, Calif.

*SWARTWOOD, GALE K., Transformer Sales
Dept., General Electric Co., Pittsfield, Mass.

TAYLOR, GEORGE LEONARD, Electrical
Draftsman, Todd Drydock Corp., Tacoma,
Wash.

TEM PLE MA N, JOHN DUDLEY, Division
Commercial Agent, The Ohio Bell Telephone
Co., Huron & E. 9th St., Cleveland, Ohio.

THRESHER, HARLOW L., Transmission
Inspector, The Ohio Bell Telephone Co., (1205
Carnegie Ave., Cleveland. Ohio.

*TRIPOD!, DON WILLIAM, Meter Engineer,
Southern Illinois Light & Power Co., 210 E.
Main St., Du Quoin, Ill.

TROTTA , JAMES PA SQUA LE, Meter Engineer,
Tampa Electric Co., Tampa, Fla.

TURNBULL, AUBREY ARNOLD. Engineering
Dept., New I3runnwick Telephone Co., St.
John; res., Fairville, N. B., Can.

'TURNER, WILLIAM HOWARD, Voltage
Regulator Engineering 1)ept., General Elec-
tric Co., Schenectady; res., Scotia, N. Y.

VAN ALLEN, LOUIE JAMES, Commercial.
Manager, Ohio Bell Telephone Co., 9th &
Prospect., Cleveland; ma., Lakewood, Ohlo.

VAN DER VEGT, JOHN, Student Engineer,
General Electric Co., Schenectady, N. Y.

*VOTYPKA, YARO HARRY, Transmission
Engineer, Ohio Bell Telephone Co., 6205
Carnegie Ave., Cleveland, Ohio.

WALKER, CHARLES ROBERT, Telephone
Repeater Attendant, American Tel. & Tel.
Co., 555 Main St., Stamford, Conn.

WALTHALL, HENRY BLACKBURN, Engi-
neer, Southern Bell Tel. & Tel. Co., Atlanta,
Ga.

WALTHOUR, F. D., Engineer, Plant Dept.,
Ohio Bell Telephone Co., 6215 Carnegie Ave.,
Cleveland, Ohio.

WARD, FRANK A., Building Engineer, Ohio
Bell Telephone Co., 4300 Euclid Ave.,
Cleveland, Ohio.

WATSON, CHARLES WILLIAM, Sales Engi-
neer, Stromberg-Carlson Tel. Mfg. Co., 1050
University Ave., Rochester, N. Y.

WATT, SIMPSON, Electrical Engineer, H. L.
Doherty Construction Co., 24 State St., New
York, N. Y.

*WEAVER, ALLAN, Equipment Development
Dept., American Tel. & Tel. Co., 195 Broad-
way, New York; res., Brooklyn, N. Y.

WEEMS, CHESTER NAY, Plant Methods
Supervisor, Southern Bell Tel. & Tel. Co.,
78 S. Pryor St., Atlanta, Ga.

WHEATCROFT, EDWARD LEWIS E., Student
Engineer, International General Electric Co.,
Schenectady, N. Y.

WHITAKER, WALTER C., Jr., Junior Electrical
Engineer, Bureau of Power & Light, City of
Los Angeles, 255 E. 3rd St., Los Angeles,
Calif.

WHITE, WILLIAM CYRIL, Testing Dept.,
Commonwealth Edison Co., 28 N. Market
St., Chicago, Ill.

*WILL, IRVING MARTIN, inspector, Mtce. of
Lines Dept., Edison Electric Illuminating
Co. of Boston, 1165 Mass. Ave., Boston 25,
Mass.

WILLIAMSON, HARRY THOMAS, Engineer,
The Ohio Bell Telephone Co., 4300 Euclid
Ave., Cleveland, Ohio.

WILLIFORD, EDWARD ALLAN. Sales Engi-
neer, National Carbon Co., Inc., 560 W.
Congress St., Chicago; res., Oak Park, Ill.

WILSON, ALLAN, Electrical Mechanic, Potomac
Electric Power Co., Washington, D. C.

WILSON, CARROLL LOUIS, Engineer, West-
inghouse Elec. & Mfg. Co., E. Pittsburgh;
res., Wilkinsburg, Pa.

WILSON, GERARD, Student, Stanford Uni-
versity, Stanford University, Calif.

WINGO, A. C., Mechanical Electrical Draftsman,
Bureau of Power & Light, 207 S. Broadway,
Los Angeles, Calif.

WI N SCH, EDWIN G., Telephone Engineering
Dept., Ohio Bell Telephone Co., 4300 Euclid
Ave., Cleveland, Ohio.

WITHERELL, HARRISON CUSIIMAN, Elec-
trical Contractor, 192 Bedford St., Abington,
Mass.

*WITT, TRUMAN ELBERT, Sales Engineer,
Century Electric Co., 1827 Pine St., St.
Louis, Mo.

WOODRUFF, WALTER W., Electrical Me-
chanic, Potomac Electric Power Co., 14th &
C Mts., N. W., Washington, D. C.; res.,
Clarendon, Va.

*WORTHLEY, CHARLES BOND, Electrical
Engineer, City Light Dept., Tacoma, Wash.

WIIAY, FRED LEAHR, Member of Firm
Willey -Wray Electric Co., 118 W. 3rd St.,
Cincinnati, Ohio.

WRIGHT, RATCLIFFE, Distribution Engineer,
Buenos Aires Western Railway, Ltd., Calle
Bolivia 180, Flores F. C, 0., Buenos Aires,
S. A.

W HU; HT, WILLIAM II LRAM, Wiroman, Poto-
mac Electric Power Co., 14th & 0 Sts., N. W.,
Washington, D. C.

Total 272
*Formerly Enrolled MI urionts.
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ASSOCIATES REELECTED MARCH 16, 1923
CLARK, JAY ROWLEY, . Electrical Contractor,

579 Wellington Ave., Rochester, N. Y.
DRAKE, RALPH E., Telephone Engineer, West-

ern Electric Co., 463 West. St., Now York,
N. Y.

FARMER, FRANK HARVEY, Erecting Engi-
neer, Canadian Westinghouse Company,
Hamilton; res., Chippewa, Ont., Can.

MORRILL, EDWARD FRANCIS, Equipment
Engineer, The Ohio Bell Telephone Co.. 4300
Euclid Ave., Cleveland, Ohio.

PONSONBY, AMOS ALBERT, Engineering
Dept., Hudson Coal Co., Pine -Ridge Mines,
Parsons; for mail. Miners Mills, Pa.

SHIPEK, ADOLPH, Asst. Draftsman, City
Engineer's Office, Skagit Development.,
Seattle, Wash.

MEMBERS ELECTED MARCH 16, 1923
BALTZLY, CLIFFORD C., Supt., Station

Economy, Philadelphia Electric Co., 1000
Chestnut St., Philadelphia, Pa.

BOOTH, WILLIAM THOMAS, In Charge of
Machine Switching Apparatus Design, West-
ern Electric Co., 463 West St., Now York;
res., Flushing, N. Y.

BROWN, ERNEST FURMAN, Appraisal Engi-
neer, Southern Bell Tel. & Tel. Co., 78 S.
Pryor St., Atlanta, Ga.

COUSINS, ROBERT E., Field Engineer, West-
inghouse Elec. & Mfg. Co., 467 -10th Ave.,
New York, N. Y.

DUNBAR, ROBERT V., Manager, Equipment
Sales & Engineering Co., 50 Church St., New
York, N. Y.

FERGUSON, SAMUEL, Managing Director,
Ferguson Pailin Ltd., Edward St., Higher
Openshaw, Manchester, Eng.

KULSKE, ROBERT HERRMAN, Electrical
Engineer and Contractor, Windsor House.
113 Long St., Cape Town, South Africa.

MILLER, DANIEL DANEY, In Charge of
Electrical & Mechanical Design Group,
Western Electric Co.,463 West St.,New York,
N. Y.

NEEDHAM, JOHN T., President, Pneumatic
Tube Supply Co., 17 Steiner Place. N. Plain-
field, N. J.

RYAN, JOHN J., Superintendent, New York
Edison Co., 140th St.& Rider Ave.,New York.
N. Y.

WILSON, RICHARD HENRY, Electrical Engi-
neer, Western Electric Co., Inc., 463 West
St., New York, N. Y.; res.. Millburn, N. J.

TRANSFERRED TO GRADE OF FELLOW,
MARCH 16, 1923

MILLS, JOHN, Assistant Personnel Manager,
Western Electric Co., New York, N. Y.

PECK, EMERSON P., General Supt., Electrical
Dept., Utica. Gas & Electric Co., Utica, N. Y.

THURSTON, ERNEST B., Chief Electrical
Engineer, Haughton Elevator & Machine Co.,
Toledo, 0.

TRACY, ATLEE H., Electrical Engineer,
Byllesby Engineering & Management Corp.,
Chicago, Ill.

TRANSFERRED TO GRADE OF MEMBER,
MARCH 16, 1923

BASSETT. JOHN B.. Assistant District Engi-
neer, General Electric Co., New York, N. Y.

BEERS, HAROLD S., Electrical Superintendent,
Tallassee Power Co., Badin, N. C.

BOWLER, WILLIAM E., District Line Material
Manager, Western Electric Co., Atlanta, Ga.

CLARDY, WILL J.. Electrical Engineer, General
Engineering Dept., Westinghouse Elec.
Mfg. Co., East Pittsburgh, Pa.

HUMPHREY, GEORGE S., Electrical Engineer,
West Penn Power Co., Pittsburgh, Pa.

KAHLER, CHARLES P., Electrical Engineer,
Oregon Short Line Railroad (U. P. System)
Salt Lake City, Utah.

KELLOGG, CHARLES W., Stone & Webster,
Inc., Boston. Mass.

McGREGOR, ANDREW J., Engineer, Itay
Lillibridge, Inc., Now York. N. Y.

PHILPOTT, HENRY E. R., Testing Engineer,
Lake Coleridge Hydro -Electric Power Supply,
Addington, N. Z.

PRICE, GEORGE F., Assistant Electrical Engi-
neer, Department of Education. City of New
York, Brooklyn, N. Y.

QUENTIN, GEORGE W., Sales Engineer,
Duquesne Light Co., Pittsburgh, Pa.

WILSON, GEORGE B., Chief Engineer, Service
Section, Apparatus Sales Dept., Canadian
General Electric Co., Toronto, Ont.

RECOMMENDED FOR TRANSFER
The Board of Examiners, at its meetings held

November 6, 1922, and March 12, 1923, recom-
mended the following members of the Institute
for transfer to the grades of membership indicated.
Any objection to these transfers should be filed at
once with the Secretary.

To Grade of Fellow
RUNYON, FREDERICK 0., Senior Partner,

Runyon & Carey, Newark, N. J.

To Grade of Member
HAMMATT. CLARENCE S., President. Con-

solidated Engineering Co., Jacksonville. Fla.
KEELER, HUGH E., Assistant Professor of

Mechanical Engineering. University of Mich-
igan, Ann Arbor, Mich.

KRAUSNICK, WALTER. Associate Professor
of Electrical Engineering. College of Engi-
neering, Newark Technical School, Newark,
N. J.

MERRIAM. EZRA B., Executive Engineer,
Switchboard Dept., General Electric Co..
Schenectady, N. Y.

READ, WILLIAM G., Engineer -Accountant.
Public Utilities Commission, State of Kansas,
Topeka, Kans.

APPLICATIONS FOR ELECTION
Applications have been received by the Sec-

cretary from the following candidates for election
to membership in the Institute. Unless other-
wise indicated, the applicant has applied for ad-
mission 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 April 30, 1922.
Abey, Harry Raymond, Philadelphia, Pa.
Alford, Reuel S., Phoenixville, Pa.
Allen, Charles F., New York. N. Y.
Anderson. Arthur N.. (Fellow), Bridgeville, Pa.
Anderson, Harold W., Lawrence, Kansas.
Anderson, William A., Quincy, Mass.
Bailey, James C., Chicago, Ill.
Baldwin, John R., Bridgeport, Conn.
Bomber, William R., New York, N. Y.
Barclay, J. Roy, Chicago. Ill.
Barrow, Frederick A., Louisburg, C. B.
Bascome, George L., (Member), Scranton, Pa.
Best, Fred H., (Member), New York. N. Y.
Bishop, James W., Detroit. Mich.
Bohn, Donald I., Schenectady, N. Y.
Boozier, Charles C., E. Pittsburgh, Pa.
Bower, Wilfred H.. Los Angeles. Calif.
Bowman, Francis H., (Member), W. Lynn, Mass.
Boyle, William E., (Member), New York, N. Y.
Breisch, Edgar W.. E. Pittsburgh, Pa.
Brinton, Howard T., Yonkers, N. Y.
Brokaw, George A., Mt. Vernon, N. Y.
Brown, Campbell A., Pittsburgh, Pa.
Buchman, Henry F., (Member), Ampere. N. J.
Burton, Everett T., New York, N. Y.
Bushfleld, Charles H.. Newark, Ohio.
Callahan, Vincent T., Bridgeport, Conn.
Callahan, William F.. New York, N. Y.
Cameron, Stanley M., Washington, D. C.
Campbell, Frank W., Cleveland, Ohio
Campbell, Richard D., Washington, D. C.
Card, Thomas B., Dayton, Ohio.
Chapman, Fred I., Boston. Mass.
Champreux, Alfred J., San Francisco, Calif.

Clark, William A., Now York, N. Y.
Clayton, Arthur E., Now York, N. Y.
Conover, Albert W., Richmond, Va.
Cooke, Bennett W., (Member), Chicago, Ill.
Coover, William E., Brooklyn, N. Y.
Cornell, Oliver K., Middloport, N. Y.
Cornford, Fred J., Wheeling, W. Va.
Crawford, Thomas (l., Pittsfield, Mass.
Cummings, Thomas, Newburgh, N. Y.
Cunha, Stanley H., Montreal, Quebec.
Daline, Oscar L., Portland, Ore.
Davidson, Ray V., Detroit, Mich.
de Goode, Arian H., Schenectady, N. Y.
Delaney, James P., Los Angeles, Calif.
Day, Thomas H., Hartford, Conn.
Demonet, Eugene A., Jr., New York, N. Y.
Dickinson, Ernest, Kimberley, B. C.
Dickson, Thomas H., Pictou, N. S.
Dobbs, Oscar, Nowata, Okla.
Donelson, Leroy E., Sacramento, Calif.
Doran, James P., Montreal, P. Q.
Duncanson, Walter W., Los Angeles, Calif.
Eernisse, James G., Tacoma. Wash.
Erben, Henry V., Schenectady, N. Y.
Fairgrieve, Robert P., Boston, Mass.
Farrar, Carlos A., Los Angeles, Calif.
Fitzgerald, Robert L., Ft. Wayne, Ind.
Flannery, Neil G., Halifax. N. S.
Fogler, Florence, Schenectady, N. Y.
Folan, Harrison G., (Member), Brooklyn, N. Y.
Foland, Harry S., New York, N. Y.
Fraser, Robert A., Boston, Mass.
Fresher, George, Brooklyn, N. Y.
Frederick, W. H., Jackson, Mich.
Freed, Irvin, Baltimore, Md.
Freezee, Walter D., Detroit, Mich.
Frisbee, Joseph E., Portsmouth, N. H.
Frost, William S. M., Lynchburg, Va.
Garagan, Stephen J., Schenectady, N. Y.
Gerold, Frank G. M., New York, N. Y.
Gibson, Leonard 0., Rawlins, Wyoming.
Gordon, Walter R., Boston, Mass.
Gough, William J., Brooklyn, N. Y.
Gould, William I.. Allentown, Pa.
Gowan, Arthur J., Lynn, Mass.
Grajales, Fernando L., Mexico, Mex.
Graves, Herbert C., Cincinnati, 0.
Green, Estill I., New York, N. Y.
Greenway, Fred N., Detroit, Mich.
Gruninger, Andrew F., Newark, N. J.
Hadley, Thomas R., (Member), New York. N. Y.
Hahn, Herbert J., Newark, N. J.
Hanson, J. Willis M.. Philadelphia, Pa.
Harris, Alexander W., St. Louis. Mo.
Hart, C. D., Chicago, Ill.
Hartmann, Richard W., Philadelphia, Pa.
Heath, Leslie 0., (Member), Philadelphia, Pa.
Hennequin, J. H., Cincinnati, Ohio.
Henrici, Hermann C., (Member). Kansas City.

Mo.
Henricksen, William S.. Worcester, Mass.
Henritze, Thomas L., Pikeville. Ky.
Herbig, Henry F., New York, N. Y.
Holdcraft, John M., Cleveland, Ohio.
Hopfen, Bernard, New York, N. Y.
Hoschke, William B., Allentown, Pa.
Huber, Harold L.. (Member), Washington. D. C.
Hussey, Richard B., W. Lynn, Mass.
Hutchins, Charles C., E. Pittsburgh. Pa.
Hyneman, John R., New York, N. Y.
Ingberg, John E.. Scotia, N. Y.
Ingels, Clarence W.. Washington, D. C.
Jackson. George A., Waltham, Mass.
Janssen, George, Centralia, DI.
Johansen, Johannes, Oakland, Calif.
Jones. J. Randolph, Toronto, Ont.
Kassenhrock, Christopher A., Brooklyn, N. Y.
Katz, Abraham, Boston, Mass.
Keith, John T., Sturgeon Falls, Ont.
Kennedy, Clifton D., Chicago, Ill.
Ketross, James R., Pittsburgh, Pa.
Lane, Francis H., (Fellow), Chicago, Ill.
Lane. Raymond A., E. Pittsburgh, Pa.
Lee. Victor L., Everett, Mass.
Leibfried, William, (Member), Long Island City.

N.Y.
Levison, Emanuel, (Member), Cleveland, Ohio.
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Lewis. Newton A., Pittsfield, Mass.
Little, George F.,'New York, N. Y.
Little, William P., (Member), Kingston, Pa.
Littleton, Jesse T., Jr., Corning, N. Y.
Lormann, Robert, Cleveland, Ohio.
Maher. George, Boston, Mass.
Mallory, Roy, Cleveland, Ohio.
Manz, Merrell Wiley, Barberton, Ohio.
Mastick, Reuben W., San Francisco, Calif.
Masury, Alfred F., (Fellow), New York. N. Y.
McCrea, Hugh A., Schenectady, N. Y.
McDougall, Daniel J., Denver, Colo.
McKinstry, Samuel, Bridgeport, Conn.
Merwin, Elwood A., Bridgeport, Conn.
Mills. George E., Toronto, Ont.
Mills, Harry 0., E. Pittsburgh, Pa.
Molyneaux, Henry A., Syracuse, N. Y.
Moore, David A., Springfield, Mass.
Morisuye, Masa M., Ithaca, N. Y.
Moscrip, Robert, Indianapolis. Ind.
Murdock, Paul S., Ampere, N. J.
Murozumi, Kumazo, Ithaca, N. Y.
Murray, George H., Norwich, Conn.
Naeter, Albrecht, Ithaca, N. Y.
Nawn, John A., Boston, Mass.
Needham, Robert J., (Member), Montreal. Que.
Nelles, Roy, New York, N.
Newhall, Ralph P., Lynn, Mass.
Noack, Harry R., San Francisco. Calif.
Norberg, Clifford M., Cleveland, Ohio.
Nulsen, William B., Schenectady, N. Y.
Okey, Perry, Columbus, Ohio.
Ormecod, Harold F., Yonkers, N. Y.
Overbeck, Hermann G., Denver, Colo.
Parker, Frank H., New York, N. Y.
Paulson, Carl G., Boston, Mass.
Pearson, Ernest, Columbus, Ohio.
Peckham, John J., Cleveland, Ohio.
Penny, Henry B., Nelson, B. C.
Peterson, Andrew, New York, N. Y.
Petit, Francis W., E. Pittsburgh, Pa.
Phelps, Boyd, Hartford, Conn.
Pinckard, Frank E., Cincinnati, Ohio.
Pohnan, Frank J., Chicago, Ill.
Priest, Lucian C., Charlestown, Mass.
Pulham, Wilfred W., Denver, Colo.
Punshon, Oliver H. G., Oakland, Calif.
Purdy, Harry E., Jr., Yonkers, N. Y.
Pursell, Leighton C., Allentown, Pa.
Ralston, Fred W., Lynn, Mass.
Redmon, Roy S., Cincinnati, Ohio.
Reilly, William F., New York, N. Y.
Rhodes, Harold A., New York, N. Y.
Rice, Burleigh L., Chino, Calif.
Ritter, Edward L., San Francisco, Calif.
Robeson, C. E., ClevelandOhio.
Robinson, Lyle B., Pittsfield, Mass.
Roy, J. Ernest, Newton, Mass.
Runyon, J. C., Port Monmouth, N. J.
Rystedt, Suon E., Schenectady, N. Y.
Saltmarah, William, St. Louis, Mo.
Sandeson, Stephen E., Denver, Colo.
Shift ett Bert R., Emmetshurg, Iowa
Schmidt, Alwin, Boston, Mass.
Scholl, Chester C.. Chicago, Ill.
Schultz, Byron W., Chicago, Ill.
Schwonnicke, Otto A., Los Angeles, Calif.
Sherman, Maurice, Bloomfield, N. J.
Sill, Harold D., Power, W. Va.
Skretting, Almor, Milwaukee, Wis.
Small, Fred F., (Member), Los Angeles, Calif.
Smythe, James D., Now York, N. Y.
Snyder, S. Q., Brooklyn, N. Y.
Soper, Robert H., Central Cespedes, Camaguey,

Cuba
Soule, Clayton E., Drumright, Okla.
Spencer, Rhodes V., Seattle, Wash.
Sprung, Abraham, Brooklyn, N. Y.
Stelnau, John M., Now Rochelle, N. Y.
Summerville, Alan 0., Jamaica, Plain, Mass.
Sutherland, Robert G., Pinar del Rio, Cuba
Tope!, Herman A., Cleveland, Ohio.
Torry, Gerard W., Now Haven, Conn.
Tripp, William A., Lynn, Mass.
Turner, Charles C., Pittsfield, Mass.
Veit, William A., Jr., New York, N. Y.
Voolcker, John W., Cambridge, Mass.

Vogelman, Jack, Oakland, Calif.
Volland, Roland A., St. Louis, Mo.
Wagner, Harry E., Portland, Ore.
Wallof, Arthur L., Minneapolis, Minn.
Walsh, John R., Brooklyn, N. Y.
Warren, Arthur J., Chicago, Ill.
Watrous, Royal E., Uncasville, Conn.
Watson, Frank C., (Member), Huntington, W. Va.
Watson, Howard E., Brooklyn, N. Y.
Weatherspoon, Edward H., (Member), New York.

N. Y.
Werner, John F., Brooklyn, N. Y.
Wheeler, Bailey D., New York, N. Y.
White, William C., Schenectady, N. Y.
Whitely, Fred, Fon du Lac, Wis.
Willby, Norman H., E. Pittsburgh, Pa.
Wille, Henry E., Seattle, Wash.
Wilsey, Fay T., Cleveland, Ohio.
Williams, Charles K., Cleveland, Ohio
Williamson, Anderson R., Essington, Pa.
Wilson, Bennett D., Middlesboro, Ky.
Wilson, William, (Member), New York, N. Y.
Wolford, James E., Wheeling, W. Va.
Yates, Clarence C., College Station, Texas.
Yost. Daniel M., Edmonds, Wash.
Zant, Lawrence N., Seattle, Wash.
Total 230.

Foreign
Bellows, Guy, (Member), Sao Paulo, Brazil. S. A.
Davoust, Albert, Paris, France.
Gupta, Birendra C., (Fellow), Cambridge, Mass.
Imasato, Kenichi, Sukegawa, Ibaraki-ken, Japan.
Kato, Takeo, Kobe, Japan.
Singer, Maurice W., Loughborough, Leicester,

Eng.
Stephens, Lionel C., Christchurch, N. Z.
Uchimaru, Yasuii, Kobe, Japan.
Waddicor, Harold, Manchester, Eng.
Wheeler, Willoughby S., Wolverhampton. Eng.
Wilson, John E., Shanghai. China.
Total 11.

STUDENTS ENROLLED MARCH 16. 1923

16819 Patisteas, Michael J., Mass. Inst. of Tech.
16820 Warn, Richard E., Rice Institute
16821 Fraser, William A., Northeastern Univ.
16822 Fisher, Merle L., Carnegie Inst. of Tech.
16823 Hughes, E. Temple, Penn. State College
16824 Lippitt, Harry, Brooklyn Polytechnic Inst.
16825 Potts, J. Arlington, University of Wisconsin
16826 Whittington, John W., Mass. Inst. of Tech.
16827 Hughes, Albert A., University of Missouri
16828 Shaw, Ronald H., Mass. Inst. of Tech.
16829 Johnson, Raymond, Mass. Inst. of Tech.
16830 Orr, Allen A., Jr., Drexel Institute
16831 Stover, Peter A., University of Iowa
16832 Bean, George E., University of Wisconsin
16833 Frantz, Jesse D., Oregon Agr. College
16834 Walbridge, Frank E., Kansas State Agr.

College
16835 Mansfield, T. E., University of Texas
16836 Rabke, Raymond F., University of Texas
16837 Smith, Wilton Merle, Penn. State College
16838 Fry, Lloyd C., Bucknell University
16839 Harris, Hiram D., Rensselaer Poly. Inst.
16840 Rouse, Andrew F., Rensselaer Poly. Inst.
16841 Bender, David S., Rensselaer Poly. Inst.
16842 Sleeper, Floyd E., University of Vermont
16843 Rissberger, John M., Oregon Agri. College
16844 Molls, George W., Oregon Agri. College
16845 Lentz, B. F., Oregon Agricultural Coll.
16846 Smith, Wayne W., Oklahoma A. & M. Coll.
16847 Knight, Robert H., Northeastern Univ.
16848 Griffin, William F., Clemson College
16849 Bischoff, Charles F., Columbia University
16850 Kaufman, Theodore, Columbia University
16851 Jenks, Donald G., Northeastern University
16852 Vines, Frederick D. L., Northeastern Univ.
16853 Baker, Charles M., School of Engg. of Mil.
16854 Brown. N. H., School of Engg. of Mil.
16855 Evans, W. Seymour, School of Engineering

of Milwaukee
16856 Gerlach, Frederick W. A., School of Engi-

neering of Milwaukee
16857 Hannan, Harold H., School of Engg of Mil.

16858 Hansen, Walter E., School of Engg. of Mil.
16859 Herbst, Charles H., Jr., School of Engi-

gineering of Milwaukee
16860 Hoedemaker, Peter, School of Engg. of Mil.
16861 Lithgow, Ellis D., School of Engg. of Mil.
16862 Lund, Harold S., School of Engg. of Mil.
16863 McCartney,, Curtice B., School of Engi-

neering of Milwaukee
16864 McVay, Wilbur J., School of Engg. of Mil.
16865 Mellen, Elwood R., School of Engg. of Mil.
16866 Miller, Ridley, School of Engg. of Mil.
16867 Hoch, Laurence E., School of Engg. of Mil.
16868 Schrotberger, Clyde H., School of Engi-

neering of Milwaukee
16869 Talbott, John A., School of Engg. of Mil.
16870 Underwood, Thomas H., School of Engi-

neering of Milwaukee
16871 Hird, Allen B., Iowa State College
16872 Leaphart, F. P. Jr., Georgia School of Tech.
16873 Henderson, Malcolm V., Iowa State Coll.
16874 Marcroft, Harold C.. Univ. of Minnesota
16875 Harmon, Glenn R., Iowa State College
16876 Diment, J. Morton. Univ. of Minnesota
16877 Renzi. Stephen E.. Cooper Union
16878 Harte, Joseph A., Cooper Union
16879 Dean, Donald M., Cooper Union
16880 Trachtman, Harry, Cooper Union
16881 Masters, Albert G., University of Michigan
16882 Webster, Leslie, University of Michigan
16883 Jarvis, Kenneth W., Ohio State University
16884 Mundwiler, Charles E., Ohio State Univ.
16885 Dickinson, John F., Ohio State University
16886 Duncan, William T., Ohio State Univ.
16887 Fies, John, Ohio State University
16888 Forbes, Lester N., Ohio State University
16889 Gardner, Emmet G.. Ohio State University
16890 Thomas, J. Wayne, Ohio State University
16891 Sutcliffe, Raymond S., Rhode Island State

College
18892 Simmons, Allan B., Clarkson Coll. of Tech.
16893 Puls, Edwin E., University of Illinois
16894 Marquardt, John W., Univ. of Illinois
16895 Anderson, Roy E., Oregon Agri. Coll.
16896 Wells, Robert L. G., University of Idaho
16897 Secord, Harold W. M., Northeastern Univ.
16898 Strittmatter, Oliver R., Penn. State Coll.
16899 Farabaugh, Cletus F., Penn. State Coll.
16900 Scheering, Walter S., Univ. of Cincinnati
16901 Groh, George H.. Penn. State College
16902 Hoyt, Royal S., Clarkson Coll. of Tech.
16903 Loubris, Gaston E., Northeastern Univ.
16904 Bushby, Merritt, University of Iowa
16905 Greathead, J. McCarrell D., Penn. State

College
16906 Arlt, Herbert G., Stevens Inst of Tech.
16907 Caldwell, Sidney E., Oregon Agri. College
16908 Van Ackere, George H., Oregon Agri. Coll.
16909 Metter, Carl A., Carnegie Inst. of Tech.
16910 Best, Charles A., Oregon Agri. College
16911 Strong, L. L., Oregon Agricultural Coll.
16912 Munhall, Walter F., Penn. State College
16913 Harnett, Daniel E., Columbia University
16914 Mandley, Wilfred J., Oregon Agri. Coll.
16915 Haynes, Ralph F., Oregon Agri. Coll.
16916 Yadon, Charles M., Oregon Agri. Coll.
16917 Holtgren, Clifford C., Oregon Agri. Coll.
16918 Haden, Neal, State Coll. of Washington
16919 Loukianoff, Gregory M., Mass. Inst. of

Tech.
16920 Williams, George F. H., Clarkson Coll. of

Technology
16921 Cummings, William M., North Carolina

State College
16922 Hamrick, Howard D., North Carolina

State College
16923 Robertson, Everard I'., Univ. of Illinois
16924 Brown, Franklin M., Case School of

Applied Science
16925 Gale, Ralph E., Univ. of Washington
16926 Brackett, Leroy W., University of Wash.
16927 Heinz, Winfield B., Univ. of Washington
16928 Kirshon, Simon, Mass. Inst. of Tech.
16929 Wray, James 0., Univ. of Arizona
16930 Moyle, Edward, University of Arizona
16931 Scarlott, Charles A., Univ. of Arizona
16932 Grasmoon, William J., Univ. of Arizona
16933 Draper, Thomas, University of Arizona
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16934 Owens, John H., University of Arizona
16935 Barton, Stanley B., Univ. of California
16930 Hordlis, Steve L., Univ. of California
16937 Brand, George S., Univ. of California
16938 Bruore, William B., Univ. of California
16930 Enloe, Ralph T., Univ. of California
16940 Enns, Waldo E., Univ. of California
16941 Hatfield, Robert M., Univ. of California
10942 Hiller, John G., Univ. of California
10943 Jacobs, Eastman N., Univ. of California
16944 Johnson, Frank L., Univ. of California
16945 Lincoln, Charles E.. Univ. of California
16940 Maeshnor, Edward A., Univ. of California
16947 Romandor, C. H., Univ. of California
16948 Shopheid, William R., Univ. of California
18949 Smith, Ward B., Univ. of California

16950 Stinchfield, J. Maxwell, Univ. of Calif.
10951 Wenzel, Arthur E., Univ. of California
10052 Hayward, Sheldon C., Ohio State Univ.
16953 Monteith, Alexander C., Queens Univ.
10954 Lange, Herbert L., Montana State Coll.
10955 Branovan, Leo, University of Wisconsin
16956 Everett, Harry S., Bucknell University
16957 Caradonna, Victor, ir., Worcester Poly-

technic Institute
10958 Carr, William J., Alabama Poly. Inst.
16959 Levy, Edward 1., Alabama Poly. Inst.
1696(1 Bates, John W., Alabama Poly. Inst.
16961 Tucker, Arthur 11., Alabama Poly. Inst.
16962 Jones, Ruel C., Penn. State College
16963 Winston, John Mee.. Rice Institute
16964 McDonald. R. V., Alabama Poly. Inst.

OFFICERS OF A. I. E. E. 1922-1923

A. W. BERRESFORD

N. W. STORER

C. G. ADSIT
F. W. SPRINGER
ROBERT SIBLEY
F. R. EWART

L. E. IMLAY
F. F. FOWLE
L. F. MOREHOUSE
HAROLD B. SMITH
JAMES F. LINCOLN
E. B. CRAFT

President
FRANK B. JEWETT

Junior Past -Presidents
WILLIAM MCCLELLAN

Vice -Presidents

Managers

G. FAccIOLI
W. I. SLICHTER
R. F. SCHUCHARDT
H. W. EALES
H. T. PLUMB

R. B. WILLIAMSON
A. G. PIERCE
HARLAN A. PRATT
H. M. HOBART
ERNEST LONE
G. L. KNIGHT

Treasurer Secretary
GEORGE A. HAMILTON F. L. HUTCHINSON

Honorary Secretary
RALPH W. POPE

LOCAL HONORARY SECRETARIES
Carroll M. Mauseau, Caixa Postal No. 571 Rio de Janeiro, Brazil.
Charles le Maistre, 28 Victoria St., London, S. W., England.
A. S. Garfield, 45 Bd. Beausejour, Paris 16 E., France.
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Guido Semenza, N. 10 Via S. Radegonda, Milan, Italy.
Lawrence Birks, Public Works Department. Wellington, New Zealand.
W. Elsdon-Dew, P. 0. Box 4563, Johannesburg, Transvaal, Africa.

A. I. E. E. COMMITTEES
(A list of the personnel of Institute committees may be found in the January

issue of the JOURNAL. Will be reprinted in the June JOURNAL.)

GENERAL STANDING COMMITTEES AND CHAIRMEN
EXECUTIVE, Frank B. Jewett
FINANCE, L. F. Morehouse
MEETINGS AND PAPERS, E. E. F. Creighton
PUBLICATION, Donald McNicol
COORDINATION OF INSTITUTE ACTIVITIES, W. I. Slichter
BOARD OF EXAMINERS, H. H. Norris
SECTIONS, A. W. Berresford
STUDENT BRANCHES, C. Francis Harding
MEMBERSHIP, R. B. Howland
HEADQUARTERS, E. B. Craft
LAW, H. H. Barnes, Jr.
PUBLIC POLICY, H. W. Buck
CODE OF PRINCIILES OF PROFESSIONAL CONDUCT, Schuyler S. Wheeler
SAFETY CODES, tI. B. Gear
STANDARDS, Harold Pender
EDISON MEDAL, Edward D. Adams
RESEARCH, John B. Whitehead

10965 Mosley, William K., Alabama Poly. Inst.
16906 Kuolilthau, Wareham A., Univ. of Wis.
16967 Rogers, Louis 11., Rico Institute
16968 Chauls, Reuben. Stevens Inst. of Tech.
16969 Gregg, Joseph II., Penn. State College
16970 Shore, Henry, Mass. Inst. of Tech.
16971 Anderson, Albert S., Mass. Inst. of Tech.
16972 Hance, Paul 1)., Univ. of Illinois
16973 Fischer, Herbert B.. Univ. of Wisconsin
16974 Fowler, Earl W., Northeastern University
16975 Prudhomme, Donald J., Oregon Agri. Coll.
16970 Tubbs, Harold B., Oregon Agri. Coll.
16977 Weir. John M., University of Washington
10978 Clark, Stanley A., Univ. of Washington
16970 Szabo, Alexander, Rutgers College
Total 161.

TECHNICAL COMMITTEES AND CHAIRMEN
EDUCATIONAL, W. E. Wickenden
ELECTRICAL MACHINERY, B. A. Behrend
ELECTROCHEMISTRY AND ELECTROMETALLURGY, J. L. Yardley
ELECTROPHYSICS, F. W. Peek, Jr.
INDUSTRIAL AND DOMESTIC POWER, H. D. James
INSTRUMENTS AND MEASUREMENT, G. A. Sawin

IRON AND STEEL INDUSTRY, E. S. Jefferies
LIGHTING AND ILLUMINATION. G. H. Sticknev
MARINE, G. A. Pierce, Jr.
MINES, Graham Bright
POWER STATIONS, Nicholas Stahl
PROTECTIVE DEVICES, H. R. Woodrow
TELEGRAPHY AND TELEPHONY, 0. B. Blackwell
TRACTION AND TRANSPORTATION,

TRANSMISSION AND DISTRIBUTION. Edward B. Meyer

A. I. E. E. REPRESENTATION
(The Institute is represented on the following bodies; the names of the

representatives may be found in the January issue of the JOURNAL and wil
he published again in the June issue.)
COUNCIL OF THE AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE

AMERICAN BUREAU OF WELDING

AMERICAN COMMITTEE ON ELECTROLYSIS

AMERICAN ENGINEERING COUNCIL OF THE FEDERATED AMERICAN ENGINEERING
SOCIETIES

AMERICAN ENGINEERING STANDARDS COMMITTEE

BOARD OF TRUSTEES, UNITED ENGINEERING SOCIETY

ENGINEERING FOUNDATION BOARD

FRANCO-AMERICAN ENGINEERING COMMITTEE

JOHN FRITZ MEDAL BOARD OF AWARD

JOSEPH A. HOLMES SAFETY ASSOCIATION

LIBRARY BOARD, UNITED ENGINEERING SOCIETY

ELECTRICAL COMMITTEE, NATIONAL FIRE PROTECTION ASSOCIATION

ENGINEERING DIVISION, NATIONAL RESEARCH COUNCIL

U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL ILLUMINATION COM-
MISSION

U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL. ELECTROTECHNICAI.
COMMISSION

COMMISSION OF WASHINGTON AWARD
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Name
LIST OF SECTIONS

Chairman Secretary

Akron

Atiarita

Baltimore

Boston

Chicago

Cincinnati

Cleveland

Columbus

Connecticut

ti Denver

o' Detroit -Ann Anbor

xl Erie

c Fort Wayne

Indianapolis -Lafayette

i Ithaca

Kansas City

Lehigh Valley

Los Angeles

Lynn

Madison

Mexico

Milwaukee

Minnesota

New York

Oklahoma

Panama

Philadelphia

Pittsburgh

Pittsfield

Portland, Ore.

Providence

Rochester

St. Louis

San Francisco

Schenectady

Seattle

Southern Virginia

Spokane

Springfield, Mass.

Syracuse

Toledo

Toronto

Urbana

Utah

Vncouret

Washington, D. C.

IWorcester

Total 47

S. C. Henton A. P. Regal, Phila. Rubber
Works Co., Akron. 0.

G. K. Selden H. N. Pye, Box 1743. Atlanta,
Ga.

W. B. Kouwenhoven F. T. Leilich, 550 Lexington
Bldg.. Baltimore, Md.

E. L. Moreland F. S. Dellenbaugh, M. I. T.,
Cambridge, Mass.

F. E. Goodnow J. E. Kearns, General Electric
Co., Monadnock Block. Chi-
cago, Ill.

C. G. Eichelberger, Union Gas
& Elec. Co.. Cincinnati, 0.

A. M. Wilson

L. D. Bale

F. C. Caldwell

E. H. Everit

H. B. Barnes

J. H. Cannon

W. J. Seibert

S. W. Greenland

D. C. Pyke

Chester L. Dows, Nela Park,
Cleveland, 0.

F. C. Nesb.tt, Huntington Bank
Bldg., Columbus, 0.

A.B. Knowlton, Dunham Labora-
tory, S. S. S., Yale Univer-
sity, New Haven, Conn.

R. B. Bonney. 603 Wyoming
Bldg., Denver. Colo.

E. L. Bailey, 1918 Ford Bldg ,
Detroit, Mich.

M. W. Metzner, General Elec-
tric Co., Erie, Pa.

A. B. Campbell, General Elec
tric Co.. Fort Wayne, Ind.

J. W. Hannon, Telephone Bldg.,
Indianapolis, Ind.

J. G. Pertsch, Jr. Geo. F. Bason, Cornell Univer-
sity. Ithaca.. N. Y.

Geo. C. Shaad W. E. A. Nottorf, K. C. Tel.
Co.. Kansas City. Mo.

D. M. Petty H. G. Harvey. Penna. Edison
Co., Easton, Pa.

J. N. Kelman E. R. Stauffacher, 700 Edison
Bldg., Los Angeles, Calif.

J. W. West W. M. Howe, General Electric
Co., West Lynn, Mass.

H. M. Crothers R. G. Walter, 900 Gay Bldg.,
Madison. Wis.

G. G. Post F. A. Kartak, Marquette Uni-
versity. Milwaukee, Wis.

Fred A. Otto H. W. Meyer, Northern States
Power Co., Minneapolis. Minn

A. E. Waller, Lawrence Park,
Bronxville, N. Y.

F. W. Insull A. D. Stoddard. Box 382
Bartlesville. Okla.

F. B. Coyle M. P. Benninger. Box 174.
Balboa Heights, C. Z.

E. B. Tuttle Ross B. Mateer, Philadelpnia
Elec. Co., 1000 Chestnut St..,
Philadelphia, Pa.

E. C. Stone 0. Needham, W. E. & M. Co..
East Pittsburgh, Pa.

W. P. White A. C. Stevens, General Electric
Co., Pittsfield, Mass.

D. W. Proebstel E. F. Pearson, Northwestern
Electric Co., Portland, Ore.

R. W. Adams F. N. Tompkins. Brown Univer-
sity, Providence. R. I.

G. A. Scoville E. A. Roeser, 34 N. Clinton
Ave., Rochester. N. Y.

J. M. Chandlec Lee S. Washington, 717 S. 12th
St., St. Louis, Mo.

H. H. Henline A. G. Jones, 807 Rialto Bldg.,
San Francisco. Calif.

Calvert Townley

C. M. Davis C. W. Fick, General Electric
Co., Schenectady, N. Y.

C. F. Terrell E. S. Code, 3451 E. Marginal
Way, Seattle, Wash.

Wm. C. Bell H. C. Leonard, P. 0. Box 119.1,
Richmond, Va.

H. L. Melvin E. R. Hannibal, 424 Hutton
Bldg., Spokane. Wash.

W. A. Dick J. Frank Murray, United Electric
Light Co., Springfield. Mass.

R. D. Whitney Elmer E. Strong. 615 City Bank
Bldg., Syracuse, N. Y.

Gilbert Southern Max Neuber, 1257 Fcrnwood
Ave., Toledo, 0.

S. E. M. Henderson D. B. Fleming, Hydro-Elec. Pr.
Comm., 190 University Ave.,
Toronto, Ont.

H. A. Brown B. B. Paine, University of
Illinois, Urbana, Ill.

C. C. Pratt C. R. Higson, Utah Pr. & Lt.
Co., Salt Lake City. Utah

T. H. Crosby F. W. MacNeill, Canadian Gen-
eral Elec. Co., Vancouver.
B. C.

T. Blaisdell Roland Whitehurst, Elec. Storage
Battery Co., 1823-33 L. St.
N. W., Washington, D. C.

F. J. Adams Stuart M. Anson, 1005 Park
Bldg., Worcester, Mass.

LIST OF BRANCHES
Name and Location Chairman Secretary

Alabama Poly. Inst., Auburn, Ala. K. H. Stough
Alabama, Univ. of, University, Ala. J. M. Lakeman
Arizona, Univ. of, Tucson, Ariz. R. A. Macdonald
Arkansas, Univ. of, Fayetteville, Ark. R. C. Mason
Armour Inst. of Tech., Chicago, Ill. L. E. Grube
Brooklyn Poly. Inst., Brooklyn, N. Y. A. E. Shaw
Bucknell Univ., Lewisburg, Pa. W. G. Gehring
California Inst. of Tech., Pasadena. H. Preston
California, Univ. of, Berkeley, Cal. A. A. Emlen
Carnegie Inst.of Tech., Pittsburg. Pa. W. S. Andrews
Case School of Applied Science, Cleve-

land, 0. M. S. Mead
Cincinnati. Univ. of, Cinncinati, 0. W. F. Dunkl
Clarkson Coll. of Tech., Potsdam.N.Y. C. E. Tuiter
Clemson Agri. College. Clemson Col-

lege. S. C. J. R. Reardon
Colorado State Agri. Coll., Ft. Collins, Floyd Hall
Colorado, Univ. of, Boulder, Colo. G. H. Dewey
Cooper Union, New York -* G. E. Wilson
Denver, Univ. of, Denver, Colo. L. W. Thomson
Drexel Institute, Philadelphia, Pa. D. Buchanan
Georgia School of Tech., Atlanta. Ga. J. L. Torbett
Iowa State College, Ames, Ia. C. H. Hoper
Iowa, Univ. of, Iowa City, Ia. C. W. Peterson
Kansas State College, Manhattan, L. 0. Sinderson
Kansas, Univ. of, Lawrence, Kans. D. Eyer
Kentucky, Univ. of, Lexington, Ky. T. M. Riley
Lafayette College, Easton, Pa. K. A. F. Pitt
Lehigh Univ., South Bethlehem. Pa. E. H. Snyder
Lewis Institute, Chicago. Ill. E. Millison
Maine, Univ. of, Orono, Me. C. R. Lappin
Marquette University, Milwaukee,

Wis. G. E. Phelps
Massachusetts Inst. of Tech., Cam-

bridge, Mass. E. J. Thimmie
Michigan Agri. Coll., East Lansing, E. A. Pryce
Michigan, Univ. of, Ann Arbor, Mich. R. N. Olds
Milwaukee, Engg. School of, Mil-

waukee, Wis. M. J. Maiers
Minnesota, Univ. of. Minneapolis, R. H. Olson
Missouri, Univ. of, Columbia. Mo M. P. Weinback
Montana State Coll., Bozeman,Mont. R. R. Thomas
Nebraska, Univ. of, Lincoln. Neb. 0. J. Ferguson
North Carolina State College, West

Raleigh, N. C. Z. M. Harry
North Carolina, Univ. of, Chapel Hill, W. C. Moore
North Dakota, Univ. of, University, C. W. Randall
Northeastern Univ., Poston, Mass. B. F. Keene
Notre Dame, Univ. of, Notre Dame,

Ind. V. J. Brown
Ohio Northern Univ.. Ada, 0. D. J. Wolf
Ohio State Univ., Columbus, 0. W. M. Kellogg
Oklahoma A. & M. Coll., Stillwater. I. T. Knight
Oklahoma, Univ. of, Norman, Okla. Cecil Roush
Oregon Agri. Coll., Corvallis. Ore. J. H. Murton
Pennsylvania State College, State

College, Pa. H. T. Axford
Pennsylvania, Univ. of, Philadelphia, 0. W. Mans, Jr.
Pittsburgh, Univ. of, Pittsburgh, Pa. L. L. Hughes
Purdue Univ., Lafayette, Ind. J. F. Welch
Rensselaer Poly. Inst., Troy, N. Y. F. M. Sebast
Rose Poly. Inst., Terre Haute, Ind. F. M. Stone
Rutgers College, New Brunswick,

N. J C. S. Beattie
Southern California, Univ. of., Los

Angeles, Cal. R. H. Cockfleld
Stanford Univ., Stanford University,

Cal. D. C. Bertrand
Swarthmore Coll., Swarthmore, Pa. N. Landis
Syracuse Univ., Syracuse, N. Y. L. E. Angwin
Texas A. & M. Coll., College Station, T. B. Keeton
Texas, Univ. of, Austin, Tex. C. R. Granberry
Virginia Military Inst., Lexington, J. Giraud
Virginia Poly. Inst., Blacksburg, Va. T. P. Cofer
Virginia, Univ. of, University, Va. T. R. Bunting
Washington, State Coll. of, Pullman, C. R. Studer
Washington Univ., St. Louis, Mo. A. 13. Nowell

Washington, Univ. of, Seattle, Wash. E. B. Ehrkc
West Virginia Univ., Morgantown. W. D. Stump
Wisconsin, Univ. of, Madison. Wis. 0. F. Landkamor
Yale Univ., New Haven, Conn. J. T. Houk
Total 70

J. F. Nettles
R. L. Harris
H. A. Hillman
E. J. Anderson
H. M. Piety
H. B. Hanstein
E. S. Hopler
C. A. Storms
F. C. Blockson
W. J. Lyman

A. S. Campbell
C. B. Hoffmann
H. C. Allen

W. M. Clatworthy
W. M. Truesdell
R. H. Owen
H. E. Thompson

Ray Hoover
R. B. Sidwell
F. R. McClellan
G. L. Seaton
M. Bushby
K. C. Frank
Wm. Anderson
H. T. Broilsford
L. Conover
R. W. Barrell
C. P. Meek
H. L. Durgin

P. P. Stathas

H. D. McKinnon
J. G. Lauffer
A. J. Martin

J. P. Gibbons
C. L. Sampson
D. C. Jackson, Jr.
J. A. Thaler
0. E. Edison

P. M. Sullivan
R. H. Jackson
Byron Hill
L. F. Hubby

W. L. Shiite
H. L. Vincent
0. McGinnis
L. C. Minich
R. B. Greene
J. H. Caste

D. N. Yoder
J. R. Sabina
G. K. Walton
0. T. McIlvaine
R. Paxton
C. B. Wilson

E. H. Erickson

E. B. Heath

T. H. Shepherd
J. H. Thompson, Jr.
L. E. Lawrence
R. S. Drake
C. H. Linder

J. B. Woodward
F. L. McClung
P. L. Weir
E. J. Leahy
H. J. Schwenk
A. W. Lundstrum
C. Snyder
J. C. Lotter
G. L. Artamonoff
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DIGEST OF CURRENT INDUSTRIAL NEWS
NEW CATALOGUES AND OTHER PUBLICATIONS

Mailed to interested readers by issuing companies.
Traffic Control Devices.-Booklet, 8 pp. entitled "Trail -

cons," describing devices employed in a now system of traffic
control. Line Material Company, So. Milwaukee, Wis.

Linemen's Tools.-Bulletin 2, 8 pp. "Hot Line Tools."
Describes tools for replacing insulators and for effecting other
repairs on live lines. W. T. Safety Tool Company, Decatur, Ill.

Multi -Speed Motors.-Bulletin, 12 pp. Describes the Wat-
son multi -speed motor, squirrel -cage type and pictures appli-
cations in a number of industries. The Louis Allis Company,
Milwaukee, Wis.

Single -Phase Motors.-Bulletin 131, 16 pp. Contains
instructions for ordering and adjusting repair parts of single-
phase repulsion induction motors. Wagner Electric Corpora-
tion, St. Louis, Mo.

Battery Charging Equipment.-Bulletin, 12 pp. Describes
alternating -current battery charging equipment for industrial
trucks and tractors. The Acme Electric & Manufacturing
Company, Cleveland, Ohio.

Electric Furnace. Bulletin 2, 8 pp. Describes the Ajax -
Northrup high -frequency induction furnace, 15 kv-a. converter
and small furnaces for temperatures up to 2000 deg. cent. Ajax
Electrothermic Corporation, Trenton, N. J.

Steam Power Plants.-Booklet, 16 pp. "Steam Power" is
the title of a booklet now being distributed by the J. G. White
Engineering Corporation, 43 Exchange Place, New York. The
book is illustrative and descriptive of some of the more important.
steam power plants which have been built by this corporation.

Centrifugal Pumps.-Bulletin 1632-F, 58 pp. Describes
numerous industrial applications of centrifugal pumps and pump-
ing units, and contains results of tests, tables and curves. The
construction of each type of pump is pictured in detail, and
instructions relative to installation and operation'are also given.
Allis-Chalmers Manufacturing Co., Milwaukee, Wis.

Trademarks.-Booklet, 48 pp. Outlines the salient features
of trademark law and discusses the subject of unfair competition.
Patents-Booklet, 56 pp. Prepared to serve as a convenient
handbook, presenting in concise form for ready reference the
leading points of domestic and. foreign law and practise relative
to patents and patent practise. Richards & Geier, 277 Broad-
way, New York.

Portable Timing Device.-Bulletin 46053, 4 pp. A device
consisting of an encased clock, to be used with a standardized
clock as a means of secondary timing, to supplant the stop watch.
Accuracy of 0.1 in 60.seconds is attained with this device, which
may be used with graphic instruments, measurements of angular
velocities, and for indicating a definite time interval ranging
from one second to any whole number of minutes. General
Electric Company, Schenectady, N. Y.

Synchronous Motor Drive for Ammonia Compressors.-
Bulletin 41316, 12 pp. Describes the development of ice making
machines and a line of 50 degree motors for the low speed opera-
tion of two -cylinder double acting ammonia compressors. The
bulletin presents a method of analysis for conversion of a distilled
water ice plant to an electrically driven "raw water plant."
General Electric Company, Schenectady, N. Y.

Powdered Coal Tests.- Serial No. 2438 entitled "Tests of
Large Boiler Fired With Powdered Coal" by Henry Kreisinger,
Research Engineer, Combustion Engineering Corporation, New
York and John Blizard, Fuel Engineer, U. S. Bureau of Mines,
presents some of the results of tests carried out at the Lakeside
Station of the Milwaukee Electric Railway and Light Company
by the fuel section of the Bureau of Mines, in connection with
the Research Department of the Combustion Engineering
Corporation. The preliminary statement may be obtained from

the Bureau of Mines, Washington, D. ('., or from the Combustive
Engineering Corporation, Broad Street, New York. The full
report of the tests will he published later by the Bureau of Mines.

NOTES OF THE INDUSTRY
Pure Carbon Company, Wellsville. N. Y. Announcement

is made of the recent appointment of an Alabama representative,
the Commercial Electric Sales Company, 1322 Empire Building,
Birmingham, Ala.

Killark Electric Manufacturing Company. St. Louis,
Mo.- - -The Electric Sales Company, 111 New Montgomery
Street, San Francisco, has been appointed sales agent for
northern California of the Killark line of conduit fittings,
hell ringing transformers, enclosed fuses, etc.

The Sterling Varnish Company, Pittsburgh, Pa.-An-
nouncement is made that B. D. Smith, who until February 1st
was with the Engineering Department of the Westinghouse
Electric & Manufacturing Company, East Pittsburgh, has
accepted the position of eastern manager, and after April 1st
will take up his duties at the company's Eastern office, Arling-
ton, N. J.

Gibb Instrument Company, Bay City, Mich., manufac-
turer of electric welding equipment, has opened a sales office
in the General Motors Building, Detroit, in charge of F. M. Luchs
formerly chief engineer for the company.

A new sales office has also been opened at Cleveland, Ohio,
2104 East Superior Avenue, in charge of W. 0. Little.

Standard Underground Cable Company.-The general
offices and Pittsburgh sales office of the Company have been
moved from the Westinghouse Building, where they have been
located for many years, to the new factory and office building
at 100-108 Seventeenth Street. The new building is a four-
story steel and brick structure just completed, occupying the
entire block between Sixteenth and Seventeenth Streets. This
block was the site of the Company's first factory erected in 1883.

A branch of the Company's St. Louis office has been opened
in the Scarritt Arcade Building, 817 Walnut Street, Kansas
City, Mo. E. H. Shutt, who has been with the company for
several years, will be in charge as district sales agent.

Westinghouse Electric Si Manufacturing Company.
East Pittsburgh.-The United Railways & Electric Company of
Baltimore has placed a contract amounting to approximately
$425,000 for the erection of four automatic substations in the
downtown section of the city of Baltimore. This will be one
of the largest automatic substation installations in the country.
The contract calls for four 3000 -kw. automatic substations, each
of which consist of two 1500 -kw. 25 -cycle, shunt-wound, syn-
chronous converters with single-phase, 13,200 -volt transformers,
and automatic switching equipment.

The Westinghouse Company has just completed for the
Southern California Edison company six very large single-phase
auto -transformers. They are of the water-cooled type, de-
signed for outdoor service in the Eagle Rock substation of the
company, to form a part of the 220,000 -volt power system.
Each unit is rated at 36,700 kv-a., 50 cycles, giving a
bank capacity of over 100,000 kv-a. An idea of the size of
each transformer will be realized by the following figures:
The tank, which has fiat sides and half round ends, is 10 feet 3
inches wide and 14 feet 3 inches long. It is approximately
15 feet high, and in order that it may be shipped the side walls
are divided near the middle so that the top portion can be lifted
off. The height from the ground to the tip of the condenser
bushings is about 27 feet. Five tons of copper and about twenty-
two tons of iron laminations were required for each trans-
former. The total weight of each complete transformer is over
90 tons, and the oil capacity more than 9000 gallons.
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uished from the ordinary;

extraordinary; conspicuous.
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When the thread is too large
for the needle

you know how the thread
buckles and squirms and

does everything but go in the
right place when it is too large
for the needle ?

That's the way with lots
of magnet wire when the
winder needs one more turn
on the coil. If the wire is
slightly lumpy, imperfect, or
not accurately sized, it has to
be hammered and pounded
to make it go in the space.

Then some day, perhaps
when it can least be spared,
that winding goes dead for
no apparent reason at all.
That's why, even though its
first cost is slightly higher,
it pays to use Acme Wireit
goes in the space.

The difference between
Acme Wire and other magnet
wire is only a matter of

degree. Probably with the
naked eye you could not de
tect this difference. Yet Hie
fact remains that in many
instances Acme Wire has re-
duced winding costs as much
as ten to twenty per cent.

Winders not only t urn out
more coils with this ire, but
more coils that will pass in-
spection. Acme Wire, made
according to rigid standard.
meets actual winding condi-
tions. In our own plant we
wind hundreds of thousands
of coils, so we know condi-
tions thoroughly.

Acme Wire is even, uni-
form, and free from lumps or
imperfections. It is covered
with a smooth, unvarying coat
of insulation that affords ma\
imum protection. It wind,
easily.

THE ACME WIRE CO., New Haven, Conn.
NEV YORK CHICAGO CLEVELAND

Acme
Wire

6 6It goes in the space

.1 o in a I .1 I I.: I.:.

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.
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

Magnet Wire; "Cottonite,"
Cotton - covered Enamelite;
"Silkenite,"Silkcovered
Enamelite; Single and Double
Cotton Magnet Wire; Single and
Double Silk Magnet Wire. We
also have a complete organiza-
tion for the 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

finest sizes, 40-44 B & S gauge.
Silk and cotton -covered mag-

net wire.
Enameled Aerial wire-single

wire and stranded.

99

Please mention the JOURNAL of the7A. I. E. E. when writing to advertisers.
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Ball Bearings Guard Electric Motors
Against Premature Failure 4

IT is not unusual to find electric motors
operating with original stators and

rotors in good condition after 20 or more
years of service during which time bear-
ingrenewals, and possibly shaft renewals,
were the only repairs necessary.

Of the premature motor failures, ap-
proximately 50% are attributed by a prom-
inent motor manufacturer to bearing
troubles. One of the large Electric Asso-
ciations has traced 37% of A.C. and 41%
of D.C. motor failures in steel mills to

oil damage. MechaniCal failures, exclusive
of those due to outside influences, were
found to be 16 to 21% respectively.

When 5 K F marked self -aligning ball
bearings are used, oil damage is eliminated
for the lubricant cannot escape from the
sealed housings. Any flexure of the shaft
is automatically compensated for and no
measurable wear develops in the bearings.

Insure a longer average motor life and
guard against premature failures by spec-
ifying ball -bearing equipment.

THE SKAYEF BALL BEARING COMPANY
Supervised by 5 K F INDUSTRIES, INC., 165 Broadway, New York City

909

Normal View

The SELF
ALIGNING

BA LL
BEARING

Deflected View

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.

BALL
BEARINGS
The Highest Expression
of the flooring Principle
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An Ideal Line
Of

D'Arsonval Instruments
For

Universal Application

Type PX- 2, Portable
2'4 in. fforizontal Case

Type PX-3, Portable
3% 2 in. Square Case

These instruments possess, to an
unusual degree, the qualities essen-
tial to satisfactory performance.
The line is distinctive and har-
monious. The important charac-
teristics of readability, rugged.ness,
ease of maintenance and repair
have been given careful considera-
tion. These features are obtained
by a refined design and precise con-
struction, resulting in exceptional
accuracy over long periods of
service.

They are especially suitable for
use on switchboard panels, on
radio communication sets, on farm -
lighting, and other small charging
and lighting panels, and on marine,
dental, telephone and telegraph
panels, etc.
Each size includes ammeters, volt-
meters, temperature indicators,
speed indicators, galvanometers
and radio -frequency ammeters.
A complete line of small, medium
and ordinary -sized portable instru-
ments, using similar elements, can
also be supplied for testing pur-
poses.

The instruments are described and
listed in the Westinghouse Cata-
logue of Electrical Supplies.

For further details communicate
with our nearest district office.

Westinghouse Electric Ca.Manufacturing Company
Newark Works Newark, N. J.

.1()Iirmil A. I. E. E.

7PpoBX, 2 ?;6 in. Base Voltmeter

Type CX,32 in. Base Voltmeter

20

AMPERES

TypeDX, 4 3/ain.Base Anuneter

7:9PeSX, nein.Base Voltmeter

jestinghouse
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Uninterrupted Service

:AVM. %A. 

Atrat,;.

THE value of
A high -voltage

electric power gen-
erated in the central
station depends
upon its uninterrupted trans-
mission to the substation and
to the consumer.
Westinghouse Porcelain In-
sulators,Ewhether Pin -Type
or Suspension, on your high-
tension transmission lines,

are your best assurance of uninterrupted service.
The whole Westinghouse organization is back of this
assurance. It guarantees every single Westinghouse
Porcelain Insulator.

Westinghouse Electric & Manufacturing Co.
Agent for Westinghouse High -Voltage Insulator Co.

General Office and Works: Derry, Pa.

itirestingli use
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Allis-Chalmers
Steam Turbo -Generators

The above cut shoWs an Allis-Chalmers 5000 K. W. steam turbine and generator unit
of the most modern design built for the Municipal Power Plant, of the City of Ashtabula,
Ohio. The Municipal Power Plant Station of the City of Cleveland, Ohio and the Lake
Union Power Station of the City of Seattle, Washington, are the largest Municipal Power
Plants in the United States and are equipped exclusively with Allis-Chalmers steam
turbines and generators.

The exacting requirements of Municipal
Power Plant service embodying perfect regula-
tion, continuous uninterrupted operation, highest
economy and freedom from repairs or adjust-
ments can only be met by the highest type of
prime mover. The Allis-Chalmers Manufactur-
ing Company has installed steam turbine power
generating equipment in a very large number of
Municipal Power Plants in the United States,
many of which are exclusively equipped with
Allis machines.

The fact that Allis-Chalmers turbines meet the
requirements of service mentioned above makes
these machines ideal for all manufacturing
establishments and especially for those where the
processes of manufacture require continuous
operation.

Ae6, 9
/2:

PRODUCTS

Steam Turbines
Electrical Machinery

Steam Engines
Condensers
Oil Engines
Gas Engines

Hydraulic Turbines
Pumping Engines

CentrifugallPumps
Mining Machinery

Metallurgical Machinery
Crushing Machinery
Cement Machinery

Flour Mill Machinery
Saw Mill Machinery

Air Compressors
Air Brakes

Steam and Electric Hoists
Farm Tractors

Power Transmission Machinery

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Time has told the Story
- the story of MIDWEST AIR FIL-
TERS, --and toldlit well. It is now eight
years since this air filter' was first offered
to solve the problem of dirt and dust, and
with positive results obtained from 2000
installations in every part of the world.

In your plant, a wall of MIDWEST
AIR FILTERS will serve as your pro-
tection from the dirt and dust that reck-
lessly raises havoc with machinery.

MIDWEST AIR FILTERS are built
to a standard of capacity -efficiency -
velocity and resistance, and, these stand-
ards have been established only after
years of laboratory and field research.

To adhere to these standards is one of
the fundamental principles of this com-
pany -to raise or lower these for the

A WALL
of

MIDWEST
AIR FILTERS

Protects your machinery and
equipment from the destruction
caused by dirt and dust,-they
catch the dirt or dust right on
the face where you can see it.

sake of price-or orders-is inviting in_
efficient results.

Therefore, you can investigate the
record of MIDWEST FILTERS with no
hesitation and you can have the services
of our staff to co-operate with you.

With an able and skilled staff of engi-
neers of long experience, it is our keenest
desire to advise you right-to tell it
once-but tell it right -therefore -our
services and results known in every part
of the world- are at
your disposal.

For turbo -generators,
transformers - ventila-
tion- air compressors,
get MIDWEST advice
and follow it.

Ask
For the Book

"They Know Us"
also

Descriptive Folder
F-1

MIDWEST STEEL & SUPPLY COMPANY
(INC.)

Executive Offices: 100 East 45th Street, New York City
Branches in all Principal Cities

MIDWEST STEEL & SUPPLY CO.Ric-
Please mention the JOURNAL of the A. I. E. L. when writing to advertisers.
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FERRANTI
METERS

FERRANTI LD.
HOLLINWOOD, ENGLAND.

ALTERNATING CURRENT METER

N9 IIMMITYPE F. D.

AMPS LLo VOLTS L-;-.0 tiMEMREVS PER K.W.H.

ILLUSTRATION FULL SIZE. WEIGHT 4% LBS.

FERRANTI LIMITED.
HOLLINWOOD, LANCASHIRE, ENGLAND

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.



Another

Oil
Tight

A hievement

Uhe new H type Breaker
The new G -E motor -operated, cell -mounted
"H" type Oil Circuit Breakers are now
available.

For nearly a quarter of a century the "H"
type Breaker has been used in every quar-
ter of the globe as a high -capacity circuit
interrupting device. Its new features, which
make it oil tight and explosion proof within

Explosion
Proof

its rating, have improved the operation of
the Breaker very materially.

Alt old "H" type Oil Circuit Breakers can
be converted to the new type.

Details regarding the operation or appli-
cations of the new Breakers can be obtained
from any G -E office.

7)-G eneTELA1
General Office C0
Schenectady, Nry

411

itnpaan Otliccs ill
all large cities 54A-65



An Engineering D

The New "H" Line
Type FH-103

Designed to permit existing FH-3 breaker
be made oil tight and explosion proof.
changes in cell dimensions are required. I
interrupting capacity is also the same
the FH-3.

Type FH-203
This breaker can be installed in the FH
breaker cell and has greater interruptii
capacity.

Type FH-206
Similar to FH-203 but arranged to be instant
in the FH-6 breaker cell and has greater int(
rupting capacity than the FH-6.

Type FH-209
This breaker has an interrupting caparit

materially greater than the FH-9 but can I
installed in the FH-9 breaker cell.

Type FH-209 Oil Circuit Breaker with separating chambers

GENERA



Alopment of Great Importance

gli

'.7.41,v7;741=fiz=itETELF "WS ZrY

the SeparatingCham
'4141g2fr'"14 -,_;+.4-M. .1,4271 -MI fag/W6-$77, -"q774(?1!:4

In the new "H" type oil circuit breakers the possibility
of oil throwing and of secondary explosion of the gas in
the oil tank have been eliminated.
This has been accomplished by the addition of special
chambers leading from the top of the oil tanks, by oil -tight
and gas -tight caps on the tanks, and by a stuffing box
around each contact rod. The separating chamber cools
the gases as they escape from the oil tank when the
circuit is opened under load.
Any oil which reaches the separating chamber returns
to the tank, but the gas escapes through an outlet mani-
fold to the exterior of the station.
The quantity of oil per breaker, which was already much
smaller than that in any other oil circuit breaker in ex-
istence for the same interrupting capacity, has been
materially reduced. This means an extremely small oil
fire hazard.
The new "H" line represents a distinct advance in oil
circuit breaker engineering.

General Electric Company
Schenectady, N. Y.

ELEGTRIG
1



Ty4e
Suitable forManArranOments

Oil CIRCUIT BRE_ArKETU

Type FH-103 , Oil Circuit Breaker-parallel
arrangement of tanks

Type FII-203 Oil Circuit Breaker-tandem
arrangement of tanks

Ge
General Office
Schenectady NY.

Type FH-203 Oil Circuit Breaker -
mounted on removable truck Type FH-203 Oil Circuit Breaker-as

used for isolated phase service
vertical phase arrangement

4 t- ,,,,,-..,.......... L'.1.12,..4052ILIMISIE.p7,,,,l..77 ^
41

1'

:

Nu --2.. l. .17,, = -,s,sarzal..,,-,- erlLV/Trris. I.I.
11.1

MINI
:1

21

4 4, I, i -..-,:,,1

A I 1

QiN

.1

q
X

It

.

.
3

bY.,,LIMMISSMITWV......1;

ai.:.
-Norco, '.- .1,Y.,". .1; 1:;TAC W.W.I, ;VA:

Ls

,. 1

Type FH-203 Oil Circuit Breaker-as used for isolated
phase service, horizontal phase arrangement

nmpan
Tfic

Sales Offices in
all large cities
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IT FIKLPED WIN THE WAR. Telephones
like this played an important part in re-
porting enemy movements along the West-
ern front. For peace or war. the oppor-
tunity of airplane telephones to render
real service. helps to make our job of pro-
ducing them an interesting one.

Some telephones you may
never have heard of
IN the clouds or in the depths of the earth, men

will always need to talk together-and there

are telephones which enable them to do it.

Not the familiar instrument on your desk or
wall. Special needs have demanded special types.
To help develop these, a skill gained in 46 years
of making telephones has been called into play.

Western Electric is the oldest and largest manu-
facturer of telephones in the world.

lOstern Electric
Since 1869 Makers of Electrical Equipment.

"PUMPS OUT OF ORDER." An emer-
gency call from a mile below ground.
The mine telephone has warned in
time to prevent manya disaster. West-
ern Electric people like to think of
this help when they are making the
instruments.

STALLED A
I 11 N I) E I)

MILES FROM
NOWIIE It E.
Conductor tap-
ping in on the
wires with a por-
table telephone,
to call for help.
Used by track in-
spectors, too, to
report washouts,
lime is another
Western Electric
product which is
saving lives.

LIKE SPEAKING
TWO E El' AWAY.
Every syllable loud and
distinct. The Public Ad-
dress System makes it pos-
sible for speakers to talk to
Zees of thousands. This re-,
1;1;11.1(1)1e product of the in-
ventor's genius and the 111111111-

faettirceN skill carries a whisper
for blocks.

Please mention the JOURNAL. of the A. I. E. E. when writing to advertisers.
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ndAlOW
With CONDIT Pole Line and Manhole
Switches your sectionalizing requirements
are effectively provided for aloft and aloes.
Like the hull of a ship-CONDIT Manhole Oil
Switches are strong and tight. No stuffing box -

easy operation-automatically provides venting of
gases. Oil well at side provides for easy access for
siphoning, filling, inspection, etc., without remov-
ing cover or leads. Supplied for either multi or
single -conductor cable connection, as specified.
Aloft on your poles CONDIT Pole Line Oil Switche-
provide no less reliable switching apparatus protee,
ted against rain or sleet.
Laminated contacts are standard equipment on all
CONDIT pole line and manhole oil switches. All
live parts thoroughly insulated against flashovers
due to surges or lightning. These and other
features insure maximum dependability in section-
alizing service. Poleline Switches: 15,000 Volts or
less; automatic or non -automatic. Manhole
Switches! 4.500 Volts or less; non -automatic.

CONDIT ELECTRICAL MFG. CO.
Alnnujocturers of Electrical Protective Devices

Boston 27, Mass.
Nonhvrn fleanc- Company

Sole Distributor for the Dominion of Canada

SPECIFICATIONS
CONDIT MANHOLE OIL SWITCHES CONDIT POLE LINE OIL SWITCHES
Type M-5: 4500 Volts; Up to 300
Amperes; 2, 3 and 4 poles; Single

Type M-6: 4500 Volts; Up
to 300 Amperes; 2, 3 and 4

Type PK-5: 4500 Volts; Up to 300
Amperes; 2, 3 and 4 poles; Single

Type PK-6:15,000Volts;
Up to 800 Amperes; 3

and Double Throw poles; Single Throw. and Double Throw. pole; Single Throw.

122-44

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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DOSSERT
Solderless
Connectors

eei00
c,611:1% ctov6

vase
bvt

Co
bt e9 vos5es
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Tapping
off a branch -._

circuit
hy

tneans
of bossert

Connectors

of GreatPhotographs from plant

foe'
Dossert

Coannectora
used in busfor
making tapsbar

.

e with
a cable splice is mad

Dossert Connectors.

Falls (Montana) Power CO.

1-10W

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-
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

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Solving a three=cornered problem
with 0=B Station Insulators

Usually an engineer must expect more than just
electrical reliability in his station insulators.

Ability to withstand sudden and severe mechanical
strain is liable to be just as important as depend-
ability under electrical stress. And on top of that
the insulator often must fit in restricted space
limits.

That kind of a three -cornered problem has been
solved many times and many ways by 0-B In-
sulators. As a result there is a large number of
standard designs available. If one of these does
not fit in any layout you are planning, then you
will discover a well -trained, well-equipped organ-
ization at the 0-B Factory which can turn out
whatever special shapes you need.

The Ohio
M ansfield .\kohio. U. S.A.

Brass co
New York Philadelphia Pittsburgh Charleston.W Va. Chicago Los Angeles San Francisco Paris, FranceProducts, Trolley Material, Rail Bonds, Electric Railway Car Equipment, High Tension Porcelain Insulators, Third Rail Insulators

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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POWER LINES
TO TRANSFORMER

LIGHTING LINES
TO TRANSFORMER

DUMMIES

0

0

0

0

OTHEADS

0

EMERGENCY FEEDER

MAIN FEEDER

GeW
5witchingTable

Pot Heads
Dummy Caps

&' Tubes

You Insure
the continuous service that is essential in power distribution when
you use G & W equipment for your installations.
The illustration and diagram show the simple way in which this
is done.
Main and emergency feeder are brought to the disconnecting pot -
heads on the switching tables.
Connection of either feeder to the transformer, bank is made by
plugging in the caps on one side of the table and pulling those
connected to the feeder it is desired to isolate. Result is service
restored. There is-

No Cutting of Cables No Temporary Repairs
No Interruption of Production-No Cable Splicing
Primary fuses are also disconnected by single conductor potheads.
Ask for details of G &W Switching Tables for Single and Multi-
ple Conductor Cables. Complete Catalog No. 11 sent on request.

G & W ELECTRIC SPECIALTY CO.
7440 So. Chicago Avenue

Chicago, Illinois
Jules A genls In ?mu 'pal Olio

DitTRIBUTI ENGINEERS
MANUFACTURERS Of DISTRIBUTION SPECIALTIES

`;44,' -11IPT'wq

Please mention the JOURNAL of the A. I. E. F. when writing to advertisers.
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"Free air"
HE more load you place on a
motor, the more heat will be

generated in its windings. Exces-
sive heat thus limits the load
which can be placed on a motor

and, by inducing and speeding up the
deterioration of its insulation, short-
ens its life.

Therefore, more effective means of
air-cooling motor windings adds to
the life of the motor and to the load
it can carry.

That is why Wagner,Quality
Pow -R -full Motors can carry more
load - give longer service - because
the windings get more air.

And air is free.
That is why the Wagner Pow -R -

full Motor gives this extra load capa-
city - longer service - without in-
creasing your motor investment.

In other words, when you buy the
Wagner,Quality Pow -R -full Motor
you get, dollar for dollar, more motor
value - more motor service - than
from any other motor you can buy.

The radically different Wagner
Pow -R -full Motor design is destined
to powerfully dominate future motor
development. Ask for Bulletin 1296.

Wagner Electric Corporation
Saint Louis

- _ ;,..: =...._ > - .

..:S. ,..C.., .---.

-------a--.."-<.._.,...... j ' /--' - -,
1

ow-R -4W]. MotorHeavy Duty 400- Double Rating

61 -5520-1Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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We have the knowledge.
We have it classified.
It is available.

One More Thing
And that is to give you the opportunity of
getting our Magazine "Lubrication". This
magazine, published by the Texas Company.
contains technical, authoritative articles cover-
ing the use of lubricants in many industries.
Anyone, whose business or profession guaran-
tees his sustained interest in this important
branch of engineering practice, may receive
it.
Thus the present list includes: Engineers,
mechanical executives, purchasing agents.
technical libraries, universities-and YOU,
when you reach for your pen or pencil and
do the necessary.

Lubrication

7-1

Is there a
SCIENCE of LUBRICATION

We'll say yes -- and we'll go further and say that we practice it.

The dictionary's definition of "science" is: knowledge classi-

fied and made available for work.

In supplying lubricants to power plants, mills, shops,
steamship companies, railroads, trolley lines, public
utilities, automobiles-and all the vast mechanical
ramifications of the industries of this country and
abroad, we have done more than sell so many mil-
lions of barrels of Texaco Lubricants.

We have observed, tested and checked the perform-
ance of different types of oils and greases under every
kind and condition of work.

We have made deductions which are valuable be-
cause they work.
This knowledge, accumulated over years of commer-
cial success, has been correlated, and is available to
all who ask for cooperation, advice and assistance
in obtaining the right oil in the right amount for any
purpose.

The medium by which our scientific inquiries in
lubrication are made available to the industrial world
is through the service of Texaco Lubrication Engi-
neers.

When a Texaco Lubrication Engineer makes .a rec-
ommendation as regards the kind and quality of
oil to use he is speaking with more than the author-
ity of his own experience, for back of him is the col-
lective experience of a group of men who have been
working with all kinds of lubricants on every possi-
ble type of power unit or machine.

So, then, if you have any lubrication problem-and
every engineer or master mechanic has them once
in a while-talk to our Engineers about the matter.
Or write us.

Most careful attention will be given to any communi-
cation of this nature and we know that we can prom-
ise a. prompt and satisfactory solution to any prob-
lem relating to the selection of lubricants for any /
purpose.

Name

Street

City

THE TEXAS COMPANY, U. S. A.
Texaco Petroleum Products

Dept. EE, 17 Battery Place, New York City

Kindly put me on the mailing list to receive your magazine
"LUBRICA HON" Free for one year beginning with the January number.

State

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
4-23
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Here it is!
Note the date of this article

announcing the P & H Guar-
anteed Penetration process of
butt -treating cedar poles - per-
fected by Page & Hill Co.

the First
Public Announcement of the
Only Guaranteed Penetra-
tion Process,

-the "P & H"

.liolartitil A. I. E. E.

PAGE & HILL CO. was the first to brand their pcles - the first to develop
a process of butt -treatment that insured a one half inch penetration of

the preservative throughout the ground -line area of the pole - the first toissue a written guarantee specifying a definite depth of butt -treatment.
The "P & H" is the original Guaranteed Penetration Process - and is still the
best. We guarantee, in writing, a half inch uniform penetration of the pres-
ervative throughout the ground -line area.
We produce and sell treated and untreated Northern White and Western Red CedarPoles - we can give you any form of butt -treatment. We make prompt shipments be-cause of the strategic location of our yards throughout the North Central and WesternStates.

Write for illuitrated booklet of facts on the butt -treatment of cedar poles.
opyright 1922, by P.

PAS E AND H C O.
MINNTE.A.1=001../IS MINN.

Grand Rapids, Mich., Powers Bldg.
New York. N. Y. 50 Church St. Kansas City,.Mo. 717 Bryant Bldg. Houston. Texas, 1111 Carter Bldg. Buffalo, N. Y. 950 Ellicot Sq. BldgChicago, 19 So. LaSalle St. Omaha, Neb., 513 Electric Bldg. Dallas, Texas, 311 Sumpter Bldg. Louisville. Ky.. 1416 Stark. 111(1g.

'=;

Please mention the JOURNAL of the A. 1. E. E. when writing 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.

Factory, Kenova, W. Va.
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.



--Cooling Power Increased!
--Safety Assured!

Allis-Chalmers Manufacturing Company
General Electric Company

Copper & Brass Research Association
The cooperation of other companies is expected. Additional funds are needed tobring these studies to conclusions and to undertake other problems of great im-portance to designers, manufacturers, inspector! and users of many types of turbines,
internal-combustion engines, generators, machines, wire ropes, steel rails, axles, shafting.

Experimental Work at Engineering Experiment Station, University of IllinoisNational Research Council cooperates through an Advisory Committee.
The second progress report is on the press.

Please address offers of cooperation and requests for information to

22 A DVERTISIN11 SE(l'ION
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Shutdowns Eliminated!
Stone & Webster,-Hyllesby 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

SPRAY ENGINEERING CO.SPRACO AIR WASHER

IBeing three important advantages of
E

;-.SPRACO "VERTICAL" -2

E

Air Washing and Cooling Equipment f

for the New Enclosed System of Ventilation
E. -for turbo -generators
a

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
Spriy Engineering Company are also pioneer manufacturers of
Horizontal Air Washers (non -recirculating air type) for condition-
ing the ventilating air for turbo -generators.

For full particulars
Write Dept. A W-6.9

Engineers for
Spray Cooling Systems
Irrigation Systems
Aerating Reservoirs
Air Conditioning
Gas Washing

Manufacturers of
Air Washing Equipment
Spray Cooling Equipment
Paint Spraying Equipment
Flow Meters
Park Sprinklers
Self Cleaning Strainers

Uses samesame air over-rewashing and recooling. g
iEnables generator to run indefinitely without cleaning. 60 High St., Boston, Mass. =

',1111.,',11,1411,01111,'

ENGINEERING FOUNDATION
Established 1914

Administered underunder the auspices of the American Societies of

Civil, Electrical, Mechanical and Mining Engineers
has pleasure in announcing that

An Extension of the Fatigue of Metals Research
to investigate Non -Ferrous Metals, and to study
Ferrous Metals at Elevated Temperatures, has been
made possible through the financial cooperation of

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 A.\7)

OFFICE 13('ILD1.\-G,

FOR
SCHOOLS AND

PUBLIC BUILDINGS

Complete detail specifications for your files upon request.
Ask for Sinn:ore Specifications No. 2053.

-51101I+
SIMPLEX NORE &CARE @

MANUFACTURERS

201 DEVONSHIRE ST., BOSTON 9
15 SOUTH DESPLAINES ST., CHICAGO
612 HOWARD ST., SAN FRANCISCO

STANDARD
Copper Wire High Strength Bronze Wire -

Copper Clad Steel Wire
For trolley and transmission service

Meet every service requirement, however exacting
They are rolled and drawn in our own rod and wire mills from
the highest grade copper wire bars, and their superior and
uniform quality is assured by a system of careful inspections
and tests at different stages of manufacture. Their depend-
ability has been demonstrated by many years of service under
all sorts of operating conditions.
We have unexcelled manufacturing and shipping facilities
at our several factories and, in addition, carry considerable
stocks of standard materials at convenient shipping points.

Write our nearest office about your requirements.

STANDARD UNDERGROUND CABLE CO.
NEW YORK WASHINGTON PITTSBURGH DETROIT SAN FRANCISCO SEATTLE

BOSTON PHILADELPHIA ATLANTA CHICAGO ST. LOUIS LOS ANGELES

F iCTORIES: PERTH AMBOY. N. J.; PITTSBURGH, PA.; ST. LOUIS, MO.; OAKLAND, CALIF.

FOR CANADA: STANDARD UNDERGROUND CABLE CO. OF CANADA, LIMITED, HAMILTON, ONT.

RADE

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Weatherproof Copper Wire and Cables

s "AMERICAN BRANO
WEATHERPROOF WIRE AND CABLES

HAS NO F QUAl

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 E-

WIRE PRODUCTS
For Varied Applications

Boston Insulated Wire MI Cable Co

We manufacture many types of wires, cords
and cables for specific uses. Among them are:

Rubber Covered Wire-Solid Conductor, Stranded
Conductor, Flexible Conductor, Extra Flexible Conductor.

Lamp Cords, Reinforced Cords, Heater Cord, Brew-
ery Cord, Canvasite Cord, Packinghouse Cord, Deck
Cable, Stage Cable, Border Light Cable, Flexible
Armored Cable, Elevator Lighting Cable, Elevator Oper-
ating Cable, Elevator Annunciator Cable. Switchboard
Cables, Telephone Wire, Flameproof Wires and Cables,
Railway Signal Wires, High Voltage Wires and
Cables. Automobile Ignition Cables, Automobile Light-
ing Cables, Automobile Starting Cables, Automobile
Charging Cables. Moving Picture Machine Cable.

"AMERICAN BRAND"

Main Office and Factory:Dorchester District Boston, Mass.
Canadian Branch, Office and Factory, Hamilton, Ont.

ANACONDA
BARE COPPER

WIRE

STRANDED CON-
DUCTORS OFANY
DESIRED CAPACITY

TROLLEY WIRE

Anaconda Copper
Mining Company

ROLLING MILLS DEP'7;

545 Conway Bld J,, Chicao

9g10111110141ik...-
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ATLANTIC
1
1 DOLPHIN Insulated Wirea

A code wire of high quality known
LA for its great dielectric strength

and resiliency, and used for its dependability and
maximum service. Built on the same lines as the
widely known and used "Triton"-Intermediate
grade, 25% para ; and "Neptune" - 30% para.

E -.-

E.. Atlantic Insulated Wire & Cable Co.
Stamford, Coon.

Os o era/ Naies Office: Factory:
52 Vanderbilt Ave., New York

Elfiliiiiilliiiillaillifilaililliiiiiiiiimitiiiimmilitimulimminnuimaiiliffiniikw,,noi..1,,,dnimmiliatillititol imuniplitiunimmumnii ,
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1 ELECTRICAL WIRES
AND CABLES

WIRE ROPE WIRE STRAND
WELDING WIRE

John A. Roebling's Sons Co.1
Trenton, New Jersey

BENNETT 17.

SURGE
ARRESTERS E

Ideal Protection .E--

'-i

Write for
Bullelin8
Questionnaire

Ruggedness
Simplicity

INSULATED WIRES
I

S

I

Electro CS-ERvir0 Company I
MARIETTA, GA.

4. -

225,000 Volts
is the

Hash -over Point
of this

rTHOMAS QUALITY"

INSULATOR

Ask for descriptive E
sheet of Pin Type In-
sulator No. 4035.

THE R. THOMAS & SONS CO.
EAST LIVERPOOL, OHIO

New York Boston Chicago London
511111111111111111111111111111111111111111111111111allaillallanallallallalalliallilltaitw

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Core and Coil Assembly of a 25 KVA
Distributing Transformer.

NUN LXAM
TRANSFORMERS

Have More Coil Surface Exposure --
Hence a maximum of coil radiation to oil and a LOW
COIL GRADIENT.
1 Providing constant reinforcement of fixed insulation.
2. More nearly eliminates hot spots.
3. Allows greater overloads.
I. Works core at much lower magnetic density.
5. Permits repairs at minimum expense.
These are but a few of the many points of excellence, due
to the peculiar design of coil construction in Kuhlman
Transformers.
Numerous other advantages accruing from our 30 years
of intensive specialization in transformer building, are
incorporated in all types of Kuhlman Transformers and
are clearly shown and described in our new bulletins
Nos. 111 and 112.
For dependable, continuous service and safety always
specify Kuhlman Transformers.

KUHLMAN ELECTRIC CO.
BAY CITY, MICH.

1, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 111111111111111111 1 I 1 1 1 1 1 II 1 1 1 1 1
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OVERHEAD GROUND
LINES

are constructed correctly with

1140C11101

1111 CBI I LS
TRADE MARK REG. U. S. PAT OFF.

Made by the Molten Welding Process)

Most objections to overhead ground lines have arisen
from troubles following rusting of the wires.

A life at least equal to the power conductors is now
recognized as the foremost requirement in the selection of
an overhead ground wire.

Copperweld wire does not rust.

Xtra-Hi- Tensile Strength Copper weld now available

Technical Data, Wire Tables, Sag Charts sent on request

RURAL DISTRIBUTION - TELEPHONE
LONG TRANSMISSION SPANS

RADIO ANTENNAE
GUY STRAND -SERIES LIGHTING

ff- NEW YORK SALES OFFICE: CHICAGO SALES OFFICE E

g- 30 CHURCH STREET. NEW YORK 129 S. JEFFERSON ST.,CHICAGO

MAIN OFFICE AND WORKS BRADDOCK P 0. RANKIN, PA.-..-

Please mention the JOURNAL of th e

S

WIRE

STEEL COMPANY -1
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A. I. E. E. when writing to advertisers.
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Si mpler-

Stronger

Better-

Installation K -P-1?
80 KV. Switches.
San Joaquin Lt. &
Pwr. Corpn., Calif.

K -P -F POLE TOP SWITCHES consist of fewer
parts, are more rugged and require less labor and
material for installation than any other.
Each pole becomes a self-contained unit.
Switches are shipped ready to bolt on to cross -
arm in place of line insulator.
One crossarm supports it. Contacts are far
removed from insulators and a unique device
prevents sticking or freezing.
Send for bulletin K105 containing full details.

K -P -F ELECTRIC CO.
855-859 Howard St. San Francisco

,1'11,[1111111111111111111111111111111111111111111111111111111111ilr''''''''''"11,1111111111111111111111111111111111111111),

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.

Please mention the JOURNAL of the A. E.r..when writing to advertisers.

Journal A. .

R. & I. E.
INTERCHANGEABLE UNIT FUSE HOLDERS

DESIGNED for
the protection of

high voltage trans-
former substations
and similar installa-
tions.
Absolutely depend
able in operation -
the fuse renewal cost

is extremely lots
-built with in-
terchangeable in
sulator unit
mounted on a
steel channel
base.

W rite Jo,
descriptive
Bulletin.

RAILWAY AND INDUSTRIAL ENGINEERING CO.
GREENSBURG, PA U. S A

7.'..111111111111111111111111111111111111111,
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:± --

THE TATES
COMPANY

AUTOMATIC
Series Cut -Out

For Street Lighting Circuits
Pre vents outages
Is good insurance- -

Increases safety to the public-
Locates the fault automatically-
Allows continuity of operation-

Ask for Cat. No. 3, Section 2

74 Francis Ave., Hartford, Cone.

3

a

N 11 AY
GLASS'

ULAT ORS
The transparency of Hemingray Glass Insulatorsmakes line inspection very simple. The linemancan tell at a glance whether the insulator is intact or not.HemIngray insulators are mechanically and dielectricallydependable, non -porous and uniform in structure. Theydefy moisture and age.

Send for Bulletin No. 1.
HEMINGRAY GLASS COMPANY

Muncie. Indiana
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Developed
Tested '\--

and

Proven
on the

Largest Power Systems
THE reputation of the T & .11 Disconnecting

Switch has been built upon the service this
apparatus has given and is now rendering in well
known central stations, electric railways and
industrial power plants.

The quality of material and workmanship
entering in their construction and the funda-
mental accuracy of their design, has been estab-
lished for T M Switches under severe and
widely varying operating conditions.

We specialize in the design of high and low
tension switches to meet unusual and difficult
problems and solicit inquiries of this nature.

Thoner & Martens
E
I 463 Commercial Street, Boston, Mass.

!ffitinffiiiirmiNiiffiii...........iimunimffimininnunimnimummouilinwilwiminumnimmumimiffiffimrnwiimi,o

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. LOITIS.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.

Dangerous Work!
The men who tackle
it deserve every
possible protection.

Secure against
fatal injury
Linemen do
more and
better work

Supposing
it were
YOU

The
purchase of
protection
always
pays'

MARSHALL'S
Linemen's Shields

Marshall's Protectil e Ap-
pliances, including Shields
and Shoes, protect linemen
against 20,000 volts any-
where-on the pole, on the
ground, or in conduit work.

Write for prices today-tog
morrow the accident may
happen.

LINEMEN PROTECTOR CO.
850 Penobscot Bldg., Detroit, Mich.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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I SPHERICAL
PHOTOMETERS

40"-60" and 80" SPHERES

Using the Built In
SHARP -MILLER PHOTOMETER

Scale 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. 32

Foote, Pierson & Co., Inc.
160-162 Duane St., New York City

Over

Three

Years

Ago

The ROLLER -SMITH COMPANY put on the
market a line of small portable A. C. instruments;
small enough for your pocket, your traveling
bag or your tool kit; light, compact, accurate
and durable. The line met with instant favor.
It comprises ammeters, voltmeters and watt-
meters up to 50 amperes, 300 volts and 8 K. W.

ROLLER -SMITH quality-the result of over
20 years experience-is built into every one.

Send for Bulletin A E-150.

OULF2R;SMETH COMPAN
Elzatcal Instruments. Meters and Cacutt breakers

I
]F

...
MAIN OFFICE

6--12 Park Place, NEW YORK -461Ia.
WORKS:

Bethlehem, Penna.
Offices in Principal Cities in U. S. and Canada

a

a

Journal A. I. E. E.

a

a

a
a
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Megger Testing Sets
are used by efficiency engineers, for insulation
resistance tests of  generators, motors, trans-
formers, switchboards, insulators, cables, etc.
The Megger method is specially valuable wher-
ever economy of upkeep is practiced-and there-
fore is more necessary during "hard times"
than when "business is good."

Write for illustrated catalog J-985.

JAMES G. BIDDLE
1211-13 Arch Street, Philadelphia

3

I

f=1

TUNGSTEN contact
points have proved

superiority in many
applications. Fansteel
tungsten points have

been standard for quality

for eight years.

Tantalum,
Molybdenum

FANSTEEL PRODUCTS i Wires and

COMPANY, INC. Sheets.

NORTH CHICAGO, ILL (Send for
(Data Sheets,
(Care Dept. RE

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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TRANS: MERS

For Every Purpose
Each Custom Made for the Highest Efficiency

kir - Oil -- or Water Cooled
THE widely varying applications of electric power necessitate numerous types of

transformers. Tests prove that commercial types fall short in many instances
of delivering maximum efficiency-resulting in loss of product, lack of uniformity.
high operating costs and short transformer life.

AMERICAN TRANSFORMERS are built only after a special study of require-

ments, which accounts for the consistently good results obtained from them.

Consult us whenever you need transformers for individual purposes and condi-

tions. Our engineers will gladly aid you in determining appropriate types.

The American Transformer Company
176 Emmet Street, Newark, N. J.

Radio
Item

The quality of American Transformers is typified
in this new audio frequency amplifying transfor-
mer, called the AmerTran, here illustrated.
With less distortion and far greater amplifying
power than any similar device now available,
it represents a distinct contribution to the develop-

twiminitomminiiminuininniiinumunumnuilumulitiimninumniumlimmilimmounintionuniinunonnunmouflounnimmininintimooffiu.-

Maintain constant
voltage regulations
This is important not
only as a safety pre-
caution-but because
it concerns the life
and efficiency of Elec-
trical apparatus.

TRADE MARK

BRISTOL'S
REG V S. PAT. orrice

Recording
Voltmeters

are furnished for A.C.
and D.C. in both
round chart and strip
chart type, and for
switchboard, wall or
portable use. The
coil used with the
latest design Volt-
meters is known as
the elongated type.

Where shall we
send your copy of
Catalog BC.I5Ol?

THE BRISTOL COMPANY
Waterbury, Conn.

Branch Offices:

Boston New York Detroit
Philadelphia Chicago St. Louis

Pittsburg h
San Francisco

ilutimilimmilmnimiummtitinimummimomminfilimiiiiiimoolloonimommoimmiliminvimmitiouionflumunmonfornimil oi.

Please mention the JOURNAL of the

ment of radio art. Interested readersVshould
send for bulletin 975 containing an unusual chart
of the audibility amplification of the transformer
and musical scale. The AmerTran is moderately
priced and is distributed through Jobbers and
dealers.

a

a

2

a

TYPE 216

CAPACITY BRIDGE
A bridge suitable for measuring condenser
capacitances and effective resistances.
Particularly adapted for the study of dielectric
losses in cables and insulating materials in
general and for the determination of phase
angles.

Fully described in Bulletin 404.
PRICE, $180.

It you have one of those bridges write fur New Oper-
ating Instructions. Address Engineering Dept. E,
free on request.

GENERAL RADIO CO.
Manufacturers of

RAMO AND ELECTRICAL LABORATORY APPARATUS
Massachusetts Avenue and Windsor Street

CAMBRIDGE 39 MASSACHUSETTS
5165/

A. I. E. E. when writing to advertisers.
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A Molded. Collector Ring
Taft -Peirce Mfg. Co. obtained
absolute rigidity, positive contact
surface, and permanent concen-
tric form of their metal collector

-- D1,,10 .5 C.?! '

BAKELITE CORPORATION

rings by making them an insepar-
able part of their insulation, a
molded phenolic resin material.

BAKELITE
General Bakelite Co.

8 West 40th St. New York

Condensite
Condensite Co. of America

Bloomfield. N. J.

REDMANOL
Redman()) Chemical

Products Co.
636-678 West 22nd St.

l.'"I'StitisCiohica=100,00'

Condensite, Bakelite, and Red -
manol, insure manufacturers a
standard electrical insulation
which can be depended upon to
function properly year after year.

Write for a copy of Booklet D.

BAKELITE
CORPORATION

Address the Divisions

7e Material Qica Thousand Uses

gminiminlimmilimminiiiinitioninnmenumummoimitimumminitinimmurnitiounimmummilimm

USE COLD MOLDED MATERIAL
To Reduce the Cost of Your Molded Parts
The Aico method of cold molding electrical parts and auto-E motive units reduces cost and produces work of the finestquality.
In order that electrical manufacturers may better know theAico process we have established an engineering and designing6- department and placed it at their disposal. A request foradditional information will receive the prompt attention ofthis department.

=I=

AMERICAN INSULATOR CORPORATION
New Freedom, Penna.

New York Branch Offices Montreal
52 Vanderbilt Ave.

=== Chicago
564-570 W. Monroe St.

3 St. Nicholas St. 5:=

Oakland, Cal.
1560 Webster St.
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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
I rv-O-Slot Insulation

IRVINGTON VARNISH INSULATOR CO.
Established 1905

Main Office and Factory
Irvington, New Jersey, U. S. A.

I

Please mention the JOURNAL of the
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T. -

insulators are employed by
electric appliance manufac-
turers because LAVA, strong
in dielectric and heat-resistant
properties, meets exacting

E --

requirements.

A

AMERICAN LAVA CORPORATION
27-67 Williamson Street

CHATTANOOGA, TENNESSEE
Manufacturers of Heat Resistant Insulators

1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111110
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PENNSYLVANIA
I ELECTRICAL SLATE 1

for
Switchboards, Panelboards, Fuse
Blocks, Bus Bar Supports, etc.

,ryntS OF 3,4
07

V Ft A tifir
ZUCLalLi?

THE STRUCTURAL SLATE CO.

f

E-=

Pen Argyl, Penna.
r -EComprehensive Data on Electrical, Chemical andPhysical Properties of Pennsylvania Slate sent on request -3

.f=

Diamond- F

Use Diamond Fibre
Wherever the job in hand demands a tough, service -giving material of great strength, light weight andhigh 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 toyour own specifications. Write for samples and fullinformation.

Diamond State Fibre Company
Bridgeport (near Philadelphia), Pa.

In Canada: Diamond State Fibre Company of Canada, Limited,245 Carlaw Ave., Toronto, Ont.

A. I. E. E. when writing to advertisers.
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Don't Buy Paint or Varnish Buy Insulation
Sterling Insulators Designed by Electrical Engineers

Made by Chemical Engineers in a Specialized Plant

Sterling Products: An insulating coating for every purpose in Black.

Clear or Distinctive colors.
All degrees of flexibility and life.
Varnishes especially adapted for use with enamelled wire.

Non -inflammable varnishes.
Acid, water or oil proof varnishes.
Solid Compounds.

Sterling Quality: Absolute uniformity.
Highest percentage of useful material consistent with ease of handling.

All materials sold under the Sterling guarantee to give entire satisfaction.

The Sterling Catalog No. 20 is accepted as a text book on insulating coatings. Write for it.

If you want information on liquid or solid insulators, our engineering staff can advise

you intelligently what to use and how to use it.

ST.THE STERLING VARNISH COMPANY, PITTSBURGH, PIA.
.11M11111101/1t4PMUIIVIIR1111111!;n11,.1,11v,10.to,

The Seal of
Vul-Cot Fibre

Service
This is the seal of a service-a service

with threefold facilities for producing
Vul-Cot Fibre and Vul-Cot Fibre parts
and products. It represents the combined

equipment of three great factories for

speedy manufacture and delivery of this
famous material.

As hard as horn,
As durable as steel,

As adaptable as rubber-
Less costly than any Is. Vul-Cot Fibre.

It comes in sheets, rods. tubes or the
finished parts made to your own specifica-

tions. Write us, naming your requir( -

-ments, and we will gladly send samples.

National Vulcanized Fibre Company
Wilmington, Delaware

MINERALLAC
INSULATING
COMPOUND

No. 78
In the Testing Laboratory and in

actual service, under unusual operating

conditions, No. 78 has proved its

worth.

For Cable Joints and Potheads on
high-tension lines, it has many special

points of merit as an insulating material

We recommend its use.

MINERALLAC ELECTRIC COMPANY

1045 Washington Blvd., Chicago

Please mention the JOURNAL of the A. I. E. E. when writing to:advertisers.
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A VERITABLE DICTIONARY
"This Binder is a veritable dictionary on infor-

mation pertaining to bearings and their installa-
tions. I appreciate it very much," writes the
Consulting Engineer of one of the world's most
famous motor oars.

Several thousand other engineers and designers
feel the same way and keep a special place for
the New Departure Reference Book in their
library.

The Book and its monthly supplements are
issued gratis to qualified persons. Pleaite write
on your letterhead.

The New Departure Manufacturing Company
Detroit Bristol, Conn. Chicago
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A
MOTOR

THE
WORLD

CAN

DEPEND
ON

"AK" Variable Speed Motor for
Printing Machinery

Highest efficiency under
variable load. Wound
for 25% overload.
Push button control.
For A. C. any cycles.
In sizes 1/20 to 5 H. P.
Modern, safe equipment
for job or cylinder press.

Write for complete information.

NORTHWESTERN ELECTRIC COMPANY
Also Mfrs. of the new "Martin" Rotary Converter.

409 So. Hoyne Avenue, Chicago, Ill.
Minneapolis -8 N. Sixth St. Kansas City, Mo.-1924 Grand Ave.

Toronto, Can. -808 Tyrrell Bldg., se King St., E.
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A TYPE FOR EVERY SERVICE
Bulletins on Request

THE GOULDS MANUFACTURING COMPANY
Seneca Falls, N. Y.

Agencies in all principal cities, ......... ....._....._
, _..........a".

......mr.0Nra., ' " . ...' ''... . " . " d . " . ' ' . " . " . ...... . . " ' ' . . . " " " . " " ' . ' '. . . e .

'....-7....''''''''"*......"..,...=1.!
........00. -=,-

0: .A.,:'....... 0   . . . . . . . .:.....

L. L;."..... ........ =:.=
......S ..... ....
., .. .....

...."

..=

......... ...=1/ ....-,,

:11711111111171111111111111111171
malter .

E. =
fillIr1111111111111111filiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiniiiiiMMIIDIIIIIIIIIiiii1101, WI %.7,7111111111111111111111101111PI '.11,1111iffillilig

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.



April 1923 ADVERTISING SECTION
33

(Seaton removed to show construtlionj

ROCKWOOD
PAPER PULLEYS

1. Reduce slippage
2. Decrease belt tension
3. Transmit more power
4. Lower total cost of drive,

due to narrower belts.
Whenever you buy a pulley for a motor, get a Rock-
wood Paper Pulley, the pulley that most every motor is
equipped with when it leaves the factory. Rockwood
is more than a pulley-it is pulley service! Order from
your eledrical dealer or direct from us.

THE ROCKWOOD MFG. COMPANY
1947 English Avenue INDIANAPOLIS, U.S.A.
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COMMUTATOR STONES 3

Buy Imperial
Bank the Saving!

Write for Full Information
and Commutator Trouble Chart.

THE MARTINDALE ELECTRIC CO.
11717 Detroit Ave., Cleveland, Ohio
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STAR
Ball Bearing Motors LE

For All Purposes
Horizontal-Vertical

D. C. C. Interpole Motors
for hard usage -1 to 40 hp.
Sparkless commutation at
all times.

A. C. Polyphase Motors
squirrel cage induction and
slipring-all cycles, 1 to
40 hp., 110 to 550 volts.

A. C. and D. C. Generators and
Motor -Generator Sets

Write for Bulletins.

Star Electric Motor Co.
Miller St. and N. J. R. R. Ave.. Newark. N. J.

=-

Please mention the JOURNAL of the A.

MILL EIMINGS

IN

FRACTIVNALL
I -540R VTVItis

Simplify Assembly and Disassembly
The inner ball race is correctly located in
the shaft before the armature is put in
place. The ball cage and balls are snapped
over it. The outer race, lightly pressed
in the end housing, slips into place over
the balls in exactly the right position.
The time and labor needed in manufacture
and assembly, and in disassembly for in-
spection or cleaning, are materially re-
duced. Exact adjustments easily secured
and maintained contribute to the high
electrical and mechanical efficiency.

This is one of many distinctive
advantages described in the book-
let "Good Motors Made Better."

Sent on request.

THE K1 MA CVAPANY
VP' AMERICA

Arable Avenue
Long Island City New York
BALL, ROLLER AND THRUST BEARINGS

I. E. E. when writing to advertisers.
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First -to-the:left,

-then to t ht
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unhesitatingly

LIT
calls to your
mind its ability
to give your

motors "100% I -T -E Protection."
It eliminates all fuses and the so called

safety switch.
It now can be supplied to protect your

250 -volt direct current motors from 1 to
300 hp. and your 550 volts alternating
current motors from 1 to 200 hp.

For further information "We stand at
attention!"

PHILADELPHIA

1829 Hamilton Street
THIIIIMI111111111111111111111111111
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"A"-PHYSICS-fleals with electricity, magnetism, light,
heat, sound, astromony, chemical physics.

Journal A. I. 10, I.:,

THE ROWAN A.C. STARTING SWITCH
PUSH BUTTON OPERATED

OIL IMMERSED

FOR
STARTING AND STOPPING SMALL SQUIRREL CAGE

MOTORS THAT CAN BE THROWN ACROSS
THE LINE

THE ROWAN CONTROLLER CO., BALTIMORE, M D.

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,

a-- 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:

E
"B"-ELECTRICAL ENGINEERING-deals with electrical-2

.2plant, power transmission, traction, lighting, tele-E
graphy, telephony, wireless telegraphy, prime movers, EE

alengineering materials, electrochemistry.
E.

EE Through special arrangement, members of the A.I.E. E. Subscriptions should start with the January issue...
E may subscribe to "Science Abstracts" at the reduced rate The first volume was issued in 1898. Back numbers areE

gof $5.00 for each section, and $10 for both. Rates to non- available, and further information regarding these can be
E.

-f members are $7.50 for each section and $12.50 for both. obtained upon application to Institute headquarters fE .
American Institute of Electrical Engineers

33 West 39th Street, New York

lf 11,1!,1' 1,1,1' Pfl'Iii'l!!11 I

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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CEDAR POLES NORTHERN WHITE
WESTERN RED

PLAIN OR BUTT -TREATED
Satisfaction Guaranteed

THE MAC GILLIS & GIBBS COMPANY
Milwaukee, Wis.

neiWire
andWindin0

have for over twelve years been standard

among electrical manufacturers due to
their dependable quality and reasonable

price. Find out the economy and im-

provement we can effect for you.

Write today for prices and samples.

Dudlo
Manufacturing

Company
Fort Wayne, Ind.

Nstonomoinsionlionionssinstmossosonnowasissistiossuumostuousiinimumisussinuouswissusissonssusimoinstung

CEDAR POLES T_
NORTHERN WHITE CEDAR
WESTERN . RED CEDAR

PLAIN OR TREATED BUTTS.

Prompt shipments guaranteed.
Ask for our delivered prices.

T. M. PARTRIDGE LUMBER CO.
729 - 32 Lumber Exchange,

MINNEAPOLIS, MINN.

Asbestos Insulated Wires and Cables
II

WHEN you use Rockbestos Wire you learn the
difference between so-called "slow -burning"

insulation and insulation that is non burning.
And it's a difference worth knowing because
Rockbestos puts an end to the burnt -out coils on
overloaded motors.

Rockbestos Wire is insulated with pure, long -
fibre asbestos and impregnated with a special
compound. A host of engineers have discovered
that Rockbestos will stand service no other wire
could possibly stand.

Put your wiring problems up to the ROCK-
BESTOS ENGINEERING DEPARTMENT-
their advice is free and without strings attached.
Ask us about the following Rockbestos Products.

Heater Cord Magnet Wire
Fixture Wire Stove Wire
Switchboard Wire Motion Picture Cable

Also Improved
Radio Head Set Cords

imitimmiminninnonniminiimilinimminumiinommunnommilummunimmi

ROCKBESTOS PRODUCTS
C O R P. O R A T ION

Sales Promotion Department 0
NEW HAVEN. CONN.

"-2-

Largest Manufacturers of Transformers exclusively
in the United States

PittSburgh, Pennsylvania

1E7

Pittsburgh Transformer Company

PleasePlease mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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PROFESSIONAL ENGINEERING DIRECTORY I
For Consultants In the Field5 of Engineering, arid Related Arts and Sciences

Thlablished 1837

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.
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
Patent Lawyer

Validity, Infringement and Preliminary
Investigations

629 F Street, North West
Washington, D. C.

W. S. BARSTOW & CO.
Incorporated

Consulting and
Construction Engineers

Public Service Properties
Financed and Managed

50 Pine St, New York.

BATTEY & KIPP
Incorporated

ENGINEERS
Complete Industrial Plants

Power Plants & Electrical Installations
Engineering Reports, Analyses & Appraisals

198 W. Madison Street CHICAGO

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-
manta 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.

McLachlan 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, 83 W. 42d St., New York City

Telephones!
Longacre 8so6 Lon:acre 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

RADIO ENGINEERING

98 South Dearborn Street
50 Church Street

Chicago
New York

Edward F. Croksr
Ex -Chief N. Y.

Fire Dept.

Chas. W. Mitabell
Electrical
Engineer

FIRE PROTECTION ENGINEERS
Fire Alarm Engineers a Contractors

Fire Drills. Fire Appliances and Equipment

its W. 30th St. New York, N. Y.

FORD, BACON & DAVIS
Incorporated

ENGINEERS

116 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 Railway Structures

Industrial and Chemical Planta
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 Plants
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
Electrical Engineer

ENGINEERING AND PURCHASING
SERVICE

Design-Manufacture-Construction
Own Shops

Own Yard for Handling
114 LIBERTY ST. NEW YORK CITY

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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PROFESSIONAL ENGINEERING DIRECTORY
For Consultants in the Fields of Engineering, and Related Arts and Sciences

Dugald C. Jackson
Edward L. Moreland

JACKSON & MORELAND

CONSULTING ENGINEERS

387 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

684 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

616 -77th STREET BROOKLYN, N. Y.

MCCLELLAN & JUNKERSFELD
Incorporated

Engineering and Construction

New York
45 William St.

Philadelphia
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.

N. J. NEALL

Consulting Engineer
for

Electrical and Industrial Properties

12 PEARL STREET BOSTON, MASS.

EFFECTIVE ADVERTISING
--- Your Card in This Directory

SMALL COST
-- 640 per year --12 Insertions

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.

8426 Giles Pl. NEW YORK CITY

OPHULS & HILL, Inc.
Formerly Ophuls, Hill & McCreery,

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
404 Penfield Bldg.
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
320 Devonshire Street BOSTON

Steam, Electrical, Hydraulic, Industrial
Developments-Building Equipment-

I n vestigations-Reports.
Edward B. Richardson Harry Gay

DWIGHT P. ROBINSON
& COMPANY

Incorporated
Design and Construction of

Power Developments, Electric
Railways, Industrial Plants
125 Enat 46th Street, Now York

Chicago Youngstown Dallas
Loa Angeles Montreal Rlo de Janlero

SANDERSON & PORTER
Engineers

Reports Designs
Construction Management

Hydro -electric Development.
Railway, Light and Power Properties

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.

3301 L. C. Smith Bldg. Seattle, Wan!).

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

(Cards continued on next page)
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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 A.I.E.E. 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. Cyrus G. Hill

Utilities and Industrial Properties
Appraisals Construction Rate Surveys
Plans Organization 'Estimates
Financial Investigations 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.

Inspections -Tests -Research .-
ELECTRICAL

P.-. Tests may be used by the purchaser for the following purposes:= TESTING (1) the quality of competing samples. This enables the purchase F.of the best quality for the money. E -LABORATORIES (2) To make sure that shipments comply with specifications. This makes possibleg the assurance to the customer that shipments match buying samples. E
'--.. - 80th Street and East End Ave.2 (3) To furnish an impartial decision in case of disputes between purchaser andmanufacturer. E
f.- NEW YORK

Testing place the whole buying problem on a sound basis. =
E-E =

=
E=E
E

E=
E==
E

A Great Engineering Library
THE Engineering Societies Library, 33 West 39th

St., New York, is a reference library for engi-
neers, directed by the national engineering societies.
It contains 150,000 volumes and receives 1500 period -

g icals relating to civil, mining, mechanical and electri-
cal

72-
engineering, metallurgy and industrial chemistry.

A staff of experienced investigators is available

Er

 e

Is your
name on our

mailing list for
bulletins and

catalog?

to make searches upon engineering subjects. prepare
lists of references and translate engineering publi-
cations from foreign languages.

The Library can also supply photoprint copies of
any articles appearing in engineering journals, old
or recent. Prices for any services will be quoted on
application.

At Your Service

Morgan ite
Brush Co., Inc.

519 W. 38th St.
New York

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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K & E
the Mark of Guaranteed Satisfaction

(;A

THE careful buyer will not hesi-
tate about specifying K & E

Tilting equipment for the drafting room.
evlee He knows the excellence of K& E

workmanship and our reputation
for fair dealing.

K. D. We recommend the new, improved
Arrangement HUDSON DRAWING

TABLE
as a serviceable, medium priced
table, very popular in drafting
rooms. It has the knockdown
feature and is furnished with or
without tilting device, as shown.
Made in light oak finish.

Send for detailed Information.

KEUFFEL & ESSER CO.
NEW YORK, 127 Fulton Street, General Office and Factories, HOBOKEN, N. 3.

CHICAGO ST. LOUIS SAN FRANCISCO
516-20 S. Dearborn St. 817 Locust St. 30-34 Second St.

MONTREAL
S Notre Dame St. W.

Drawing Materials. Mathematical and Surveying Instruments, Measuring Tapes
111111MMINNIIIEL

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
THE BUILDING MANAGER

Please mention the JOURNAL of the A. I.

(7./47 e largest selling
quality pencil
in the world

TWO crowning achievements;
the far-famed Venus of Milo

and the superb VENUS Pencil.
VENUS-the Peer of Pencils-
meets perfectly the exacting
needs of the engineer and the
draftsman.

17 black degrees, 3 copying
For bold, heavy lines - - 6B -5B -4B -3B
For Writing, sketching - - 2B -B -FIB -F -H
For clean, line lines - 2H -3H -4H -50-6H
For delicate, thin lines - - - 7H -8H -9H

Plain Ends, per doz.
Rubber Ends, per doz.

Three copying Degrees
for Indelible Uses

Al Nal loners and Stores throughout Mr World

American Lead Pencil Co.
204 Fifth Avenue, New York

Lombui, Eng.

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
AIR COMPRESSORS

Allis-Chalmters Mfg. Co., Milwaukee, Wis.
General Electric Co., Schenectady, N. Y.
Western Electric Co., All Principal Cities

AMMETERS, VOLTMETERS
(See INSTRUMENTS, ELECTRICAL)

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
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Copper Graphite

Morganite Brush Co. Inc., New York
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)

CIRCUIT BREAKERS
Condit Electrical Mfg. Co., So. Boston, Mass.
Cutter Company, The, Philadelphia
General Electric Co., Schenectady, N. Y.
Pacific Electric Mfg. Co., San Francisco
Roller -Smith Co., New York
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

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

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

advertisements see the Alphabetical List of Advertisers on page 46
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 Chicago, Ill.
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., Schenectady, N. Y.
G & W Elec. Spec. Co., 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, STEAMROAD
General Electric Co., Schenectady, N. Y.
Ohio Brass Co., Mansfield, Ohio
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

ENGINEERS, CONSULTING AND CON-TRACTING
Stone & Webster, Inc., Boston
(See also PROFESSIONAL ENGINEER-

ING 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

General 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

High Tension
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 E.ectric 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. Pi s -

burgh

HEATING ELEMENTS
General Electric Co., Schenectady, N. Y.

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
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
Western Electric Co., All Principal Cities

'Fireless
Acme Apparatus Co., Cambridge, Mass.
General Radio Co., Cambridge, Mass.

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
Compounds

Minerallac Electric Co., Chicago
Standard Underground Cable Co., Pittsburgh
Sterling Varnish Co., Pittsburgh
Western Electric Co., All Principal Cities

Fibre
Diamond State Fibre Co., Bridgeport, Pa.
National Vulcanized Fibre Co., Wilmington,

Del.
La:a

American Lava Co., Chattanooga, Tenn.
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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I. P. Morris Hydraulic Turbines
The Wm. Cramp & Sons Ship & Engine Building Co.

Richmond and Norris Sts., Philadelphia

Two 70,000 H. P., I. P. Morris Turbines
The Most Powerful in the World

are now under construction for the Niagara Falls Power Co., for installation in an extension
to the above plant. Head, 213 . 5 feet; Speed 107 R. P. M.

These turbines will be of the vertical shaft, single runner type, and will be equipped with cast
steel volute casings.

A total of 202,000 H. P. is at present being generated in this plant by I. P. Morris turbines
previously installed.

Three 21 ft. inlet x 14 ft. outlet Johnson Hydraulic Penstock Valves are also under construction
in the shops of the Cramp Company for installation in this station.

ASSOCIATED COMPANIES
THE PELTON WATER WHEEL CO., SAN FRANCISCO AND NEW YORK

DOMINION ENGINEERING WORKS, LTD., MONTREAL, CANADIAN LICENSEES
M. HILPERT & CO., RIO DE JANEIRO, BRAZILIAN LICENSEES

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Classified Advertiser's Index for Buyers continued.
IINNULA IING MA tRIALs t

per
Irvington Varnish & Ins. Co., Irvington, N. J

"ilk
Irvington Varnish & Ins. Co., Irvington, N. J.

.,'late
Structural Slate Co., The, Pen Argyl, Pa.

Tupe
Belden Mfg. Co., Chicago
Mineralise Electric Co., Chicago
Okonite Co., The, New York
Western Electric Co., MI Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

General Electric Co., Schenectady, N. Y.
Irvington Varnish & Ins. Co., Irvington, N. J.
Mineralise Electric Co., Chicago
Sterling Varnish Co., Pittsburgh

INSULATORS, HIGH TENSION
Composition

General Electric Co., Schenectady, N. Y.
Wass

Hemingray Glass Co., Muncie, Ind.
Pundit in

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. Y.
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

LINEMEN'S PROTECTIVE APPLIANCES
Insulating Shields

Linemen Protector Co., Detroit, Mich.
Shoes, Insulated

Linemen Protector Co., Detroit, Mich.

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
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 PROFESSIONAL ENGINEERING

DIRECTORY)

PHASE MODIFYING APPARATUS
States Co., The, Hartford, Conn.

PHOTOMETERS-SPHERES
Foote, Pierson & Co., Inc., New York

Please mention

LUt.b
General Electric Cu., Schenectady, N
Western Electric Co., Al. Principal Clfit e
Westinghouse Elec. & Mtg. Cu., F. Pitts-

burgh

POLES, STEEL
Bates Expanded Steel Truss Cu., 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
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

PUMPS, SPIRAL
Cramp & Sons Ship & Eng. Bldg. Co., The

Wm., Philadelphia

PYROMETERS
Leeds & Northrup Co., Philadelphia

RADIO LABORATORY APPARATUS
Acme Apparatus Co., Cambridge, Mass.
General Radio Co., Cambridge, Mass.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

RAILWAY SUPPLIES, ELECTRIC
General Electric Co., Schenectady, N. Y.
Ohio Brass Co., Mansfield, 0.
Western Electric Co., All 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.

RHEOSTATS
Biddle, James G. Philadelphia, Pa.
General Electric Co., Schenectady, N. Y.
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
/land and Motor Driven

Martindale Electric Co., The, Cleveland

SOCKETS AND RECEPTACLES
General Electric Co., Schenectady, N. Y.
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

STONES, COMMUTATOR
Martindale Electric Co., The, Cleveland

',I 11 1 A 114,11'.
hlectio Service Lu., !dimwits, t..
General Electric Co., Schenat tittb, N Y.Railway & Industrial Eng'

butes. Ps.
Westinghouse Elec. & Mtg. t

burgh

SWITCHBOARDS
Allis-Chalmers Mfg. Cu., Milwaukee, Wis.
Condit Electrical MIg. Co., So, Boston, Mess.General Electric Co., Schenectady, N. Y.
Metropolitan Device Corp., Brooklyn, N. Y.Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. PM. -burgh

SWITCHES
1 irtie

Ferranti, Ltd., London, Eng
General Electric Co., Schenectady, N. Y.
Mineralise Electric Co., Chicago
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
its,onote,ting

Condit Elec. & Mfg. Co., So. Boston
General Electric Co., Schenectady, N. Y.
K -P -F Elec. Co., San Francisco
Pacific Electric Mtg. Co., San Francisco
Railway & Ind. Engg. Co., Greensburg, Pa.
Thoner & Martens, Boston

General Electric Co., Schenectady, N. Y.
Metropolitan Device Corp., Brooklyn, N. Y.
Thoner & Martens, Boston

Iv ',Or
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
(hi

Condit Elec. & Mfg. Co., So. Boston, Mass.
General Electric Co., Schenectady, N. Y
Pacific Electric Mfg. Co., San Francisco
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Remote (

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., Ml Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Fa, tory

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

Form', t
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., MI Principal Cities

the JOURNAL of the A. I. E. E. when writing to advertisers.
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From: "PACIFIC"

To: ATLANTIC
Perhaps because the great
Transmission System on the
Atlantic Coast has, like a
large Middle Western Sys-
tem, also :

4;!,

By: Express!

"STANDARDIZED USING EXCLUSIVELY THE PACIFIC SWITCH"
(as they followed up this order with another for 150 3 -pole switches)

STANDARD TYPE 1422 -.300 AMPERE SWITCH WITH HORNS

PACIFIC ELECTRIC MANUFACTURING CO.

NEW YORK

SAN FRANCISCO

ST. PAUL SEATTLE DENVER LOS ANGELES
Please merttion the JOURNAL of 111, A. I. L. E. when writing to advertisers.
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Bates Steel Poles

"Pole Value"
Every buyer of poles
is concerned primarily
with securing the most
obvious "pole value" for
the minimum invest-
ment.

By "pole value" we
mean, ample strength to
insure uninterrupted
service, assurance of long
life, adaptability for the
service contemplated,
moderate maintenance
costs and initial costs
that are not prohibitive.
Bates engineers will
gladly co=operate with
you in your planning.

jales) BxjandeE teelTruss o .

Illinois Merchants Bank Bldg.,
Chicago, Ill.

MARINE RULES

Recommended Practise for
Electrical Installations on Shipboard

THE Marine Rules have been drawl'
up to serve as a guide for the equip.
ment of merchant ships with electrical

apparatus for lighting, signaling, com-
munication and power, but not including
propulsion. They indicate what is con-
sidered 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.

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

Classified Advertiser's Index for Buyers-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
Cramp & Sons Ship & Eng. Bldg. Co.,

The Wm., Philadelphia.
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

VALVES
Johnson Hydraulic

Cramp & Sons Ship & Eng. Bldg. Co.,
The Wm., Philadelphia

VARNISHES, INSULATING
General Electric Co., Schenectady, N. Y.
Irvington Varnish & Ins. Co., Irvington, N. J.
Minerallac Electric Co., Chicago
Sterling Varnish Co., Pittsburgh
Westinghouse Elec. & Mfg. Co., E. Pitts-

burg, 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.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

WIRES AND CABLES
Armored Cable

Belden Mfg. Co., Chicago
Boston Ins. Wire & Cable Co., Boston

Please mention

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. J.
Western Electric;Co., All Principal Cities

the JOURNAL of the A. I. E. E. when writing

Lead Covered (Paper and varni.,hed
cambric insulated)

Atlantic Ins. Wire & Cable Co., New York
General Electric o., Schenectady, N. Y.
Kerite Ins. Wire & Cable Co., New York
Okonite Compare y ,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

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 Principal 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. of
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

to advertisers.
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MOLONEY
v 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.

Moloney Electric Company
Manufacturers of Transformers Only

Factories:
St. Louis, Mo. Windsor, Canada

Offices in All Principal Cities

Fswoommoonummoomminimummiummininummiummiummumouniommmounimionmonnummoommoinsonomoung

P.-.

LINE

An A. C. Watthour
meter that for accuracy,
efficiency and low cost
up -keep is without a
peer. Its design repre-
sents perfection in every
detail and central sta-
tions are loud in their
praises concerning its
dependability.

DUNCAN ELECTRIC MFG. CO.

DUNCAN MODEL M 2 . Lafayette, Ind.

1,71717, Wig

LOAD

E g

 TRANSFORMER
E. -

is SPECIALISTS
-..... f4 -

We are pleased to quote
prices and delivery on trans- 1
formers singly or in quantity

...E Acme Apparatus Co. El

gr

198 Massachusetts Ave.
i

Transformer Engineers and Manufacturers
Alimminimoomnimiummonoionimmolimmoloomommumonnimmounnummumniniumitmomonommonooliool

Cambridge, 39, Mass.
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STANDARDS
1922 Edition

Include standard definitions of elec-
trical terms, technical data, standard

performance, specifications for tests of electrical
machinery, standard voltages and frequencies,
and general recommendations, as adopted by
the Standards Committee and approved by the
Board of Directors of the A. I. E. E.

Flexible fabrikoid leather cover, 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
g_-- 33 West 39th Street, New York
itismounossulionsolisommiumummimionmoommosssossofflonsusilissusslisslissiwoossusowsusuiiiiiiiminimniiiiiiiiii

THE SILSBEE
CURRENT TRANSFORMER

TESTING SET
is a compact portable set for
making precision tests of cur-
rent transformers in position.
Checks ratio and phase angle.

Described in Bulletin 716F.

1L'\F--/4-,r
4901,Srenton Ave. Philadelphia

boomommommonmumninimimiiiiimummillinlinimiiiiiiiiiiiiiiiiininummumoiminumiummonommummummommoominurg

[LX 2'00 mom -ramp) co.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.



A DVE ISI riEvr o JurnuI .\ I V. I..

ralititi lho 38 inch tuilint/ Fans

Alternating Current
CEILING FANS

are designed to meet the demand
for a fan to move a large volume
of air when temperature and
climatic conditions require, and
also to operate sufficiently slow to
provide only such circulation of
air as will prevent discomfort and
fatigue from oppressive atmosphere
in crowded, poorly ventilated and
over warm rooms, or to cause a
more even temperature through-
out a room in cold weather.

CENTURY ELECTRIC COMPANY
St. Louis, Mo., U. S. A.

SALES OFFICES AND STOCKS IN PRINCIPALCITIES

ALPHABETICAL LIST OF ADVERTISERS
PAGE PAGE PAGEAcme Apparatus Company 45 Fire Protection Engineers 36 Ohio Brass Company, The 16Acme Wire Company, The 2 Foote, Pierson & Company, Inc 28 Okonite Company, The Inside Back CoverAlexander & Dowell 36 Ford, Bacon & Davis, Inc. 36 Ophuls & Hills, Inc. 97Allis-Chalmers Manufacturing Co.
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Most of the recent papers and discussions contained in the TRANSACTIONS can be furnished
separately at the following prices: Single copies of any paper, usually with discussion, $0.50. s=

Five or more copies of any paper, each $0.40.
Discount of 20 per cent allowed io publishers and subscription agents; 50 per cent is allowed

from the above prices to Institute members and college and public libraries.

STANDARDS. 1922. Edition.
Gives definitions of electrical terms, technical data, standard performance, specifications for

tests of electrical machinery, standard voltages and frequencies, and general recommendations as
adopted by the Standards Committee and approved by the Board of Directors of the A. I. E. E.
It also contains, as an appendix, the rules for electrical machinery of the International Electro-
technical Commission, adopted in October 1919. Price per copy, flexible cover, $2.00.

Discount of 25 per cent allowed to members, libraries, publishers, subscription agents, and
purchasers of ten or more copies.

1 WIIIIII 1111 1111111111 HillVIIIIIIIIII SI 111111111 WO 111111111i III 1111111111i mai i s s mi tisissioNH i m iii luso is HI 0 os Hull'mow o is 1 lim so 0 Hu ssifigiostissmo sui ssifis sISISISSH NM IIMS 101 I I I I I I I I I MI I I I I I I II I I lill I I I I I I I I I I 101 I 0 I I I I 1 0 ISI I I I I I I I I I I 1111 I II II I I I I I 101 I I I II I II 0 IIII I I I I I I I I I I 1111 I I I I I I I I I I 1111 I I I I I I I I I I MS I I SU Hu I I 1

PUBLICATIONS
JOURNAL. Published monthly.

An engineering periodical containing technical papers and discussions thereon presented before
meetings of the Institute and its Sections and Branches; descriptions of new developments charac-
terized by notable advances, and items relating to the activities of the Institute.

Subscription price: $10.00 per year. Agents, publishers and dealers are allowed 20 per cent
discount; a special discount of 50 per cent is allowed on single subscriptions received directly from
college or public libraries.

Postage to Canada on annual subscription $0.50 additional, and to foreign countries, $1.00.
(Postage should not be included when computing discounts.)

TRANSACTIONS. Published annually.
Contains such of the technical papers and reports published by the Institute in the JOURNAL

and elsewhere as are selected and authorized by the Publication Committee; also the discussions
on the technical papers. The TRANSACTIONS form a permanent record of the progress of electrical
engineering.

Volumes for years 1920 and 1921 (and 1922 when ready for distribution) may be purchased by
non-members at $10.00 per year in either paper or cloth binding. Volumes covering the years
1902 to 1920 inclusive, may be obtained at reduced prices which will be quoted upon request.
The 1919 edition of the TRANSACTIONS is out of print, as are a number of the volumes for the years
previous to 1902; a price list of those available will be furnished upon application.

Members of the Institute may purchase the TRANSACTIONS for 1921, in cloth binding, at $3.00,
and may subscribe to the 1922 volume, now in course of preparation, at $2.00. Available back
volumes published prior to 1921 may be obtained by members at a cost of $1.50 per book.

College and public libraries are allowed a discount of 50% from non-member prices upon direct
subscription to Institute headquarters; publishers and subscription agents, 20% from non-member
prices.

SEPARATE PAPERS AND DISCUSSIONS.

MARINE RULES. 1921 Edition.
Recommended practise for electrical installations on shipboard. Drawn up to serve as a guide

for the equipment of merchant ships with electrical apparatus for lighting, signalling, communi-
cation and power, but not including propulsion. The rules 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. The Marine Rules are intended to supplement the
Standards of the A. I. E. E., which should he followed wherever applicable. Price per copy,
flexible linen cover, $1.00.

Discount of 25 per cent allowed to members, libraries, publishers, subscription agents, and
purchasers of ten or more copies.

YEAR HOOK. l'ublished annually in March.
Cintains list of officers, Board of Directors, committees, Fellows, Members and Associates;

Sections and Branches; Constitution, By-laws, and other general information regarding the scope
and activities of the Institute. Price per copy, linen cover, $2.00.

Discount of 20 per cent to publishers and subscription agents; 50 per cent to college and
public libraries. Single copies will he supplied to members without charge upon application.

American Institute of Electrical Engineers
33 West Thirty-ninth Street, New York, N. Y.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Indoor service
350 to 750 Amp. Three-phase Feeder Coil

110
00*

0000
410
00
00

Indoor service 25 to 950 Amp

Repeat Orders for Metropolitan Reactors
are now being delivered to the Municipal Gas Co., Albany, ,N.

for use on its Feeder Circuits

The newest and most economical generating plants must
have the very best short circuit protection
buy. That is why the big Edison companies in New York,
Chicago, Detroit, Brooklyn, etc., have used Metropolitan
Reactors for years. To show the demand for these reactors,
both in the central station and in the industrial field, a
partial list of installations is given below.

Partial List of Installations
of Metropolitan Reactors

Brooklyn Edison Co., Brooklyn, N. Y.
Edison Elec. Illuminating Co., Boston, Mass.
Brooklyn Rapid Transit Co., Brooklyn, N. Y.
Calgary Municipal Electric Co., Calgary, Canada
Canadian Niagara Falls Power Co., Niagara Falls, Ont.
Cataluna Power Co., Barcelona, Spain
Chicago, Lake Shore & So. Bend R. R., Mich. City, Ind.
Cohoes Light & Power Corp., Cohoes, N. Y.
Commonwealth Edison Co., Chicago, Ill.
Consolidated Gas & Electric Co., Baltimore, Md.
Dayton Power & Light Co., Dayton, Ohio
East Hampton Gas Co., East Hampton, Mass.
Edison Illuminating Co., Detroit, Mich.
El Paso Power & Railroad Co., El Paso, Texas
French General Electric Co., Paris, France
Hydro Electric Power Commission, Toronto, Ontario
Interborough Rapid Transit Co., New York, N. Y.
Joyce Gridland Railroad Co., London, England
Municipal Gas & Electric Co., Albany, N.

New York Edison Company, New York, N. Y.
N. Y., N. H. & H. R.R. Co., West Farms, N. Y.
N. Y. & Queens Elec. Lt. & Pwr. Co., L. I. City, N. Y.
Potomac Electric Co., Washington, D. C.
Public Works Department, Lake Cooleridge, N. Z.
Public Service Electric Co., Newark, N.
Shawinigan Hydro El. Pwr. Co., Shawinigan Falls. Ont.
Tennessee Power Co., Chattanooga, Tenn.
Toledo R. R. & Light Co., Toledo, Ohio
Toronto Power Co., Niagara Falls, Ont.
Turners Falls Power Co., Turner Falls, Mass.
United Electric Light Co., Springfield, Mass.
United Electric Lt. & Pwr. Co., New York. N. Y.
Union Gas & Electric Co., Cincinnati, Ohio
U. S. Explosives Plant, Nitro, West Va.
Utica Gas & Electric Co., Utica, N. Y.
Victoria Falls & Transvaal P. Co., Simmerpan, S. Africa
Warren & Co.. Boston, Mass.
Youngstown Sheet & Tube Co., Youngstown. Ohio

METROPOLITAN DEVICE CORPORATION
1250 ATLANTIC AVE., BROOKLYN, N. Y.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.



WEST PENN POWER COMPANY
SPRINGDALE (PA.) POWER PLANT

Sanderson & Porter, Engineers

OKONITE WIRES AND CABLES
RUBBER COVERED-VARNISHED CAMBRIC

1 NGOlt l'Olt ATED 1884

Central Electric Company, chiago, Ill. General Western Agents
F. D. Lawrence Electric Co., Cincinnati, 0. l'ettingell-Andrews Co. Boston, IA

Novelty Electric Co., Philadelphia Pa.
Me Okonite Co. 1513 Candler Bldg, Atlanta, Git, The 01«inite Co 509 Call Bldg, Son Erns



1 -y4 Million Horse Power
is the capacity of steam power
stations designed and built by
Stone & Webster. This includes
I A million horse power in stations
now under construction.

STONE & WEBSTER
INCORPORATED

BOSTON
CHICAGO
SAN FRANCISCO

HARTFORD
130,000 kw.

NEW YORK
PITTSBURGH

PHILADELPHIA

BATON ROUGE
1,500 kw.
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