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Electrical Communication
at the Winter Convention

One of the outstanding features of the coming
Winter Convention is the “Electrical Communication”
session scheduled for Thursday morning, February 16.
At this session greetings will be exchanged between
the Institute and its sister society in London, England,
by radiotelephone which will be heard by the members
of both societies at meetings held simultaneously.
Nothing could betfer illustrate the wonderful and
spectacular advances in the art of electrical communi-
cation than a comparison of this meeting with one held
by the Institute twelve years ago under the leadership
of General John J. Carty, at that time president of the
. I B E.

On May 16, 1916, a National Meeting of the Institute
was held simultaneously, by means of long distance
telephone, in Boston, New York, Philadelphia, Atlanta,
Chicago and San Francisco, with President Carty
presiding over the entire meeting. The auditoriums
in the six cities where the meeting was held were
connected by telephone, and each of the 4500 mem-
bers in attendance was provided with an individ-
ual telephone receiver. In addition, the Salt Lake
and Denver Sections of the Institute were connected
to listen in, but owing to the danger of interruption
could not take active part in the meeting. The meet-
ing was addressed by some of the leading engineers
and educators of the country, and being the first
meeting of its kind attracted nationwide attention.
President Woodrow Wilson sent a, telegram from the
White House, Washington, congratulating the Insti-
tute on its work of developing the country’s resources.
At the close of the meeting, the following resolution
presented by Prof. Harris J. Ryan at San Francisco,
wasg passed :

ResoLvep, that this national meeting of the American
Institute of Electrical Engineers at Boston, San Francisco,
Atlanta, Chicago and New York now assembled, does hereby
expross its deep appreeiation of the efforts of all those who have
cooperated in the holding of such g meeting, which is now for
the first time held in any country; and that a record of the
proceedings of this mee ting which is made possible by tho
inventive genius ang by the ongincering ability of its own
membaorship, be spread upon the minutes of the Inatitute,
where for gencrations to come it will sorve as an inspiration to
engineers evorywhere, and will mark an epoch in the history
of engineering achievement,

During the twelve years which have intervened,
tremendous strides have heen taken in the field of

electrical communication. The developments in radio
have abolished the need of physical connection by
wire, and the introduction of loudspeakers has done
away with the need for individual telephone receivers,
so that the national meeting of 1916 is succeeded
by an international meeting in 1928 under the leader-
ship of President Gherardi. At this meeting greet-
ings will be exchanged between two countries separated
by 3000 miles of ocean; wired communication will
be replaced by wireless and individual receivers are
made unnecessary by the public address system.
Today electrical communication is practically inde-
pendent of distance, time, and wired connection, and
of a quality which leaves but little room for
improvement.

Notwithstanding the phenominal advances in this
art the last word has by no means been spoken, and
successful laboratory experiments have pointed the way
to the commercial development of future improvements.
Only a few days ago an experiment was reported in
which the voice from a loudspeaker at the Bell Tele-
phone Laboratories was distinctly heard on the opposite
bank of the Hudson River, over a mile away. Tele-
vision has reached a successful laboratory stage duning
the past year and its commercial development is cer-
tainly but a matter of time. Communication both by
sight and hearing between all the nations of the world
seems to be indicated as a not far distant accom-
plishment.

New Airway Lighting
on Pacific Coast

In its program of lighting important air-mail and
commercial airways, the Bureau of Aeronautics,
Department of Commerce, has recently let additional
contracts for the lighting of 390 miles of airway between
San Francisco and Los Angeles, and surveys have been
completed for extending the lighting to Redding,
California.

The government also has under way plans which
call for completion of airway lighting between ILos
Angeles and Seattle, Los Angeles and Salt Lake City
and San Francisco and Salt Lake City within the
coming year, a total distance of approximately 2500
miles. Revolving beacon lights are to be placed every
15 miles and illuminated emergency landing fields every
30 miles. Central station service will be utilized where
available, otherwise a 2-kw. gas engine set will be
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installed for beacon lights and a 4-kw. set for emergency Mr. Edison, he was made Chevalier of the Leg

landing fields.

T e e —

Some Leaders

of the A. 1. E. E,.

William Joseph Hammer, Vice-President of the
Institute (1891-2 and 3), Manager (1893-4-5 and 6)
and a Life Member and Fellow, was born at Cressona,
Pennsylvania, Feb. 26, 1858. His early education was
acquired at private and public schools in Newark,
N. J., supplemented by attendance at university and
technical school lectures abroad.

In 1878 he became an assistant to Edward Weston
in the Weston Nickle Company and in Deec. 1879
entered Edison’s laboratory at Menlo Park, N. J.
as general assistant. For a time he had charge of the
tests and records on the Incandescent lamps and in 1880
was made the first chief electrician of the Edison Lamp
Works which turned out 50,000 Edison lamps the first
year. In October 1881 he was sent by Mr. Edison to
the Paris Electrical Exposition, on his way to London to
become chief engineer of the English Edison Co. Here
he constructed the first central station for incandescent
electric lighting in the world at Holborn Viaduct which
started up Jan. 12, 1882. At the same time he installed
the large plant using 12 Edison dynamos, at the Crystal
Palace Electric Exposition and Edison’s Paris Exhibit.

In 1883 he accepted the post of chief engineer of the

German Edison Company, (now known as the Allege-
meine Elektricitaets Gesellschaft), putting in many
plants throughout Germany. Mr. Hammer invented
the automatic motor-driven “flashing” electric lamp
sign (now universal) placing it upon the Edison Pavilion
at the Berlin Health Exposition in 1883. In 1884 he re-
turned to the United States, taking charge of Mr. Edi-
son’s personal interests and 8 Edison Companies, exhib-
its at the Franklin Institute Elect. Exhibition later be-
coming confidential assistant to President Johnson of the
parent Edison Company, and, with E. H. Johnson and
Frank J. Sprague, an incorporator and trustee of The
Sprague Company and its first secretary. In 1884-5 he
was chief inspector of Central Stations of the Edison
Company. In 1886-7 he was chief engineer and general
manager of the Boston Edison Company. Acting as a
contractor, he laid $140,000 worth of Edison under-
ground tubing and with the Sprague agents installed
98 Sprague motors. Later acting as an independent engi-
neer, he completed the lighting plant of the Ponce de
‘Leon Hotel at St. Augustine, Fla., overhauled the
Jacksonville Edison Plant which had been struck by
lightning, and installed 340,000 worth of electrical
effects at the Cincinnati Exposition of 1888.

Mr. Edison appointed him his personal representa-
tive at the Paris Exposition of 1889. Here he set up
and operated all Edison mventions, a work for which
in 1925, (34 years later), through the personal efforts of

Honor by the French Government.

For his elaborate experiments in telephone re
between New York and Philadelphia on Feb. 4,
Mr. Hammer recejved the John Scott Medal fro;
Franklin Institute Feb. 5, 1902. Talking and
were sent through the air six times and throu
separate mediums, the physical characteristics ¢
sound waves being changed 4% times in transm
and broadcasted by telephone from the Jra
Institute to 14 cities. Some of these experiments
repeated before the Electrical Jury at Paris in
In 1896 he was president of the National Confe
upon Standard Electrical Rules which originated
National Electric Code,” vice-president of the
York Electrical Society and The Aeronautical Soc
Also expert and secretary of The Aeronautics (
mission of the Hudson Fulton Celebration (1909),
in 1911 published 3 complete Aeronautical Chronc
of Aviation.

In 1906 the Franklin Institute conferred upon
the “Elliott Cresson” gold medal for his “Histo,
Collection of Incandescent Electric Lamps” a wor
34 years. This “History of an Art” also receive
silver medal at the Crystal Palace Expo. in 1882
“The Grand Prize” from the St. Louis Expo. in 1

In 1902 Mr. Hammer brought from the C
Laboratory in Paris 9 tubes of radium and ¢t
up actively work with radium. He delivered
lectures on radium before universities, colle,
scientific societies, etc. He wrote the first b
published upon radium (1903) and proposed
used radium for cancer and tumor treatment. He a
in 1902, invented the “Radium Luminous Materis
which are now universally used for instrument dials, ¢
He has done considerable original laboratory work ug
selenium, radium, X-rays, cathode rays, ultra vic
rays, phosphorescence, fluorescence, cold light, wirele
etc., and has contributed much to technical literatu

He is a Fellow of the American Physical Socie
and the American Association for the Advancements
Science, was one of the founders of the Edison Mec
Fund in 1908 and a member of its executive committ
and President of the Edison Pioneers in 1920. Duri
the World War, Mr. Hammer served as Mayj
on the General Staff of the U. S. Army at the Arn
War College, Washington, D. C., being attached to t}
Inventions Section of the War Plans Division ar
later to the Operations Division at the War Depar
ment in charge of Electrical and Aeronautical W:
Inventions. He also did special work at the U. !
Patent Office, at times marking and holding up certai
patents likely to convey information to the enemy an
acting as a member of the Advisory Board of Expert
attached to the Alien Property Commission. He wa
elected Historian General of The Military Order of th
World War (1926-7-8) and a member of The Society o
American Military Engineers.



Abridgment of

1926 Lightning Experience on 132-Kyv.

Transmission Lines
BY PHILIP SPORN:

Member, A. 1. E. E.

GENERAL

IG. 1 shows the 132-kv. transmission network in
F question. It comprises approximately 910 mi. of
actual line, about one-third of which is double-
circuit, the actual circuit miles being approximately
1245. The major portion of this network was placed in
operation very late in 1925, in 1926, or early in 1927.
The system is fed by large generating stations at
Twin Branch, Philo, Windsor, Kenova, Cabin Creek,
Logan and Glen Lyn. It is tied in with the Chicago
system and the systems of the West Penn Power Com-
pany, The Ohio River Edison Company, The Ohio
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Public Service Company, and the Cleveland Electric
[luminating Company at 132,000 volts. The short-
circuit capacity on the system varies from approxi-
mately 1750 amperes to approximately 4750 amperes,
at 132,000 volts. Values as high as 4000 amperes have
been actually measured.* From a lightning standpoint,
the network as a whole is subjected to thunderstorms
considerably in excess of the average over the country
as a whole. The isoceraunic lines, 7. e., lines connecting
points of equal thunderstorm intensity, for the territor};
in question ranged from 40 to 60 in April, 150 to 200 in
June and July, and down to about 60 to 80 in Septem-
ber. All these figures are based on a 20-year period.

1. Electrical lingr., Am. Gas & Blectric Co., New York, N. Y.

3. Tests of Iligh- and Low-Voltuge Oil Circuit Breakers,
Sporn and St. Clair, JourNan A, 1. 17 ., July 1927, p. 698.

Presented at the Winler Convention of the A, ]. | l", New York

. . 4. l., i Y

N. Y., Feb, 13-18, 1928. Complete copies on, request.
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DESCRIPTION OF LINES AND 1926 PERFORMANCE

In Table I there is given a description of the physical
characteristics of the various portions. of the 132-kv.
network under discussion.

Examining Table II, it will be noted, first, that
the largest number of lightning outages occurred on
the Twin Branch-Lima line. This line checks up with
similar performance on the Lima-Fostoria line, and
on the Philo-Crooksville line. On the basis of 100 line
mi. the largest number of intérruptions occurred on the
Glen-Lyn-Roanoke line, but this figure is of course
subject to the weakness that the line was in service for
6 months only, and there is no way of checking up
whether the ratio employed for figuring the yearly
number of interruptions was correct for the entire year.

Of the lines that were in service for an entire year
the largest number of interruptions per 100 mi. of line
was sustained by the Logan-Turner line. Thisis a line
that has no ground wires and, in addition, passes
through especially rugged country. The length of the
insulator string on this line is particularly- short (as
shown in Table I) being, in fact, shorter than that of
any other line with the exception of the Windsor-
Canton line. Expressed in circuit miles, however, the
record is rather good.

The Roanoke-Reusens line is third in the number of
mterruptions per 100 mi. of line, but the figure for a
whole year was again obtained by a ratio, and is open to
the same objections as the figures for the Glen-Lyn-
Roanoke lines. The Philo-Canton and the Windsor-
Canton lines, in spite of the fact that the Philo-Canton
line generally is exposed to more severe storms than the
Windsor-Canton line, have practically the same record
for the year 1926, when reduced to a 100-mi. basis.
The Windsor-Canton line, has two ground wires
and is considerably lower than the Philo-Canton line
which has only one ground wire. The record during
1926 would seem to show that, from the standpoint
of reliability, the Philo-Canton line, even though
it has only one ground wire, has been put on a
planeof apparently equal to that of the Windsor-Canton
line. From the data gathered on the Glen-Lyn-
Reusens line and Roanoke-Reusens line in 1926, it
would seem that the ground wire on these lines was not
so effective as it was on the other lines. The ground
wire construction being in general the same on all of the

. lines, a possible explanation lor the large number of

flashovers may lie in the fact that the tower resistance
over the lines as a whole is rather high. Some of the

h
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operating data cited by Hemstreet® showed that there
is a definite relationship between the number of flash-
overs and the ground resistance in the particular section.

An interesting line in the series js the Logan-Sprigg
line. This line, of wood pole construction, was origi-
nally built for 88,000 volts and was operated for a
period of about five years at 44,000 volts. At the end
of this time, additional insulation was added and the
line was cut over to 132,000-volt operation. The
majority of the structures are 2-pole A frames with
ungrounded steel crossarms. The insulation is un-
usually liberal. For a while, when the line was first

Fic. 5—REesuLt oF TypricaL FrLasHOVER oF 132-Kv. INSULA-
TOR STRING WITHOUT ARCING PROTECTION

(Note badly shattered insulator on ground side)

placed in operation, the operating records seemed to
indicate an almost lightning-proof line, but detailed
investigation has shown that this was not quite so.
Considering the shortness of the line,—namely 21
miles,—the record is not particularly good although,
again, the record is open to the criticism because a
full vear’s data were not available.

The rest of the data require no particular comment.

DEsIGN DEVELOPMENTS DURING 1927

1. Whereas in 1926 an extensive program of ground
wire installation was carried out, in 1927 much more
attention than in the past was given to a phase that had
been apparently neglected, and that was the problem
of the line entrance. In every case, the ground wire
was brought into the station structure and where the
station structure design allowed, the number of ground
wires brought into the station structure was made
larger than the number on the line itself, all with the
idea of reducing as much as possible the surge impedance
of that portion of the system running from the last
tower to the bus.

2. In connection with the work discussed above and

5. Recent Investigation of Transmission Line Operation.
J: G. Hemstreet, JournaL A. I. E. E., November 1927, p.1221.

Journs! A 115, F

along the lines of limiting definitely the amount of
overvoltage that can be brought into the station
apparatus a reduction in the insulating value on the
first mile or 8o of the line coming into the station was
made, all with the idea of making certain that the light
ning strength of the apparatus connected to the bus was
equal to, or greater than, the lightning flashover of
the insulator string on the first mile of line.

3. In the design of the new lines, where the country
did not absolutely demand it, the use of tower exten-
sions has been kept at a minimum so as to keep the
effective height of the line at a predetermined level,
that level being determined, of course, by the tower
design itself. In cases where the topography of the
country permitted, the tension to which the conductor
was pulled up was considerably reduced, resulting in a
greater sag and a closer adherence of the conductor
to the contour of the earth, with, ol course, a net
reduction of the average height of span above earth.,

4. More attention was paid to the mechanical

Fic. 7—REsuLT oF TyricaL FLASHOVER OF 132-Kv. In-
SULATOR STrING WITH STANARD RiNG AND HorN PROTECTION

(Note burned ring above conductor: also horn tip slightly burned.
Insulator undamaged)

aspect of the arcing protection arrangements with a
view of minimizing the effects of conductor vibration
on the protection assembly itsell.

SUMMATION OF EXPERIENCE AND ITS APPLICATION TO
TowgR LINE DESIGN

There is only one point that should be stressed,
and that is, with regard to the question of ground wire.
Previously it was pointed out that unless a line was
very low, generally steel tower structures, carrying
power conductors of 44,000 volts and over, should be
designed and installed with a ground wire. It is now
believed that careful consideration should be given to
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the question of whether or not two ground wires would
not, in some cases be justifiable with of course particular
attention to the location of the ground wires as regarded
the main conductors. The experience with lines
without ground wires, and particularly the experience
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obtained during 1926, on the Logan-Sprigg and Turner-
Logan lines, would seem to prove definitely that it is
very hazardous and extremely unwise to try to operate
a line of the type under discussion, without a ground
wire.

Abridgment of

The Stability of the Welding Arc

BY P. ALEXANDER*

Member, A. 1. E. E.

INTRODUCTION

HE term ‘‘stability” of the welding arc can be
T interpreted in various ways and in accordance

with conditions under which the welding arc is
used.

In this paper, only one phase of the problem is
discussed; namely, the influence of the various gases
on the arc conduction of the current and the voltage
necessary to maintain that arc. The stability of the
arc is judged here by the average voltage drop across
the short iron welding arc.

ARrc CONDUCTION

The metallic welding arc is a combination of two
factors, distinct, yet dependent upon one another.
The conduction of the electric current is one factor and
the transfer of the material across the arc stream is
another factor. Both these factors are greatly in-
fluenced by the gas surrounding the arc. The first
factor perhaps is more directly affected; therefore,
only the first one will be discussed in this paper.

It is a well established fact that the conduction of
the electric current in the arc is an ionic phenomenon.
At any instant in a given volume of the arc core, there
1s about an equal number of electrons and positive
ions. These carriers of the electric charges travel under
the influence of the electrostatic field in opposite
directions, the electrons migrate toward the anode and
the positive massive ions bombard the surface of the
cathode spot.

It is this bombardment by the positive ions that
keeps the temperature of the cathode sufficiently high
to permit the thermionic emission of the electrons.

Since the electrons are moving at a much higher
velocity than the positive ions, the relative number of
these carriers is not the same. The number of electrons
greatly exceeds the number of positive ions passed
through the arc in a unit of time so that practically the
total current is carried by the electrons.! Yet without
the continual production of the positive ions, the arc
phenomena would be impossible; hence, both factors

*Research Kngineer, General Electric Co., Schenoetady, N. Y.

1. See referencos end of article.
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play equally important roles and any condition affecting
one of these factors (or both of these factors at the same
time) will have a great influence on the stability of the
arc.

THERMIONIC EMISSION OF ELECTRONS FROM THE
CATHODE

The first factor,—that is, the thermionic emission of
theelectronsfromthecathode,—isafunction of tempera-
ture and is expressed by the well-known Richardson’s

Q

formula I = A 9*¢ 26, where A, Q and e are constants
and 6 the absolute temperature of the substance.
Temperature is the first and the most important factor.
The second factor lies in the nature of the material of
the cathode. Various substances at the same tempera-
ture will emit very different electronic currents.
Among the substances giving the largest thermionic
emissions, calcium oxide holds a marked place.

If calcium oxide be present in sufficient amount on
the surface of the electrode of a vacuum tube, the
thermionic emission may increase several hundred
times over that produced by an electrode, made, for
example, of pure iron. In case of the arc conduction
of the current, it may be expected that Ca O present on
the surface of the electrode will also greatly facilitate
the maintenance of a stable arc. The third factor
affecting the thermionic emission from the cathode is
the gas surrounding the cathode. Various gases
influence this emission in different degrees. The
gas that has the most marked effect is hydrogen.
Owing to its strong electropositive nature, the first
gaseous layer next to the cathode creates such a steep
potential gradient that the electrons will escape the
surface of the cathode with great facility.

Taking again the example of calcium oxide, it is
established that the thermionic emission from that
compound surrounded with hydrogen increases very
considerably. The thermionic current from incan-
descent calcium oxide in air at low pressure is 0.05
amperes per square centimeters. If hydrogen replaces
the atmospheric gases, the thermionic current at the
same temperature will be 1000 amperes per sq.
cm. of the cathode spot. Even a trace of hydrogen is
sufficient to increase the thermionic emission.?
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IONIZATION

Passing, now, to the consideration of the lonization,
the first factor to be analyzed is the ionizing potentials
of the materials present in the state of gas or vapor
in the space between the electrodes.

The ionizing potential expressed in the equivalent
volts is the potential through which the electron must
fall to acquire sufficient energy to ionize the gaseous
-atom or molecule. The amount of energy necessary
to produce this effect is proportional to the stability
of the atomic structure. Since the helium atom pos-
sesses the most stable atomic structure, the ionizing
potential for that gas is the highest. After helium
comes neon, and soon, until calecium, and finally caesium,
which requires the least energy for lonization, is
reached.

TABLE 1
IONIZING POTENTIALS?
| lonizing
Atomic Potentials

Name Number Symbol Volts
— et — = |
Helium............. .. .. 2 l He l 24.5
INCOD murg 1 (el 51 & = 2t 2 kg * 10 Ne 21.5
ATZON 4t m a5 8 r e m i n ARG | 18 A 15.3
Oxygen................. 8 | 0 | 13.56 — (15.5)*
Hydrogen............... 1 ( H | 18.53  (15.9)
Phosphorus............. 15 | P (13.3)
Nitrogen............... . 7 | N 10.8 — (16.9)
IMEICULY . e van ® Tak & Calid s 80 - Hg 10.39
Sulphuk. a i et 2 g 05 e 16 S (10.31)
Zine.................... 30 Zn. | 9.35
SICON . 1 5 & iy yriine o & 5wl 14 Si 8.50
Copper................. 29 | Cu. 7.69
Silver.................. 47 Ag 7.54
Irony g8l cnit mmoaang s se 26 Fe 7.4
Manganese.............. 25 Mn 7.4
Lead.................. 82 PG 7.39
Molybdenum. .. .. ... ... 42 Mo 7.1
Chromium. ........ ... 24 Cr I 6.7
Titanium, , T vy ey Jopu 22 Ti 6.5
Calcium. .. ....... ..... 20 Ca | 6.09
Aluminum. ... .. ... . ... 13 Al 5.96
Barium................ 56 Ba 5.19
SOQiUM ;e o e =i ot h=m8 11 Na l 5.13
Potassium. ............ 19 K 4.1
Caesium. . ............. 55 Cs l 3.9
Acetylene. ....... ...... | Cs Hy | (12.3)
Carbon Monoxide. . ... .. CcO l (14.3)
Carbon Dioxide.. ... ... . CO; {14.3)

*Values in parentheses refer to molecules.

From the examination of the Table I, it may be
concluded that if the vapors of alkaline earths, or
alkal imetals, be present in the space between the
electrodes striking and maintaining the arc would
be much easier than in air. The voltage required to
strike the ar¢ and the voltage across the established
arc will be lower. This conclusion is quite in accord
with the experimental data.*

From the table above it may also be seen that the
ionizing potentials of monatomic gases are very much
higher than those of molecular gases. Helium, for
instance, has the highest ionizing potential,—namely,
24.5 volts,—whereas the ionizing potential of nitrogen
is 16.9 volts.

And yet it requires much lower open-circuit voltage

Journal A, T . 1.

to strike the are in helium than in nitrogen. With
certain precautions, 20 volts is sufficient to strike the
arc in helium, whereas at least 30 volts is necessary
to strike the arc in nitrogen.’

This apparent paradox can be explained by the fact
that in monatomic gases the electron impacts below the
lonizing or radiating potentials are elastic. In helium,
for instance, the electron impacts below 20 volts
(minimum radiating potential) are elastic. The elec-
tron does not lose its energy at the first or second
collision, but rebounds and proceeds in a z1gzag course
until it falls through the potential giving it sufficient
energy to bring the helium atom into an excited state
at the next impact. If an excited atom already having
absorbed 20 volts, is again hit with an electron of
sufficient energy, then the helium atom will be ionized.

This preservation of the energy of the bombarding
electron during the successive impacts explains the
possibility of drawing the arc in helium with lower
open-circuit voltage than in nitrogen.

In nitrogen as in all diatomic gases the electron
impacts are not elastic. In that case the accumulation
of energy by an electron falling through the potential
should be sufficiently fast so that in spite of continual
losses during the encounter with the molecules, it will
be able to acquire energy sufficient to ionize. There-
fore the striking voltage in molecular gases must be
considerably higher than in monatomic gases.

COOLING OF THE ARC

The next factor affecting the ionization is the dissipa-
tion of energy and therefore the cooling of the crater
and the arc core. It is a well established fact that it
requires much greater voltage to strike the arc with
water-cooled electrodes than with electrodes allowed
to become incandescent.

The gases surrounding the electrodes and the arec
core in certain cases cause such effective cooling that the
arc voltage, or the voltage necessary to strike the are,
are very much higher. If the open-circuit voltage of
the welding generator is not increased, the arc becomes
very unstable.

From an examination of the tables giving the
physical constants of the gases, it may be seen that
helium has the highest coefficient of heat conductivity;
namely, 0.000339 calories per deg. cent. Yet the
cooling effect of that gas on the arc is not much different
than that of air of which the coefficient of heat con-
ductivity is only one-sixth as great; namely, 0.0000568
calories. On the other hand, if helium be compared
with hydrogen, which has about the same coefficient of
heat conductivity (0.000327), it will be found that the
cooling effect of hydrogen is many times greater than
that of helium. This indicates that the cooling effect
of the gas is a function of some other much more power-
ful factor than the mere dissipation of heat by
conduction.?

The well-known experiments conducted by Dr.
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Langmuir, on heat losses from incandescent tungsten
filaments placed in hydrogen, established that the
powerful cooling effect of that gas is due to the ab-
sorption of energy by dissociation at high temperature
of the molecular hydrogen into the atomic state.?®
However, the mere fact of the dissociation of the
molecules into the atomic state is not sufficient to
produce the cooling effect. To produce this, the dis-
sociation products should diffuse away from the arc
core so that the recombination of the atoms into mole-
cules with the inevitable restoration of the absorbed
energy will occur at sufficient distance from the arc
core. Otherwise, there will be an immediate restitution
of the absorbed energy, which excludes the possibility
of the cooling effect. The most energetic cooling
effect produced by hydrogen is due not only to the
fact that the whole mass of that gas in the first gaseous
layers next to the arc core is dissociated into atomic
state, but also to the fact that the atomic hydrogen
rapidly diffuses away from the arc core.

The gas most commonly met in welding is, of course,
nitrogen, since it constitutes 78 per cent of the
ordinary air. This gas also dissociates into the atomic
state in the first gaseous layers next to the arc core.
The heat of dissociation of nitrogen is 274,000 calories
per molecule,—that is, almost three times as great as
that of hydrogen (98,000 calories per molecule)—so
that it has the greatest capacity for absorbing energy
from the arc. If the products of dissociation, namely,
the atomic nitrogen, could be blown away from the arc
in the same way as the atomic hydrogen is blown away
from the arc, the atomic nitrogen would be three times
as efficient as a heat transmission medium as the atomic
hydrogen. However, the dissociation of nitrogen
into the atomic state does not begin until the tempera-
ture is 3500 deg. cent., whereas the dissociation of
hydrogen is appreciable already at 1800 deg. cent.
Certain percentage of nitrogen is dissociated in the
first gaseous layer next to the arc core, but as soon as it
leaves that region, it recombines into the molecular
state, with a complete restoration of the absorbed
energy. Therefore the cooling effect of this reaction is
neglible.

The carbon monoxide presents an interesting subject
for study because in spite of a very high heat of disso-
ciation and a comparatively high ionizing potential,
it is the gas in which the welding arc can be maintained
with the greatest ease.

The heat of dissociation of carbon monoxide as
calculated from the band spectra is 258,000 calories
per molecule 1If, in spite of this enormous heat of
dissociation, this gas does not produce any appreciable
cooling of the are, either it is not dissociated by the
arc or the products of dissociation cannot be blown off
the arc, but recombine in the immediate vicinity of the
arc core with full restoration of the absorbed energy.

For the purpose of elucidating this interesting
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point if possible the writer made the following series
of experiments:

After preparing and purifying a sufficient amount
of carbon monoxide, a stream of that gas was passed
through a cylindrical fused clear quartz vessel in the
middle of which were disposed two tungsten electrodes.
The flow of the gas was adjusted so as to duplicate as
nearly as possible the conditions of an actual welding
operation if such were made with carbon monoxide
as a shielding gas. By bringing into contact and
then withdrawing the tungsten electrodes, an arc of
30 amperes and 28 volts was established in the stream
of gas for one minute. At the end of 60 sec., the arc
was hardly visible through the black deposit on the
inside walls of the vessel.

The following conclusions may be drawn from the
above observations: Since the three known oxides of
carbon, namely, C O, C 0., and C, O3, are not solids
at room temperature, the black deposit could be either
pure carbon, a mixture of carbon and condensed
tungsten vapor, or tungsten carbide. The chemical
analysis of the deposit indicated, however, that the
black deposit was carbon.

The experiments repeated with various mixtures of
H; and C O indicated that the presence of H, does
not prevent the formation of the black deposit. The
dilutioi of C O with hydrogen merely reduces the
amount of the deposit per unit time. However, when
the experiment was repeated in pure argon, the walls
of the vessel remained perfectly clear.

It may be concluded that carbon monoxide is
dissociated by the arc and that one of the products of
dissociation was diffused away.

This is an apparent contradiction to the well-known
fact that the dissociation of carbon monoxide begins
only at extremely high temperature. Therefore in
this respect the gas should behave like nitrogen.
This contradiction, however, is apparent only, since
that reaction took place in the presence of readily
oxidizable materials, and the heat of formation of the
secondary reactions of the liberated oxygen, and prob-
ably a part of carbon, compensates for the cooling
effect of the first reaction.

Also, since the gas has a smoky appearance in the
immediate vicinity of the arc core, it may be inferred
that the liberated carbon was condensed into the solid
state in the region next to the are core. Since the
heat of sublimation of carbon is quite accurately
known it is possible to represent the above reaction
by the equation:'

C (gaseous) = C (solid) + 141,000 calories
so that even in the absence of other secondary reac-
tions of oxidation and carboration of the electrodes,
the condensation of carbon alone restores the greatest
part of the energy previously absorbed from the arc
core.

The oxidation of tungsten,—that is, formation of
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WO, or WOy, —gives respectively 131,400 and 196,300
calories per molecule.

In the case of iron the formation of Fe, 0, produces
197,700 and 270,800 calories respectively. Tn other
words, the condensation of the gaseous carbon and the
oxidation reaction supply an ample amount of heat
to neutralize completely the cooling effect of the first
reaction.

The most remarkable property of carbon monoxide
1s its stabilizing influence of the welding are burning
in any gas to which carbon monoxide is added in
sufficient amount.

The property is quite astonishing because the
lonizing potential of this gas is quite high; namely,
14.3 volts. However, it can be observed that only a
certain percentage will be dissociated the rest of gas
will be in molecular form and that with regard to the
ionization by successive electron impacts carbon
monoxide behaves in an astonishingly similar manner
to mercury vapor.!! Owing to the existence of several
critical potentials, both these gases may accumulate
the energy necessary for ionization by steps, and is
In mereury vapor, so in carbon monoxide gas it is
possible to maintain an arc with a very low voltage.

Carbon dioxide gas is dissociated in the are into
oxygen and carbon monoxide. A part of the produced
carbon monoxide will undergo further dissociation
into carbon and oxygen. However, in the presence
of an excess of carbon dioxide, the amount of disso-
ciated carbon monoxide will be very small.

The heat of dissociation of carbon dioxide into
oxygen and carbon monoxide is 68,000 calories per
molecule. If the products of dissociation are blown
off the are, it will be always burning in carbon dioxide
which through its dissociation will produce a very
strong cooling effect causing instability of the arc.

The voltage drop may be as high as 30-35 volts
and the arc will be very unstable. If, however, the
arc is maintained in a more or less stationary atmos-
phere of the dissociated carbon dioxide, it will be stable,
and the arc voltage of an arc of say 175 amperes will
be only 19 volts.

C O, Carbon dioxide N, Nitrogen
CO Carbon Monoxide A Argon
H. Hydrogen O, Oxygen

The following curves show the relationship between
the composition of gaseous mixtures of hydrogen,

carbon monoxide, carbon dioxide, argon, nitrogen

and oxygen and the arc voltage.

CONCLUSIONS

The stability of the iron welding arc is influenced
by a number of factors, such as the nature and the
aerodynamic state of the surrounding atmosphere,
the strength and distribution of the magnetic field,
the composition of the electrode, the nature and the
amount of gases occluded in the electrode, ete. In
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this paper however, only the first item has been dis-
cussed in an attempt to show that the cooling of the

Are Voltage of an Iron Welding Arc of 100 Amperes, I wfor. L ong
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electrode and the arc core has the preponderent -

fluence on the stability of the arc.
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LIVING 62 PER CENT UP; LIGHT
13 PER CENT DOWN

The cost of living in the United States in July, 1927,
was 62 per cent above the cost of living in 1914, accord-
ing to figures just released by the National Electric
Light Association; while electricity in the home was
13 per cent below its 1914 cost. The N.E. L. A. has for
its authority the National Industrial Conference Board.
This Board bases its report on data from 143 cities in the
United States, aggregating 32,695,000 population.

Intense effort is being devoted at this time to promo-
tion of first class office, industrial and home lighting.
It is meeting resistance— resistance which was expected,
but which is discouraging to some. The following
table should be aspurto them.

Relative Im-

portance in " Iltelative Cost
ulv

Pre-war Budget 3 July

Per cent 1914 1927

FoOd: vt o orueeeis b® Lo b mans s 43.1 $1.00 $1.53
Shelter, : e epams nilosptnennn 17.7 1.00 1.68
Clothing . ................... 13.2 1.00 1.69
COoalh ot s Wizl < e wr g e JoH s 3.7 1.00 1.80
Gadl o el ekl A g 1.27 1.00 1.34
Electricity. . ................ 0.63 1.00 .87
Sundries.................... 20.4 1.00 1.73

Weighted average,
allitems.  ..... .. . . 100.00 $1.00 $1.62

—Light, November, 1927.
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Abridgment of

Vacuum Tube Synchronizing Equipment

By T. A. E. BELT

Member, A. I. E. E.

Synopsis.—Potential from high-voltage circuils is oblained by
means of capacitance transformers. This potential is applied to
the grid circuit of vacuum tube amplifiers the output from which
drives o rotating type of synchroscope. Thus the vacuum tube
synchronizing equipment makes unnecessary costly high-voltage

N. HOARD:!

Non-member

and

transformers which have been almost universally used for synchro-
nizing in the past.

The paper describes the commercial apparalus, gwes equations
pertaining to the vacuum tube amplifier and shows calculated and
measured characteristic curves.

HE increasing number of power system inter-
T connections makes synchronizing of high-voltage

lines almost a necessity. Potential transformers
for 110 kv. and above which have been almost univer-
sally used for synchronizing are costly. A newmethod of
obtaining transformation from a high voltage to a low
voltage by means of a simple capacitance, the power
amplification of this controlling potential to an appre-
ciable amount of power, the utilization of the output
from the amplifier for operating a rotating type of
synchroscope makes possible, economically and practi-
cally, the almost universal adaptation of high-voltage
synchronizing.

DESCRIPTION OF UNITS

The vacuum tube synchronizing apparatus as
developed for commercial service consists of the follow-
ing units:

a. Capacitance transformer bushing.

b. Outdoor Amplifier.

c. Indoor Amplifier and Power Supply.

CAPACITANCE TRANSFORMER BUSHING

Bushings equipped with capacitance transformers.
(Fig. 1.) are of the regular flange-clamped oil-filled
porcelain design similar in external appearance and
construction to the standard line of General Electric
Company’s oil filled bushings. This added feature does
not in any way affect the normal functions of the
bushing when it is used with power apparatus. Where
power apparatus bushings are not available and it is
desired to use such a bushing, it may be mounted in a
separate tank and installed in any convenient place,
either indoor or outdoor. The capacitance trans-
former enables these bushings to be used with vacuum-
tube equipment in place of instrument potential trans-
formers for synchronizing.

The necessary voltage for the grid-filament circuit
of the amplifying tube is obtained from a high-capacity
condenser within the bushing. This capacity is in
series with the bushing capacity, the total line-to-ground
potential of the system heing impressed across both.
The voltage obtained across either condenserisinversely

1. Both of the Genoral Wlectric Co., Schenectady, N. Y.
Presented at the Winter Convention of the A. [. K. fi., New York
N. Y., Feb. 13-18, 1928.  Complele copies upon request.

proportional to the capacity. The secondary potentia’
is approximately 35 volts and therefor a relatively
high-capacity condenser is employed. This high-
capacity condenser consists of two layers of thin copper
sheets separated by a treated paper dielectric and all
wound on a herkolite cylinder. The outer layer of
copper is grounded to the ground sleeve and a soldered
connection to the inner copper layer is brought out
through a terminal fitted in the ground sleeve. As
shown in cross-section drawing, Fig. 3, this terminal

Frg. 1—132,000-Vorr BusHing quirrep Wita Caracl-
TANCE TRANSFORMER SHOWING I'LEXIBLE LEAD aND SCcHEMATIC
Diacram or CONNECTIONS

is encased by a metal housing to prevent exposure of
any live metal.

OUTDOOR AMPLIFIER

The outdoor amplifier consists of a PT-210 power tube
with its associated filament transformer and bias
resistors mounted in a steel weatherproof box. This
unit is a complete single-stage amplifier. The voltage
obtained from the capacitance transformer is impressed
on the grid of the tube and the output delivered to the
primary of the interstage transformer which is located
on the indoor amplifier panel.

113
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The secondary potentinl from the capacitance trans-
forner is divided by means of a 600,000-0hn potentiom-
eter so that 17}, volts are delivered to the grid of the
tube. The amplification constant of the PT.210,
and the ratio of the interstage transformer are such that

conil e
efpr R - 1~ - -
Sl

e A
[{
(2] & e
X
b AllL

1 Cabie 8 Trasted Linen

2 Tube 9 Scraws

3 Tube Terminal 10 Housing

4 Low Voltaqe Terminat 11 Cork Gaskgts

5 Cower 12 Paper Diclectric

6 Gaskat B Cond Plates({Copper)
7 Var Cambric Tape ¥ Harkolite Cylindar

Fig. 3-—Cross-SectioNn Dirawing Snowing MEerHnon oF BrING-
ING oUT TerMINAL FroM CaPaciTaNck TRANSFORMER

the voltage applied to the grid of the second stage of
amplification on the indoor panel is 35 volts. The
potential from the capacitance transformer cannot
be successfully applied directly to the grid of the

Fic. 4—S8SingiLE UNiT OUTDOOR AMPLIFIER

second-stage amplifier tube since the d-c. grid current
of this tube with normal negative bias is sufficient when
flowing through the 600,000-ohm resistance across the
low-voltage terminals of the capacitance transformer to
alter the effective bias voltage so that the tube operates
on an undesirable portion of its characteristic curve. A
photograph of a single outdoor amplifier unit is shown
in Fig. 4.

Two single outdoor amplifiers can be eombined so

Jyurnal A1 K, B

as to make u double outdoor umplifier as shown in
Fig. 5. Double units ure usually used when synchro-
nizing directly aeross oil circuit breakers as this facili
tates mounting and reduces the number of necessary
connections,

One capacitance transformer must be connected to
the same phase on each side of the oil circuit breaker
used for synehronizing, and connections made to the
corresponding grids of the amplifier tubes. 7These
units are preferably mounted near the capacitance
transformers in order to reduce stray capacity effects
across the secondary side.

INDOOR AMPLIFIER AND POWER SUPPLY

The indoor amplifier is mounted on a panel of
standard switchboard design. It isintended for mount-

—
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Frc. 5—DousLE UNIT OUTDOOR AMPLIFIFK

ing alongside of the main switchboard, although it
can be placed in any other convenient location in the
station. A voltmeter for indicating the plate voltage
to the tubes, a rheostat in the field circuit of the plate
and bias voltage generators, and a fused switch for
opening the voltage supply circuit to the motor-
generator set, are located on the front of the panel.

On the back of the panel is mounted two separate
single-stage power amplifiers requiring two PR-11A
tubes. The undistorted power output which can be
obtained from one of these tubes is approximately
10 volt-amperes. The grid of each tube receives its
excitation through the interstage transformer from the
outdoor amplifiers. An output transformer is con-
nected in the plate circuit of each tube and supplies
110 volts for operating the synchroscope. The slight
phase shift in voltage through the amplifier and trans-
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former is corrected at 60 cycles by connecting the proper
value of capacitance load across the secondary terminals
of the output transformer. A metal grill is provided
for covering the apparatus mounted on the back of the
panel. The plate connections are made under t.:he
grill which eliminates any exposed high-voltage circuits.

All power for operating the vacuum-tube equipment
is obtained from a small four-unit motor-generator set.
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The power supply for operating the set can be taken
from the station battery or any other suitable voltage
source. An automatic starter is located on the indoor
panel which puts the motor-generator set in operation,
as soon as the control circuit is closed, by the insertion of
the synchronizing plug in the proper receptable in the
switchboard.

The synchroscope is a 713-in. diameter instrument,
giving the usual indications of fast, slow, and synchro-
nism. The synchronism indicator is mounted on a
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: N f 3 To other

£ QT E m nf Amolifier
z =~ or Potential
& % Transformer

4,__J

Fig.12
Schemstic Diegrar of Vacuum Tube Synchronizinzg Tquipment
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SYNCHRO-

swinging bracket at the end of the switchboard in
a substation. On the adjoining bracket is a syn-
chronism _indicator operated from potential trans-
former which in this experimental installation was
used to check the operation of the vacuum-
tube-operated synchroscope. This installation hasbheen
in daily service for over a year, proving its simplicity
and reliability in actual service.
APPLICATION
The eonstruetion and operahon of the synchroscope

equipment is such that it is easily adapted for any

BELT AND HOARD: VACUUM TUBE SYNCHRONIZING EQUIPMENT
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number of incoming lines. When synchronizing is to
be accomplished between a number of incoming lines
and double buses, each incoming line must be equipped
with a capacitance transformer, but it is necessary to
use only one capacitance transformer for each bus.
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Fia.

Such an arrangement is shown in Fig. 7. The act of
synchronizing, using the vacuum tube equipment, is
exactly the same as when potential transformers are

used. Thus, the operator inserts the synchronizin
g
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plug, which automatically places the tube apparatusin
operation, causing the synchroscope to revolve in the
usual manner.

It is of importance to note that one winding of the
synchroscope may be excited from a potential trans-
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former and the other winding excited from the vacuum-
tube amplifier without upsetting the phase relations on
the synchroscope. A number of such installations
have been made.

The life of the vacuum tubes is relatively long and
from records of test data should be about 10 years of
service operating on an average of 15 min. each day.
Thus the maintenance of the apparatus is reduced to a
very low degree.

THEORY AND CHARACTERISTICS

The capacitance transformer has a constant ratio and
zero phase-angle shift with varying frequency and
voltage, providing there is no external circuit connected
to it. When the potential of the capacitance trans-
former is applied to the amplifier, a resistance (R, Fig.
8) and the tube input impedance are connected in
parallel with capacity, C,. The tube impedance at
60 cycle is very high as compared with the impedance
of either C. or R and can be neglected. The relation
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Fig.15
Diagrams of Single-stage Amplifier

Fi6. 11—D1aGraMs oF SINGLE-STAGE AMPLIFIER

between g, and F is expressed by the following
equation:

Ex=E| T 170R(C +Cy .

in which w = 2 7 f and the other symbols refer to Fig.
8. Both the voltage ratio and the phase-angle shift
of the capacitance transformer, and resistance combi-
nation can be obtained from. this equation.

(1)

This equation shows that the voltage ratio
R

1s independent of voltage, but varies with frequency
and resistance. A numerical example will show the
magnitude of these variations. A particular 110-kv.,
(63.5-kv. line-to-neutral), installation has the following
constants; C; = 0.000050 wf, C, = 0.00772 uf, and
R = 600,000 ohms. The variation of voltage ratio
with resistance is shown by the curves B and C, Fig. 9.
The calculated curve B checks the measured curve C
very closely. These curves show that the voltage ratio
does not appreciably change with a considerable
decrease in resistance. Therefore, the ratio is indepen-
dent of leakage change within the capacitance trans-
former, which measurements show to be approximately
100 megohms or more. The ratio of the capacitance

Journal A, 1. 6. 1.

transformer mentioned above is 1543 at 60 cycles. At
50 cycles the ratio is increased 0.05 per cent and at
70 cycles it is decreased only 0.04 per cent; hence
the ratio may be considered independent of frequency.

There is a phase shift through the capacitance
transformer when a resistance is connected across
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it, and this phase shift is dependent on both resistance
and frequency but is independent of voltage. A
curve computed from equation (1), showing the varia-
tion of this phase-angle change with resistance, is given
in Fig. 10. Thus 600,000 ohms gives a phase-angle
shift of 2.75 deg., 500,000 ohms, 8.3 deg., and 700,000
ohms, 2.4 deg. at 60 eycles. At 70 cycles and 600,000
ohms, the phase-angle shift is 2.4 deg. At 50 cycles
the shift is 3.3 deg.; that is, the secondary voltage E«
leads the line-to-neutral voltage a small amount due to
resistance load, and changes slightly with change in
frequency.

The vacuum tube amplifier, which is used to supply
the power to the synchroscope, has characteristics
which affect the over-all operation of the equipment.
The complete theory of a vacuum tube amplifier is
beyond the scope of this paper, but an approximate
theory will be developed to show its general operation.
The schematic diagram and the equivalent diagram of
the a-c. circuits of a single stage of transformer-coupled
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Excited from vacuum tube amplifier

amplification is shown in Fig. 11. The expression for
E,, the load voltage, can be written:

: : Z

Ey=—uvE, _—Z:— (2)
where
E. = Load voltage referred to primary of transformer
u = Amplification constant of tube
E. = Applied grid voltage

R SR —
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Zy = Load impedance referred to primary of
transformer

Z. = Total impedance of tube plate circuit.

The negative sign of the right side of the equation

indicates a phase shift of 180 deg. through the tube

itself, but since transformer coupling is used, this

phase shift can be corrected by proper choice of trans-

former connections.

Equation (2) shows that the voltage ratio of the
amplifier is dependent on the tube-plate impedance and
load impedance. The load impedance is independent
of applied voltage and in a properly designed amplifier
the tube-plate impedance is independent of applied
grid voltage.
through the amplifier is constant for varying voltage
input. Also, since these two impedances are indepen-
dent of voltage, the phase shift through the amplifier is
constant with varying voltage.

The effect of frequency changes on the operation of
the amplifier can also be predicted from equation (2).
This equation may be rewritten in the following form:

Ry 4+ X L ]
R, 4+ Xy
where Ry = Ry + R,; hence it is always larger than R,.
As X increases with frequency, the fraction on the
right side of equation (3) increases, but approaches
unity as a limit. This shows that the over-all amplifi-
cation of the stage increases with frequency, but
approaches a definite limit. The percentage increase
in voltage is less, however, than the percentage increase
in frequency.

The phase angle between E, and E, can be obtained
from equation (3) and is given by the following
expression:

E0=_,UfE.'g (3)

X X
# = tan—! —= — tan-t. % 4
R, R, )
NOW R1 > R(,
hence X -‘)&
2o R,
and tan—1 XL > tan-1 2k
I€0 I{l

The angle 0 is therefore positive, and E, leads E, by
this angle. As the frequency increases, the two ratios
X1/Ryand Xy/R, increase in proportion and a consid-
eration of the anti-tangent functions will show that the
angle f decreases with an increase in frequency.

The above discussion explains the general operation
of a vacuum-tube amplifier with inductive reactance
in the load. If, however, the secondary of the trans-
former is loaded with capacitance until the reactive
component of the load impedance is capacitive, then the
term 7 X;, in equations (3) and (4) is replaced by
— 7 Xo. Under this condition it can be shown in the
same manner as hefore that with an increase in fre-
quency theamplification of the stage decreases, the phase

BELT AND HOARD: VACUUM TUBE SYNCHRONIZING EQUIPMENT

Under these conditions, the voltage ratio-
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shift through the stage increases and is always negative.

The commercial apparatus utilizes a two stage
amplifier. Now, if 0 represents the total phase angle
shift from phase voltage of line-to-voltage across
synchroscope, 6,, the shift through the capacitance
transformer, 0, the shift through the first stage of
amplification and 63, the shift in the second stage then

fr = 0, + 6, + 05 (5)
By connecting sufficient capacitance in parallel with
the synchroscope, the angle 6; can be made negative
and equal to 6, plus 6,, and hence, the total angle shift
is zero. With a given capacity, this condition exists
for one frequency only, and the value of the capacity in
the commercial equipment is so chosen as to compen-
sate at the operating frequency.

The curve of Fig. 12 shows the angular error in
position of the synschroscope when using the amplifier
on one side and a potential transformer on the other.
This is equivalent to the shift through the amplifier
as the angular error due to the potential transformer is
negligible. The maximum error within the range of
50 to 70 cycles is only seven degrees, or only slightly
larger than one minute on the dial of a clock. The
device is therefore satisfactory when used in combina-
tion with a potential transformer.

Fig. 18 is a curve showing the angular error when two
amplifiers are used. In this case the maximum error
is reduced to 3.3 deg. which is scarcely discernable on
the synchroscope.

The authors wish to acknowledge the help given by
Mr. E. D. Eby and Mr. T. S. Farley, who kindly assisted
in obtaining the information for this paper.

URGE SIMPLER LIGHTS TO AID
AUTO DRIVERS

Simpler automobile headlights requiring no adjusting
or dimming were urged by the Motor Vehicle Lighting
Committee of the Illuminating Engineering Society at a
meeting held Jan. 11, 1928. Complicated lighting sys-
tems, which properly operated, provide perfect lighting
conditions from every standpoint are not practical in
the opinion of the majority of engineers present.

The headlight of the future should not be intended
to provide lighting conditions but only to give adequate
illumination with minimum attention from driver.

More stringent laws regarding headlights were
suggested by E. C. Crittenden, Chief of the Electrical
Division of the Bureau of Standards, who declared that
a high percentage of accidents are caused by faulty
headlights. He also urged the single-beam light,
constructed so as to remain properly focused and
adjusted without attention from the driver.

Colonel A. B. Barber, manager of the transporta-
tion department of the United States Chamber of
Commerce, and W. D. A. Ryan, director of the illumi-
nating engineering laboratory of the General Electric
Company also spoke, Colonel Barber outlining the
the present motor vehicle laws and restrictions and
urging uniform motor laws for the entire country.




Abridgment of

132,000-Volt, Single Conductor, Lead Covered
Cable

Introduction, Economics and Commercial Demand
BY P. TORCHIO:

Fellow, A. 1. E. E.

Synopsis-—This paper, which describes the development of the
otl-filled type of 132,000-volt cable, has for convenience been divided
into four parts.

In the first part the economic and commercial aspects of the
development are discussed. It is poinled oul that this type of cable
permils direct interconnection with high-voltage overhead lines and
il 18 felt that the satisfactory operalron of the two lines which have
been placed in service this year will be an indicalion that 220,000-
volt cable can be constructed without material changes in the design.

The theory and design of the cable are completely developed in
the second part. Particular reference is made lo the effect on the

dielectric of occluded gas and the method of eliminating trouble
Sfrom this source in the oil filled type is described.

The third part relates to the manufacture, inspection and lesting
of the cable and equipment. The lesls showed thal the electrical
constants of the cable were substantially unchanged by the normal
temperature cycle.

The installations at New York and Chicago are described in the
Jourth part. Inspection, indication of oil leaks, cable and joint
repairs are discussed. The replacement of a length of the New York

cable, which developed a leak in the sheath, is covered in delail.
* * * * *

HILE the power generated from local plants in
heavy centers of industry and population is
distributed locally at about 13,000 or 25,000
volts, system interconnection lines and long-distance

transmission lines require considerably higher pressures
in the order of 66,000, 132,000 and 220,000 volts.

In most situations of heavily built-up centers, it
has been impossible in the past to tie the higher
voltage lines directly to the distributing stations and
substations, and recourse has been made to underground
cable lines of 33,000 45,000 and 66,000 volts connecting
to the higher voltage overhead lines through trans-
formers located at substations on the outskirts of the
city. One of the principal aims of the design of the
new type of cable, which by one step doubles the highest
underground operating voltage used heretofore, is to
do away with the seoutside intermediate substations
by bringing the higher voltages directly to the ultimate
distributing centers. The economic and operating
advantages thereby obtainable are savings of inter-
mediate substations, transformers, switchgear nda
attendance, reduction in number of underground cables,
savings in synchronous condensers, increased efficiency,
improved regulation and improved stability of parallel
operation of local plants with the outside sources of
power. The final relative values of these savings wiil
not be available until we have secured from actual
experience the relative carrying capacity of the oil-
filled cables in contrast with the ordinary type of cables
with solid insulation.

The theory of the oil-filled cable is that through its
collapsible oil reservoirs it responds readily to volu-

1. The New York Edison Company.

Presented at the Regional Meeting of Dzistrict No. 5 of the
A. 1. E. E., Chicago, Ill., November 28-30, 192?. Complete copies
upon request.

metric changes in oil and cable due to temperature
changes. In this manner, the whole cable is kept con-
stantly filled with oil under pressure both in the hollow
core of the conductor and throughout the surrounding
insulation. The unique advantage of this type of
construction, therefore, is that should the lead sheath be
expanded or distorted, or the internal elements of the
cable be displaced by temperature variation or other
causes, the spaces thus formed will be Immediately
filled with oil, while in a solid insulation type voids
would be formed, causing ionization and ultimate
failure. It is thus evident that this new type of cable
should be able to operate safely over a much larger
range of copper temperature and therefore of load, than
a solid insulation type, even if the latter is operated
only at 66,000 volts or less. In this expectation we are
confirmed by the original installation of this type of
cable made in Italy three years ago, which consisted
of about 2000 ft. of line connected in series with a
130,000-volt overhead transmission line more than 100
mi. long. This cable, which was 50 sq. mm.; about
100,000 cir. mils, in cross-section, has never given the

slightest trouble though carrying currents of 250

amperes per phase, a current density which would be
absolutely impossible with the solid type of cable even

‘if operated at 25,000 volts or less.

The Chicago 132,000-volt underground cable line is
a direct application of the plan of connecting a generat-
ing plant in the city to an outside 132,000-volt line six
miles away.

The New York 132,000-volt cable is, for the time
being, a large-capacity, 12-mi. length transmission
line supplying the large county of Westchester in the
state of New York, but it will, in future, serve also to
interconnect with outside sources of power supply.

The Chicago and New York installations were placed
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in operation, respectively, on June 2nd and August 9th,
of this year, and have since operated without electrical
trouble.

The manufacturers feel that should these two 132,000-
volt cable lines continue to prove satisfactory in opera-
tion, 220,000-volt cable can be constructed without
material changes in the design of cable, joints and
accessories.

The next year’s experience of the large New York
and Chicago installations appears now almost certain
to prove satisfactory, in which event this great advance-
ment in the art will have made available to the in-
dustry, confronted with unprecedented volume of
growth in its demand for power, means not heretofore
available for transmitting hundreds of thousands of
kilowatts economically and directly to and from centers
of heavy population and outside supervoltage overhead
lines.

In the following chapters, the manufacturers and the
users are presenting a complete deseription of all the
phases of work involved in the design, manufacture and
installation of this radically novel type of cable.

Theory, Design, and Development of the
132,000-Volt Cable

By L. EMANUELI?*

Non-member

General. It is well known and recognized that one
of the principal reasons of failure in high-tension
cables is the presence of gas bubbles and films in the
dielectric, some of these gas occlusions being left in
the insulation during the construction of the cable and
some being formed later during the operation of the
line.

This is due to many facts. First, the vacuum applied
to the cable before impregnating it with insulating
compound is not generally perfect. Second, the
insulating compound carries in solution a great volume
of gas, part of which is set free while the compound is
passing through the pay er during impregnation. Third
when the lead sheath is applied to the cable, the cable
1s still rather warm and the subsequent thermic con-
traction of the compound when the cable cools down
causes further voids. Empty spaces are also created
when the cable is coiled on the reels and during
handling.

When the cable is in operation, another important
phenomenon takes place. The insulating compound is

2. Societa Italiana Pirelli.

Acknowledgment and thanks are made here to Dr. K. Sac-
chetto who has given his assistance in the first, experiments on the
oil filled cable and in the installation of the Brugherio cable,
Mr. E. Sesini who has assisted in the theoretical design of the
cable and accessories and Mr. M. Purits who, with Mr. Sesini,
has directed all the delicate operations of installation and
impregnation of hoth the New York and Chieago lines. Acknowl-
edgment is also made of the valuable assistance and cooperation
rendered by the engineers of the General Blectric Company and
of the New York and Chicago Companies during all these ‘la,tmr
operations.
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warmed up and increases in volume when the cable is
loaded and this first compresses the gas in the dielectric
and then expands the lead sheath. As the lead is more
viscous than elastic, after a subsequent cooling the total
amount of void space within the dielectric is greater
than before installation by an amount proportional
to the load carried.

For example, in a 66,000-volt cable the contraction
which follows an increase of temperature in the copper
of 35 deg. cent. causes a volume of seven gal. per mi.,
(16 liters per km.), to be emptied of compound.

The pressure which may take place in a cable when
loaded and which forces out the lead tube has been
found by actual measurement to be in the neighborhood
of 90 1b. per sq. in.

Seasonal temperature variations produce the same
effects.

Where is it that these empty spaces are formed?
In a general way, we can assume that they are produced
at the points where the paper is less compact in the
wrinkles in the space betwe-n the lead and the insula-
tion, especially where the lead is expanded due to bends
or handling and, for three-conductor cables, in the
spaces between the insulated conductors and the fillers.

This may be explained when one thinks that the
surface tension of the compound has a tendency to fill
up first the smaller cavities, thus leaving empty the
larger ones.

In addition to this, the compound has a tendency to
migrate to the lowest points of the cable and this mi-
gration is greater the lower the viscosity of the com-
pound.

This irregularity in the distribution of the gas cavities
is one of the principal causes of the many uncertainties
in the results obtained in the laboratory and during
operation, and makes it impossible to fix an exact
figure for the permissible value of the ionization as a
function of the working voltage.

The failure of all the previous attempts made to
explain theoretically the breakdown voltage on a
sample of cable, in connection with the electric gradient
in the insulation, can probably be attributed to the
presence of gas occlusions and to their irregular distribu-
tions, and perhaps the theory which gives the break-
down voltage as a function of the minimum gradient and
not of the maximum, is not to be completely discarded,
the minimum gradient being near the lead where the
empty spaces, at least for a single-conductor cable,
have a greater tendency to be formed.

If the empty spaces due to the thermic contraction of
the compound were formed uniformly in the insulation,
in small units, the troubles produced by their ioniza-
tion would be very small. A step toward this point
has been gained by the cable manufacturers by
wrapping the paper on the conductors as uniformly
as possible, and avoiding wrinkles and registration of
the layers.

It is also evident that the greater the thickness of the
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insulation, the smaller is the possibility of avoiding
such empty spaces during construction. In addition
to this, if the contraction of the insulating compound
should be such as to distribute uniformly and in small
units the empty spaces which are formed, then the
quality of a dielectric would be independent of its
thickness; but, due to their localized formation as a
consequence of capillarity and drainage, the probability
of leaving the big empty spaces is greater the greater
the volume of the dielectri¢, and accordingly of the

Fig. 1—HorrLow Core CABLE

amount of oil subject to volumetric change. We can
assume, therefore, that an increase in the insulation
thickness does not produce a corresponding improve-
ment in operating performance; and the cable manu-
facturers know this very well.

All these difficulties and uncertainties would not have
allowed the design of a 132,000-volt cable of the usual
type with any probability of success and the results
which may have been obtained in the laboratory and
in the field on short lengths of cable would have been
practically worthless due to variations in the distri-
bution of the gas occlusions.

It must also be considered that the experience gained
on a large scale on existing cables is limited to a voltage
which is only about one-half of 132,000 volts. It was
with the idea of avoiding all these uncertainties, elimi-
nating gas occlusions, as. much as possible and especially
the ones which are formed by temperature variations,
that the design and construction of the oil-filled type
of cable was carried out.

The principle is very simple and consists in having the
cable connected to a reservoir which will receive the
oil pushed out during the thermic expansion and give
it back to the cable during the contraction. To obtain
this action, it is necessary to have inside the cable a
passage which connects the reservoir with every point
of the dielectric. This feature can be obtained readily
by stranding the copper wires of the conductor around a
metal spiral, thus leaving a single central passage, see
Fig. 1, or by shaping the lead sheath as shown in Fig. 2,
thus making several longitudinal paths which can be
connected to the reservoir. This eliminates the dan-
ger of formation of empty spaces due to the con-
traction of the oil.

The presence of a longitudinal path makes possible
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the evacuation and impregnation of the cable from
both ends after it has heen leaded. On account of its
small volume, laboratory pumps can be used and a
very high vacuum reached. In addition to this, a
special process has heen worked out to purify the oil
from the gases in solution, hefore impregnating the
paper.

In this way it is possible to obtain a cable practically
without any occluded gas from the start and also to
maintain it in such condition during operation.

An experiment on a cable of the type given in Fig. 1
was made early in 1918 and the results were quite
surprising. The life tests gave results far better than
those on usual cables and it appeared immediately
that the importance of a perfect construction of the
cable as regards wrinkles and compactness of the
paper, could be regarded as secondary.

It is important to remember that in a cable made in
the usual way, the breakdown voltage is very high if
the voltage is increased quickly and does not give no
light on the punctures which happen in operation at a
voltage generally equal to, or slightly higher than, the
operating voltage. If the tension is applied for several
hours, the breakdown voltage is considerably smaller,
and the longer the time of the test, the lower the
breakdown voltage. It is not difficult, for instance,
to get a breakdown voltage on a short sample, after a
few seconds, which is five times greater than that
found after several hours of application of voltage.

In the oil-filled cable these differences were found to
be much smaller, and as the instantaneous breakdown
voltage is equal to, if not greater than, that on usual

Fic. 2—SLoTTEDp SHEATH CABLE

cables, the breakdown voltage after several hours is
more than doubled. This permits increasing the
operating gradient of the cable and the use of only a
small thickness of insulation.

Another advantage over other cables of the usual
type is to have much smaller dielectric losses at high
temperatures because it is possible to use a very fluid
oil with very small power factor, as the danger of mi-
gration of the compound is avoided.

For several reasons a field test of this new type of
cable was not made on a large scale until the end of 1923
when a line of three cables of 100,000-cir. mil (50 sq.
mm.) copper area, 670-mil (17-mm.) insulation, each
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2000 ft. (610 m.) long, with six joints, was installed at
Brugherio near Milan, Italy, connected to an overhead
line about 100 mi. (160 km.) long. In the beginning
the cables did not carry load, but in 1924 they were put

Fig. 3—ILLusTraTiON oF 132-Kv. CABLE

in series with the line and a load up to 250 amperes
per phase was carried without any trouble for two and
one-half years.

The electrical problem of the construction of a cable
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for 132,000 volts was in this way solved quite satis-
factorily but several mechanical problems, especially
complicated for lines of long length and with large
differences of level, remained to be studied.

The theoretical and practical problems which had to
be solved before the liquid oil filled cable could be made
a practical success are discussed in detail in the complete
paper but must be omitted here because of lack of space,
which permits only a brief description of the cable itself
and the principal accessories.

Cable Desif;n. The cable installed in New York and
thcago 18 shown in Fig. 3. The conductor of 600,000-
cir. mil section is made up of two layers of copper wires,
stranded over a spiral of hard drawn copper tape,
leaving a clear diameter inside the spiral, of 3fin. The
insulation thickness is 23/32 in., made up of wood pulp
paper in three different gradations, depending upon the
porosity. A mineral oil a little more viscous than that
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used in transformers is used for impregnating the cable.

Description of the Special Accessortes: Feeding Tanks.
The principal requisites of the oil tanks are that the
oil inside should always be practically at atmospheric
pressure, independent of the volume of oil present
in the tank, and that it should be in no way in contact
with the surrounding air.

The problem has been solved using collapsible
reservoirs made up with thin metal walls, which are
easily deformable. In such a way the oil is not in
contact with the air and yet acts with regard to the
pressure as if it were contained in an open reservoir.

Fig. 4 gives the drawing of a feeding tank.

Seven separate cells, each with collapsible walls, 1,
are connected in parallel to a common manifold, 2.
Each cell is made up from a ring, 3, on which two
corrugated diaphragms, 1, are soldered and kept in

O

e = r_:,.>;>-rzféi_g_- T &

sty

N
= — |
SN BN, NE vE

ta. 5—PRrEssurE TANK

.

place by a ring, 4. The corrugation allows the plates
to move under expansion or contraction.

Two standard types of tanks were adopted, one with
seven cells, as given in Fig. 4, called S-7, and one with
11 cells called S-11.

Each cable of a section was fed by two or more
of these tanks, paralleled by means of valves and
manifolds.

Pressure Tanks. As belore stated, the characteristic
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of this type of tank, Fig. 5, is to have a certain number
of collapsible air-tight cells, 3, full of gas, separated
by heavy plates, 5, contained in the tank, 2, which is
filed up with oil. The outside tank, 1, is able to
withstand the maximum pressures given by the oil
of the section during expansion,

Each cell is perfectly tight and is filled with an inert
gas, 6, especially selected for the purpose.

Stop-Jornis. As has been explained in the design of
the cable, each section is connected electrically to the
next one by means of a special joint called a stop-joint,
which cuts the oil communication between them. (See
Fig. 6). The stop-joint consists essentially of a eylin-
drical tank, 1, full of oil, 2, which contains two inserted
procelain terminals, 3, in a V arrangement.

The end cables of each section terminate in these
potheads, which are electrically connected at the lower
part. As for the pressure tanks, the outer tank is of
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suitable thickness and has a lining, 5, hermetically
sealed to the upper cover, 6. The terminal’s insulators
are cemented at the upper end to the cover and are
provided at the lower part with two cemented metal
caps, 7; the tightness of the seams is guaranteed by
composition cork gaskets.

The two caps are electrically connected by a flexible
connection, 4, and carry on the inside a set of brushes, 8,
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for the contact with the connector, 9, whieh is soldered
at the end of the cables. The two lower caps and the
connection, 4, are screened by a metal box, 11, so as to
have a good distribution of the electric field; for the
same reason the insulators are provided at the upper
end with electrostatic controls, 712. The metal screen,

Fic. 7—PirEeLLI
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11, is reinforced electrically with paper wrappings, 18,
and the discharge path to the case 1s protected by in-
sulating barriers, 19. The two end cables, after being
reinforced in the field with paper wrappings, 10, and
provided with electrostatic controls, 13, are slipped
inside the insulators so that their connector, 9, is
wedged between the brushes, 8, and the lead sheath of
the cable is soldered to the cover by means of metal
sleeves, 14. As a matter of fact, the stop-joint tank is
raised from a pit in the manhole up to its final position
so that the cables slip inside the insulators. The only
wipes to be made in the field are those at 75. The
oll is fed to the cables through a pipe, 16, which is con-
nected to the reservoirs at the feeding end of the section.

The oil chamber, 2, inside the stop-joint, is connected
in the field through the pipe, /7, to the terminal at the
higher pressure, each termina] being at the pressure
given by the height of the reservoir of the section to
which it is connected. In this way, the oil in the tank
is always at the same or at a higher pressure than the
oll inside each of the insulators and the porcelain is
subjected only to compression.

Terminals. Each manufacturer supplied the ter-
minals to be used on his own cable. The general con-
struction of each of the two types is shown in Figs. 7
and 8.
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Manufacture, Inspection and Testing of
the 132,000-Volt Cable

By WaLLACE S. CLARK?
Associate, A. I. E. E.

There are certain novel features in the manufacture
of the cable which are, we hope, of sufficient general
Interest to warrant their introduction here.

In order to secure a central passageway through the
conductor, a spiral of hard-drawn copper strip was
formed and the wires composing the conductor proper
were stranded around this. Special machinery was
installed to make this spiral and special precautions
had to be taken in stranding the individual wires around
it, the inner layer of wires being dented to give free
circulation of oil.

The wood pulp paper used in forming the insulation
wall was of three different thicknesses and varied in
density, the thinnest and densest paper being put
next to the conductor where the electrical strains are
greatest; then the intermediate paper, and on the out-
side, the least dense and thickest paper.

After the core was completed, a radical departure
from ordinary practise occurred. The insulated core
had the first lead sheath applied, was wound on a reel
and heated by immersing it in a steam bath. The ends
of the cable were sealed and insulated leads were
brought out through these seals.

The exhaustion of the heated cable core with vacuum
pumps was the next step.

Measurements of the power factor of the cable and
the insulation resistance between the conductor and the
lead sheath during the evacuation were taken periodi-
cally. The particularly interesting point in this process
is that if the lead sheath has any imperfections in
it, moisture (steam) will naturally be sucked in through
these imperfections, and the electrical measurements
made will indicate that this is happening. This makes
it improbable that there should be undetected faults
such as porous spots or pin-holes in the lead.

When the desired electrical measurements were
obtained, oil, which previously had been given a
special treatment for purification and for the removal
of all absorbed gases,——(ordinary transformer oil will
absorb from 15 to 20 per cent of its own volume of
air), ~was admitted to the central core very slowly,
saturating the paper wall.

The cable was finally cooled down under oil pressure
and when room temperature was reached, it was taken
from the tank and wasready to test.

After testing, the ends were hermetically sealed and
the cable was ready to receive its armor and outer
jacket of Jead.

The armoring consisted of wrapping the inner lead
sheath with treated paper tape; next with a thin hard-
drawn copper tape; then a second paper tape. The
cable was then taken back to the lead press and leaded

3. General Tlectric Company.
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all over, and after removal of the oil, made ready for
shipment on especially large bodied reels.

Tests. The specified tests were similar to those of
the A. E. I. C. Specifications, and the principal ones
were as follows:

a. Each. reel of cable had to stand 175,000 volts,
alternating current, for 15 min. between conductor and
sheath.

b. Samples maintained at 0 deg. cent., freezing for
two hours, were bent three cycles to 180 deg. around a
drum having a diameter 15 times the diameter of the
cable, and then withstood 225,000 volts, alternating
current, for five minutes.

¢. One full reel of cable from each 15,000-ft. lot was
tested with 140,000 volts, alternating current, for eight
hours.

d. The original specifications-called for a test after
installation of 140,000 volts, alternating current, for 15
min. between conductor and sheath. As it was im-
practical to secure transformers. for this, special
kenotron testing sets were provided in New York and
Chicago, and the cable successfully tested with 300,000
volts, direct current, for 15 min.

The maximum power factor on any one section of
cable at room temperature did not exceed 14 of 1 per
cent, and the power factor at 65 deg. cent., maximum
operating temperature, did not exceed 0.65 per cent.
The difference in power factors, ilonization, when
measured at stresses of 20,000 and 95,000 volts, 28 and
132 volts per mil, respectively, did not exceed 0.2 per
cent. The average figures were very much better than
these.

In connection with the ultimate breakdown tests,
which were performed on these samples after thev had
passed all the required voltage tests, it is interesting to
note that comparing the breakdown tests with those
made on General Electric cables of standard type
without o1l ducts and intended for maximum work-
ing pressure of 75,000 volts, and having only 1/64-in,
thicker insulation, the short time breakdown voltages
were about the same; but with long time tests at lower
voltages, the oil filled cable far out-distanced the
ordinary type.

Special Tests. Samples of cable were run 24 hr. at
225,000 volts, alternating current, without breakdown
or injury. This was three times the working stress.

The five-min. breakdown on samples was about
400,000 and the one-hr. breakdown about 300,000 volts,
alternating current.

One special test at Milan ran 30 hr. at 200,000 volts,
after which the potential was raised to 260,000 volts,
alternating current, and held for 20 hr. without failure.

A very interesting feature shown by the special tests
was that a length of cable could be tested and the
constants determined; then, after a heating and cooling
cycle, be remeasured substantially without change in
the results. This is one of the best guarantees of
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minimum electrical deterioration which ean be deter
mined by test.

Duplication of manufacturing processes at Schenec-
tady and Milan was secured through the freely offered
assistance of the Pirellj engineers and the constant
interchange of manufacturing data.

The general results at Milan and Schenectady showe
good agreement, even though some of the Milan tests
were made at 42 cycles instead of 60 cycles, and all
tests exceeded the specifications by a large margin.

Installation of the 132,000-Volt Cable
By A. H. KEHOE,* C. H. SnAaw,” J. B. NOE,® and
IFellow, A. 1. E. E, Assoclate, A. I. E. E. Associate, A.1. E. E.

D. W. ROPER.¢
Fellow, A. 1. E. E.

Location and Description of Route. In New York,
the cable runs from the Hell Gate Generating Station of
The Edison-United Companies, northward through the
Borough of Bronx and up to the Dunwoodie Distribut-
Ing Station, in the City of Yonkers, Westchester
County, a total distance of about 12 mi. The feeder will
be used to supply the rapidly growing area of Westches-
ter County immediately north of New York City,
having in mind also the possibility of its use in the
future as a link in the supply of water power from the
St. Lawrence district directly into the metropolitan
area of New York.

In Chicago, the 132,000-volt feeder runs from the
Northwest Generating Station of the Commonwealth
Edison Company northward to the city line, a distance
of about six miles where it is connected to 30 miles of
overhead line, continuing northward to the Waukegan
Station of the Public Service Company of Northern
Hlinois. The line thus serves as a tie between gener-
ating stations, and transmits power in either direction,
as may be required. As may be seen from the line
profiles in Fig. 9, there is a difference in level of 285 ft.
between the high and low points in New York, com-
pared with 27 ft. in Chicago, excluding the river
crossing. This difference in topography and grades
made necessary radical differences in sectionalizing
the line and the location and operation of the tanks
supplying oil to the cable.

In New York, the southerly half of the feeder cable
was Pirelli make; the northerly half, General Electric.
In Chicago, the cable for two phases was supplied by
the General Electric Company, and that for the third,
by Pirelli.

Conduit and Manhole Construction. In both New
York and Chicago standard methods of duct construc-
tion were used. The manholes, however, were made
about 50 per cent larger to accornmodate the larger
joints and to give space for training the cables on large
radius bends.

Towers. In order that sufficient hydrostatic pressure

4. United Electric Light & Power Company.
5. The New York Edison Company.
6. Commonwealth Edison Company.

N e,

Journa A 1, K. ¥

might be maintained on the oil inside the cable, it was
necessary that the feeding reservoirs be elevated ubove
the section of the line being fed. 1n Chicago, where the
ground contour was practically flat, this result was
secured by placing the oil reservoirs in towers located
at the ends of the line and at two intermediate points.
In New York, it was possible by taking advantage of
the hills to obtain suflicient pressure with the reser-
voirs located in manholes, except at the two terminal

of the line.

Oil from the feeding and pressure tanks is fed into
the central core of the cable through lead pipes con-
nected into the stop joints.

Cable Splices. While the manufacture of the cable
at Milan and at Schenectady was practically identical,
the standard joints were radically different, each
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manufacturer supplying the jointing material to be
used in splicing his own cable.

The connectors for Joining the hollow core cable
and continuing the passageway for oil in the center
of the cable through the joint are similar in the Pirelli
and General Electric joints. In the center the connec-
tors have a transverse hole closed by a serew so that
any joint, before it is insulated, can be arranged to
communicate directly with the oil passage in the center
of the cable.

Prrelli Type. The chief characteristic of the Pirelli
joint is that the insulating material in the joint is paper
which has been previously dried and prepared in the
factory. This paper is not Impregnated, but is suface-
treated to reduce the absorption of moisture which
might be collected during the process of jointing.

Another distinct feature is that the original insulation
of the cable, after it has been properly penciled, is
covered with a thin oil silk tape to reduce seepage of
oil between the joint insulation applied in the manhole
and the original insulation in the cable proper, the
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object being to evacuateandimpregnatetheinsulation of
the completed jointindependently of the cableinsulation.

The treated paper tape is applied by means of a
special taping machine.

[After the joint has been made up, the lead sleeve
applied and the cable impregnated, the joint is heated
by an electricheating pad, vacuumapplied untilallmosit-
ure is removed, after which oil is admitted to the joint.

General Electric Type. The General Electric joint
is their well-known “‘stepped joint” type, the material
of the insulation being a high-grade varnished cambric,
hand applied. A copper sleeve is used, made up in
two parts, telescoping in the middle. After the cable
has been impregnated, the joint is evacuated, and filled
with oil, no heating being required.

Cuble Evacuation and Impregnation. The cable was
impregnated one section at a time, the first step being
to evacuate and fill the reservoirs with oil, after which
the cable was put under vacuum by means of vacuum
pumps connected at each provisional and stop-joint on
the section. This evacuation was maintained for
approximately 12 hr. for drawing out any gas or surplus
oil in the core of the cable.

As shown on the profiles, there were many high and
low points along a section of line; and slugs of oil were
formed at the low points, while gas would collect at the
higher points. A suitable test was made at the be-
ginning of evacuation to determine the height of these
slugs opposing vacuum between adjacent provisional
joints. The maximum and average heights for the
slugs were, respectively, 10 and 3 ft. This “slug”
test served also as a check on the continuity of the cable
core and connections and permitted a prompt discovery
of leaks or stoppages.

After the initial 12-hour evacuation period, tests
were made to determine if slugs of oil still existed in
the low points of the line which would interfere with
obtaining a satisfactory vacuum at all points of the
section. “After these tests proved satisfactory, the
line was evacuated for approximately 36 hr. If a
good vacuum was then maintained and no leaks oc-
curred, treated oil was admitted to the line.

At the beginning of the impregnation of a section,
oil was admitted to only one phase, the second phase
being connected when the first was about one-third
filled, from 8 to 24 hr. later, depending upon the flow
of the oil and the contour of the section. The third
phase was connected when the second was about one-
third filled. Upon the arrival of the oil at each
provisional joint, it was first drained off into test
hottles for testing and then the oil was allowed to flow
into the impregnating hottle until the flow reached a
satisfactory value. After the pressure of the oil had
hecome greater than atmospheric, the apparatus was
disconnected and the joint closed,

OPERATION
There have been no electrical troubles from the time
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the cables were put into operation, June 2 for Chicago
and August 9 for New York, to the time of writing,
October 20; but there have been oil leaks which re-
quired repairs in stop-joint, gasket of pothead, joint
wipes, pressure tanks, and lead jacket of cable section.
In all cases, it has been possible to maintain the line in
service until convenient to take it off for repairs.

The maximum load on the lines has been about 45,000
kv-a. The manufacturer’s guarantee included a maxi-
mum allowable copper temperature of 65 deg. cent., a
maximum power factor at that temperature of 1.25
per cent and a carrying capacity of 91,000 kv-a. The
insulation of the cable as delivered, however, had a
power factor of 0.5 per cent which permits an increase in
the rating under identical field conditions to 98,000 kv-a.

The charging current of the underground line is
2400 kv-a. per mi., or about 25 times the value for a
300,000-cir. mil overhead line of the same voltage.
The underground installation in Chicago is equivalent to
a synchronous condenser of about 14,000-kv-a. capacity
and the corresponding figurefor New Yorkis28,000kv-a.

Inspection and Stgnaling. Special equipment, proces-
ses, and plans are being worked out and special crews of
men have been selected and trained to locate and repair
any failures that may occur. Regular routine inspec-
tion is being made of the feeding reservoirs and of all
manholes and the quantity of oil in the feeding reser-
voirs and water conditions noted and recorded and any
unusual conditions reported at once.

The lines are provided with the usual automatic
switches to open in case of failure and additional
devices will be provided to indicate oil leaks as the
life of the cable is brief, if it is not entirely filled with oil.

REPAIRS

Experience has shown that a leaky wipe on a joint in
a manhole can be repaired in about 2 hr. by draining
the oil out of the joint so as to remove the internal
pressure. A stop-joint was replaced in about 15 hr.
and a section of cable in 214 days. It is thought
that a failure in a joint which does not involve replace-
ment of cable can be made in approximately 36 to 48
hrs. If the trouble or the replacement of the length of
cable involves the entrance of a large amount of air
into the cable, then it may be necessary to repeat the
original process of evacuation and impregnation, re-
quiring considerably greater time.

The time for all of these operations, however, will
vary, depending on the location of the trouble and the
profile of the section.

Conclusion. From the foregoing details it may be
seen that many vital features employed in the manu-
facture, installation and impregnation of this type of
cable will also impart a new direction to the attain-
ment of better and more reliable cables of the ordinary
type. The indications are that this cable marks a new
epoch in cable engineering.



A Two-Range Vacuum Tube Voltmeter
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Synopsis. —1he design, uses, and limitations of a4 new eireuidt
employing the three-element vacuum tube aa a voltmeter gre discussed
Two overlapping ranges of wvolluge, logether with a single operating

THE need for a convenient means of measuring smal|
alternating voltages has long been felt in the com-

munication engineering field. The usual type of
electromagnetic voltmeter is inadequate for two reasons:
(1) Comparatively large current is required to operate
it, and (2) its calibration is greatly affected by fre-
quency. Both of these defeets are more or less in-
herent and ean probably never be materially reduced.
The electrostatie voltmeter, while possessing neither of
these defects, has others. Its sensitivity is exceedingly
low, requiring the use of an optical system for voltages
less than about 25 volts, and its adjustment is very
difficult.

The versatile vacuum tube, however, possesses
certain characteristies which malke it applicable to the
measurement of alternating voltages,

Various types of vacuum tube voltmetersare possible,
One type uses a variable grid bias voltage which is
made to balance out the plate current resulting when
an alternating voltage is applied to the grid. This type
measures peak voltages. Other types rely upon detec-
tor action of the tube. The voltmeter circuit described
In this paper uses the grid bias method of detection;
this is sometimes also called pblate circuit detection.

Fig. 1 shows in schematic form the circuit which will
be discussed. In order to obtain a wider range of volt-
age and still prevent grid current from flowing, two sets
of plate and grid bias voltages are provided for. To
obtain a means of rigidly fixing both of these voltages,
they are taken as resistance drops in the filament
circuit. The use of a UX-199 tube, requiring but 60
milliamperes for the filament, makes it possible to
supply all power to the circuit from 45-volt, “B”
batteries. Best results are obtained when two large-
sized, 45-volt units are used jn parallel. One set of
resistances is used for the low-voltage range, the other
for the higher range. When the higher range is in
use, the grid is biased beyond the point where plate
current normally disappears. For a fixed battery
voltage, there exists an optimum proportion of voltages
to give both the best, greatest sensitivity and the
maximum range.

Since the resistance in the plate circuit is low (of
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batlery, are the unique features. The cflect of wave-torm and the

elimination of that eflecturc treated

the order of several hundred ohimns), the plate current
may he considered as vanishing at a bias voltage equal
to the plate voltage divided by u.

Let

E available battery voltage,

E, = supplied plate voltage (high range) which equals
the voltage between plate and filament for
high range,

e supplied plate voltage (low range) which equals
the voltage between plate and filament for
low range,

E absolute value of grid bias voltage used with
high range,

absolute value of grid bias voltage for low range,
optimum value,
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V = maximum peak voltage which can be measured
on high range without grid current flowing,
(V=E,)
U = maximum peak voltage which can be measured

on low range without grid current flowing,

a = voltage which when added to e, would reduce the
plate current to zero; see Fig. 2.
Then,
€ . .
e. = -7 —a(ais positive) (1)
For the high range,
E,
E.— — % 2
. (2)

in order to provide continuity between the two ranges.
Also, for the high range,

E,=E~E, (3)
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Putting E. = V into (3) and combining with (2),
E-V
M

VvV — <o 4)

For the low range,

ee =E—b—e (5)
where b is the auxiliary balancing voltage used in the
low range to balance out the normal plate current,
I,., and which was available in the high range for
plate and bias voltage. Putting e, = v into (5) and
combining with (1),
E—b— v

M

v = —a (6)

Low Range
QP

]
a—=
l-— Lo E
€y €c 0 €
by v

<1

High Range
%5°

Fic. 2—TrE DovusLe-RanceE DesicN

ep = plate battery voltage
= plate fllament voltage
e, = operating bias
p = voltage amplification factor of tube

Eliminating » between (6) and (4) gives
) e e
FY w1 T+ ™

This equation expresses the maximum peak voltage
measurable in a continuous two-range design, in terms
of available battery voltage, voltage amplification
factor and two design constants, « and b.

The constant a is determined by trial and was found
to be of the order of one volt for several 199 tubes.
Its value is not critical. The constant b is quite
arbitrary, if R, 1s adjustable for different tubes having
different values of [,, being equal to I,,R,. For
2, = 50,000 ohms, b proved to be about three volts for
one tube and five volts for another, using a 45-volt
“B” battery as the source of voltage.

V S(E- &~
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Using the guid ng equations derived above, the volt-
ages, E., E,, e., ¢,, were selected and the resistances
shown in Fig. 1 were obtained on the basis of 60-
microampere filament current. Thus, E. is determined
by Equation (7), E, by (3), ¢. and e, by (4) and (5),
respectively. These values are not critical. A fila-
ment rheostat of 30 ohms was used so the maximum
drop would be greater than 1.5 volts, permitting the

Fig. 3—WirING DIAGRAM OF ASSEMBLED VOLTMETER

e, = 4.5 volts
ep = 33 volts
E, = 10.5 volts
Ep = 30 volts

use of dry cells to compensate for drop in B-battery
voltage. The resistance r’ was variable but could be
rigidly set for a particular tube. It wasfound necessary
to use a variable 100-ohm rheostat to accommodate the
three tubes tested. There s a considerable difference
between the normal plate currents for different tubes.

'

Fia. 4—CaBINET, MICROAMMETER AND CONDENSER

In fact, in the tube used in obtaining the data for this
paper, a current of nearly two microamperes flows at
the high bias, whereas in the other tubes tested, the
plate current had entirely vanished at that bias.

The final arrangement is shown schematically in
Fig. 3. A telephone key is used to change from one
range to the other. A key is also provided to disconnect
the voltmeter from the alternating voltage. This key
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short-circuits the voltage terminals when the voltage
is disconnected, in order to prevent the rise in plate
current accompanying the free grid. The entire
assembly of tube resistances and keys is mounted in a
wooden case as shown in Fig. 4. Terminals are pro-
vided for the battery and the microammeter. In the
tests herein described, a Rawson-type 501 micro-
ammeter having three ranges, 0-20, 0-200, 0-2000
microamperes, was used. An expensive calibrated
Instrument is not necessary, however; any 1)’Arsonval
galvanometer movement provided with a scale and
giving a readable deflection on a few microamperes will
prove satisfactory. A more sensitive meter is not
desirable due to difficulty which will be experienced in
maintaining the false zero. In fact, slight fluctuations
in battery voltage as well as shocks applied to the
tube are observable on the 0-20-microampere range.
The resistances are of the porcelain, tube-wound type
and are not especially non-inductive. In the experi-
mental work a condenser was sometimes used across
the plate-filament as is shown in dotted lines in Fig. 3.
The tube is mounted in a shock-absorbing socket.

Referring to Fig. 1, the application of Kirchoff’s
Laws to the balancing circuit gives the following
equation:

Let
Ipo =I,,whenIM=O
I/T/ = IpoRo (8)

When an alternating voltage is applied to the grid,
a'_ mean increase in plate current, A J,, occurs. In
flowing from the filament, this increase divides between
the two filament terminals in the ratio K as shown in
the figure.

Thus, whenI, = I,, + A 1,,
(Ipo + [1— K]X_Ip— ?/) Ro— (I/ +Z) r’

—(KAal,+%) Ru=0 (9)
But

Kal, +1i=1I, (10)
Combining (8), (9) and (10),
' R, 4+ K¢

In = AIP Ro + R + r’ (11)

Equation (11) shows that the calibration is not
independent of meter resistance. The lowest range of
the Rawson microammeter has a resistance of about
1000 ohms which is not negligible compared with
R, = 50,000 ohms. The variation between the resis-
tance of meters of various manufacture but of similar
range, however, is not sufficient to cause more than
1 per cent error. Equation (11) gives the relative
meter current in terms of the actual A I,, K, and the
resistances R,, v’ and Rwx. It is to be recognized that
changes in Rw as well as changes in filament rheostat

(as made to compensate for falling battery voltage)
theoretically change the actual mean increase by
virtue of changing the plate circuit resistance. The
value of K is also affected. No attempt has been made
to obtain a mathematical statement of this; the ellect
is imperceptible. A further effect of varying the fila-
ment rheostat is to cause a slight change in the voltage
applied to the circuit through the a 1,. i, drop. This
drop for the 30-ohm rheostat is negligible, also, being
less than about 0.01 volt.

2 Milliamperes

<
}"Rl
gﬁ
-« = , Ry + Ry5000°
Oscillutor
- § J To V.T. Vm. as above
= R

*
"\ Thermocou ple

A
™~ Microammeter

Fig. 5—CarLisraTioN CIrRCUIT

The following factors determine the usefulness of a
tube voltmeter in communication measurements:

1. Variation of calibration with frequency,
2. Inputimpedance,
3. Variation of calibration with wave-form,
4. Sensitivity,
5. Range,
6. Stability of calibration.
—— -
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Fic. 6—SavrLE CavriBraTiON VAcUuUM TuBe VOLTMETER

Low range 1000 cycles
Low range zero = 0 on 0.02 shunt

Information concerning all of these factors has been
obtained in the laboratory.

Fig. 5 shows the circuit used to calibrate the tube
voltmeter. This circuit was also used for much of the
test work. Calibration curves for the model studied
in the laboratory are shown in Figs. 6 and 7. In ad-
dition to the fact that grid current reduces the input
impedance, it biases the grid differently when flowing
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through different resistances. Tests made using no
grid bias verified this. The flow of grid current thus
limits the range.

In order to interpret some of the subsequent results
more intelligently, the effect of wave-form will be
treated now. A consideration of the manner in which
the mean increase in plate current arises shows that, in
general, wave-shape does affect calibration. For almost
all of the test work, the source of alternating current
was a Western Electric 8-A oscillator comprising an
oscillator, voltage amplifier, and power amplifier.
Under load, the wave-form of the output current
departs considerably from a sine-wave.

For the purpose of studying the effect of wave-form,
oscillograms were taken of the current wave at different
loadings. A precision-type radio-frequency milliam-
meter was used to maintain the current at a constant
r.m. s. value of 20 microamperes for each load. The
voltage drop to actuate the voltmeter was taken
across a General Radio decade resistance box so that
the voltage wave had substantially the same form as
the current wave. _

VOLTS, RM.S.

w 2
~
n o

30

0 04 08 12 16 20 04 08 12 16 20
METER READING METER READING

Fig. 7—SampPLE CaLiBraTiION VacuuMm TuBeE VOLTMETER

High range 1000 cycles
High range zero = 0.14 on 0.02 shunt

Oscillogram (a) of Fig. 8 showsthe wave-form with the
oscillator loaded most heavily; (b) shows the wave-form
under light load; and (¢) shows the form improved
slightly by means of a parallel “trap’ circuit, tuned to
400 cycles, the frequency used. The following table
gives the results:

TABLE 1
FREQUENCY = 400 CYCLES PER SEC.
Volts
Volts | Read- | Zero | Read- Cond. |Wave-| from |Percent
r.m.s. ing scalo ing Scale | m. f. | form | curve | error
7.00 0.18 0.02 1.755 0.2 0 « 7.36 +4.90
*7.00 0.18 0.02 1.252 0.2 0 a 6.73 *—4.01
7.00 0.18 0.02 1.433 0.2 0 b 6.97 —0.42
*7.00 0.18 0.02 1,388 0.2 0 b 6.90 |*—1.45
7.00 0.18 0.02 1.460 0.2 0 c 7.00 0
*7.00 | 0.18 0.02 | 1.403 | 0.2 0 [ 6.93 |*—-1.01
7.00 0.18 0.02 1.890 0.2 2 «a 7.40 +5.40
7.00 0.18 0.02 e 0.2 2 b 0 o
7.00 0.18 0.02 1.518 0.2 2 ®@ 6.96 -0.567
070 0 0.02 1.346 | 0.02 0 “ 0.701 | 40.14
0.70| 0 0.02 | 1.340 [ 0,02 0 7 0.700 0
0.701 0 0.02 | 1.840 | 0.02 0 ¢ 0.700 0

*Oscillator terminals reversed.
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The per cent error in the above readings was referred
to the reading with wave-form (c), designated by zero
error for the reason that it coincided with the calibra-
tion. It can be seen that while none of the wave-forms
photographed is so distorted as to be considered un-
suitable for most work, errors in measurement may
result if tube voltmeters are used, unless precautions
are taken to eliminate them.

Wave-Forrs "

Wove-form G”
:_/\l. l ‘/\\ f 1 f/“_ A
- \{Z \,"' 2 / \ - \J il

Fig. 8

The curves given in Fig. 9 show that the calibration
does not vary appreciably with frequency. For each
set of curves, a constant voltage across a non-inductive
resistance was obtained by the aid of a precision thermal
milliammeter. As would be expected, the use of a
condenser connected between plate and filament
prevents the slight falling off of the curves for higher
frequencies due to the inductance in the plate circuit.

19— 2uf used L — 1
s S e
171 B 3 Volts, Low Range
2 |
ED’JM =-_—::_'_'_f_'._:_l 2t M'... ==/
x13 0.7 Volts, Low Range ———
]
Eo.e 20 ugnd ;L
07 ] 0.6 Volts, Low Range — — —
10 100 1000 10,000 100,000

FREQUENCY, CYCLES

1. 9—FRrEQUENCY CHARACTERISTIC OF VacuuMmM TUuBe
VOLTMETER

A two-microfarad condenser gave just as satisfactory
results as one of larger value.

The input impedance of the tube voltmeter was
measured with a shielded capacity bridge. The volt-
meter was set up as for usual operation and the input
impedance was obtained as a function of indicated plate
current; see Iig. 10. 'The input capacity was found to
be approximately 30 u uf. and the input conductance
was found to be of the order of 0.004 micromhos.
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The conduetance increases rapidly asthegrid approaches
a posilive potential. At 1000 cycles, the impedance is
about five megohms.

The above measurements show that the input im-
pedance of the vacuum tube voltmeter is entirely
satisfactory for use in most communication engineering
measurements. The device can not be used to measure
voltage across a condenser unless a conductive path
exists between condenser plates, inasmuch as the volt-
meter has no grid leak of its own.
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Further notes on the method of calibration may be
of interest. A frequency of 1000 cycles per sec. was
used in the circuit shown in Fig. 5. The current was
kept constant at two milliamperes and the load was
kept fixed at 5000 ohms, non-inductive. The thermo-
couple, which was of the heater coil type, was calibrated
with two milliamperes direct current immediately
before use. The wave-form from the oscillator was
satisfactory as the oscillator was not overloaded.
Reversal of oscillator terminals had but little effect.
Calibration curves were obtained both with and without
two microfarads between the plate and filament.
Condenser curves should be used for all frequencies
about 100 cycles; below 100, the no-condenser curves
should be used.

A re-calibration of the voltmeter described, made
after about 40 hours of service, was found to coincide
with the original calibration to within the limits of
accuracy of the standardizing voltage. This is to be
expected, as the method of adjusting for the false
zero compensates for any change in emission. The
change in filament current necessary to so compensate
makes insignificant change in the operating voltages.
As the tube nears the end of its life, however, its char-
acteristics will change and compensation for the change
in emission will not suffice, in general, to retain the
calibration.

Aside from the use of the vacuum-tube voltmeter
as a calibrated instrument to measure voltages, there is
a wide field of use in which the device may be used as an
intermediary in measuring a ratio of voltages. An
illustration is the comparison of two impedances. In
Fig. 11 is shown the scheme for comparing a scalar
impedance with a resistance. The voltmeter is first
connected across Z. and the deflection noted, or the
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oscillator output is adjusted to give a conveniently
readable deflection; it is then transferred to the voltage
divider which is adjusted to give the sume dellection.
Care must be taken, if the wave-form is unsymmetrical
with respect to the axis, to impress the same side of the
wave toward the grid. In comparing an impedance of
high phase-angle with a resistunce, error arises even
then if the wave-form is bad: for the harmonics in the
current wave contribute to the voltage in different
degrees in the reactance and resistance. This is
exemplified by the fact that the measured impedance is
different for reversed oscillator terminals, using the
correct voltmeter connections as shown in Fig. 11.
Measurements comparing the impedance of a 100-
millihenry inductance with that of a resistance showed
a diserepancy of the order of 5 per cent upon reversing
oscillator terminals. When an inductance was con-
nected in series with the resistance and the impedance

- of the resistance reduced to the same value as that of the

inductance, thus making the phase angles in the two
impedances equal, this discrepancy disappeared. Excel-
lent sensitivity was obtained. The error of measure-
ment was less than 0.5 per cent,

The tube voltmeter circuit under diseussion cannot
be used, without modification, except where the arith-
metic mean of the voltage measured is zero. Measure-
ments are frequently desired, however, of inductance or
alternating voltage in iron core coils, transformers, ete.,
while carrying a polarizing or magnetizing current.
One method of making such measurements is to em ploy
the grid stopping condenser type of voltmeter. As
pointed out by W. B. Medlam and U. A. Oschwald,*
this type of voltmeter, however, has inherent objections
such as enormous wave-form error, restricted range, and
some frequency error. A preferable means of making
the above measurements for transformers is to employ
the plate detection voltmeter in a circuit shown inFig. 12

(|
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-1)/oltage Divider

e T 1d.p.d.t.
_)
Oscillator = r—ll ST VT v,
] =
[ £y .
— S |
Fie. 11—Coxrarison oF IntpEDANCES Using Vacuoy Touse
VOLTMETER

which was suggested to the authors by Mr..J. P. Barton,
late of this laboratory, now of the Westinghouse
Electric & Mfg. Co. By making 7 sufficiently low,
of the order of a few hundred ohms, the current taken
by the transformer can be reduced to a negligible
amount; or, if not, corrections eap be readily applied.
Very satisfactory results have been obtained with this
circuit in measuring voltage ratios of transformers, the
manipulation being similar to the comparison of im-

*Bibliography, 1.
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pedances. Here, the wave-form error cannot well
be eliminated by a choice of voltmeter connections,
and the best solution is to employ a good wave-form
which, of course, is desirable from all standpoints.

ELIMINATION OF WAVE-FORM KERROR

Writing I, as a function of E, alone, as can be done
when the plate circuit impedance is very low and E,
remains substantially constant,

I » = f (Eg)
ES

(é"* Voltage Divider
P s

}
Oscillator <2, l

= d.p.d.t.

1S ~V.T. Vm.
§, s
= |

FiG. 12—CirculT FOR MEASURING TRANSFORMER
CHARACTERISTICS

Let the steady current and voltage be I,, and E,,,
respectively, and express the superposition of a varia-
tionin E, as

Ipo+ AIp :f(Eoo+ AEu)
Expanding this by Taylor’s theorem,
I B d 1, AE?2 d°1,
A=Ak g, T T2 4B,

AE} d* 1,

6 =~ dEp

In general, this series would not greatly facilitate
the study of the effect of wave-form where the varia-
tions F/, and I, are wide, inasmuch as then the deriva-
tives would vary over the range. In particular,
however, if I, = A (K + E,)?, the second derivative is

constant (= 2 A) and all higher order derivatives
vanish. Under this condition,
dls AE? d* 1,
AL =aE, et T GE, ()

It now becomes possible to compare A I, for two unlike
wave-forms A and B,

Let
AE,, ="K, sin w! (2)
and et
AL, L,,l sin wt 4 "Eg, sin (2 wt + a,)
+ "Epysin 3 witaz)+ . +"Ep sin (n wita,) (3)
Further, let

"Er = v/ "En + "B + ..+ "By, (4)
to express equal r.m.s. values. Suhstituting (2) in
(1) and integrating over a fundamental cycle to obtain
the average change in plate current, A I,

1 d/,

T .1 ¢lh
Iy 2 dl,

= J["FEAasin wilzd
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as the periodicity of the first term causes it to vanish.
Performing the integration,

a1, [ ME\2 ]
dE} 4
Now, substituting (3) in (1), gives for the mean change,

1 2 =
5 T f[EMEBKZSinZ (K wt + 0(1()
0 0
K =1

o é i YEs, "Es,sin (r wt + o)
1

v s

Alp, = (5)

Alp, = d

sn(swt—+ as)] d(wt)

The integrated value of the first summation can be

shown to be

while the integrated value of the double summation
is zero over the cycle. The mean change in plate
current then becomes

d? I” v »M
dE 9 [ EB12 + EB22 + -
g

By (4) we have

m [ME'BI2 + ME']322 + P

AIpB = . +MEBH2 ]

A IpB = A IPA
which shows that for the quadratic characteristic the
wave-form error vanishes. In special cases, the dis-
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crepancy between two unlike wave-forms may vanish
for a non-quadratic funetion, but this will not be so in
general, as a consideration of the graphical treatment
clearly shows.
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The significant thing about the above demonstration
is that the vacuum tube voltmeter may be freed from
its greatest limitation by confining the range of varia-
tion of grid voltage to a substantially quadratic portion
of the curve. No previous ireatment of this fact by
others has been found by the authors.

Certain types of tubes display characteristics well
suited for use in ¢liminating wave-form error. The
low-u power tubes, in general, have a relatively wide
range of grid voltage over which the characteristic is
quadratic. Fig. 13 shows the plot of the square root
of plate current as a function of E, for a UX-171 tube,
and shows a range of about 27 volts over which the
straight line indicates a constant second derivative.
That the wave-form error is negligible over this region
1s shown by the other experimental curves of Fig. 13.
They show the percentage difference between reversed
readings for the unsymmetrical wave-form (a), pre-
viously referred to. The percentage is taken with
respect to the readings reversed the same way through-
out. These curves show that if the tube is operated at
a bias voltage near the center of the quadratic region, a
voltage considerably in excess of the quadratic limita-
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tion may be applied without wave-form error. Thus
the 16-volt r. m. s. curve shows no error when operated
at -20 volts bias although the peak of the wave is
approximately 23 volts and exceeds the limit of quad-
ratic variation by eight volts.

Fig. 14 shows the I, — E, curves for the voltmeter
described herein. The wave-form error throughout the
low-range was found to be negligible for any of the wave-
forms studied, despite the fact that the departure from
quadratic variation is quite marked. It is only when
the normal bias voltage is considerably in excess of that
for which the plate current vanishes, that slight dif-
ferences in wave-form are manifested by different
readings in plate current. The plate current then
depends solely on that portion of the voltage wave
which projects beyond the vanishing point, and any
hump or tip on the wave which might be insignificant
compared to the entire wave is strongly instrumental
in affecting the plate current.

Too much emphasis should not be placed on the
elimination of wave-form error. The mere fact that a

Journul A. 1. 7. 1,

voltmeter reads r. m. s. volts independently of wave-
form does not, of course, permit the indiseriminate
use of any wave-form. [n fact, in some instunces, it
might be desirable to use a voltmeter which would, by
reversing terminals, detect an unsymmetrical wave-
form.

Although the two-range voltmeter described herein is
not capable of wave-form error elimination, its useful-
ness Is not necessarily impaired. Tt does, however, on
the higher range tend to exaggerate (ifferences in wave-
form. In passing, it may he said that this exaggeration
Is greater, according to the authors’ beliefs, in the grid
stopping condenser type of voltmeter than in the plate
detection type. In fact, the former partakes largely
of the characteristics of a peak voltmeter.

Of the six features of the vacuum tube voltmeter
which were set down at the outset, the following may
be said in summary concerning the two-range type
studied by the authors:

1. Frequency has but little effect on the operation
and this effect can be eliminated by the use of the by-
passing condenser,

2. The input impedance is high, of the order of several
megohms, and the power factor is low,

3. Differences in wave-form are exaggerated but not,
for commercial wave-forms, objectionably so,

4. The senstivity is higher, perhaps, than that of
most other communication-frequency measuring instru-
ments. On the instrument designed by the authors,
changes of 0.01 volt on the low end of the range, and
changes of 0.05 volt on the high end are readily
detectable,

5. The range is inherently low, covering, probably,
a band of voltages from a tenth or a few tenths of a volt
to about 10 volts,

6. The stability of calibration over the entire life
of the tube is questionable. Experiment showed,
however, that in general the calibration could be ex-
pected to remain constant for periods of operation of
over 40 hr.
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In 1927 United States consumers purchased a half-
billion of incandescent lamps which was some 24 million
more than they purchased in 1926, the twelve-month
period just past representing the largest in the history
of the industry.

In ten years the sale of large lamps has doubled,
and that of the miniature or small lamps tripled.
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Illinois Central Suburban Service’

First Year of Electric Operation in Chicago
BY W. M. VANDERSLUIS:

Associate, A. I. E. E.

Synopsis.—This paper gives operating records of the first year
of electrical operation of the suburban service of the Illinois Central
Railroad. It shows monthly curves of load, kw-hr. per car-mile,
mazimum demand, load factor and temperature. It also shows

monthly curves for the last four years of passengers, car-miles,
seat-miles and operating income. The improvements in service

are enumerated and the general results at this date are discussed.
* * * * *

STEAM OPERATION

N July 21, 1856, the Illinois Central Railroad
started suburban service in Chicago by running
four trains each way between down-town Chicago

and Hyde Park. It is recorded that the first train to
Hyde Park did not carry a single paid passenger.

This service was gradually extended until, in July
of 1926, there were in regular operation on each normal
week day, a total of 398 trains with service extended to
Matteon on the South, to South Chicago on the South
Chicago Branch, and to Blue Island on the Blue Island
Branch. In the year 1925, this steam service carried a
total of 24,000,000 paid passengers. Approximately
285 coaches, mostly of wood construction and with an
average seating capacity of 56 persons, were used in this
service. About 60 locomotives were necessary for the
daily operation.

ELECTRIC OPERATION

Electric operation for the suburban service has been
agitated for years by various civic bodies, and the first
formal report on feasibility and costs was made In
November, 1909. This was followed by several other
investigations and reports, but the railroad did not agree
to the project until the passage of the so-called Lake
Front Ordinance in 1919. This provided that the
suburban service should be completely electrified by
February 20, 1927. The commitment of the Illinois
Central to electrify its tracks in the City of Chicago was
a part of its general agreement with the City of Chicago,
the South Park Commissioners and the War Depart-
ment, covering riparian rights, changes in grades to
permit of easy access to the lake front and changes in
property ownership.

On July 21, 1926, exactly 70 years after the first
steam service was started, three electric trains were
operated each way in the local service between
Randolph Street and Hyde Park. It will be noted
that the electric service was started seven months
before the time called for in the Lake Front Ordinance.
The second week 80 trains were operated each day

*For description of Illinois Central Suburban Electrification,
see Journal of Western Socicty of Engineers, March, 1926, Vol.
31, No. 3. General Electric Review, April, 1927, Vol. 30, No. 4.

1. Electrical ingineer, Tlinois Central Railroad, Chicago, 111.

Presented at the Regional Meeling of District No. 5 of the
A. 1. E E., Chicago, Ill., Nov. 28-30, 1927.

and in the period of about five weeks, the electricservice
was built up to a total of over 350 trains. These were
all operated, of course, on the existing steam time-table,
as there was still a considerable number of steam trains
in the service.

The first electric time-table was put into effect on
August 28th, with a total of 396 revenue trains. On
account of a shortage of new equipment it was still
necessary to run six trains by steam, but these were
confined so far as possible to those carrying shop
employes.

To-day, 470 revenue trains are being operated on a
normal week day. In addition there are 14 equip-
ment trains and 72 Chicago, South Shore and South
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Fra. 1—OperaTING CURVES BEFORE AND AFTER STARTING
ELectric OPERATION ON ILLiNOIS CENTRAL RAILROAD

These curves show the number of revenue passengers per month,
car-miles per month, hundreds of seat-miles per month and number of
week-day trains per day

Bend trains, the latter being operated between Kensing-
ton and Randolph Street. This is a total of 556 electric
trains.

Electric service was put into eflect without any
serious accidents or interruptions and has so continued
during the first year.

Due to the fact that all of the motor-trailer car units
are uniform in design and in operating characteristics,
the preparation of time-tables and the handling of
equipment at terminal points has been greatly
simplified.

Fig. 1 shows by months the revenue passengers
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carried, car-miles and seat-miles operated and the weel
day trains in service.
IMPROVEMENT IN SERVICE

Of particular interest is the improvement in running
times due to electric operation. The latest electric
time-table shows decrease in running times over the
old steam service of from 11 to 28 per cent for the
various classes of trains, the larger percentages resulting
for trains to Kensington and beyond. The decrease
in over-all time results from high maximum speeds and
by the use of high accelerating and braking rates.
Acceleration is at the rate of 114 mi. per hr. per sec.,
which is about six times as rapid as that of through
bassenger steam trains. Under normal operation, a
train will reach a speed of 28 mi. an hr. in 20 sec.
After that point, the rate of acceleration falls off but on
level tangent track a train will reach a speed of 50 mj.
per. hr. in two minutes. With present average voltage
conditions, balancing speed is about 64 mi. per hr. Al-
though comparatively high braking rates have been
accomplished on the steam trains, these also have been
increased so that electric trains brake at the rate of 134
mi. per hr. persec. Itis significant that large decreases
have been made in running times even on runs where
more stops are made than formerly.

There has been a large gain in electric operation as
compared with steam operation from the stand-point
of operating a congested terminal. This improvement
will become of greater importance as the service grows,
inasmuch as under steam operation the limit to the
number of trains physically possible to move in or out
of the Randolph Street Terminal was rapidly being
approached. It is readily apparent that this gain is
made by the elimination of movements necessary for
steam engines in changing ends of trains, and also in
being brought from and taken to the engine terminal,
since these movements must be made over the tracks
serving useful train movements. The electric train
requires only the normal loaded movements over these
busy sections, except when brought from or taken to
storage tracks at the beginning or end of rush hours.

The speed and reliability of electric service has been
further enhanced by other improvements of the entire
terminal. These include changes in the grades, rear-
rangement of tracks, elimination of railroad grade
crossings, installation of high platforms at all suburban
stations, installment of additional interlocking plants
and rebuilding of the entire automatic block system
to conform to electric traction requirements, a great
part of which had been completed at the time of begin-
ning electric operation.

EQUIPMENT

The results obtained from the motor-trailer combina-
tion have been satisfactory to the operating officers.
The elimination of all steps on the cars for regular
operation which requires high platforms, the use of
sliding doors, fully enclosed vestibules, tight lock
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couplers, automatic acceleration and electropneumatic
braking have all tended to increased convenience of the
passengers and to safety and speed of operation.

The employment of a large amount of aluminum or
aluminum alloys in side and roof sheets, doors, conduit
and fittings has materially reduced the weight of the
cars and, thereby, the operating expense.

FFor the yeuar ending September 1, 1927, the average
cost for maintaining the cars has heen about six cents
per car-mile. The weight of the motor car is 70.65
tons and the trailer 44.27 tons, an average weight per
car of 57.46 tons.

Delays due to electrical equipment have been very
few and no radical changes in design have been found
necessary. Minor changes incident to new designs
have been made, but at very slight expense.

Fig. 2 shows the kw-hr. per car mile with
corresponding average temperatures. Electric heating
of cars is, of course, largely responsible for the varia-
tion between the different months, but changes in
time-table also affect it slightly.
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These curves show monthly averages of temperature and kw-hr. per
car-mile, monthly load factor and monthly maximum demand.

Power SurrLy

For the year ending September 1, 1927 the total
energy supplied under the contract with the Common-
wealth Edison Company was 57,274,512 kw-hr. Of
this, 92.7 per cent was for traction purposes including
heating of cars, 6.1 per cent for light and power, and
1.2 per cent for signals.

Fig. 2 also shows the maximum demands by months
and the variation with the temperature.

The contract provided that the railroad company
guarantee a 30 per cent load factor. Fig. 2 shows
the variation in the load factor. It will be noted that
it is well above the guarantee.

Fig. 3 shows typical summer and winter week day
load curves.

The supply of energy by the power company in
specified feeders to the right-of-way line of the railroad
company from the seven substations has been looked
upon from some quarters with misgivings. This requires
that not only the conversion machinery but all pro-
tective apparatus in the railroad company’s feeders be
maintained by the power company. The railroad
company, however, has taken over, under normal
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operation, the control of all traction feeders by use of
its supervisory control system.

So far the results obtained have been satisfactory
with the power company’s broad-minded policy in
operating under the necessarily somewhat compli-
cated agreement.

Discrimination of the high-speed circuit breakers
has been excellent. The overhead network on a multi-
ple track railroad such as this installation covers is
complex due to a necessity, in case of a fault, of having
a minimum amount of track out of service. Isolation of
individual sections in case of trouble has come up to
expectations with very good protection to line and
equipment. Furthermore, the power supervisor con-
trolling the traction feeders has immediate informa-
tion as to opening of breakers. He is located in the
office of the train dispatcher, so that by working close
together, trouble from a train going from a live to a
grounded dead section has been minimized. The use
of wayside signals indicating a dead trolley section at
points where the sectioning is outside the limits of
interlocking plants has also saved burn-outs of overhead.

The cold weather of the first winter indicated that a
few minor changes, especially in pull-offs, were desir-
able. The delays which have occurred, however, have
been small considering the size of the installation and
the number of trains operated.

GENERAL RESULTS

As indicated on Fig. 1, it is apparent that the travel-
ing public will use a clean, fast and reliable transporta-
tion system. The off-peak business has increased

—_— . ™
Temperature
el
A ~—
80 A 4 - ~J
[~ W/ >
« €0
z |
Z
& |
20000 © 40 P
! |
- ' A
20fimedana JEX
15.000 | 1z
£ 10000 [ [
g |
H —1 =
BEIE
5,000 H
I
oy B
e

— I._-. o 1 [ [958
12 2 4 6 8 10 12 2 4 & 3 10 12
AM o HOOH PM e

0

Fia. 3—Tyricar, Summir ANp WiNTER WEEK-DAY LoOAD
Curves AND TEMPERATURES
Full lir}es arc for typical summer day, July 27, 1927 (time table No. 5).
Dotted lines are for typical winter weok-day curve, January 25, 1927
(time table No. 4)

materially, which, of course, is the most satisfactory
business to have,

As announced in the newspapers recently, the
operaling income is now on the right side with an
indicated profit of about $530,000 for the year 1927 as
against a loss for the year 1926 although the electric
service was in operation four complete months during
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that year. It is pointed out, however, that
these figures do not take into account any in-
vestment in road and equipment. In providing
the electrified service the railroad spent ten and one-
half millions of dollars for new equipment, about four

10NS

81400002 ey e T
S , .
120000 > A .
100,000 £ 7 [ Passepgers |
= & i1}
= 800003 ;
=] o l9 ‘ |
& 60,000 &5 '
s0000 2 V[
2 . fl% 15 _1 |
0000 % 1
T O e T
2o,ooo§ | Qpartting lucsma
@ 40000% | ! !
S 60000
' i “F~Increase in Ra'a,.‘ =i
80,000 ! '» {4 dan, 1026 -
[ | |
100,000 L | | ‘ | ]
Lodobo Lo b L L
x> 22 2 E Z2>x L ZF > 2
EEpEIpEIHRiE
1924 1925 1926 1927

Fic. 4—Curves SEowing, MoNTHLY NET OPERATING INCOME
AND NUMBER OrF PAsSSENGERS CARRIED PER MONTH

Figures for Illinois Central suburban service including Chicago, South
Shore and South Bend Railroads

millions for electrical work, including overhead, switch-
ing equipment, return system and miscellaneous, and
about nine and a half millions for rearrangement of
old tracks, new track and station facilities-and separa-
tion of grades, or a total of twenty-four millions in
improvements only. An additional twenty millions
of dollars was spent in the rearrangement of the termi-
nal facilities for the whole electrification project.

Fig. 4 shows the relation between operating income
and passengers carried for the three and one-half years.

TRANSLUCENT BLACKBOARDS

In connection with the annual meeting of the Ameri-
can Physical Society, held during the past summer in
Reno, Nevada, a paper covering the latest development
in blackboard illumination was presented by W. H.
Weniger and H. R. Vinyard of the Oregon Agri-
cultural College. The following extract of the paper
appears in the Physical Review for September:

“The solution of a difficult problem in blackboard
illumination was obtained by abandoning the usual
opaque board and substituting therefor a ground glass
surface uniformly illuminated from the rear. With
customary room illumination, part daylight and part
electric, everything on this “blackboard’” was visible
from all parts of the room, even from points making
an angle of only 10 deg. with the plane of the writing
surface. Incidental advantages gained are: ease of
erasure; ability to use the surface as a translucent
screen for projecting lantern slides with the possibility
of adding chalk lines to projected diagrams; ability to
intersperse chalk talks with lantern slides without
changing the general room illumination.”




Synchronous Motors for Driving Steel Rolling
Mills

BY W. T. BERKSHIRE:

Associate, A. I. E. E.

Synopsis.—It is the purpose of this paper briefly to discuss,
from a practical standpoint, the application and design of synchro-
nous motors for steel-mill main-roll drives, in an effort to show what
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Associate, A. I. E. E.
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their advantages and disadvantages are; where they should, and where
they should not, be used; and what special precautions must be taken
in the destgn of motors for this service.

RIVING main rolls of steel mills is universally
recognized as very heavy duty. The loads are
high, and are applied and relieved very suddenly.

Consider the case of a motor driving a single stand,
Fig. 1. Between basses it will run with only 5 per cent
to 10 per cent load, due simply to mill friction. As the
metal strikes the rolls the load jumps almost instantly to
possibly 100 per cent or 150 per cent of normal, and is
as suddenly reduced when the metal leaves. This
happens several times 1 minute. If such a drive
has been properly selected, several passes on each bloom
or billet may require 150 per cent to 175 per cent normal
load on the motor. The load 1s intermittent in char-
acter, so that the motor is selected with the idea of
permitting some of the passes to come up to these
limits, so long as the r. m. s. value of the load is within
the normal rating of the motor. If the heavier passes
are of not more than three or four seconds duration a
flywheel may be utilized to reduce the peak loads on
the motor and power system.
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With a mill having a train of several stands as in
Fig. 2 or with a continuous mill as In Fig. 3, the drive is
not subjected to quite as severe shocks as with a single
stand, for it is apparent that as a piece of metal enters
the mill the stands are filled in succession until all are
full. The load increases to the maximum value in a
number of steps, and is similarly reduced.

The torque required to start a mill from rest 1s often
quite high in comparison to the capacity of the driving
motor. This is especially true in cold weather, as
very heavy grease is used on the roll necks and pinions,
and this becomes very hard at low temperatures. Mills
used for cold rolling thin sheets, which operate with
very high pressure between the rolls and consequently
on the bearings, may require as much as 200 per cent
of normal motor torque to break them loose.

1. Both of General Electric Co., Schenectady, N. Y.
Presented at the Regional Meeting of District No. 5 of the
A.1.E E., Chicago, Ill., Nov. 28-30. 1927.

In addition to being able to start the mill, and carry
heavy and sudden overloads, the drive must usually be
capable of withstanding “plugging” in order to bring
the mill quickly to a stop in case of a “cobble” or other
mishap. Any piece of metal which fails to go through
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the mill properly is termed a “cobble.” As soon as
the operator sees that the steel is not going through as
it should, he “plugs” the motor by disconnecting it
from the line and then applying power with reversed
phase rotation. After the mill stops, if the metal is
not clear of all the stands, the portions between stands
are cut out and then the motor must start the mill in
the reverse direction to back out the pieces in the rolls.

Considering these conditions which a main roll drive
must meet, it is not remarkable that for nearly all
constant-speed electric drives induction motors of the
wound-rotor type have been used. This type of motor
has excellent starting characteristics, will carry heavy
overloads, and withstands much abuse. In common
with all induction motors, however, its power factor is
lagging, and very much so in low-speed machines.
Now, the main rolls and lay-shafts on heavy mills do
not run at high speeds, and it is often desirable to
direct-connect the motor, so that there are now in
service many low-speed motors, operating at low power
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factors. , As a matter of fact, one reason for the use of
25-cycle power in numbers of stee] plants is that low-
speed 25-cycle motors have better power factor than
the corresponding 60-cycle machines. The use of
higher speed motors driving through reduction gears
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has helped the situation somewhat, but has still left
much to be desired in the way of power factor
improvement.

Unquestionably the desire for a better operating
power factor has been the chief factor in bringing the
synchronous motor into consideration in steel mill
service. It possesses, however, advantages other than

9000-H.P., 107-REv. pER MIN., 6600-VOLT SYNCI!RON-
0Uus Motor Driving A CoNTINUOUS SHEET Bar MiLL

Fic.

This motor has & greater continuous horsepower rating than any other
motor in industrial service.

its good power factor, as well as some disadvantages,
and these will be brought out in the following detailed
comparison of the characteristics of the two types of
machines.

FIELD OF APPLICATION OF SYNCHRONOUS MOTOR

The field of application of the synchronous motor
in main-roll service is limited to strictly constant-speed
drives. This eliminates it from consideration on
reversing mills,—mills requiring flywheels, and mills
needing adjustable speed.

It is not as a rule advisable to attempt to apply it to
any type of mill which may have to be started with
metal in the rolls, such as a cold strip mill, nor to cold
sheet mills, which have excessively high friction. Such
mills may require at starting considerably more torque
than is needed to carry their full load at full speed, and
unless the motor is sufficiently small in comparison to
the power system so that it can be started at full voltage,
difficulty may be experienced in getting started and
synchronized.

In connection with constant-speed continuous mills
of the type shown in Fig. 3, looping mills as illustrated
in Fig. 2, and in fact, almost any constant-speed hot
metal mill, the synchronous motor deserves very careful
consideration. Every individual case must be studied
very thoroughly to make certain that no misapplica-
tions are made. Careful thought must be given not
only to the full-load rating required, but also to the
maximum torque that may he necessary to break the
mill from rest under the most adverse conditions; to
the maximum torque needed at pull-in; to the torque
required to back out cobbles; to the maximum peak load
that may be encountered; to the kv-a. demand that the

SYNCHRONOUS MOTORS FOR DRIVING STEEL ROLLING MILLS
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power system can stand without disturbance, while
starting the motor; and last, but not least, to the charac-
teristics that can be obtained in the motor, to determine
whether it can meet the requirements.

STARTING CHARACTERISTICS

Practically the only reason synchronous motors have
not been widely used on mill drives in the past is because
their starting characteristics are not so desirable as
those of the wound-rotor induction motor. For 100
per cent kv-a. input the induction motor develops
approximately 100 per cent rated torque at starting,
whereas the synchronous motor will give from 30 per
cent to 60 per cent starting torque with the same kv-a.
input at a much lower power factor. However, the
torque obtainable from a synchronous motor is ample
to start most types of mills, and its other advantages
make it the logical choice in many cases.

By proper design, good starting torque character-
istics, as shown in Figs. 5 and 6 can be obtained in mill
type synchronous motors with a single squirrel-cage
winding. The double squirrel-cage has, at times, been
considered, but in each case it has been found that by
the proper choice and distribution of materials in the
bars and rings, the proper spacing of the bars with
respect to the stator slot pitch and the depth and width
of the slots in the pole face over the bars, the torque
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requirements have been amply met with asinglesquirrel-
cage. In practically all cases it has been found possible
to obtain more than suflicient torque to start and bring
the mill to synchronous speed, or to even back out a
cobble, with from 70 per cent to 100 per cent normal
kv-a.input. Unlike that of the squirrel-cage induction
motor the squirrel-cage of the synchronous motor can
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type shown in Fig. 8 is cut into lengths by a flying
shear, as it leaves the mill, the lengths will be more
uniform if the mill speed is absolutely constant than if
it varies slightly.
CosT

The cost of a synchronous motor, of the capacity used
for main rol] drives, complete with exciter and control,
is usually less than that of a similarly rated induction

Fia. 11—Partoy Wounp Stator, SHowing METHOD OF
Bracine THE Corrg
motor. For machines of medium capacities, speeds and

voltages, the differential is not great, but for large
low-speed units, the synchronous machine is consider-
ably less expensive.

RELIABILITY AND EASg OF REPAIR

From the standpoint of reliability it can hardly be
said that either type of motor has the advantage. A
machine any more reliable than the well built mill-type
induction motor has proved itself to be, would be
difficult to find, but there is no reason why the syn-
chronous motor should not have an equally good record
in the years to come.

As far as ease of repairing is concerned, the stators of
the two machines are practically on a par. The coils
of the synchronous motor are somewhat larger and
heavier as a rule, but there are fewer of them. The
rotor of a synchronous motor could probably be re-
paired more quickly than that of an induction machine.
The fact that the synchronous motor has a fairly large
air-gap helps to facilitate the moving over of the stator
for cleaning or repairs.

CONSTRUCTION

Obviously the details of design and construction
described in the following paragraphs apply to motors
built by the company with which the writers are
associated. The practise of other manufacturers may
differ in some respects.

The mechanical and electrical construction of the
mill-type synchronous motor is fully as sturdy and
reliable as that of the mill-type induction motor. The
quantity and kind of the materials used are such that
all stresses are kept within a conservative minimum.

- ———
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The stator frames of the earlier motors of this type
are of cast iron.  Those built within the past year and a
half, however, are fabricated of steel plates securely
welded together and braced to form un exceedingly
strong and rigid structure. To the inner periphery of
the frame are welded steel dovetailed keys. The core
laminations are held on these keys and clamped be-
tween heavy welded steel finger flanges.  Air duets are
provided in the core and complete ventilation is further
accomplished by the use of air-slide wedges.

Because of the size and weight of the stator eoils in
these large motors they are insulated very carefully to
protect them from mechanjcal injury. After their
assembly in the stator the end projections are securely
laced to insulated steel bracing rings which are sup-
ported from the stator frame. The larger machines
are supplied with resistance temperature detectors.
The stator coils are liberally designed to safely take care
of sudden overloads or the conditjon where the motor
may be required to develop its maximum torque as an
induction motor.

The rotor spiders of the machines of small diameter
are built up of laminations punched from heavy steel
plates, those of larger diameter being of cast steel.
The laminated pole bieces are either dovetailed into
the punched rotor or secured to the cast rotor by
means of bolts screwed into steel keys imbedded in the
pole pieces.

The field windings are usually of edgewise-wound
copper strip. Here again great care is given to the
insulation between the turns of the winding, and of the
coils as a whole from the bole pieces and rotor spider.
One of the recent improvements in design consists in
the addition of fins to the ends of the field coils which

L J
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are made by simply projecting every second or third
turn during winding. These fins provide an increased
area of radiating surface on the ends of the coils
and have proved very effective in reducing the field
temperature.

Since, at times, these motors may be required to
develop their maximum torque as induction motors,
considerable attention is given to the heat storage
capacity of the amortisseur winding, the materials
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used being such that their strength will be retained at
high temperatures. The bars are silver soldered into
the end ring segments. The end ring segments have
bolted joints between poles so that each individual
pole may be readily removed from the rotor without
disturbing the others.

The specially designed mill-type pedestals are
securely bolted to both the base and foundation. They
are equipped with babbitted thrust collars when this
feature is desired. These pedestals are insulated from
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the base to eliminate the possibility of shaft currents.
The spherical-seat, self-alineing bearings may be
equipped with temperature relays. A liberally designed
ring oiling system insures ample lubrication but in
addition, provision is made so that flood lubrication
may be applied.

The base is provided with rollers under the carrier
plates supporting the stator feet in order that the stator
frame may be easily moved in a direction parallel to
the shaft. The carrier plates are keyed to the base in
order to maintain the alinement of the stator frame
during this movement.

Air heaters may be installed in the lower halves of the
stator frames of these motors to prevent the possible
accumulation of moisture on the windings in case the
mill is idle for any considerable length of time.

CONTROL

A few main-roll synchronous motors are started
at full voltage, but most of them are so large that
such practise is not desirable because of the result-
ing demand on the power system. Consequently,
an auto-transformer is usually employed to give reduced
voltage for starting. For some of the largest machines
1t has proved desirable to employ two reduced voltage
steps in the starting operation, and to meet this con-
dition the combination Korndorfer and reactor method
illustrated diagramatically in Fig. 14 has been de-
veloped.

The sequence of operations for starting, stopping, or
plugging the motor is initiated by the simple movement
of the handle of a master switch placed near the mill,
and the operation is completed automatically under the
control of relays on the control panel.
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We will assume that the motor is at rest and that the
operator throws the handle of the master switch to the
“forward” position. Oil circuit breaker A closes at
once, establishing the neutral connection of the auto-
transformer,—F follows immediately, connecting the
line end of the auto-transformer to the line and
thereby applying the first step of reduced voltage to
the motor. With this voltage the motor should start
and gradually increase its speed.

When it reaches a predetermined speed, usually from
50 per cent to 75 per cent of synchronism, as indicated
by the frequency obtained from a small pilot generator
on the main motor, a relay operated in response to the
frequency causes breaker A to open, and immediately
thereafter breaker B closes. B connects the motor
to the line through the reactor. The reactor is so
proportioned that the voltage drop across it at the time
it is connected in the circuit is sufficient to reduce the
voltage at the motor to a value between the line voltage
and that given by the auto-transformer tap. As the
motor speed increases, the current will drop and the
voltage at the motor terminals will rise.

When the motor reaches approximately 95 per cent
synchronous speed, as determined by a relay which
operates only when the difference between the line
frequency and the pilot generator frequency is 5 per
cent or less, field excitation is applied, of sufficient value
to give approximately unity power factor. This pulls
the motor into step, and so reduces the current drawn
by the motor through the reactor that the voltage at
the motor terminals increases almost to the line value.

A-c. Supply
Solenoid Operated

Ol Circuit Breakers

F R

Sag e for Starting.
All breakers open.
1-Ciose A

2-Close F or R.

—
—d

Motor Starts.
[ After Time Intarval
3-Open A.
4-Close B.
Motor reaches 95 per
cent speed.
S+Apply reduced flald.
& Close C.
7-Increase field.
8-Open B.

Transformer

I'1a. 14—ELEMENTARY Driagram oF COMBINATION
KoORNDORFER AND REACTOR METHOD OF STARTING
SYNCERONOUS MOTORS

After a short-time interval, breaker C closes, B
opens, and the field excitation is automatically increased
to the full value.

It will be noted that at no time during the sequence
of starting operations is the motor entirely disconnected
from the line. Furthermore, owing to the use of the
reactor, the transition from the second starting voltage
to the line is made with extreme smoothness.

Protection is provided against under-voltage, loss of

-
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excitation, and failure to synchronize within a definite
interval after the master switch is operated.

The control equipment for g synchronous motor
involves more oil circuit breakers than does that for
an induetion motor, but the latter requires a number
of large contactors and resistors for its rotor circuit,
with relays for controlling the same. Neither is
especially complicated in installation or maintenance.
So far as the mijl) Operator is concerned, he simply
moves the handle on one kind of master switel to start
either type of motor.

INSTALLATIONS

A considerable number of synchronous motors js now
installed or being built for main roll service. Those
supplied by one manufacturer include the following:

A 9000-hp., 107-rev. per min., 25-cycle, 6600-volt
unit is driving a continuous sheet bar mill at the
Cleveland plant of the ('on'igan-McKinney Steel
Company. This motor has a higher continuous horse-
bower rating than any other motor in industrial service
in this country.

Two motors, one 6500-hp., 187-rev. per min. and the
other 4000 hp., 83 rev. per min., 25 cycles, 6600 volts,
form part of the drive of g continuous skelp mill at the
Bethlehem Steel Company’s Sparrows Point plant.

A 5000-hp., 240-rev. per min., 60-cycle, 2200-volt
synchronous motor is being installed to drive a tube
piercing mill at the Standard Seamless Tube Company’s
plant at Economy, Pa.

The Continental Steel Corporation, Kokomo, Indiana,
has purchased a 5000-hp., 100-rev. per min., 60-cycle,
2200-volt motor to be used in driving a continuous sheet
bar mill. ’

The Copperweld Steel Company of Glassport, Pu.
will use three 60-cycle, 2300-volt synchronous motors,
one 600-hp., 400-rev. per min., one 600-h. p., 514-rev,
per min. and one 600-h. p., 900-rev. per min. to drive
various merchant and rod mill stands.

Two 400-hp., 720-rev. per min., 60-cycle, 4600-volt
motors have been purchased by the Higgins Brass and
Manufacturing Company, Detroit, Michigan, to drive
brass and copper mills.

Another manufacturer has built several synchronous
motors for seamless tube mill service, some of them
being for piercing mills and some for tube rolling mill
drives.

CONCLUSION

The foregoing discussion, we believe, has made clear
that the synchronous motor is a real competitor of the
wound-rotor induction motor for some types of main
roll service. The number of installations which have
been made within a comparatively short space of time
certainly proves this contention. The synchronous
motor has certain definite advantages, such as better
power factor, efficiencies, and cost, which make it very
attractive. Its starting characteristics are not so good
as those of the induction motor, but for many drives
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they are sufficient and on those mills it can often bhe
used to advantage.

It seems safe to predict the widely increasing use of
the synchronous motor in mill service, and with thi
prediction goes the hope that such motors will he
applied, designed, and built only with a full knowledye of
the demands of the load and the limitations of the
motor,
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ABSOLUTE MEASUREMENT OF CAPACITANCE BY

MAXWELL'S METHOD by Harvey L. Curtis and Charles

Moon. Scientific Paper No. 561.

Abstract: The absolute measurement of eapacitance
by Maxwell’s method is based on the assumption that
certain conditions are fulfilled by the experimental
apparatus. While there are at least seven of these
conditions, the most important is that the galvanometer
correctly integrates the current. When large capaci-
tances are measured, a galvanometer ig required in
which the current through the coil does not aflect
the magnetism of the bermanent magnet. By placing
the coil in a symmetrical position with respect to the
magnet this condition can be fulfilled in most gal-
vanometers. However, this adjustment is greatly
simplified by a proper design of the galvanometer.

The method requires that a condenser shall be
charged and discharged at a known rate. To accom-
plish this, contacts of platinum dipping in mereury cups
have been placed on the prongs of a tuning fork driven
by an electron tube. This permits the Maxwell
bridge to be balanced with the same ease and accuracy
as a Wheatstone bridge. However, it is necessary to
determine the frequency of the fork at the time of
measurement. For this purpose the fork Is compared
with a freely vibrating pendulum by a method which
gives an accuracy of a part in a million with observa-
tions which extend over a few minutes’ time.

INDETERMINATENESS OF ELECTRICAL CHARGE
by Chester Snow. Scientific Paper No. 566.

Abstract: Tt is shown that If every electric charge
in the world be given a charge of true magnetism,
their ratio being a constant, the change could not be
detected. If the electric and magnetic charges of an
electron are, respectively, ¢, and A1, then we have
measured only /e? - A2 The algebraic signs of
e;and A, are arbitrary, but the ratio ¢ /A must be the
same as for a proton and is physically indeterminate.
The proposition may be regarded as a one-parameter
transformation of the electromagnetic field components
(in the same system of coordinates), which leaves
the electromagnetic energy tensor unchanged. This
indeterminateness is rooted in the electromagnetic
scheme and, therefore, pervades the interior of all
electrons which have been constructed on that scheme.
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The Applicatioﬁ of Relays for the Protection

of Power System Interconnections
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Synopsis.—This paper is a compilation of many of the new
methods for relay prolection required by superpower tnierconnec-
tions. The ideas have been oblained from wvarious sources and
represent good present day practise. The general requirements
for such interconnections are mentioned with particular reference
lo prolection against phase-to-phase short circuits in those cases
where the short-circuil current, under certain system conditions,
is less then the full-load current under other conditions. The
clearing of accidental grounds ts discussed and a new study of
residual currents on systems of different types is given. This

and
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study indicales the uscfulness of certain inperse time limil relays
on systems having dead grounded power transformer neutrals at
all swilching stations. Bus prolection and “back-up’’, methods
are described.

Some of the new relays which have been developed, or improve-
ments which have been made to older types in order thal the new
demands may be met, are described; and there ts illustrated a typical
relay installation similar to that now being placed in service on a

290-kv. interconnection.
* * * * *

HE interconnection of large power systems requires
T special treatment of its protective relay installa-

tion in order to secure proper automatic section-
alizing. This is particularly true of extra high-voltage
interconnections which have their transformer neutrals
grounded at all stations. Such systems are not nu-
merous, but they are important and their number
is increasing. In any such relay installation it is
important to adopt protective methods which not
only are suitable for the immediate requirement but
which will be applicable to future revisions and exten-
sions. Interconnections between large power units
impose more strenuous demands on the relay protective
equipment than do individual systems, even those of a
large size.

RELAY REQUIREMENTS

The most important requirement is that all faults be
cleared quickly. This prevents unnecessary burning of
conductors and equipment, but primarily, such quick
clearance will minimize the possibility of the system
becoming unstable. Therefore the securing of dis-
crimination by means of time limit relays is not desirable
although it may sometimes be necessary or convenient.

The complete installation must allow flexibility of
system operation. Perfect protection should be pos-
sible when any line or piece of equipment is cut out of
service and, what is more difficult, protection should be
obtained without change in relay adjustment when a
large unit of power is entirely removed.

The initial relay installation should permit un-
limited extension and revision of the power system.

It should operate satisfactorily on the lines forming
the interconnection between the systems without re-
quiring too great a change in the relay protection

1. Both of the Westinghouse Elec. & Mfg. Co., Fast Pitis-
hurgh, Pa.

Presented at the Regional Mecting of District No. 5 of the
A I E. k., Chicago, Ill., Nov. 28-30, 1927. Complete copies upon
request.

already installed on the individual systems which are
being united.

It must protect against “bus faults.” High-voltage
switching stations have become so elaborate that the
possibility of trouble on the bus bars or on the station
equipment is as great as that on a number of miles of
transmission lines.

It must provide “back-up’ protection, by which is
meant that trouble should be cleared from the system,
possibly with some little delay, even though the circuit
breaker which would ordinarily clear such trouble
should fail to operate. Some types of relays will
operate in this manner by means of their inherent
characteristics, but other types require the use of
additional relays. For simplicity, so it is desirable that
protection against bus faults and back-up protection be
obtained by the same means, thus making unnecessary
the use of complicated differential schemes commonly
used for bus protection.

It is desirable to eliminate the use of high-voltage
potential transformers so far as possible, not only
because of their expense, but also because of the hazard
which they, themselves, introduce in the system.

Economy in the relay system is desirable, but because
high-voltage lines and equipment are inherently
expensive, if such a procedure results in eliminating
more expensive high-voltage equipment, the best
over-all economy may be obtained by adopting an
expensive relay system.

Types of Relays Considered. In order to satisfy the
needs of recent interconnections, a number of new
methods of using the conventional types of relays have
been developed and entirely new relays have been
designed; namely:

For protection against short circuits,

1. Low-current range impedance relay (type C Z).
2. Fault detecting over-current and undervoltage
relays.

For protection against grounds,
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3. Definite time, directional relay with phase
compensation in the potentia] circuit (type

CR).

4. Definite time, current directional relay (type
CRC).

5. Inverse time, current directional relay (type
CWwQ).

6. Inverse time, directional relay with phase
compensation in the potential circuit, (type
Cw).
The use of these new methods and devices will be
described herein with only brief references to methods
which are already in common use.

ProTECTION AGAINST PHASE-TO-PHASE FauLrs

General Conditions. The nature of a high-voltage
interconnection system is such as to make difficult any
application of relay equipment which will satisfy the
demands previously enumerated. The purpose of an
interconnection is usually to permit the exchange of
power, and any number of causes may necessitate
periodic changes in location of connected generating
capacity. These changes may occur daily due to load
conditions, or seasonally due to change in available
generator capacity. This results in a change in
magnitude of fault current, due not only to the varia-
tion in total connected generating capacity but also to
the change in location of this capacity. Thus, at some
points on the system, it is quite conceivable that
fault currents which should cause relay operation
may be smaller under some conditions than the maxi-
mum load current under other conditions.

The interconnecting system is usually composed of
long high-voltage transmission lines, capable of trans-
mitting relatively large blocks of power. The high
load capacity of these lines reduces the number of
parallel lines necessary, thus making protection diffi-
cult. Also, the expense of substations or switching
stations is high and their number is therefore corre-
spondingly reduced. To reduce expense, the system
may adopt the form of a triangle, or loop, only one of a
pair of lines may be carried through a substation, or
different routes may be followed by the various lines.
In addition to these difficulties, later extensions inva-
riably tend to complicate relay protection.

Pilot Wire Protection. To clear faults in the mini-
mum time, theoretically, the best solution probably
lies in the use of differential hus protection and pilot
wire line protection. Fig. 1 illustrates a pilot wire
scheme which has several advantages. This is a circu-
lating current scheme and the burden imposed on the
current transformers is quite low. In this method,
open circuits on pilot wires put the relay in an operative
condition for faults either external or internal to the
section. This scheme is novel, in that four balancing
resistors are used instead of three, with the result that
balanced conditions are maintained irrespective of
whether a through fault is phase-to-phase or phase-to-
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ground. This permits the use of ground relays having
a low-current setting, thus increasing the sensitivity
of the protection.

Although the pilot wire scheme of protection ap-
proaches very closely the ideal, the difficulty of instal-
ling and maintaining pilot wires prevents its use on all
but the shortest transmission lines. The periodic
tests, which are essential to all protective equipment,
are rather intricate on this scheme. Another objec-
tion to this scheme is found in that additional relays
must be installed for back-up protection.

Parallel Line Protection. The desirable character-
istics of the selective differential relay, (as used in
Fig. 1), makes it suitable for protection of parallel
lines provided there is a source of feed at each end,
This relay operates under conditions of current un-
balance to trip the breaker through which the heaviest
current is flowing.

During conditions of single-line operation, the differ-
ential relay is usuaily rendered inoperative, and some
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form of back-up relay is essential. The application of
differential relays is therefore usually made in con-
junction with back-up, over-current, or directional over-
current relays, the differentia] relays being inoperative
during conditions of single-line operation. The back-
up relays also furnish protection against bus faults.
Therefore, balanced protection on parallel feeders
approaches the protection afforded by pilot wires during
conditions of parallel operation, but for faults within
the section during single-line operating conditions, a
long time is required for clearing, since selective settings
are then used.

Under many operating conditions, a substation may
have a connected source of feed-back into a fault, so
that directional back-up protection is necessary during
cenditions of single-line operation. For this applica-
tion, Ccross-connected, over-current, directional relays
are applicable. This scheme is shown in Fig. 2a.
The relays each consist of a directional element and an
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over-current element, the contacts of the two elements
being connected in series. The common points of
these two sets of contacts is brought out of the relay
case by a separate stud. The directional elements in
both sets are practically instantaneous. The over-
current element in one set of relays is given a short-
time, low-current setting, and the over-current element
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in the other set is given a long-time, high-current
setting.

Fig. 2B shows the schematic diagram of the trip
cireuits.

The objections to the use of balanced protection lie
in the fact that the relays which give quick clearing of
faults afford no back-up or bus protection, and extra
relays must be used for this purpose. Also, under
conditions of single-line operation, long-time is required
for clearing a fault on the line remaining in service.
The cross-connections are relatively complicated, and
testing and checking is made more difficult. In ad-
dition to these objections, the cross-connected direc-
tional relay protective scheme requires a source of
potential. This objection, however, is not serious,
since a suitable low-voltage set of potential trans-
former is nearly always available and the secondary

potentials from these potential transformers may be
used.
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Impedance Relays. The application of impedance
relays satisfies many of the demands placed on pro-
tective equipment for interconnections. Particularly
is it true that rendering the system more complex does
not necessitate increased time for operation, nor does
the relay place limitations on the permissible system
connections. The time required for clearing faults
does not become cumulative. Bus protection, quick
clearing of faults, and single-line protection are all
secured.

Used on transmission lines, irrespective of whether
parallel lines or single lines are in service, the impedance
relay will clear faults as quickly as will balanced relays,
when faults are located near the extremities of the line.
With a fault in the center of the section, the impedance
relays will clear in approximately four-tenths of a
second; and balanced relays, under the best operating
conditions, may clear these faults faster than will the
impedance relay. Onsthe other hand, the impedance
relay operates effectively irrespective of whether one
or two lines are connected in parallel and is independent
of other changes in operating conditions.

Fig. 3 shows a typical connection of impedance relays.
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When applied in this manner, the relays protect against
phase-to-phase faults only and constitute only a small
measure of protection against phase-to-ground faults.
The use of potential is required with the impedance
relay, but this objegion may be overcome, as previously
mentioned, by using’low-voltage potential transformers.
Another method of obtaining correct potential for
relays when high-voltage potential transformers are
not available is covered later.
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Relay Operation with Low Current Faults, 'To meet
fully the requirements of relay equipment applicable to
inter-connections, the relays must operate on fault
currents, whieh may be less than ful] load current.
In order to satisfy this demand, a fault-detecting device
has been developed, - a device composed of an under-
voltage and an over-current element connected in each
phase. The contacts ol these elements (two per phase
or a total of six) are connected in parallel, so that any
conditions of either undervoltage or over-current will
cause the relay contacts to he closed. In applying this
device, the over-current element is set to operate at a
current value corresponding to approximately 125 per
cent of the maximum load which is expected in practise.
Therefore, the current relays should never operate
unless heavy fault currents are flowing. The under-
voltage device is set for, say, 75 per cent of normal
voltage.

The principle of operation:of this combination is
quite simple. If the distribution of generating capacity
Is such that the bus voltage will not drop below approx-
mately 75 per cent of normal, the current to a fault
near the bus must necessarily be high. On the other
hand, if the magnitude and distribution of the generat-
Ing capacity is such as to permit only a small current to
flow to the fault, the bus voltages near this fault must
necessarily be very low. As a result, either the over-
current or the undervoltage relay is sure to operate with
a fault so located as to demand their operation for
proper clearing. In order to fully meet the various
conditions existing in practise, both the over-current
and the undervoltage relays have a suitable range of
adjustment.

Fig. 4 shows one application of the fault detecting
relay. In this application, operation of the line pro-
tective relay under heavy load conditions is prevented
because the current coils of the relay are short-circuited.
The fault detecting relays, when deenergized, permit
the back contacts of the auxiliary relay to short-cireuit
the line relays. The fault conditions on the system
cause the contacts of one or more elements of the fault
detector relays to close, thus energizing the auxiliary
relay and removing the short circuit from the im-
pedance relay. Then the impedance relay is permitted
to function and will operate if the impedance between
the station bus and the fault is sufliciently low.

Thus, after a fault on the system has occurred, all
impedance relays on the system are connected into
service, permitting the one nearest the fault to open the
circuit breakers on the faulty section. Since the im-
pedance relay current coils are normally short-circuited,
they may be set on the one-ampere tap although maxi-
mum load currents may be five amperes. This scheme
has a second advantage, in that the relay burden is
removed from the current transformers except under
fault conditions.

PHASE-TO-GROUND FAULT PRrROTECTION

Advantages of Ground Relays. The advantages
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resulting from application of ground relays for pro
tection of transmission circuits are now well established.
These advantuages may be briefly itemized as follows -

a. Ground relays operate on residual currents and
80 may be given a more sensitive setling than can the
relays protecting against line-to-line faults.

b. These sensitive settings are necessary hecayws
the magnitude of ground currents may he reduced helow
that value neces ary to cause prompt operation of the
relays normally protecting against line-to-line fault,
either by impedance in the neutral connections of the
transformer bhanks by resistance at the point of fault
or by the high earth return impedance,

c. A high percentage of faults on transmission line
cause ground current to flow. Thus, the residual
relay, with its relatively quick timing, increases the
speed of clearing a large percentage of the faults.

d. When this relay is used, those protecting against
phase-to-phase faults act as a back-up protection.
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e. On certain types of system connections, an in-
verse-time over-current residual-current relay may be
used and the distribution of ground current is such as
to cause the relays closest to the fault to operate
always very quickly.

Distribution of Residual Currents. QOn g system
where the neutrals of all equipments are solidly
grounded, the distribution and magnitude of fault
currents differ depending on the type of faults. Asa
result of this, the study of phase-to-phase fault condj-
tions may not be sufficient to permit accurate setting
of relays used for protection against phase-to-ground
faults. In many cases, a special study is required to
determine the distribution of ground current, and this
study quite frequently shows that protective equipment
which is superior to that available for phase-to-phase
fault may be applied for protection against phase-to-
ground faults.

The Method of Symmetrical Components (phase
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sequence) for analyzing fault conditions on trans-
mission lines,—developed by C. L. Fortescue,” Simply
fies this otherwise complicated problem. The magni-
tude of residual currents may be determined with little
more effort than that required for the determination of
the positive phase sequence quantities corresponding
to a three-phase fault. To show the desirability of
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making this separate study, and to illustrate applica-
tion of ground relays, a few results of a study of a simple
system are given.

The system used in these calculations is shown in
Fig. 5. At one end of the system a generator is shown
connected through a transformer bank, and at the other
end of the system a generator is connected directly to
the system. This has been done to illustrate that some
difference exists depending on whether the generator is
connected directly to the system or through a trans-
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Showing effect of grounding the neutral of substation power banks

former bank. The reactance of both the generator
alone, and of the generator in combination feeding
through the transformer bank has a total impedance of
15 per cent.

The transformer banks at the substations are in
some cases, assumed to be connected star-delta with
solidly grounded neutrals, so that they have the effect
of grounding transformer banks on the system. To
illustrate the effect of these hanks as compared to
delta-connected banks, certain calculations have also
heen made with the transformer hanks disconnected

from the substation busses.

2. A. LK. E. Trans., 1918, Vol. XXXVII, Part 2, p. 1027,
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Fig. 6 illustrates the distribution of conductor cur-
rents throughout the system with a fault located be-
tween Stations B and C on phase A conductor of one
of these parallel lines. Fig. 7 illustrates the distri-
bution of conductor currents for a similar fault; but
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Conditions identical with those shown in Fig. 10 except that substation
transformers have been removed. Generator No. lihas been replaced
by an equivalent impedance

here, the substation transformer banks are assumed to
be delta-delta connected. I,, Iy, and I are the phase
currents and those marked I; are the generator and
transformer bank neutral currents.

By comparing these two figures it will be seen that
the magnitude and distribution of conductor current is
radically changed, depending upon whether the sub-
station transformer bank neutrals are solidly grounded
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T'ra. 8—A ComPARISON OF Faurr-CURRENT
wiTH IpENTICAL FAauLT LOCATION

DISTRIBUTION

A—Throc-phase fault-current distribution

B—Residual-current distribution with grounding transformers on a
line-to-ground fault

C—Residual-current distribution without transformer
line-to-ground fault

banks on a

or not. In Fig. 6 the biggest portion of the ground
current flows through the neutrals of the substation
transformer banks adjacent to the fault. The banks
farthest from the fault pass only a small amount of
residual current, the magnitude decreasing as the
distance to the fault increases. This residual current
distribution will vary depending upon the relative
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impedances of the transformer banks and transmission
lines to the flow of zero-phase sequence current, and
therefore demands special study,
Fig.” 8

bution, dependmg on the t
system. Fig.
for a three-phase fault. Fig. 88 lustrates the distri-
bution of residual current for a fault located as shown
on Fig. 6. The values shown in Fig. 8B are equal to
three times the zero-phase sequence current. They
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are therefore the residus] currents which would flow
through the relay coils of the ground relays. It is to
be noted that here the current in the relays on the
faulty section is much greater than that in any other
relays on the system. This is true irrespective of
whether the lines are connected in parallel or whether
one line is disconnected from service. Fig. 8c
illustrates the residual current which would flow through
the ground relay coils for a fault located as shown on
Fig.7.

Figs. 8A and 8c resemble each other very closely,
the only difference being due to the increased reactance
of the transmission line for phase-to-ground fault con-
ditions over the reactance for g three-phase fault.
As a result, on systems corresponding to Fig. 8c,
the same system of relaying has been generally used for
protection against phase-to-ground fault as is used for
protection against phase-to-phase faults, The greatest
advantage of ground relays may be obtained from the
current distribution as shown in Fig. 8s. Here,
definite advantages in selectivity, speed of clearing,
and sensitivity may be obtained by the use of ground
relays. A comparison of Figs. 84 and 8B wil il-
lustrate that the use of ground relays with proper
characteristics would assist materially in securing
suitable relay protection on a system of this type.

Definite-Time Ground Relays. Fig. 9 shows a dia-
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gram of connections for relays suited to the protec-
tion of a system with current distribution similar to
that shown in Fig. 88. This diagram shows selective
relays applied as for protection against single-line
operation. Standard directional relays are used for
protection against phase-to-phase faults. The direc-
tional ground relay is of the low energy type with
low-current selting. It also differs from the direetional
relays used for protection against phase-to-phase
faults, in that maximum torque is obtained on the
directional element of the ground relay when the relay
current lags behind the relay potential. For paralle]
lines, balanced protection is desirable.

Fig. 10 shows the distribution of residual currents in
the system as shown in Fig. 7, except that a fault
impedance of 10 per cent resistance is present. The
vector diagrams at the various substation busses and
at the faults are shown. As may be seen from this,
the phase displacement between the residua] voltage
and the residual current on this system will always be
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Fig. 10—CurreNT DistriBuTION AND VECTOR RELATIONS

Existing WITHIN RELAYs

For system ag shown in Fig. 11 and with a 10 per cent fault resistance

90 deg. so long as the system impedance is pure

reactance.

If this were true for all systems, the theoretically
correct relay to use would be one in which the maximum
torque is obtained when there is a phage displacement
of 90 deg. between voltage and current, On the actual
system, resistance is present in the transmission lines
and equipment. Thijs will tend to decrease the dis-
placement angle. Under conditions where the phase-
to-ground fault hag no resistance and the neutrals of
the transformer banks or

phase, so that the unity power factor condition should
cause the maximum torque. It is therefore desirable
that this type of relay should secure the maximum
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torque at some angle lying in between zero and 90 deg.
5o as to be applicable to any system conditions. Until
recently relays commonly used for this purpose have
had approximately true watt characteristics, and it
was possible for these relays to operate improperly under
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Using definite time, residual, over-current relays and low-tension potcen-
tial transformers

Rear view “CRC" directional ground relay is shown in lower left-hand
corner

certain fault conditions. Where such a relay is now
in use, it may be desirable to insert a phase shifting
device in its potential circuit so as to obtain the proper
phase relation.
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In order to avoid using high-voltage potential trans-
formers, the connections shown in Fig. 11 may be
employed. As illustrated by Figs. 6 and 8B, the
current flowing through the fault is largely supplied
through the neutral of the transformer bank nearest
the fault. Thus, instead of using a potential as shown
in Fig. 9, the neutral current from the power banks
may be used to determine the relative direction of
current flow in a line. The currents in the line and in
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the neutral of the transformer bank are approximately
in phase, so that the relay should be so designed as to
have the maximum torque when the currents in the
residual circuit of the current transformers and in the
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For any fault location and for phase-to-ground faults for the system
shown on Fig. 9

neutral connection of the power banks are in phase.
The connections shown in either Fig. 9 or Fig. 11 are
equally good in determining the location of the fault.
Inverse-Time Ground Relays. The diagram shown
in Fig. 12 is an alternative for, and under certain
conditions, an improvement over that shown in Fig.
11. This scheme was first devised and put into ser-
vice by Mr. Roy Wilkins.® The residual relays used
here are inherently directional and in addition, operate
with an inverse characteristic that is quite suitable for
systems where the neutrals of all transformer banks are
solidly grounded, as illustrated in Fig. 8B. Fig. 13
shows the operating torque on the relays for the sys-
tem as shown in Fig. 6. The curves plotted in Fig. 13
are the products of the current in the transformer bank
times the current in the line at any point on the system.
This is the product which would tend to operate the
residual current relay when connected as shown in
Fig. 12. The operating tendency of the relay de-
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creases rapidly as the fault approaches the adjacent
substation bus, so that the quickest acting relay is
that which is closest to the fault. In this respect, the
relay has the characteristic of the impedance relay.

3. Electrical World, November 22, 1924, p. 1101.
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After the breaker closest to the fault has cleared, the
current through the relay on the far end of the faulty
section increases and causes increased operating torque.

A modification of the
that shown in Fig. 14,
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age, or three times the zero phase sequence voltage,
increases from each end of the transmission line to the
fault. The vector diagrams given in Fig. 10 illustrate
the largest product closest to the fault,

The operating forces on this relay would be similar
to that shown in Fig. 18 and would apply to the system
shown in Fig. 5. Quite clearly, the relay closest to the
fault would operate much faster than any other relay
on the system. This is true if the relay is so designed
that the torque is proportional to the product of Zero
phase sequence currents and potentials as mentioned
above in the discussion of the phase relations in the
directional relay in connection with Fig. 10.

This volt-ampere product may be obtained quite
accurately by an approximation. The unbalanced
voltage, or zero phase sequence voltage which is used
on the relay, is usually due to the drop through trans-
former banks plus transmission lines up to the relay.
The phase angle between this voltage and the residual
current may be as much as 80 deg. Taking this as
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the maximum, one may set the relay so as to secure the
maximum torque when the phase displacement is 55
deg. The conditions of the system may then change so
that the phase displacement varies from &0 deg. (0.174
power factor) to 30 deg. (0.867 power factor) without
introducing a volt-ampere error of more than 10 per
cent,
A TYPICAL RELAY INSTALLATION

Fig. 154 represents a composite picture of relays suit-
able for application to a system as shown in Fig. 5.
Impedance relays are used for protection against phage-
to-phase faults, so that the maximum time of relay
operation is three-quarters of g second. The average
time will be much less than that and will approach very
closely the timing obtained by parallel-line protection.

Potential for these devices may be obtained from low-
voltage potential transformers with suitable compensa-
tors, from high-voltage potential transformers, or from
a tap on the condenser bushing of the circuit breaker.,
The voltage thus obtained is higher than desirable,
and must be reduced and its phase shifted by means of a
small stepdown transformer and network, according to
amethod developed by J. F. Peters.

The load conditions on the system here shown are
assumed to be such that fault currents of less than fyll-
load magnitude must be guarded against. For this
reason, low-current setting impedance relays are used
and these relays are normally short-circuited by the

f,ﬁ?f;
’ £l ’
S|

o > > [
CverCurrent Lowtnergy UnderVo/tage
Fav/tDetector CZ°Relay fav/tDetecror
Device Device
Fn e
N
|
g K +
‘MC Relay cwc

And Special
Directio nal Device

Fia. 15B—INTERN AL Wiring Driagraus

auxiliary relay contacts. The fault detector relays
operate under conditions of either over-current or
under-voltage to remove this short circuit from the
impedance relay coils. The residual relay is used to
obtain the selective timing necessary for protection
against phase-to-ground fault. In addition to the
inverse time residual relay, an i

operation over that afforded by the residual relay for
certain fault conditions. For this particular applica-
tion, a directional instantaneous over-current relay
was necessary and the directional element has therefore
been included in a separate case.
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This protective scheme compares very favorably with
the ideal system for interconnections as previously
specified. It has the following advantages:

1. The quick clearing of faults.

2. System operating set-up does not affect relay
operation.

3. Relay system permits unlimited system exten-
sions and revisions without necessitating increased
relay timing.

4. The relay system should necessitate little or no
change on the installed relay equipment protecting
the individual systems combined by the interconnection.

5. Relaysafford protection against bus faults.

6. Back-up protection against faulty operation of
relays or breakers is afforded by this system of
protection.

7. High-voltage potential transformers are not re-
quired. The breaker equipped with bushing type
current transformers supplies both current and potential
for the relays. Potential may also be obtained from
low-voltage potential transformers.

8. The relay equipment is simple, standard, and
economical.

BEAM OF ELECTRONS
SHOWS DIFFRACTION EFFECTS IN
SCATTERING EXPERIMENTS
REPORTED BY DR. DAVISSON TO PHYSICISTS

Experiments conducted at the Bell Telephone
Laboratories in New York, N. Y., have brought to light
the fact that a moving beam of electrons partakes in
some way of the nature of a wave motion. The work
there by Dr. C. J. Davisson and Dr. L. H. Germer shows
that electrons when reflected from a single ecrystal of
nickel scatter in certain definite directions in a manner
analogous to the crystal scattering of a beam of X-rays.

“The scattering of X-rays by a crystal results in the
production of strong scattered beams in just certain
directions,” Dr. Davisson stated, “and this fact has
been explained always on the hypotheses that X-rays
are an electromagnetic wave disturbance of the same
sort as radio waves and visible light. Our experiments
show that a beam of electrons gives these same effects.
The inference seems to be that there is some sort of a
wave-motion associated with the motion of a beam of
electrons.”

The experiments showed that the observed wave
length of the electron beam was exactly that which is
predicted by the quantum theory as developed by
I.. De Broglie, II. Schroedinger and others. This
wavelength is numerically equal to Planck’s constant
of action divided by the momentum of the electron.
Describing the experimental method, Dr. Davisson
explained that the source of the electrons was a hot
filament just as in ordinary radio thermionic tubes.
These were accelerated by a positive grid voltage which
could be varied at will. The voltages used ranged from
ahout 50 to 375. The heam of electrons impinged on a
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nickel crystal, and some of them were absorbed in it;
others were scattered back from the surface of the
crystal. Of those scattered back, some come back
without having lost any speed. A little collecting
device was arranged so that it could be moved to va-

rious positions in front of the
& crystal to find how many
electrons were scattered in
the various directions with-
out loss of speed.

“The situation confronting
physicists with regard to
electrons is now something
like the dilemma confronting
the theory of light,” the
speaker declared. “For
many years all the facts con-
cerning light could be ex-
plained by assuming it to

Fia. 1 be simply a wave motion.

Then the quantum theory, in the hands of Planck,
Finstein, and A. H. Compton, showed that radiation
had to be regarded also as having something corpuscular
about it. Similarly, for many years electrons were
believed to be simply corpuscles of negative electricity.
But now, recent developments in quantum theory,
confirmed by these experiments, show that there is
something wave-like about them.”

A full account of this work appears in the December
1927, Physical Review and in the January 1928, Bell
System Technical Journal.

Fig. 1 shows the arrangement for causing a stream of
electrons to strike the nickel incidence and the col-
lector which could be moved around to measure the
numbers of electrons scattered in different directions;
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and Fig. 2, a typical set of experimental curves showing
the gradual development of a spur of dillracted electrons
at 50 deg. and 54 volts. The power curves show how
this diffracted beam depends on the azimuth of the
collector relative to the axes of the crystal structure.




_INSTITUTE AND RELATED ACTIVITIES

Winter Convention Has Notable Program

Great interest has developed in the Winter Convention of
the Institute whiel will be held in New York City, February
13-17, with headquarters at the Eugineering‘ Societios Building,
The technical sessions are especially noteworthy and in addit ion,
there will he leetures, inspection trips, medal presentations and
social features.

Technical Sessions

The technical Papers and lectures
electrophysics, dielectrics,

will inelude as subjects,
operation of interconnected power
systems, insulators, magnetism, electrical machinery, trans-
atlantic telephony, telegraphy, loud speakers, automatic suly-
stations, eontrol and protective apparatus, synchronizing devices
and are welding.

Details of the technical sessions are
accompanying program of events.

published in the

Symposium on Interconnection

Great interest is being manifested in the session on Tuesday
morning, February 14, on the subject of operating interconnected
bower systems. This subject will be presented in papers by four
outstanding engineering executives representative of different
practises in four parts of the country. Prepared discussions
will be presented by several other well versed engineers.

Telephone Communication with London

Telephone communication with the British Institution of
Electrieal Engineers, meeting simultaneously in London, is to
be one of the outstanding features of the convention. This
event is scheduled for Thursday morning, February 16. The
session will open with two papers on transatlantic telephony
as announced in the accompanying program.

Following these Papers there will be an exchange of greetings
over the New York-London radiotelephone cireuit between
Baneroft Gherardi, President of the American Institute of Elee-
trical Engineers, and Archibald Page, President of the British
Institution of Electrical Engineers. Greetings will also be
exchanged between Dr. F. B. Jewett, Viee President of the
American Telephone and Telegraph Company,

work done in thig country leading to the establishment of the
transatlantic serviee, and Colonel T. F. Purves, Chief Engineer
of the British Post Office, who has charge of the development
work done in England in this matter.

Arrangements are being made for these exchanges of greetings
to be heard by those bresent at the session of the A. ILE E in
New York, and also by the members of the Institution of Electri-
cal Engineers, who will be having a regular afternoon meeting
in London, simultaneous with the New York meeting.

Following this two more technical papers will be presented as
shown in the program.

Lecture by Dr. Swann

An outstanding event will be a lecture on “The Earth’s
Electrie Charge,” to be given by Dr. W. F. G. Swann on Monday
evening, February 13. Dr. Sw ann, who is Director of the Barto]
Research Foundation of the Franklin Institute, is an entertaining
speaker as well as g high authority on subjects pertaining to
electrophysies.

'Lecture by Dr. Norinder
Dr. Harold Norinder, of Upsala, Sweden, well known in this

country for his studies of lightning discharges and other matters,
will furnisli one of the interesting points of the meeting, He wil]
deliver a lecture in the session on the afternoon of February 14,
his subject being “T'he Cathode Oscillograph as Used in the
Study of Lightning and Other Surges on I'ransmission Lines.”

John Fritz and Edison Medals

Two of the most highly desired rewards for engineering ac-
complishments will be presented on the evening of We‘(lnesduy,
February 15.  The John Frity Medal will be presented to Gieneral
John J. Carty, and the Iidison Medal to Dr. William D. Coolidge.
The presentation ceremonies will inelude an address by Dr.
Michael I. Pupin who will outline the achievements of Dr.
Coolidge; the presentation of the Edison Medal by President
Gherardi of the American Institute of Electrical Engineers, and
the response of the medalist; the announcement of the John
Fritz Medal award by Chairman J. V. w. Reynders of the Board
of Award; an outline of the achievements of General Carty by
Baneroft Gherardi; the bresentation of the John Frity Medal by
Robert Ridgway, Chairman of the Board when the award was
made, and the response of General Carty.

Details of the award of the John Fritz Medal were published
in the November Jour~aL, page 1290. An announcement of the
award of the Edison Medal is published in the January JoURrNaL,
page 75.

Inspection Trips

Quite a number of inspection trips have been planned, most
of which will be taken on Thursday afternoon, February 16,
though some of the places may be visited at other times by pre-
arraligement. Among the trips which are planned are those to
the following places.
132-kv. cable installation at Hell Gate Station of the United Elec-

tric Light and Power Company.

“Armor-Clad” switehgear—East 172nd street station of the
New York Edison Company having only this enclosed
type of construction.

System operators switchboard, Waterside Station, New Yorlk
Edison Company.

132-kv. switching station (Hudson Station) and Kearny Station
of Public Service Electrie & Gas Company.

Hudson Avenue Station and A-C. network equipment of Brook-
lyn Edison Company.

East River Station of New York Edison Company.

Broadcasting studio of National Broadcasting Company.

A-c. network switches of United Electric Light & Power
Company.

The Roxy Theater.

The Electrieal Testing Laboratories.

Demonstration of television—Bell Telephone Laboratories.

Telephotography——American Telephone & Telegraph Company.

Steamship Mauretaniq.

The Holland Tunnel.

Ford Assembly plant, Kearny, N. J.

Cable plant of Western Electrie Co.

Dinner-Dance

That enjoyable social funection, the annyua] dinner-dance, will
be held on the evening of Thursday, February 16, in the main
ball room of the Hotel Astor. Thig is an institution which needs
no recommendation. It ig sufficient to say that it will be held in
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the spacious Astor ball room, the meal will be excellent and “The
Vagabonds,”’ one of the best dance orchestras in New York, will
furnish the music. Tickets will be $6.00 per person.

The Smoker

A delightfuily informal event will be the Smoker, to be held
on Tuesday evening, February 14, in the Belvedere of the Hotel
Astor. Every effort is being made to make the program for this
evening unusually attractive, and at the same time to eliminate
the confusion and ecrowding which have occurred in some former
smokers. The committee feels that this can be done and without
an increase in the former price of $2.00 per person.

Reduced Railroad Rates

Special railroad rates will be available to out-of-town visitors
to the convention, under the certificate plan. Under this plan,
each person should request a certificate when purchasing a one-
way ticket to New York. Presentation of this certificate at
Convention headquarters will entitle the holder to a half-rate
fare for the return trip over the same route, provided 250 certifi-
cates are registered at the Convention.

When purchasing tickets members or guests should advise
their ticket agents that they will attend the A. I. E. E. Conven-
tion, and should ask for the certificates. Families of members
attending the Convention are entitled to certificates also. Ona
few limited trains the return tickets purchased at reduced rates
will not be honored. Tickets must be purchased within a limited
number of days prior to the meeting and return tickets must be
used within a limited time after the meeting. The limiting dates
depend upon the location of the purchaser. Information on
these and other details may be obtained from ticket agents.
Immediately upon arrival in New York, certificates should be
deposited with the endorsing officer at Convention headquarters.

All Visitors Should Get Certificates

Everyone should obtain a certificate, whether he will use it

or not, for failure to do so may deprive others coming long

distances of the saving in railroad fare made possible by this -

provision.
Hotel Reservations

Requests for hotel reservations should be made at as early
a date as possible. Application should be made directly to the
desired hotel.

Convention Committees

The plans for the meeting are being handled by the following
general committee and subcommittees:

Generol Commillee—G. L. Knight, Chairman; J. B. Bassett,
H. P. Charlesworth, H. W. Drake, W. S. Gorsuch, H. A. Kider,
I5. B. Meyer, L. W. W. Morrow and R. H. Tapscott.

Entertainment Commilice—J. B. Bassett, Chairman; L. B.

Jonnett, H. C. Dean, J. . Fairmanp, A. H. Inglis, C. R. Jonesand
A . T. Kehoe.

Dinner-Dance Commiliee—I1I. C. Dean, Chairman; A. 3. Clark,
C. R. Jones, J. F. Kelley and ¥'. A. Muschenheim.

Smaoker Commiltee—J. F. Fairman, Chairman; R. . Dennis,
H. W. Drake and W. S. Gorsuch.

Inspection Trip Commitlee—A. H. Tnglis, Chairman; W. B.
Kirke, L. W. McCullough, W. R. Smith and F. Zoghaum.

Program
Monday Morning, February 13
Registration,
Committee Meetings.
Monbpay, 2:00 r. M.
Electrophysics and Dielectrics
Technical Session, under auspices of Commitliee on Klectro-
physicg, Vladimir Karapetoff, Chairman.
Surge Impulse Breakdown of Air, J. J
Yleetric & Mfig. Co.
Influence of Internal Vacuw and lonization on the Life Dura-
tion of Paper-Insulated, Iligh-Tension Cables, Alexander

. Torok, Westinghouse

INSTITUTE AND RELATED ACTIVITIES
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Smouroff and L. Mashkileison, Elestrotechnical Institute of
Leningrad.

Approzimale Solution for Electrical Nelworks, BE. A. Guillemin,
Massachusetts Institute of Technology.

The Boltzmann-Hopkinson Principle of Superposition, F. D.
Murnaghan, Johns Hopkins University.

Monpay, 8:00 p. M.
LECTURE

The Earth’s Electric Charge, W. F. G. Swann, Director of Bartol
Research Foundation, Franklin Institute.

TuespaY, 9:30 A. M.

Interconnection and Its Effect on Power Development

Technical Session, under auspices of Committee on Power
Generation, W. S. Gorsuch, Chairman.

The following papers and discussion constitute a symposium
on present-day practise and new developments of interconnec-
tion in various parts of the United States. Some of the points
to be considered are: (a) Effect on Plant Capacity and Size
of Generating Units; (b) Economics of Operation; (e) Operating
Features; (d) Stability and Reliability; (6) Load Dispatching and
Load Control; (f) Technique of Interconnection Operation;
(g) Physical Facts as to Interstate Power.

The Conowingo-Hydro-Electric Project of the Philadelphia
Electric Company's System—uwith Particular Reference lo
Inierconnection, W. C.L. Eglin, The Philadelphia Electric Co.

Progress and Problems from Interconnection in the Southeastern
States, W. E. Mitchell, Georgia Power Co.

Some Aspects of Pacific Coast Interconnections, P. M. Downing,
Pacific Gas & Electric Co.

Inierconnection and Power Development in Chicago and the
Middlewest, H. B. Gear, Commonwealth Edison Co.

Discussion of the papers and the subject of interconnection
in general will be presented by the following:

Charles L. Edgar, Edison Electric Illuminating Company of
Boston.

A. C. Marshall, The Detroit Edison Co.

John W. Lieb, New York Edison Company.

James Lyman, Sargent & Lundy ,Inec.

Farley Osgood, Consulting Engineer.

E. C. Stone, Duquesne Light Co.

G. N. Tidd, American Gas & Electric Co.

L. W.W. Morrow, Electrical World.

W. S. Lee, Scuthern Power Co.

R. F. Schuchardt, Commonwealth Idison Co.

C. F. Hirshfeld, Detroit Edison Co.

F. A. Allner, Pennsylvania Water & Power Co.

Tuespay, 2:00 r. M.
Technical Session on Miscellaneous Subjects

The Saluralion Permeameler, S. L. Gokhale, General Electric Co.

Manufacture and Magnetic Properties of Compressed Powdered
Permalloy, W. J. Shackelton, Bell Telephone Laboratories,
and I. (&. Barbor, Western Electric Co.

Effect of THumidily on Dry [Flashover DPolential of Pin-Type
Insulators, J. T Littleton, Jr., and W. W. Shaver, Corning
Glass Works.

The Cathode Oscillograph as Used in the Study of Lighining and
Other Surges on Transmission Lines, Lecture by Harold
Norinder.

Turspay, 8:00 p. M.
Smoker and Entertainment
WebpNEspAY, 10:00 A. M.
Electrical Machinery

Technical Session, under auspices of Committoe on lilectrical
Machinery, I'. D. Newbury, Chairman.

Synchronous Machines—IV, R. . Doherty and C.A. Nickle,
Genoral Eleetrie Co.
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Calculation of Armature Reactance of Synchronous Machines,
P. L. Alger, General Klestric Co.

Reactances of Synchronous Machines,
Robertson, General Blectric Co.

The Thermal Volume Meter, C. J. Fechheimer and G. W Penney,
Waestinghouse Electric & Mrg. Co.

R. H. Park and B. L.

WEeDNEsDAY, 2:00 1. M.

Electrical Machinery

Technical Session, under the auspices of Committes o Klectrical
Machinery, F. D. Newbury, Chairman.

Recent I'mprovemenis in Turbine Generators, 8. L. Henderson and
C.R. Soderberg, Westinghouse Electric & Mtg. Co.

Design and Application of Two-Pole Synchronous Motors, D. W,
MecLenegan and . H. Summers, General Il etric Co.

Heat Losses in the Conductors of a D-C. Armature, W. V. Lyon,
E. Wayne and M. 1., Henderson, Massachusetts Institute of
Technology.

Effect of Transient Conditions on Application of D-C. Compound
Motors, L. R. Ludwig, Westinghouse Electric & Mtg. Co.

WEDNESDAY, 8:30 p. .

Presentation of J ohn Fritz and Edison Medals.
Tuurspay, 9:30 4. M.

Communication

Technical Session, under auspices of Committee on Communiea-
tion, H. W. Drake, Chairman.

Transatlantic Telephony—The Technical Problem, O. B. Blackwell,
American Telephone & Telegraph Co.

Transatlantic Telephony— The Operating Problem, K. W. Wat-
erson, American Telephone & Telegraph Co.

Following these papers there will be an exchange of greotings
over the New York-London radiotelephone circuit as deseribed
in"detail in a foregoing paragraph.

Loud Speakers of High Efficiency and Load Capacity, C. R.
Hanna, Westinghouse Electrie & Mtg. Co.

INSTITUTE AND RELATED ACTIVITIES

Certain Topics of Telegraph I'ransmission Theory, H. B. Nyquist,

American Telephone & Telephiono Co.

Trunrsoay, 1:30 anp 2:30 p. m.
Inspection I'rips.
Trunsnay, 7:30 p. a1,
Dinner-Dance.
Frivay, 10:00 A, m.

Control and Protective Equipment and Substations

Technical Session, under auspices of Committee on Proteective

Devices, It 1,. Hunt, Chairman.

Automatic Control of Edison System, 0. J. Rotty, United Electric

Light and Power ( 0., and l&. L. Hough, General Electrie Co.

Protection of Supervisory Control Lines Against Overvoltage,
Edward Beck, Westinghouse Electric & Mifg. Co.

1926 Lightning Exzperience on 132-Kv. Transmission Lines,
Philip Sporn, American Gas & Electric Co.

Vacuum-Tube Synchronizing Equipment, T. A. E. Belt and N.
Hoard, General Electric Co.

Use of Condenser Type Bushing in Synchronizing, K. B. Spracklen,
Ohio Public Service Co., and D. E. Marshall and P. O,
Langguth, Westinghouse Electric & Mtg. Co.

Fripay, 2:00 p. .

Arc Welding

Technical Session, under auspices of Committes on Electric
Welding, J. C. Lincoln, Chairman.

Effects of Surface Materials on Melallic Arc-Welding Electrodes,
J. B. Green, Fusion Welding Corp.

Arc Welding—1Influence of Surrounding Almosphere on the Are,
P. Alexander, General Electrie Co.

Arc-Welded Structures and Bridges, A. M. Candy, Westinghouse
Electriec & Mfg. Co.

Welding and Manufacture of Large Electrical Apparatus, A. P.
Wood, General Electric Co.

St. Louis Regional Meeting March 7.9, 1923

The Regional Meeting to be held in St. Louis, March 7-9,
1928, by the South Western Distriet of the Institute, will offer
many timely subjects in its technical program as well as very
enjoyable social features. The Hotel Coronado has been chosen
as_an ideal headquarters for this meeting.

TECHNICAL SESsIONS

A selection of very interesting technical papers has been made
for the meeting. The technical sessions will be divided into
four meetings on the general subjects of electrical machinery,
bower systems (a and b), and communication. Only four papers
are assigned to each session, with the idea of avoiding the crowd-
ing of too many papers into a single meeting, which often means
the suppression of interesting and instructive discussion.

The titles of all papers are given in the accompanying program
of events.

InspECTION TRIPS

Thursday afternoon, March 8, has been set aside for inspection
trips. These will include a visit to the new Cahokia steam
generating station, with its large outdoor high-voltage substa-
tions. Trips will also be made to some of the unique automatic
stations in St. Louis, which are of the railway type, the three-
wire d-c. Edison type, and the straight a-c. type.

The various manufacturers of electrical apparatus will be
open for inspection trips, as well as other industrial plants such as
glass worls, steel worlks, mines, ete.

The new Bell Telephone Bnilding, with automatic switching
equipment and telephotographic apparatus will also be available
for inspection.

Lecrure axp ENTERTAINMENT

On Wednesday evening, March 7, there will be a special
entertainment to be held at the Engineers’ Club Building.
The first part of the entertainment will consist of a popular talk
by F. W. Peek, Jr., on “Lightning” well illustrated by lantern
slides and moving pictures. This will be followed by music and
other entertainment. An orchestra will be provided for those
who care to dance and all the facilities of the Engineers’ Club
will be open to the guests. Refreshments will be ser ed.

DinNER-Dance

On Thursday evening, March 8, a dinner-dance will be held
in the Pa Lido of the Coronado Hotel.

There will be a very short address by Bancroft Gherardi,
president of the Institute, followed by a well known humorist,

The remainder of the evening will be devoted to dancing,
using the famous Coronado Pja Lido, together with its large
orchestra and entertaj ning features.

Journal A I W, &,
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PROGRAM OF SAINT LOUIS MEETING

WEeEDNESDAY MORNING, MarCH 7
Registration 9:00 a. m. Committee Meetings

Branch Conference and Student Technical
Session 9:15 a. m.

ProrEssor GEo. C. SEaaD, Presiding
WEDNESDAY, 12:15 . M.
Combined luncheon with St. Louis Electrical Board of Trade.
Speaker Bancroft Gherardi, president A. 1. E. E., Statler Hotel
Ball Room.

WEDNESDAY, 2:15 P. M.
Hoter CoOrRONADO

Technical Session on Electrical Machinery
A. E. BerT1s, Presiding

Address of Welcome, A. E. Bettis, Vice President, A. I. E. E.
Southwestern District.

Remarks by National President, Bancroft Gherardi.

1. Magnetic Leakage and Fringing-Fluz Calculations, Ww. L.
Upson and E. L. Furth, Washington University.

2. Squirrel-Cage Motors with Split Rings,
Wagner Electric Corp.

3. Electric Equipment for Oil and Gas Locomotives, A. H.
Candee, Westinghouse Elec. and Mfg. Co.

4. The Squirrel-Cage Motor, J. L. Hamilton, Century Blectric.

H. Woeichsel,

WEDNESDAY, 8:00 p. M.

Lecture and special entertainment, Engineers’ Club Building.
Music, dancing, games, refreshments.

The lecture is by F. W. Peek, Jr. of the Transformer Engineer-
ing Department, General Electric Company, Pittsfield, Mass,
Subject *‘Lightning.”

This is to be a popular talk, well illustrated with lantern
slides and moving pictures. Ladies are invited.

TuurspAY MORNING, MARCH 8

Technical Session 9:15 a. m.
Power SysTEMS ‘‘A”
L. F. WooLsToN, Presiding

5. The Public Utility Laboratory and Its Relation to Service,
G. E. Meredith and D. D. Clark, Kansas City Power and
Light Co.

6. Recent Developments in the A pplication of Demand-Metering
Equipment, Stanley Stokes and Leslie V. Nelson, Union Electric
Light and Power Co.

7. Ezcitation Systems—Their Influence on Short Circuit and
Mazimum Power, R. E. Doherty, General Electric Co.

8. Voltage Regulotors, R. M. Carothers and C. A. Nickle,
General Electric Co.

TuursDpAY, 12:15 p. M.
Luncheon at Hotel Coronado.

THURSDAY AFTERNOON
Inspection trips arranged to suit the convenience of guests.

Tuurspay, 7:00 p. M.
Dinner-Dance in the Pa Lido of the Coronado Hotel.

Fripay, MarcH 9

Technical Session 9:15 a. m.
Powrr Sysrems “‘B”
5. M. De Cawmp, Prosiding
9. Devcdopment of I'mpedance Reloys, 1. A. McLaughlin and
E. 0. Brickson, Westinghouse Klee. and Mfg. Co.
10.  Automatic Swilching of Incoming Lines and Transformers

Supplying Power to A-C'. Sub-Slations, A. ¥. Anderson, Qeneral
Electrie Co.

INSTITUTE AND RELATED ACTIVITIES
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11. Quantilative Mechanical Analysis for Power-System Tran-
sient Disturbances, R. C. Bergvall and P. H. Robinson,
Westinghouse Elec. and Mfg. Co.

12. Vibration of Transmission-Line Conductlors, Theodore
Varney, Aluminum Company of America.

Fripay, 12:15 p. M.
Luncheon, Coronado Hotel.

FripAY AFTERNOON

Technical Session 9:15 p. m.
SeEssioN oN COMMUNICATION
B. D. HuLL, Presiding

13. Vector Calculating Devices, M. P. Weinbach, University of
Missouri.

14. Planning Telephone Exchange Plants, W. B. Stephenson,
Southwestern Bell Telephone Co.

15. Tuned Radio-Frequency Amplifiers,
Glasgow, Washington University.

16. Lecture on Television, H. T. Ives, Bell Telephone
Laboratories.

Professor R. 8.

Regional Meetings at Baltimore and
New Haven

Two coming Regional Meetings of the Institute which promise -
to be of great interest are those to be held at Baltimore, Mary-
land, April 17-19, and New Haven, Connecticut, May 9-11,
respectively.

For the Baltimore Meeting three technical sessions are planned
on the subject of insulation, the Gould Street Station of the
Consolidated Gas and Electric Company and the Conowingo
development of the Philadelphia Eleztric Company.

At the Now Haven Meeting an important subject on the tech-
nical program will be the application of relays and the instru-
ments and methods used in determining proper application.

Further details on these meetings will be published in later
issues of the JOURNAL.

Tour Through Yellowstone Park Proposed

to Follow Summer Convention

A most enjoyable tour has been proposed for Institute members
and guests to follow the Summer Convention of the Institute in
Denver, June 25-29. The Yellowstone National Park, with its
many scenic wonders, willbe the main objective of this trip but
other attractive places will be included. The tour will be so
planned that members will have to make no train, hotel nor
sightseeing arrangements. About three weeks will be required
for the tour by members from the East, inclusive of time spent
at the convention.

It is believed that many Institute members will take ad-
vantage of this unusual opportunity to visit without the
burden of detail, and in the congenial company of fellow members,
some of the most wonderful sights of this country.

In order that some idea may be obtained of the possible num-
ber who would attend, everyone who might be interested in such
a tour is requested to communicate with A. L. E. K. headquarters.
Further information will bo sent to those who are interested.

SumMmeEr CONVENTION ProarAM

An exceptional program is being planned for the Summer
Convention. Although no definite arrangement is possible at
this early date the present plans indicate that there will be
technical papers on electrical transportation, communication,
operation of olectrical equipment at high altitudes, electrical
moasurements of non-electrical quantities and other timely
subjoets. 'The latest developments in all lines of electricity
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will be resorded in {he annual reports of the Institute Technioal
Committees which will be presentod. The local committes
also promises some fine entortainment for the visitors. More
complete information will be published in later i88ues of th
Jounrnar,

Midwest Power Conference in Chicago
February 11-17
The third annual Midwest Power ( onference will he held with
headquarters at the Hotel Stevens, Cliicago, [Hinois, on February
14-17.  An excellent program is planned with a number of out-
standing speakers. All sessions will he open to interested
engineers. An outline of the programn is published bhelow and
further information may be obtained from G. L. Pfisterer,

Secretary, Midwest Power Contference. 930 Monadnoek Building,
Chieago:

TuEespay, Fep. 14

8:30 a. m.
10:30 a. m,

Registration.

Session.

Address of Welcoms, Sewell Avery, Pres. Comnmereial
Club of Chijcago.

Address by Major Rufus W. Putnam, Chairman of
Power Conference.

Address. Power, the Background of Today’s Civili-
zation, Speaker: Glenn Frank, Pres. Univ.
of Wis.

General Session. “Powers Accomplishments in
Faetory and Home.”

America’s Part in the Romance of Power, W. A.
Durgin, Dir. Pyub. Relations, Com. Edison Co

Drudgery Banished Jrom the Home, Mrs. J. D.
Sherman, Pres. Gen’l Federation of Womens
Club.

How to Make the Burden Bearer Bear the Burden,
Burke Corecoran, Secy. Elec. Assn. of Chiecago.

" 11:00 a. m.

2:00 p. m.

WEDNEsDAY, FeB. 15

9:30 a. m. General Subjeet: “The Relation of Power Develop-
ment to Flood Control and Other River
Problems.”

The General Flood-Control Problems on the Missis-
stppi System, Gen. Edgar Jadwin, Wash., D. C.

Problems of Storage Jor Flood Control and Jor Power
Development, D. W. Mead, Madison, Wis,

Irrigation and Power-Development Problems on the
Colorado River, Col. Kelly, Buffalo, N. Y.

The Tennessee River Survey, Maj. L. H. Watkins.

Nawvigation and Power Development on the St
Lawrence River, E. A. Forward, Cons. Engr.,
Montreal, Can.

The Combined Use of Water
F. A. Allner,
Power Co.

Progress and Trend in H ydraulic Power Developments,
H. A. Hageman, Chief Hydraulie Engr., Stone
& Webster.

Annual Banquet, Hotel Stevens.

2:00 p. m.

and Steam Power,
Genl. Supt. Penna. Water &

7:00 p. m.

TrURSDAY, FEB. 16

Session: “‘Economies of Power Stations.”

Capital Costs with Relation to Economy of Central
Stations, Alex Dow, Pres. Detroit Edison Co.

High Pressure Operation, G. A. Orrok, Con. Engr.,
N. Y. City.

Trend and Development in  Steam Generation,
Thos. E. Murray of Thomas E. Murray, Ine.

9:45 a. m.

INSTITUTYE AND RELATED ACTIVITIES
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Lanchioon Symposium,

Underground  Transmission e velopments and the
(iencral  Kffect Upon feeliability  of Service,
11 B. Gear, Cormmonwealth 12dison Co.,

Overhead  Transmissions, (oo, 0 IMumphrey,
West Penna. IPower Co.

Lquipment for 1’ower Transmission, A. C. Monteith,
Westinghouse Eloe. & Mrg. Co.

Inspoction trips.

1:00 p. .

2:00 p. m.

Fuwivay, Irgn. 17

Session: Keonomics of Power Stations. (Fuel,
Combustion, ete.)

Combustion Control in Industrial Plants, T. A.
Poebles, 1{agan Corp.

Combustion Control in Central Stations, Chus. I.
Smoot, Smoot Engr. Co.

The Effect of Steam Reheating, Stage Feed Water
Heating, and Boiler Reheating on Steam Turbine
Practise and Development, Edward Brown,
Allis-Chalmers Co.

Embrittiement of Boiler Plate, S. W. Parr and I, C.
Straub, U. of Ill.

9:45 a. m.

Revised Section No. 7 A. I. E. E. Standards

Now Available

A new and considerably revised edition of Section No. 7,
A. L E. E. Standards for Alternators, Synehronous Motors and
Synehronous Machines in General, has just become available.
This new edition embodies the changes made by the Section
Committee on Rating of Electrical Machinery and also includes
the work of the Sectional Committee on Alternators, Synehronous
Motors, ete.  This latter comrmnittee, organized as was the Rating
Committee under the auspices of American Engineering
Standards Committee, has been engaged in the work of re-
vision of the first edition of the Alternator Standards with the
purpose of eventually recommending them to American Engineer-
ing Standards Committee for adoption as American Standard.

The prineiple changes involved in this revision deal with the
rating of general purpose motors and the calculation of natural
frequeney of svnehronous maechines. The cast of the new
edition has not heen changed. It is 40 cents with a 50 per cent
discount to A. I. £. E. members. Those interested in this or
other Standards should communicate with the Secretary of
Standards Committee, A. I. E. E. headquarters and request the
“Index of Standards” which gives scope of each section, prices,
and list of reports on future Standards.

LUt i ey
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THE ANNUAL MEETING, WASHINGTON, D. C.

The Annual Meeting of the American Engineering Couneil
was held in Washington, D. C., at the Mavtlower Hotel, January
9-11, 1928. The various national, state and regional engineering
societies, constituting the membership of the Council, were
practically all officially represented, attendance of delegates and
others interested being approximately one hundred. President
Dexter S. Kimball, of Cornell University, presided.

The following constitutes a brief summary of the more im-
portant actions talken -

Appointment wag announced of a Flood Control ( ommittee
to work with Congress and to study the whole national situation
with a view to preventing disasters such as have oceurred along
the Mississippi and in New England.

G. S. Williams is chairman. Other members are: Baxter L.
Brown, St. Louis; John R. Freeman, Providence, R. I.: past.
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president of the American Society of Civil Engineers; Arthur E-
Morgan, president of Antioch College, Yellow Springs, Ohio.
A fifth member is to be appointed.

The Committee will study the reports of the Engineer Corps
and the Mississippi River Commission, and thoroughly famil-
jarize itself with the problem so that it may be prepared to recom-
mend appropriate action by the organized engineering profession
of the United States.

The Committee was instructed to cooperate with the Flood
Control Committee of the House of Representatives, and to
present the attitude of the American Engineering Council at
Congressional hearings and elsewhere.

Opposition to the expenditure of public moneys for the Boulder
Dam project, for the aid of commercial aviation, and for the
development of agriculture, home economics and industry, was
voiced in resolutions passed by the Council.

Acting upon the recommendations of its Public Affairs Com-
mittee, the Council voted its disapproval of the Swing-Johnson
Bill, which provides for the construction of works, for the pro-
tection and development of the Lower Colorado River Basin,
and for the approval of the Colorado River Compact.

The engineers objected to that provision of the Bill which
establishes the ‘‘Colorado River Dam Fund” to receive advances
from the Government not exceeding $125,000,000 on the ground
that it involves Federal ownership and the sale of power.

The Council opposed the Bill introduced in the House by
Representative McLeod, providing governmental aid in com-
merecializing aviation in the United States, its territories, and
possessions, hecause ‘‘it is contrary to the recommendations
contained in the report on Civil Aviation prepared by American
Engineering Council and the Department of Commerce.”’

The Bill of Senator McKellar to establish the Muscle Shoals
Commission was also condemned by the engineers. Among those
who spoke in opposition to this measure was Dr. Harrison E.
Howe, editor of ‘‘Industrial and Engineering Chemistry,” and a
member of the National Research Council.

Discussion of the Bill of Representative Tillman brought out
the unanimous opinion that the engineering profession should
support a sound Federal program to assist agriculture, but that
this Bill, which makes annual advances by the Government to
develop agriculture, home economics and industry, does not
coincide with the engineering point of view.

At the end of eleven years, the yearly appropriations for these
purposes, according to the provisions of the Tillman Bill, would
aggregate $6,000,000. Further investigation of the whole
problem was urged by the engineers.

The Council voted to support the Bill of Senator Ransdell
which would place the proposed National Hydraulic Laboratory
in the Bureau of Standards. Other bills now pending in Con-
gress would assign the Labhoratory to the Engincers Corps and
to the Mississippi River Commission.

The Council favored in principle that section of the House Bill
which provides for the establishment in the Department of Labor
of a Bureau of Labor Statistics, but refused to endorse the pro-
vision for the creation of a Safety Museum.

Tt was also voted to oppose the passage of the House Bill which
prevents the use of stop watches or time measure devices, and

to support the [House Bill establishing requirements affecting
Government contracts.

The engineers discussed the House measure which would
creale a commisgsion to ascertain the feasibility of constructing
the Nicaraguan Canal, and finally referred the question to the
American Society of Civil Engineers with a request for recom-
mendations thereon.

The Council adopted the report of its Committee on Street
Signs, Signals and Markings, which has just completed a nation-
wide survey of trafflic conditions in more than one hundred cities
with a population exceeding 35,000,000.

The Committee, it was declared, has successfully accomplished
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‘the most comprehensive study yet made of traffic control
devices.”” Headed by W. B. Powell of Buffalo, N. Y., it enlisted
the cooperation of more than 500 engineers, who reported vast
discrepancies in the signs, signals and markings used throughout
the country with little regard for standardization.

The Committee, according to the Council’s anpnouncement,
has set up a recommended standard set of signs and established
specific recommendations for the maintenance, color, material,
location and method of illuminating these signs.

As to signals, the report, it was said, points the way to simple
standards for universal use. Other recommendations of the
report ‘‘are aimed to aid cities in getting that type of traffic
control best suited to their needs.” A system of pavement and
curb markings leading to simplicity and uniformity is also
recommended.

Orriccrs ELECTED

The officers elected for the coming year were—President;
Arthur W. Berresford, of New York, a past-president of the
American Institute of Electrical Engineers; Vice-Presidents:
1. E. Moultrop, of Boston; Gardner S. Williams, of Ann Arbor,
Michigan; O. H. Koch, of Dallas, Texas; and L. P. Alford, of
New York; Treasurer: Harrison E. Howe, re-elected; Executive-
Secretary: L. W. Wallace, re-elected.

The representatives of the A. I. E. E. present were—A. Ww.
Berresford, New York; John H. Finney, Washington, D. C;
M. M. Fowler, Chicago; H. M. Hobart, Schenectady; F. L.
Hutchinson, New York; H. A. Kidder, New York; L. E. Moultrop,
Boston; Farley Osgood, New York; Charles F. Scott, New
Haven; C. E. Skinner, Pittsburgh; and Calvert Townley,
New York.

The delegation selected to represent the A. I. . E. upon the
Administrative Board of the Council (in addition to President
Berresford and Vice-President Moultrop), is composed of John
H. Finney, M. M. Fowler, H. A. Kidder, Farley Osgood, Charles
F. Scott, and C. E. Skinner.

Kansas City Engineers Club Extends
Welcome

The Engineers Club of Kansas City extends a cordial invitation
to all Institute members who may bein Kansas City at any time
to visit the Club. A meeting with some form of program or
entertainment is held in the Roof Garden of the Aladdin Hotel
every Monday noon. The Kansas City Section of the Institute
and other local organizations are affiliated with the Fngineers’
Club.

Welding Meeting Held in Boston

A joint meeting on welding was held December 14, 1927
under the auspices of the Affiliated Technical Societies of Boston
(Mass. ), of which the Boston Section of the Institute is a member.
Three sessions were held—morning, afternoon and evening,—at
which the following 12 papers weore presented:

General Principles of the Various Welding Processes, by F. M.
Farmer, Chief Engr., Electrical Testing Laboratories;

Exzamples of Arc-Welded Steel Construction, by G. D. Fish,
Consulting Engr., Westinghouse Electric & Mfg. Co.;

Welding Trusses for Industrial Buildings, by Andrew Vogel,
Genoeral Kleetric Co.;

Pipe Line Welding from the Ozy-Acelylene Viewpoinl, by
LeRoy ldwards, Air Reduction Sales Co.;

Pipe Welding and Other Recent Developments in Welding, by
D. 1. Doyoe, General Electric Co.;

Thermil Pipe Welding, by R. L. Browne, Metal & Thermit
Corp.; .

Replacing Castings by Steel Elements Cul to Shape by Automalic
Shape-Culting Machines, by Dr. A. Krobs, General Welding and
Equipment Co.;
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The Metallurgy of Weldiny-qu-e, by ' A. Mc¢Cune, Americay
Chain Co.;

Unit Stresses and Reliability as A policd to Structural w, clding
by F. 7. Llewellyn, Representative o AL S, C. K. on Joint
Structural Welding Connnil‘tee;

Applications of Projection and Multiple Welds, hy W p. Ober,
Thomson Eleoctric Welding ( 0.;

Rcclm”wi-ng a Cast-Iron Waterwhecl Casing, by C. W Baheock
Westinghouse Eleetrie & Mig. Co.;

Alomic—llydrogen Welding Process, by P. Alexander, General

Eleetrie Co.

The annual Engineers Banquet was held in conjunction witl

the Nieeting.

ST T .mnmlnmnnlmmi

PERSONAL MENTION

LTI LTIy , O,

R. B. Ranson has been appointed resident agent in charge
of the Hartford office of the General Electrie Co., suceeeding
Mr. Gregory.

B. L. Derack (Assoe.), has been appointed manager of the
Scheneotad) plant of the General Electrie Company as of
January 1, 1928,

E. A Waigner (Assoc.), has been appointed manager of the
Pittsfield, Mass., plant of the General Electric Company
effective January 1, 1928

C. N. GreGory (Assoe.), as manager of the New Haven, Conn.,
office succeeds Frederie Cutts (Mem.) in the sales organization
of the General Electrie Co.

THOMAS AHEARN, who is an outstanding figure in the aetivities
of Ottawa, Canada, has just had the new honor conferred upon
him of appointment to the Privy Couneil.

R. M. Eatox on January 1, 1928, changed his position from
Superintendent of the Okonite-Callender Cable Company to
Superintendent and resident manager of the Hazard Manutae-
turing Company Division of the Okonite Company.

Warter H. Surrn has resigned from his position as Railway
Equipment with the Westinghouse Electrie & Mfg. Company to
join the engineering staff of the Reading Company in conneetion
with the electrification of the Reading Terminal at Philadelphia,

Transmission and Distribution has retired from active serviece
and will reside at Jenkintown, Pa. Mr. Manwaring joined the
Institute in 1909.

H.F.T. Erex (Assoe.), assistant viee president of the General
Electrie Company, retired on January 1, 1928, after more than
40 years of service with that company. At the time of his
retirement he was also vice chairman of the General Electrie
Co’s manufacturing Committee.

W. J. Cavapa, formerly Electrical Field Secretary for the
National Fire Protection Association has just received appoint-
ment as a staff officer of the National Electrical Manufacturer’s
Association and al] engineering matters affecting the entire
membership will hereafter be correlated and directed by him.

Obituary

Ralph M. Obergfell, Associate Electrical Engineer of
Underwriters Laboratories and a member of the Institute since
1912, died January 10, 1928, of pneumonia. He wag born in
Chicago, February 8, 1888, and received his technieal education
at Lewis Institute from which he graduated in 1911.  Entering
the employ of the Sanitary District of Chicago he was soon
bromoted to the position of assistant power house operator;
n fact it was remarked that he was “always in line for further
advancement.” From childhood his record was one of sterling
charaecter.

Harry Edgar Hayes, member of the Institute since 1893 and

Juurnal A, 1 10 6.

of late with Charlos H. 7" noey & Company, Roston Musa., died
at his home Stonehain, Mass., Decarn ber 2, 1927 fromn the 1o sl
ol a thront infeetion

Mr. Hayves was horn at Madbury, N ., December 12, 1865.
When he was two years old the fumily vomeyed to Boston, and
Mr. Mayes was graduated from the Latin Sehoo) there. Yle later
atltonded Harvard Colleg grodunting with the class of "88 and
Massachusetrs Institute of Technology, with the class of '9n.
e returnod to M. [ for a vear as Assistant in Mechunijcal
Enginecring and later hecame Assistar Electrician of the
American Tolephone and Telegraph Compuany remaining jp
that capacity until 1907, I 1909 ho took the design and
erection of buildings and study of plant layout for the Laconiy,
Car Co., with whieh he wasg oceupiod until 191, The follmving
year he joined the force of the Ilectrical Testing Lahoratory
but in 1916 returned to the New England Section to take up the
underground work for the Salein LEleetrie Light C"mnpnny,
Salem, Mass. With the Tenney & ¢ ompany, Mry. Hayes
serviee was as inspector of underground construction for Light
and Power.

Allen H. Moore, General Engineer of the General Electrie
Company, Schenectady and for some time the chairman of its
Standardizing Committee, died Tuesday, January 10, at \lbany,
New York, after a hrief illness. Ife was born at Rutland
Vermont, and his general education was public and high school
followed by a 2-vears’ academic course at the University of
Vermont at Burlington and two yvears at Rose Polytechnic
Institute, where he took up electrica) engineering. This he
followed by student work in the factory of the Thomson-Houston
Electrie Company, Lynn, IVIassachusells, upon the installation
of lighting plants and later br-coming “trouble man.” He was
then sent to Washington and later to the Pittshurgh offices.
His worlk ineluded the installation of plants in Canada and
Mexico. Ie was also given charge of the Thomson-Houston
Company’s exhibit at the Frankfort Exposition, Germany, after
which he became chief engineer and manager of the factory of the
Union Elektricitaets Gesellschaft, & company originally formed
by the General Eleectrie Company and German interests. Mr.
Moore was put in responsihle charge of the designing and
manufacturing for the company, which huyjlt a-c. and d-e.
generators and motors of aj] kinds, as well as railway equipment
and heavy electrieal apparatus. The greater Portion of the more
Intricate and important part of this design work was done by
Mr. Moore, bersonally. 1In 1899 he Went to London as general
manager of works for the British Thomson-Houston ( ‘0., and in
this capacity huilt and equipped the company’s Rughy works.
In 1901, however, he returned to the Engineering Executive
Department of the General Electrie Company, as assistant to
Mr. E. W. Rice and chairman of the Standardizing Committees,
which brought him In intimate contact with all the design
engineering of the General Eleetrice Company. He as a man
of wide experience and of high worth.

Elmer Ellsworth Farmer Creighton, an electrical engineer
of the General Electrie Company, and for Vears the Company's
expert on lightning broteetion, died January 12 at Ellis Hospital,
Scheneetady, after a prolonged illness. He had heen identified
with the General Eleetric Company in this city since 1904 and
was for a long period a close technical associate of the late
Dr. Charles Proteus Steinmetz.

Mr. Creighton was born Apri] 11, 1873, at Vallejo, California.
He was graduated in 1895 from Leland Stanford Unjvers;j ty with
the B. 8. degree and received from the same Institution the

He was special testing
engineer for the Pacifie Postal Telegraph Company at San
Franciseo from 1894 to 1895, and had served in 1895-6 as instryc-
tor at Leland Stanford University, Ip the summer of 1897 he
served as assistant to Dr. David Starr Jordan on the fur seal
commission in the Pribilot Islands, Alaska. From 1898 to 1900
he was at the Sorbonne in Paris and was connected with the
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Ecole Superieure d’Electricite as assistant to M. Andre Blondel
in special research work.

After his return from Paris in 1900, Mr. Creighton again
taught for a brief period at Leland Stanford but in 1901 he camé
east and took a position as head of the experimental department
of the Stanley Electric Manufacturing Company at Pittsfield.
He was engaged thus until in 1904 the Stanley Company became
part of the General Electric Company whereupon Professor
Creighton came to Schenectady and was associated for the first
time with Dr. Steinmetz who was then head of the electrical
engineering department at Union College. From 1904 to 1906
he was assistant to Dr. Steinmetz in this department and it was
during this interval that an experimental lahoratory, conducted
by these two and others of the college faculty, but designed to
serve the needs of the General Electric Company, was established
in Washburn Hall, Union College. Much pioneer work in the
study of protective devices and methods for transmission systems
was done in this laboratory. The researches continued at Union
College until the fall of 1913, when the laboratory was moved to
the Schenectady plant of the General Electric Company where
it has since remained. It was at that timeplaced under the
consulting engineering department of which Dr. Steinmetz was
the head, and some years later it was consolidated with the
Standardizing Laboratory to form the present General Engineer-
ing Laboratory, in which department Professor Creighton was
serving at the time of his death.

During the nearly quarter century stretch from 1904 Professor
Creighton had performed a great deal of high tension and
lightning protection investigation. He had been an inventor of
many protective devices for electrical systems including an
aluminum lightning arrester, direct-current and alternating-
current arresters, a compression chamber arrester, a dry-film
arrester and concrete reactors, as well as other less important
devices.

Professor Creighton served on many technical committees
of the Institute, specifically the Meetings and Papers Committee
and committees relating to protection; also on the American
Engineering Standards Committee. He was a Fellow and
member of the Society for the Promotion of Engineering Edu-
cation, the American Association for the Advancement of
Science, the American Society of Mechanical Engineers, the
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American Physical Society, the American Electro-Chemical
Society, the American Ceramie Society, the Société Francaise
des Electricians, a Fellow of the Institute and Sigma Xi.

Professor Cerighton had written many technical papers and
was a frequent lecturer at colleges and before technical audiences.
He held a number of medals. '

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. Anyone knowing the
present address of any of these members is requested to communi-
cate with the Secretary at 33 West 39th St., New York, N. Y. /4

All members are urged to notify the Institute Headquarters
promptly of any changes in mailing or business address, thus
relieving the member of needless annoyance and also assuring the
prompt delivery of Institute mail, the aceuracy of our mailing
records, and the elimination of unnecessary expense for postage
and clerical work.

Wm. S. Barden, 514 Todd St., Wilkinsburg, Pa.
H.S.Bedi,¢/o Y. M. C. A., Elizabeth, N. J.

A. B. Blatherwick, P. O. Box 857, Bremerton, Wash.
David E. Carpenter, 136 Woodland St., Worcester, Mass.
John F. Dreyer, Jr., Stevens Inst. of Tech., Hoboken, N. J.
J. B. Entz, Beechmont Drive, New Rochelle, N. Y.

Jos. E. Gartenman, Box 19, Eastside P. O., Providence, R. I.
Geo. B. Germain, Westinghouse E. & M. Co., Chicago, Il
King E. Gould, 3 William St., Cambridge, Mass.

Joel Hakanson, 1935 Daly Ave., New York, N. Y.

Ralph E. Ingersoll, 1110 Wood St., Wilkinsburg, Pa.
George T. Lawson, 1644 43rd St., Brooklyn, N. Y.

Joseph M. Lyden, Finkbine Guild Lbr. Co., Rockport, Calif.
Samuel Parmley, P. O. Box 256, Gary, Ind.

. B. Schultz, 2024 Locust St., Long Beach, Calif.

James P. Scott, 503 W. Michigan Ave., Jackson, Mich.

S. D. Thordarson, 11514 East Ave. 36, Los Angeles, Calif.
Wim. M. Van Sant, 531 Elm St., Reading, Pa.

Leo J. Vonsovieh, 1730 Hearst Ave., Berkeley, Calif.

R. M. Wild, ¢/o Stone & Webster, Inc., Boston, Mass.
Ralph Wilder, 1144 W. 51st St., Los Angeles, Calif.

i
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A. L. E. E. Section Activities
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FUTURE SECTION MEETINGS
Cleveland
Power Plant Development, by C. F. Hirshfeld, Detroit Edison

Co. Electric League Room, Hotel Statler, 8:00 p. m. Feb-
ruary 16.

Joint meeting with Case School of Applied Science Branch.
March 22.

Columbus
Modern Trend in Large Generaling A pparatus, by F. D. Newbury,
Westinghouse Electric & Mfg. Co. Film, entitled “From Coal
to Electricity.” February 24.

Joint dinner meeting with Engineers’ Club of Columbus.
March 23.

Detroit-Ann Arbor
“Elec'tricity in Modern Office Buildings,” by George Wagschal,
Consulting Electrical BEngineer. IFebruary 21.
Erie

Commercial Avialion, by W. B, Stout, Stout Metal Airplane
Co. February 21.

Tendencies in Modern Transportation, by N, W. Storer, Westing-
house Lleetric & Mfg. Co. Mareh 20.

Lynn

Hydroelectric Development and Interconnection in the Southern
States, by W. E. Mitchell, Vice-President, Georgia Power Co.
42 Centre Street, West Lynn., February 13.

Local econvention, with papers by members of the Thomson
Research Lahoratory, G. E. Co. 42 Contre Sireet. Ieb-
ruary 29.

The Grand Canyon, Southeastern Utah, the Zion and Bryce
Canyons, by Randall Jones. Ladies’ Night. First M. E.
Church, City IHHall Square. March 7.

Niagara Frontier
Latest Developments of Welding, by C. L. Ipsen, General
Electric Co. February 10.
Automatic Conlrol of Substations by Means of Supervisory

Control and Other Methods, by R. J. Wensley, Westinghouse
Electric & Mfg. Co. March 2.

Pittsburgh
The Engincer in Industry, by W. S. Rugg, Viee-President,
Westinghouse Electric & Mfg. Co. February 14.

Vacuum-Tube Applications, by T. A. E. Belt, Genecral Eleotrie
Co. March 13.
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Pittsficld
Floods and Flooq Control, by Dr. Frank Boln,
February 7.
Heaviside's Operational Coleulus,
University. Stanley Clyh Rooms,
Conditions i,
Mareh 6.

Masonie Temple.

by Dr. [ J. Berg, Union
February 21.
China, by Dr, Tehyi Jlsieh. Masonic Ternple.

St. Louis
Superpower Transmission, by Robert Treat, (ieneral Electric
Co. February 15.
Television, by Dr. H. E. Ives, Bell Telephone Laboratories.
Mareh 21.
Sharon
New Developments i Supervisory Control, by R. J. Wensley,
Westinghouse Electric & Mfg. Co. Moving pietures and
demonstration, February 7.

Elements of Vector Analysis for the Mechanical and Elec-
trical Engineer, by Prof. Vv, Karapetoff, Cornel University.
Lecture at 4:00 P. m.—Piano Reeital at 8:00 p. m. February 25,

Meeting in' Y. M. C. A Auditorium, Youngstown, 0. Ad-
dresses and lantern slides. Inspection of 132-kv. substation.

Transportation in P. & O. busses. Mareh 6.
Vancouver
Students’ Night at University of Britisl, Columbia. Feh-

ruary 7.
Impressions of a Recent Visit to Europe, by F. J. Bartholomew
of Ba,rtholomew, Montgomery & Co., Ltd. March 6.

SECTION MEETINGS

Atlanta

Annual Dinner. The following officers were elected: Chairman,
T. H. Landgraf; Vice-Chairman, W. F. Oliver; Secretary-
Treasurer, S. C. Bleckley. Attendance 25.

Business Meeting. Daniel H. Woodward was elected Secretary-
Treasurer to succeed S. C. Bleckley. A luncheon preceded

the meeting. November 25. Attendance 18.

Boston
All-day Meeting on Welding. (See details elsewhere in this
issue). December 14.
Television, by J. W. Horton, Bell Telephone Laboratories.
Accompanied by moving pictures. Janunary 11. At~
tendance 460.

Cleveland
Television, by J. W. Horton, Bell Telephone Laboratories.
IMustrated by slides and moving pictures, December 15.
Attendance 131,
Columbus
Manufacture of Carbon Brushes from Raw Materials, by W. C.
Kalb, National Carbon Co.;
Sound Control of Substations, by
Section, and
Radio Development, by Prof. A. F. Puchstein, Ohio State Uni-
versity. Motion picture, entitled ‘‘Behind the Pyramids,”
was shown. December 2. Attendance 25.

Denver

The Problems of a Broadcasting Manager, by F. H. Talbot,

Manager, KOA. December 15. Attendance 112.
’ Erie

The Romantic Development and Economics of Niagara Power, by
W. K. Bradbury, Niagara Falls Power Co. Illustrated
with slides. December 20. Attendance 40.

Fort Wayne

Television, by H. M. Stoller, Bell Telephone Laboratories.
Illustrated with slides and motion pietures. December 15.
Attendance 185.

A. E. Williams, Columbus

Kansas City
Power-System Stability, by A. D. Dobjikob, Westinghouse Elec-
tric & Mfg. Co. ~December 5. Attendance 52.
Los Angeles

Vacuum Tubes in the Electrical Industry, by L. F. Fuller, General
Electric Co. Illustrated with slides. dinner preceded
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the meeting, at which . Harold Norinder Royal Board of
Wator Ifnlly, Stocklioln, Swadon, spoko on “Lighl,ning and
Iligh-‘VolLugu Surges on Transmission Lines.” Juninry 6,
Attendance 2.

Louisville
An Bnginecring Laradox, by Denn I°, §. Anderson, University of
Kentucky. Joint meeting with A. 8. M. 12 Novembey 22.
Attendance 3.
Hecent Develapments in the Bell Laborato s, by 1. S. ()'Rou,rk,
Information Manager. [lNustrated. Joint meoting  with
S MK and lingineors and Architeets Clyl,. Decombor
20.  Attendance 115,

Lynn
Trends in Central Station Development, by (.
York Iidison Co. Tllustrated with slides.
Attendance 120,
Age of Specd, by R. P. ( apron, Norton Grinding Co. [)Jys-
trated with motion picture. January 11, Attendanco 175,

A. Orrok, New
December 14.

Mexico
The Hydraulic Side of the Tepurtepec HTydro-Rlectric Development,
by G. Gibellini, Mexican Light & Power Co.  Decemhy r 6.
Attendance 51.
Milwaukee
Engineering Principles Applicd to Finances, by R. M. Laas,
Morris F. Fox & Co. December 21. Attendance 75.
Minnesota
Engineers qnd Municipal Government, by A. C. Godward,
City Planning Engineer, Minneapolis. January 3. Atten-
dance 20.
New York

Interconnection of Power Systems. (See details elsewhere in
thisissue.) January 13. Attendance 750.

Philadelphia
Transmission of Pictures, by W. E. Harkness, A. T. & T. Co.
Hlustrated with slides. A dinner preceded the meeting.
Decembher 12. Attendance 210.

Pittsburgh
Engineers Versus Salesmen—1Whe's Ahead? by G. M. Gadshy,
President, West Penn Power (. Joint meeting with
Engineers Society of Waestern Pennsylvania, Motion
pictures. December 13. Attendance 25().

Pittsfield

Hot Cathode Power Rectifiers, by A. W.
Co. Illustrated with  slides. December
dance 75.

Hull, General Electrie
20. Atten-

Portland
Flood Conditions in the Mississippi Valley,.by Lieut. Col. G. R,

Lukesh. TMustrated with slides.  Joint meeting of Port-
land Engineering Societies. December 13.  Atten-
dance 150.

Rochester
Additions and Betterments to the Rochester Gas and Electric Cor-
poration’s System, by E. K. Huntington, L. R, Scott, and
: Woodruft. IMustrated by slides. December 16.
Attendance 87.

St. Louis
Railway Electrification, by J. V. B. Duer, Pennsylvania Railroad
gystemé Mustrated with slides. December 29. Atten-
ance 43.

San Francisco
Choice of Power Supply for Central Station Industry, by A. H.
Tarkwart. August 25. Attendance 125.

Talk by Baneroft Gherardji, National President, A. I. E. E.
September 1. Attendance 50.

Recent Discoveries and Developments in the Art of Power Trans-
mission, by R. D. Evans, Westinghouse Eleetric & Mftg. Co.
A dinner “preceded the meeting. Setpember 23. Atten.
dance 65.

Celebration of ‘‘First Centenary of Alessandro Volta, Joint
Mmeeting with Ttaly-America, Society of San Franeisco.
November 4. Attendance 45.

Inspection trip to Oakland Lamp Factory of the General Electric
Company. . December 9. Attendance 105,
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Schenectady
Theory of Light Production in Gases, by Dr. 8. Dushman, General
Eleetric Co. and Hot-Cathode Neon Arcs, by C. G. Found,
General Electric Co. Slides and demonstration. Decem-
ber 16. Attendance 100.
Seattle
Design dnd Construction of the Chelan Plant, Dam and Tunnel,
by V. H. Greisser, Washington Water Power Co. Illus-
trated. A dinner preceded the meeting. December 20.
Attendance 119.
Sharon

New and Interesting Electrical Developments, by A. M. Dudley,
Westinghouse Elec. & Mfg. Co. Talk by Larry Flint,

newspaper Iman. banquet preceded the meeting.
December 6. Attendance 196.
Spokane

The Spokane A-C. Underground System, by Earl Baughn, Wash-
ington Water Power Co. December 20. Attendance 32.

Springfield
Film, entitled ‘“‘From Coal to Electricity,” was presented by

INSTITUTE AND RELATED ACTIVITIES

161

A. A. Northrup, Consulting Engineer, Stone & Webster Co.
The speaker also described by means of slides and motion
pictures the hydro-electric development at Conowingo,
Maryland. Joint meeting with Engineering Society of
Western Massachusetts. December 13. Attendance 134.

Toledo
Theory and Praclise in Transformer Operation for Modern Inter-
connecled Transmission Nelwork, by W. A. Furst, Westing-
house Electric & Mfg. Co. December 16. Attendance 50.

Washington
Research and Invention, by S. M. Kintner, Westinghouse Electric
& Mig. Co. December 13. Attendance 105.
Safely in Power-Plant Construction, by C. R. Beardsley, Brooklyn
FEdison Co. Illustrated with slides. January 10. Atten-
dance 165.

Worcester
The New Aircraft Carrier, by Commander Theodore G. Ellyscn,
U. S. S. Lexington. Joint meeting with other engineering
societies. December 19. Attendance 175.

A. L E. E. Student Activities

AN

Large A. 1. E. E. Student Conference at
Pittsburgh

On January 10, 1928, one of the largest Student Branch
conferences ever held in Pittsburgh brought together students
from West Virginia University, Carnegie Institute of Technology
and the University of Pittsburgh, to honor Mr. Bancroft
Gherardi, President of the American Institute of Electrical
Engineers. This student conference was beyond doubt a most
successful and inspiring meeting. The afternoon was filled
with events of interest to the students, including inspection trips
through the laboratories of the Carnegie Institute of Tech-
nology and the University of Pittsburgh, and luncheon at
Carnegie Library Cafeteria. This was followed by an afternoon
program in the Fellows Room of the Mellon Institute of the
University of Pittsburgh. The program was filled with good
talks and discussion by the students. The following papers
were presented:

The Value of Good English to an Engineer, W. E. Vellines,
West Virginia University.

An Incident in Electrical Engineering, R. R. Lockwood,
Carnegie Institute of Technology.

Hydroelectric Possibilities of South America, R. Vecino, Uni-
versity of Pittsburgh.

The Engineer as o Citizen, S. C. Hill, West Virginia University.

Antenno Radiating Systems for Short Waves, R. 8. Tener,
Carnegie Institute of Technology.

An Ezxperience in Oblaining and Marketing a Patent, C. Cavery,
University of Pittsburgh.

How Shall We Stimulate the Interest and Enthusiasm of the
Students in the Student Branch? C. L. Parks, West Virginia
Unversity. Discussion was led by R. A. Ramson, Carnegise
Institute of 'Technology, and K. A. Wing, University of
Pittsburgh.

How Can the Journal be Made of Greatest Value (o the Student?,
John I%. White, Carnegie Institute of Technology.

What Part Should the Faculty Take in Branch Activities?,
RR. . Synder, University of Pittshurgh.

At this time the chairman introduced Mr. If. J. Chesterman,
Vice President and General Manager of the 1ell Telephone
Company of Pennsylvania. After a brief address Mr.
Chesterman presented Mr. Charlesworth, Chairman of the
Meetings and Papers Committee, who gave a short address on
the value of such a conference to the future electrical engineer.
Mr. Bancroft Gherardi, President of American Institute of

Electrical Engineers, and Vice-President of the American
Telephone and Telegraph Company, was then introduced by
Mr. Chesterman, and spoke on the various phases of individual
development necessary for success. The students considered it
quite an honor to have President Gherardi as their guest and
to listen to his address.

The conference was attended by 80 students. Of that num-
ber, 40 students attended the dinner and meeting of the Pitts-
burgh Section of the A. L. E. E. and the Electrical Section of the
Engineers Society of Western Pennsylvania held that evening
in the Chamber of Commerce Building in honor of President
Gherardi. In connection with the evening meeting, Mr. G. B.
Pyles, Chairman of the Student Branch, West Virginia Uni-
versity, gave a report of the Student Conference held that
afternoon.

The other parts of the evening program were:

Tllustrated address on Trans-Altantic Radio, by President
Gherardi.

Symposium on A-C. Network Systems:

FEngineering Aspects, by C. T. Sinclair, Assistant Elec-
trical Engineer, Byllasby Engineering and Management
Corporation, Pittsburgh Branch.

Operating Performance, by H. R. Searing, Assistant
Electrival Engineer, United Electric Light and Power
Company, New York City.

BRANCH MEETINGS

University of Arkansas

Audio Amplification, by Prof. Loy Barton.
tendance 36.

December 14. At~

Armour Institute of Technology
Joint meeting with A. S. M. E. November 18. Attendance 30.

Standardization under Hoover, by W. A. Durgin. December 16.
Attendance 30.

California Institute of Technology

Commercial Eleclric Motors, by H. C. Hill, General Electric Co.
Motion pictures, entitled *‘The Conductor,”’ and ‘‘The Busy

Body,” were shown. December 9. Attendance 18.

Carnegie Institute of Technology
Televox, by Robert Lockwood, student. December 7. Atten-
dance 35.
Case School of Applied Science
Experiences with the Ohio Public Service Company, by S. 5. Abell
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and W, Tg, oohn, students. '["ie meebing was preseded hy
a dinner. Decomber . Attendanee 28. ' ’
Clemson At.!rlru’ll‘urul College
Ventilation of the I olland Tunnel, by R.N. Anderson
Lightwing Prevention, by J. I, Callnham;
The Giant of Broadeasting, by B. H. Cuttino, and
Current Boents, by W. H. ( ‘0ttino. December 1.
Panel Material for .S'wilchboards, by F. F. Tice;
Electrical Reproduction of Phonograph Records, by J. H. Clark;
Televoz, by G. P. Cobb, and
Current Bvents, by A, P. Wylie. Deecember 15. Attendance 21.

Univorslty of Colorado
Long Distance Telephone ’I'ransmission, by K. Hattriek, Trans-
mission and Protection FKngineer for Colorado, Mountain
States Telephone Co. The paper was prepared hy R. B.
Bonney Edueational Director of that company. January 4.
Attendance 45.

Attendance 26

University of Denver
Some Recent Work on Lightuing Discharge, by J. N. Petrie.
Motion pictures, entitled “The Moulder,” and “Liquid
Air,” were shown. December 16. Attendance 43.

University of Florida
Radio Broadcasting, by A. M. Skellet, Instruetor in Electrical
Engineering. ~October 31. Attendanece 25.
Motion picture, entitled “The Making of Armeo Ingot Iron,”
wasshown. November 14, Attendance 35.
The Mercury Vapor Process ol Power Generation, by A. C. Dean,
Secretary of the Brancl. November 28. Attendance 20.

Georgia School of Technology
First Aid, by Jack Milan, First Aid Instructor for the Georgia
Power Co. The speaker demonstrated the Schaefer method
of artificial respiration. January 6.  Attendance 53.

Kansas State Agricul tural College

The Electronic Rectifier, by W. L. Garnett, student, and

Electrical Current Events, by F. B. Volkel, student. Two filins
were shown-—one of the K. S. A. C. and the other entitled
““Land of Cotton." December 5. Attendance 86,

Hlumination, by Prof. O. D. Hunt;

Electrical Current Events, by W. D. Nyhart, student, and

Technical Talk, by Paul Ayres. Motion picture, entitled
“Light of the Race,” was shown. December 19. Atten-
dance 96.

University of Kansas
What Electricity Has Done for Mankind, by C. M. Ripley,
General Electric Co. Illustrated with motion pictures.
Joint meeting with Student Chapter, A.S. M. E December
13.  Attendance 325,

Lafayette College
Motion pictures, entitled 60,000 Kw. Turbine-Generator Set,’
91,500 Kw. Cross-Compound Turbine-Generator Set,”’
100 Kw. Vacuum Tube,” and “ “oolidge Cathode Ray
Tube.” January 7. Attendance 20.

Lehigh University

Electrical Indicating Instruments, by A. P, Corby, Jr., Weston
Electrical Instrument Corp. December 9. Attendance S5.

Lewis Institute
Business Meeting. Discussion of Regional Meeting at Chicago
and future Branch programs. A. R. Sansqne was elected
Chairman to succeed L. F. Masonick who resigned. January
10. Attendance 26.

University of Maine
A Summer with Westinghouse Electric & IV[anufacturing Com-
pany, by P. H. Trickey and G. R. Chappell, students.
January 4. Attendance 19.

Massachusetts Institute of Technology
Motion pictures, entitled respectively ‘‘Revelations by X-Rays,”
and ‘‘Power Transformers, Their evelopment and Manu-
facture,” were shown. December 7. Attendance 40.

Some Valuable Advice to the Students Regarding Their Future,
ing Department of the Edison Electric Iluminating Com-
pany of Boston. Motion picture, entitled “‘More Power to
You,” was shown. A free supper preceded the talk.
December 16. Attendance 250.

Journal A1 W1

University of Michigan

I maginatioe Bngincering, by Win. Dreese, Lincoly Motors Co
Decomber 9. Attondunco 20

University of Minnesotn

Rescrves 11 Central Station /ndunllg/ Jor Maintaining Fleetrical
Service, hy 1. I Walling, Cominonwoualth Kdison Co.

Attendanco 115,

Business Muoting.  John Krichbaum appomted Branel: Safety
Representative. Decided to seud (', |, lKHliott, 4 junior, Lo
Rogional Moeeting in Chicago with oxpenses paid hy the
RBranch. Novembhur 25 Attendance 8.

Mississippi A. & M. College

Life and Work of the Youny Graduate in the Testing Laboratories
of a« Large Vanufacturing Corporation, by Prof. Commander
L. H. Calloway, Chairinan of the Program Committee
announced plans for programs for the Bpring semester.
December 6. Attendance 28.

University of Nebraska

Dr. E. B. Roherts, Supervisor of Servies to Euginoering Schools,
Westinghouse Electrie & Mtg. Co., gave u talk on the ehoice
of positions best adapted to the characteristics of individuals,
Talks were also given by Mr. MeLaren and Mr. Morgan
of the same company on production and sales methods re-
spectively.  Dean 0. J. Ferguson gave a, short talk to stim-
ulate interest in Student enrolment. Prof. . W. i
Couselor, announced that the District Conference on Stu-
dent Activities will be held in Lincoln this year, probhably
early in March. Novemler 23, Attendance 89.

University of Nevada
Transformers, by W. C. Smith, Sales Engineer, General Electrie

Co., San Franeisco. NMustrated. December 7. Atten-
dance 41,

Novombaor 15,

Newark Collegde of Engineering

Schaefer Prone Pressure  Method of Resuscitation, by Mr.
Alexander, Publie Service Electrie & Gas Co. Motion
Picture, entitled ““Modern Miracle,” wag shown. December
18. Attendance 32.

University of New Hampshire
Television, by E. L. St. Clair, and
High-Speed Circuit Breakers, by C. E. Turschman. November

16.  Attendance 38.

Constant Current Transformers, by G. P. Baleh; D. Williams;

Temperature Control by the [’yrometer—[’otcnliometer Method, by
L. Whitten; F. E. Beede, and

Baum Principle of Transmission, by R. B. Wilson; L. E. Boodey.
November 23. Ay tendanece 37,

The Development of the Radio Circuit, by P, Zottu; F. Drew; and

Refrigeration, by H. B. Rose; R. W. Folsom. November 30.
Attendance 39.

Film, entitled ‘Nature's Frozen Credits,” wag shown.
9. Attendance 39.

College of the City of New York
Inspeqtion trip through the radio receiver factory of the Freed-
Eisemann Corporation. December 15. Attendance 9.
Conowingo Hydroelectric Development, by A. A. Northrop, Stone
& Webster Co. Illustrated with slides and three reels of
motion pictures, entitled ‘“Conowingo.”’ Joint meeting with
A.S.C.E.and A. S M. E. December 22 Attendance 72.

University of Notre Dame
Condensers in Radio Cireuits, by G. P. Kennedy, and
Development and Manufacture of Lubricating Oils, by C. G.
Kustner, Standard Oil Co. of Indiana. Illustrated with
three reels of motion pictures. Refreshments served after
the meeting. December 12. Attendance 10].

January

Ohio University
Problems of the Plan; Manager, by Mr. Badger, Plant Manager
of the Floodwood Station, South-Eastern Ohio Power Co.
December 7. Attendance 25.

Ohio State University

Motion picture on the manufacture of jnsulators was shown.
December 2. Attendance 30.

Television, by R. A. Dellar, Bel] Telephone Laboratories, Ine.
Prof. F. C. Caldwell, Counselor, gave a brief history of the
activities of the Branch throughout the twenty-five years

December 15. Attendance 55.




Feb. 1928

Pennsylvania State College
Industrial Considerations, by F. C. Cramer, student;
Electrical Developments, by V. C. Kauffman, and
Mechanical Developments, by Prof. C. L. Allen, Dept. of Mech.

Engg. Prof. Allen also gave a report on the recent Power
Show held in New York City. December 14. Atten-
dance 48.

University of Pennsylvania

Business Meeting. October 7. Attendance 53.

Construction and Care of Electrical Instruments, by L. C. Corley,
Woeston Electrical Instrument Corp. Iliustrated with
glides. December 8. Attendance 19.

University of Pittsburgh

Proposed Government Control and Investigation of Public Ulililies,
by M. R. Scharff, Chief Engr., Byllesby Engineering and
Management Corp. December 1. Attendance 33.

Copper Ozide Rectifiers, by P. R. Fisher, student, and

Ventilation of Holland Tunnels, by P. E. Lagatolla, student.
December 9. Attendance 45.

Architecture of India, by M. R. Malhotra, student. Slides.
December 16. Attendance 32.

Princeton University

Television, by W. Wilson, Secretary, and

Mercury Boilers and Turbines, by W. Eakins, student. The
following new developments were deseribed by Prof. C. H.
Willis: new type commutator; mercury arc rectifier; and the
vitaphone. December 8. Attendance 6.

Rensselaer Polytechnic Institute

Rice-Kellogy Exponential Loud Speakers, by Dr. E. W. Kellogg,
Research Lahoratories, General Electric Co., and

Selenium Cell Application to Television, by Dr. E. W. Kellogg.
December 18. Attendance 255.

Rose Polytechnic Institute

Transformers, by Roy Reece, student. Illustrated.
11. Attendance 41.

Rutgers University

Motion picture on the manufacture of insulation was shown.

December 12. Attendance 22.
University of South Dakota

Electrificution of Railrouds, by Mr. Hayward. December 7.
Attendance 7.

January
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University of Southern California
The Repair-Ship ‘‘Medusa,” United States Navy, by Prof. Eyre.
November 2. Attendance 40.
Power Salesmanship, by Mr. Cockfield, Bureau of Power & Light
of the City of Los Angeles. November 9. Attendance 34.
Business Meeting. The chairman appointed a committee to
work on attendance and membership. December 14.
Attendance 25.
Swarthmore College
The Engineer and Manufacturing Costs, by J. E. Hires, Hires,
Castner and Harris, Ine. December 15. Attendance 22.
Texas A. & M. Collegde

Some Simplified Methods for Solving for Transients in A-C.
Circuits, by Prof. N. F. Rode. January 6. Attendance 85.

University of Texas
A motion picture of the Bell Telephone Laboratories and the
Western Electrie Company, showing the history and de-
velopment of the telephone and telephone equipment, was
shown. December 7. Attendance 12.

Virginia Polytechnic Institute

Organization and Functions of Qur Local Branch, by .|Prof.
Claudius Lee, Counselor. The following officers were
elected: Chairman, M. B. Coghbill; Secretary-Treasurer,
A. G. Collins. October 26. Attendance 31.

State College of Washington

The American Radio Relay League, by D. H. Sloan, student.
December 1. Attendance 33.

Washington University

Storage Batleries in the Bell Telephone System, by, At Pogorelski,
student. December 15. Attendance 35.

University of Washington
The Development of Low Starting Current Induction Motors, by
Carl Bernhard, student. Illustrated. Discussion of plans
for the Open House. December 9. Attendance 24.
Generalors and Substations, by J. C. MeDougall, Sales Engineer,
Westinghouse Klectric & Mfg. Co., Seattle. January 6
Attendance 31.

University of Wisconsin

Acoustics, by R. Norris, Burgess Laboratories. Accompanied
by demonstration. December 14. Attendance 81.

AT T ULLTIVE n‘;

Engineering Societies Library

o

Lt

L T{ze Libru,ry 18 0 coo.pemlive qclivily of t/!e American Institule of Electrical Engineers, the American Sociely of
Civil Engineers, the American Institule of Mining and Metallurgical Engineers and the American Society of Mechan-

1cal FKngineers.
library of engineering and the allied sciences.
most of the important periodicals in ils field.
ninth St., New York.

I1is administered for these Founder Societies by the United Engineering Society, as a public reference
1t contains 150,000 volumes and pamphlels and receiwes currenlly
I114s housed in the Engineering Societies Building, 29 West Thirty-

o In order to place the resources of the Labrary at the disposal of those unable lo visit il in person, the Library is
prepared o furnish lists of references lo engineering subjects, copies or translations of arlicles, and similar assistance.

Charges sufficient to cover the cost of this work are made.

The Library maintains a collection of modern techwical books which may be rented by members residing in Norlh

Aimerica.

A rentol of five cents a day, plus transportation, is charged.

The Director of the Lilrary will gladly give information concerning charges for the various kinds of service lo

those interested.,
understand clearly what 18 desired.

In asking for information, lelters should be maode as definile as possible, so that the invesligalor may

The library s open from 9 a. m. to 10 p. m. on all week days excepl holidays throughout the year excepl during

July and August when the hours are 9 a. m. lo 5 p. m.

BOOK NOTICES DECEMBER 1-31 1927

Unless otherwiso specified, books in this list have heen pre-
sented by the publishors.  The Society does not assume respon-
sibility for any statement made; these are taken from the preface
or the text of the book.

™ All books listed may be consulted in the Enginecring Societies

Library.

ANNUAL Bunvey or American Cuemisray, v. 2; July 1926
July 1927.

Iodited by Clarence J. West.  Publshed for National Research

Counril by Chemieal Catalog Company, N. Y., 1927.
8 by Hin., cloth.  $3.00.

This volume gives a briel but connected anccount of the work
done by Ameriean chemists during the year, with references to
the original publications. The 49 ¢hapters into wlhich the hook
is dividod are ench the work of a specialist in some fiold. The
boolc will bo most useful as n survey of the most rocent, discoveries
nnd applications of chomistry, and as an indieator of lines nppro-
priante for further research.

Although intended primarily for the chemist, many sections,
such as those on aluminum, sopper, iron and steel, nickel, water

115 pp.,
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and sowage, clay products, coal and coke, and glass are oqually
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odge of the phenomonn connosted with the

Journal A, 1. 1. I

propagation of

interesting to engineers and nmanutacturers, electric surrents in tolophone and telegruph conductors, whieh

EssENT1ALS OF TxaNsronmey Pracrise.

By Emerson G. Reed. 2nd edition. N. Y., D. Van Nostrand
Co., 1927. 401 pp., illus., diagrs., 9 by 6 in., cloth. $5.00.

In proparing this book, mucl of which originally appeared in
t.he.E/ecgrz.c Journal the author has maintained a practical
engineering boint of view. Tlheory is discussed, so far as it bears
diroctly on design and operation, the problems and mothods of
design are set forth, and questions of operation are treatod. 'Tho
new edition has bheen corrected and a large amount of new
matter added.

INDUSTRIAL ARY ANp THE MUusEuwm,

By Charles R. Richards. N. Yy .
102pp.,illus., 9 by 6in., cloth. $1.50.
~In this volume Professor Richards supplements his study ot
mdusprml museums by one upon nuseums of industrial art.
The first half of the book gives an account of the beginnings of
such museums, with accounts of the development and present
status of the prineipal ones in Germany, France and England.
A chapter is then given to the place occupied by industrial art
m the museun: system of thig country. Short deseriptions of
museums in the other European countries are then given,
followed by a chapter upon several important special museums.

. Proragarion or ErLectric Curkents 1n TELEPHHONE AND
TELEGRAPH Conbucrons,

By J. A. Fleming. 4th edition. N. Y., D. Van Nostrand Co.
1927, 422 pp., illus., diagrs., tables, 9 by 6 in.. cloth. $8.00.

Thl:s treatise originated in courses of post-graduate lectures to
practical telegraph and telephone engineers, given at the Uni-
versity of London. It aims to present an aceount of our knowl-

Masonry.

1927.

and design of
Macmillan ( ‘0., 1927,

earth prossure.

crete roads.
now has bheen

the history
after which

by a series

By Georgoe iilinore Swain
525 pp., diagrs., tables, 9 by 6 in., cloth.

In this volume, the third of
theory of statically dotermined framed structures, and the theory
masonary structures.

Both analytical and graphical methods for
structures are given, together with a comproliensive prosenta-
tion of the subject of
Inasonry structures the fundamental principles are given and the
methods of applying them shown, together

resumed upon a large scale, 260,000 sq.
been built in 1926 alone.
of concrete road building
A concise Survey of construction in North
the general principles for
maintenance of modern concrete roads are
of German examples.
German road-building in 1925 and 1926 isinecluded.

will onable the engineor 1o follow the writings of investigatory
and to solve practical problems as they arise.
been revised, and a new chaptor added which
advances in this field,
STRUCTURAL LNaiNkERING;

This edition has
troats of rocent

Stresses, (Uraphical Statios and

N. Y., McCGraw-Hil Book Co,,
$5.00.

the worl, Dr. Swain treats of the

treating framed
graphical statics. In the treatment of

with the theory of

Den BrToNsTiASSENBAU.
By W. Petry. Ber. u. Lpz., Walter de Gruyter & Co., 1927.
112 pp,illus., 6 by 4in., eloth.
Up to 1914 Germany had built about 300,000 sq. mi. of con-

1,60 r. m.

years, but
m. having
The present book first reviews briefly
in Germany prior to 1920.
Ameriea is then given,
the construction and
given and illustrated
A tabulation of data on

ceased for ten

r B+~ ST TR

Engineering Societies Employment Service

irrw-v--—r et

Under joint management of the national societies
tng with the Western Society of Engineers.
erative bureau by contributions Jrom the societies and their individual

Offices:—31 West 39¢h St.,
63 West Jackson Blvd.,
. Francisco, Calif.,
MEN AVAILABLE —R
requests received after an interval of one month,
period of three months and are renewable upon requesi.
EMPLOYMENT SER VICE, 31 West 39th Street, New York City,
of the month.

placement,
three per cent of total salary received.
by the four societies named above will it is hoped, be suflicient not

rief announcements will be published without charge but will
Names and records will remain in the active files

of Civil, Mining, Mechanical and Electrical Engineers cooperat-
The service is available only to their membership, and 1s maintained as a coop-
members who are directly benefited.

REPLIES TO ANNOUNCE’ME’NTS‘—Replies to announcements published herein or in the Bulletin, should

be addressed to the key number indicated in each case, with a two cent stamp attach

to the Employment Service as above.
Jilled will not be forwarded.

POSITIONS OPEN

'_ELECTRICAL ENGINEER OR PHYSI-
CIST, firm in mathematics and a-c. theory.
Must be practical and able to apply his knowledge
in design department. Work along acoustical
lines, Young man preferred. Salary 8250 to
3500 a month. Apply by letter. Location,
near New York. X-4035-C.

MEN AVAILABLE

ELECTRICAL EXGINEER, 30, married,
E. E. 1925, Eight years’ experience. Four
years in supervisory capacity in transmission and
distribution engineering; one year in production
and five years in technical capacity; graduate
of recognized technical college. Experience:
development, planning, estimating, reports and
investigations, substation design, technical and

ELECTRICALMECHANICAL ENGINEER,
35, single. Honors degree electrical engineering,
15 years' experience design, estimating and ap-
plication of switching equipment including truck
types. Capable, industrious, pleasing personality,
wide general knowledge of engineering, able to
direct others and accept superior responsibility.
Would consider opening in firm manufacturing
allied products where opportunity exists for
advancement. Location, anywhere. C-3723-1325.

ASSISTANT TO EXECUTIVE, 28, married.
Graduate of M. T, T., electrical engineer; two
years shop and sales office large electrical manu-
facturer; two years assistant job engineer, firm
of consulting engineers; two Years purchasing
agent same firm: capable of handling responsible
work independently. New York City or New
England preferred but not restricted. C-3912.

industrial research. Location preferred, Ohio ELECTRICAL ENGINEER, 36, single. 12
or New York. B-7315. years' experience, including central station

design, equipment manufacture and test. Expert
on  control systems. New York preferred,
C-3905.

GRADUATE ELECTRICAL ENGINEER,
24, single. One year out of college. Desires
work along theoretical lines in communication or
distribution, with large company. Considerabie
theoretical ability. Some experience in manu-
facture of telephone apparatus. Location pre-
ferred, New York City. C-29¢67.

RECENT GRADUATE, 24, married. Has
had experience in substation operation and main-
tenance. One season as concrete inspector, two
seasons as railway instrumentman. In latter
as chief of party, Also has had experience in
sales and publicity work. Location, immaterial.
C-3962-712-C4.

DIVISION OR LOCcAL MANAGER, 48,
married. Sales Engineer specializing rural de-
velopment past four years, very large company,
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desires position, division or local manager where
rural development is contemplated. Five years’
experience, local manager properties; 22 years,
total electric utility experience, construction,
operation, maintenance, merchandising. Mini-
mum salary $3300. Location preferred, East,
Middlewest, Southwest. C-3966.

RADIO ENGINEER, 28, single. Five years’
experience in three of New York’s leading broad-
casting stations as executive. Thoroughly edu-
cated. Have operator's license. Will go any-
where. C-1108.

SALES ENGINEER, 33, single, graduate
mechanical, radio and business college, speaking
several languages, extensively traveled Europe
and Orient-Manchuria, India, Egypt, desires
traveling or commercial or technical work where
his experiences are valuable. Location preferred,
Far East or anywhere. C-3917.

DISTRIBUTION ENGINEER, 39, married,
prominent Eastern public utility, creditable
record twenty-two years' responsibla experience,
now free to form new connection as engineer-
executive, as personal assistant to outstanding
executive or similar capacity; energetic, American.
Location preferred, Central Atlantic or Midwest
Ytates; not outside of U. 8. A. C-3963.

DISTRIBUTION AND TRANSMISSION
ENGINEER. Seven years' experience with two
farge public utility companies, desires to make a
new connection with a public utility, preferably
in mid-western states. Broad experience in both
overhead and underground distribution and
transmission, including small substation design,
estimating, scheduling, budgeting etc. B-9354.

ELECTRICAL ENGINEER, 30, married.
Graduate E. E. General Electric Test 1}: years;
electrician and foreman on industrial maintenance
and construction 2 ¥ years; 35 years generating
and substation construction, with come experience
on station operation, distribution, rates and
services. Location preferred, United States,
Canada. B-7637.

YALES ENGINEER, of highest caliber.
Twelve years' experience in selling and servicing
of technical apparatus to Central Station and
industrial syndicates in Pennsylvania, Ohio,
W.Va., and Western New York. Graduate Elcc-
trical Engineer with "thorough practical train-
ing and wide commercial expericnce, including
advertising. C-2764.

CHIEF ELECTRICIAN OR ASSISTANT,
28, vcingle. Engineering ecducation; 10 ycars’
electrical experience, including construction,
central station opcration and elevator manu-

facture. Thoroughly informed theoretically and
practically. Elementary Spanish  and  fluent
Frepcli. South America or other foreign location

preferred.  C-3985.

SALES ENGINKEER, 31, married. Technical
gradnate B. K. K. with an additional yecar in
commereo college, principal subjects in marketing
Group. Experfence: one  year eslimator for
cleetrical contractor and two years sales analyst
for automobile company. Location preferred,
Middle West.  B-0865.

KLECTRICAL ENGINKIR, 36, married.
Graduate 14 years G. K. Test; 8 years substation
maintenance  and  construction, farniliar with
antomatle substations; 34 years supcrintendent
substation and 11, 'I'. underground construction
and malntenance.  Locatlon preferred, West or
Middle West

(-3986.
KLECTRICAL, ENGINEER, 40. Twonly
years' oxperlence In public utilty and  Indus-

trinl engineering.  Desfres  respongible  posltion
with utliity or large industrial company having
charge of Lhe economleal seolection, layout and

installation of electrieal  oquipment,  Middle
West preferred. 130485,
TICHTMAN, 26, singlo.  Yechnlienl graduate

(Bweden), 16xperlence; In s ehemical luboralory
six months, on underground cable covstruet fon I,w.o
years, on standardlzation and developmoent of
instrumont and rmolers, two yours ond
testing less than one year.  Locatlon
-390

meLor
mmatoerial,
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GRADUATE ELECTRICAL ENGINEER,
29, single, seven years' experience; A-1 designer
and writer of specifications for electrical and
mechanical equipment, installation in office
buildings, schools, theaters and hospitals. Com-
petant layout man for heating systems, expe-
rienced in supervision of electrical and mechanical

installations. Desires permanent position, New
York City. C-2268.
JUNIOR SALES ENGINEER, 22, single.

Cornell graduate, E. E. "27, clean-cut, aggressive
type. Interested in motors or fans and blowers.
Willing to enter training course. Has had selling
experience. Location, preferably New York
territory. C-3990.

POWER PLANT ECONOMY ENGINEER,
A.S.M.E.and A. 1. E. E, 26, single. Two years
of general shop work, such as foundry, machine
shop. forging and heat treatment, etc. Two years
of general power plant experience, such as
assembly and testing of steam and oil engines,
turbines, their operation and maintenance, sub-
station operation, etc. Location, California or
anywhere. C-3978.

ELECTRICAL ENGINEER, 26, single, Swiss,
graduate Eidg. Technische Hochschule, Zuerich.
114 year student course, special study in steel

construction, handling of material. Location,
Latin America. C-3987.
RECENT GRADUATE, 23, single. 8ix

months of railway signal work, consisting of
remodeling interlocking plants, some pole line
construction and installation of automatic cross-
ings. Two years selling technical books in a
college book store. Location immaterial. C-3981.

ELECTRICAL ENGINEER, 26, five yeras
mill construction and maintenance; two years as
master electrician; one year central station
maintenance; three years G. E. Test. Qualified:
Junior Power Engineer, Acceptance Tester,
Automatic Machine Switching Specialist. Loca-
tion, near Providence, R. I. C-3998.

ASSISTANT ELECTRICAL ENGINEER.
24, single. Graduate of recognized technical
college. Three years’ expericnce in engineering
department of a large public utility operating ‘in
the vicinity of New York City. Experience in
general, broad but specializing in system pro-
tection and relays. Location, New York City
or vicinity. B-8793.

DISTRIBUTION ENGINEER, graduate, 25,
married. Two years' experience in estimaling,
design, construction, maintenance distribution
systems.  Also valuation and investigation clec-
trical systems. C-4001.

EXECUTIVE ENGINEER, 44, married,
Protestant, sceks responsible position where 24
years’ experience in the industry would appeal
Many years with Westinghouse and Crocker-
Wheolor. Departmontal manager for (lve years,
ton years' oxperienco design of a-c. and d-c.
machinery; latterly considerable sales experience.
Unusually broad outlook on problems of the
industry. C-30.

ELECTRICAL AND MECIANICAL EN-
GINEWKR, graduate, 31, married. 9 yoars

expericnee including shop, experimental develop-
ment, fleld sorvice, eclectrical and mechanical
destgn, application, reports, sales-onginooring,
coordination Jdeas, efforts of others. Particularly
automatle substations, heavy traction. IEngl-
neoring  oxeculive or enginooring  assistant  to
eoxccutive requiring analytlcal thought, good
judgment.  Oonscientions, hard worker capable
assuming responslbillty.  O-3013.

POWER PLANT ENGINERR, carning around
212,000 annually past fow yoears, will Invest
210,000 (o $25.000 with services I conservative
opportunity justifies.  13-4363,

AHSTSTANT  EXWOULIVE, 30, married.
Dogrees B, . and B3, 8. Vuslness tralning.
Wight years' ddvorsiflod olectrical and mechanleal
experfenco.  Supocvision four years. New oqulp
menl deslgn and dovelopinont Transmls-
ston and  disteibution.  Bomae sples expoerienco.
Destros connection with manunfueturing, consulting
or comrmerelnl organizatlon roequlring cxecutive
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ability. New York preferred, other locations
considered. B-7315.

GRADUATE ELECTRICAL ENGINEER,
married. Wishes to obtain position in educational
work in electrical engineering. Practical ex-
perience includes electrical testing and measure-
ments, power distribution and distribution
system maintenance, patent practise in United
States and foreign countries in acoustics, radio
and allied branches of electrical engincering, some
teaching experience. B-9639.

OPERATING ENGINEER. Operation, main-
tenance, construction hydroelectric plants, sub-
stations, transmission lines, pumping plants,
machine, electric and meter shops, thirteen years.
Navy olectrician, four years; steam, electric
engineer, two Yyears. International Correspon-
dence School. Navy Electrical School. Univer-
sity of Wisconsin, extension department. mathe-
matics. Alexander Hamilton, modern business.
Prefer western location. Salary according to
responsibilities. C-3888.

ELECTRICAL ENGINEER. 24, single, 1927
graduate, B. 8. degree in E. E., desires permanent
position with public utility or manufacturing
company dealing in electrical material. Has had
five years' practical experience. Location, Chi-
cago. C-3667-738.

JUNIOR ENGINEER, 23. single. Opportunity
for advancement desired by electrical-mechanical
graduate. Has had varied experience; surveying,
highline, substation, switchhoard construction.
Earned college expenses working in power plant;
installing, maintaining equipment and wiring
buildings. Location, anywhere in United States.
C-4008-1624.

ELECTRICAL ENGINEER, graduate in
E. E., 15 years’ experience. G. E. Test, anthra-
cite coal fields, large New York State power
company, testing maintenance, inspection, elec-
trical drafting and construction of power-houses,
substations and transmission lines. Some steel
mill experience. C-4012.

GRADUATE ELECTRICAL ENGINEER,
26, single. Two years' cenbral station engineering
experience with Westinghouse. also Westinghouse
graduate student course. Desires permanent
position with either a public utility or industrial
concern. Location, immaterial. C-3901-81-C-1.

EXECUTIVE ENGINEER, married. Tech-
nical trained electrical engineer with 18 years’
experience steam generating stations, construction,
operation, maintenance, distribution; desires
position as superintendent, 30.000- to 50,000- kw.
station: or similar responsible post. Speaks
$panish; knows native labor. Location, any-
where, but preferably foreign. C-1372.

ELECTRICAL ENGINEER. 34, single, de-

gree E. 1. Dosires position with engincoring
concern or public utility requiring executive
ability. Ten years’ experience covering ongi-

neering, design and valuation of power plants, sub-

stations, transmission and distribution lines.
Location, IGast. 13-389.
GRADUATE ELECTRICAL ENGINEER

witl seven years’ oxperience as superintendont of
hydroclectric. rotary converter and mill electrical
equipment, installations, operation and maintoe-
nanco. Oapable organizor, experienced in handling
men. Dosiros position with large manufaeturing
coneern or public utiity as electrical supevinten-
dent, engincoring manager, or in engincoring
departmont with opportunity for advancomont
along oxccutive lines,  C-1013,

KLEOTRIOAL ENGINEKR, 20 years' ex-
perienco. CGiraduate, 40. Specialist olectrical
applications. Expericnced construction, instal-
Iation. Just completing installation 12,000 hp.
In motors, 12,000 kw. in turbo-generators and
modernlzing 5000 hp. in old molorized equipment
largo paper mill,  Inereased production 33 to 50
por cont..  Deslgnod, developed succesalul deives,
oquipmont  for  papor mills.  Also  steel  mill
oxporlonco.  B-105,

METICIR SPROTALLIST, graduate 1. X, 20,
marrlod.  Ten  yenrs'  expecienco  in general

motor, rolay and Lost onglneering wigh public
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utilluios, Five yoays executive, Also con-
sidorable exporlouco In distribution, power and
Industriw engineering. Location, immaterial.
O-1017.

EXMOTRICAL ENGINKER, American born,
Ohristlan, 42, Broad experienco in design,
developuient and practical manufacture of eloctri-
cal apparatus and lnstruuwnls. IKlzhteon years'
oxperiance in electrical and mechanical onglneering
and nmnul'ucluring work ’l‘horougly faunfliar
modern factory organization an( administration.
Executive, control of manuatacturing lahor and
tochnical men. B-2721.

TECHUNICAL GRADUATE, Bliss Electrical
School 1922, 25, Experiencod in meter testing
both single and pDolyphase. Also experience in
steel mill olectrical construction and maintenance,
Location immaterial. B-7464.

DRAF’I‘SMAN, 26, married. Gradunate engi-
neor, three years' dratung experience on municipal,
hydroelectric and copper smeltor projects and
three years’ plant experience as supervisor, desires
Position as draftsman with progressive concern,
with chance for advancement. Location, Middle
West. C-4015.

CONSTRUCTION FOREMAN, 34, married.
Fifteen years’ central station experience, including
underground high tension cable installations.
Technical high school graduate, two years night
engineering, A man who really understands his
work and can supervise high class installations.
B-8839.

GRADUATE ELECTRICAL ENGINEER,
28, single, 43{ years' varied experience with two
large public utility companies. Familiar with
overhead distribution as to layout, maintenance;
operation and construction. Some experience
with gas distribution. Familiar with rates.
Have done some research and statistical work,
Prefer position as executive's assistant. Location
preferred, United States. Good references, C-1027.

ELECTRICAL ENGINEER, 24, married,

graduate, transformer design, construction ex-
Derience; one year purchasing department

large public utility ; now in charge electrical design
of automatic welding machines, desires position

INSTITUTE AND RELATED ACTIVITIKS

where Initative, application analytles! abllit:
will insure  possibilities for development and
advancomen Locatlon, cust or mlddlewoest
0-4018,

ELECTRIOAL ENGINEER, A, | ©. . and
A, SN, 39, singlo. 18 years' oxpoerionce
olttce and ftleld, deslgn and construction stoarmn
and hydroelectric gonorat ing statdons, substations
trangmission Itnes distribution systoms, tndustrial
Dowuor applications ang malntenancoe in plants and
buildings.  Also tosting oxperfonce. C 3H87

SALESENGIN LER, 30, married. FKive years'
sales experience, backed by five yoar factory and
fleld service with  Woestinghouse. Technical
graduate. Desires sales position where enginvering
experionce will be helptul, Location, vicitity of
New York City. C-3990.

ELECTRICAL ENGINEER,
single, wishes employment with a public utility
or engineering company in Canada. Droad and
thorough experience in the design, construction,
and operation of substations, and transmission
and distribution systems. Kxcellent organizing
and administrative experience and ability., At
present employed as division engineer with large
American utility. C-661.

VALUATION ENGINERR, 29, wich executive
ability to assume responsibility. Electrical En-
gineering graduate; 3 vears in charge of ap-
praisal work on numerous large industrial con-
installation,

30, graduate,

cerns; experionce in equipment
building construction cost analysis, engineering
reports and estimating. Location preferred,
Pacific Coast States. C-1030.

GRADUATE ELECTRICAL ENGINEER
desires position with an industrial firm or public
utility. Two vear Westinghouse test course,
Two years’ distribution experience. Three years
as assistant to electrical engineer of an industrial
company. Five years’ experience on design and
construction of substation and power plants.
B-8379.

MAINTENANCE ENGINEER, technical
graduate in electrical engineering. Experience
covers installation and repairing of apparatus and

Jonrnal A Y, 15, 1

operating in  sub-statlons and powsr statlons
Moro roeent exporicnes in Ox o mills, ux anslatang
to mechanien! Kuporintendoent covorlng layouts
for now work and changes Inchuding blower
systems, Ughting, POwWOr, heatlng and ventllating
and generul il malntenanes. 13 3704

SALKS KNGINKIR, 37 married.  "Technjeal
Braduate, twolve yoars' oxperlenco ln the dovalop-
moent, production and sule of rallway squlpment
including power saving, lubricatlon and drart

upplances.  Has hagd extenslve  oxperionce in
prefindnary RUrveys, tosts and Installations,
Location, Immatorial B-0873

ENGINKER, A, 8. M. K and A 1L K. ., 32,
marrled ongineering graduate. Planning,
scheduling, estimating, budgetary, rate study
Some opurating and design experienco; seven year
utility and rour years industria) available

assistant or department head. Now with largoe

utility.  13-967¢.
ELECTRICAL CONSTRUCTION OR
OPERATING ENGINEER, 39, married. Wide

experience in electrical construction an« operation
Sixteon years ag di vision engineer goneral super-
intendent of railways, poweor plants and sub-
stations. Four an one-half years foreign con-
struction service. Adaptable and diplomatic.
Spanish spoken. Location preferred, States or
Latin America. (-886.

ENGINEER tochnical graduatoe, 34, single,
ten years' experience; testing, writing specifica-
tions, designing, development and executive work.

Would like ‘development  work in vicinity of
New York City, where new ideas would he of
value. B-(970.

ASSISTANT TO OPERATING SUPER-
INTENDENT, electric utility or traction com-
bany, 28, married, electrical graduate Worcester
Polytechnic Institute, 15 months Westinghouse
course railway and power work in shops, office
and field; 24 yecars on new clectrification,
Cleveland, Ohio. 15 months appraisal engineer
on distribution, transmission and railway, Ten-
nessee. Permanent position with future. Avail-
ableimmediately. C-3997.
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ASSOCIATES ELECTED JANUARY 23, 1928

ANDERSON, ELMER F., Testman, General
Electric Co.. Schenectady; for mail, Scotia,
Y

ARNOLD, ERNEST EVERETT, Substation
Operator, Bureau of Power & Light, 1125
Bureau of Power & Light Annex Bldg.,
Los Angeles, Calif,

ATKINSON, JAMES WILLIAM, Deputy Elec-
trical Engineer, Head Office, British Engine-

Boiler & Electrical Insurance Co., Ltd.,
Fennel St., Manchester, Eng.
BAKER, HAROLD HENRY, Testing Engineer,

Electrical Machinery Dept., Royal Indemnity
Co., 150 William St., New York, N. Y.

BALDWIN, GURTH, Electrical Contractor,
1105 State St., Erie, Pa.

*BALET, JOHN, Student Engineer,
Phillips & Co., Ocean Ave., Rockyville
for mail, Pelham, N. Y.

BATE, HARRY REGINALD C., Electrical
Engineer, Mazapil Copper Co., Ltd.,
Aranzazu, C. del Oro, Zacatecas, Mex.

BATTEN, WENDELL BLAKE, Laboratory
Foreman, Westinghouse Elec. & Mfg. Co.,
East Pittsburgh; for mail, Wilkinsburg, Pa,.

*BAUER, PAUL §., Student, Harvard Univer-
sity, Cruft Laboratory, Cambridge, Mass.

BEALES, JOHN T.. Jr., Specialty Construction
Work, Beales Radio Elec. Co., San Anselmo;
for mail, Berkeley, Qalif.

*BELL, DELAMAR TURNER, Teaching

E. L.
Centre;

Fellow,

Electrical Engineering Dept., University of
Cincinnati, Cincinnati, Ohio.

BENSON, ARTHUR W Testing Dept.,
Westinghouse Elec. & Mfg. Co. Springfield,
Mass.

BERNARD, WALTER, Engg. Dapt., Habirshaw
Cable & Wire Corp., Yonkers, N. Y.

BILLINGS, PAGE A., Electrical Engineer.
General Electric Co., 920 VWestern Ave
West Lynn: for mail, East Lynn, Mags.

BINNIE, WILLIAM COLE, Chief Electrician,
Consolidated Mining & Smelting Co.,
Sullivan Concentrator, Chapman Camp.
B.C., Can.

BOGGS, JOHN 1., Valuation Engg. Dept.,
Mountain States Tel. & Tel. Co., 800 14th
St., Denver, Colo.

BOLLOW, ALBERT JOHN. Jr., Student
Engineer, General Electric Co., 1 River Road,
Schenectady, N. Y.

*BONANNO, JOSEPH LOUIS, Engineer, Radio
Corp. of America, 70 Van Cortlandt Park,
South, New York; for mail, Forest Hills,
N.Y.

BROWN, GEORGE HENDERSON, Tester,
New York Edison Co., 92 Vandam St.,
New York, N. Y.

*BRUNNER, CARL A., Student, Elec. Test
Course, Consolidated Gas & Electric Co.,
Madison St. Bldg., Baltimore, Md.

*BRYANT. WALTER L.. Jr., Studant Engineer,
General Electric Co., 1 River Road, Schenec-
tady, N. Y.

U

Electrical
Wire Co.,

BUEKEHNER, ROBERT OTJEN,
Engineer, American Steel &
Waukegan, I1].

*BURRALL, HERBERT STERLING
rical Elecirician, Brooklyn Little
122 St. Felix St., Brooklyn, N. v.

*CARLSON, C. PAUL, Telephone Equipment
Development, Bell Telephone Laboratories,

Theat-
Theatre

Inc., 463 West 8t., New York, N. Y.; for
mail, Englewood, N. J.
CARNEGIE, ANDREW Supt. of Power,

Pennsyl\'a.nia,-Ohio Power & Light Co.,
Youngstown. Ohio.

CARRION. RICARDO ENRIQUE, Traveling
Eleetrician, National Railways of Mexico,
Estacion de Colonia-Depto.. Elect. y Teleg.,
Mexico City. Mex.

CHAMPLAIN, CHARLES H., Works Manager,
Westinghouse Elec. & Mfg. Co.. Sharon, Pa.

CHILES, JOHN HUNTER, Jn., Engineer, Dis-
tribution Transformer Engg. Dept., Westing-
house Elec. & Mfg. Co., Sharon, Pa.

CLAPP, NEWAIAN BRYANT, Ja., Asst. Fore-
man, Westinghouse Elec. & Mfg. Co., East
Springfield Works, Kast Springfield: res.,
Holyoke, Mass.

CLARK, ALBERT M., General Electric Co.,
39 E. Genesee St Buffalo, N. Y.

COHN. BYRON EMANUEL, Instructor, Dept.
of Physics, University of Denver, University
Park, Denver, Colo.

CONLON. RAYMOND F., Draftsman, Roch-
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ester Gas & Electric Corp., 86 Andrews St.,
Rochester, N. Y.

OONNOR, JOHN FRANCIS, Motor Testing,
Westinghouse Elec. & Mfg. Co., East Spring-
fleld, Mass.

CONRAD, RALPH WILLIAM, Tester, Westing-
house Elec. & Mfg. Co., East Springfield;
for mail, Springfield, Mass.

COOK, WALLACE L., President, Reliable
Electric Co., 3145 Carroll Ave., Chicago, Ill.

COOLEY, CHARLES R., Chief Electrician,
Vulcanite Portland Cement Co., Easton, Pa.

DENARDO, JAMES D., Tester, Installation
Dept., Western Electric Co., Inc., 1060
Broad St., Newark, N. J.

DERESIENSKI, ALBERT 8., Tester, Westing-
house Elec. & Mfg. Co., East Springfleld;
for mail, Willimansett, Mass.

DOMENZAIN, SALVADOR F., Electrical En-
gineer, Distribution Dept., Mexican Light
& Power Co., Ganta No. 20, Mexico, D. F.,
Mex.

DONKIN, BYRAN, Student Engineer, General
Electric Co.: for mail, International General
Electric Co., Schenectady, N. Y.

DUFAULT, JOHN ALEXANDER, Appraisal
Engineer, Tennessee Utilities Commission,
727 Power Bldg., Chattanooga, Tenn.

DURGIN, RALPH, Asst. Engineer, General
Electric Co., 42 Centre St., West Lynn; for
mail, Lynn, Mass.

EAMES, HAROLD F., Small Motor Tester,
Westinghouse Elec. & Mfg. Co., Page Blvd.,
Springfield, Mass.

EATON, TEMPLE OSMAN, Testing Dept.,
General Electric Co., 1 River Road, Schenec-
tady, N. Y.

EIDEM, EARL LORCK, Designer, Public
Service Co. of Northern Illinois, 72 W. Adams
St., Chicago, 111.

*ELLIOTT, DOUGLAS A., Student, Columbia
University, New York, N. Y.; for malil,
Orange, N.J.

*EVIJEN, HAAKON MUUS, Research Assistant,
California Institute of Technology, Pasadena,
Calif.

*FAIRBURN, ABRAHAM J. B., Instructor in
Electrical Engineering, Cooper Union, Hewitt
Bldg., New York,N.Y.

FINNEN, W. J., Mechanical Engineer, Engg.
Dept., Westinghouse Elec. & DMfg. Co.,
Sharon, Pa.

*FISHMAN, SOLOMON, Instructor in Electric-
ity, Newark College of Engincering, 367
High St., Newark, N. .J.

FORTIER, RALPH LAWRENCE, Test Equip-
ment Designer, Westinghouse Elec. & Mfg.
Co., East Springfield; for mail, Springfield,
Mass.

*FULLER, MELVILLE WHITAKER, Junior
Engineer, Victor Talking Machine Co.,
Camden, N. J.; for mail, Mt. Airy, Phila-
delphia, Pa.

GARTHUS, IRA BENJAMIN, Office Engineer,
Northern States Power Co., 15 S8o. 5th St.,
Minncapolis, Minn.

GOOLD, MOWARD PARKER, Small Motors
Tester, Westinghouse Elec. & Mfg. Co.,
Page Blvd. Springfleld, Mass.

GRIBBLE, ARTHUR JAMES, Testing Dept.,
General Electric Co.; for mail, International
General Electric Co., Schenectady, N. Y.

GRUMBLY, WILLIAM T., Tester, New York
Edison Co., 92 Vandam St., New York;
for mail, Brooklyn, N. Y.

HAAS, CLARENCE HARVEY, Instructor of
Electricity, Los Angeles City Schools, 451
N. Hill St., Los Angeles, Calif.

*HAENDLER, ANTON THEODORE, Test
Man, Edison Electric Illuminating Co. of
Boston, 1165 Massachusetts Ave., Roxbury;
for mail, West Roxbhury, Mass,

HAGEN, ALBERT M., Asst. Electrical Engineer,
Standard Undorground Cable Co., Perth
Ambhoy, N.J.

INSTITUTE AND RELATED ACTIVITIES

HAGENGUTH, JULIUS H., Student Engineer,
Transformer Engg. Dept., General Electric
Co., Pittsfield, Mass.

HALSTEAD, G. W., Jr., Student Engineer,
General Electric Co., Schenectady, N Y.

*HAMPE, GEORGE WILLIAM, Testing Dept.,
Commonwealth Edison Co., 28 Wacker Drive,
Chicago, Ill.

HART, EUGENE A., Sales Engineer, Pacific
States Electric Co., 385 E. 2nd 8t., Los
Angeles, Calif.

*HARTMAN, FRANK CHARLES, Test Work,
General Electric Co., 103 Nott Terrace,
Schenectady, N. Y.

HEATHCOTE, HERBERT PRAY, Motor
Tester, Westinghouse Elec. & Mfg. Co.,
Page Blvd., Springfleld, Mass.

HERRICK, WILLIAM JAMES, Motor Tester,
Westinghouse Elec. & Mfg. Co., Springfleld,
Mass.

*HESSE, ALEXANDER NEDELKOVICH,
Engineering Assistant, New York Edison Co.,
327 Rider Ave., Bronx,; for mail, Jamaica,
N.Y.

HOCHMILLER, CARL, Electrical Designer,
Stone & Webster, Inc., 49 Federal 8St.,
Boston: res., Cambridge, Mass.

- HOWE, K. L., Electrical Engineer, Westing-

house Elec. & Mfg. Co., 800 Lloyd Bldg.,
Seattle, Wash.

JOHNSON, HARRY RICHARD, Works &
Road Engineer, Member of Firm, Schneider
Electrical Works, 1108 Farnam St., Omaha,
Nebr.

«JOHNSON, J. KELLY, Instructor in Electrical
Engineering, Columbia University, New
York, N.Y.

KENNEDY, L. P., Salesman, General Electric
Co., 1314 Oliver Bldg., Pittsburgh, Pa.
KENNY, BRIAN M., Asst. to Supt., Scarboro
Hydro-Electric System, Council Chambers,

Birch Qliff; for mail, Toronto, Ont., Can.

KING, BRUCE L., Member of Firm, King Bros.,
718 So. Clinton St., Syracuse, N. Y.

*KLEIST, MYRON RAYMOND, Student,
Armour Institute of Technology, Chicago, Ill.

KRATZER, JOHN J., Chief Electrician, Lehigh
Portland Cement Co., TFogelsville Plant,
Allentown: for mail, Wescoesville, Pa.

KRIEG, HAROLD C., Small Motor Curve
Tester, Westinghouse Elec. & Mfg. Co.,
East Springfield; res., Springfield, Mass.

LANGDON, HOWARD JOHN, Electrical Engi-

neer & Contractor, 640 Fort St., Victoria,
B. C., Can.

LANGGUTH, PAUL O. Design Engineer,
Westinghouse Elec. & Mfg. Co., East Pitts-
burgh; for mail, Wilkinsburg, Pa.

LANGORD, ALFONSO M., Design Engineer,
Duquesne Light Co., 435 6th Ave., Pitts-
burgh, Pa.

*LEERBURGER, FRANKLIN J., Apprentice
Engineer, Duquesne Light Co., 435 6th Ave.,
Pittsburgh, Pa.

LICHT, HENRY M., Service Manager, Williams
Hardware Co., Streator, Ill.

LINDSAY, RICHARD W., Engineer of Methods
& Materials, Mountain States Tel. & Tel.
Co., 402 Administration Bldg.. Denver, Colo.

*LISSMAN, MARCEL ALFRED, Electrical
Engineer, Western Precipitation Co., 1016
W. 9th St., Los Angeles, Calif.

LITTLE, CHARLES 8., General Electric Co.,
39 E. Genesee St., Bulffalo, N. Y.

LONGOBARDI, BATHOLOMEW GEORGE,
Tester, New York Edison Co., 243 A. Reid
Ave., Brooklyn, N. Y.

*LOWRY, LEWIS R., Member of Technical
Staff, Bell Telephone Laboratories, Cliffwood,
N.J.

*LUTGEN, CONRAD JULIUS, Asst. Engineer,
Outside Plant Bureau, Brooklyn Edison Co.,
380 Pearl St., Brooklyn, N. Y.

*LYONS, JOHN McKUNE, Student Enginoer,
Goeneral IElectric Co., River Works, 920
Western Ave., West Lynn; for mail, Lynn,
Mass.
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*MacCARTHY, DONNELL D., Instructor,
School of Electrical Engineering, Cornell
University, Franklin Hall, Ithaca, N. e

MAHBAL, BASANT SINGH, Asst. Foreman,
Elec. Dept., Heavy Repair ‘Workshops,
Mechanical Transport, Chaklala, Rawalpindi,
India.

MERRY, ROBERT EDWARD, Student Engi-
neer, Testing Dept., General Electric Co.,
Schenectady, N. Y.; for mail, Toronto, Ont.,
Can. .

MESSIER, WILFRID JOSEPH, Experimental
Motor Tester, Westinghouse Elec. & Mfg.
Co., Page Blvd., East Springfleld; res.,
Holyoke, Mass.

*METCALF, CHARLES NELSON, General
Tester, Testing Dept., New York Edison
Co., 92 Vandam St., New York; for mail,
Hartsdale, N. Y.

MEUREN, WALTER HENRY, Rola Co,, 498
Moss Ave., Oakland, Calif.

MONKHOUSE, WALTER ISAAC, Ass’t. Elec-
trical Engineer, Dept. of Public Works,
Brisbane, Queensland, Australia.

*MOORE, SAMUEL EARLE, Engineer, Rural
Service Dept., Chester Valley Electric Co.,
258 E. Main St., Coatesville, Pa.

*MURPHY, MARION E. Junior Engineer,
Bell Telephone Laboratories, Inc., Chicago,,
1.

NEWHOUSE, HOMER EARL, Electrical Engi-
neer, Westinghouse Elec. & Mfg. Co., Page
Blvd., East Springfield; res., Springfleld,
Mass.

*NEWTON, EDWARD TAYLOR, Technical
Dept., American Brass Co., 414 Meadow St.,
Waterbury, Conn.

NICKERSON, OGDEN, Construction Dept.,
General Electric Co., 230 S. Clark St.,
Chicago, Ill.; for mail, New Carlisle, Ind.

NOYES, JAMES A., Asst. Operator, Turner
TFalls Power Co., Turner Falls; res., Spring-
fleld, Mass.

*NULL, FAY EDISON, Electrical Engineer,
Western Union Telegraph Co., 195 Broadway,
New York, N. Y.; for mail, Leonia, N. J.

*O'DWYER, JOHN M., Student Engineer,
Southern Sierras Power Co., Riverside, Calif.

OWEN, ROBERT HANCOCK, Engineer in
charge KOA, General Electric Co., 1370
Krameria St., Denver, Colo.

*PARSONS, RICHARD B., Elec. Engg. Dept.,
Narragansett Electric Lighting Co., Provi-
dence, R. I.

PETTYJOHN, JOHN GOODE, Testing Dept.,
General Electric Co., 1 River Road, Schenec-
tady, N. Y.

POWELL, ROBERT WENDELL, Testing Dept.,
General Electric Co., 1 River Road, Schenec-

tady, N.Y.

REI, PAUL FRANCIS, 3675 Broadway, New
York, N.Y.

RONEY, CLYDE ELLIS, Sales Engineer,
Westinghouse Elec. & Mfg. Co., 2303

Kennedy St., N. E., Minneapolis, Minn.

RUSH. PHILIP ELIAS, Instructor in Electrical
Engineering, University of Pittsburgh, 207
Thaw Hall, Pittsburgh; for mail, Wilkins-
burg, Pa.

RUSSOMANDO, ALFONSO M., General Elec-
tric Co., 308 Summer Ave., Newark, N. J.

*SABBAGH, ELIAS MORSHED, Graduate
Assistant, Michigan State College, East
Lansing, Mich.

SAHGAL, SUKHBASHI RAM, Assistant Elec-
trical Engineer, Public Works Dept., Secre-
tariat, Fort, Bombay, India.

SALVATORI, HENRY, Ohief of Geophysical
Exploration Party (Seismograph), Geo-
physical Research Corp., 65 Broadway,
Now York, N. Y.; for mail, Tulsa, Okla.

SOHAEFER, EDWARD J., Electrical Engineor,
General Electric Co., Fort Wayne, Ind.

SEDGWICK, ATWOOD, FOSTER, Engineor,
Central Hudson Gas & Electrie Corp.. 611
Broadway, Kingston, N. Y.
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BMALL, w ILLIAM ITENKY )i Bivetricg)
Tester, Watingtiouse Riccirip A Mig. Bo .
East springRold har mall, Bpringield, Masg

SMALLEY MATTHEW » Meotor fngipoer,
Ohiv Power Cu.. g Bag B, B K., Canton
Ohje

BMITH, Warny BROMILOW, Testlng Dopt
Quaeral Kiggtrie Op Krip: for mall, Lo wrones
Park. Erie, pa

SMITH. LAWRENOE W
Engliah  Kleetrie
arines, Ops.. Qan.

BMITH, REYNOLDS HUGENE, Asst Rugi-
uear, Publio Sorview Oo. of Noethern Ninois
L343 Kdison Bidg , 73 W Adams 85, Olicago

Ohief Desftaman
Ou of Cgnada By, QCath-

(11}
SSOLODOFK VABILY JACOHB, Estimator
Kugg. Depe., Westehestor Lighing Co.,

First 81, & Fiest Ave.. My Vernon, N. Y

SPANRAUER, RAYMOND J | General Eloetric
Co,, 49 K. Geneave St Butfalo, N Y

SPENCER, DONALD NIELANDS, General
Manager, Guatemala Gold Dredging  Co.
Moralve, Guatemala ©. A

STEVENS, CHARLES VERNON,
Balos  Manager, Locke Insutator
1317 Oliver Bldg Pittsburgh. Pa.

TAYLOR JOUN BYRD \sst. Power Kngineer,
Appalachian Elweirie Power Co Lynchbury,
Va.

*TIPTON, EARL W ALTER, Eleetrical Enginver,
Transformer Engg. Dept. W estinghouse
Elec. & Mfg. Qo Bharon, Pa

*TOWNER ORI(N WILSON, KRadio Apparatus
Development Dept., 311-B, Belt Telephong
Laboratorics, 463 West 8t.. New York, N. Y

TUCK, HARRY PLAYFORD, Westinghouse
Elee. & Mfg. Co., East Pittsburgh, Pa.

VON AHN. ADOLPI J Superintendent, Enter-
prise Electric Works, 654 Alission 8t., San
Francisco. Calir

WALLIS, CHARLES W] LLARD, Student
Engineer, Goneral Klectric Co.. Lynn, Mass,

WALLIS, CLIFFORD M., Btudent Engineer,
General Xlectric Co. River Works, Bldg.
86, Lynn, Mass.

WARTH. STANLEY, Div. Transmission Engi-
neer, Southern Bell Tol. & Tel. Co., Jackson ,
Miss

*WEEDEFALL, WILLIAM W ALILACE. Carrier
Systems Engineer Southwestern Bell Tele-
phone Co., 801 \Wholesale Merchants Bldg.
Dallas, Texas.

SWENTZ, EDWARD CUARLES, RLlectrical
lingineer. Transformer Engg. Dept. Waesting -
house Elec. & Mg, Co., East Pitisburgh
for mall. Wilkinsbury, I'a.

SWILLIAMS, WILLI ANM ROW I,
Fngineer,  Northern States
Minot, No. Dakota

*WILSEY KENNETIH CIl ARLES T'est Engi
noer. New York Edison Co., 92 \andam S,
New York: for mall, Brooklyn, N. Y,

District
Corp.,

Distribution
Power Cu.,

*WINTER, ¥RANCIS EDWARD, Student
Engincer, General Eleetric Co.. Schencectady
N Y.

WISE, RAYMONID OWEN Riwearch Assistant |
Bell Telephone taboratories, Inc., 163 West
8t New York, N, Y.

*WOLL WILLARD  \I., Cade Eleetrical
Engineer, Northern tndiana Public Sorvice
Co., Hammond, Ind.: for mall, Chicago, 11t

*WOOD, IAMES Jn. 206 E.36th St.. Naw York,
N Y

YOUNG. GLENN § Industrial  Bogineor.
Kansas City Powor & Light Co., 1330 Grand
Ave.. Kansasx Cliy, \lo.

Total 143,

*Forinerly enrolled Students.

ASSOCIATES REELECTED
JANUARY 23, 1928
BEALE, STANLEY H.. EKlectrical Lmrinecr,
Aluminum Co. of American, Massena, N Y,
MURPHY., AFOWARD ¥ . Flectrical Engineer.
Stone & \Vebster. inc., 49 Federal 8t
Boston, Mass.

INSTITUTE AND KELATED AUTIVITIES

MEMBEMS Fios PEN JANUARY 83, 19aa

BALL, THOMAR FAUNTLEROY, VY Pecs
tdons, Hese Nl & Rupwalt Tpe  idema
Kivotrival Knglarertng Dept  nlvessity of
Bouth Qureling, Cyluinils § O

CARPENTER JOUIB (G Consulting Kusipoor
707 1t Natlona) Hagk Ishtg etavew €Ml

CATE, CAKROLY, LE¥. Cowsulting K pgitoor
1) HBeavor Malh Mill Muntragl 12 @ Can

HIND, BERY 5. Elsewie Superintendedt
Andes Copper Miniug Oo Qasilla 18 Pouo
iHow, vig Antofagasta, Clile. A0 A thew

LAWRENCE, JOUN HENKY Ve Prosidant
Thomas ¥ Murray, fne 55 Duane B
Now York, NV

RICHAKDSON, ITARVEY Tata Hydro-
Elsciric Puwer Mupply Co lad., Bombay,
India

BCHAELCHLIN, WA LTER,  Klectrlcal Engl-
neer, Contrul Kngg Dept . W esting houss

Klee. & Mg Qo , Kast Plttsburghl, Pa

TREVINO, GURTAVO L. In charge Loayg Lines
Dept., Mexican Tel & Tel. Ou., unato
Guarra 13, Mexico, D F . Mex

TRANSFERKED 'O GHRADE OF FELIOW
JANLARY 23, 142y

BEARING, EMERY DePORKENR)
Enginerr,  Portland Electric
Portland. Oregon

BINONS, DONALD A Develupment Engineer
Standard Underground Cable Co., Piits-
burgh, Pa

Advisory

Power

TRANSFERRED TO GRADE OF MEMBEN
JANUARY 23, 1924

AMY ERNEST V| Engincer, Radjo Corporatlon
of America, Now York, \ Y

COLENMAN, HARRY C.. Manager of Mauarjue
Engineoring, Westinghouse Elee. & Mty Co.
East Pittsburgh, Pa.

CREIN, B. W. Klectrical Enginecr
Lrrigation Disrriet, Modesto Calif.

FRANMIPTON, ARTHUR 11 Assistant Kleetriea)
Enginoer, ilvdro  Eleetele Puwer Comum.
Toronto. Ont Canadi

HANNON, J. W ALTER, General Supt. of Plant
Indiana RBel) Telephone Co Indiana polis
Ing.

HUND, AUGUST. Eloctrical Fagineer, U, R
Bureau of Standards, W ashington, 1), O

KINNARD, 1BAANC F Electrical  ngineer
General Electric Co.. West Lynn, Mass

KRLINE, C 1HOWARD Assistant
General Eloctrie Co, Pittsficld,

LARSEN C. Consulting KEngineer, Automat ic
Elee . Ine.. Chicago, 1),

MARSHALL, NORMAN, A\ fe. and Consulting
Kngincer, Bridgeport, Conn

Modesto

Kngineer
Nl ass

McANGE, WILLIAN N\ President,  Jnter
Mountatn Telephone Co Bristol. 'T'enn

McCULLOUGH PEHILLI® N Vien President
and Chiicf Eagineer, Mexican Telephone &
Telegraph Co., Mevico, 1) 1 Meoxico

NOBLE, PAUL O Engineer in charga 1), (
Apparatus Dept., General Electric  Co.
Fort Wayne, Indiana.

OoRCUTrT, GU\Y H..  Electrical  Engineer
Miehdgan Alkali Co.. Wiyandot (e Mich
TILLOTSON, C. €. Electrical Lagineer, United
Verde Copper Co., Clarkdale. Arizona
VANDERVOORT, GER \LD AL General supt,

N. B E P Comm St Johu N\ R Cunada

WATERS, JAMES 8 Instructor in Kleetrical
Engineering, Rice Institute, ltouston. Texas .

WEST, HARRY R Eloctrical Logineer General
Eleetric Co., Pittsfleld, Mass.

WINTERER, HORACE K. Commercial Engl-
neer, General Electrie Co.. Los Angeles, Cal

WRIGIHT, PAUL Member of Technieal
Staff, Bell Telophone Labs., New York

..

Jaurpal A | ¥ 8

MRELUNMMENDEER FOE RN LR
At e neooting haeiey Javuary bn Jloge g thosard
of B satulnees rogsussitulad | fudlon ing e ey
Tisr iransfee 1o U grude of ifhrdgs bowolilyy indlee L]
Ay olbjredtdon La Uoer Wwiiefowe chusals] Fae Niuca)
a3 ubsve with (o Naibiand Resowvigey

FO GMADE OF rPiiuWw

PLERCE 1DANA Pyl Undorasiteve fab,
wrsdorice Clilengo  1§)
YO GUADLE OGP Mb MRER
ANDEWNEN Josl AN M PromMiend, Alinrt
aspl 3 M Afideeson Mfyg Co ivasten Mass
BLIEN HOW AR A Asuncimie Kloptrisg)
Knginper U Burcau of  itesdamstion

Deaver Culorado

BOYCE, BENJAMIN K Oliet B, Kty , N Y
lolephione Co | Albangy 5 Y

COT TR WILILIAN @ 1 aad e
Amertean Boseh Magneto Con D
Mass

DICKINRON LEON AKD P Jerof of Klsetrical
Engineering, U niversity of \ efiant, urting.
ton v

DRAPER GEOKRGE W E
BOard Kpeeialls
York N\ Y

EDGAR HAKRY T Divisluoo Mauager stone
& Webstor lue loston Nass

FIKLD, HORACE 1 Seerclary (0 cliarge of
Rescareh  and Iovestigation for various
Working Commit s of \ £. 1. A and ls
Divislons, Chicago, 11

GABTONGUAY KN LE Manager
Gold Mints Co  I'hane. Alsska

GEORGE, LEROY K Distribution  Fugineer
Philadelphia Eleetric Co Philaded s, Pa

HUNTER, THOMAS Mo Englnesesr and Nales
Manager American Trausforusr Qo
Nvwark, N J

KEISKR NORKIS Elwetrical Eugineer 1 i
Wentz Ol Division. Mones City, Olktla

F. g teny
Dy tug Dedd

District Switcty-
Genertal Khetrie Co . Now

Alasha

LAGERRTRONM . D A\VID K Vast to Bupt of
Pro 1t & Lt Genersl Elactric Co  Behense-
tady, N Y

LIPPINCOTT. DONALD K
fiver. Charles 8. Evans,
San Franciseo, Cal

MAHOGD, D)W ()
Bell Telephione Co

MIDGIT Y HARRY
British 'bomson Houston Co
N W Kngland.

MURDOCK, AL FRII) W

Electirical Engi-
Fateut Attoroey

longineer. Bouthw estorn
hansus City  \o.

Switchboard  Enginear
i.td | London

Varictant Kngines

Hydro-lieetrie 1'c Com Toronto  On
Cunadn

O BANITON. A\ LBERT LEE tustructor in Flee-
trical Eogineering Cornel tiversity ohaca
NOY

ROE FRENMONT . Pho HiX  Arizaona

RURKL WALTER G ) ranstnfssion Engineer,
Mountain States 1ol & Tel Co Denver
Colorudo

VANDERSLUIS WARKEN M Eleetrical
Enginear Chileaxo Perminal lurprovesment

Hlinoks Cone eyl Rullroad hi ‘apa, 11}

YU L, AlLKN ANDER O ¢ onsuiting kg
newr Vaueouver B C | Canady

APPLICATIONS FONR LLECITION
Applications have b received by the Secre-
tary from the following eandidat: » for eleetion
to mewbarship in the tustitute L hives otherwise
indicaten!, the applicant has applied for admis-
sion as an Associute, |f the applicant has applied
for direet admission (o a ¥rade higher than Amso-
ciate, the grade follows Immediately aftar e
flamo.  Any member objucung to the election
of any of whese cundidates should so inform the
Becrotary befor February 20, 1928,
Abakumolt. K
Dallas, Texas
\bbott, .. Ntone & Webster, 1nc.. Boston, Mass
Ablstroem, K. B Stone A Webster lne Boston
NMass.

Texas Power A Light Co..




Feb. 1928

Arnell, J. C.,
NeY:
Arvidson. C. E., Commonwealth Power Corp..
Jackson, Mich.

Babcock, F. H., General Electric Co., New York,
N.Y.

Bailey. R. A., Detroit Edison Co.. Dectroit, Mich.

Basu. 8. k.. General Electric Co., Pittsfleld. Mass.

Beardslee, R. W.. Appalachian Eleciric Power
Co., Huntington. West Va.

Beedy, H., Western Electric Co.. Chicago, Hl.

Blake, Ivan A., Stonc & Webster, Inc.. Boston
Mass

Blomquist, E. A Rensselaer Polytechnic
stitute, Troy, N. Y.

Bonham. W. E.. Westinghouse Elee. & Mfg. Co.
East Pittsburgh, Pa.

Brooklyn Edison Co.. Brooklyn.

In-

Bonner, J. R., Electrical Contractor. Alturas.
Calif.

Brandt, R. H.. General Electric Co.. Schenectady
N.Y.

Brevoort, H. W., New York Edison Co., New
York, N. Y

Brookins, H. H., Westinghouse Elec. & Mfg. Co.
East Pittshurgh, Pa.

Brownlee. W. N.. Stone & Webster, Inc.. Boston,
Mass.

Cawdrey, M. M., Columbia Engg. & Mgt. Corp.,
Cincinnati, Ohio

Chiofale, F. P.. Brooklyn Kdison Co.. Brooklyvn,
N. Y

Chitty, H. R.. Jr.. Home Tel. & Tel. Co., Spokanc,
Wash.

Clark, K. B.. Burlington Public Elevator Co.
St. Joseph, Mo,

Cozzens, B., San Jose, Calif.

Cummings. /. 8.. Stone & Webster. Inc.. Boston
Mass.

Davlidson, J. L., Montana Power Co.. Butte, Mont.

Davis, G. W.. Penn-Ohio Power & Light Co..
Andover, Ohio

Deimel, F. H.. Pacific T¢l. & Tel. Co.. San Rafael,
Calif

Kkey, F.J.. Cutler-ilammer Mfg. Co., Milwaukee
Wis

Eppley. L. C., Columbia Engincering & Manage-
ment Corp.. Dayton, Ohio

Errickdon, J: E.. Camden Coke Co..
Public Scrvice Elec. & Gas Co.
N.J

Evans, E. A.. General Electric Co.. Schenectady
N.Y

Fellows. W. H., Ir., Potomac Electric Power Co..
Washington. 1).C

Fenstermacher. G. 1D, Allentown 8chool District
Allentown, Pa.

Ficker, O. E.. Pennsylvania Power Co., Sharon,

Plant of
Camden

Pa

Fischer, [lyman. 723 5th Ave. San rancisco,
Calif

Fisher, 8. G.. Stone & Webster, Inc., Boston,
Mass

Forlk. N.. Chicago Fuso Co.

Fres, A B, Pacille Power &
newick. Wash

Goldman, A General Klegtrie Co.. Schenee-

Philadgiphia, Pa.
Light. Co., Ken-

tady, VY
Croisser. V. H Manbery, Washinglon Waler
Power Co. #pokane, Wash

Corodkigwlez W IV General Blecirle Co.oo Cln
clnoatl, Ohio

Coren P.T. Aliminum Co. of Ainerics, Clove
land, Ohlo

Hartmann, H, ¢ Ganerad Gleetrle CGoo Phils
rfolphia. Pa

Harvey, . W Wentinghonse Klee & M. Co
ILansis Clty, Mo

Moltkamp 111 Tobsda idison Co. Toleda, Ohlo

Honmehel € I Chax, )
New York, NS

Horbwx I I Vit
Comeden, N

Hleks Mo (1
Axheville C

Hilber. 1K W rltdsh Columbids Kleg

o, Vunenaver, B Cign

Hensehol Co. Dne

Tulking  Muwhidne Ca

Lower &

olina

Ldghe Co

twy

INSTITUTE AND RELATED ACTIVITIES

Hoard, N. .. General Electric Co., Schenectady,
N Y

Hoffman, R. A..
Milwaukec, Wis.

Hogan, 3., Homestake Mining Co., Lead, So.

Cutler-Hammer Mfg., Co.

Dakota
Hopkins, A. K., Day-Fan Electric Co., Dayton,
Ohio

Howell, W. L. Columbus Railway, Power &
Light Co.. Columbus, Ohio

Hughes, E. .. Scranton Electric Co., Scranton
Pa.

James, W. H., Public Service Electric & Gas Co.
of N..J., Newark, N. .J.

Jamieson, R. J., Pennsylvania Power Co., Sharon,
Pa.

Joesting, F. D., Westinghouse Eiec. & Mfg. Co.,
East Pittshurgh, Pa.

Johnson, R. f., General Elcctric Co., Schenectady
N.Y .

Kelley, A. E., Stone & Webster, Inc., Boston,
Mass.
Knapp, F. H., General
Rochester, N. Y.
Kuechle, T. F.. Central High School, Columbus,
Ohio
Lackie, W. .J.,
Nass.
lang. A. G., (Member), Hydro-Elec. Pr. Comm.
of Ontario, Toronto, Ont., Can.

Lipscomb, E. W., Western Union Telegraph Co.,
Dallas, Texas

Little, G. M., (Member), Westinghouse Elec. &
Mfg. Co., Pittsburgh, Pa.

Lull. A. D_, General Electric Co., Philadelphia, Pa.

Macoy, R.. The Macey Sign Co., Ltd., Toronto,
Ont., Can.

Macferran. Mabel, Southern California Edison
Co., Alhambra, Calif.

AMaddocks, J. ., Stone & Wehster, Inc., Boston,
Mass.

Maghenheimer, F., Jr., New York Rdison Co..
New York, N. Y.

\Maloney, C. W., Stone & Webster, Inc., Boston.
Mass.

NManson, H. I5., Westinghouse Elec. & Mig. Co.,
East Pittsburgh, Pa.

NMasin, ¥., Jr., Electrical Testing
New York, N. Y.

May, M. 8., Speer Carbon Co., 8t. Marys, Pa

\Menmuir, J. B., General Electric Co., Pittsficld,
Mass.

Minero, H., Publie
Newarlk, N. .1

\loon, W. H., National Malleable & Steel Casting
Co., Sharon, Pa.

Movris, F. L., New England Tel. &
Springficld, Mass.

Motto, C. K., Kdison
Washington, 1. C.

Nagle, G. 8., New York Jdison Co., Now York,
N.Y.

Noyes, HE., A., Potomace
Washington, ). C.

Odell, N. 4., Rochester Gas &
Rochester, N. Y

Railway Signal Co.,

Stone & Webster, Inc., Boston,

Lahoratories,

Service Production Co.

Tel. Co.,
Storage Battery Co.,
Kleetric Power Co

Kleetrie Gorp.

Ohnsted, F. A.. Stone & Wehstor & Blodgoett,
Boston, Viass,

Otle, 15 C.. Dalta-Star Kleetrie Qo., Ohleago
]

Porez, C. A Garolina Power & Light Go., Ralolgh,
N.C

Porkins, C. G.. Stone & Waebster Tne, Boston,
Mass

Perkins, 15 W Stone & Woebstor, Tae, Hoston,
AYFTET

Vowell, K. K. Western Klectele Oo, bre Iconrn)
NG

Rungh, A W Comntonwendth Powor Qorp
Tackson, Miek

Reod, 100 A Wastinghonse Blee & M, Co

huron. o
Hichterkeastop, 16 H
Foniuyille, Ky
Rt s, G
n,

Naelnunl &\ Shznal Qo

Ponnsy s hviain Power Co luvron
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Rodriguez, L. E., Teacher. Electrical Subjects.

Chicago, I11.

RRomander, H., General Efectric Co.. Schenectady .
N.Y.

Rose, K. B., New York Edison Co.. New York,
N. Y.

Rowley, J. K., Binghamton Light, Heat & Power
Co., Binghamton, N. Y.

Sadus, F., Stone & Webster, Inc., Boston, Mass.

Sanford. F. K., Union Gas & Electric Co., Cin-
cinnati, Ohio

Scheuch, G. C.. Potomac Electric Power Co.,
Washington, D. C.

Schmitt, .. Commonwealth Edison Co., Chicago,
.

Schrier, D. P.. Scranton Electric Co., Seranton,
Pa.

Schweppe, W. A University of Minnesota,
Ainneapolis, Minn.

Sedgwick, K. G., Cutler-Hammer Mfg.
Milwaukee, Wis.

Seigal, J. A., New York Telephone Co., New York,
N.Y.

Setzer, M. W., Canadian Schoo! of Klectricity .
Montreal, P. Q., Can.

smith, C. L., Rochester Gas & Electric Corp.,
Rochester, N. Y.

Smith, G. V., Bell
New York, N.Y.

Smith, H. C., Southern California Edison Co.
Los Angeles, Calif. )

Smith, P. C., International Nickel Co. of Canada,
Ltd.. Frood Mine, Ontario, Can.

snead, 8., Proprietor, Radio Service, Miiwaukee,
Wis.

Southard, . L., Stone & Webster, Inc., Boston,
Mass.

Starr, E. W., Worcester Polyvtechnic institute,
Worcester, Mass.

Stellrecht, W. A..
New York. N Y

Swanson, K. IT.. New York Edison Co., New York
N.Y,

Swiedom, K. L., West Texas Utilities Co., Abilene,
Texas

St Auburn, W. M., Associated Gas & Electric
Co.. Onconta, N. Y.

Taylor, 3. W. R., (Member), Canadian Westing-
house Co., Ltd., ‘Toronto, Ont... Can.

Thompson, R. M. 318
Brooklyn, N. Y.

Toussieng, C. P., Pacitic Tel.
Wash.

Vance, C. L., Westinghouse Elec. & Mig. Co.
Shavon, Pa.

Vandegrift, .J.
Coplay, Pa.

Co.,

Telephone Laboratories,

Graham & Norton, Inc.

Westminster  Road.

& Tel. Co., Spokane,

A., Coplay Cement Mfg. Co.,

Verwocert, 1. C., General Klecéric Co., Nchenee-
tady, N. Y.

Villafania, R., I, I¢. C, O. Naclonalus de Moxico,
Kstac., Colonia, NMexico 1), ., Mox.

vou Hoorn, 1. G., Wostinghouse Blec. & Mtg. Co.,
Bast Pittsburgln, Pa.

Walker, J. R.. U. N,
Donver, Colo.

Burcau of Roclamation,

White. W. L., Stong & Webstor, Inc., Boston
M s,

Whiting, L. M., Stonoe & Wobster, Inc., Boston,
M ass,

Willlwis, O 8. Woeatinghouso Klee, & Mg, Qo.,
I5ast Pittsinnegh, Pa.,

Wollo, AW, 500 N 13th 8¢, Allentown, Pa

Wolfe. 1. D., 663 South Weast Temple 8., Salt
Lako Clty banlt

Worth, A, M., Brooklyue Kdison Co., Jrookiyy,
N.Y

Wathorspoow, FLiL, ML Kiain & Sous. Qhicago.
1

Worthilngtoo, 16, 86ona & Wabstar, the.. Boston,
RS ATE ]

Wrlght, 1. 5. Wostingbouse Flwe,
st Pltabargh, P
Total L

& Mk Qo
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Foreign .

Dev, 8. R, Military Power House, I'erozopore
Cantt., Punjab, India

Hayden, A. J., Electrical Contractor, Otahuhu,
N.Z.

Macaulay, J. H., Bombay, Baroda & Central
India Rwy. Co., Dohad, India

Robinson, T, L., City of Salford Electricisy Dept.,
Salford, Eng.

Serra Negra, I*. §. (Member), Rede de Viacao
Sul Mineira, Cru Leiro, Sao Paulo, Brazil,
S. Amer.

Wightman, H. C., (Member), Rawalpindi Electric
Power Co., Ltd., Rawalpindi, Punjab, India

Total 6.

STUDENTS ENROLLED
Abe, Tadao, Toyko Imperial University
Abe, Tadashi, University of Denver
Abele, Raymond J., University of Detroit
Alley, Rembert C., Louisiana State University
Altstadt, Alois, Marquette University
Ames, Fred W. Stanford University
\nderson, Lynn T, University of Nebraska
Appleman. Wilbur R, University of Ilinois
\tkinson, F. Wilmer, Ohio State University
Balker, Robert A.. Lehigh University
Barlow, D. Brooks, Princeton University
Baum, Roy N. ITowa State College
Beck, Richard J.. Brooklyn Polytechnic Institute
Belcher, Alexander G., University of Colorado
Blessing, Henry L,.. Ohio State University
Braun, Raymond W., Northeastern University
Brock, John P.. University of Denver
Brokenicky, Charles, University of Nebraska
Brooks, Paul .J.. Ohio Northern University
Buchanan. Ellis E. Iowa State College
Buchinger, William. University of Detroit
Buckley, Freeman C., Mississippi Agri. & Mlech.
College
Campbell, Charles R, Jr.. Union College
Cantor, Arthur B.. New York University
Ceranic, Nicholas C., Ohio Uhniversity
Chardoul, N. E., Iowa State College
Chisholm, Marshall .. State
Washington
Chytraus, Elmer R., University of Utah
Ciaburri, Nicholas, Harvard University
Clemens, Vincent A.. University of Illinois
Cleveland. Raymond .. Northeastern University
Cockrell, Ernest A.. Marquette University
Cohen, Joseph, University of Denver
Constantinides, Willard Stevens Institute of
Technology
Conway, Everett W., West Virginia University
Cooper. Dale S.. University of Denver
Crane. George R.. Calif. Institute of Technology
Criss, Francis W, Mississippi Agri. & Mlech.
College
Critchett, Carl A., Qhio University
Daiger, G. Pierce, Johns Hopkins University
Davis, Keith T. University of Nebraska
de Beer, Leopold, Mass. Institute of Technology
De Carlo, Joseph A .. University of Denver
Demas. George N.. Columbia University
Dewell. Dwight A.. Towa State College
Diehnel, Franklin E ., Oklahoma A. & M. College

College of

Dimmick, Glenn L., University of Missouri
Dowden, Alfred L., Mass. Institute of Technology
Dubielzig, Riehard C., University of Wisconsin
Eastman, Luthor J. Calil. Institute of T'echnology
Elissalde, Mareel H., Louisiana State University
Engalitchetr, John, Johns Hopkins University
Engelhardt, Robert J.. lowa State College
Fassnacht, Robert .J., College of the City of New
York
Fendley, Louis M .. University of Kentucky
Finefrock, Benjamin F., Jr., Pennsylvania State
Coliege
Gaer, Sam, Brooklyn Polytechnic Institute
Garn, Harry R., Ohio Northern University
Gauthey, Jules L., Johns Hopkins University
Gilman, Frederick C. Stevens Institute of Tecl.
Glaska, John M .. Universily of Notre Dame
Greenfield, Eugene W, Johns Hoplkins niversity
Greenwood, George K., University of Michigan
GriadasofT, Leonid 1., University of Washington
Gummo, Ralph L., Ohio Northern University
Gussow, Leonard H .. Cornell University
Guyatt, Cecil W, Lehigh University
Haase, Henry W, Marquette University
Hamilton, J. Arthur, Pennsylvania State College
Hang, Albert A, Lehigh University
Hart, George F., Marquette University
Heidbreder, J. Fred, University of Michigan
Henderson, Thomas H.. Louisiana State Univ.
Hicks, Fred 1, Lafayette College
Hindert, Lawrence A, Iowa State College
Hoppe, Frederick M., Marquette University
Houston, William J ., Rose Polytechnic Institute
Howells, Thomas. Jr., Pennsylvania State College

. Hower, John 8. Jr. Cornell University

Hughes, James S.. Georgia School of Technology

Iber. Arthur K., University of Cincinnati

Iglehart. Marion M., Johns Hopkins University

Israeli, Samuel College of the City of New York

Joyner, Henry, Louisiana State University

Jukes, Vincent J., Ohio University

Kelly, Robert L., Johns Hopkins University

Kendrick, Samuel V., CUniversity of Missouri

Kenney, Clarke, Ohio University

Kiep, Julien A., Lehigh University

Kimball, Gordon §. Stanford University

Klatzko, Daniel College of the City of New York

KlingelhoeiTer, Rovden H. University  of
Pennsylvania

Knapp, J. Robert, lowa State College

Knezacek, John J .. University of Nebraska

Kraushaar, Werrer, University of Detroit

Kundel, Tewes, lowa State College

Lamb, James, University of Detroit

Law, Russell. Iowa State College

Lawton, Elliott J., University of Missouri

LeDue, Clarence, Marquette University

Leithead, Robert C., University of Washington

Levin, Arnold, Armour Institute of Technology

Lewis, Davis D, Haverford College

Little, Martin B., Iowa S ate College

Low, John S.. Stanford University

Luckey. Robert W, University of Nebraska

Lundeen. Robert K.. Iowa State College

Maurer. George. Marquette University

AMay, Metticus W Jr. Mississippi Agri. & Mech.
College

Journal A, L 1, I,

MeCtlure, A, Marce, University of Colorado
AMeCormick, Kynard, lowa State College
McDonald, Thomas B., Rice Institute
Melfarland, Walter €., University of Donver
MeKinley. James R., Louisiana State University
Merrifield, Burr E., Kansas State Agri. College
Meyer, Merl, Oklahoma A. & M. Collegc

Miller. Rudolph, Marquette University
Millmann, Eugeno H., Marquette University
Moseley, Ralph L., Louisiana State University
MMottorn, Jacob P, Pennsylvania State College
Musgrove. Albert M., Jr.. Johns Hopkins Univ,
Nicholson. Alfred J., University of Nebraska
Nowacki, Leo M. Harvard University

Pastore, Iniel, Drexel Lnstitute

Pendleton, John E.. lowa State College

Petrie, Joseph N., University of Denver

Pleffer, Aloysius A ., Jr., Marquette University
Plummer, William E.. Johns Hopkins University
Polk, Stanley C.. University of Detroit

Poole, George D., QOhio Northern University
Ratzman, Harold A, Marquette University
Reichert, George C., Marquette University
Reichert, Harold £, Marquerte University
Reynolds, Richard W_, Texas A. & M. College
Rohrig, Carl E.. Iowa State College

Roper, Richard M., Kansas State Agri. College
Roy, J. A, St. Omer. George Washington Univ.
Saylor. Elbert R. University of Nebraska
Schang, Stephen J., University of Detroit
Schoolfield. Harrison H., Jr., Stanford University
Schwartz, Lyle H.. Iowa State College

Scott. Roger M., Brown University

Scott, Wood H.. Louisiana State University
Sederholm, Alfred AL, Iowa State College
Shapaker. Henry W . Marquette University
Shive, Ray L.. Pennsylvania State College
Sinnott. Joseph I, Harvard University
Somerville, Gareth G ., University of Kansas
Spahr. Vincent B. Pennsylvania State College
Springhetti. Joseph, University of Detroit

Steffe, Robert P.. Pennsylvania State College
Stewart. J. M., Louisiana State University
Stokely. Robert G.. Louisiana State University
Stracener. William H., Louisiana State University
Stroehle. John C.. University of Colorado

Taft, Leonard W._. Northeastern University
Theriault, John E.. University of Detroit
Thomas. Ralph A.. Ohio University

Thompson. Z. V. Clemson Agri. College
Thomson. Cameron A .. University of Wisconsin
Torvik, Edwin B.. Oregon Agricultural College
Treseder. Donald VW .. lowa State College

Trump, John G.. Brooklyn Polytechnic Institute
Tvler, Ransom. University of Wisconsin

Warren. S. Reid, Jr.. University of Pennsylvania
Weber, Frank D.. Marquette University

Welrle. A. Porter, Iowa State College
Wendegatz. Lester G.. Marquette University
Wert. Charles M .. University of Kentuckyv

West. William P., Clemson Agricultural College
Wiechers, Benton T.. University of Wisconsin
Williams. George M .. Iowa State College
Willamson. Clair 4. University of Kansas
Wooster, Mallery O.. University of Maryland
Yamaguchi. Usaburo. Tokyo Imperial University
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BANCROFT GHERARDI

_ Junior Past Presidents

C. C. CHESNEY M. L. PurIN

Vice-Presidents

H. M. HOBART 0. J. FERGUSON
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H. A. KIDDER

E. C. STONE

National Secretary
F. L. HUTCHINSON

National Treasurer
GEORGE A. HAMILTON

Honorary Secretary
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LOCAL HONORARY SECRETARIES

T. ]. Fleming, Calle B. Mitre 519, Buenos Aires, Argentina, S. A.

H. W. Flashman, Aus. Westinghouse Elec. Co. Ltd., Cathcart House,
11 Castlereagh St., Sydney, N. S. W., Australia.

F..M. Servos, Rio de Janeiro Tramways, Light & Power Co., Rio de Janeiro,
Brazil.

Charles le Maistre, 28 Victoria St., London, S. W. 1, England.

AS. Garfield, 45 Bd. Beausejour, Paris 16 E., France.

F. W. Willis, Tata Power Companies, Bombay House, Bombay, India.

Guido Semenza, 39 Via Monte Napoleone, Milan, Italy.

P. H. Powell, Canterbury College, Christchurch, New Zealand.

Axel F Enstrom, 24a Grefturegatan, Stockholm, Sweden.

W. Elsdon-Dew, P. O. 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.)

GENERAL STANDING COMMITTEES AND CHAIRMEN

ExecUTIVE, B. Gherardi

Finance, H. A. Kidder

MEETINGS AND PapERs, H. P. Charlesworth
PusLicaTION, E. B. Meyer

COORDINATION OF INsTITUTE ActiviTIES, G. L. Knight
Boarp oF ExaMiNERrs, E. H. Everit
SecTiONs, W. B. Kouwenhoven

STUDENT BRANCHES, J. L. Beaver
MEMBERSHIP, E. B. Merriam
HEADQUARTERS, G. L. Knight

Law, C. O. Bickelhaupt

PusLic Poricy, H. W. Buck

STANDARDS, J. Franklin Meyer

Epison MEepAL, M. I. Pupin

INSTITUTE AND RELATED ACTIVITIES
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CopE oF PrRINCIPLES OF PROFESSIONAL CONDUCT, Jobn,W. Lieb
CoLuMBIA UNIVERSITY ScHOLARsHIPS, W .I. Slichter

AwaRrp oF InstiTUTE PrIzES, H. P. Charleswortn

SAFETY CoDES, J. P. Jackson

SPECIAL COMMITTEES
Apvisory COMMITTEE TO THE MUSEUMS OF THE PEACEFUL ArTS, J. P. Jackson
LICENSING OF ENGINEERS, Francis Blossom

TECHNICAL COMMITTEES AND CHAIRMEN
AUTOMATIC STATIONS, Chester Lichtenberg
CoMMUNICATION, H. W. Drake
EpucaTioN, P. M. LiNcOLN
ELECTRICAL MACHINERY, F. D. Newbury
ELecTRIC WELDING, J. C. Lincoln
ELECTROCHEMISTRY AND ELECTROMETALLURGY, George W. Vinal
ELECTROPHYSICS, V. Karapetoff
INSTRUMENTS AND MEASUREMENTS, Everett S. Lee
APPLICATIONS T0 IRON AND STEEL PropucTiON, A. G. Pierce
PRODUCTION AND APPLICATION OF LIGHT, Preston S. Millar
APPLICATIONS TO MARINE WorK, W. E. Thau
APPLICATIONS TO MINING WoRK, W. H. Lesser
GENERAL POWER APPLICATIONS, A. M. MacCutcheon
PowER GENERATION, W. S. Gorsuch
PoweR TRANSMISSION AND DisTRIBUTION, Philip Torchio
ProTeECTIVE DEVICES, F. L. Hunt
RESEARCH, F. W. Peek, Jr.
TRANSPORTATION, J. V. B. Duer

A. 1. E. E. REPRESENTATION

(The Institute is represented on the following bodies; the names of the repre-
sentatives may be found in the January issue of the JOURNAL.)
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE, COUNCIL
AMERICAN BUREAU OF WELDING
AMERICAN COMMITTEE ON ELECTROLYSIS
AMERICAN ENGINEERING COUNCIL
AMERICAN ENGINEERING STANDARDS COMMITTEE
AMERICAN MARINE STANDARDS COMMITTEE
AMERICAN YEAR BoOK, ADVISORY BOARD
BoARrD OF TRUSTEES, UNITED ENGINEERING SOCIETY
CHARLES A. CoFrIN FELLOWSHIP AND RESEARCH FUND COMMITTEE
COMMITTEE OF APPARATUS MAKERS AND Users, NATIONAL RESEARCH COUNCIL
COMMITTEE ON ELIMINATION OF FATIGUE, SOCIETY OF INDUSTRIAL ENGINEERS
ENGINEERING FOUNDATION BOARD
JouN Fritz MEDAL BOARD OF AWARD
Joint COoMMITTEE ON WELDED RAIL JOINTS
JoINT CONFERENCE COMMITTEE OF FOUR FOUNDER SOCIETIES
LiBrRARY BoarD, UNITED ENGINEERING SOCIETY
NaTioNAL FIRE PROTECTION ASSOCIATION, ELECTRICAL COMMITTEE
NatioNaL FIRe WasTE COUNCIL
NATIONAL RESEARCH COUNCIL, ENGINEERING D1visioN
NATIONAL SAFETY CouNciL, ELEcTrRICAL COMMITTEE OF ENGINEERING SECTION
THE NEWCOMEN SOCIETY
RADIO ADVISORY COMMITTEE, BUREAU OF STANDARDS

SOCIETY FOR THE PROMOTION OF ENGINEERING EDUCATION, BOARD OF INVESTI-
GATION AND COORDINATION

U. S. NaTiONAL COMMITTEE OF THE INTERNATIONAL ELECTROTECHNICAL
COMMISSION

U. S. NationaL COMMITTEE OF THE INTERNATIONAL ILLumiNarion Com-
MISSION

W ASHINGTON AWARD, COMMISSION OF

LIST OF SECTIONS

Name Chairman Secretary Name Chairman Secretary
Akron A. L. Richmond W.CA. IAIIi{llebragg, Ohio Insulator Fort Wayne P. O. Noble F. W. Merrill, General Elec. Co
0., ron, 10 Fort Wayne'. Ind. ' "’
Atlanta T. H. Landgraf D.THI. Wéodward. Amer, Tel. & Indianapolis-Lafayette C. A. Fay Herbert Kessel, Fairbanks Morse
At(ia.nta 068.938 Hunt Bldg. Co., Indianapolis, Ind.
Baltimore W.B.Kouwenhoven R.];P.IQreer. Mﬁdison St. Building, D kb (G H.Itil;c;la&e. YCornell e
altimore, Md. . P .
Boston E. W. Davis WBHt Col&um. 39 Boylston St., Kansas City Sults BeCalio B.L{.. ggor%énlsiznéﬁz:yc}:ﬁ) D
oston, Mass. q - ; 3
Colloags B. E. Ward L. Vai]}}alangexl'i Conway Build- Lehigh Valley M. R. Woodward G.&thBr?:%ks'Q(I)’nt?I?xl]vi?t%? SPtr.
' . ing, icago, Allcnf:own;'Pa. K
Cincinnati R. C. Fryer Lef;’; %?ffémég. g(:;igii:g:gu%h%e& Los Angeles L. C. Williams H. L. Caldwell, Bureau of Light &
3 = , Power, Los Angeles, 1.
Cleveland A. M. Lloyd E. W. Henderson, 1088 Ivanhoe Louisville D. C. Jackson, Jr. W. C. White, Sou%%em B:ll Tel. &
Road, Cleveland, Ohio Tel. Co., Louisville, Ky.
Columbus T. C. Nesbitt w. E1 B{V]I((lztzgg.llnt%rurban Termi- LYydn W. F. Dawson V'Bllz(i Hg'llm rc]:x, GenM élcc' Co.,
na g., Columbus, Ohio q g s YT MRA8S:
Connecticut A. E. Knowlton R.NG. \}l{Vumer,CYale University, Madison Jort it = J.VHuSr;g.'stc]))ne v‘gtnme?gug:;{
ew Haven, Conn. idg., i ‘Wi
' Bldg., Madison, W
Denver A. L. Jones R. B. Bonney, Telephone Bldg., Mexico B. Nikiforoff o DE.; Luque, Provl/sidenciu. 520,
. . P. O. Box 960, Denver, Colo. Colinia Del Valle, Mexico, D. F.,
Detroit-Ann Arbor F. H. Riddle Prof. A. H. Lovell, University of Mexico
Erie R Michigan, Ann Arbor, Mich. Milwaukee John D. Ball Wm. J. Ladwig, Wisconsin Tel.

oder, Erie County Elec.
0., Erie, Pa.

Co., 4118 Broadway, Milwaukee,
Wis.
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LIST OF SECTIONS— Continued
Name Chairman Secretary Name Chairman Secretary
Minnesots .E. S t i i C. R. Wallis Ray Rader, Puget Sound Pr. &
J umpter Gﬂsbfrlg agfoﬁ%m. ce & Atwater.  Seattle Lt Co.. Seatils Wkt
Nebraska N. W. Kingsley Roy Hagen, General Electric Co.,  Sharon L. H. Hill H. B. West, Westinghouse Elee.
New York LW.W.M Omaha, Nebraska & Mfg. Co, Sharon, Pa.
: o T Mormrow . 1B2'0 g?g;?:,’a&e ﬁg?%fii?‘N?%" Southern Virginia W. S. Rodman J. AH' I\?err{yl'k 1\;338 Rockbridge
Niagara Frontier L. E. Imlay P. Harder, 205 Electric Build- ve., Norfolk, Va. .
ing, Buffalo, N. Y. Spokane L. R. Gamble James B. Fisken, Washington
Oklahoma Edwin Kurtz B. Al Pisher, Oklahoma A. & M Water Power Co., Lincoln &
College, Stillwater, Okla. Trent, Spokane, Was?-
Panama L. W. Parsons 1. P. Benninger, Box 174, Balboa Springfield, Mass. C. A. M. Weber B. V. K. Prench, American Bosch
) . Heights, C. Z. Magneto Corp., Springfield,
Philadelphia I. M. Stein R. H. Silbert, 2301 Market St., Mass,
. Philadelphia, Pa. Syracuse C. E. Dorr F. E. Verdin, 615 City Bank Bldg.,
Pittsburgh W. C. Goodwin H. E. Dyche, University of Pitts- Syracuse, N. Y.
) burgh, Pittsburgh, Pa. Toledo T. J. Nolan Max Neuber, 1257 Fernwood Ave.,
Pittsfield H. O. Stephens F. R. Finch, General Electric Toledo, Ohio
Co., Pittsfield, Mass. Toronto C. E. Sisson F. F. Ambuhl, Toronto Hydro-
Portland, Ore. J. E. Yates L. M. Moyer, General Electric Elec. System, 226 Yonge St.,
Co., Portland, Ore. Toronto, Ont., Canada
Providence F. N. Tompkins F. W. Smith, Blackstone Valley . Kraehenbuehl J. K. T thill, 106 Transportation
Gas & Electric Co., Pawtucket, e o (0 R Blom N ) ldg.,“l University ofp Illinois,
. R. I Urbana, Iil.
Rochester R. D. De Wolt C. C. Eckhardt Igrad Condenser : : 8 i
' Utah Daniel L. Brundige C. B. Shipp, General Electric Co.,
N e Co-264ve. D, Rochester, Salt Lake City, Utah
St. Louis L. P. Woolston L. P. Van Houten, 2670 Washing-  Vancouver A. C. R. Yuill J. _Teasdale, British Columbia
ton Boulevard, St. Louis, Mo. gleé' %:‘;ZSZ Co., Vancouver,
San Francisco W. L. Winter A. G. Jones, 807 Rialto Bldg., San o
Francisco, Calif. Washington, D. C. M. G. Lloyd H.P E.c Bralilt?"& Pé)tgmacN El&c
Saskatchewan J. D. Peters W. P. Brattle, Dept. of Tele- r. Co., ts., N. W.,
phones, Telephone Bldg., Re- Washington, D. C.
gina, Sask., Canada Worcester Guy F. Woodward F. B. Crosby, Morgan Construc-
Schenectady T. A Worcester R. P. Pranklin, Room 301, Bldg. tion Co., 15 Belmont St., Wor-
No. 41, General Elec. Co., cester, Mass.
Schenectady, N. Y. Total 52

LIST OF BRANCHES

Counselor
Name and Location Chairman Secretary .Member of Faculty)
Akron, Municipal University of, Akron, Ohio................... .. ... . ... . C. R. Delagrange P. W Bierman J. T. Walther
Alabama Polytechnic Institute, Auburn, Ala.................. ... . .. T. S. Lynch P. E. Sandlin W. W. Hill
Alabama, University of, University, Ala.................. =7 Sewell St. John J. M. Cardwell, Jr.

Arizona, University of, TUCSOR, AFIZ yym ug o mwauiions & 610 55 o arerz s s s e s Gary Mitchell Audley Sharpe J. C. Clark
Arkansas, University of, Fayetteville, Avk............ .. ... ... ... . " W. H. Mann, Jr Dick Ray W. B. Stelzper
Armour Institute of Technology, 3300 Federal St., Chicago, Ill.......... .. ... . L. J. Anderson H. T. Dahlgren D. P. Moreton
Brooklyn Polytechnic Institute, 99 Livingston St., Brooklyn, N. Y............. James Brown F. W. Campbell Robin Beach
Bucknell University, Lewisburg, Pa........ A T BB A - e dh o2 G. B. Timm A. C. Urffer W. K Rhodes
California Institute of Technology, Pasadena, Calif.........,......... ... .. . J. W. Thatcher J. G. Kubhn R. W. Sorensen
California, University of, Berkeley, Calif....................... ... .. John F. Bertucei Nathan C. Clark T. C. McParland
Carnegie Institute of Technology, Pittsburgh, Pa.................. .. .. . N. D. Cole J. R. Britton B. C. Dennison
Case School of Applied Science, Cleveland, Ohio................. ... .. .. G. J. Curne R. C. Taylor H. B. Dates
Catbolic University of America, Washington, D.C.................... . ... . J. V. O'Connor R. H. Rose T.J. MacKavanaugh
Cincinnati, University of, Cincinnati, O........................ . .. . .. C. E. Young W. C. Osterbrock W. C. Osterbrock
Clarkson Coliege of Technology, Potsdam, N.Y........ ... =" G. L. Rogers J. S. Loomis A. R. Powers
Clemson Agricultural College, Clemson College, S. C........................_ A. P. Wylie W. J. Brogdon S. R. Rhodes
Colorado, University of, Boulder, Colo................................ J. A. Setter H. R. Arnold W. C. DuVall
Colorado State Agricultural College, Fort Collins, Colo.................. ... . Harold Groat Howard Steinmetz H. G. Jordan
Cooper Union, New York, N. Yo............o. ... . E. T. Reynolds Wilfred Henschel N. L. Towle
Denver, University of, Deaver, Colo................ ... ... .. ... . .. " G. K. Baker L. L. Booth R. E. Nyswander
Drexel Institute, Philadelphia, Pa................ ... ... ... " J- E. Young C. J. Backman E. O. Lange
Doke University, Durham, N.C................. . '~ O. T. Colclough F. A. Bevacqua W. J. Seeley
Florida, University of, Gainesville, Fla.............. ... . " . W. H. Johnson A. C. Dean J. M. Weil
Georgia School of Technology, Atlanta, Ga....................... ... ... .. . J. A. Hart O. P. Cleaver E. S. Hannaford
Idaho, University of, Moscow, Idaho.................... ... """ R. G. Elliott F. B. Peterson J. H. Johnson
lowa State College, Ames, lowa. . . . ... .. SR B e e i n e s B e g e o Gid W. H. Curvin W. H. Stark F. A. Fish

Iowa, State University of, Iowa Citylowa............................. .. . F. L. Kline M. B. Hurd A. H. Ford
Kansas State Coliege, Manhattan, Kansas.............. ... . .. .. . . ..-R. D. Bradley E. C. Shenk R. G. Kloeffler
Kansas, University of, Lawrence, Kans.............. .. . ...R. M. Alspaugh W. A. Wolfe G. C. Shaad
Kentucky, University of, Lexington, Ky .............. .. ... ... ... . . .. .H. M. Otto D. M. James W. E. Freeman
Lafayette College, Easton, Pa . R I = A i N John W. Dagon H. W. Lovett Morland King
Lehigh University, Bethichem, Pa.......... ... .. . Sty 31 (o BT H. C. Towle, Jr. W. D. Goodale, Jr. J. L. Beaver
Lewis Institnte, Chicago, Ill. .. ... Tws m-u BE - rart e B ERARAS fun na sk e A. R. Sansone G. M. Berg F. A. Rogers
Louisiana State University, Baton Rouge, La....................... . - ..R. C. Alley Heary Joyner M. B. Voorhies
Maine, University of, Orono, Maine.............. . '~ R. P. Scott E. W. Jones Wm. E. Barrows, Jr.
Marquette University, 1200 Sycamore St., Milwaukee, Wis............... .. .. J. R. Adriansen H. J. Lavigpe J. P. H. Douglas
Messacbusetts Institute of Technology, Cambridge, Mass .. W. M. Hall H. P. Krantz W. H. Timbie
Michigan State College, Bast Lansing, Mich........................ ... . K. E. Hunt S. W. Luther L. S. Poltz
Michigan, University of, Ann Arbor, Mich. ..., .. R L LT Tyt T a e L. J. VanTuyl W. E. Reichle B. F. Bailey
Milwaukee, Engineering School of, 415 Marshall St., Milwaukee, Wis........ .. Joseph Havlick H. F. Brundage John D. Ball
Minnesota, University of, Minneapolis, Minn....... .. e G. C. Brown G. C. Hawkins H. Kuhlmann
Mississippi Agricultural & Mechancal College, A. & M. College, Miss........ .. H. M. Stainton R. S. Kersh L. L. Patterson
Missouri School of Mines & Metallurgy, Rolla, Mo................ ... ... . .. H. H. Brittingham E. J. Gregory [. H. Lovett
Missouri, University of, Columbia, Mo............................. ... .. C. E. Schooley W. D. Johnson M. P. Weinbach
Montana State College, Bozeman, Mont................. .. ... .. W. P. Kobbe G. E. West J. A. Thaler
Nebraska, University of. Lincoln, Nebu....................... .. ... . W. A. Van Wie Keith Dawvis F. W. Norris
Nevada, University of, Reno, Nevada...... . .. 00 115100 f= 1 4 P =31 T o K. K. Knopf Clark Amens S. G. Palmer
Nowark College of Engineering, 367 High St., Newark, New Jersey..... ... ... E. S. Bush Henry L. Harrison J. C. Peet

New Hampshire, University of, Durham N.H.................. .. . """ S. S. Appleton H. B. Rose L. W. Hitchecock
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New York, College of the City of, 139th St. & Convent Ave., New York, N. Y ... . Joseph Leipziger

New York University, University Heights, New York, N. Y/ 006060000000000000000 J. P. Torpie
North Carolina State College, Raleigh, N. [ o T R R R J. C. Davis
North Carolina, University of, Chapel Hill, | o D M. Holshouser
North Iakota, University of, University Station, Grand Forks, N. )5 N Alfred Botten
Northeastern University, 316 Huntington Ave., Boston 17, Mass.............. L. A. Smith
Notre Dame, University of, Notre Dame, 7+ V< DI Charles Topping
Ohio Northern University, Ada, O.......coiieeeieiirieerenrrnneanerenes John Simmons
Ohio State University, Columbus, O.......ooviiiiiiriinranenernnrereess A. B. Crawford
Ohio University, Athens, O.......cooieeiviienerneteerannaaneenernronrencs Clarence Kelch
Oklahoma A. & M. College, Stillwater, (074 W R Benny Fonts
Oklahoma, University of, Norman, (073 I R R R Dick Mason
Oregon State College, Corvallis, Ore. ... .cntiiininiinneenrerrneenree s J D. Hertz
Pennsylvania State College, State College, Pa.....covvvueeiiieinanecneenns Carl Dannerth
Pennsylvania, University of, Philadelphia, Pa.......oiieeienieieaaeeeenes Wm. H. Hamilton
Pittsburgh, University of, Pittsburgh, Pa.......oooieiiiinnirernennenees K. A. Wing
Princeton University, Princeton, N. J.. . oiiiieeiniiniaiinieeeenmnenenes R. W. MacGregor, Jr.
Purdue University, Lafayette, Indiana. .. ....oooeiniiiianiinaerernrneiene H. L. Lindstrom
Rensselaer Polytechnic Institute, Troy, Ne X ittt iiniananneansansenns W. F. Hess
Rhode Island State College, Kingston, ) 2 T S C. F. Easterbrooks
Rose Polytechnic Institute, Terre Haute, Ind.....oviviniienneineeeancennes Arthur Drompp
Rutgers University, New Brunswick, N.o Jooiriiiiininireoneneeenaneaseennns N. A. Kieb
Santa Clara, University of, Santa Clara, Calif...... ot iiieniierenneeenes R. P. O'Brien
South Dakota State School of Mines, Rapid City, S. D e ians D. A. White
South Dakota, University of, Vermillion, S. D.vvvvriieiiinnneciaesinnneees Stanley Boegler
Southern California, University of, Los Angeles, Calif.......oovieenveerneees Lester Bateman
Stanford University, Stanford University, Calif.....oovvviieet oo D. E. Chambers
Stevens Institute of Technology, Hoboken, N. J.eveee i ieinnneesoeennaaeens W. N. Goodridge
Swarthmore College, Swarthmore, Pa........coiiieieinuianiennnrorcnrens T. C. Lightfoot
Syracuse University, Syracuse, [ T E. D. Lynde
Tennessee, University of, Knoxville, Tenn........coevurervrnreeernnnnees J. R. McConkey
Texas, A. & M. College of, College Station, Texas.....ccccovreeareeceecconn J. L. Pratt
Texas, University of, Austin, TeXas........ooveenirrnrnnnrereeneanrenrocnes G. E. Schade
Utah, University of, Salt Lake City, Utah....coiiiiiiiiiiiiiiinniiinenneneens C. E. White
Virginia Military Institute, Lexington, Va....oevinerneneernonuoeasesescnnnns P. Barkus
Virginia Polytechnic Institute, Blacksburg, Va.....c.oviiiinnnnanneeaaees M. B. Cogbill
Virginia, University of, University, R 2 H. D. Forsyth
Washington, State College of, Pullman, Wash......covieinenrenteeeneeeons Harry Wall
Washington University, St. Louis, )Y = F A R. L. Belshe
Washington, University of, Seattle, 720 WP Wm. Bolster
Washington and Lee University, Lexington, VB eseerrorenanssnsoaananasassns R. E. Kepler
West Virginia University, Morgantown, W VB e eeieeiineecsasoaasoassanenes G. B. Pyles
Wisconsin, University of, Madison, Wis......cooeieeniinricinrneracrecnanes John Sargent
Worcester Polytechnic Institute, Worcester, MaSS. s eevvececocanseanss lele el A. M. Tarbox
Wyoming, University of, Laramie, WYOmMINZ. ..o oo vvreaenscrsocaconnaaccanes J. O. Yates

Yale University, New Haven, Conn......ccoeneeerennns 0000006000000000a00 W. J. Brown
Total 96

A. H. Rapport
R. J. Fluskey
T. C. Farmer
W. C. Burnett
Nels Anderson
C. S. Porter
George Conner
Verl Jenkins

L. G. Stewart
H. W. Giesecke
Jerry Robertson
S. Hannon
Richard Setterstrom
W. J. Gorman
S. R. Warren, Jr.
R. H. Perry

W. Wilson

H. A. Hartley
S. B. Morehouse
Charles Miller
J. F. Payne

J. E. Conover
C. E. Newton

Robert Mytinger, Jr.
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H. Davis, Jr.
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Arthur Peterson
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Leonard Saari
M. A. Swanson
E. C. Moudy
W. T. Kelly, Jr.

Harry Baum
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D. R. Jenkins
Wm. L. Smith
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F. M. Sebast
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P. S. Creager
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J. O. Kammerman
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P. S. Biegler

T. H. Morgan
F. C. Stockwell
Lewis Fussell

C. W. Henderson
C. A. Perkins

C. C. Yates

Claudius Lee
W. S. Rodman
R. D. Sloan
H. G. Hake

G. L. Hoard
R. W. Dickey
A. H. Forman
C. M. Jansky
H. A. Maxfield
G. H. Sechrist
C. P. Scott
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INSTITUTE AND RELATED ACTIVITIES

Journal A. Y. )i,

i

.

NEW CATALOGUES AND OTHER PUBLICATIONS

Mailed to interested readers by issuing companies

Outdoor Station Equipment. Bulletin G EA-748A, 20 pp.
Describes G-E bus Supports for outdoor servige. | ieneral
Electric Company, Schenectady, N. Y.

Floodlhﬁhting.' -Bulletin GEA-439A, 10 PP., 18 titled “A
Short Cut to the Solution of Floodlighting Problems,” General
Electric Company, Schenectady, N. Y.

Circuit Breakers.—Bulletin 580, 20 pp. Deseribes an ex-
tensive line of enclosed circuit breakers, of three distinet types,
éach type having its own particular application. Roller-Smith
Company, 12 Park Place, New York.

High Potential Fuses.—Bulletin 200A, 20 pp. Describes
the S & C high potential fuse and its applications. Capacities
are 2,200 to 132,000 volts, 14 to 400 amperes. Schweitzer &
Conrad, Inc., 4435 Ravenswood Avenue, Chicago, 11I.

Oil Fuse Cutouts.—Bulletin GEA-7324, 10 pp. Deseribes
D & W oil fuse cutouts, type D. These are used primarily for
the protection of distribution and small power transformers.
General Electric Company, Schenectady, N. Y.

Pole Line Hardware.—Catalog 28, 192 pp. Describes a
comprehensive line of pole line hardware and construction
specialties used by electrie light and power companies, telephone
companies and railroad companies. The catalog has been de-
signed as a reference book and contains many useful construc-
tion methods of primary and secondary distribution. Huhbard &
Company, 62nd St. and A. V. R. R., Pittsburgh, Penn.

Time Recorder.— Bulletin 1127, 8 pp. Describes the new
Esterline-Angus time recorder which records the actual time and
duration of occurrences. It has wide application in the electrical
field; in power plants, for recording the time when switches or
valves are opened and closed; in automatic substations, to record
the operation of circuit breakers and automatic switches, the
stopping and starting of equipment, etc.; and on street lighting
circuits, where electric serviece companies are required to provide
instruments which record when each circuit is in operation.
Esterline-Angus Company, Indianapolis, Ind.

Ground Tester.—Bulletin 1165,12 pp. Desecribes the “Meg-
ger”’ ground resistance tester, a new direct-reading electrica) in-
strument for testing the resistance to earth of ground connections,
It is entirely self-contained, requiring no external current supply
or any auxiliary apparatus whatever, except two ground rods
and flexible leads. The test is made in one operation and with
only one reading. The result is indicated directly on the sched-
ule, which reads like a voltmeter. No adjustment or caleulations
are necessary. James G. Biddle, 1211 Arch Street, Philadelphia,
Penn.

NOTES OF THE INDUSTRY

Corning Glass Works, Corning, N. Y., has appointed
Thomas S. Wood as representative, with headquarters in the
Polson Building, Seattle, Washington, to handle only the sale of
Pyrex insulators in the states of Oregon and Washington.

The Wadsworth Electric Manufacturing Company,
Covington, Ky., manufacturers of switches and meter protective
devices, announces the election of Roy Cosbey as director and
secretary to fill the vacancy caused by the death of Richard J.
Dibowski. Mr. Cosbey for the past four years has been comp-
troller of the company.

New Large Portable Blower.—The Martindale Electrie
Company, 1254 West 4th Street, Cleveland, Ohio, has recently
developed the ‘“Martindale’’ portable super-blower with 27 in.
water column pressure. The new blower is elaimed to be about
twenty-five per cent stronger than their former “Imperial”
super-blower.

__DIGEST OF CURRENT INDUSTRIAL NEWS |

New Ohio Brass Office in South. The Ohio Bryss ¢ om-
pany, Manstiold, Ohio, announeces the oponing of an office in the
Healy Building, Atlunta, Ueorgia, to render hetter gervieo to the
trade in the southeast, and it will he used as headquarters Yy
K. V. Farmer, 11. 11, lloxie. J. A, Whatley and Q. W, Willts,
sales reprosentatives of the company in that part of the country,

Norma-Hoffmann Bearings Corporation, Stamford,
Conn., announces the resignation of A. I, Grayburn, assistant
secretary and assistant trensurer, e will assumeo an important
executive position with the Hope Enginecring and Supply
Company, of Mount Vernon, Ohio and Naow York City. A, 11,
Ritter, New York district manager goes to Stamford as assistant
socretary and will be succeeded in Neow York by I*. W. Mesinger
from the Stamford office. Norman Bell, assistant sales manager,
has also been made assistant secretary.

Changes in Roller-Smith Personnel.— The Roller-Smith
Company, 12 Park Place, New York, makers of instruments,
relays and circuit breakers, has added S. 1. King to its sales foree
in New York City. Albert Milmow, Charlotte, N. C., has been
appointed exclusive agent for the states of North and South
Carolina. M. B, Mathley, Monadnock Building, Chicago, has
heen appointed exclusive agent for the ( ‘hicago territory,
superseding M. Frankel. W. . Schuhmann, who has heen
connocted with the New York office for many years as sales
engineer, has been transferred to the company’s works at
Bethlehem, Pa.

New Branch Offices for Allis-Chalmers.—The Allis-
Chalmers Manufacturing Company, Milwaukee, has opened a
new district sales office at Phoenix, Arizona, located in the
Heard Building, with J. B, Cooper as manager. Mr. Cooper’s
headquarters were formerly in Los Angeles. A braneh office
has heen opened at San Antonio, Texas, in the Frost N ational
Bank Building, with Earle R. Hury in charge. Another branch
office is also heing opened at Grand Rapids, Michigan, in the
Waeiss Service Building, in charge of G. C. Culver.

Cutler-Hammer Opens  Pacific Coast Offices.—The
Pacific Coast offices of the Cutler-Hammer Manufaeturing
Company, Milwaukee, will bhe handled by their own sales
offices, at 970 Folsom Street, San Francisco; 229 Boyd
Street, Los Angeles; 2204 First Avenue, South, Seatile. The
new sales district will he in charge of Fred H. Oberschmidt, a
member of the ( ‘utler-Hammer organization for over fifteen
years. Associated with him at the San Francisco headquarters
will be A. A. Tuffert and George P. Stone. Thomas N. Bristow
will be in charge of the Seattle office, and Edward G. Nelson of
the Los Angeles office. Complete stocks of standard items in the
Cutler-Hammer line will be carried at all Pacific coast offices,

National Carbon Opens New Branch Sales Offices.—The
carbon sales division of the National Carbon Company, Inc., with
general sales headquarters in ( “leveland, has announced the open-
ing of branch sales offices to be located at the present brush ser-
vice plants of the company at 357 West 36th Street, New York;
551 West Monroe Street, Chicago, and Arrott Power Bldg. No. 3,
Barker Place, Pittsburgh. Complete sales and service organiza-
tions have been established at each office, and the customers of
the company have heen requested to address all orders and in-
quiries for carbon brushes and other carbon specialties to the
nearest branch sales office, The following appointments have
also been announced: J. A. Hammond, assistant manager in
charge of carbon brush and specialty sales. Mr. Hammond will
be located at the headquarters office at Cleveland; E. R. Geib,
assistant manager in charge of sales of illuminating carbons,
who will be located in Cleveland; J. L. Green, district manager
in charge of the branch office at Chicago; V. J. Nolan, distriet
manager in charge of the branch office at Pittsburgh; J. B.
Collins, sales engineer in charge of the branch office at Birming-
ham, Ala.

e ——— e -
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The careful investor judges a
security by the history of its
performance.

KERITE

in a half-century of continuous produc-
tion, has spun out a record of perform-
ance that is unequalled in the history of
insulated wires and cables.

Kerite is a seasoned security.

Plecase mention the JOURNAL of the A. |. E. F. when writing to advertisers.
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N ANCHOR ROD /at
combines  items
nto 1

FlWHIS triple duty Anchor Rod, which combines 2 guy clamp, a

guy thimble and an anchor rod all in one, was developed by
Mr. R. Gould, Construction Engineer of the Postal Telegraph-
Cable Company.

The clamp body and snubbing post are drop forged and will develop
the full strength of the rod,

The sheave on the snubbing post prevents abrasion of the galvanizing
n the strand when the strand is pulled up under strain.

A very considerable saving in installing
time is effected by the use of this type of
anchor.

They are made in 5/8, 8/4 and 1-inch
diameters with lengths varying from five
to twelve feet,

A trial order will convince you of the
merits and great saving of labor to be GUY THIMBLE
found with this type of anchorage.

They are carried in stock and sold exclusively
through the leading electrical Jobbers.

GUY CLAMP

A LABOR
SAVER
FOR
ANCHOR ROD . r =) STREN GTH
' ¢ 4 - | ECONOMY
AND
UTILITY

The Gould Clamp can
be furnished with
shorter lengths of
rods where it is de-
sired to attach guys
to a tree or guy stud.

AYA .o compars

PITTSBURGH 2 OAKLAND. CAL.# CHICAGO

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.

_Hubb:z
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Another New Departure Product—
Help in Thinking Out

NEW Departure engineers You’r P TOblems

build success for their clients
by studying matters usually
considered outside the re-
sponsibility of parts sup-
pliers. Just one of these
important services is the
New Departure engineer-
ing data sheet. Ask us
what it is—how it can
help you —and how
you can get those that
apply to your pro-
blem. No cost. LM
No obligation.

1 The New Departure
Y Mfg. Company
Bristol, Connecticut
San Francisco
Detroit

" New Departure S
Quality

, Ball Bearings,

———— - o

Please mention the JOURNAL of the A, I, I.. I when writing to advertisers.
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Special GEW Pothead Iypes

Examples of the GEW Exactly

What You Want Policy

When conditions necessitate a special type pothead, G & W

' Engineers can design it exactly as required. Most times this can

be done very economically. Often it is possible, with one new
piece and using other standard G & W parts, to develop a special
pothead to fit your requirements. A simple example is the pot-

head with extra wide spacing obtained by using a three conductor
lid on a four conductor body.

Selection for most any need is easy from our extensive line of
disconnecting, non-disconnecting, and capnut type potheads.
hen out-of-the-ordinary situations arise, let G & W combine

their standard parts into some special assembly to fully meet
your needs.

1. A porcelain waterproof enclosure for an S/C fuse. Wiping
sleeve connection for lead cable. Designed for manhole use,

2. A low tension pothead for a service entrance adapted for
wall moynting,

4. A standard pothead equipped with a “borehole cable”

clamp. Hasa long clamping surface §0.as not to injure the
cable insulation, Clamp takes up weight of a long length of
cable in a mine borehole.,

5. Pothead for sealing a primary cable terminating in a wall
pocket of a switchhouse over an outdoor transformer bank,
he capnut simplifies connections. The long bracket sets the

pothead away from the wall. Pocket can fill with snow and
sleet without covering pothead,

G & W Electric Specialty Co.

7780 Dante Ave., Chicago, Iil.

Exactly What You Want!

G &WwW design and manufacture
practically every device for the end
of a cable. See Catalog No. 27.

for the Cable Ends

FBOXES

E. E. when writing to advertisers.
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A progressive wire and cable man-
ufacturer is more than merely a
supplier of material. He is a vital
link in the chain of events which
places the electric current at the
disposal of the public.

Many factors enter into the pro-
duction of electric energy—capi-
tal, pure and applied science,
labor, machinery, fuel, etc. The
efforts of many manufacturers,
business and workers must be
properly co-ordinated in order
that the public may be properly
served. These different elements
compose a mighty chain, of which
there is a link for every participat-

ing enterprise. Each link has its
ohligation and with it a potential
power to mar or to improve the
excellence of the service as a
whole.

We never forget that we, as man-
ufacturers of wires and cables, are
a link and so have a part in this
service of the electrical industry
to the public. This view of our
business, and of our opportuni-
ties, spurs our efforts to a contin-
ual improvement of our service
and of our products.

Perhaps this explains why Habir-
shaw is ‘always associated with
the best.”

Nepperhan Plant

Yonkers Plant

Bridgeport Plant

HABIRSHAW CABLE AND WIRE CORPORATION

10 East 43rd Street, New York City
Plants: Yonkers, N. T.—Bridgeport, Conn.—Nepperhan, N.T.

HABIRSHAW

PROVED BY THE TEST OF TIME
Paper Insulated Cable — Varnished Cambric Insulated Cable — Armored Cable— Rubber Insulated Cable
Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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HE swordsman of

old gloried in the

excellence of a Damas-

cus blade. So, through

the ages some one

product of a craft has been
outstanding.

Today with telephones it is
Western Electric.

Most of the readers of this
advertisement have never used
any other make of telephone.
The reason for this takes you
back halfa century, when many
manufacturers were making

SINCE
1882
FOR THE
BELL SYSTEM

» j[or Swords...

Western Electric for telephones

telephones and the Bell Com-
pany selected Western Electric
for sheer merit.

Because of this relationship
with the Bell System, Western
Electric has been able steadily
to improve its product.

Engineers of your telephone
company, alert to better the
service, work hand in hand
with engineers of Western
Electric, eager to produce the
superior equipment needed.

Thusyour telephone makers
are edging up on perfection.

lectric

Purchasers Manutacturers Distributors

Journu) A, 1. K. K,

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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FROM COAST TO COAST

Maine to California — Canada to the Tropics

Minerallac Insulating Compounds
are used

In protecting Cable Joints and Potheads
[ )

Whrite for full information on these materials

MINERALLAC FLECTRIC (OMPANY

1043-1045 Washington Boulevard

MINERALLAC

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.

Chicago, Illinois
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Superior Rotating

These meters possess exceptional performance character-

1stics and improved mechanical features.

The effects of variation in voltage, frequency, and power-
factor are reduced to negligible values. There is almost
entire freedom from temperature errors. As in the case
of the other G-E watthour meters, high torque is an
outstanding characteristic. These facts unquestionably

establish the superiority of these meters for precision
work.

These are some of the new mechanical features: A meta]
case which is attractive in appearance and durable. A
moulded bakelite top, with a gasket which renders the
meter moisture-proof and dust-proof. An improved zero
set-back device, furnished with both meters. The com-
mutating switch in the type IB-8 meter for changing
current capacity is also of improved design.
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Typical performance curve of both meters

GENERAL

GENE_RAL EL_ECTR_IC COMPANY, SCHENECTADY, N . Y.,

—_— - A N1, SC ;
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers,
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Standards

Type 1B-7 Portable Test Meter
110-200 volts 1/5/20 amp.

A small, light-weight standard,
considerably smaller than the type
IB-8, with ratings limited to three
values. It is intended for testing
service meters of moderate ratings
or those used with instrument
transformers.

! PORTABLE INDUCTION TEST MLTER
R R B4 K I S T

JERTWY Aty
Aur o 4 610 30-100) jre-ize
s Ty

Type IB-8 Portable Test Meter
110-220 volts, 1/5/10/50/100 amp.

This meter embraces a wide range
of ratings and is suitable, there-
fore, for testing service meters of
practically any size. The commu-
tating switch facilitates changing
the connections to get the desired
rating.

PRINCIPATL ~_C

600-18

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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When service
counts

.;;:'ﬂ»:-:. = 'h"‘:-
k: |

There’s a reason why more Locke
Pedestal Tyﬁe Insulators are wused,
than any other make. That reason

is performance.
Whether in comparative tests in the %y
laboratory, or actual service in the _

field, Locke Pedestal Type Insulators
will demonstrate their superiority.

Proper design, perfect materials, rigid ApeC‘[fy

LOCKE 7785

The strongest
pedestal type insulator made.

standards of manufacturing control,
exact assembly and continuous tests
and inspections, guarantee you the
type of satisfactory performance you

must have on your station equipment. o

When service counts, specify Locke. pO R‘ I AIN
LOCKE INSULATOR CORPORATION I N S l l I ATORS
BALTIMORE MARYLAND ,

Please mention the JOURNAL of the A 1E E when writing to advertisers.




Pacific
Six Break Qil Circuit Breaker

in the

Pacific Northwest

Air Break Switches
Bus Fittings

Choke Coils

Current Transformers
| Disconnecting Switches
Fuses and Supports
Fuse Pullers

Motor Driven Controls

Pacific Type K By-pass and Type G Disconnects 811 (jerUIt Break.ers
are shown on the structure. utdoor Substations

Pacific Electric Jfanufacturing Co.

5815 Third Street

Agencies in Principal Cities
SAN FRANCISCO, CALIFORNIA

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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The Last Stand
for Strength

THE last stand for strength in an insulator pin is,
after all, in the shank—the part which passes
through the cross arm.

If conditions cause the load to shift from the top of
the pin to the shank—then the shank must have ample
strength to assume the fylj load.

Designs which depend wholly on clamping action on
the outside of the cross arm are defeated when the
wood shrinks. The grip is loosened and the strain is
thrown onto the shank of the pin in the hole,

That is why such evident strength has been provided
in the design of O-B pins. Users know the reason
and profit from the continued satisfactory records
these pins make,

This is one of the many features analyzed in the new
Booklet 516H. Please write for your copy. Write for this interesting illus-

trated booklet which contains
a helpful discussion of this im-
bportant part of line construc-
tion. Ask for516H,

Ohio Brass Company, Mansfield, Ohio
Dominion Insulator & Mfg. Co., Limited
Niagara Falls, Canada
717H

( PORCELAIN g
/ INSULATORS
LINE MATERIALS
. RAIL BONDS
/] @ | AR EQuIPMENT
Q MINING
¥ sALes NEW YORK PHILADELPHIA  PITTSBURGH CLEVELAND MATERIALS E,
OFFICES: CHICAGO E==== SAN FRANCISCO  Los ANGELES VALVES

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers,
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A 13,000 1b.
“end of line”
Strain

Only half way down and holding
13,000 Ibs. in sandy soil. This demon-,
strates the great holding power of
Matthews Scrulix Anchors, which
are used exclusively by thiscompany.
The holding power is due to the de-
sign of the helical head. Under strain
the lines of force radiate from the he--
lix at 45 degrees, so that tons of earth
hold theanchor in place. For complete
information send for Bulletin 802.

Your Electrical Distributer will be glad
to serve you on Matthews Products.

W. N, MATTHEWS CORPORATION
Engineers and Manufacturers

3706 Forest Park Blvd., St. Louis, U. 5. A.

Offices in all principal cities

Look for
“SCRULIX”
on the
Helix
¥

o

fLIX Aucuﬂns |
{’SEERULIX"On the Helix™

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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OF SAFETY AND RELIABILITY

A
Prominent
Southern
Installation

A 10,000 ampere
type “LG”, 3 pole, 3
coil, overload and
Dalite (Inverse Time
Limit feature) for
serviceon a 220-volt,
3-phase, 60-cycle
circuit. This I.T.E
Circuit Breaker is
arranged for remote
operation at 208
volts, single phase,
60 cycle.

not present in the oil breaker

1. No oil—to leak, carbonize, burn or explode —Just air.
2. No tanks to conceal anything—or the lack of it.

3. No cells—nothing which needs or deserves to be im-
prisoned—Just a faithful and eflicient servant.

4. Inherent simplicity — with resulting low cost of instal.
lation and maintenance.

THE CUTTER COMPANY—EST. 1888 —505 N. 19th STREET—PHILADELPHIA

CUTTER

URE-LITE < = = I-T-E CIRCUIT BREAKERS

Please mention the JOURNAL of the A. I E E. when writing to advertisers.
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Automatic Pumping
with ECEM Control

Pumping stations of all kinds and capacities, whether
for municipal or industrial plants, are being made auto-

matic in operation through EC&M Pump Control.
Electrically driven pumps are started and stopped P

automatically as the water level or the pressure in a
storage tank varies and the regulation is between very
close limits.

3
™~
Lo X

The water level in a 50 foot storage tank can be main-
tained within limits of one foot with an EC&M Altitude
Regulator.

Your pumping stations can be controlled by EC&M
Float Switches or Altitude Gauges through EC&M Oil-
Immersed Automatic Compensators or Across-the-line
Starters for A.C. motors and through EC&M Direct
Current Starters for D.C. motors.

Shown above is a typica
EC&M Control installation
for a village water system.
The Altitude Regulator starts
and stops apump through the
EC&M Automatic Compen-
sator.

To the left is a pumping
installation at a steel plant.
Water is taken from a well
and discharged to a cistern,
then to a pressure tank, all
controlled automatically.

Send for Specification Sheets S-21 and S-25 and Bulletins 1016-R, 1020-A, 1033-B and 1042-F.

THE ELECTRIC CONTROLLER & MFG. CO.

NEW YORK-50 criurcrisT. CLEEVELAND,OHIO pymavgsrms-wmeastoo euoc
g%l,ﬁaﬁg_gmw’y BLDG. PITTSBURGH-OLIVER BLDG.

> BANK BLDG. L,0S ANGELES- 912 E. THIRD ST, SAN FRANCISC0-CALL BUILDING
BIRMINGHAM -BROWNMAR BL0G. SAIT LAKE CITY-228 SO.W. TEMPLE MONTREAL.- DRUMMOND BLIG
CINCINNATT -[STHATIONAL BANK BLE. "TOR ON'TO-REFORD BLDG. T ULS.A-2I7EARCHER 3T

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Will it be profitable
toreplace these
23 year old transform

R |

I\

K

Replying to P.J."
Re:Transformer Obsolescence

Whether or not it wi
Kuhlman Transfo
be determined b

Il pay you to replace these old
rmers with those of modern design will
y consideration of these factors:

1. Annual saving in operating costs resulting {rom
improved efficiency of modern transformer

2. Cost of new transiormer

3. Cost of making change '

4. Scrap value of old transformer

A simple test and a few calculations will reveal the annual
cost of i

modern Kuhlman Transformer with its improved design
and materials . . . . cores are made from annealed special

non-aging and low-loss silicon steel, The difference will be
your annual saving,

The carrying charges made necessar
are determined by subtracting item
items 2 and 3, and capitalizing this d

y by the replacement
4 from the sum of

ifference at 159,. . .

or whatever your total fixed charges are.

If the reduction in operating cost exceeds the carrying
charges, the replacement of the old transformer wili be
proﬁtable.Ournearestbranchoﬂicewillgladlyhelpyousolve
any problem of transformer obsolescence that you mav have,

This is one of a series of answers to important
y asked us regarding trans-
construction and operation.

questions frequentl
former design,
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Years ago E. T L. the electrical testing laboratory
purchased an American Transformer Company’s
testing set. ‘T'hey tested it. Later they needed
another testing set. It was likewise an American
Transformer testing set. Still a third test set
was American. And since that time, much
American Transformer equipment has gone to
ET.L.

It is as an unbiased authority that E.TL. makes
tests for others. Without question it was like-
wise as an unbiased authority that they tested the
first American T'ransformer testing set and put
their O.K. on it by ordering another. And now
[T .L. itself knows by test.

If you have any problem involving special trans-
formers, send your inquiry to lieadquarters.

Amevrican Transtormer Co.
176 Emmett St., Newark, N. J.
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MOLONEY &ECTR IC COMPANY

Main Office and Factories: * StiLovis MoSales Ofces in Puc copal G s
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PRODUCTS

MOTORS—Single, Polyphase and Fynn-Weichsel Motors TRANSFORMERS— Power, Distribution and Instrument
FANS—Desks, Wall and Ceiling types

_————————————f_'_/—#”

Interchangeable |
cable entrances

A Wagner Subway-type Transformer may be
replaced with another without breaking the
wiped joints between cables and bushings. A
great convenience, this, also a time and money
saver where transformer changes must be
made with minimum interruption of service.

/f;mp.—\_.--ﬂ—. o i —— S ——

This advantageous feature is obtained by
having the high and low-voltage cables enter
the transformer through bushings in remov-
able brass flanges which are the same size for
all ratings.

I

Wagner Subway-type Transformer assembled showing cable-entrance
flanges and brass terminal bushings. Wiped joints are made between the
lead sheaths of the cables and these bushings, Pressed copper terminalsare
sweated to the ends of the cable and bolted to studs on terminal board,

When replacing one transformer with another
it is therefore merely necessary to remove the
terminal flanges from the old transformer and
bolt them to the new. The cable entrances
remain intact. The only connections that have
to be made are those from the cable terminals
to the terminal board.

This is but one of the many advantages of
Wagner Subway-type Transformers which g i &
will appeal to you. Ask us to tell you the !, Logs o Mwi

Others, l\VnurI\cr Subway-type Transtormer, cover removed showing terminal
noard,

67476

WAGNER ELECTRIC CORPORATION—6400 Plymouth Avenue—St. Louis, U.S. A,
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Gas-Electric
Rail Cars

Rem

—Westinghous:

ADVERTISING SECTION Journal A, 1 1. 1,

ove the Eclipse
from Branch Line Profits’

NDER steam operation the costs of branch lines
have virtually eclipsed profits—a shadow that
grows darker with each passing year.

This eclipse can be removed with results that ‘are highly satisfactory.
Gas-electric cars equipped by Woestinghouse have demonstrated this
beyond a doubt. Fuye] Costs are one-half to one-third that of steam
operation and there is a corresponding savings in crew and shop costs.
In one instance 60% of the operating costs disappeared when the gas-
electric cars were placed into service,

money-makers,

Westinghouse Electric & Manufacturing Company
East Pittsburgh Pennsylvania

Sales Offices in All Principal Cities of
the United States and Foreign Countries
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Reeves Avenue Station, Norfolk
40,000 H. P. Addition and Improvements

More Power
for Virginia Electric & Power Co.*

Extending and modernizing power stations usually
must be done while stations are in service. This
work, requiring both extensive operating and long
construction experience, is an important part of
Stone & Webster service.

*Serves Tidewater Virginia and Northeast North Carolina.

STONE & WEBSTER

INCORPORATED

BOSTON, 49 Federal Street
NEW YORK, 120 Broadway
CHICAGO, First National Bank Bldg.

PITTSBURGH, Union Trust Bldg.
SAN FRANCISCO, Holbrook Bldg.
PHILADELPHIA, Real Estate Trust Bldg.
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ADVERTISING B ‘TION Journal A, 1. . 12,

Allis-Chalmers Synchronous Motors are to be
found furnishing bower in many of the stee] plants
of the country. They are of eXtremely rugged con-
struction and built for the most severe service.

Above is shown a 1500 HP., 6600 volt, 25 cycle,
3 phase, 621, RPM., Synchronous Motor driving a
seamless tube mill in the plant of one of the large
tube companies. Thijs motor successfully handles
repeated peak loads of three and four times normal
rating and has never fallen out of step in all its

service. It is started directly from the

line at full
applied voltage.

This installation has proven to be highly satisfactory.

fILLlS-CHALM ERS MANUFACTURINGCO.

MiLWAUKEE, WIS, U.S. A,

Please mention the JOURNAL of the A. I. E, E. whe

n writing to advertisers,
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Front Vlew Type F—120 — Platen Mounting

Electrical engineers who have had
first hand experience with the “F” type
of Condit breaker will tell you that
the only breaker that can equal the
performance of a Condit “F’ type in
service is another Condit “F” type.

Speciﬁcati,,oﬁs © 2000 amperes

or less, 25,000 volts, 15,000

| wvolts; interrupting capacity
750,000 kv-a or less.

CONDIT ELECTRICAL MEG. CORPORATION
Manufacturers of Elecm'cul Protective Devices
BOSTON MASS.

Norttiern Elec/r/c Company

SR ————— R
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Electrical and Radio Manufa
experience gained from this
to Dudlo engineers for assistan

cturers

DUDLO MANUFACTURING COM

Division of THE GENERAL CAB

56 EARL STREET
NEWARK, N. J.
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160 NORTH LA SALLE STREET
CHICAGO, ILL.
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ectrical conveniences in
everywhere. The Dudlo insulated

encircle the globe a hundred times.

may draw upon the broad
Y coming
! problems.

PANY, FORT WAYNE, INDIANA
LE CORPORATION

4153 BINGHAM AVE,
ST. LOUIS. MO,
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Push button assemblies, outlet, and attachment plugs of Bakelite Molded. The plates are of
brown material and the buttons a con trasting red. Made by Reynolds Spring Co., Jackson, Mich.

Simple Wiring Devices that indicate
the scope of Bakelijte Molded applications

FROM insulators on high tension lines, and the fact that the parts may be ac-
where dielectric strength is of prime Curately formed in the mold. The handy

importance, down to parts such as push grip attachment plugs are also made prac-

buttons used on battery circuits, is the tical by the strength of Bakelite Molded.

range of the service rendered by Bakelite . .

Molded to the electrical industry. Bakelite COOper ation

Push button assemblies of Bakelite Bakelite _Engine.ers, located in im-
Molded possess many advantages over POrtant industrial centers through-
those made with wood, metal or other outdthe countty,dézel e[q;upped to
materials. The insulation value of Bake- ;;'aonn ?2 z; Z;’;g: :11—11 dpreof :ctﬁfeofzi: ‘:;
lite Molded is a safeguard against shorts . . P ;

and its immunity to corrosive action and ©f Bakelite Materials. The Bakelite
its permanent color and lustre mean CoOrporation Places at their service

that its newness of appearance is lasting, :he. f, ac;lz Z‘i‘: of its e’;t}?n;"/e Ial.Jor a-
even in outdoor service, ories, an > unequalled experience

in the practical application of phe-
In the case of the outlet shown above, its  noJ resin products to industrial
compact design was made possible be- needs. Write for Booklet Np. 3
cause of the strength of Bakelite Molded “Bakelite Molded.”’

BAKELITE CORPORATION

247 Park Ave., New York, N. Y., Chicago Office: 635 West 22nd St.
BAKELITE CORP. OF CANADA, LTD., 163 Dufferin St,, Toronto, Ontario, Canada

“'The registered Trade Mark and Symbol shown above may be used only on products made from materials

manufactured by Bakelite Corporation Under the capital “B"" is the fumerical sign for infinity. or unlimited
Quantity It symbolizes the infinite number of present and future uses of Bakelite Corporation’s products.”
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Type A-B Air-Break Switch,
30 K.V. 300 Amp., built with
Monel Metal ball bearings,

which require no lubrication.

Monel Metal bolts and nuts
furnished if specified. Mfd.
by the HI.WOLTAGE
EQUIPMENT CO. of
Cleveland, Ohio.

Monel Metal Bearings

THE INTERNATIONAL NICKEL COMPANY (NC){

are Standard on Hi-Voltage Switches
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